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Abstract

AIM: To assess the stage and size of rectal tumours us-
ing 1.5 Tesla (1.5T) magnetic resonance imaging (MRI)
and three-dimensional (3D) endosonography (ERUS).

METHODS: In this study, patients were recruited in
a phase I /1I trial of neoadjuvant chemotherapy for
biopsy-proven rectal cancer planned for surgical resec-
tion with or without preoperative radiotherapy. The
feasibility and accuracy of 1.5T MRI and 3D ERUS were
compared with the histopathology of the fixed surgi-
cal specimen (pathology) to determine the stage and
size of the rectal cancer before and after neoadjuvant
chemotherapy. A Philips Intera 1.5T with a cardiac
5-channel synergy surface coil was used for the MRI,
and a B-K Medical Falcon 2101 EXL 3D-Probe was used
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at 13 MHz for the ERUS. Our hypothesis was that the
staging accuracy would be the same when using MRI,
ERUS and a combination of MRI and ERUS. For the
combination, MRI was chosen for the assessment of
the lymph nodes, and ERUS was chosen for the as-
sessment of perirectal tissue penetration. The stage
was dichotomised into stage 1 and stage II or greater.
The size was measured as the supero-inferior length
and the maximal transaxial area of the tumour.

RESULTS: The staging feasibility was 37 of 37 for the
MRI and 29 of 36 for the ERUS, with stenosis as a limit-
ing factor. Complete sets of investigations were avail-
able in 18 patients for size and 23 patients for stage.
The stage accuracy by MRI, ERUS and the combination
of MRI and ERUS was 0.65, 0.70 and 0.74, respec-
tively, before chemotherapy and 0.65, 0.78 and 0.83,
respectively, after chemotherapy. The improvement of
the post-chemotherapy staging using the combination
of MRI and ERUS compared with the staging using MRI
alone was significant (P = 0.046). The post-chemo-
therapy understaging frequency by MRI, ERUS and the
combination of MRI and ERUS was 0.18, 0.14 and 0.045,
respectively, and these differences were non-significant.
The measurements of the supero-inferior length by
ERUS compared with MRI were within 1.96 standard
deviations of the difference between the methods (18
mm) for tumours smaller than 50 mm. The agreement
with pathology was within 1.96 standard deviations of
the difference between imaging and pathology for all tu-
mours with MRI (15 mm) and for tumours that did not
exceed 50 mm with ERUS (22 mm). Tumours exceed-
ing 50 mm in length could not be reliably measured by
ERUS due to the limit in the length of each recording.

CONCLUSION: MRI is preferable to use when assess-
ing the size of large or stenotic rectal tumours. How-
ever, staging accuracy is improved by combining MRI
with ERUS.

© 2013 Baishideng. All rights reserved.
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Core tip: To the best of our knowledge, the possibility
of increasing the accuracy of the staging of rectal can-
cer by combining the strengths of magnetic resonance
imaging (MRI) and endosonography (ERUS) in the
same patient has not been reported. In neoadjuvantly
treated rectal cancer, a combination of lymph node as-
sessment by MRI and assessment of perirectal tissue
penetration by ERUS improved the staging accuracy,
with stage II as the cut-off. Furthermore, this study
showed that ERUS could replace MRI in the measure-
ment of the transaxial area of all non-stenotic tumours
and in the measurement of the length of non-stenotic
tumours up to 50 mm.
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INTRODUCTION

Radical surgery is the curative treatment option for rectal
cancer. The preoperative work-up generally includes an
assessment of the stage and size of the rectal tumour to
optimise the treatment plan. This work-up ranges from
early tumours possibly eligible for local excision to ad-
vanced cancers for which long-term radiochemotherapy
is indicated prior to full-scale resection. To decrease
recurrence, preoperative short-course radiotherapy is
generally indicated in stages II-III, and long-course radio-
chemotherapy is usually indicated in “ugly” tumours with
threatened surgical margins'". New strategies have been
tested, including the use of preoperative chemotherapy,
regardless of any radiotherapy, to potentially downstage
and downsize the tumour. This approach has been tried,
and further studies are on-going > Furthermore, lo-
cal excision is normally only indicated in T'1 tumours
with a diameter of less than 30 mm, and Zlobec e# a/"
found that a diameter greater than 34 mm predicts late
T-stage. These preoperative treatment strategies demand
improved staging and enhanced responses for evaluating
neoadjuvant therapy using accurate and accessible size
measurement methods.

The main instruments for the preoperative assessment
of rectal tumours are magnetic resonance imaging (MRI)
and endorectal ultrasound (ERUS). Many groups have
concluded that MRI is superior to ERUS in the staging of
rectal tumours””. However, Bipat ¢ a/” found that ERUS
was more accurate than MRI for perirectal tissue invasion
and that the assessment of lymph nodes and invasion of
adjacent organs was comparable in a meta-analysis that
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included all stages. Some studies have shown that MRI is
preferable in advanced and stricturing tumours and in the
assessment of lymph node involvement, whereas ERUS is
advantageous in assessing the wall penetration of the early
stages of rectal cancer” . Many of these studies used
1 Tesla (1T) MRI and two-dimensional (2D) ERUS"*',
and the results may be improved in newer models of the
MRI and ERUS equipment. Increased specificity has been
reported with 3T MRI machines compared with 1T or
1.5T"". However, Maas ¢ al'™ did not find that 3T MRI
improved the accuracy compared with 1.5T in borderline
T2-T3 rectal cancer. Diffusion-weighted MRI appears
promising, but the specificity in lymph node detection is
still limited"”. Compared with 2D ERUS, the develop-
ment of 3D ERUS has resulted in increased accuracy,
but a problem remains regarding the detection of lymph
nodes and the margins of the mesorectal fascia™”". Earlier
studies of the measurement of the rectal tumour size
have primarily involved MRI?!. Torkzad et al” showed
that rectal tumours can be measured on MRI images, with
results that correlated well with the histopathology results,
and Nougaret ¢z a/”) showed that MRI volumetry may
predict eatly responders to neoadjuvant therapy. Murad-
Regadas e# al® found that size measurement by ERUS
was useful in the selection of possible sphincter-saving
sutgery after neoadjuvant therapy. In many parts of West-
ern Europe, MRI is preferred for the assessment of rectal
cancer, except in the disease’s early stage, but in other
parts of the world, ERUS is still the method of choice
for the initial evaluation of rectal cancer at all stagesm’zo‘zs].
Even in parts of Western Europe, this issue was not
settled in 20127, Many authors regard the methods as
complementary*'*""*. Some authors have argued that
a combination of both MRI and ERUS may increase the
accuracy of the preoperative stagingm’u’zvj. The restaging
of advanced rectal cancer after neoadjuvant therapy has
been studied for MRT">**" and ERUS">"*. In this con-
text, MRI appears more promising, but there is a problem
with accuracy for both methods.

In this study, 1.5T MRI and 3D ERUS were com-
pared with histopathology of the fixed surgical specimen
(pathology) to determine the stage and size of the rectal
cancer before and after neoadjuvant chemotherapy. Our
hypothesis was that the staging accuracy would be the
same when using MRI, ERUS and a combination of MRI
and ERUS. For the combination, MRI was chosen for the
assessment of the lymph nodes, and ERUS was chosen
for the assessment of perirectal tissue penetration be-
cause studies have reported that these are the respective
strengths of the two methods" """, Furthermore, we
hypothesised that the MRI and ERUS results would be in
agreement with regard to the tumour size measurement.
The aims of the study were to evaluate the feasibility and
accuracy of MRI and ERUS in staging and to measure
the supero-inferior length and maximal transaxial area be-
fore and after neoadjuvant chemotherapy compared with
postopetative histopathology.
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Table 1 Demographic and histopathological data of 21 ‘ Alimta study ‘ ‘ MRI-ERUS study ‘
patients assessed for both stage and size before chemotherapy Tnclusion (7 = 37) [Eligible = 37)} ERUS not
feasible
Age, median (IQ range) 60 (60-66) — 7l =12 + 12)
Sender (gﬁ;f;?;ﬁ) ) g; 2/0 MRI not MRI T (7 = 36) ~ — " ERUSno
urgery artman feasible A
Laparoscopy (yes/no) 10/11 n=1+1) 3 cycles of chemo ERUS I (7 = 19)* Fz;rtlcg);flg;
Differentiation grade (G1/2/3/4) 0/19/0/0 (2 not classified) ‘\l T
T-stage (T1/2/3/4) 2/8/9/2 MRI T (7 = 36) — ( >4wk )
N-stage (N0/1/2) 12/6/3 ¥ DN between MRI
Assessed nodes, median (IQ range) 15 (14-18) Surgery +/- preop ERUS II (7 = 18)Y | and ERUS
radiotherapy (n=2+0)
(n=37) /
17
MATERIALS AND METHODS Histopathology of
- - - the fixed specimen

The present study was conducted in cooperation with (n =37)

a prospective phase I /phase I study of neoadjuvant

treatment with pemetrexed in rectal cancer set at a univer- Figure 1 Study algorithm of the treatment and the examinations. The

sity hospital in Sweden (Alimta trjal)m, Briefly, the study stages and sizes using magnetic resonance imaging (MRI) were compared with

included 37 patients with rectal cancer who all received the corresponding stages and sizes using endosonography (ERUS) before and
after chemotherapy and with postoperative histopathology. The figure shows

three cycles of Chemotherapy priot to surgery. They un- the assessments for size. 'Another 10 patients before chemo and 5 after chemo

derwent MRI scans before and after chemotherapy. Ra- had complete pairs of MRI and ERUS assessments for stage.

diotherapy followed by resection surgery was conducted

as established by national guidelines. The study concluded

that the treatment concept was feasible, with limited risks The protocol included three T2-weighted turbo spin-echo

of side-effects and a majority of the patients experienc- sequences in the sagittal, oblique axial and oblique coronal

ing symptom relief and downsizing of the tumour. planes. The following conditions were used: slice thick-
All patients who participated in the Alimta trial ness 3 mm, gap 0.3 mm, turbofactor between 20-22, field-

were asked to participate in the associated MRI-ERUS of-view (FOV) 20-22 ¢m, 30-36 slices and in-plane resolu-

study. The demographic data of the included patients tion 0.67-0.7 mm. The echo time (TE) was 90 ms, and the

are shown in Table 1. The intention was to match the repetition time (TR) of 2800-3400 ms was dependent on
scheduled investigations using MRI with ERUS before the sequence and number of signals acquired (NSA) 4.
and after chemotherapy to enable a comparison of the The scan time varied between 4-6 min per sequence. At
staging and size measurements, including paired analyses. the end, an additional oblique axial contrast-enhanced 3D
All surgically removed specimens were routinely sent T1-weighted gradient echo sequence with fat sat in the ve-
for histopathological examination, which also provided nous phase (Thrive, Philips, Eindhoven, The Netherlands)
a comparison between MRI, ERUS and the fixed speci- was used with the following conditions: 2 mm slices, FOV

men in terms of both stage and size. The supero-inferior 26 cm, NSA 2, TR 9.1 ms, TE 4.5 ms, flip 10 degrees,
length was compared between MRI, ERUS and the fixed scan time 1.49 min, and voxel size 0.81 mm. On average,
specimen. The maximal transaxial area in a dimension each investigation lasted 40 min, during which the patients
perpendicular to the long axis of the rectum at the site of were required to lie still. The MRI images were interpreted
the cancer was compared between MRI and ERUS. The by one radiologist (Kilebo P). The measurements were
MRI and ERUS were performed as detailed below. When performed using a software function and recorded in mil-

the reports included more than one stage, the more ad- limeter. The TN staging (Figures 2A and 3A), supero-
vanced stage was chosen in the analysis. The order in inferior length and maximal transaxial area in a dimension
which the MRI and ERUS were conducted was not con- perpendicular to the long axis of the rectum at the site of
trolled. Investigations with a time lapse between the MRI the cancer were registered.

and ERUS greater than four weeks were not included in
the analysis. The study is schematically presented in Fig- ERUS
ure 1. The protocol was approved by the local hospital A B-K Medical Falcon 2101 EXL, 3D-Probe, 13 MHz

ethics committee. Patients provided written consent to ~ Wwas used for the ERUS. The ERUS was performed by

participate in the investigation. one of two investigators who had at least four years of

experience. The preparation included an enema. The
MRI investigation was conducted in the left lateral position
Philips Intera 1.5T was used together with a cardiac using a probe covered by a condom filled with water and
5-channel synetgy surface coil (Philips) for an optimal sig- introduced through a rigid proctoscope. The maximum
nal. Antispasmolytic drugs, 40 mg of buscopan and 1 mg length of one recording was 60 mm. The measurements
of glucagon, were administered before the start of the ex- wetre recorded in mm. The recordings were saved in the
amination. There was no bowel preparation of the patient. 3D-mode (Figures 2B and 3B).
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Figure 2 Images of a stage II (T3NO) rectal tumour. The numbers denote the bowel lumen (1), the submucosal layer (2) and the interface (3) between the muscularis
layer and the perirectal tissue (5) and a definite protrusion (4) through the muscularis layer. A: Magnetic resonance imaging gives a good view of the surrounding struc-
tures; B: Endosonography (ERUS) shows the bowel lumen (1) expanded by a condom filled with water and details of the bowel wall with an interruption of the submuco-
sal layer (2). The artefacts from an air pocket (6) and some bowel remnants (7) can be a problem in ERUS; C: The histologic slice (hematoxylin and eosin staining); D:
The specimen after the first part of fixation and cutting.

Figure 3 Images of a stage I (T2NO) rectal tumour. The numbers denote the bowel lumen (1), the submucosal layer at its interruptions (2) and the smooth interface
(3) between the muscularis layer and the perirectal tissue (5). A: Magnetic resonance imaging gives a good view of the surrounding structures; B: Endosonography
shows the bowel lumen (1) expanded by the probe (the black space inside the innermost white ring) and the condom filled with water (the black space between the
probe and the bowel wall). The arrows show the middle white ring corresponding to the submucosal layer (2), in this case interrupted by tumour penetration beyond
the submucosa into the muscularis propria. The interface (3) between the muscularis layer and the perirectal tissue was smooth as a sign of no penetration beyond
the muscularis layer; C: The histologic slice (hematoxylin and eosin staining); D: The specimen after the first part of fixation and cutting.

(49

3..&32..@ WIJG | www.wjgnet.com 3266 June 7, 2013 | Volume 19 | Issue 21 |



Swartling T et a/. MRI and endosonography in rectal cancer

Table 2 Feasibility and accuracy of the tumour node metastasis staging, with stage II as the cut-off, using magnetic resonance
imaging, endosonography and a combination (combo) of assessments of lymph nodes using magnetic resonance imaging and

assessments of perirectal tissue penetration using endosonography compared with the histopathology of resected specimens in 23

patients before and after chemotherapy

MRI-pre ERUS-pre Combo-pre MRI-post ERUS-post Combo-post
Feasibility of stage 1.00 0.81
Feasibility of size 0.97 0.74
Accuracy of differentiating stages I / II 0.65 0.70 0.74 0.65 0.78 0.83
Sensitivity of differentiating stages I / II 0.73 0.87 0.87 0.73 0.80 0.93
Specificity of differentiating stages I / Il 0.5 0.38 0.50 0.50 0.75 0.62
Kappa value of differentiating stages 1 / I 0.23 0.26 0.40 0.23 0.53 0.58
Overstaging of differentiating stages I / II 0.17 0.22 0.17 0.17 0.087 0.13
Understaging of differentiating stages I / II 0.17 0.087 0.087 0.17 0.13 0.048
Accuracy of perirectal penetration 0.48 0.70 0.52 0.78
Accuracy of lymph node detection 0.74 0.56 0.74 0.74

The last two columns present the accuracy of the prediction of perirectal tissue penetration and lymph nodes using magnetic resonance imaging (MRI) and

endosonography (ERUS).

Table 3 Tumour length (median and range in mm) and the area (median and range in mm) using

magnetic resonance imaging and endosonography before and after chemotherapy in 18 patients

Modality Before chemotherapy After chemotherapy Specimen
Length Area Length Area Length
MRI 47 (36-68) 641 (283-1345) 44 (19-68) 616 (156-1431)  Not applicable
ERUS 46 (29-59) 680 (290-2110) 41 (15-56) 595 (100-1380)  Not applicable
Histopathology Not applicable Not applicable Not applicable Not applicable 34 (12-70)

MRI: Magnetic resonance imaging; ERUS: Endosonography.

Histopathology

The histopathological assessments of the resected surgi-
cal specimens wete performed after fixation. The speci-
mens were immersed in 4% formaldehyde for 48-72 h.
The specimens were then cut (Figures 2D and 3D) and
again immersed in formaldehyde for another 12 h before
dehydration overnight Then, the specimens were embed-
ded in paraffin and sectioned. Routine staining was used
(Figures 2C and 3C). The slides were analysed by special-
ist pathologists according to the everyday protocol uti-
lized in the pathology department. The diameter in three
directions and the TN staging were recorded. The histol-
ogy report did not include an area measurement.

Statistical analysis

The SPSS 18.0 statistics softwate was used for the analy-
ses. The tumour stage (1 -IV) was dichotomised into
stage | and stages II-IV because this was a cut-off for
the indication for radiotherapy at the time of the study.
Accuracy was defined as the number of correct positive
and negative predictions divided by the total. Sensitiv-
ity was defined as the number of correct predictions of
stage Il or higher divided by the number of stage II or
higher based on pathology. Specificity was defined as the
number of correct predictions of stage [ or lower di-
vided by the number or stage I or lower based on pathol-
ogy. Understaging was defined as the number of incor-
rect predictions, given as stages that were too low (or too

carly), divided by the total. Staging with MRI and ERUS
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was compared with histopathology, which was regarded
as the gold standard. The measurement correlations
among MRI, ERUS and histopathology were shown in
Bland-Altman plots, and a related samples comparison
was applied to the correct stage predictions, lengths and
areas by MRI, ERUS and histopathology using the non-
parametric related samples Wilcoxon Signed Rank Test.

RESULTS

Of the 37 eligible patients, 19 were assessed for size be-
fore chemotherapy, and 18 were assessed for size after
chemotherapy using both MRI and ERUS within a pe-
riod of four weeks (Figure 1). Another 10 patients were
assessed for stage before chemotherapy, and five wete as-
sessed for stage after chemotherapy using both MRI and
ERUS. The stage estimates are summarised in Table 2. A
comparison of the supero-inferior length of the resected
specimen by histopathology was conducted with the 18
post-chemotherapy measurements using MRI and ERUS.
The size estimates are summarised in Table 3.

Feasibility

The staging feasibility was 37 of 37 for MRI and 29 of
36 for ERUS. The feasibility of the size assessment was
36 of 37 for MRI and 25 of 34 for ERUS. The inability
to lie still for approximately 40 min was the reason for
noncompliance in the MRI and stenosis or pain on exam-
ination was the reason for noncompliance in the ERUS.
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Figure 4 Measurements of supero-inferior length using magnetic resonance imaging and endosonography. A: 37 pairs of measurements using both methods
in the same patients before (19) and after (18) chemotherapy. The Bland-Altman plot illustrates the agreement between the methods. The reference lines are set at
the mean difference and plus and minus 1.96 standard deviation from the mean difference; B: Measurements in 18 patients after chemotherapy compared with the
resected specimens after fixation. The middle reference line shows the mean of differences in length between magnetic resonance imaging (MRI) and pathology, and
endosonography (ERUS) and pathology. The outer lines show plus and minus 1.96 the mean standard deviation from the mean difference.

In a number of patients, air pockets within the bowel lu-
men and remnants of bowel contents compromised the
quality of ERUS but not of MRI (Figure 2A and B). The
assessment of size demanded higher quality examinations
than the assessment of stage for both MRI and ERUS.
For example, relative stenosis could allow a sufficient
view to assess a tumour as stage Il or higher but did not
allow for a precise assessment of size.

Stage

The staging accuracy of the perirectal tissue penetration
was 0.48 and 0.52 by MRI and 0.70 and 0.78 by ERUS
before and after chemotherapy, respectively. The staging
accuracy of the lymph node metastases was 0.74 and 0.74
by MRI and 0.56 and 0.74 by ERUS before and after che-
motherapy, respectively.

The accuracy of the TNM staging, with stage II as
the cut-off, by MRI, ERUS and the combined MRI and
ERUS examinations was 0.65, 0.70 and 0.74, respectively,
before chemotherapy and 0.65, 0.78 and 0.83, respec-
tively, after chemotherapy. Thus, the post-chemotherapy
staging by MRI alone was improved by a combination of
MRI assessment of the lymph nodes and ERUS assess-
ment of the perirectal tissue penetration (P = 0.046, Wil-
coxon signed rank test). The post-chemotherapy under-
staging frequency by MRI, ERUS and the combined MRI
and ERUS exams was 0.18, 0.14 and 0.045, respectively,
but the differences were not significant.

Size

For tumours smaller than 50 mm, measurements of the
supero-inferior length by ERUS compated with MRI were
within 1.96 standard deviations of the difference between
the methods (18 mm). For all tumours, agreement with
the histopathology of the resected specimen after fixa-
tion was within 1.96 standard deviations of the difference
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between imaging and pathology for MRI (15 mm), and
agreement with the histopathology of the resected speci-
men after fixation was within 1.96 standard deviations of
the difference between imaging and pathology for ERUS
(22 mm) for tumours that did not exceed 50 mm. There
was an overestimation of the supero-inferior length by
MRI (P = 0.016) compared with histopathology and
ERUS /histopathology (P = 0.021). The ERUS measure-
ment of tumour downsizing did concur (P < 0.05) with
the MRI size assessments. The measurements of length
are shown by Bland-Altman plots in Figure 4.

The measurements of the maximal transaxial area by
ERUS compared with MRI were within 1.96 standard de-
viations of the difference between the methods (684 mm?)
for all tumouts. An area measurement was not obtained

by histopathology.

DISCUSSION

The aim of this study was to assess the feasibility and
accuracy of 1.5T MRI and 3D-ERUS compared with
histopathology to determine the stage and size of rectal
tumours. The staging feasibility was 37 of 37 for MRI
but only 29 of 36 for ERUS. The accuracy of the staging
with stage II as the cut-off was improved by combining
the results of the lymph node assessments by MRI with
the results of the perirectal tissue penetration by ERUS.
Overstaging and understaging were observed in 17% of
the patients by MRI both before and after chemotherapy.
Overstaging could be explained by downstaging due to
neoadjuvant therapy, but this does not explain understag-
ing. Understaging with stage Il as the cut-off means that
the patients are likely to be incorrectly denied preopera-
tive radiotherapy. Overstaging, in contrast, means that
the patients will likely be given unnecessary radiotherapy.
If 2 combination of MRI and ERUS could increase

June 7, 2013 | Volume 19 | Issue 21 |



the accuracy in patients on the cut-off edge between
stages | and II, performing both examinations might be
worthwhile, even if this approach increases the number
of investigations.

The staging accuracy of both modalities was lower in
this study than those reported in many other studies™”.
Still, only a fair agreement between MRI and histopathol-
ogy was reported by Tytherleigh e 2/, and Harewood"”
showed that the ERUS staging was lower outside the
initial studies. Ashraf reported that ERUS staging in “real
world” practice in the United Kingdom is much lower
than that shown in many studies™. These authors have
concluded that the accuracy of MRI or ERUS can be ex-
pected to be lower in clinical practice than often reported
from dedicated institutions. Another possible explana-
tion for the low accuracy could be that the neoadjuvant
chemotherapy treatment caused a desmoplastic reaction,
making correct staging more difficult. A reduction in ac-
curacy has been noted after neoadjuvant radiochemothet-
apym’m. Another reason may be the overrepresentation
of T2-T3 tumours, which are difficult to distinguish from
each other using both MRI and ERUS"'™.,

One central issue in preoperative staging is the pos-
sible presence of tumour-affected lymph nodes. This is-
sue is important in standard resection surgery because the
risk of node involvement affects the use of short-course
preoperative radiotherapy before surgerym. Preoperative
staging of lymph node involvement is certainly central
when considering local resections and could be of great
value when assessing patients who could benefit from a
neoadjuvant chemotherapy regime. Several groups have
found that MRI is the preferred method for lymph node
involvement””, whereas ERUS is the preferred method
for wall and perirectal tissue penetration[8’33]. However,
Halefoglu ez al™ reported that MRI can be better in more
advanced stages, even in cases of wall penetration. Some
authors have suggested that the two methods complement
each other, which concurs with the findings of the pres-
ent study>"**"*, As previously reported, MRI tends to be
superior in the assessment of the lymph nodes, whereas
ERUS tends to be superior in the assessment of the pen-
etration of the bowel wall and perirectal tissuem’27’28’33];
however, the possibility of increasing accuracy by combin-
ing the strengths of each modality in the same patient has
not yet been reported to the best of our knowledge.

MRI has several advantages for use in the measure-
ment of tumour size. Its feasibility in stenosing tumours
and in patients who are sensitive to pain on introduction
of the probe was important as in approximately 1/4 of
the cases, these factors made ERUS measurements impos-
sible. Furthermore, the probe used for ERUS provided
a view that was 60 mm in supero-inferior length at most.
Tumours larger than this could not be reliably measured
with ERUS because of the necessity for multiple record-
ings. Thus, MRI had a better agreement with histopathol-
ogy in the tumours with a supero-inferior length greater
than 50 mm. The measurements of the supero-inferior
tumour length by ERUS compared with MRI agreed
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within 1.96 standard deviations (18 mm) for tumours
up to 50 mm. Accepting, at most, an 18 mm deviation,
ERUS can only replace MRI in the measurement of
supero-inferior length for tumours up to approximately
50 mm in length. A deviation by 18 mm seems large, but
even MRI deviated up to 15 mm compared with pathol-
ogy. The measurement of the maximum transaxial area
agreed within 1.96 standard deviations of the difference
between the two methods (684 mm?®) for all tumours. For
ERUS, the transaxial area appears more reproducible than
the supero-inferior length for large tumours.

Both MRI and ERUS overestimated the tumour
length compared with histopathology. This difference
is not explained by specimen, shrinkage as studies have
indicated that the specimen slightly increases in size (up
to 8%) due to fixation””. A more likely explanation could
be that both MRI and ERUS overestimate length due to
desmoplastic reactions, which may not be distinguished
from the tumour itself””. Another explanation could be
the short-course preoperative radiotherapy; however, this
explanation is less likely because Brown ez al™ found no
stage effect. A theoretical cause of size difference could
also be a further anti-tumoural effect from the chemo-
therapy administered in the Alimta study.

This study focused on the accuracy of the staging
and size measurements. There were limitations to this
study, including the low number of patients. However,
this study does involve a special group of patients and
includes information on the examinations before and
after treatment, as well as histopathological data. Its other
strengths are that all of the MRI measurements were
performed by one radiologist and that the ERUS was
performed by one of two senior surgeons. The measure-
ment of the size of the rectal tumours by MRI compared
with ERUS has not been extensively described previously.
The increase in the staging accuracy using a combination
of MRI and ERUS is interesting and could warrant fur-
ther studies.

For staging rectal tumours, 1.5T MRI was more fea-
sible than 3D ERUS because of a higher yield in stenotic
tumours. The level of accuracy did not differ in the tu-
mours assessed using both methods. A combination of
lymph node assessment by MRI and assessment of peri-
rectal tissue penetration by ERUS improved the staging
accuracy, with stage I as the cut-off. For the measure-
ment of tumour size, MRI is mote feasible and accurate
when large and stenotic tumours are included. However,
in non-stenotic tumours, ERUS could replace MRI in the
measurement of the transaxial area of all tumours and in
the measurement of the length of tumours up to 50 mm.
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COMMENTS

Background

Magnetic resonance imaging (MRI) and endorectal ultrasound (ERUS) are the
most widely used methods to assess the stage and size of rectal cancer to se-
lect the patients who benefit from neoadjuvant therapy. Lymph node metastasis,
which is an indication for neoadjuvant therapy, is difficult to detect in early stag-
es. Therefore, all patients with T3-tumours are often given neoadjuvant radio-
therapy because a high rate of non-detectable lymph node metastases can be
anticipated. Accurate preoperative assessment of both lymph node involvement
and wall penetration is vital in this context. Likewise, reliable measurements of
tumour size are important to monitor the effects of neoadjuvant therapy.

Research frontiers

Several studies have shown that MRI is more accurate in staging of lymph
nodes and the relation of the tumour margins to the surrounding structures,
while ERUS is more accurate in staging of early wall penetration. Measurement
of tumour size using either MRI or ERUS has been described but not in com-
parison to each other.

Innovations and breakthroughs

In neoadjuvantly treated rectal cancer, a combination of lymph node as-
sessment by MRI and assessment of perirectal tissue penetration by ERUS
improved the staging accuracy, with stage I as the cut-off. Furthermore, this
study showed that ERUS could replace MRI in the measurement of the trans-
axial area of all non-stenotic tumours and in the measurement of the length of
non-stenotic tumours up to 50 mm.

Applications

To increase staging accuracy, MRl and ERUS may be combined in the same
patient, paying more attention to the strengths of each method. A combined
examination may especially be considered in tumours at the cut-off between
stage I and I for more correct use of preoperative radiotherapy. To measure
tumour size, MRl is better suited in large and stenotic tumours, while ERUS is a
sufficient alternative in small tumours passable by proctoscopy.

Terminology

MRI with 1.5 Tesla strength of the magnetic field is widely used in assessment
of rectal cancer. Three-dimensional (3D) ERUS saves a 3D image, which may
be assessed in several planes. 2D-versions allow assessment in one plane
only. Neoadjuvant chemo- and/or radio-therapy is given before surgery to de-
crease the risk of tumour recurrence.

Peer review

The paper compares imaging of neoadjuvantly treated rectal cancer using MRI
and ERUS. Among weaknesses are a relatively small number of patients with
many assessments lost. The strength of the paper is the application of every-
day clinical practice in imaging of rectal cancer.
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