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Abstract

Objective To assess the added value of diffusion-weighted imaging (DWI) to high-resolution T2-weighted sequences
(HRT2w) in MRI detection of extramural venous infiltration (EMVI), according to the previous experience of radiologists.
Methods A cross-sectional study of a retrospective database including 1.5 T MRI records from 100 patients with biopsy-
proven rectal cancer (2011-2016; 75 male/25 female, average 63 y/o), which included primary staging (54) and post-chem-
oradiotherapy follow-up MRIs (46). The reference standard was histology of surgical specimens. All cases were individually
blindly reviewed by ten radiologists: three specialists in abdominal radiology, three specialized in different areas and four
residents. In each case, the presence of EMVI was assessed twice: first, using just HRT2w; second, with DWI added to
HRT2w. The results were pooled by experience, analyzing sensitivity, specificity, accuracy (area under ROC curve), likeli-
hood ratios, predictive values and overstaging/understaging.

Results Addition of DWI improved diagnostic performance by specialists radiologists, particularly post-chemoradiotherapy
(accuracy 0.74-0.84; positive likelihood ratio 3.9-9.1; overstaging 16-8%), less so at primary staging (specificity 76-87.2%;
overstaging 21-11%). Non-specialist radiologists also improved, but only at primary staging (accuracy 0.59-0.63). Residents
showed small changes, except for notably increased sensitivity in both primary staging (35.7-43%) and post-chemoradio-
therapy (41.7-58.3%) staging, at the expense of increased overstaging.

Conclusions The addition of DWI improved the diagnostic performance of EMVI by experienced radiologists, downgrad-
ing overstaging, especially in post-chemoradiotherapy follow-up. It resulted in fewer changes for inexperienced radiologists
(enhanced primary staging) and residents (increased sensitivity).
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recommended imaging technique at both primary stag-
ing and follow-up after chemoradiotherapy (CRT) [1, 2].
Although staging is usually performed according to the
American Joint Committee on Cancer (AJCC) guidelines,
some other features, such as circumferential resection
margin or extramural venous infiltration (EMVI), should
also be reflected in reports [3-5].

EMVI is defined histologically as the presence of
tumor cells beyond the muscularis propria in an endothe-
lium-lined vessel; it is considered as a T3 stage, but not
specifically assessed in the staging [2, 6]. This is despite
the fact that different studies have demonstrated the role
EMVI plays as an independent predictor of lymph node
metastasis, disease-free/overall survival, local recurrence
and synchronous/metachronous distant metastases [7—14].
Similar outcomes of stage II tumors with positive EMVI
have been reported as for stage III tumors [7]. Previous
studies have reported a moderate to high accuracy in the
detection of EM VI using high-resolution T2w (HRT2w)
MRI sequences, but with a wide range of documented
sensitivities and initial staging results showing better
results than the post-CRT results [8, 9, 11, 15].

There are few references to the performance of diffu-
sion-weighted imaging (DWI) concerning EMVI, most
likely due to the possible reduction in usefulness resulting
from its lower resolution, even though larger vessels could
be assessed [16]. However, the examination of small ves-
sels (<3 mm) may be difficult even using HRT2w [8, 17,
18]. Furthermore, DWI could allow a more accurate eval-
uation of the tumor contour, thanks to better distinction of
reactive tissue or microvessels adjacent to the tumor with
comparable signal intensity, and differentiation of fibrosis
and viable tumoral remnants [16, 19].

On the other hand, DWI has demonstrated to improve
rectal cancer detection and delimitation added to T2w
sequences; radiologists without the previous experience
could benefit to a larger extent from that. Such an effect
would remain undetected in many previous studies, which
included only experienced readers [20, 21]. In that case,
using DWI might be helpful during the early stages of
the learning curve or in less-specialized radiologists or
centers.

Hence, the aim of the study was to assess the potential
changes in MRI detection of EM VI in rectal cancer, both
in primary staging and post-CRT follow-up, produced by
the use of DWI added to HRT2w, compared to the use
of HRT2w alone. As a secondary objective, while these
potential improvements were analyzed in experienced
radiologists, the performance of radiologists without
prior experience in rectal cancer staging and radiology
residents was also considered.

Methods
Patient population

This cross-sectional study was approved by the Research
Ethics Committee of our center. Written informed consent
was waived owing to its retrospective nature.

One hundred consecutive patients with MRI for rec-
tal cancer staging who underwent surgery (Fig. 1),
whether after primary staging or post-CRT follow-up,
were enrolled in the study between January 2011 and July
2016. All patients satisfied the following inclusion crite-
ria: (1) rectal cancer diagnosis, proven by colonoscopy
and biopsy; (2) correctly performed rectal MRI, using
an identical technique to that of all the other MRIs, with
no significant artifacts and fully available for review; (3)
post-CRT follow-up MRI when neoadjuvant treatment was
necessary; and (4) surgery after MRI with complete surgi-
cal specimen (total mesorectal excision/abdominoperineal
resection). At primary staging, 9 weeks were the maxi-
mum permitted interval until surgery (average 34.7 days).
In post-CRT cases, the post-CRT follow-up MRI was
the one used in the study, including those with surgery
between 6 and 10 weeks after the end of treatment (aver-
age 64.1 days). Cases with an interval of 5 weeks or less
from the end of CRT to the follow-up MRI were rejected
(average 40.7 days).

Neoadjuvant treatment

The need for CRT was decided by the Hospital Committee
for Colorectal Tumors. The neoadjuvant therapy schedule
consisted in 825 mg/m? of capecitabine (oral, twice daily)
on an outpatient basis, concurrently with radiotherapy
(long cycle, normofractionated pelvic radiation at a total
dose of 50.4 Gy over 25 sessions). In general, the indi-
cation for CRT did not include ITA stages with at most
millimetric infiltration, with no factors of poor prognosis.

Pathological analysis

The standard of reference was pathological staging. Surgi-
cal specimens were fixed in formalin for 24 h. Representa-
tive slides were obtained from the tumor borders and area,
using hematoxylin—eosin staining and immunohistochemi-
cal markers. All histopathologic slides were reviewed by
two experienced pathologist (7 and 10 years experience in
interpretation of colorectal cancer specimens) to give the
histological stage, following the guidelines of the AJCC
[3]. The presence of EMVI was determined according to
a standard definition: tumor present within an extramural
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Fig. 1 Workflow chart of the
study

MRI of biopsy-proven rectal cancer

between Jan 2011 and Jul 2016

(n=202)
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Final sample:
100 patients

Inclusion criteria:

*  Biopsy-proven rectal cancer

Technically correct MRI, including DWI

Surgery after primary staging if < IIA stage

¢ Neoadjuvant treatment in locally advanced rectal
cancer (= IlA stage) with later MRI follow-up
Primary staging — interval until surgery < 9 weeks

* Neoadjuvance — interval until surgery 6 —10 weeks

* Histological staging after surgery (Gold Standard)

PR ——

Exclusion criteria:

¢ Non avaliable post-CRT control MRI— 11

* Incorrect sequences/recovery — 19
Patients without surgery — 32

e Surgery without lymphadenectomy — 14

* Interval until surgery out of range — 19

* In neoadjuvance, interval between the completion of
treatment and MRI follow-up < 5 weeks — 7

——————

v

Surgery after primary staging

[ 54 patients

46 patients

] [ Neoadjuvant treatment before surgery]

Table 1 MRI acquisition protocol

2w HRT2w DWI

Plane Axial, coro-  Axial, coronal, sagittal ~ Axial
nal, sagittal

Reference Pelvis Tumor axis Pelvis
TR/TE (ms) 4700/95 4000/95 5000/70
Slide thickness 6 mm 3 mm 5 mm
Matrix 256 x230 256 %230 192x 115
F.O.V. 340 200 300
Duration 150 s 135s 200 s

endothelium-lined space that is either surrounded by a rim
of smooth muscle or contains red blood cells [22].

MRI protocol

All patients underwent 1.5-T rectal MRI in the same center
(MAGNETOM Avanto; Siemens Healthcare, Berlin, Ger-
many), using a 16-channel phased-array body surface coil.
Patients were previously administered 20 mg of intramus-
cular butylscopolamine bromide and 50 ml of rectal gel.
The MRI protocol is shown in Table 1, used for both pri-
mary staging and follow-up MRIs. Contrast materials were
not used.
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Image assessment

The images of every case were reviewed by ten radiologists
with different degrees of experience in staging rectal cancer
using MRI, independently and blinded to any information
except for the presence of biopsy-proven malignancy. Three
of them (ER) had prior experience of 3—6 years (approxi-
mately 40 instances per year). Another three (NER) had
2-7 years experience with MRI, though not in abdominal
pathology. The remaining four (RR) were radiology resi-
dents with general knowledge of MRI. The NER and RR
received a baseline training (2 h) before the start of the
study, consisting of review and discussion of several cases
from our center and imaging examples.

Radiologists were asked to assess the presence or absence
of EMVI in each patient, twice every single case. In a first
session, the radiologists based only on the HRT2w set of
images. The likelihood of EMVI was determined according
to Smith et al. [9, 23]: the presence of intermediate signal
intensity within vessels (similar to that of the main tumor),
obvious irregular vessel contour and/or nodular expansion of
vessels by definite tumor signal (Fig. 2). The proposed scale
was adapted to a three-point one (1—negative, 2—doubt-
ful, 3—positive).

After a minimum I-month washout period, with the aim
of preventing memory bias, radiologists analyzed all MRIs
a second time, and this time using both HRT2w and DWI
images presented side by side. The suspicion criterion for



La radiologia medica (2020) 125:522-530

525

Fig.2 Primary staging MRI from a 73-year-old man with rectal ade-
nocarcinoma: axial (a) and sagittal-to-tumor and (b) high-resolution
T2w sequences. A large mass (star) almost completely occupies the
middle third of the rectum, with signs of profuse perirectal fat infiltra-
tion. Focal expansion of vessels with similar intensity to that of the
tumor and irregular contours were visible (arrows). The histological
results confirmed the presence of extramural venous infiltration

EMVI in DWI was pre-defined as the presence of high signal
intensity on a high b-value sequence and moderate to high
hypointensity on the ADC (restricted diffusion), neighboring
the main tumor and coincident with the location of the vessel
in the HRT2w sequence (Figs. 3, 4) [16]. The scoring for
the combined image set used the same scale as for the first
session. This time, the radiologists provided an initial score
for HRT2w sequences. Then, if the DWI suspicion criterion
was present, the final score was made one point higher; oth-
erwise, the initial score was considered the final one.

Statistical analysis

Statistical analysis was conducted with the IBM SPSS Statis-
tics package 24.0 (IBM Corp, Armonk, NY, USA) and Epi-
dat 4.1 (SERGAS, Galicia, Spain). According to the degree
of experience, the results were clustered in groups in the dif-
ferent phases and mean values were calculated. Only cases
with a score of 3 in the confidence scale were assumed as
positive for the diagnosis of EMVI and used in the analysis.

Fig.3 Primary staging MRI from a 77-year-old man with rectal ade-
nocarcinoma: sagittal-to-tumor high-resolution T2w sequence (a) and
axial diffusion-weighted imaging (b) and ADC map (c). Circumfer-
ential wall thickening on the lower third of rectum (arrows), showing
signs of restricted diffusion. An expanded tubular structure adjacent

to the posterior wall of the rectum (arrowheads) presented similar
intensity in T2w sequence, suggestive of extramural venous infiltra-
tion that was histologically confirmed. Diffusion and ADC showed
signs of restriction, also similar to those of the main tumor

Fig.4 Post-CRT follow-up MRI from a 63-year-old man with rec-
tal adenocarcinoma. Tubular (white arrow) and nodular (arrowhead)
expansion of vessels with moderate intensity was visible (arrows) in
the axial high-resolution T2w sequence (a). They showed moderate

hyperintensity in the high b-value diffusion sequence (b) with slight
hypointensity in the ADC map (c). The histological results confirmed
the persistence of extramural venous infiltration
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Diagnostic accuracy (by means of the area under the
ROC curve—AUC), sensitivity and specificity, positive
and negative predictive values (PPV/NPV) and likelihood
ratios were all calculated for each group in every reading,
group and category (primary staging or post-CRT follow-
up). Fisher’s exact test was used to evaluate statistical sig-
nificance, and McNemar test to analyze the differences
between the image sets (p <0.05). Subsequently, over-
staging and understaging rates and intragroup agreement
(Fleiss’s kappa) were obtained for every reading.

Table 2 Demographic and histological staging data of the sample

Demographic data

Mean age 63 y. 0. (40-85)
Male (75) 65.5y. 0. (42-85)
Female (25) 61.4y.0.(40-82)

MRI study and corresponding histology

Primary staging 54 cases
Adenocarcinoma 50
No malignancy 4
Analyzed lymph nodes (average) 14 (5-46)
Post-chemoradiotherapy follow-up 46 cases
Adenocarcinoma 42
No malignancy 4
Analyzed lymph nodes (average) 12 (4-33)
Surgery approach (total mesorectal excision)
Anterior approach 80 cases
Abdominoperineal resection 20 cases

Histological staging (surgical specimen)

Post-chemoradio-
therapy follow-up

Primary staging

Local stage

0 9 7
I 15 12
1A 10 9
1B 1 1
IIA 5 7
111B 9 10
1ic 5 0
Tumor (T)
TO 4 4
T1-2 25 24
T3 20 16
T4 5 2
Lymph nodes (N)
NO 35 28
N1 10 15
N2 9 3
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Results

A total of 54 of the 100 MRI records were corresponded to
primary staging (neoadjuvant treatment was not indicated)
and the remaining 46 to post-CRT follow-up MRI with later
surgery. Demographic and histological staging data of the
sample are shown in Table 2. Three cases of adenocarci-
noma presented just residual cell clusters after CRT, one in
a lymph node. In four primary staging cases, no evidence of
remaining tumor tissue was found in the surgical specimen,
with adenocarcinoma in an initial resected polyp. Based on
the surgical specimen, EMVI was present in ten cases in the
whole sample (10%), seven of them at primary staging (13%
of the subgroup) and three at post-CRT follow-up (6.5%).
At primary staging, out of the 19 cases with positive nodes,
four were related to histologically positive EMVI (21% of
cases), while post-CRT group revealed malignant nodes in
18 cases, two of them EMVI positive (11%).

The results for accuracy are presented in Table 3, while
Table 4 shows sensitivity, specificity, likelihood ratios, pre-
dictive values and intragroup agreement results. All the
results for the ER group showed statistical significance by
themselves (p <0.05), as were those of the DWI reading by
the other groups, except for the post-CRT follow-up by the
NER and the accuracy results. In the comparison between
the two readings, both primary staging and post-CRT follow-
up by the ER showed significant differences (p <0.01 and
p=0.033, respectively, according to McNemar test).

The ER group demonstrated a marked enhancement by
adding DWTI to the post-CRT evaluation, with an increase

Table 3 Diagnostic accuracy by means of the area under the ROC
curve (AUC) for the MRI series (Global EMVI) and for the subgroups
of surgical patients without neoadjuvance (Primary staging) or after
neoadjuvant treatment (Post-CRT)

Global EMVI Primary staging Post-CRT

ER

HRT2w* 0.694 0.665 0.748

HRT2w+DWI*  0.745 0.674 0.846
NER

HRT2w 0.563 0.592 0.494

HRT2w+ DWI 0.598 0.635 0.508
RR

HRT2w 0.615 0.567 0.388

HRT2w + DWI 0.595 0.592 0.345

The results are pooled according to the degree of experience of
the radiologist, as well as by the use of just high-resolution T2w
sequences (HRT2w) or high-resolution T2w plus diffusion-weighted
sequences (HRT2w + DWI) for the evaluation

EMVI extramural vascular infiltration, ER radiologists experienced in
rectal cancer MRI staging, NER inexperienced radiologists, RR radi-
ology residents

*Results statistically significant
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Table 4 Results for sensitivity, Sens. (%)  Spec.(%) PPV(%) NPV(%) PLR NLR Kp
specificity, intragroup
agreement (Fleiss’ Kappa), Global EMVI
positive and. negative pr;dictive ER
values and likelihood ratios
HRT2w* 60 79.3 24.3 94.7 289 05 0.443
HRT2w+ DWI* 56.7 89.3 37 94.9 53 048  0.409
NER
HRT2w 26.9 85.7 17.9 91 1.88 0.85 0.272
HRT2w+ DWT* 30.8 88.8 242 91.7 275 078  0.26
RR
HRT2w* 375 79.2 16.7 91.9 1.8 0.78  0.139
HRT2w+ DWT* 475 74.2 17 92.7 1.84 0.7 0.33
EMVI—primary staging
ER
HRT2w* 57.1 75.9 26.1 922 236 056 0483
HRT2w+ DWT* 47.6 87.2 35.7 91.8 371 06 0.438
NER
HRT2w 31.6 86.8 27.3 89 239 078 0431
HRT2w+ DWT* 36.8 90.1 36.8 90.1 3.71 0.7 0.215
RR
HRT2w 357 71.7 19.2 89 1.6 082  0.105
HRT2w+ DWTI* 429 75.5 20.7 89.9 1.75 075  0.245
yEMVI—Post-CRT
ER
HRT2w* 66.7 82.9 21.4 97.3 39 0.4 0.372
HRT2w+ DWTI* 77.8 91.5 389 98.3 9.15 024 0.361
NER
HRT2w 14.3 84.5 59 93.5 092 1 0.052
HRT2w+ DWI 14.3 87.4 7.1 93.8 1.13 098 033
RR
HRT2w 41.7 80.8 132 95.2 217 072 0.182
HRT2w+ DWT* 58.3 72.7 13 96.2 213 057 0423

The distribution of the groups and pooling by experience is the same as that in Table 3

CRT chemoradiotherapy, DWI diffusion-weighted sequences, EMVI extramural vascular infiltration, ER
radiologists experienced in rectal cancer MRI staging, HRT2w high-resolution T2w sequences, Kp intra-
group agreement, NER inexperienced radiologists, NLR negative likelihood ratio, NPV negative predictive
value, PLR positive likelihood ratio, PPV positive predictive value, RR radiology residents, Sens sensitiv-

ity, Spec specificity
*Results statistically significant

of 0.01 in AUC, 5.25 in PLR, 17.5% in PPV, 11.1% in sen-
sitivity and 8.6% in specificity, also at primary staging, to
a lesser extent, with an improvement in specificity (11.3%)
and positive likelihood ratio (1.35), despite a decrease of
sensitivity (9.5%). Both categories showed an important
decrease of overstaging (7.9% and 9.9%, respectively), with
only slight changes in understaging (Table 5) or intragroup
agreement.

The NER group presented some increase in accuracy at
primary staging with the addition of DWI, mainly associ-
ated with PPV (9.5%), positive likelihood ratio (1.32) and
AUC (0.04); with minimal changes in the post-CRT follow-
up. Again, overstaging decreased in both categories (around

2.8%). The intragroup agreement varied markedly, with a
kappa decrease of 0.22 due to the addition of DWI to pri-
mary staging and an increase of 0.28 in post-CRT follow-up.

The RR group showed small changes at primary staging,
with a slight improvement in AUC (0.025) and sensitivity
(7.2%). In the post-CRT category, a marked increase of sen-
sitivity stood out (16.6%), despite a decrease of specificity
(8.1%) and AUC (0.043). Overstaging increased in both cat-
egories but more markedly post-CRT (7.9%), with a slight
decrease of understaging. On the other hand, intragroup
agreement presented an important enhancement by adding
DWI, also in both cases (0.14 and 0.24).
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Table 5 Results for overstaging
and understaging rates. The

Global EMVI

Primary staging Post-CRT

distribution of the groups and OverSt. (%)

UnderSt. (%)

OverSt. (%) UnderSt. (%) OverSt. (%) UnderSt. (%)

pooling by experience is the

same as that in Table 3 ER
HRT2w 18.7
HRT2w+ DWI 9.7
NER
HRT2w 12.8
HRT2w+DWI 10
RR
HRT2w 18.8
HRT2w+DWI 233

4
4.3

7.6
7.2

6.3
53

21 5.6 159 22
11.1 6.8 8 1.4
11.4 9.3 14.5 5.5

8.6 8.6 11.8 55
194 8.3 17.9 3.8
21.3 7.4 25.5 2.7

DWI diffusion-weighted sequences, EMVI extramural vascular infiltration, ER radiologists experienced
in rectal cancer MRI staging, HRT2w high-resolution T2w sequences, NER inexperienced radiologists,
OverSt overstaging, RR radiology residents, UnderSt understaging

Discussion

In this study, we evaluated MRI detection of EM VI in rectal
cancer, both in primary staging and post-CRT follow-up,
comparing changes resulting from the addition of DWI. Our
results show a significant improvement in the performance
of the ER group with the additional use of DWI, especially
in the post-CRT follow-up and associated with the accu-
racy and positive predictive parameters. Since DWI presents
lower image resolution, it may be hard to understand the
way it could make a difference when considering such mil-
limetric structures. Benefits in the detection and delimita-
tion of viable tumors, secondary to the use of DWI, have
been reported in previous studies [21, 24, 25]. Furthermore,
it has been suggested that using DWI could allow a more
accurate evaluation of the tumor contour, with better distinc-
tion of reactive tissue or microvessels adjacent to the tumor
that has a comparable signal intensity to it [19]. This could
explain the observed reduction in overstaging. Bearing in
mind that assessment in post-CRT MRI might be hindered
by the effects of treatment, and the fact that DWI could be
more helpful in these cases seems reasonable [24, 26, 27].
The previous work has shown a histological incidence
of vascular infiltration in surgical specimens of 21-53.5%
at primary staging and of 16.6-21% post-CRT: higher than
that found in our sample (9, 27-30). This may be related to
the fact that we did not include intramural vascular infiltra-
tion cases in our study, unlike some previous works [17].
Meanwhile, our MRI detection prevalence was within the
documented ranges of 23.7-47.6%, with a sample range of
22%-28% (16.6-38.8% at primary staging; 15.2-28.2% at
post-CRT follow-up) [31]. For primary staging, published
reports of EMVI accuracy, sensitivity and specificity are
of 0.65-0.94, 43%-100% and 53%-100%, respectively
[8, 18, 28-30, 32, 33]; while those corresponding to post-
CRT follow-up are 0.78-0.83, 29-76.2% and 79.7-100%,

@ Springer

respectively [27]. Reported values of PPV and NPV for pri-
mary staging were 36-53% and 84-94%, respectively [18].
Our results were mostly within the documented ranges, but
the comparison with the previous work is hindered by some
methodological differences: Consensus readings between
two radiologists, added contrast-enhanced sequences or
samples including specific tumoral stages, were sometimes
present [27-29].

We could only find two studies of EMVI including DWI.
In recently published work using a 3.0-T MRI, Ahn et al.
[18] reported no significant added value of DWI in the
diagnostic performance of EMVI by two radiologists at pri-
mary staging (AUC 0.72 and 0.82, with almost no changes
between readings), which differs from our results maybe due
to the methodological differences. Neither did their sensi-
tivity match ours, with lower values in our study; probably
related to our significantly lower overstaging. In the second
study, the use of gadolinium-enhanced T1w sequences along
with DWI and the absence of histological correlation of pri-
mary staging MRI both limit in comparison with our results
[34]. Those authors reported a moderate increase of sensi-
tivity with the addition of DWI and contrast-enhanced T1w,
both at primary and post-CRT staging (43-50% to 57%;
and 29% to 43-57%, respectively). Despite the coincident
greater improvement in the post-CRT follow-up, unlike us
they reported almost no changes in accuracy and specificity.

To the best of our knowledge, no previous study included
inexperienced radiologists in the MRI assessment of EM VI,
their results might represent the early stages of the learning
curve. Although the NER group presented a similar trend to
that of the ER, in the former case it was present only at the
primary staging category. We hypothesize that the previ-
ously reported increase in viable tumor detection and delimi-
tation with the use of DWI could be related to this finding
[21, 24, 25]. In the post-CRT follow-up, the results did not
improve, despite the increase of the kappa value. However,
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the interpretation of post-CRT follow-up MRI may some-
times be challenging, hindering the identification of vessels
within the fibrotic or inflammatory aftermath, or overstag-
ing peritumoral high signal intensity in DWI [16, 18, 26].
This could have led to the absence of changes, despite the
marked increase in intragroup agreement due to the better
visualization of viable tumor. On the other hand, the RR
demonstrated small changes, with increased sensitivity in
both categories, associated with a rise in overstaging. Since
they had less experience in the use of DWI, misinterpreta-
tions were more likely; factors such as edema, desmoplastic
reaction or inflammation may have led to overstaging, which
obviously lowers the accuracy rate [16, 35]. Nonetheless, the
results of the inexperienced radiologists must be interpreted
cautiously: the small amount of positive EMVI cases in the
sample (particularly post-CRT) may have yielded aberrant
changes between readings.

Our study had some limitations to consider. First, the ret-
rospective nature could have led to a patient selection bias.
Second, the gained experience through participating in the
study could have influenced the results, in particular for the
less experienced radiologists. To avoid learning bias as far
as possible, the observers were not provided with feedback
on their results. Moreover, randomized reviews and washout
periods between readings prevented memory bias. Third, the
different angulation and slide thickness of HRT2w and DWI
hindered comparison; in order to increase the accuracy of
the study, the same characteristics for both sequences would
have been preferable. Furthermore, the DWI slide thickness
also hindered proper assessment of small vessels (<3 mm);
but anyway, their identification and characterization may be
challenging due to insufficient spatial resolution or partial
volume artifacts [11, 18]. Finally, the statistical analysis was
restricted by the small number of positive results; a problem
present in most studies of this topic, due to the limited num-
ber of cases. This should be borne in mind during interpreta-
tion, especially in terms of sensitivity and PPV values, as it
limits the clinical significance of the findings.

Conclusions

According to the results of the study, adding DWI to HRT2w
sequences improved the diagnostic performance of experi-
enced radiologists and downgraded overstaging, especially
in the post-CRT follow-up MRI. For the inexperienced
radiologists and residents this addition brought about fewer
changes, with some improvements in the primary staging
and increased sensitivity in both primary staging and post-
CRT staging, respectively.
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