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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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Abbreviations
AUC​	� Area under the “receiver operating character-

istic” (ROC) curve
CRT​	� Chemoradiotherapy
DWI	� Diffusion-weighted imaging

EMVI	� Extramural venous infiltration
ER	� Radiologists with prior experience in rectal 

cancer staging using MRI
HRT2w	� High-resolution T2-weighted imaging
NER	� Radiologists without prior experience in 

rectal cancer staging using MRI
NPV/PPV	� Negative/positive predictive values
RR	� Radiology residents

Introduction

Over the past two decades, magnetic resonance imaging 
(MRI) has been demonstrated to provide accurate infor-
mation for the evaluation of rectal cancer; it is now a 
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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 EMVI 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 EMVI 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/m2 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 IIA 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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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.

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 1-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 

Fig. 1   Workflow chart of the 
study

Table 1   MRI acquisition protocol

T2w HRT2w DWI

Plane Axial, coro-
nal, sagittal

Axial, coronal, sagittal Axial

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

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.

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 DWI to the post-CRT evaluation, with an increase 

Table 2   Demographic and histological staging data of the sample

Demographic data

Mean age 63 y. o. (40–85)
 Male (75) 65.5 y. o. (42–85)
 Female (25) 61.4 y. o. (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)

Primary staging Post-chemoradio-
therapy follow-up

Local stage
 0 9 7
 I 15 12
 IIA 10 9
 IIB 1 1
 IIIA 5 7
 IIIB 9 10
 IIIC 5 0

Tumor (T)
 T0 4 4
 T1–2 25 24
 T3 20 16
 T4 5 2

Lymph nodes (N)
 N0 35 28
 N1 10 15
 N2 9 3

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​)

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

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
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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).

Table 4   Results for sensitivity, 
specificity, intragroup 
agreement (Fleiss’ Kappa), 
positive and negative predictive 
values and likelihood ratios

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

Sens. (%) Spec. (%) PPV (%) NPV (%) PLR NLR Kp

Global EMVI
 ER
  HRT2w* 60 79.3 24.3 94.7 2.89 0.5 0.443
  HRT2w + DWI* 56.7 89.3 37 94.9 5.3 0.48 0.409

 NER
  HRT2w 26.9 85.7 17.9 91 1.88 0.85 0.272
  HRT2w + DWI* 30.8 88.8 24.2 91.7 2.75 0.78 0.26

 RR
  HRT2w* 37.5 79.2 16.7 91.9 1.8 0.78 0.139
  HRT2w + DWI* 47.5 74.2 17 92.7 1.84 0.7 0.33

EMVI—primary staging
 ER
  HRT2w* 57.1 75.9 26.1 92.2 2.36 0.56 0.483
  HRT2w + DWI* 47.6 87.2 35.7 91.8 3.71 0.6 0.438

 NER
  HRT2w 31.6 86.8 27.3 89 2.39 0.78 0.431
  HRT2w + DWI* 36.8 90.1 36.8 90.1 3.71 0.7 0.215

 RR
  HRT2w 35.7 77.7 19.2 89 1.6 0.82 0.105
  HRT2w + DWI* 42.9 75.5 20.7 89.9 1.75 0.75 0.245

yEMVI—Post-CRT​
 ER
  HRT2w* 66.7 82.9 21.4 97.3 3.9 0.4 0.372
  HRT2w + DWI* 77.8 91.5 38.9 98.3 9.15 0.24 0.361

 NER
  HRT2w 14.3 84.5 5.9 93.5 0.92 1 0.052
  HRT2w + DWI 14.3 87.4 7.1 93.8 1.13 0.98 0.33

 RR
  HRT2w 41.7 80.8 13.2 95.2 2.17 0.72 0.182
  HRT2w + DWI* 58.3 72.7 13 96.2 2.13 0.57 0.423
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Discussion

In this study, we evaluated MRI detection of EMVI 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%, 

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 EMVI; 
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, 

Table 5   Results for overstaging 
and understaging rates. The 
distribution of the groups and 
pooling by experience is the 
same as that in Table 3

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

Global EMVI Primary staging Post-CRT​

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

ER
 HRT2w 18.7 4 21 5.6 15.9 2.2
 HRT2w + DWI 9.7 4.3 11.1 6.8 8 1.4

NER
 HRT2w 12.8 7.6 11.4 9.3 14.5 5.5
 HRT2w + DWI 10 7.2 8.6 8.6 11.8 5.5

RR
 HRT2w 18.8 6.3 19.4 8.3 17.9 3.8
 HRT2w + DWI 23.3 5.3 21.3 7.4 25.5 2.7
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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.

Acknowledgements  We would like to thank Christopher Evans for his 
kind support in the translation of this work.

Funding  This study was funded by the Medical College of Las Palmas 
Foundation [research grant, year 2018]. The funding source had no 
involvement in study design, the analysis or interpretation of data, the 
writing or the decision to submit this article.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical statement  All procedures performed in studies involving 
human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki Declaration and its later amendments or comparable ethical 
standards.

Human and animal rights  This article does not contain any studies with 
animals performed by any of the authors.

References

	 1.	 Fowler KJ, Kaur H, Cash BD, Feig BW, Gage KL, Garcia EM 
et al (2017) ACR appropriateness criteria® pretreatment staging 
of colorectal cancer. J Am Coll Radiol 14:S234–S244. https​://doi.
org/10.1016/j.jacr.2017.02.012

	 2.	 Glynne-Jones R, Wyrwicz L, Tiret E, Brown G, Rödel C, Cer-
vantes A et al (2017) Rectal cancer: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and follow-up†. Ann Oncol 
28:iv22–iv40. https​://doi.org/10.1093/annon​c/mdx22​4

	 3.	 Ferlay JF, Soerjomataram I, Dishkit R, Eser R, Mathers C, Robelo 
M et al (2011) Colon and rectum. In: Edge SB, Byrd DR, Comp-
ton CC, Fritz AG, Greene FL, Trotti A (eds) AJCC cancer staging 
Handb. From AJCC Cancer Staging Man, 7th edn. Springer, New 
York, pp 143–159

	 4.	 Moreno CC, Sullivan PS, Kalb BT, Tipton RG, Hanley KZ, Kita-
jima HD et al (2015) Magnetic resonance imaging of rectal can-
cer: staging and restaging evaluation. Abdom Imaging 40:2613–
2629. https​://doi.org/10.1007/s0026​1-015-0394-z

	 5.	 Beets-Tan RGH, Lambregts DMJ, Maas M, Bipat S, Barbaro B, 
Curvo-Semedo L et al (2018) Magnetic resonance imaging for 
clinical management of rectal cancer: updated recommendations 
from the 2016 European Society of Gastrointestinal and Abdomi-
nal Radiology (ESGAR) consensus meeting. Eur Radiol 28:1465–
1475. https​://doi.org/10.1007/s0033​0-017-5026-2

	 6.	 Taylor FGM, Swift RI, Blomqvist L, Brown G (2008) A system-
atic approach to the interpretation of preoperative staging MRI 
for rectal cancer. Am J Roentgenol 191:1827–1835. https​://doi.
org/10.2214/AJR.08.1004

	 7.	 Chand M, Bhangu A, Wotherspoon A, Stamp GWH, Swift RI, 
Chau I et al (2014) EMVI-positive stage II rectal cancer has 
similar clinical outcomes as stage III disease following pre-oper-
ative chemoradiotherapy. Ann Oncol 25:858–863. https​://doi.
org/10.1093/annon​c/mdu02​9

	 8.	 Koh D-M, Smith NJ, Swift RI, Brown G (2008) The relationship 
between MR demonstration of extramural venous invasion and 
nodal disease in rectal cancer. Clin Med Oncol 2:267–273

	 9.	 Smith NJ, Barbachano Y, Norman AR, Swift RI, Abulafi AM, 
Brown G (2008) Prognostic significance of magnetic resonance 

https://doi.org/10.1016/j.jacr.2017.02.012
https://doi.org/10.1016/j.jacr.2017.02.012
https://doi.org/10.1093/annonc/mdx224
https://doi.org/10.1007/s00261-015-0394-z
https://doi.org/10.1007/s00330-017-5026-2
https://doi.org/10.2214/AJR.08.1004
https://doi.org/10.2214/AJR.08.1004
https://doi.org/10.1093/annonc/mdu029
https://doi.org/10.1093/annonc/mdu029


530	 La radiologia medica (2020) 125:522–530

1 3

imaging-detected extramural vascular invasion in rectal cancer. 
Br J Surg 95:229–236. https​://doi.org/10.1002/bjs.5917

	10.	 Horn A, Dahl O, Morild I (1991) Venous and neural invasion 
as predictors of recurrence in rectal adenocarcinoma. Dis Colon 
Rectum 34:798–804

	11.	 Sohn B, Lim J, Kim H, Myoung S, Choi J, Kim NK et al (2015) 
MRI-detected extramural vascular invasion is an independent 
prognostic factor for synchronous metastasis in patients with 
rectal cancer. Eur Radiol 25:1347–1355. https​://doi.org/10.1007/
s0033​0-014-3527-9

	12.	 Bugg WG, Andreou AK, Biswas D, Toms AP, Williams SM 
(2014) The prognostic significance of MRI-detected extramural 
venous invasion in rectal carcinoma. Clin Radiol 69:619–623. 
https​://doi.org/10.1016/j.crad.2014.01.010

	13.	 Prampolini F, Taschini S, Pecchi A, Sani F, Spallanzani A, Gel-
somino F et al (2018) Magnetic resonance imaging performed 
before and after preoperative chemoradiotherapy in rectal cancer: 
predictive factors of recurrence and prognostic significance of 
MR-detected extramural venous invasion. Abdom Radiol (Epub). 
https​://doi.org/10.1007/s0026​1-018-1838-z

	14.	 Cho MS, Park YY, Yoon J, Yang SY, Baik SH, Lee KY et al 
(2018) MRI-based EMVI positivity predicts systemic recurrence 
in rectal cancer patients with a good tumor response to chemo-
radiotherapy followed by surgery. J Surg Oncol 117:1823–1832. 
https​://doi.org/10.1002/jso.25064​

	15.	 Chand M, Evans J, Swift RI, Tekkis PP, West NP, Stamp G et al 
(2015) The prognostic significance of postchemoradiotherapy 
high-resolution MRI and histopathology detected extramural 
venous invasion in rectal cancer. Ann Surg 261:473–479. https​://
doi.org/10.1097/SLA.00000​00000​00084​8

	16.	 Tripathi P, Rao SX, Zeng MS (2017) Clinical value of MRI-
detected extramural venous invasion in rectal cancer. J Dig Dis 
18:2–12. https​://doi.org/10.1111/1751-2980.12439​

	17.	 Ale Ali H, Kirsch R, Razaz S, Jhaveri A, Thipphavong S, Ken-
nedy ED et al (2019) Extramural venous invasion in rectal can-
cer: overview of imaging, histopathology, and clinical implica-
tions. Abdom Radiol 44:1–10. https​://doi.org/10.1007/s0026​
1-018-1673-2

	18.	 Ahn JH, Kim SH, Son JH, Jo SJ (2019) Added value of diffusion-
weighted imaging for evaluation of extramural venous invasion 
in patients with primary rectal cancer. Br J Radiol 92:20180821. 
https​://doi.org/10.1259/bjr.20180​821

	19.	 Feng Q, Yan YQ, Zhu J, Xu JR (2014) T staging of rectal can-
cer: accuracy of diffusion-weighted imaging compared with 
T2-weighted imaging on 3.0 tesla MRI. J Dig Dis 15:188–194. 
https​://doi.org/10.1111/1751-2980.12124​

	20.	 Marijnen CAM, Nagtegaal ID, Klein Kranenbarg E, Hermans J, 
van der Velde CJH, Leer JWH et al (2001) No downstaging after 
short-term preoperative radiotherapy in rectal cancer patients.pdf. 
J Clin Oncol 19:1976–1984

	21.	 Lu Z, Hu C, Qian W, Cao W (2016) Preoperative diffusion-
weighted imaging value of rectal cancer: preoperative T staging 
and correlations with histological T stage. Clin Imaging 40:563–
568. https​://doi.org/10.1016/j.clini​mag.2015.12.006

	22.	 Talbot IC, Ritchie S, Leighton M, Hughes AO, Bussey HJ, Morson 
BC (1981) Invasion of veins by carcinoma of rectum: method of 
detection, histological features and significance. Histopathology 
5:141–163

	23.	 Smith NJ, Shihab O, Arnaout A, Swift RI, Brown G (2008) 
MRI for detection of extramural vascular invasion in rectal can-
cer. Am J Roentgenol 191:1517–1522. https​://doi.org/10.2214/
AJR.08.1298

	24.	 Kim SH, Lee JM, Hong SH, Kim GH, Lee JY, Han JK et al (2009) 
Locally advanced rectal cancer: added value of diffusion-weighted 
MR imaging in the evaluation of tumor response to neoadjuvant 
chemo- and radiation therapy. Radiology 253:116–125. https​://
doi.org/10.1148/radio​l.25320​90027​

	25.	 Rao SX, Zeng MS, Chen CZ, Li RC, Zhang SJ, Xu JM et al (2008) 
The value of diffusion-weighted imaging in combination with 
T2-weighted imaging for rectal cancer detection. Eur J Radiol 
65:299–303. https​://doi.org/10.1016/j.ejrad​.2007.04.001

	26.	 Dresen RC, Beets GL, Rutten HJT, Engelen SME, Lahaye MJ, 
Vliegen RFA et al (2009) Locally advanced rectal cancer: MR 
imaging for restaging after neoadjuvant radiation therapy with 
concomitant chemotherapy part I. Are we able to predict tumor 
confined to the rectal wall? Radiology 252:71–80. https​://doi.
org/10.1148/radio​l.25210​81200​

	27.	 Lee ES, Kim MJ, Park SC, Hur BY, Hyun JH, Chang HJ et al 
(2018) Magnetic resonance imaging-detected extramural venous 
invasion in rectal cancer before and after preoperative chemoradi-
otherapy: diagnostic performance and prognostic significance. Eur 
Radiol 28:496–505. https​://doi.org/10.1007/s0033​0-017-4978-6

	28.	 Liu L, Liu M, Yang Z, He W, Wang Z, Jin E (2016) Correlation of 
MRI-detected extramural vascular invasion with regional lymph 
node metastasis in rectal cancer. Clin Imaging 40:456–460. https​
://doi.org/10.1016/j.clini​mag.2016.01.007

	29.	 Liu L, Yang L, Jin E, Wang Z, Yang Z (2016) Effect of gadolinium 
contrast-enhanced T1-weighted magnetic resonance imaging for 
detecting extramural venous invasion in rectal cancer. Abdom 
Radiol 41:1736–1743. https​://doi.org/10.1007/s0026​1-016-0740-9

	30.	 Yu J, Huang DY, Xu HX, Li Y, Xu Q (2016) Correlation between 
magnetic resonance imaging-based evaluation of extramural vas-
cular invasion and prognostic parameters of T3 stage rectal can-
cer. J Comput Assist Tomogr 40:537–542. https​://doi.org/10.1097/
RCT.00000​00000​00039​7

	31.	 Siddiqui MRS, Simillis C, Hunter C, Chand M, Bhoday J, Garant 
A et al (2017) A meta-analysis comparing the risk of metastases 
in patients with rectal cancer and MRI-detected extramural vas-
cular invasion (mrEMVI) vs mrEMVI-negative cases. Br J Cancer 
116:1513–1519. https​://doi.org/10.1038/bjc.2017.99

	32.	 Jhaveri KS, Hosseini-Nik H (2015) MRI of rectal cancer: an over-
view and update on recent advances. Am J Roentgenol 205:W42–
W55. https​://doi.org/10.2214/AJR.14.14201​

	33.	 Bae JS, Kim SH, Hur BY, Chang W, Park J, Park HE et al (2019) 
Prognostic value of MRI in assessing extramural venous inva-
sion in rectal cancer: multi-readers’ diagnostic performance. Eur 
Radiol 29:4379–4388. https​://doi.org/10.1007/s0033​0-018-5926-9

	34.	 Jhaveri KS, Hosseini-Nik H, Thipphavong S, Assarzadegan N, 
Menezes RJ, Kennedy ED et al (2016) MRI detection of extramu-
ral venous invasion in rectal cancer: correlation with histopathol-
ogy using elastin stain. Am J Roentgenol 206:747–755. https​://
doi.org/10.2214/AJR.15.15568​

	35.	 Kim DJ, Kim JH, Lim JS, Yu J-S, Chung J-J, Kim M-J et al (2010) 
Restaging of rectal cancer with MR imaging after concurrent 
chemotherapy and radiation therapy. Radiographics 30:503–516. 
https​://doi.org/10.1148/rg.30209​5046

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/bjs.5917
https://doi.org/10.1007/s00330-014-3527-9
https://doi.org/10.1007/s00330-014-3527-9
https://doi.org/10.1016/j.crad.2014.01.010
https://doi.org/10.1007/s00261-018-1838-z
https://doi.org/10.1002/jso.25064
https://doi.org/10.1097/SLA.0000000000000848
https://doi.org/10.1097/SLA.0000000000000848
https://doi.org/10.1111/1751-2980.12439
https://doi.org/10.1007/s00261-018-1673-2
https://doi.org/10.1007/s00261-018-1673-2
https://doi.org/10.1259/bjr.20180821
https://doi.org/10.1111/1751-2980.12124
https://doi.org/10.1016/j.clinimag.2015.12.006
https://doi.org/10.2214/AJR.08.1298
https://doi.org/10.2214/AJR.08.1298
https://doi.org/10.1148/radiol.2532090027
https://doi.org/10.1148/radiol.2532090027
https://doi.org/10.1016/j.ejrad.2007.04.001
https://doi.org/10.1148/radiol.2521081200
https://doi.org/10.1148/radiol.2521081200
https://doi.org/10.1007/s00330-017-4978-6
https://doi.org/10.1016/j.clinimag.2016.01.007
https://doi.org/10.1016/j.clinimag.2016.01.007
https://doi.org/10.1007/s00261-016-0740-9
https://doi.org/10.1097/RCT.0000000000000397
https://doi.org/10.1097/RCT.0000000000000397
https://doi.org/10.1038/bjc.2017.99
https://doi.org/10.2214/AJR.14.14201
https://doi.org/10.1007/s00330-018-5926-9
https://doi.org/10.2214/AJR.15.15568
https://doi.org/10.2214/AJR.15.15568
https://doi.org/10.1148/rg.302095046

	Primary and post-chemoradiotherapy MRI detection of extramural venous invasion in rectal cancer: the role of diffusion-weighted imaging
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Patient population
	Neoadjuvant treatment
	Pathological analysis
	MRI protocol
	Image assessment
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




