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Abstract
Purpose  To analyze changes in MRI diagnostic accuracy in main rectal tumor (T) evaluation resulting from the use of 
diffusion-weighted imaging (DWI), according to the degree of experience of the radiologist.
Methods  This is a cross-sectional study of a database including one hundred 1.5 T MRI records (2011–2016) from patients 
with biopsy-proven rectal cancer, including primary staging and post-chemoradiotherapy follow-up. All cases were indi-
vidually blindedly reviewed by ten radiologists: three experienced in rectal cancer, three specialized in other areas, and four 
residents. Each case was assessed twice to detect perirectal infiltration: first, evaluating just high-resolution T2-weighted 
sequences (HRT2w); second, evaluation of DWI plus HRT2w sequences. Results were pooled by experience, calculating 
accuracy (area under ROC curve), sensitivity and specificity, predictive values, likelihood ratios, and overstaging/understag-
ing. Histology of surgical specimens provided the reference standard.
Results  DWI significantly improved specificity by experienced radiologists in primary staging (63.2% to 75.9%) and, to 
a lesser extent, positive likelihood ratio (2.06 to 2.87); minimal changes were observed post-chemoradiotherapy, with a 
slight decrease of accuracy (0.657 to 0.626). Inexperienced radiologists showed a similar pattern, but with slight enhance-
ment post-chemoradiotherapy (accuracy 0.604 to 0.621). Residents experienced small changes, with increased sensitivity/
decreased specificity in both primary (69% to 72%/67.2% to 64.7%) and post-chemoradiotherapy (68.1% to 73.6%/47.3% 
to 44.6%) staging.
Conclusions  Adding DWI to HRT2w significantly improved specificity for the detection of perirectal infiltration at primary 
staging by experienced radiologists and also by inexperienced ones, although to a lesser extent. In the post-neoadjuvant 
treatment subgroup, only minimal changes were observed.

Keywords  Magnetic resonance imaging · Rectal neoplasms · Neoadjuvant chemoradiotherapy · Diffusion-weighted 
imaging
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Introduction

Local assessment of rectal cancer by means of imaging tests 
is currently considered a necessary practice for therapeu-
tic decision-making [1, 2]. Total mesorectal excision and 
neoadjuvant treatment with chemoradiotherapy (CRT) have 
increased the capacity to treat locally advanced cases [3, 4]. 
MRI has shown good results both for the evaluation of the 
primary lesion and in determining infiltration of adjacent 
structures, as well as to check response in post-CRT follow-
up [5–9].

Nowadays, the high-resolution T2-weighted sequence 
(HRT2w) is considered the primary sequence in the study 
of the main tumor [10–12]. In contrast, the role of diffu-
sion-weighted imaging (DWI) remains controversial [5, 
13]: although its potential usefulness for the assessment of 
response after CRT has been reported, its role in primary 
staging remains unclear [2, 5]. Despite the fact that some 
authors claim that DWI does not significantly improve these 
results [11], the great heterogeneity in the design of the stud-
ies published in the literature makes it difficult to draw clear 
conclusions [7, 11, 14].

Most recently, the focus has been on complete response 
detection after CRT, and for this, some studies have reported 
a greater value of DWI [15–17]. However, the presence of 
perirectal infiltration, either of fat or other structures, also 
marks an important threshold in treatment decisions: it 
marks the need of neoadjuvant treatment prior to surgery 
at primary staging, and the opportunity to apply more con-
servative surgical techniques in the case of post-CRT down-
grading [1, 18, 19].

However, it can be a real challenge to differentiate 
between desmoplastic reaction and perirectal infiltration, 
particularly for radiologists with less experience in rectal 
cancer staging using MRI [20, 21]. Despite this, most pub-
lished studies have been performed with experienced observ-
ers working at highly specialized centers, which means the 
results could not represent daily practice at most hospitals or 
that of general radiologists [7, 22]. Since DWI added to T2w 
sequences may improve rectal cancer detection and delimi-
tation, it is possible that inexperienced radiologists could 
benefit to a larger extent from such an addition of DWI [23, 
24]. This would be an interesting finding to consider during 
the early stages of learning or in smaller centers.

Therefore, the objective of our study was to evaluate pos-
sible changes in the detection of perirectal infiltration in rec-
tal cancer, resulting from the use of DWI added to HRT2w, 
as compared with the results of using just HRT2w, both in 
primary and post-CRT staging. Such changes were evaluated 
in radiologists with different degrees of prior experience in 
this pathology, to enable us to analyze the usefulness of the 
additional sequence for each case.

Methods

Patients

The study was approved by the Research Ethics Committee 
of our hospital. Due to its retrospective nature, informed 
consent was waived. We performed a cross-sectional study 
based on MRI records for rectal cancer staging at our hospi-
tal (see the workflow in Fig. 1), consecutively adding records 
since the start of the current decade until we reached a final 
sample of 100 cases (January 2011–July 2016). Patients 
who underwent surgery both after primary diagnosis and 
post-CRT were included in the study. Inclusion criteria 
consisted of (a) colonoscopy and biopsy-proven rectal can-
cer; (b) rectal MRI obtained through a correctly performed 
technique, using the same protocol as all the other MRIs, 
with all sequences available for review and no significant 
artifacts; (c) post-CRT follow-up MRI when neoadjuvant 
treatment was used; and (d) surgery after MRI (total meso-
rectal excision or abdominoperineal resection) with a com-
plete surgical specimen. At primary staging, the maximum 
period permitted before surgery was 9 weeks (average: 
34.7 days). In post-CRT cases, those with surgery between 
6 and 10 weeks after the end of treatment were included 
(average: 64.1 days). The post-CRT follow-up MRI was the 
one considered in the study when neoadjuvant treatment was 
necessary; cases with a period of 5 weeks or less between 
the end of CRT and the follow-up MRI were excluded (aver-
age: 40.7 days).

The need for CRT was evaluated by the Hospital Com-
mittee for Colorectal Tumors. When indicated, the neoadju-
vant therapy schedule was 825 mg/m2 of oral capecitabine 
twice daily, concomitantly with a long cycle of radiother-
apy (50.4 Gys in 25 sessions) [25]. Usually, stage IIA cases 
with superficial infiltration, without factors suggesting poor 
prognosis, were not considered an indication for CRT; cases 
where the tumor was located in the upper third of the rectum 
or rectosigmoid junction were assessed individually.

The histological staging of the surgical specimen was 
used as the standard of reference. For this analysis, the 
surgical specimens were fixed in formalin for 24 h. Repre-
sentative slides were taken from the tumor area. Hematoxy-
lin–eosin staining and immunohistochemical markers were 
used. Two experienced pathologist (10 and 7 years’ clinical 
experience in the interpretation of colorectal cancer speci-
mens) reviewed all the histopathology slides to determine 
the histological stage.

MRI protocol

All MRI studies were performed in the same center with a 
1.5 T MRI, using a 16-channel phased-array body surface 
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coil (MAGNETOM Avanto; Siemens Healthcare). Patients 
were previously administered 50 ml of gel rectally and 
20 mg of butylscopolamine bromide intramuscularly. The 
MRI protocol included Turbo Spin Eco T2w sequences in 
the axial, coronal, and sagittal planes, referred to pelvis (TR/
TE, 4700/95 ms; 6 mm slice thickness; 256 × 230 matrix; 
FOV 340; duration 150 s); HRT2w in the three planes, 
referred to the tumor axis (TR/TE, 4000/95 ms; 3 mm slice 
thickness; 256 × 230 matrix; FOV 200; duration 135 s); 
and DWI and apparent diffusion coefficient (ADC) map 
in the axial plane, referred to pelvis (TR/TE, 5000/70 ms; 
5 mm slice thickness; 192 × 115 matrix; FOV 300; b values 
50/400/800; duration 200 s).

Image assessment

Images were reviewed on high-resolution monitors using 
a Picture Archiving and Communication System (General 
Electric Healthcare). All cases were independently analyzed 
by ten radiologists, blinded to any information except the 
presence of biopsy-proven rectal neoplasia. The radiologists 
had different degrees of experience in rectal cancer staging 

using MRI: three of them (ER) had previous experience (6, 
5, and 3 years; approximately 40 rectal MRI stagings/year); 
another three of them (NER) had 7, 4, and 2 years’ experi-
ence reporting MRI, though not in the gastrointestinal area; 
finally, four radiology residents (RR) in their last years of 
training had only general knowledge of abdominal MRI 
(around 10 rectal MRI cases during their training period). 
Before the start of the study, the inexperienced radiologists 
and the residents received baseline training (2 h) from an 
experienced radiologist, which consisted of reviewing and 
discussion of various imaging examples and cases from our 
center.

All 10 radiologists were asked to determine the T-stage of 
the tumor in every patient, according to the American Joint 
Committee on Cancer (AJCC) 7th Edition guidelines [26]. 
Every single case was evaluated twice. In the first instance, 
the radiologists based their evaluation only on HRT2w 
sequences. The detection of malignancy was based on the 
presence of foci of thickening/solid masses in the rectal wall 
and adjacent tissues, with intermediate intensity between 
the high signal intensity of the fat tissue and the low sig-
nal intensity of the muscular layer. The involvement of the 

Fig. 1   Workflow chart of the study
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perirectal fat was determined by the inability to visualize the 
interface between the muscular layer and the perirectal fat, 
with a rounded or nodular advancing margin and intermedi-
ate signal; linear thin speculations within the mesorectal fat 
with low T2w signal were considered as desmoplastic reac-
tion [27, 28]. Hypointense signals in the post-CRT follow-up 
MRI indicated fibrosis.

After a minimum one-month washout period, aimed at 
preventing memory bias, all 10 radiologists evaluated each 
MRI a second time, now using both HRT2w and DWI. This 
time, the radiologists were asked to start by checking the 
DWI by itself, and then to complete the assessment by evalu-
ating the HRT2w again (as main sequence) and giving a 
joint T-stage (DWI plus HRT2w). The suspicion criterion for 
malignancy in DWI was the presence of high signal intensity 
with hypointensity on the ADC map (restricted diffusion).

Statistical analysis

The IBM SPSS Statistics 24.0 (IBM Corp) and Epidat 4.1 
(SERGAS, Xunta de Galicia) statistical packages were used 
for the statistical analysis. In each phase, results were clus-
tered into groups according to the degree of experience, 
and mean values were calculated. Histological results were 
dichotomized into T0–T2 and T3–T4, for statistical reasons. 
This division was decided on after considering the possible 
changes associated with this threshold in the therapeutic 
decisions after primary staging or in the surgical technique 
post-CRT, as well as variations in the prognostic factors that 
are secondary to the infiltration of structures.

Diagnostic accuracy was measured by calculating the area 
under the curve (AUC) of the receiver operating character-
istic (ROC) for every reading and category (primary staging 
or post-CRT follow-up). Additionally, sensitivity, specificity, 
positive and negative predictive values (PPV/NPV), and pos-
itive and negative likelihood ratios were obtained for each 
group. Statistical significance was evaluated by means of 
Fisher’s exact test, and differences for each image set were 
evaluated with the McNemar test (p ≤ 0.05 was considered 
to be statistically significant). Subsequently, intra-group 
agreement by means of Fleiss’s Kappa, and overstaging and 
understaging rates were calculated for every reading.

Results

The patient sample had an average age of 63 (range 
40–85 years) and included 75 men (mean age 65.5 years, 
range 42–85) and 25 women (mean age 61.4 years, range 
40–82). Of the 100 MRI records included in the study, 54 
corresponded to primary staging with later surgery (neo-
adjuvant treatment was not considered necessary) and 46 
to post-CRT follow-up before surgery. Anterior approach 

resection was performed in 80 cases, the other 20 consisted 
of abdominoperineal resection. The histological results of 
the surgical specimens yielded 92 cases of adenocarcinoma 
(3 with just residual cell clusters after CRT) and 8 cases 
without evidence of remaining tumoral tissue in the surgical 
piece (4 of these, post-CRT), all of them with demonstrated 
adenocarcinoma at the initial biopsy. Primary staging based 
on the surgical specimen showed 4 cases of T0, 25 of T1–2, 
20 of T3, and 5 of T4, while post-CRT staging revealed 4 
cases of T0, 24 of T1–2, 16 of T3, and 2 of T4.

The results for diagnostic accuracy (AUC), sensitivity, 
specificity, predictive values, and likelihood ratio are pre-
sented in Table 1. All of these were statistically significant 
(p < 0.05), except for the AUC of post-CRT staging by NER 
without DWI (p = 0.067). In evaluation of the differences 
between the two readings, only the primary staging by the 
ER subgroup was significant, according to the McNemar 
test (p = 0.002).

In the primary staging by the ER group, adding DWI to 
HRT2w yielded a marked increase of specificity (12.7%) and 
the positive likelihood ratio (0.81), with lesser increases in 
PPV (7.2%) and AUC (0.037), but with a moderate decrease 
in sensitivity (6.7%). Adding DWI also brought about a 
marked fall in overstaging (6.8%), but with a slight increase 
in understaging (3%) (Table 2). In the post-CRT staging 
category, adding DWI brought with it minimal changes, 
except for a slight worsening of AUC (0.031). Intra-group 
agreement improved with the use of DWI, mainly at primary 
staging (Table 3).  

Meanwhile, in the NER group, all the values improved 
slightly by adding DWI; again, most notably specificity 
(5.3%), positive likelihood ratio (0.45), and PPV (4.4%) 
for primary staging, and to a lesser extent AUC (0.036). 
This group showed a minimal drop of both overstaging and 
understaging with the use of DWI in both categories, which 
was more evident in the primary overstaging (2.8%), and a 
moderate drop in Kappa values.

The RR group also demonstrated slight changes, mainly 
a small enhancement of sensitivity by adding DWI at both 
primary staging and post-CRT follow-up (3% and 5.5%, 
respectively), and a decrease of specificity (3.5%) in the 
primary staging. There was a slight increase of overstag-
ing and decrease of understaging in all cases, as well as an 
improvement of intra-group agreement, more marked in the 
post-CRT category.

Discussion

As it has been previously said, one of the problems with 
drawing conclusions concerning studies of MRI in rec-
tal cancer is the great heterogeneity in the design of and 
approach adopted in the different work that is published, 
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which evidently hinders comparison [7, 11, 14]. Our results 
are mostly within the limits established in previously pub-
lished studies. For detection of perirectal infiltration at pri-
mary staging, an AUC of 0.71–0.88 has been reported, with 
sensitivity of 53.8–85% and specificity of 40–100%, just 
with HRT2w, while these figures are 0.73–0.84, 62.5–77.8%, 
and 82.1–94.4%, respectively, for HRT2w plus DWI [11, 20, 
24, 29, 30]. Few post-CRT follow-up studies can be reliably 
compared, since many of them were intended to evaluate 
only complete response. For perirectal infiltration in this 
category, AUC, sensitivity, and specificity of 0.45–0.7, 

55–67%, and 77–89.8%, respectively, have been reported 
for HRT2w, and sensitivity of 81–84%/specificity of 11–64% 
for HRT2w plus DWI [14, 20, 31].

According to the results of our study, the addition of DWI 
to HRT2w yields some enhancement in evaluation of main 
tumor primary staging by ER, mainly in specificity and the 
positive likelihood ratio, at the cost of decreased sensitivity. 
Lu et al. reported a similar pattern, with an improved speci-
ficity (76.9% to 82.1%) and accuracy (71.2% to 78.8%) by 
adding DWI, but also improved sensitivity (53.8% to 69.2%) 
[24]. Furthermore, the rise in interobserver agreement has 

Table 1   Results for accuracy 
(area under the ROC curve), 
sensitivity, specificity, positive/
negative predictive values, and 
positive/negative likelihood 
ratio in the whole MRI series 
(Global T) and in the subgroups 
of surgical patients without 
neoadjuvant (T—primary 
staging) or after neoadjuvant 
treatment (yT—post-CRT)

Results are pooled according to the degree of experience of the radiologist, as well as by the use of just 
high-resolution T2w sequences or high-resolution T2w plus diffusion-weighted sequences for the evalua-
tion. All results were statistically significant (p < 0.05), except for post-CRT staging without DWI by NER 
(p = 0.067)
ER radiologists experienced in rectal cancer MRI staging, NER inexperienced radiologists, RR radiology 
residents, HRT2w high-resolution T2w sequences, DWI diffusion-weighted sequences, CRT​ chemoradio-
therapy, AUC​ area under the ROC curve, Sens sensitivity, Spec specificity, PPV positive predictive value, 
NPV negative predictive value, PLR positive likelihood ratio, NLR negative likelihood ratio
*Result not statistically significant

AUC​ Sens. (%) Spec. (%) PPV (%) NPV (%) PLR NLR

Global T
 ER
  HRT2w 0.681 77.5 53.8 55.8 76 1.67 0.41
  HRT2w + DWI 0.682 72.9 60.8 58.3 74.8 1.86 0.44

 NER
  HRT2w 0.654 72.9 54.5 54.5 72.8 1.6 0.49
  HRT2w + DWI 0.681 74.8 58 57.1 75.4 1.78 0.43

 RR
  HRT2w 0.649 68.6 57.5 54.8 70.8 1.61 0.54
  HRT2w + DWI 0.650 72.7 54.8 54.8 72.6 1.6 0.49

T—primary staging
 ER
  HRT2w 0.711 76 63.2 64 75.3 2.06 0.38
  HRT2w + DWI 0.748 69.3 75.9 71.2 74.1 2.87 0.4

 NER
  HRT2w 0.699 69.2 66.7 64.2 71.4 2.07 0.46
  HRT2w + DWI 0.735 70.8 72 68.6 73.9 2.52 0.4

 RR
  HRT2w 0.703 69 67.2 64.4 71.5 2.1 0.46
  HRT2w + DWI 0.697 72 64.7 63.7 72.8 2.04 0.43

yT—post-CRT​
 ER
  HRT2w 0.657 79.6 44 47.7 77 1.42 0.46
  HRT2w + DWI 0.626 77.8 45.2 47.7 76 1.42 0.49

 NER
  HRT2w 0.604* 78.6 41.2 45.2 75.6 1.33 0.52
  HRT2w + DWI 0.621 81 42.6 46.5 78.3 1.41 0.44

 RR
  HRT2w 0.588 68.1 47.3 45.3 69.7 1.29 0.67
  HRT2w + DWI 0.602 73.6 44.6 46 72.4 1.32 0.59
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previously been reported [30]. We also observed a decrease 
in overstaging when DWI was used, along with a slight 
increase of understaging. High overstaging rates had been 
reported as one of the largest problems in evaluation of the 
main tumor by MRI, mostly due to the difficult differentia-
tion of desmoplastic reaction from superficial tumor infil-
tration in primary staging [20, 32]. However, DWI has low 
image resolution, so it is difficult to understand how it could 
make a difference. It has been suggested that the tumor con-
tour could be evaluated more accurately using DWI, with a 
better distinction of microvessels or reactive tissue adjacent 
to the tumor that has a similar signal intensity to it [30]. We 
hypothesize that, in the doubtful cases, readers could have 
been influenced by the lack of signs of perirectal infiltration 

in DWI, and therefore downgraded them (Figs. 2, 3). This 
would explain both the changes in overstaging and specific-
ity, as well as the slight rise in understaging, and match some 
small changes that can be appreciated in the raw data.

Meanwhile, minimal changes were detected in the post-
CRT follow-up cases. There were also very slight changes 
in overstaging and understaging, which agreed with those 
previously reported, except for better HRT2w understaging 
rates (33%/22% for HRT2w and 23–44%/9–11% for HRT2w 
plus DWI, respectively) [31, 33]. Previous work reported 
improvements in the performance of MRI for T-restaging 
after CRT through the addition of DWI, mostly specifically 
referring to the differentiation between complete and partial 
responses to treatment or using T2w (4–5 mm slide thick-
ness) [16, 34–36]. This makes it difficult to correlate those 
reports with our results, which refer to perirectal involve-
ment. Nonetheless, the sets of results do not contradict each 
other: due to the secondary changes to CRT, the detection 
of small foci of a remnant tumor may be much more chal-
lenging than that of masses with persistent adjacent tissue 
infiltration. It is reasonable to think that DWI would be more 
helpful in such cases.

The NER group demonstrated a slight improvement in 
their results due to the addition of DWI while maintaining 
a similar pattern to that observed in the ER: mainly related 
to specificity, the positive likelihood ratio, and overstaging 
at the primary staging, despite a decrease of intra-group 
agreement. It is interesting that, as the ER group, they also 
showed greater improvement at primary staging MRI, prob-
ably due to the same reason. Although they did not have 
experience in rectal cancer staging, the NER group had prior 
experience in the use of DWI applied to other areas, so mis-
interpretations were less likely. Meanwhile, the changes in 
the RR were variable, but in general were slight with an 
increase of sensitivity and Kappa values with DWI, as well 

Table 2   Results for overstaging 
and understaging in the whole 
MRI series (Global T) and 
in the subgroups of surgical 
patients without neoadjuvant 
(T—primary staging) or after 
neoadjuvant treatment (yT—
post-CRT)

The distribution of the groups and pooling by experience is the same as that in Table 1
OverSt overstaging, UnderSt understaging, ER radiologists experienced in rectal cancer MRI staging, NER 
inexperienced radiologists, RR radiology residents, HRT2w high-resolution T2w sequences, DWI diffusion-
weighted sequences

Global T T—primary staging yT—post-CRT​

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

ER
 HRT2w 26.3 9.6 19.7 11.1 34 7.9
 HRT2w + DWI 22.3 11.6 12.9 14.1 33.3 8.7

NER
 HRT2w 26 11.6 17.8 14.2 36.3 8.1
 HRT2w + DWI 24 10.8 15 13.5 35.4 7.2

RR
 HRT2w 24.2 13.5 17.5 14.3 32 12.5
 HRT2w + DWI 25.7 11.7 18.9 12.9 33.6 10.3

Table 3   Results for intra-group agreement by means of Fleiss’ 
Kappa, in the whole MRI series (Global T) and subgroups of surgical 
patients without neoadjuvant (T—primary staging) or after neoadju-
vant treatment (yT—post-CRT)

The distribution of the groups and pooling by experience is the same 
as that in Table 1
ER radiologists experienced in rectal cancer MRI staging, NER inex-
perienced radiologists, RR radiology residents, HRT2w high-resolu-
tion T2w sequences, DWI diffusion-weighted sequences

Global Primary staging Post-CRT​

ER
 HRT2w 0.413 0.405 0.409
 HRT2w + DWI 0.491 0.501 0.44

NER
 HRT2w 0.508 0.566 0.38
 HRT2w + DWI 0.459 0.503 0.343

RR
 HRT2w 0.403 0.419 0.372
 HRT2w + DWI 0.46 0.456 0.451
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as a decrease of understaging, in this case including both 
primary and post-CRT staging. Since it has been reported 
that DWI can help to detect and delimitate the viable tumor, 
these improved understaging rates were not unexpected [24, 
34, 36].

We failed to find previous work in the literature that 
correlates the influence of DWI within groups of radi-
ologists with their different degrees of experience. In a 
study of the diagnosis of pelvic recurrence in colorectal 
cancer, Colossio et al. described a significant increase 
of AUC, sensitivity, and specificity for residents due to 
the use of DWI, but the comparison is limited because 

of the different objective and the added use of gadolin-
ium-enhanced sequences [37]. In a study for evaluation 
of complete response, Sassen et al. reported improved 
interobserver agreement in rectal cancer staging after the 
addition of DWI (0.35 to 0.58) between an experienced 
radiologist and a general one. Despite the enhanced con-
sistency, the experienced radiologist demonstrated the 
greatest improvement, with only slight changes in the inex-
perienced one (AUC from 0.77 to 0.89 vs. 0.74 to 0.70, 
respectively). Once again, the possibility of comparison 
is limited, as the study evaluated the complete response 
for the mass and lymph nodes altogether (yT0N0) [38].

Fig. 2   A 69-year-old man with rectal adenocarcinoma in the upper 
third, primary staging MRI. It shows moderate fat stranding in high-
resolution T2w sequences (a) with a mildly blurred outer boundary of 
the rectal wall (white arrow), which may cause some doubts between 

desmoplastic reaction and superficial perirectal infiltration. The dif-
fusion-weighted imaging (b) demonstrates smooth borders, with no 
signs of infiltration. Histological results corresponded to stage T2

Fig. 3   A 64-year-old woman with rectal adenocarcinoma in the mid-
dle third, primary staging MRI. Again, moderate fat stranding with 
focally undefined outer boundaries of the rectal wall (white arrows) 
can be observed in the high-resolution T2w sequences (a). In this 

case, hyperintense millimetric lobulations can be seen protrud-
ing from the edge in the diffusion-weighted imaging (b), which are 
hypointense in the ADC map (c), suggesting infiltration of perirectal 
fat. Histological results corresponded to stage T3b
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Our study had several limitations; firstly, its retrospective 
nature. Second, the radiologists may have gained experi-
ence through participating in the study, in particular, the less 
experienced ones, and this could have influenced the results. 
However, learning bias was avoided as far as possible by 
not providing the observers with feedback on their results. 
Furthermore, memory bias was prevented by randomized 
reviews and washout periods between readings. Third, the 
time interval before surgery was spread over a wide range. 
This issue remains controversial, just as it was when the 
study was designed. Ranges from 4 to 12 weeks after CRT 
have been reported in the literature, but lately, periods of 
around 8 weeks seem to be the most accepted [1, 5, 25]. 
Finally, due to the design of the study, only perirectal infil-
tration was evaluated. The assessment of all other stages 
would have increased the amount of data in an unaccepta-
ble way; however, in our opinion, precisely the difference 
we studied marks one of the most important thresholds for 
treatment decisions.

Conclusions

According to the results of our study, adding DWI to HRT2w 
helps experienced radiologists in the diagnosis of perirectal 
infiltration in primary staging by improving specificity and 
decreasing overstaging. It also assists inexperienced radiolo-
gists, although to a lesser extent. In the post-neoadjuvant 
treatment category, only minimal changes were observed, 
except in residents whose sensitivity increased.
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