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Abstract: Purpose: The aim of the study is to evaluate the potential of Intravoxel incoherent
motion model of diffusion weighted imaging (DWI) and diffusion kurtosis imaging (DKI) in the
differentiation of local colorectal cancer recurrence (LCR) from scar/fibrosis tissue in patients that
underwent chemo-radiation therapy followed by the total mesorectal excision (TME) for locally
advanced rectal cancer (LARC). Methods: Fifty-six patients were retrospectively included for
the image analysis. Diffusion and perfusion parameters were extracted by DWI data (apparent
diffusion coefficient (ADC), pseudo-diffusion coefficient (Dp), perfusion fraction (fp), and tissue
diffusivity (Dt)) and DKI data (mean of diffusion coefficient (MD) and mean of diffusional Kurtosis).
Wilcoxon-Mann-Whitney U test, receiver operating characteristic (ROC) analyses, and area under
ROC curve (AUC) were used in a univariate statistical analysis. Backward stepwise multivariate
logistic regression analysis was also performed. Results: LCR was found in 34 patients and treatment
related changes such as scar/fibrosis tissue in 22 patients. At univariate analysis, low performance
was reached by the mean value of Kurtosis with and AUC of 0.72 and an accuracy of 75%, respectively.
Considering a regression model obtained as weighted sum of the ADC, Kurtosis, fp and Dp mean
values, reached an AUC of 0.82 with a sensitivity of 72%, a specificity of 93%, and an accuracy of 81%.
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Conclusions: DWI derived parameters combined with DKI derived metrics in a multivariate model
could allow differentiating of local colorectal recurrence from scar/fibrosis tissue after TME of LARC.

Keywords: rectal cancer; magnetic resonance imaging; recurrence

1. Introduction

The third most common cancer and the third leading cause of oncological death in the United States
and Europe is the colorectal cancer [1,2]. Total mesorectal excision (TME) following neoadjuvant
chemo-radiation therapy (CRT) is the gold standard for locally advanced rectal cancer (LARC)
treatment [3]. One concern after surgery is the local recurrence rate, which although recently improved,
is still relevant [4].

Local recurrence in patients with rectal cancer undergoing surgical resection has an incidence of
2.6–30% [5,6]. Total mesorectal excision has standardized the surgical technique in treating primary
rectal cancer and has significantly reduced the local colorectal cancer recurrence (LCR) rate from 30%
to 10% [6]. Sauer et al. reported that the rectal cancer local recurrences incidence within five years
was 6% and 13%, respectively, for patients who received preoperative CRT and postoperative CRT
(p = 0.006) [3].

Pelvic Magnetic Resonance Imaging (MRI) is a standard diagnostic tool in the follow-up of patients
with previous rectal cancer and in case of suspicious of local recurrence. In some patients, the presence
of a presacral lesion cannot be sufficiently characterized solely using traditional MRI techniques (T1,
T2, etc.). Moreover, small tumors within fibrotic scar tissues are difficult to detect [7].

Several researchers have suggested diffusion-weighted imaging (DWI) to assess treatment
response [7–12]. Furthermore, Lambregts et al. [7] as well as Nishie et al. [13] have shown the DWI
potential as an additional tool for local rectal cancer recurrence detection.

DWI measures the random Brownian water molecules motion, which is linked to cell density,
cell membrane integrity, vascularity, and the viscosity of extracellular fluid [14,15]. These properties can
be quantified by means of the individual apparent diffusion coefficient (ADC) using a mono-exponential
model or by means of diffusion and perfusion tissue features using a bi-exponential model derived by
Intravoxel Incoherent Motion method (IVIM). The IVIM allows the calculation of the pure tissue diffusion
coefficient (Dt) that describes water motion in the cellular interstitial space, the pseudo-diffusion
coefficient (Dp) that describes blood microscopic flow in the vessels, and the perfusion fraction (fp)
that describes the proportion of the diffusion motion [10–17].

The conventional DWI model is based on the assumption that water diffusion follows a Gaussian
behavior where water molecules diffuse without any [18]. However, water molecules diffusion within
biologic tissues shows non-Gaussian behavior due to the presence of microstructures [18]. Jensen and
co-workers proposed a non-Gaussian diffusion model named diffusion kurtosis imaging (DKI) [18].
Using this model, it is possible the extraction of the kurtosis coefficient (K), that measures the deviation
of tissue diffusion from a Gaussian model, and the diffusion coefficient (D) with the correction of
non-Gaussian bias.

The added value of DWI in the prediction and assessment of tumor response to neoadjuvant
CRT in patients with rectal cancer was demonstrated by several authors [7–12,19–23]. Moreover,
Grosu et al. [24] assessed the value of ADC in the differentiating of locally recurrent rectal cancer from
scar tissue demonstrating that ADC had high accuracy. They, therefore, concluded that Diffusion
weighted MRI by means of ADC allows the differentiation of tumor recurrence from scar tissue after
surgical resection of rectal cancer.

To our knowledge, until now, there have been no studies published comparing IVIM and DKI
derived parameters with the aim to evaluate their potential in the differentiation of local colorectal
cancer recurrence from scar/fibrosis tissue in patients that underwent to TME after CRT for locally
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advanced rectal cancer (LARC). Therefore, in this study, we evaluated the performance of IVIM and
DKI derived parameters in differentiating of local colorectal cancer recurrence from scar/fibrosis tissue
using both the univariate statistical analysis and the multivariate ones with a backward stepwise
multivariate logistic regression approach.

2. Materials and Methods

2.1. Dataset Characteristics

This retrospective study is approved by the National Cancer Institute of Naples institutional
review board. The study was made in accordance with local relevant guidelines and regulations.
Each patient has signed consent to data processing. We searched among the internal surgical database
and the radiological information system (Elefante.NET of Agfa Healthcare, Milano, Italy) of our
institution from January 2011 to September 2018 an in order to select patients that after CRT followed
by total mesolectal excision have suspicious local colorectal cancer recurrence and underwent MR
study with DWI sequence. In total, 69 patients were found. Thirteen among 69 (18.8%) patients were
excluded for absence of DWI sequence in MR protocol and then 56 patients (19 female, 37 male) were
included in the analysis. Median age was 62.5 years (range 35–82 years). All patients (T3-4, N+)
received a neoadjuvant CRT and then underwent surgical excision. Details on CRT was reported
in [20–23].

Recurrent rectal cancer was found in 34 patients and treatment-related changes such as scar/fibrosis
tissue in 22 patients. Table 1 reports the patients characteristics.

Table 1. Characteristics of the study population.

Patients Description Numbers (%)/Range

Gender
Men 37 (66.1%)

Women 19 (33.9%)

Age 62.5 y; range: 35–82 y

Local recurrence Description

Presacral site 14 (41.2%)

Anastomotic site 7 (20.6%)

Rectal lumen 10 (29.4%)

Precoccygeal site 3 (8.8%)

2.2. MR Imaging Protocol

MRI including DWI was performed in follow-up examinations with a mean value of 2.72 years
(range 1.2 years to 7.5 years) after surgical treatment. We think that the effect of the time on imaging in
terms of detecting the scar versus recurrence can be expected.

MRI was performed with a 1.5T scanner (MAGNETOM Symphony, Siemens Healthcare, Erlangen,
Germany), phased-array body coil and parallel imaging. Patients were scanned in a supine position
on a flat table-top insert. DW images were acquired in axial plan with a single-shot spin-echo
diffusion-weighted echo-planar pulse sequence at b-values of 0, 50, 100, 150, 300, 600, 1000 s/mm2

with the following sequence parameters: TR 2700 ms; TE 83 ms; no phase oversampling; Field of
View 270 mm × 230 mm; pixel spacing 1.70 mm × 1.70 mm; slice thickness 4.0 mm; gap between slice
0.0 mm; receiver bandwidth, 1250 Hz/pixel.

In order to reduce respiratory artefacts, each patient received bowel preparation and antispasmodic
medication. The entire MR imaging protocol was reported in detail in [22,23].

Rectal cancer recurrences were histo-pathologically proven in the 34 patients while fibrosis/scar
tissue were histo-pathologically proven in 6 patients (27.3%) while in 16 patients (72.7%) were confirmed
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by the clinical follow-up. The clinical follow-up ranged from 20 to 108 months and consisted of the
following visits for 5 years: Every 3 months in the first 2 years, and then every 6 months in the following
3 years: Visit with rectal exploration; rectoscopy; CEA and blood chemistry routine; 4. MRI every
6 months for 5 years; annual thoracic abdominal CT scan; colonoscopy after 1 year from treatment;
if negative, after 3 years (4 years after treatment); if negative, every 5 years.

2.3. Data Analysis

A radiologist with 25 years of experience on MR pelvic imaging performed the manual
segmentation. Regions of interest (ROIs) were obtained drawing manually by the same radiologist,
using the diffusion-weighted images with the highest b-value (Figure 1), along the tumor contours,
slice by slice in order to obtain the entire volume of interest.

DWI Features

For each voxel,12 features were derived by DWI data using the mono-exponential model,
the Intra-Voxel Incoherent Motion model with the conventional bi-exponential fitting based on
Levenberg Marquardt algorithm (using multiple low b-values < 200 s/mm2 and higher b-values: 300,
600, 1000 s/mm2) and the Diffusion Kurtosis Imaging model (using one low b-value 50 s/mm2 and
multiple high b-values > 200 s/mm2: 150, 300, 600, 1000 s/mm2).

DWI signal decay is most commonly analyzed using the mono-exponential model [14,15]:

ADC =
ln S0

Sb

b1 − b0
(1)

where Sb is the MRI signal intensity with diffusion weighting b, S0 is the non-diffusion-weighted
signal intensity, b1 and b0 are the gradient factors of sequences Sb and S0, respectively, and ADC is the
apparent diffusion coefficient.

A bi-exponential model using Levenberg Marquardt fitting algorithm was used to estimate IVIM
derived parameters that include pseudo-diffusivity (Dp), perfusion fraction (fp), tissue diffusivity (Dt),
and basal signal S0:

Sb
S0

= fp· exp(−b·Dp) + (1− fp)· exp(−b·Dt) (2)

Multi-b DW images were obtained by voxel-wise fitting using the diffusion kurtosis signal decay
Equation (3) by a two-variable linear least-squares algorithm as used in previous [18]:

Sb
S0

= exp(−b·D +
1
6

b2
·D2
·K) (3)

In this equation, D is a corrected diffusion coefficient; and K is the excess Diffusion
Kurtosis coefficient.

DWI (ADC), IVIM (fp, Dt, Dp), and DKI (mean of diffusional Kurtosis and MD) maps were obtained
using the post-processing software Body Diffusion Toolbox (Siemens Healthcare, Erlangen, Germany).
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compared with respective ADC maps (B,D,F,H).
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2.4. Statistical Analysis

Statistical analysis includes both univariate and multivariate approaches.

2.4.1. Univariate Analysis

For each parameter, median and standard deviation values were calculated on the volume of
interest and were considered as representative values of presence/absence of LCR. Receiver operating
characteristic (ROC) analysis was performed for each parameter and in order to obtain the optimal
cut-off value the Youden index was calculated. The Youden index is a function of sensitivity and
specificity and is a commonly used measure of overall diagnostic effectiveness in combination with
ROC analysis to detect the maximum vertical distance or difference between the ROC curve and the
diagonal or chance line; it occurs at the cut-point that optimizes the biomarker–s differentiating ability
when equal weight is given to sensitivity and specificity.

Area under ROC curve, sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy were obtained. Non-parametric Wilcoxon-Mann-Whitney U test was used in
comparisons among groups for continuous variables to identify the parameters that show differences
statistically significant between the median values in LCR group versus scar/fibrosis group.

A p value < 0.05 was considered as significant. Moreover, false discovery rate adjustment (FDR)
according to Benjamini and Hochberg for multiple testing was performed.

Statistical analysis was performed using the Statistics Toolbox of Matlab R2007a (MathWorks,
Natick, MA, USA).

2.4.2. Multivariate Analysis

Backward stepwise multivariate logistic regression analysis was used to assess the association
between parameters and the presence of recurrence or fibrosis/scar tissue. Factors for which P values
were less than 0.1 in univariate analysis were used as candidate variables for multivariate approach.
Stepwise regression is a method of fitting regression models in which the choice of predictive variables
is carried out by an automatic procedure; backward elimination, which involves starting with all
candidate variables, testing the deletion of each variable using a chosen model fit criterion, deleting the
variable (if any) whose loss gives the most statistically insignificant deterioration of the model fit,
and repeating this process until no further variables can be deleted without a statistically insignificant
loss of fit [25].

3. Results

3.1. Univariate Analysis Results

A significant discrimination, also considering the false discovery rate (FDR) adjustment,
between the group with LCR and the group without LCR was obtained exclusively by the mean value
of Kurtosis (p value = 0.01 at Wilcoxon-Mann-Whitney U test, see Table 2). The Figure 2 reports the
ROC curves for DWI and DKI derived parameters to differentiate LCR by scar/fibrosis that show
equivalent findings.

Table 3 reports the diagnostic performance for ADC and for the extracted DWI (IVIM) and DKI
features to differentiate LCR by scar/fibrosis. Low accuracy was reached by the single parameter to
differentiate LCR by scar/fibrosis, however the best results were reached by the mean value of Kurtosis.
Mean value of Kurtosis reached an AUC of 0.72 with a sensitivity of 59%, a specificity of 100%, and an
accuracy of 75% (Figure 3). Therefore, univariate analysis results showed that the single diffusion or
perfusion parameters was not able with high accuracy to differentiate LCR by scar/fibrosis tissue.
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9 
 

Figure 3 shows ADC, DWI, and DKI maps of a patient with a LCR. This figure is purely a visual 
representation of IVIM and DKI extracted parameters; the differentiation between LCR by 
scar/fibrosis was made considering the quantitative median value of ROI drawn manually by the 
expert radiologist and using the optimal cutoff value reported in Table 3. 

 
Figure 3. Case with local colorectal cancer recurrence: Apparent diffusion coefficient (ADC) map in 
(A), Dt map in (B), fp map in (C), Dp map in (D), MD map in (E) and mean of diffusional Kurtosis 
map in (F). 

Figure 4 reports ADC, DWI, and DKI maps of a case with fibrosis tissue after TME. This figure 
is purely a visual representation of IVIM and DKI extracted parameters; the differentiation between 
LCR by scar/fibrosis was made considering the quantitative median value of ROI drawn manually 
by the expert radiologist and using the optimal cut off value reported in the Table 3. 

 
Figure 4. Case with fibrosis tissue after rectal TME: ADC map in (A), Dt map in (B), fp map in (C), Dp 
map in (D), MD map in (E) and the mean of diffusional Kurtosis map in (F). 

Figure 3. Case with local colorectal cancer recurrence: Apparent diffusion coefficient (ADC) map in
(A), Dt map in (B), fp map in (C), Dp map in (D), MD map in (E) and mean of diffusional Kurtosis map
in (F).



Appl. Sci. 2020, 10, 8609 8 of 14

Table 2. Median and standard deviation values of diffusion weighted imaging (DWI) and diffusion kurtosis imaging (DKI) derived parameters extracted parameters
with and without local colorectal cancer recurrence (LCR).

ADC Mean
[mm2/s × 10−6]

ADC STD
[mm2/s × 10−6]

Kurtosis Mean
[×10−3] *

Kurtosis STD
[×10−3] *

MD Mean
[mm2/s × 10−6]

MD STD
[mm2/s × 10−6]

fp Mean [%] fp STD [%] Dt Mean
[mm2/s × 10−6]

Dt STD
[mm2/s × 10−6]

Dp Mean
[mm2/s × 10−5]

Dp STD
[mm2/s × 10−5]

Scar/Fibrosis
Median value 1424.0 260.4 988.5 414.0 2305.8 499.1 13.0 70.8 1262.6 256.4 104.0 76.4

STD 374.7 86.3 209.9 92.6 688.7 242.6 6.9 34.9 384.4 107.8 29.3 20.1

Recurrence
Median value 1122.9 202.2 1335.1 397.5 1893.9 515.1 16.4 94.2 983.3 240.2 107.9 79.5

STD 446.1 100.8 485.7 196.0 615.3 226.8 6.0 31.5 439.5 97.0 33.5 31.7

Total
Median value 1146.6 214.0 1188.7 397.5 1941.8 515.0 16.1 93.0 1024.3 242.7 107.8 77.3

STD 438.8 99.0 470.2 183.3 626.6 229.1 6.2 32.1 437.1 98.7 32.8 30.2

p value at
Wilcoxon-Mann-Whitney U test 0.47 0.28 0.01 0.67 0.25 0.80 0.08 0.10 0.13 >0.28 0.05 0.20

Note. STD = standard deviation; ADC = Apparent Diffusion Coefficient; MD = mean of diffusion coefficient; fp = perfusion fraction; Dt = tissue pure diffusion; Dp = pseudo-diffusion;
* = dimensionless number. In bold were reported the statistically significant parameters in the differentiation of recurrence versus fibrosis/scar tissue.
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Table 3. Diagnostic accuracy of DWI and DKI derived parameters to differentiate LCR by scar/fibrosis.

AUC Sensitivity
[%]

Specificity
[%]

PPV
[%]

NPV
[%]

Accuracy
[%]

Cut-off
Value

ADC Mean
[mm2/s × 10−6] 0.53 81.8 44.1 48.7 79.0 58.9 1054.3

ADC STD
[mm2/s × 10−6] 0.59 54.6 73.5 57.1 71.4 66.1 246.6

Kurtosis Mean
[×10−3] * 0.72 58.8 100.0 100.0 61.1 75.0 1184.1

Kurtosis STD
[×10−3] * 0.47 20.6 100.0 100.0 44.9 51.8 561.1

MD Mean
[mm2/s × 10−6] 0.41 22.7 91.2 62.5 64.6 64.3 2738.0

MD STD
[mm2/s × 10−6] 0.48 36.4 82.4 57.1 66.7 64.3 699.7

fp Mean
[%] 0.59 94.1 45.5 72.7 83.3 75.0 9.5

fp STD
[%] 0.59 82.4 54.6 73.7 66.7 71.4 7.0

Dt Mean
[mm2/s × 10−6] 0.59 86.4 50.0 52.8 85.0 64.3 981.7

Dt STD
[mm2/s × 10−6] 0.41 18.2 94.1 66.7 64.0 64.3 344.2

Dp Mean
[mm2/s × 10−5] 0.61 73.5 59.1 73.5 59.1 67.9 93.1

Dp STD
[mm2/s × 10−5] 0.60 47.1 90.9 88.9 52.6 64.3 82.4

Note. AUC: Area under ROC curve; PPV: positive predictive value; NPV: negative predictive value; STD = standard
deviation; ADC = Apparent Diffusion Coefficient; MD = mean of diffusion coefficient; fp = perfusion fraction;
Dt = tissue pure diffusion; Dp = pseudo-diffusion; * = dimensionless number. In bold is reported the parameter
with highest AUC.

3.2. Multivariate Analysis Results

Table 4 reports multivariate regression analysis performed with the parameters that at univariate
regression analysis had a p value < 0.1 (mean value of ADC, Kurtosis, fp and Dp). Using these
parameters, we obtained a regression model with a significant finding (<<0.01) to differentiate local
recurrence by fibrosis/scar tissue (main contribution was of ADC and Kurtosis mean value).

Considering the multivariate regression model (a weighted sum of the ADC, Kurtosis, fp and Dp
mean values that obtained a p value << 0.01) with the coefficients reported in Table 4 and the optimal
cut off value (849.8) calculated by ROC analysis we obtained an AUC of 0.82 with a sensitivity of 72%,
a specificity of 93%, and an accuracy of 81%.

Figure 3 shows ADC, DWI, and DKI maps of a patient with a LCR. This figure is purely a visual
representation of IVIM and DKI extracted parameters; the differentiation between LCR by scar/fibrosis
was made considering the quantitative median value of ROI drawn manually by the expert radiologist
and using the optimal cutoff value reported in Table 3.

Figure 4 reports ADC, DWI, and DKI maps of a case with fibrosis tissue after TME. This figure is
purely a visual representation of IVIM and DKI extracted parameters; the differentiation between LCR
by scar/fibrosis was made considering the quantitative median value of ROI drawn manually by the
expert radiologist and using the optimal cut off value reported in the Table 3.
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Table 4. Univariate and multivariate regression analysis results.

Univariate Regression Analysis Coefficients
×10−3

Odds
Ratio p Value

PA
R

A
M

ET
ER

ADC Mean −0.1 −1.9 0.05

ADC STD −0.4 −1.6 0.12

Kurtosis Mean 0.2 3.8 <<0.01

Kurtosis STD 0.1 0.9 0.37

MD Mean −0.0 −0.7 0.51

MD STD −0.1 −0.8 0.44

fp Mean 0.8 1.7 0.09

fp STD 1.3 1.5 0.13

Dt Mean 0.9 1.0 0.32

Dt STD −0.2 −0.7 0.47

Dp Mean −0.2 −2.4 0.02

Dp STD 1.0 1.0 0.30

Multivariate Regression Analysis Coefficients
×10−3

Odds
Ratio p Value

PA
R

A
M

ET
ER ADC Mean 0.3 2.2 0.02

Kurtosis Mean 0.5 3.6 <<0.01

fp Mean 0.04 0.1 0.94

Dp Mean −0.4 −0.5 0.63

Note. In bold were reported the statistically significant parameters in the differentiation of recurrence versus
fibrosis/scar tissue.
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Figure 4. Case with fibrosis tissue after rectal TME: ADC map in (A), Dt map in (B), fp map in (C),
Dp map in (D), MD map in (E) and the mean of diffusional Kurtosis map in (F).

4. Discussions

The total mesorectal excision introduction and the use of multidisciplinary team in the management
of patients affected by locally recurrent rectal cancer has determined a reduction of local colorectal
recurrence rate [11,12].
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Several researchers reported in literature that local colorectal recurrence risk is linked to
several tumor characteristics such as advanced tumor stage, tumor location in the lower third
of the rectum, tumor budding presence, poorly differentiated tumor histology, positive nodal status,
of the circumferential resection margin involvement, perineural spread, and extramural venous
invasion [25–30]. In addition, the surgical approach plays an essential role in the LCR rate increase.
In fact, a mesorectum incomplete resection is linked to a significantly higher risk of five-year local
recurrence with respect to those with TME. The local and distant recurrence risk is significantly higher
in cases where TME plane is intramesorectal or along muscularis propria, compared to those where
TME plane is mesorectal [31–34]. Rectal cancer recurrence is a difficult to treat condition; its earlier
identification could help to increase overall survival of colorectal cancer patients [31–34].

MRI is recommended in the patients follow-up who have undergone rectal adenocarcinoma
transanal resection, while for patients subjected to TME, Computed Tomography (CT) is the primary
modality of follow-up and MR is considered as a problem-solving tool [33–35].

Regarding this, the diffusion-weighted imaging could be considered as quiet a reliable imaging
modality for colorectal cancer recurrence, but more studies should be carried out.

Studies have confirmed DWI utility in recurrences detection of other pelvic tumors such as
prostate cancer [35], and its value in the response evaluation after neoadjuvant therapy is well
documented [11,12,19–23]. DWI has already shown its feasibility in rectal cancer complete responders’
detection [20–23]. Molinelli et al. [36] assessed if the addition of gadolinium-enhanced MRI and
DWI can improve T2 sequence performance for LCR diagnosis on 43 patients. They reported that,
on T2 images, the expert reader achieved an AUC of 0.92 with a sensitivity of 89%, and specificity of
76% while DWI significantly improved the AUC value to 0.999. They concluded that DWI increased
diagnostic performance for LCR diagnosis compared to T2 imaging alone.

To the best of our knowledge, this is the first study that assess DWI and DKI derived parameters
performance in the differentiation of locally recurrent rectal cancer from scar/fibrosis tissue in patients
subjected to TME after CRT. Our study showed that a single parameter of diffusion and perfusion was
not able to identify local recurrent rectal cancer with high accuracy. However, the best results were
obtained using the mean value of Kurtosis with an AUC of 0.72 and an accuracy of 75%. Considering a
multivariate regression analysis (with the mean values of ADC, Kurtosis, fp, and Dp), a model mainly
weighted by ADC and Kurtosis mean values obtained an AUC of 0.82 with an accuracy of 81%.
Therefore, our results support the hypothesis that kurtosis effects could has a better performance in
the differentiation of locally recurrent rectal cancer from scar/fibrosis tissue although DKI data were
acquired with a maximum b value of 1000 s/mm2. In general, high b-values are suggested in brain
applications for the non-Gaussian kurtosis effect assessment [18] while in abdominal applications,
for the lower signal-to-noise ratio due to the lower sensitivity of flexible surface coils compared with
the head coil and lower T2 relaxation times, very high b-values are not usually applied. Filli et al. [37]
reported that the “faster signal decay precludes the application of such high b-values in the body trunk
because of 2 effects: (1) the long echo time of the echo-planar imaging sequence due to the longer
application of the diffusion gradients and (2) the strong signal attenuation in DWI using high b-values.
Furthermore, many tissues exhibit higher ADC values compared with the brain, again resulting in
faster signal decay”. Some authors have shown that kurtosis effects could be measured in abdominal
and whole-body using 800 s/mm2 as maximum b-values or less at 3T [12,38–41]. We acquired DKI
using multiple b-values with a maximum of 1000 s/mm2 that, coupled with the parallel imaging factor
use, resulted in images with acceptable SNR. Our results of univariate analysis were not completely
in agreement with the results presented by the Grosu et al. [24] that reported for the ADC value an
accuracy of 93%, a sensitivity of 91%, and a specificity of 92% in the differentiating of locally recurrent
rectal cancer from scar tissue with a cut-off ADC value of 1.34 × 10−3 mm2/s.

Some limitations of the study are the measurement of diffusion and perfusion parameters by
manually drawing a ROIs slice by slice along tumor or scar/fibrosis tissue contours; this technique
may entail an inter-observer variability. A reproducibility analysis of MR derived parameters was not
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performed, however the use of mean values for extracted parameter by volume of interest allows to
obtain more robust measures. Moreover, the number of recruited patients is non-negligible, but not
conspicuous. The retrospective nature of study may predispose to selection bias. Considering that
the study is retrospective, the radiologists were not blinded by the radiological report, but were
blinded by the histological and/or clinical follow-up results. However, it must be clearly stated that the
purpose of this study was not to assess the influence of DWI on the diagnostic quality of observers,
but to determine DWI ability to discriminate LCR against scar/fibrosis tissue. The calculation of DKI
parameters may be suboptimal for the use of an acquisition protocol with 1000 m/s2 as a maximum
b value.

5. Conclusions

DWI derived parameters combined with DKI derived metrics using multivariate model could
allow differentiating of local colorectal recurrence from scar/fibrosis tissue after total mesorectal excision
in patients affected by locally advanced rectal cancer. However, future investigations on large dataset
are needed to validate these results.
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