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Background. The aim of the study was o evaluate diagnostic performance of functional parameters derived by
conventional mono-exponential approach of diffusion weighted imaging (DWI) and by diffusion kurtosis imaging (DKI)
in the assessment of pancreatic tumours freated with electrochemotherapy (ECT).

Patients and methods. Twenty-one consecutive patients with locally advanced pancreatic adenocarcinoma sub-
jected to ECT were enrolled in a clinical approved trial. Among twenty-one enrolled patients, 13/21 (61.9%) patients
were subjected to MRl before and after ECT. DWI was performed with a 1.5 T scanner; a free breathing axial single shot
echo planar DWI pulse sequence parameters were acquired using seven b value = 0, 50, 100, 150, 400, 800, 1000 s/
mm?. Apparent diffusion coefficient by conventional mono-exponential approach and mean of diffusion coefficient
(MD) and mean of diffusional kurtosis (MK) by DKI approach were derived from DWI. Receiver operating characteristic
(ROC) analysis was performed and sensitivity, specificity, positive and negative predictive value were calculated.
Results. Among investigated diffusion parameters, only the MD derived by DKI showed a significant variation of
values between pre and post freatment (p = 0.02 at Wilcoxon test) and a significant statistically difference for per-
centage change between responders and not responders (p = 0.01 at Kruskal Wallis test). MD had a good diagnostic
performance with a sensitivity of 80%, a specificity of 100% and area under ROC of 0.933.

Conclusions. MD derived by DKI allows identifying responders and not responders patients subject to ECT tfreatment.
MD had higher diagnostic performance to assess ECT response compared to conventional DWI derived parameters.

Key words: pancreatic cancer; electrochemotherapy; magnetic resonance imaging; diffusion weighted imaging;
diffusion kurtosis imaging

Introduction brane electroporation.” In our previous studies®?,

we demonstrated the safety and efficacy of the
Electrochemotherapy (ECT) is a promising tool treatment in locally advanced pancreatic cancer.
for treatment of deep tumours.'® This ablative However, the correct assessment of the efficacy of
technique combines the administration of chemo-  ECT is a challenge for a radiologist since tumour
therapeutic drugs with electric pulses for cell mem-  necrosis is not always correlated with a dimension-
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al change so that the response evaluation criteria
in solid tumour (RECIST) are not adequate to as-
sess the ECT treatment.’ In this scenario, we evalu-
ated functional parameters extracted by diffusion
weighted imaging (DWI).1° The practice of DWI in-
to a standard magnetic resonance (MR) protocol is
increasing, thanks to its ability to detect and charac-
terize a lesion so as its capability in the assessment
of treatment response.!> Promising results for
improved detection and monitoring of therapeutic
effects, in terms of prediction and early response
assessment, have been reported, amongst others,
for the liver’®, pancreas!, kidneys! and prostate.
Several authors have reported that DWI sequence
have a potential in the evaluation of patients with
locally advanced pancreatic cancer, especially im-
proving the staging; nevertheless, it is still unclear
whether and how DWI could be helpful for iden-
tification, characterization, prognostic stratification
and follow-up during treatment. DWI assessment
may be done qualitatively or quantitatively, with a
mono-exponential (apparent diffusion coefficient
map, ADC) or bi-exponential analysis (intravoxel
incoherent motion model or diffusion kurtosis
imaging, DKI) of data.”! DWI signal is due to
the water mobility that reproduces indirectly tis-
sue structures.!*'® Traditionally DWI approach is
based on the hypothesis that water molecules dif-
fuse within a voxel following a single component
direction according to a Gaussian behavior, with-
out any restriction.”®” However, according to the
presence of microstructures, random motion or
diffusion of thermally agitated water molecules
within biologic tissues exhibits non-Gaussian phe-
nomena due to the presence of microstructures.”
This model, proposed by Jensen ef al. in 2005, con-
siders a non-Gaussian diffusion model called DKI.*
This approach evaluates the kurtosis coefficient (K)
that shows the deviation of tissue diffusion from a
Gaussian model, and the diffusion coefficient (D)
with the correction of non-Gaussian bias. Several
researches have shown that DKI is more perform-
ing than conventional ADC in tumour detecting
and grading assessment."-? Kartalis ef al.** reported
that the correction for kurtosis effects has the po-
tential to increase the diagnostic accuracy of DWI
in patients with pancreatic ductal adenocarcinoma.
To the best of our knowledge, no studies that evalu-
ated the diagnostic performance of DKI parameters
to assess ECT response have been published.

The purpose of this retrospective study is to
evaluate the diagnostic performance of ADC by
conventional mono-exponential approach and MD
and MK by DKI to assess ECT response.
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Patients and methods
Study population

The patients were enrolled in a clinical phase I/II
study approved by the Ethical Committee of the
National Cancer Institute “G. Pascale Foundation
- IRCCS” of Naples (deliberation n. 482 of
02/07/2014). The study endpoints were the feasibil-
ity and safety of ECT in the multimodal treatment
of pancreatic cancer in patients with locally ad-
vanced disease and not suitable for radical surgery.
Twenty-one consecutive patients (11 female and
10 male) were enrolled in a clinical approved trial.
Inclusion criteria were: age between 18-80 years;
good mental health; life expectancy > 3 months;
histologically confirmed diagnosis of pancreatic
adenocarcinoma; locally advanced disease (stage
III) confirmed with preoperative radiological as-
sessment, unfit for curative surgery. Exclusion
criteria were: pregnant women, significant heart
disease, coagulation disturbances, allergy to bleo-
mycin, lung and kidney dysfunction, implanted
defibrillator or pacemaker, concomitant presence
of distant metastases. All patient enrolled signed
the informed consent. All patients enrolled with
diagnosis of locally advanced pancreatic adeno-
carcinoma received systemic chemotherapy be-
fore ECT treatment. Two chemotherapy regimens
were adopted: gemcitabine + oxaliplatin (GEMOX)
or 5-FU/leucovorin, irinotecan, and oxaliplatin
(FOLFIRINOX). GEMOX regime consisted of
100-minute infusion of gemcitabine at a dose 1.000
mg/m?administered on day 1 and a 2-hour infusion
of oxaliplatin at a dose of 100 mg/m? administered
on day 2. Treatment was repeated every 2 weeks
for 3 months. FOLFIRINOX regime consisted of
2-hour intravenous infusion of oxaliplatin at a dose
of 85 mg/m? immediately followed 2-hour intrave-
nous infusion of leucovorin at a dose of 400 mg/m?
with the addition, after 30 minutes, of 90-minute
intravenous infusion of irinotecan at a dose of 180
mg/m? This treatment was immediately followed
by intravenous bolus of fluorouracil at a dose of
400 mg/m?, followed by a continuous intravenous
infusion of 2400 mg/m? over a 46-hour period every
2 weeks. Fourteen (14/21, 66.7%) patients were sub-
jected to GEMOX and seven patients (7/21, 33.3%)
were injected with FOLFIRINOX before ECT treat-
ment (median time between start of chemotherapy
treatment and ECT was 124 days, range 118-139).
Among 21 enrolled patients, 13 were subjected
to MRI before and after ECT. Median time be-
tween basal MR imaging assessment and ECT was
15 days (range 7-19). Median time between ECT
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TABLE 1. Patients’ characteristics

Patients (n = 21)

Histotype, %

Adenocarcinoma 100 (21/21)
Location, %

Head 52.4 (11/21)

Body/taill 47.6 (10/21)
Largest diameter lesion, cm (range) 5.2 (2.2-9.9)
Venus involvement (superior mesenteric
vein [SMV] or portal vein [PV]), %

Yes 81.0 (17/21)

No 19.0 (4/21)
Arterial encasement, %

Yes 57.1 (12/21)

No 42.9 (9/21)

and first MR in the follow-up assessment was 38
days (range 27-72). Patient characteristics are sum-
marized in the Table 1.

ECT protocol

ECT was performed on pancreas tumour intra-
operatively, bleomycin was administrated intra-
venously (15.000 IU/m?) before the application of
electrical pulses to the target area. Electric pulses
were applied by needle electrodes with linear, hex-
agonal configuration or variable geometry using
multiple single needles (IGEA S.p.A., Carpi, Italy)
depending on the size and location of the tumours.
Cliniporator™ (IGEA S.p.A., Italy) was used to de-
liver electric voltage with the following parameters
using linear or hexagonal geometry: 8-96 pulses
of 400-730V and 1000 V/cm, of 100us duration, at
5000 Hz repetition frequency. When a variable ge-
ometry was used, a single pulse of 100us duration

TABLE 2. MRI protocol parameters

at 1000 V/cm was delivered with a single relived
R-wave (ECG synchronization). Electric impulses
were synchronized with the ECG for a safe delivery
of the electric impulses to pancreas. ECG synchro-
nization was done with Accusync 42 (AccuSync
Medical Research Corporation, Milford, USA).
Treatment was completed within the window from
8 to 40 minutes after the end of the bleomycin bo-
lus. This time window ensures the highest concen-
tration of drug within the lesion.

The standard used to assess treatment outcome
has been the consensus between two radiological
modalities (computed tomography [CT] assessed
using Choi criteria®, position emission tomogra-
phy-CT [PET-CT]) assessed using PERCIST crite-
ria?*® and dynamic contrast enhanced-MRI [DCE-
MRI] assessed by variation in wash-in and wash-
out slope [WIS and WOS]). Details of these criteria
were reported in Granata ef al. including also the
specifications about the two dynamic parameters
WIS and WOS extracted by DCE-MRI.?

MR protocol and images analysis

DWI was performed with a 1.5 T scanner
(Magnetom Symphony, Siemens Medical System,
Erlangen, Germany) equipped with a phased-array
body coil. Patients were placed in a supine, head-
first position. A free breathing axial single shot
echo planar DWI pulse sequence parameters were:
repetition time (TR) / echo time (TE) = 7500/91 ms;
slice thickness = 3 mm; flip angle = 90 degrees,
Matrix = 192x192 and field of view (FOV) = 340 x
340 mm?; b value = 0, 50, 100, 150, 400, 800, 1000 s/
mm?. Other sequences of MRI protocol were pro-
vided in the Table 2.

Regions of interest (ROIs) were manually seg-
mented by two expert radiologists in consensus, si-
multaneously avoiding encircling any distortion ar-
tefacts. One radiologist with over 20 years of clinical

17

Sequence Orientation (mI?r/\IsE//:IQ ) FOV (mm?) Acrc'a‘ziisri;i(on Slicgeog\i(cr:‘(:\ne)ss/
HASTE T2-W Axial 1500/90/180 380 x 380 320 x 320 5/0
FLASH T1-W, In-out phase Axiall 160/4.87/70 285 x 380 192 x 256 5/0
FLASH T1-W, out phase Axial 178/2.3/80 325 x 400 416 x 412 3/0
DWI Axial 7500/91/90 340 x 340 192 x 192 3/0
VIBE T1-W Axial 4.89/2.38/10 325 x 400 320 x 260 3/0
TWIST T1-W, Pre and post contrast agent injection Axial 3.01/1.09/25 300 x 300 256 x 256 2/0

AT = acquisition fime; DWI = diffusion-weighted imaging; FA = flip angle; FLASH = fast low angle shot; FOV = field of view; HASTE = half-Fourier acquisition single-shot turbo spin-
echo; TE = echo time; TR = repetition time; TWIST = fime-resolved angiography with stochastic trajectories; VIBE = volumetric interpolated breath hold examination; W = weighted

Radiol Oncol 2019; 53(1): 15-24.
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experience, and one with 10 years of clinical experi-
ence in interpreting abdominal MR imaging stud-
ies drew ROIs on DWI image at the highest b value
both on pre-treatment images and on post treatment
images. The tumour was contoured slice by slice to
obtain the neoplastic volume of interest (VOI). Size
of VOI was variable depending by tumour size
(maximum diameter range was reported in Table 1).
Features from DWI data have been computed
pixel by pixel to obtain the median value of ROIs.

DWI features

Per each voxel, 3 features were extracted from DWI
data using the mono-exponential approach and the
DKI model.

DWI signal decay is most commonly analysed
using the monoexponential model.!”18
ln(%)

’ [1]

b

where Sb is the MRI signal intensity with diffu-
sion weighting b, SO is the non-diffusion-weighted
signal intensity and ADC is the apparent diffusion
coefficient.

Multi-b DW images were obtained by fitting of
voxel-by-voxel using the diffusion kurtosis signal
decay equation [2] by a two-variable linear least
squares algorithm as used in previous study."

ADC =

1
S(b)=Soexp(—b-D+gb2-D2-K) 2]

In this equation, D is a corrected diffusion coef-
ficient; and K is the excess diffusion kurtosis coeffi-
cient. K describes the degree that molecular motion
deviates from the perfect Gaussian distribution.
When K is equal to 0, equation [2] evolves into a
conventional monoexponential equation [1]:

The difference between D and ADC is that D is
a corrected form of ADC for use in non-Gaussian
circumstances.

The parameters of conventional DWI (ADC) and
DKI (Mean of Diffusion Coefficient (MD) and mean
of Diffusional Kurtosis (MK)) were obtained from
the multi-b DWI data with all measured b values
using the prototype post-processing software Body
Diffusion Toolbox (Siemens Healthcare, Erlangen,
Germany).

CT acquisition protocol and images
analysis

Non contrast-enhanced phase and triple-phase
contrast-enhanced CT was performed with a 64-de-
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tector row scanner (Optima 660, GE Healthcare,
USA). CT scanning parameters were 120 kVp,
100-470 mAs (NI 16.36), 2.5-mm slice thickness
and table speed 0.984/1 mm/rotation. Scans were
carried out including a region encompassing the
liver from diaphragm to iliac crests. Phases were
as follows; hepatic arterial phase 3040 s after in-
jection of 120 mL of a nonionic contrast medium
(Iomeprol, Iomeron 400, Bracco, Milan, Italy) with
a bolus-triggered technique (120 kVp; 40-60 mA;
trigger threshold, 180 HUs in descending aorta),
portal and equilibrium phase 90 s and 120 s after
contrast injection. The contrast medium was ad-
ministered at a rate of 4 mL/s through antecubital
vein with an automated injector system (Empower
CTA, E-Z-EM Inc., New York, United States). For
CT images, the response to ECT was evaluated ac-
cording the Choi criteria.?® CR is disappearance of
target lesion; PR is a decrease in tumour size > 10%
or decrease in tumour density > 15% on CT; SD is
neither PR nor PD; and PD is an increase in tumour
size 2 10% and does not meet PR criteria by tumour
density.

PET/CT acquisition protocol and images
analysis

18F-FDG PET/CT studies were acquired 60 min af-
ter the administration of 300-385 MBq of FDG ei-
ther with a Siemens ECAT EXACT 47 or a General
Electric DST 600 PET-CT scanner. Patients fasted
for at least 6 h, and blood glucose level was < 150
mg/dl. Each patient underwent the baseline and
the pre-operative study on the same scanner.
Irregular volumes of interest (VOIs) were semi-
automatically drawn by the expert investigator on
orthogonal planes using a dedicated workstation
and software. For each patient both studies were
analysed at the same time in order to minimize
discrepancies in VOI positioning. For each study,
maximum standardized uptake value (SUVmax)
values of the pancreas lesion were recorded. The
analysis of 18F-FDG PET/CT results was per-
formed by comparing measurements obtained in
the pancreatic lesion at baseline (SUV1) and after
treatment (SUV2). This change was expressed as
the percentage of SUV reduction (ASUV = (SUV1-
SUV2)/SUV1 x 100). Objective therapeutic respons-
es was defined according to PERCIST 1.0.2 com-
plete metabolic response (CMR) is complete reso-
lution of 18F-FDG uptake within the measurable
target lesion and indistinguishable from surround-
ing background blood-pool levels with no new
18F-FDG-avid lesions; partial metabolic response
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(PMR) is reduction of a minimum of 30% in the TABLE 3. Electrochemotherapy (ECT) response classification for each patient

target tumour 18F-FDG SUVmax; stable metabolic

) X . T (T REIED DCE-MRI response PET response Consenssus
disease (SMD) is disease other than CMR, PMR, No. qccordigg Choi according AWIS according among two
or progressive metabolic disease; and progressive and AWOS PERCIST modalifies
metabolic disease is a 30% increase in 18F-FDG ] PR PR FD PR
PET/CT SUVmax or advent of new 18F-FDG-avid 2 PR PR PR
lesions that are typical of cancer. 3 PR PR PR PR

4 PR PR PR

. . 10 PR CR PR
Statistical analysis

1 PR D PR )

Continuous variables were presented as the me- 12 D PR SD D

dian * standard deviation (SD). Wilcoxon test and 13 PR sD PR PR

the Kruskal Wallis test were performed to assess 14 PR PR PR PR

significant statistically differences between pre and 17 PR PR D PR

post parameters value and between responders 18 PR PR ) PR

and nqt responders, .re.spectlvely. As well, Receiver 19 PR PR/SD PR PR

opleraténg d;laracten.stlc (R}?C) curves welre cfal— 0 PR PR PR

T T1Z ram T V. T
culated to characterize each parameter value fo o o D D

evaluating the capability to differentiate respond-
ers versus non responders. The optimal cut-off
values (obtained according to the maximal Youden

Choi = Choi criteria; CT = computed tomography; DCE-MRI = dynamic confrast enhanced
magnetic resonance imaging; PERCIST = positron emission tomography response criteria in solid
tumours; PR = partial response; SD = stable disease; WIS = wash-in slope; WOS = wash-out slope; A

index = sensitivity + specificity-1), the correspond-
ing sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) and accu-
racy were calculated.

A p value < 0.05 was considered statistically sig-
nificant. The Statistics Toolbox of Matlab R2007a
(The Math-Works Inc., Natick, MA) was used to
perform statistical analysis.

= percentage change between pre and post freatment

Results

According to the results reported by our previ-
ous study®, among 13 patients subjected to MRI,
10 showed a significant response while 3 patients
were classified in a stable disease (Table 3).
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FIGURE 1. Boxplot of apparent diffusion coefficient (ADC) and diffusion kurtosis imaging (DKI) parameters pre and post freatment

values between responders and not responders.

MD = mean of diffusion coefficient; MK = mean of diffusional kurtosis
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FIGURE 2. Boxplot of apparent diffusion coefficient (ADC) and diffusion kurtosis imaging (DKI) parameters percentage change

values between responders and not responders.

Delta (A) = percentage change between pre and post freatment; MD = mean of diffusion coefficient; MK = mean of diffusional kurtosis

|

——ADC
MK
084 Mo

05

£
&
“ 04
02
00 T T T T
00 02 04 06 08 10
1-specificity
FIGURE 3. ROC curve of apparent diffusion coefficient

(ADC) and diffusion kurtosis imaging (DKI) featfures fo assess
electrochemotherapy (ECT) response.

MD = mean of diffusion coefficient; MK = mean of diffusional kurtosis

TABLE 4. Diagnostic accuracy of MRI extracted parameters in discrimination of
responders and not responders.

AUC 95% ClI p value Sensitivity Specificity  Cut-off

AADC 0,767 0,429-1,00 0,176 0,900 0,667 -25,775
AMK 0,533 0,229-0,837 0.866 0,500 1,000 14,555
AMD 0,933  0,782-1,000 0,028 0,800 1,000 -32,570
ADC PRE 0,667 0,292-1,000 0,398 0,700 0,667 1182,550
MK PRE 0,667 0,380-1,953 0.398 0,600 1,000 1348,700
MD PRE 0,700 0,360-1,000 0.310 0,400 1,000 2477,500
ADC POST 0,367 0,000-0,766 0,499 0,800 0,333 1177,825
MK POST 0,800 0,505-1,000 0,128 0,500 1,000 1299,075
MD POST 0,267 0,000-0,602 0,237 0,600 0,333 2020,725

ADC = apparent diffusion coefficient; Cl = confidence interval; MD = mean of diffusion coefficient;
MK = mean of diffusional kurtosis
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ADC and MK did not show differences statisti-
cally significant between the values pre and post
treatment (p value = 0.02 at Wilcoxon test) and be-
tween the percentage changes of responder and
not responder patients (p value > 0.05 at Wilcoxon
test). Only MD showed a significant variation of
values between pre and post treatment (p value
= 0.02 at Wilcoxon test) and a significant statisti-
cally difference for percentage changes between
responders and not responders (p value = 0.01 at
Kruskal Wallis test).

Figure 1 reports boxplot for each parameter pre
and post treatment between responder and not re-
sponder patients. Figure 2 shows boxplot for per-
centage change (delta) between pre and post treat-
ment for each parameters.

Table 4 reports the diagnostic performance of
ADC and DKI derived parameters to assess ECT
response.

Exclusively MD, among investigated param-
eters, had a good diagnostic performance with a
sensitivity of 80%, a specificity of 100% (Table 1)
and area under ROC of 0.933 (Figure 3).

Figure 4 shows a case of significant response on
conventional MR images, ADC map and DKI de-
rived parameters maps.

Discussion

ECT treatment is a very promising tool in onco-
logical patients. The establishment and expansion
of ECT in deep-seated tumours (e.g., liver, bone
metastases, pancreas) has opened new opportu-
nities for minimally invasive treatment of metas-
tases and carcinomas.” ECT is usually applied as
palliative treatment for patients with not resect-
able lesion, causing an improvement of quality
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FIGURE 4. Adenocarcinoma of the pancreatic head. Before treatment in (A) (half-Fourier acquisition single-shot turbo spin-echo
[HASTE] T2- Weighted [W] sequence), the lesion (arrow) appears hyperintense, in (B) (in-phase T1-W sequence) and (C) (out-phase
T1-W sequence) appears hypointense and hypovascular in (D) (volumetric interpolated breath hold examination [VIBE] T1-W in
equilibrium phase). After the freatment the lesion in (E) (HASTE T2-W sequence), (F) (in-phase T1-W sequence), (G) (out-phase T1-W
sequence) and (H) (VIBE T1-W in equilibrium phase): there were not significant differences in size and signal compared to baseline.
Apparent diffusion coefficient (ADC) map before and after tfreatment (1, J).

of life. Several researchers have evaluated it as a
treatment of advanced neoplastic lesions in which
radical surgery is not possible (e.g., due to lesion
location, size, and/or number). ECT allows treat-
ment of lesions in proximity of vital structures like
vessels and nerves. The safety profile of ECT is fa-
vourable, with local and transient adverse events.”
Safety and efficacy of ECT have been showed in
a prospective series of patients with unresectable
Perihilar-Cholangiocarcinoma (PHCCA).> A pro-
spective study conducted in 10 patients suffering
from hepatocellular carcinomas (HCC) proved that
ECT is a feasible and safe treatment. At average of
20.5 months after ECT 15 out of 17 lesions showed
a complete response.” Recently, Boc ef al. charac-
terized ultra-sonographic (US) findings during and
after electrochemotherapy of liver. US provides a
tool for assessment of appropriate electrode inser-
tion for intraoperative electrochemotherapy of liv-

er tumours and assessment of the appropriate cov-
erage of a tumour with a sufficiently strong electric
field and can serve as predictor of the response of
tumours.?® As we reported in our previous studies,
ECT can be used in locally advanced pancreatic
cancer with no side effects or major complications
to surrounding viscera that required medical or
surgical treatment.®® The major limit of our study
is due to how we should assess the ablated area.
In fact, we demonstrated in’ that morphological
assessment based on RECIST criteria in not suffi-
cient to stratify the patients as responders or not
responders.” Conversely, a functional assessment,
based on the evaluation of parameters extracted
by DCE-MRI and DWI, could be used to identify
responders and not responders patients.’ In the
current study, we evaluated conventional DWI
parameters (ADC) and the parameters extracted
by DKI (MD and MK) in the assessment of ECT

Radiol Oncol 2019; 53(1): 15-24.
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treatment. Only MD by DKI showed a significant
variation of value between pre and post treatment
and a significant statistically difference for percent-
age change between responders and not. When we
evaluated the diagnostic accuracy of ADC and DKI
parameters, MD had a good accuracy with and
area under ROC of 0.933. To the best of our knowl-
edge, the few reports on Kurtosis in the assessment
of pancreatic tumours, investigate the role of these
functional parameters during the characterization
of the lesions?, other reports on the post treatment
assessment by DKI, are not related to pancreas tu-
mours.3033

Diffusion is related to the random Brownian
motion of water molecules. In a homogenous me-
dium, diffusion is described by a Gaussian model,
while in living tissues is related also by interactions
with other molecules and cell membranes and is
therefore thought to follow a non-Gaussian model.
Also, ADC, in conventional DWI, is influenced by
b-values acquired.’? DKI is an extension of diffu-
sion tensor imaging that evaluates the microstruc-
ture features of tissues in a non-Gaussian model."”
Two quantitative parameters can be extracted by
DKI model, including kurtosis values (K, repre-
senting deviation from a Gaussian distribution)
and diffusion coefficient (D, defining as a corrected
ADC for non-Gaussian bias).! According to Jensen
et al. DKI should exhibit a higher sensitivity than
conventional DWI for cancer detection.' Shen et al.
assessed the accuracy of DKI parameters in evalu-
ating malignant from benign lesions, performing
a systematic meta-analysis.** They evaluated 14
studies from 2012 to 2018, for a total of 1847 le-
sions (895 benign and 952 malignant) in 1107 pa-
tients; only two studies were performed with a 1.5
Tesla MR system. The diagnostic performance of
three quantitative data, K, D and ADC obtained
from MRI with DKI and DWI, for differentiating
malignant from benign lesions was evaluated.
Pooled results indicated both K and D had a good
or excellent diagnostic performance in separating
malignant cancer from benign lesions, but D may
be more superior because it had the higher AUC.%
No study on pancreatic cancer was included in this
meta-analysis.

Hu et al. evaluated DKI in assessing response
in rectal cancer compared to conventional DWI.3
They evaluated ADC, MD (mean diffusion), and
MK (mean kurtosis) showing that the MK_  and

pre

MK, were much lower for the responder than for

not responder patients. Also, the MD,_, and the

st
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change ratio of MD increased, whereas there are
no significant differences for ADC , MD_and the
change of MK ratio between responder and not re-
sponder patients. The MK had higher sensitivity
and specificity compared to other data.*

DWI has demonstrated to be a great promise
as an imaging biomarker. However, it still suffers
from inconsistencies in imaging acquisition pa-
rameters and DWI analysis that lead to substan-
tial issues with reproducibility. Newer imaging
techniques such as DKI may extend the potential
of DWI by better characterizing and assessing the
lesions pre and after treatment. Therefore, DKI
should be added to the routine protocol. Several
limitations in our study must be mentioned. First,
since this was a retrospective study, there may have
been potential selection bias. It will be necessary
to perform larger studies to validate our findings.
Second our data were acquired with a maximum b
value of 1000 s/mm?. In general, very high b-values
are recommended for the evaluation of non-Gauss-
ian kurtosis in brain applications.’” However, for
abdominal studies, taking into account the lower
signal to noise ratio (SNR) and the lower T2 re-
laxation times of the various organs compared to
the brain, very high b-values are not usually ap-
plied. Recently, various authors have shown that
kurtosis effects could be detectable in abdominal
and whole-body applications even when using
maximum b-values of 800 s/mm? or less at 3T.3%
We applied multiple b-values with a maximum of
1000 s/mm? that, coupled with the use of a parallel
imaging factor, resulted in images with acceptable
SNR at 1.5T. Third, the size of our population is
very small. In fact, this study had the only objec-
tive to report preliminary findings that should be
validate in a larger series of patients. At the end,
we did not assess the quality of DWI images; this
could be considered a future endpoint.

Conclusions

Our results support the hypothesis that Mean of
Diffusion Coefficient derived by DKI allows to
identify responders and not responder patients
subject to ECT treatment. MD had high diagnos-
tic performance to assess ECT response, showing a
significant variation of value between pre and post
treatment and a significant statistically difference
for percentage change between responders and not
responders patients.
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