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Abstract. – Pancreatic ductal adenocarcino-
ma (PDAC) represents a challenge for a multi-
disciplinary oncology team. Diagnosis of PDAC 
remains challenging due to overlapping imag-
ing features with benign lesions, notwithstand-
ing great advances with computed tomography 
(CT) and magnetic resonance imaging (MRI). 
The term “Radiomics” has recently been intro-
duced to define a mathematical process to ex-
tract countless quantitative features from med-
ical images (including each diagnostic tech-
nique) with high throughput computing for di-
agnosis and prediction. This article is an up-
dated overview of the imaging techniques to 
be employed during detection and characteri-
zation of pancreatic cancer diagnostic workup. 
Particularly, the limitations and advantages of 
the different imaging techniques are discussed, 
with a particular focus on functional imaging. 
This overview is the result of a self-study with-
out protocol and registration number. Articles 
published in the English language from Janu-
ary 2000 to January 2021 were included. We an-
alyzed 15 papers on radiomics. The possibility 
of functional imaging, such as CT, MRI, and ra-
diomics has revolutionized pancreatic imaging, 
improving the detection and characterization of 
the lesions and allowing a prognosis related to 
radiological features, favoring the process of 
personalized medicine.
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Abbreviations

ADC = apparent diffusion coefficient; AIP = autoim-
mune pancreatitis; BF = blood flow; BOLD = Blood 
oxygenation-level dependent; BV = blood volume; CE = 
Contrast-enhanced; CT = computed tomography; DECT 
= dynamic enhanced CT; DCE = dynamic contrast-en-
hanced; DECT = dual-energy CT; Dp = pseudo-diffusion 
coefficient; Dt = pure tissue coefficient; DKI= Diffusion 
Kurtosis imaging; DWI = diffusion weighted imaging; 
EES = extravascular extracellular space; HASTE = 
half-Fourier single-shot turbo spin-echo; iAUC = initial 
area under curve; IVIM = Intravoxel Incoherent Motion 
method; HIF = hypoxia-inducible factors; MD = mean 
value of the diffusion coefficient; MRI = magnetic res-
onance imaging; MSD = maximum signal difference; 
MVD= microvascular density; MK = kurtosis median 
coefficient; PC = pancreatic cancer; PDAC = Pancreatic 
ductal adenocarcinoma; Fp = perfusion fraction; PPCT = 
pancreatic phase CT; pCT = Perfusion CT; PS = perme-
ability surface; SMA = superior mesenteric artery; SMV 
= superior mesenteric vein; TA = Texture analysis; TTP 
= time to peak; VIBE = Volumetric Interpolated Breath-
hold Examination; VMI = virtual monochromatic im-
ages; WII = wash-in intercept; WIS = wash-in slope; 
WOI = wash-out intercept; WOS = wash-out slope; W 
= weighted.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a 
challenge for a multidisciplinary oncology team. 
Incidence constantly increases, with an expected 
death rate of 81.7% among new cases in 2020 
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and a 5-year survival rate of 9%1. Although many 
patients have locally advanced disease at diag-
nosis, the only curative treatment is surgery, and 
systemic chemotherapy is usually the key thera-
py2-7. The multidisciplinary team should make the 
choice concerning the resectability of pancreatic 
cancer following the acquisition of a complete 
staging7. 

Diagnosis of pancreatic cancer is difficult due 
to overlapping imaging findings with benign le-
sions8-11. However, a proper detection and char-
acterization of lesions is indispensable since the 
prognosis is associated with tumor aggressiveness 
as well as a correct staging. Thus, an imaging 
modality that provides higher tumor detectability 
would be desirable8. Computed tomography (CT) 
has grown to be the tool of choice in the preop-
erative diagnosis guiding treatment planning, as 
well as during follow-up12-16. Several researchers 
considered magnetic Resonance Imaging (MRI) 
to be equivalent to CT in detecting and stag-
ing16. However, recent evidence recommends the 
addition of MRI as a diagnostic integration to 
identify lesions undetected by CT as well as the 
presence of liver metastases16. MRI is a useful 
diagnostic tool in oncologic patients since this of-
fers morphological data by T2 weighted (W) and 
T1-W sequences, and functional data by diffu-
sion-weighted imaging (DWI) and dynamic con-
trast-enhanced (DCE)-MRI17-23, so as new tools 
as Blood oxygenation-level dependent (BOLD) 
sequences. DWI is an excellent tool for detec-
tion and characterization of pancreatic lesions, 
rising clinical confidence, and declining false 
positives8. The assessment of DWI can be qual-
itatively and quantitatively through the apparent 
diffusion coefficient (ADC) map. The ADC map 
is the graphical exemplification of the ratio of 
DW signal intensities, and their values may dif-
ferentiate between benign and malignant lesions. 
The ADC values are correlated to the acquisition 
protocol and suffer from a lack of reproducibility, 
especially in respiratory triggering techniques, 
smaller size, and lesion heterogeneity8. DCE-
MRI could be used to evaluate microvascular 
structures. DCE-MRI is acquired during venous 
injection of contrast agent. Within the tissue, the 
contrast drug passes from the intravascular to the 
extravascular extracellular space (EES), which 
causes an increase of signal on T1-W sequences. 
The rate of drug extravasation to EES in the neo-
plastic tissue is due to vessel leakiness and blood 
flow. Therefore, the signal measured in DCE-MRI 
is linked to tissue permeability and perfusion21,23. 

The signal enhancement of pancreatic perfusion 
can be assessed by qualitative, semi-quantita-
tive or quantitative evaluation. The qualitative 
is based on the evaluation of the time-signal 
intensity curve shape; the semi-quantitative is 
based on the assessment of parameters that can 
be extracted directly from time-signal intensity 
curves, such as the area under the curve. The 
quantitative analysis needs computational-based 
curve algorithms using a bicompartmental model 
with arterial input function definition21,22.

Hypoxia is emerging as a key factor of aggres-
sive tumor biology and the relative resistance to 
conventional as well as targeted therapies24. 
Compared to other solid tumors, oxygen levels 
in pancreatic cancer are the lowest25. Increasing 
evidence suggests that MRI techniques may 
provide a practical and more readily available 
alternative for hypoxia imaging25. BOLD-MRI 
employs paramagnetic properties of deoxyhe-
moglobin and is mainly used for regional quanti-
fication of oxygenation of the lesions26. Hypoxia 
not only induces a malignant and invasive phe-
notype of pancreatic cancer (PC) cells, but also 
makes the cells more resistant to radiation and 
chemotherapy25.

The term “Radiomics” has recently been in-
troduced to describe a mathematical method to 
extract multiple quantitative data from medical 
images oriented to lesion diagnosis and progno-
sis. Compared to visual analysis of medical im-
ages, the deep meaning of medical images from 
radiomics makes features uptake more efficient 
and objective. Radiomics is promising for tumor 
screening, early diagnosis, accurate grading and 
staging, treatment, and prognosis20. Recent stud-
ies27-29 show that differentiation between PDAC 
and its differential diagnosis based on radiom-
ic features is possible. Furthermore, radiomic 
features would be successfully used to predict 
therapeutically relevant subtypes of PDAC, so as 
for overall and progression-free survival of PDAC 
patients30,31.

The assessment of these functional parameters 
not only provides better detection, characteriza-
tion, and staging of the PDAC, but also allows 
an evaluation of some prognostic features that 
can affect the therapy; therefore, the most appro-
priate therapeutic choice can be guaranteed, in 
the perspective of an increasingly personalized 
medicine. 

This article is an updated overview of the im-
aging techniques to be employed during detection 
and characterization of pancreatic cancer diag-
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nostic workup. Particularly, the limitations and 
advantages of the different imaging techniques 
are discussed, with a particular focus on func-
tional imaging.

Materials and Methods

This overview is the result of a self-study with-
out protocol and registration number. 

Search Criterion 
We assessed several electronic databases: 

PubMed (http://www.ncbi.nlm.nih.gov/pubmed), 
Scopus (Elsevier, http://www.scopus.com/), Web 
of Science (Thomson Reuters, http://apps.webof-
knowledge.com/), and Google Scholar (https://
scholar.goo-gle.it/). The following search criteria 
have been used: “Pancreatic Cancer” AND “Im-
aging” AND “Detection”; “Pancreatic Cancer” 
AND “Imaging” AND “Characterization”; “Pan-
creatic Cancer” AND “CT” AND “Detection”; 
“Pancreatic Cancer” AND “CT” AND “Char-
acterization”; “Pancreatic Cancer” AND “MRI” 
AND “Detection”; “Pancreatic Cancer” AND 
“MRI” AND “Characterization”; “Pancreatic 
Cancer” AND “Functional Imaging” AND “De-
tection”; “Pancreatic Cancer” AND “Functional 
Imaging” AND “Characterization”; “Pancreatic 
Cancer” AND “Radiomics” AND “Detection”; 
“Pancreatic Cancer” AND “Radiomics” AND 
“Characterization”. Moreover, the references of 
the found papers were evaluated for publica-
tions not indexed in the electronic database. We 
analyzed all titles and abstracts. The inclusion 
criteria were based on clinical study evaluating 
radiological assessment of pancreatic ductal ad-
enocarcinoma. Articles published in the English 
language from January 2000 to January 2021 
were included. Exclusion criteria were studies 
with no sufficient reported data, case report, re-
view, editorial letter or studies focused on other 
histological types than PDAC. 

Results 

We recognized 243 studies that assessed 
functional imaging in pancreatic cancer from 
January 2000 to January 2021. Ninety-five cor-
responded to most criteria; 73 studies have 
different topics; 6 are case reports, review, or 
letter to editors; so, in the end, 69 articles were 
included (Figure 1).

Discussion 

Morphological Assessment
Recent advances in radiological field and in 

technology, such as CT, MRI, and hybrid nuclear 
imaging techniques, permit the characterization 
of pancreatic lesions due to morphologic, he-
modynamic, and metabolic data. High-quality 
imaging is crucial for the detection and staging of 
PDAC32,33. The typical features of PDAC are a hy-
povascular lesion on contrast studies. The lesion 
is most often located in the pancreatic head but 
can also be found in the body or tail of the pan-
creas. Several imaging findings were detected, 
such as displaced calcifications in a patient with 
chronic calcific pancreatitis, duct-to-parenchyma 
ratio greater than 0.34, the double duct sign, ves-
sel encasement, vessel deformity, and a superior 
mesenteric artery (SMA) to superior mesenteric 
vein (SMV) ratio of greater than 1 favor the diag-
nosis of PDAC12.

A multimodality approach combines the 
strengths of individual imaging tools and has a 
synergistic effect in improving diagnostic yield. 

Computed Tomography 
CT study acquired in the pancreatic and in 

venous phases is the chosen modality at the diag-
nosis and preferably no more than 4 weeks before 
surgery33. According to NCCN, dual-phase CT 
protocol is required for optimal assessment of the 
primary tumor, for tumor’s relationship to adja-
cent arterial/venous vasculature and for detection 
of liver and peritoneal metastasis. The pancreas 

Figure 1. Schematic representation of included and exclud-
ed articles. According to our search criteria, we analyzed 
51 papers that assessed CT role in PDAC; among them, 12 
papers evaluated DECT and 12 papers pCT. We also ana-
lyzed 27 papers for MRI; among them, 7 papers assessed 
DCE-MRI and 17 papers assessed DWI. We analyzed 15 
papers on radiomics. 
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has a prominent arterial supply: the highest con-
trast enhancement is noticed between 35 and 45 
seconds after the injection of the contrast bolus, 
and the peak is at nearly 40 seconds. For these 
reasons, the best contrast to noise ratio between 
hypoattenuating lesions, pancreatic parenchyma, 
and peripancreatic vessels is achieved in the pan-
creatic phase12. 

The pancreas is anatomically connected with 
critical vascular structures: the celiac artery, he-
patic artery, superior mesenteric artery, portal 
vein, and superior mesenteric vein. A pancreatic 
phase CT (PPCT) assessment of the vascular 
involvement is highly predictive of the extent of 
vascular involvement that determines operability 
and overall survival16. In addition, a PPCT is also 
required for accurate planning and delivery of 
radiotherapy, which requires clear delineation of 
the tumor in relation to normal pancreatic paren-
chyma and surrounding normal structures16,34-38.

Although the technical advances of the CT 
have revolutionized pancreatic imaging, there 
is a 10% of PDCA that remains undetected12. 
So, newer techniques have been introduced to 
increase tumor conspicuity, such as dual-energy 
CT (DECT) with low-energy acquisition at 80 
kVp instead of the frequently applied 120 kVp 
(Figure 2); in addition, several researchers have 
assessed different techniques of contrast medium 
injection for improving lesion detection34,38. 

DECT, which is based on simultaneously ob-
taining two datasets at different energy levels, 
has the possibility to create virtual monochro-
matic images (VMIs). These images have higher 
contrast at lower energy levels using an approx-
imation of energy levels closer to the k-edge of 
iodine at 33 keV39. VMIs at lower energy levels 
increased the conspicuity of the pancreatic le-
sion. Moreover, this technique can better depict 
the arteries improving contrast so that it allows 

an accurate assessment of vessel involvement 
for surgical staging. Macari et al40 showed that 
at 80-kVp the difference in attenuation between 
tumor and normal parenchyma improves lesions 
conspicuity, undiagnosed at conventional 120 
kVp. Marin et al38 evaluated a low-tube-voltage 
(80 kVp), high-tube current (675 mA) technique, 
showing that this can increase tumor visibility 
and reduce patient radiation dose. An increased 
lesion detection using lower keV has been later 
confirmed also for small lesions (<3 cm)41-43. 
Noda et al39 showed that the detection of pan-
creatic cancer was superior on VMIs at 40-50 
keV compared to that at higher energy levels, as 
well as that the measurements of the major and 
minor axes of the tumor tended to be shorter as 
the energy levels decreased. This was because of 
the greater conspicuity and edge sharpness of the 
PDAC on VMIs at 40 keV than those at higher 
energy levels. It is essential to precisely measure 
tumor size for the evaluation of T staging and/or 
treatment response assessment39. 

Pancreatic cancer patients might develop bil-
iary strictures that require a metallic bile duct 
stent. Beam hardening artifacts from metal de-
vices can corrupt the image quality impeding the 
assessment of the pancreatic lesion. DECT also 
improves the image quality using metal artifact 
reduction algorithms43. 

Regarding different techniques of contrast me-
dium injection, Brook et al44 assessed the split-bo-
lus technique. During the split-bolus technique, 
various amounts of contrast medium are admin-
istered in two or three phases with a variable 
pause while scanning is performed only once to 
obtain a combined-phase image in a single scan. 
Split-bolus spectral CT results in pancreatic tu-
mor conspicuity equal to or higher than those ob-
tained with a standard technique with a reduction 
in the radiation dose44. 

Figure 2. Dual Energy CT: An increased lesion conspicuity using lower keV (in A, 70 keV; in B 40 keV; and in C: Iodine 
Map).
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A significant dilemma is the high rate of lo-
cal recurrences after surgery. Some studies45,46 
have demonstrated that a standardized speci-
men assessment with a R1 definition) reveals 
R1 resection status in as much as 70% or more 
of pancreatic resections45. The most vulnerable 
margins are shown to be mesenteric (medial) and 
posterior, usually due to perineural invasion CT 
is capable to detect the presence of perineural 
invasion. However, CT demonstrates some false 
positive results46.

Magnetic Resonance Imaging
Ten percent of PDACs are isoattenuating and 

remain the main challenge in the detection of 
lesions, even further limiting the diagnostic accu-
racy of CT. Because of its better contrast resolu-
tion, MRI is useful in these cases, with up to 79% 
sensitivity for detection of isoattenuating tumors 
at CT47. Also, several studies48,49 have shown 
that MRI with MR cholangiopancreatography 
(Figure 3) can provide superior tumor detection 
and similar diagnostic performance in evaluating 
resectability compared with CT. Therefore, MRI 
challenged the role of imaging in pre-treatment 
assessment in the past few decades, and it is 
thought that MRI is superior to CT in detecting 
tumor extension50. 

At MRI, the typical feature of PDAC is a 
hypointense lesion at fat-suppressed (FS) T1-W 
and iso-hyperintense lesion at T2-W imag-
es. During contrast studies, pancreatic cancer 
shows hypoenhancement, more evident during 
pancreatic phase51. Diffusion restriction im-
proves the detection of small lesions (Figure 
4). DWI sequences allow the detection of pan-
creatic masses with similar sensitivity to that 
of post-contrast sequences. Pancreatic cancer 
shows increased signal intensity (SI) at b >500 
sec/mm2 with relatively low signal on ADC 
map52-55. 

Concerning the detection of vascular inva-
sion, MRI has a sensitivity of 83%-94% and 
specificity of more than 95% [49]. Zhang et al49 
showed no significant difference comparing 
MRI with CT in diagnosing vascular inva-
sion. Contrast-enhanced (ce) sequences make 
use of the shortened T1 relaxation times of 
blood after the injection of contrast media and 
thus achieves high signal intensity from blood 
with the use of 3D gradient-echo sequences. 
It allows the acquisition of a large volume da-
ta set in a single breath-hold contrast phase. 
Nevertheless, CT is more available and easier 
to perform. A CT examination is considerably 
shorter than an MRI analysis (15-20 min vs. 1 

Figure 3. Small adenocarcinoma of the pancreatic head: in T2-W sequences (A and B), the lesion is iso-hyperintense. In MR 
cholangiopancreatography (C), a ductal cutoff sign is displayed.
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h), and it does not constrain the patient as much 
as MRI49. Thus, CT is more accepted and more 
favored by patients, and it has become reason-
ably cost-effective49.

Concerning patient management, Kim et al56 
demonstrated that additional MRI resulted in 
changes in surgical resectability and treatment 
in a significant number of patients who have 
potentially resectable states at CT, owing to the 
additional detection of liver metastases, major 
vascular invasion, enlarged para-aortic lymph 
nodes, and peritoneal metastases56.

Based on the similar diagnostic accuracy, an 
MRI study is reserved to those patients who are 
not able to benefit from CT or if CT findings are 
inconclusive. According to NCCN, “pancreas 
protocol MRI with contrast can be a helpful ad-
junct to CT in the staging of pancreatic cancer, 
particularly for characterization of CT indeter-
minate liver lesions and when suspected tumors 
are not visible on CT or in cases of contrast 
allergy”57. 

Functional Assessment 

Perfusion CT
Perfusion CT (pCT) is a radiological tool based 

on contrast kinetics of tissue providing quantita-
tive data on hemodynamics. pCT assesses dy-
namic change in tissue iodine concentration over 
time, allowing to estimate specific features, such 
as blood flow (BF), blood volume (BV), time to 
peak concentration (TTP), vascular permeabil-
ity surface area product (PS), and permeability 
(Ktrans), which can be used as surrogates for 
tumor vascularization, vascular immaturity, and 
perfusion pressure. Several researchers58-60 re-
ported that pCT is a considerable tool for differen-
tiating benign from malignant lesions, assessing 
treatment response, and defining angiogenesis. In 
pancreatic cancer patients, perfusion analysis is 
of interest since hypo-enhancement is associated 
with fibro-sclerotic stroma and represents an in-
dependent negative predictor of survival61. Exist-
ing papers for PDAC perfusion CT include a wide 

Figure 4. The same patient of figure 3. No lesion is detected in DWI sequences (A and B), while diffusion restriction shows 
obstructive pancreatitis (arrow in A). Arterial (C) and venous phase (D) during contrast study do not show lesions.
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variety of technology, among which scanners are 
manufactured by different companies and models 
ranging from 64-to 640-slice. Most importantly, 
all were performed separately from the standard 
of care CT, requiring a separate scan so as IV 
contrast injection different from the standard of 
care. Notably, IV contrast injection rate for per-
fusion CT has been much higher (> 5 ml/s) than 
what is used for routine examinations60-64. Scialpi 
et al43 assessed pCT imaging to detect small (≤2 
cm) PDAC, showing that the quantitative analysis 
should increase the sensitivity of CT in the de-
tection of small PDAC. Zamboni et al65 assessed 
the rule of qualitative analysis evaluating the 
morphology of the time-density curves obtained 
by normal parenchyma, tumors, and atrophic 
parenchyma. The authors showed that the curve 
with no washout in the last portion corresponds 
to adenocarcinoma; conversely, the curve with 
at least some washout in the last portion corre-
sponds to chronic pancreatitis65. Furthermore, 
Delrue et al66 showed no significant differences in 
perfusion values between acute/chronic pancre-
atitis and pancreatic adenocarcinoma. Functional 
imaging from CT may add useful data on tumor 
aggressiveness affecting treatment strategy and 
patient management. Perfusion features have al-
ready been shown to discriminate high- and 
low-grade PDAC and to assess response to neo-
adjuvant therapy61,62. Nishikawa et al67 evaluated 
the relationship between prognosis and perfusion 
assessment, suggesting that prognosis is related 
to increased perfusion in the tissue surrounding 
cancer. 

DECT perfusion is considered one of the new 
promising applications of DECT. Although still 
at its preliminary stage, there is evidence of po-
tential for improving the delineation of PDAC. 
Klauss et al68 demonstrated that DECT perfusion 
could improve the visualization of PDAC via 
increased iodine contrast enhancement available 
at 80 kVp, and in combination with the noise re-
duction at 140 kVp.

Dynamic Contrast-Enhanced-MRI 
DCE MRI can offer data on tumor microvas-

culature, and it has been used as a biomarker for 
tumor response to treatment. DCE-MRI-derived 
parameters should be related to intratumoral mi-
crovascular density (MVD), and the rationale is 
that the MVD count is the most consistent instru-
ment for evaluating tumor angiogenesis, and it is 
correlated with overall survival and metastatic 
status8. Besides the angiogenesis required for 

tumor growth, in pancreatic cancer, we found 
a well-developed stroma, rich in myofibroblasts 
representing an encouraging microenvironment 
for cancer cells, leading to development, inva-
sion, and metastasis8. This stroma is also respon-
sible for chemoresistance and radioresistance8. 
Quantitative data obtained by DCE-MRI reflect 
the underlying perfusion and/or permeability of 
the target tissue. Ktrans can have different phys-
iologic interpretations depending on the balance 
between the blood flow and capillary permeabil-
ity in the target tissue. If the contrast material 
uptake is flow limited, then Ktrans is related to 
the tissue perfusion. This condition is encoun-
tered in normal pancreas and in tumors with high 
vascular permeability8. Beyond the hypothesis, 
the role of DCE-MRI in the pancreatic lesion is 
unclear. Several researchers69-71 assessed the role 
of DCE-MRI for the characterization of solid 
pancreatic diseases. Kim et al69 evaluated patients 
with adenocarcinoma (24 patients), with neuro-
endocrine tumors (8 patients), with chronic pan-
creatitis (3 patients), and with a normal pancreas 
(10 patients), showing that in patients with PDAC, 
Ktrans, kep, and iAUC (initial area under curve) 
values were significantly lower than in patients 
with a normal pancreas. Bali et al70 demonstrated 
that Ktrans parameters were significantly lower 
in malignant lesions with respect to benign. On 
the contrary, Zhang et al71 showed that, although 
there were differences in perfusion curves be-
tween PDCA and mass-forming pancreatitis, this 
feature alone did not allow consistent diagnosis. 
These data are similar to the data which we found 
in our previous study8. We assessed semi-quanti-
tative descriptors of intensity/time curves (Figure 
5): maximum signal difference (MSD), TTP, the 
wash-in slope (WIS), the washout slope (WOS), 
the wash-in intercept (WII), the washout inter-
cept (WOI), the WOS/WIS ratio, and the WOI/
WII ratio, showing that there were no differenc-
es for dynamic parameters except a statistically 
non-significant difference for WIS among pan-
creatic tumors, peritumoral inflammatory tissue, 
and normal pancreatic parenchyma8.

Diffusion-Weighted Imaging-MRI
DWI evaluates the microstructure of tissue by 

means of the water proton mobility and cellular 
density evaluation. The water diffusion mobility 
is linked to cell density, tissue vascularity, and 
viscosity. Using a mono-exponential model or a 
bi-exponential model, it is possible to identify 
biomarkers for fibrosis, tumor fluid, and cell 
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membrane integrity72-74. By means of the Intra-
voxel Incoherent Motion method (IVIM), we can 
calculate the pure tissue coefficient (Dt) separate-
ly linked exclusively to diffusion water mobility, 
the pseudo-diffusion coefficient (Dp) linked to 
miscroscopic blood mobility and the perfusion 
fraction (fp). 

The conventional DWI analysis is based on 
the hypothesis that voxel water diffusion has a 
single component and that their distribution is 
Gaussian. On the contrary, water molecules dif-
fusion within the tissue has non-Gaussian behav-
ior75. Therefore, Jensen et al75 in 2005 reported a 
non-Gaussian diffusion model called Diffusion 
Kurtosis Imaging (DKI) (Figure 6). Considering 
this model, it is possible the evaluation of the 

mean value of the kurtosis coefficient (MK) and 
the mean value of the diffusion coefficient (MD) 
with the correction of the non-Gaussian bias.

DWI can furnish additional data to identify 
focal pancreatic lesions, verifying more restricted 
diffusion in solid malignant tumors vs. benign 
inflammatory ones76,79. Lee et al76 showed that 
normal pancreas had higher mean ADC than 
pancreatic cancer or mass-forming pancreatitis. 
ADC and Dt of mass-forming pancreatitis were 
lower than those of pancreatic cancer. There-
fore, the measurement of ADC and Dt may be 
helpful to differentiate pancreatic cancers from 
mass-forming pancreatitis. ADC values of PDAC 
was lower than normal pancreas in several stud-
ies76-80. Muraoka et al78 showed that ADC values 

Figure 6. Same patient of Figure 1. ADC Map (a), MK Map (b) and MD Map (c).

Figure 5. Adenocarcinoma of the pancreatic head: in a (HASTE T2-W sequence), the lesion (arrow) appears hyperintense, in 
b (in-phase T1-W sequence) and c (out-phase T1-W sequence) hypointense and hypovascular in d (VIBE T1-W in equilibrium 
phase); in e and f two time-intensity curves of dynamic perfusion study by two regions of interest.
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of the PDAC were linked to the tumors’ histo-
pathologic composition: when the tumor reveals 
loose fibrosis, the ADC values can be higher 
than the normal pancreas; when dense fibrosis 
and increased cellular elements are present, the 
ADC values were lower than the normal pan-
creas. The mean sensitivity and specificity for 
the PDAC detection were 96.2% and 98.6%81. 
Previous studies81,82 on IVIM model have shown 
that the reduced ADC in PDACs could be linked 
to a difference in perfusion fraction, which is re-
duced in PDACs. Therefore, fp is the best feature 
among DWI-derived parameters to differentiate 
pancreatitis from PDACs83. In our previous inves-
tigation81, we assessed ADC, IVIM parameters, 
and kurtosis coefficient, showing that the per-
fusion-related factors of PDAC, fp and Dp, and 
MD of DKI differed from those seen in patients 
with normal parenchyma and in peritumoral tis-
sue. Our results81 support the hypothesis that the 
kurtosis effect could have a better performance 
to differentiate pancreatic tumors, peritumoral 
inflammatory tissue, and normal pancreatic pa-
renchyma. 

In consideration of its great potential, DWI 
could be included as a complementary imaging 
technique in the standard MRI protocol of the 
pancreas84. 

BOLD-MRI
Hypoxia is emerging as a biomarker of aggres-

sive tumor biology. Compared to other solid tu-
mors, oxygen levels in PDAC are among the low-
est10. Several factors contribute to the low oxygen 
levels, such as low microvascular density, rapid 
tumor growth, extensive desmoplastic stroma10. 
In PDAC cells, hypoxia induces the expression 
of a number of genes, especially tumor-promot-
ing transcription factors such as the hypoxia-in-
ducible factors (HIFs). Reduced oxygen levels 
and subsequent stabilization of HIF-1 facilitate 
stromal remodeling by activation of pancreatic 
stellate cells to produce matrix molecules. Then, 
hypoxia and the PDAC dense tumor stroma are 
interdependent and may potentiate each other in 
a positive feedback loop, called hypoxia-fibrosis 
cycle10. The assessment of the hypoxic fraction 
in PDAC could have a potential impact on treat-
ment stratification and could improve therapy 
outcome10. BOLD-MRI makes use of paramag-
netic properties of deoxyhemoglobin in order to 
regional quantification of oxygenation26. 

To the best of our knowledge, no paper as-
sessed the role of BOLD-MRI in PDCA. Mayer 

et al10 showed that DW-MRI is well suited for the 
evaluation of tumor hypoxia in PDAC and could 
potentially be used for the identification of lesions 
with a high hypoxic fraction, which is at high risk 
for failure of radio-chemotherapy.

Radiomics Analysis
Radiomics consists of several parameters ex-

traction by images that can provide information 
about tumor phenotype as well as the cancer 
microenvironment85. Radiomics, if combined 
with patient outcome data, could produce evi-
dence-based clinical-decision support systems. 
The main objective is to combine several mul-
timodal quantitative data with mathematical 
methods to provide clear and robust parameters 
allowing an outcome prediction85. Radiomics of-
fers outstanding benefits over qualitative imaging 
assessment since this is clearly limited by the 
subjective evaluation of radiologists. A radiomic 
information extension can be obtained by adding 
genomics data (radiogenomics); in fact, genomic 
markers such as microRNA expression have been 
shown associated with treatment response, meta-
static spread, and prognosis that could offer per-
sonalized and precision medicine85. In PDAC, CT 
is the main diagnostic tool for assessment of the 
local extent of disease and surgical planning. CT 
images can be used to extract radiomic features 
without extra image acquisition cost providing 
comprehensive information on the tumor pheno-
typic and textural structure. Park et al86 assessed 
CT-based machine learning of radiomics features 
in order to distinguish autoimmune pancreatitis 
(AIP) from PDAC, reporting an overall accuracy 
of 95.2%. Similar results were found by Chu et 
al87 in the assessment of CT radiomics features 
to differentiate PDCA from normal pancreatic 
tissue. Several studies88-93 have shown the prog-
nostic value of CT radiomic features in PDCA. 
A larger cohort of 161 patients90 with resected 
PDAC was recently analyzed to evaluate the 
prognostic accuracy of radiomic features com-
bined with preoperative serum carbohydrate anti-
gen 19.9 (CA19.9 levels) and pathology score (The 
Brennan score). In this study was reported that 
adding the pathology score to radiomic features 
and serum cancer antigen improves the prognos-
tic power of the model90. 

Iwatate et al94 examined whether the expression 
of p53 and PD-L1 could be predicted from CT 
images. They found that p53 and PD-L1 were sig-
nificant independent prognostic factors. The area 
under the receiver operating characteristic curve 
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for p53 and PD-L1 predictive models was 0.795 
and 0.683, respectively. Radiogenomics predicted 
p53 mutations were significantly associated with 
poor prognosis, whereas the predicted abnormal 
expression of PD-L1 was not significant94.

Texture analysis (TA) is a form of radiomics 
that refers to quantitative measurements of the 
histogram, distribution and/or relationship of im-
age pixels signal intensity. MR-TA has multiple 
limitations: many texture data are sensitive to 
multiparametric acquisition and reconstruction 
data (flip angle, repetition time, echo time, field-
of-view, contrast, slice-thickness, and reconstruc-
tion algorithms affect pixels intensity, spatial 
relationships, and edges)95. To minimize these ef-
fects, image protocol standardization and the use 
of image filtration methods have been utilized95. 
Another major challenge with MR-TA is the 
volume produced data: with many texture tools 
generating hundreds or thousands of measure-
ments. Moreover, it is difficult to understand the 
texture parameters meaning, and it is complicated 
to identify relationships between one or more 
texture features and a biologic outcome when the 
number of texture parameters exceeds the patient 
sample size95. Quantitative MR-TA has been eval-
uated in a limited manner in PDAC. A retrospec-
tive study, including 66 patients with pancreatic 
cancer, found that tumor size and MR-TA data 
were predictive of both recurrence-free survival 
and overall survival in univariate analysis. In 
contrast, only tumor size remained predictive in 
multivariate analysis96.

Considerations
The possibility of multimodal imaging, inte-

grating the different methods with each other, 
allows an adequate stratification of patients based 
on risk and then the choice of the most suitable 
treatment97-127. As a standard of care imaging mo-
dality, CT images can be used to obtain morpho-
logical data and functional data to increase tu-
mor conspicuity and characterization. Although 
DECT and pCT have been the subject of several 
studies, the data still need further verification, 
while the role of DCE-MRI is still unclear. Oth-
erwise, a greater interest is reserved for DWI 
and DKI, as well as radiomics, considering that 
the extraction of the radiomic features without 
extra image acquisition cost to the healthcare 
system could provide comprehensive data on the 
tumor phenotypic and textural structure in order 
to allow patients outcome prediction and more 
personalized treatment.

Conclusions 

Diagnosis of PDAC remains challenging due to 
overlapping imaging features with benign lesions 
and not-withstanding great advances with CT 
and MRI. However, proper detection and char-
acterization of pancreatic lesions are mandatory 
because the prognosis is linked to tumor type and 
grade, as well as correct staging on imaging. The 
possibility of functional imaging, such as pCT, 
DCE-MRI, DWI, DKI, and radiomics approach-
es, has revolutionized pancreatic imaging, not 
only improving the detection and the characteri-
zation of the lesions but also allowing a prognosis 
related to radiological features, favoring the pro-
cess versus a personalized medicine.
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