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ARTICLE INFO ABSTRACT

Purpose: To test the potential impact of pharmacokinetic parameters, derived from DCE-MRI analysis, on the
diagnostic performance of PI-RADSv.2 classification in prostate lesions characterization.

Method: Among patients who underwent multiparametric prostate MRI (mpMRI) (January 2016-March 2018)
followed by histological evaluation (targeted biopsies/prostatectomy), 103 men were retrospectively selected.
For each patient the index lesion was identified and pharmacokinetic parameters (Ktrans, Kep, Ve, Vp) were
assessed. MRI diagnostic performance in the detection of significant tumors [Gleason Score (GS)=7] was as-
sessed, considering PI-RADS =3 as positive.

Results: GS = 7 (n = 59) showed higher Ktrans (p < 0.01) and Kep (p = 0.01) compared to GS < 7. At ROC
curve analysis, a Ktrans cut-off of 191 x 10~ >/min was identified to predict the presence of GS = 7 (AUC:0.75;
sensitivity:95%; specificity:61%). Sensitivity and PPV of mpMRI using PI-RADSv.2 were 98% and 61%.
Reclassifying PI-RADS = 3 lesions according to Ktrans cut-off, 22 false positives were shifted to true negatives
with 3 false negative findings; PPV raised to 79%. Appling Ktrans cut-off to PI-RADS 3 lesions of peripheral zone
(n = 18), 12 true negatives, 4 true positives, 2 false positives were identified.

Conclusions: Despite its high sensitivity prostate mpMRI generates many false positive cases: Ktrans in addition
to PIRADS v.2 seems to improve MRI-PPV and may help in avoiding redundant biopsies.
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1. Introduction

Prostate cancer (PCa) is the most frequently diagnosed tumor and
the second and third-most common cause of cancer death among men
in US and Europe, respectively [1,2].

Multiparametric magnetic resonance (mpMRI), which includes T2-
weighted (T2W), diffusion weighted (DWI), and Dynamic Contrast-
Enhanced (DCE) imaging, has become an essential tool in patients
work-up, providing reliable information for detection, localization,
characterization and staging of PCa [3,4].

Thanks to its high sensitivity and negative predictive value, mpMRI
has recently been proposed as a triage-test for target biopsy, in men
with elevated serum PSA (Prostate Specific Antigen) [5,6]. On the other
hand, due to its relatively low specificity and positive predictive value
mpMRI still produces a consistent number of false positive results and
therefore unnecessary biopsies [7-10].

PI-RADS (Prostate imaging reporting and data system) version 2, is
one of the most utilized reporting system for prostate mpMRI [3]. It
consists in a 5-point scale classification that summarizes the levels of
risk of clinically significant prostate cancer based on mpMRI findings,

Abbreviations: PCa, prostate cancer; mpMRI, multi-parametric magnetic resonance imaging; T2W, T2-weighted; DWI, diffusion weighted imaging; DCE, dynamic
contrast-enhanced; PI-RADS, prostate imaging reporting and data system; PSA, prostate specific antigen; PK, pharmacokinetic; ADC, apparent diffusion coefficient;

GS, gleason score; AIF, arterial input function; ROI, region of interest; PZ, peripheral zone; TZ, transition zone;
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Table 1

Imaging protocol details.
Parameter T2 TSE axial T2 TSE sagittal T2 TSE coronal DWI (b: 50, 800, 1600) DCE
TR (ms) 4824 4370 2991 4376 3.7
TE (ms) 120 120 120 80 1.83
FOV (mm) 180 x 180 180 x 180 180 x 180 180 x 180 180 x 180
Matrix 512 x 512 512 x 512 512 x 512 144 x 144 280 x 280
Thickness (mm) 3 3 3 3 3
Gap (mm) 0.3 0.3 0.3 0.3 0
Flip angle (°) 90 90 90 90 5,8,12,15
Acquisition time 4min 6s 3min 25s 2min 8s 5min 19s 3min 20s

Note- TE = echo time; TR = repetition time; TSE = turbo spin-echo; DWI = diffusion-weighted imaging, DCE = dynamic contrast enhanced, FOV = field of view.

considering T2W, DWI and DCE sequences [11]. Compared to PI-RADS
v1, in this latest version the role of DCE has become secondary to DWI
and T2W images and is based on qualitative and subjective assessment
of focal enhancement in a suspicious area. Like in many other tumors
the enhancement pattern of PCa is usually different from the sur-
rounding normal tissue, with tumor showing an earlier and more pro-
nounced uptake of contrast medium. This behavior is thought to be
related to the deregulation of angiogenic pathway in PCa, that leads to
an increased release of angiogenic factors. As result the number of
vessels increase and these newly formed vessels have weaker and more
permeable walls [12-14]. Quantitative parameters obtained from
pharmacokinetic (PK) models applied to DCE-MRI are known to pro-
vide information related to capillary permeability, blood fraction and
interstitial space volume. These parameters have demonstrated superior
performance to differentiate between cancerous and normal prostatic
tissue, compared to qualitative or semi-quantitative enhancement
analysis [15,16].

In this study we explored the potential role of PK parameters in the
implementation of mpMRI diagnostic performance based on PI-RADS
v2, aiming to reduce the number of false positive findings and increase
MRI positive predictive value.

The secondary endpoint was to evaluate the impact of PK para-
meters in the management of intermediate risk lesions (PI-RADS 3), in
which the presence of clinically significance cancer is equivocal, that
still represents a challenging issue of mpMRI [17].

2. Material and methods
2.1. Patient population

Our Institutional Review Board approved this retrospective study.
We used archived patient data from our institutional database. All men
undergoing mpMRI of the prostate at our hospital (and consequently all
patients enrolled in this analysis) provided written informed consent for
having their data collected for research purposes before the scan. From
our Data Base of 666 prostate mpMRI, acquired between January 2016
(time of incorporation of a new DCE sequence into our prostate MR
imaging protocol) and March 2018, we retrospectively selected patients
with available corresponding histological specimen obtained through
targeted biopsies or prostatectomy, performed at our Institution after
MRI examination. We retrieved 112 men and excluded those with poor
quality imaging (n = 5) and with MR performed without endorectal
coil (n = 4). The final population consisted of 103 patients (mean age:
64; range: 45-83); the mean PSA value was 8 ng/ml (range: 3,7-69).

Prostate specimens were processed according to the Stanford pro-
tocol [18] and analyzed by a dedicated uro-pathologist with 20 years of
experience.

2.2. MRI protocol

All patients underwent a 1.5-T mpMRI study (Achieva and Achieva
dStream, Philips Medical Systems, Best, Netherlands) with a balloon-
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covered expandable endorectal coil (BPX-15™, Bayer Medical Care,
Indianola, PA, USA) paired with a phased array 5 or 32-channel surface
coil, depending on the scanner. Gastrointestinal peristalsis was sup-
pressed by intramuscular administration of 20 mg of scopolamine-bu-
tylbromide (Buscopan, Boehringer Ingelheim, Ingelheim, Germany) in
all men. The imaging protocol consisted of multiplanar turbo spin-echo
T2-weighted images, echo-planar DWI (b values: 50-800-1600s/mm?,
with automatic ADC maps generation based on a pixel-by-pixel ela-
boration using both two and three b values), multiple flip angle T1-
weighted images for T1 mapping and 3D fast field-echo DCE MRI
(temporal resolution 4.1s) acquired during an intravenous bolus in-
jection of 0.1 mmol/kg of gadobutrol (Gadovist, Bayer Schering
Pharma, Germany), administered at 3.5mL/s with an automatic in-
jector (Spectris® MR Injector System, Medrad®, Indianola, PA, USA),
followed by 20 mL saline at the same injection rate.
Imaging protocol details are listed in Table 1.

2.3. MRI image analysis

All images were reported according to PI-RADS v2 guidelines [3].
Two radiologists (** and *** with 10 and 7 years of experience on
prostate mpMRI interpretation, respectively), blinded to clinical and
histopathological information, independently reviewed and analyzed
all the images, selecting for each patient the index lesion. The index
lesion was identified as the lesion with the highest PI-RADS score. If
two or more lesions with same PI-RADS score were present, the largest
one was considered for the analysis. Of note, histopathological data
were available for all the target areas included in our study.

Images were analyzed with a commercial available permeability
software (IntelliSpace Portal v.7, Philips Healthcare, Best, The
Netherlands) approved by United States Food and Drug administration.
Pharmacokinetic parameters were calculated from DCE images using
the modified Toft model and a population-based arterial input function
(AIF) as previously reported [19-21]. For each patient both radiologists
manually drew three regions of interest (ROIs) on the subtracted image
sets from the DCE-MRI, using T2-weighted images or ADC map for the
morphologic reference. The first ROI outlined the index lesion within
the peripheral (PZ) or transition (TZ) zone. The second and the third
ROIs were placed in normal PZ and TZ areas.

For each resulting ROI the following perfusion parameters were
calculated: transfer constant (K"*"), rate constant (Kep), extravascular
extracellular volume fraction (Ve) and plasma volume fraction (Vp).

MRI results were compared to the histological findings considering
the diagnosis of significant PCa based on Gleason score (GS) =7
(International Society of Urological Pathology grade group =2).

2.4. Statistical analysis

Clinical and demographic continuous variables were summarized as
median (interquartile range), and categorical data were presented as
frequencies and percentages. Differences in the analyzed parameters
between benign and malignant groups were calculated using
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Mann-Whitney U test or Kruskal-Wallis H test when appropriate.
Dependencies between categorical variables were assessed using exact
Fisher test.

Interobserver consensus and agreement in measuring K™ and Ke,
values were evaluated by means of the Spearman and Interclass
Correlation Coefficients (ICC).

To measure the overall diagnostic performance and to determine
possible cut offs for PK parameters, Receiver Operating Characteristics
(ROC) curves were fitted by means of Gaussian kernel estimators with
bandwidth selected by unbiased cross validation. As pre-processing, we
also dichotomized continuous variables according the “top-left” rule.
For clinical purposes, we considered as “clinically acceptable” only cut-
off values with an associated accuracy greater of 80%.

Sensitivity, specificity, negative predictive value, positive predictive
value and accuracy relative to the pathologic reference standard were
calculated by means of Leave One Out Cross Validation (LOOCV) to
keep under control too optimistic bias and differences assessed by
means of the McNemar test.

Statistical significance was set at p < 0.05. P-values were com-
puted by permutation procedures to avoid any distributional assump-
tion. All statistical analyses were performed using SPSS® software
package version 20.0 (IBM Corp. Armonk, NY, USA) and R (Foundation
for Statistical Computing, Wien, Austria).

3. Results
3.1. Population and lesions characteristics

Table 2 shows histopathological data and mpMRI findings of the
103 index lesions considered for the analysis. The histological speci-
mens were obtained through prostatectomy (n = 26/103, 25%) or

Table 2
Clinical, histopathological and radiological characteristic of
study cohort (n = 103).

Parameter Value

Histological results*

Benign/normal 29% (30/103)
ASAP/HG-PIN 7% (7/103)
GS 6 7% (7/103)
GS7 48% (49/103)
3+4 20% (20/103)
4+3 28% (29/103)
GS 8 1% (1/103)
GS 9 8% (9/103)
Gleason Score*

GS <7 43% (44/103)
GS=7 57% (59/103)
Location at MRI*

PZ 82% (84/103)
TZ 18% (19/103)
PI-RADS*

2 8% (8/103)

3 22% (23/103)
4 55% (57/103)
5 15% (15/103)
PI-RADS 2 vs 3-4-5*

2 8% (8/103)
3-4-5 92% (95/103)
ADC (mm?/sec)t 0.74 (0.6-0.9)
GS <7 0.9 (0.7-1)
GS=7 0.7 (0.6-0.8)
Lesion volume (cc) T 0.4 (0.2-0.9)

Note-PSA = Prostate specific antigen; GS = Gleason score;
ADC = Apparent Diffusion Coefficient; PI-RADS = Prostate
Imaging Reporting and Data System.

*Data are shown as number of lesions (percentages of total
number of lesions).

T Data are reported as median (interquartile range).
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Table 3
Diagnostic performance of detection GS = 7 cancer at PI-RADS category = 3
for overall, peripheral and transition zone.

Overall (n = 103) PZ (n = 84) TZ (n = 19)
Sensitivity 98 (58/59) 98 (48/49) 100 (10/10)
Specificity 16 (7/44) 14 (5/35) 22 (2/9)
PPV 61 (58/95) 62 (48/78) 58 (10/17)
NPV 87 (7/8) 83 (5/6) 100 (2/2)
Accuracy 63 (65/103) 63 (53/84) 63 (12/19)

Note-PZ = peripheral zone; TZ = transition zone; PPV = positive predictive
value; NPV = negative predictive value. Data are shown as percentages, in
parentheses are numerators and denominators.

targeted biopsies (n = 77/103; 75%), including MRI-TRUS fusion
guided biopsy (n = 69) and MRI-guided in-Bore biopsy (n = 8). His-
topathological analysis identified 59/103 (57%) significant PCa
(GS = 7): 49/59 (83%) located in the PZ and 10/59 (17%) located in
the TZ.

3.2. Performance of PI-RADS v2

We evaluated the diagnostic performance of mpMRI for the pre-
diction of GS = 7 cancers considering PI-RADS =3 as positive results.
For overall detection of GS = 7, PI-RADS classification had a sensitivity
of 98% (58/59) and positive predictive value (PPV) of 61% (58/95),
identifying 37 false positives, 7 true negatives, 58 true positives and 1
false negative. Results are shown in Table 3.

3.3. Permeability analysis

ROI placement and measurements of K™ and K., values of index
lesions had very good interobserver reproducibility [K"** Spearman
rho: 0.943 (95% CI: 0.91-0.96); ICC: 0.936 (95% CI: 0.88-0.96). Kep
Spearman rho: 0.825 (95% CI: 0.74-0.87); ICC: 0.879 (95% CI: 0.69-
0.90)], therefore the mean values between the two readers were used
for the analysis.

Quantitative DCE analysis showed significantly higher K™ values
in cancerous tissue (GS = 6) compared to the corresponding normal
prostatic tissue, both for cancers located in the peripheral zone [PZ-
cancer: 269 x 10~ 3/min (148-393) vs PZ-normal tissue: 58 x 103/
min (38-97), p < 0.001] and for cancers located in the transitional
zone [TZ-cancer: 269 x 10~ 3/min (142-400) vs TZ-normal tissue:
178 x 10~ 3/min (115-248), p = 0.001]. Similar results were obtained
comparing cancerous and normal tissue for K., values [PZ-cancer:
345 x 1073/min (199-542) vs PZ-normal tissue: 224 X 10~ >/min
(107-306), p < 0.001; TZ-cancer: 353 X 10~3/min (199-558) vs TZ-
normal tissue: 154 X 10~ 3/min (41-291), p = 0.001].

K™ and K., values were significantly higher in GS=7
[326 x 10~ 3/min (220-444) and 429 x 10~ 3/min (226-675)] com-
pared with GS < 7 lesions [143 x 10~%/min (96-307) and
296 x 10~ 3/min (191-420)] (p < 0.001 and p = 0.01, respectively).
However, a considerable overlap of values was observed between the
two groups (Fig. 1).

Otherwise K" and K, values did not show a different distribution
within different GS groups (p = 0.83).

Deriving ROC curves for K™ and K., for GS = 7 the corresponding
AUC were 0.75 and 0.65 respectively for overall lesions, 0.84 and 0.70
for PZ lesions, 0.48 and 0.45 for TZ lesions (Fig. 2).

The overall K™ cut-off was 191 x 10~ 3/min (sensitivity 0.95;
specificity 0.61, accuracy 0.81). The same cut-off value was found
considering PZ lesions (sensitivity 0.96, specificity 0.74, accuracy
0.87). We didn’t find a “clinically acceptable” cut-off value for K., with
an accuracy at least of 0.80 (max accuracy 0.65).
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Fig. 1. Boxplot showing distribution of K"

overall (a) and PZ lesions (b).

according to GS < 7 and =7 for

3.4. K" integration into PI-RADS v2

Positive PI-RADS v2 cases (PIRADS score =3) were reclassified as
negative when K™ was lower than the cut-off of 191 x 10~ 3/min. As
result 22 false positives were shifted to true negatives and 3 true po-
sitives were reclassified as false negatives. The new diagnostic perfor-
mance mpMRI for the prediction of GS = 7 considering as positive re-
sult PI-RADS=3 + K" cut off =191 x 10~ 3/min is shown in
Table 4. The resulting overall PPV and accuracy were 79% (vs 61%)
and 82% (vs 63%, p < 0.001) respectively, while sensitivity did not
significantly decrease (93% vs 98%, p = 0.25).

Considering only PZ lesions the improvement of diagnostic perfor-
mance was even more evident: PPV 84% (vs 62%) and accuracy 86%
(vs 63%, p < 0.001). An example of a false positive case (PI-RADS 4)
of PIRADS v.2 classification, downgraded with the application of K"**"
cut-off is shown in Fig. 3.

3.5. Reclassification of PI-RADS score 3 cases based on K™ cut-off

Out of 103 lesions 23 were classified as PI-RADS 3. Among them, 18
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Fig. 2. ROC curves and corresponding AUCs for K™ in predicting GS = 7 for
overall (a) and PZ (b) lesions.

Table 4

Diagnostic performance of detection GS = 7 cancer at PI-RADS category = 3
with application of Ktrans cut off of 191 x 10~ 3/min for overall, peripheral
and transition zone.

Overall (n = 103) PZ (n = 84) TZ (n = 19)
Sensitivity 93 (55/59) 94 (46/49) 90 (9/10)
Specificity 66 (29/44) 74 (26/35) 33 (3/9)
PPV 79 (55/70) 84 (46/55) 60 (9/15)
NPV 88 (29/33) 89 (26/29) 75 (3/4)
Accuracy 82 (84/103) 86 (72/84) 63 (12/19)

Note-PZ = peripheral zone; TZ = transition zone; PPV = positive predictive
value; NPV = negative predictive value. Data are shown as percentages, in
parentheses are numerators and denominators.

were located in the PZ and 5 in TZ. The histopathological results
showed 4 GS = 7 tumors, all located in PZ, and 19 not significant le-
sions (3 GS =6 and 16 GS < 6). PI-RADS 3 lesions located in the
peripheral zone showed higher K" value compared to the sur-
rounding normal PZ (median: 296 X 10~3/min vs 117 x 10~ 3/min;
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Fig. 3. 60 yo man, PSA 6 ng/ml. mpMRI: lesion
of apical right peripheral zone with hy-
pointense signal on T2W image (a), low ADC
value (0.98 x 10~ *mm?/sec) (b) and iper-
enhancement on DCE (c) classified as PI-RADS
4.  Permeability  analysis showed a
K™" = 92 x 10~ 3/min (d). Targeted biopsy
was performed confirming absence of patho-
logical tissue.

mean: 428 x 10~ 3/min vs 70 x 10~ 3/min; p = 0.025), while PI-RADS
3 of transition zone did not show any significant difference in PK
parameters compared to the normal TZ. Classifying PI-RADS 3 lesions
of PZ according to K™ cut-off of 191 x 10~ 3/min value we identified
12 true negatives, 0 false negatives, 2 false positives and 4 true positive
(Fisher exact Test p = 0.037). The resulting diagnostic performance
was as follows: sensitivity 100%, specificity 86%, PPV 66%, NPV 100%,
accuracy 89%.

4. Discussion

MpMRI is known to have a remarkable high negative predictive
value for detecting significant PCa. This characteristic has led to an
increasingly use of this technique as a triage test before prostate biopsy.
However, its positive predictive value is relatively low, ranging from
68% down to 20%, depending on the reference test used, the patient
population examined and the definition of a positive MRI [8,9,15].
Consequently, the number of avoidable biopsies remains high [22,23].

The recently released PI-RADS v2 guidelines provides a 5-point
scale classification that seeks to maintain a balance between achieving
high sensitivity for significant disease and avoiding an excessive
number of unnecessary biopsies. In our study, we confirmed the high
sensitivity (98%) and NPV (87%) of PI-RADS v2 classification, with a
still non satisfying specificity (16%) and PPV (61%). Such low value of
specificity could be partially explained by the modality of patients’
enrollment. Since we retrospectively select men with available histo-
pathological sampling (therefore high risk), we observed a very small
number of true negative cases (n = 7). Nevertheless, our data are in line
with a recent study published by Simmons et al. [24]. Moreover, in-
cluding PI-RADS 3 lesions in MRI positive results, although PI-RADS 3
is defined as intermediate risk, we recorded a significant number of
false positives (n = 37); but, since we were evaluating mpMRI in the
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setting of pre-biopsies assessment, the sensitivity (minimizing missing
significant PCa) took precedence over specificity and PPV.

Since qualitative analysis of DCE is already included in PI-RADS v2
criteria, we attempt to evaluate if quantitative assessment of perme-
ability parameters may improve MRI diagnostic performance, seeking
to increase PPV.

In our study K" and K., were significantly higher in cancerous
tissue compared to normal prostatic tissue and in significant prostate
tumor (GS = 7) compared to nonsignificant lesions (including GS 6,
precancerous and benign alteration), as previously reported [25-27].
Consistently with some previous studies we did not observe a sig-
nificant difference in K™" and K., values among GS 7, GS 8 and GS 9
[28]. Nevertheless, these results could be influenced by the great nu-
meric difference among our GS classes, with GS 7 representing 74% of
all neoplastic findings.

Cho E et al. [25] and Sanz-requena R et al. [27] in their studies
proposed a K™ cut-off value for the prediction of significant PCa
(184 x 10~ 3/min and 210 x 10~ 3/min, respectively); these results are
highly comparable with our findings (K™ cut-off: 191 x 10~ 3/min).

In our study we were unable to find a satisfying cut-off for K, va-
lues. One possible explanation can be identified in the limited duration
of our dynamic study, that sometimes could have terminated before the
complete manifestation of the extravascular extracellular space-blood
plasma transference phenomenon.

In their recent study Rosenkrantz A et al tested the diagnostic per-
formance of PI-RADS v2 decision rules and proposed different possible
adjustments, underling the fact that this classification needs to be im-
proved [29]. To the best of our knowledge our study represents the first
attempt to apply quantitative results derived from DCE-MRI analysis to
PI-RADS v2 classification, in order to reduce the amount of false posi-
tives, increase positive predictive value and therefore limit the number
of avoidable biopsies.
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The application of K™ cut-off on PI-RADS v2 positive cases (PI-
RADS = 3), considering both PZ and TZ lesions, raised PPV from 61% to
79% with a comparable sensitivity (98% vs 93%, p = 0.25). Of note,
the 3 false negative results, introduced by the cut-off application, were
all GS 3 + 4 lesions with a tumor volume below the significance
threshold of 0.5 cc, as reported in PIRADS v2. Splitting PZ from TZ
lesions the results were even more promising for PZ (PPV 84% vs 62%),
but less satisfying for TZ (PPV 60% vs 58%). These results can be ex-
plained by heterogeneous nature of TZ, where benign prostate hyper-
plasia nodules show avid contrast enhancement similar or even greater,
compared to PCa. Moreover, the microvasculature of TZ tumors have
been demonstrated to be more heterogeneous compared to PZ tumor,
with a larger number of relatively hypovascular lesions, therefore the
discriminant value of DCE imaging for TZ PCa remains a conflicting
matter [30,31].

The management of intermediate risk lesions (PI-RADS 3) re-
presents a remarkable issue in the clinical setting, with both biopsy and
wait-and-see strategies considered as reasonable approach [32]. Ap-
pling our K™ cut-off on the PI-RADS 3 lesions of the PZ (n = 18), we
correctly identified 12 true negatives and none false negatives, with
only 2 false positives (sensitivity 100% and specificity 86%). This
finding suggests that K™ cut-off could help in reclassifying PI-RADS 3
in lower or higher risk classes.

Our study has some limitations. Most important, this is a retro-
spective study that included a selected high-risk population, with small
number of true negatives. Furthermore, the histopathological gold
standard was obtained in different ways, through radical prostatectomy
approximately in a quarter of the patients and through targeted biopsies
in the remaining. Another limitation of the study is related to the
modality of perfusion images analysis. We used a ‘ROI-averaged’ ana-
lysis that, compared to a ‘pixel by pixel analysis’, does not consider the
spatially heterogeneous enhancement within the ROI. In previous stu-
dies and in other oncological setting, some authors suggested that ‘pixel
by pixel” analysis should be preferred especially to monitor perfusion
parameters changes during therapy [33-35]. This seems to be more
suitable to capture tumor response, known to be heterogeneous due to
different grades of tumor necrosis. In our study the majority of lesions
had a small volume (median 0.4 cc; interquartile range 0.2-0.9) and
thus the heterogeneity within the lesion is expected to be less relevant.
Also, “ROI-averaged analysis” is more commonly used in daily clinical
practice compared to “pixel-by-pixel” and therefore it may provide, at
the present time, more widely applicable results. Further comparative
studies are needed to evaluate the potential impact of these two dif-
ferent methodological approaches on the perfusion analysis results
concerning prostate neoplastic lesions.

Lastly, the quantitative approach was not performed using an in-
dividualized AIF but through a population based AIF, that is considered
justified in clinical setting [36,37] and has been used in previous stu-
dies [38,39]. Moreover, PK parameters quantification depends on sev-
eral factors, such as MRI scanner, DCE-protocols, pharmacokinetic
models and permeability analysis software employed. Therefore, it is
still not possible to identify a universal cut-off value for K" for all
different clinical settings and every center should establish its own re-
liable cut-off.

5. Conclusions

In conclusion DCE-MRI pharmacokinetic parameters, especially
K" may improve PI-RADS v2 diagnostic performance and its cap-
ability in prostate lesions’ characterization, decreasing the number of
false positive results. Moreover, K™ may optimize the classification of
intermediate risk lesions that still represent a clinical management
challenge.
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