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Introduction: The Immune compleX Predictive Index (iXip) is a predictive tool for prostate
cancer (PCa) diagnosis that integrates PSA, PSA-IgM, prostate volume, and patient age.
The aim of the study was to assess the correlation between iXip and clinically significant
PCa in patients who underwent radical prostatectomy.

Material and Methods: A prospective multicenter study was conducted from February
2018 to August 2019 enrolling 235 patients. Stepwise-selected predictors were used to
estimate multivariate regression models for each outcome, the reference model with only
the set of predictors and the same model with the addition of iXip. The prediction accuracy
of the two models was assessed calculating the partial area under the receiver operating
characteristic curve.

Results: The ROC curve analysis showed significant differences in terms of partial area
under the curve between iXip and pathological Gleason Score ≥ 7 and between iXip and
tumor volume ≥ 2.5 mm3. The scatter plot analysis showed a positive linear correlation
between iXip and tumor volume (considered as a continuous variable). The
subpopulations with pT3–4 disease and cT3 disease and with positive surgical margins
showed a significant linear relationship between iXip and tumor volume.
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Conclusion: We found elements supporting a possible correlation between iXip and
aggressive PCa in terms of Gleason Score ≥ 7 and tumor volume ≥ 2.5 mm3.
Keywords: iXip, biomarkers, PSA, PSA-IgM, prostate cancer
INTRODUCTION

Prostate cancer (PCa) is the most commonly diagnosed cancer in
men in Italy with 36,074 cases in 2019 (18.5% of the total tumor
diagnosis in Italy) (1); the most frequent in males aged in the
range between 50–69 and over 70 years (1).

Almost all PCa-related deaths are due to the development of
metastatic condition, which substantially remains an incurable
disease (2–4). Accordingly, many efforts have been done to
achieve an early diagnosis, mainly through the widespread
diffusion of prostate specific antigen (PSA) and inherent
diagnostic framework (5). However, the indiscriminate
adoption of PSA-based strategies has also determined a
substantial rate of diagnosis of clinically insignificant diseases
and consequently exposed patients to overtreatment (6). Thus,
various risk-stratification tools have been suggested in order to
distinguish clinically relevant from insignificant PCa at diagnosis
(7–10).

The iXip (Immune CompleX Predictive Index, Xeptagen,
Venice, Italy) is a diagnostic integrated tool designed to
improve the predictive performance of the PSA-IgM immune
complexes only merging these data with serum PSA value,
prostate volume, and patient’s age (11, 12). The output
generated by the algorithm is a numerical value ranging
between 0% and 100% directly correlated with the risk of PCa
at biopsy. A recent paper from our group (13) reviewed the
actual clinical applications of this biomarker in biopsy naïve
patients (11, 12, 14), in men with previous negative biopsy (15),
and in patients with clinically significant cancers (12, 14) and
during active surveillance (16). Based on the association of iXip
with some biological features of PCa, we designed a prospective
multicenter study (the Proxima trial) that aims to assess
whether preoperative iXip can predict clinically relevance of
PCa, as defined on pathological features available at radical
prostatectomy specimen.
MATERIALS AND METHODS

Study Design and Participants
A prospective multicenter study was conducted from February
2018 to August 2019, the PROXIMA study (ClinicalTrials.gov
identifier: NCT03413007). Three third-level urologic centers
were involved after local ethical committee approval (protocol
number 2969): the Spedali Civili Hospital of Brescia, the
University Hospital of Parma, and the Papa Giovanni XXIII
Hospital of Bergamo.

Between February 2018 and August 2019, all consecutive
patients for radical prostatectomy to one of three urology
departments located in North Italy (Brescia, Parma, and
2

Bergamo) were screened for possible involvement in the
present study; each patient signed an informed consent. The
inclusion criteria were as follows: patients with histologically
proven prostate cancer, patients scheduled for radical
prostatectomy, and able to provide consent and aged between
18 and 80 years. The exclusion criteria included the following:
patients treated with neoadjuvant hormone therapy, salvage
radical prostatectomy, with concomitant solid or hematological
tumors, autoimmune disorders, immunosuppressive therapies,
acute bacterial, or viral infections.

Variables
Baseline, clinical, and pathological outcomes, including Gleason
Score, ISUP grading group, TNM stage, prostate volume, and
tumor volume, were collected anonymously.

We considered the correlation between iXip and the following
outcomes as primary endpoints:

- the pathological Gleason Score ≥ 7 or the pathological ISUP GG
≥ 3

- the pathological tumor volume ≥ 2.5 mm3

- the pathological TNM pT stage ≥ 3 or pN > 0

As secondary endpoints, we evaluated the correlation between
iXip and

- the clinically significant PCa (CS-PCa): tumor volume ≥ 2.5
mm3 and pISUP ≥ 3 and pT ≥3

- the tumor residual (R1): PSA ≥ 0.1 or positive surgical margins
Data Sources/Measurements
The diagnosis of PCa was based on prostate biopsy done
according to the protocol adopted by each institution, in
general magnetic resonance imaging (MRI), while in a
minority of cases the biopsy was done according to standard
template (mapping). The indication to surgery was founded on
international guidelines (17) and established by clinicians at each
institution, generally after multidisciplinary discussion. Surgery
was conducted through robotic, open, or laparoscopic
approaches, according to the preference of the referring
surgeon. Pathological examination was done at each institution
by expert uro-pathologists, blinded of iXip evaluation.

Prostate volume was determined as a common procedure
preceding the prostate biopsy by transrectal ultrasound using the
ellipsoid formula (Volume = Length × Height × Width × p/6) (18).
The tumor volumewas calculated by the expert local uro-pathologist
as the percentage of prostatic involvement by cancer using specific
software that evaluated the area covered by the entire tumor foci
manually marked on every microsection (19). To calculate the
volume in cubic centimeters (cm3), the equation offered in the
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study byHumphrey et al. (20) was applied: tumor volume (cm3) =%
of tumor volume × number of sections × 0.567 (conversion factor).

iXip was calculated for each patient using the online
calculator http://iXip.xeptagen.com considering the initial PSA
at biopsy, the PSA-IgM, the patient’s age, and the prostate
volume. After patient enrollment, during the routine blood
collection, an aliquot of blood was reserved for the PSA-IgM
assay, according to the procedures below described. Briefly,
serum was obtained from the sample, frozen at -20°C in
aliquots of 500 µl each, and sent for the centralized
measurement to the Pharmacology Section of the University of
Brescia. The expression level of PSA-IgM was measured in
duplicate (100 µl/sample), using the XEPTAGEN Prostate-IC
Kit (Code XG007, Xeptagen SpA, Venice, Italy), following the
manufacturer’s instructions. Absorbance was measured by an
EnSight Multimode Plate Reader (PerkinElmer Italia, Milan,
Italy) at 450 nm. The immunocomplex concentration of the
patient samples was read directly on the x-axis by interpolating
the absorbance on the standard curve. The PSA-IgM
concentration was expressed in arbitrary units (AU/mL),
within a linear range from 6.5 to 100 AU/mL). Sample size
was calculated basing on data reported on iXip by Gallotta et al.
(11) and considering appropriate to recruit at least 76 patients
per center, for a total of at least 228 patients.

Quantitative Variables and Statistical
Methods
Categorical variables were summarized as the absolute and
relative frequencies, and numerical variables are shown as the
median and IQR. For each binary outcome, using
stepwise selection the significant predictors were first
selected from the following set of covariates: age, Age Adjusted
Charlson Comorbidity Score, PSA at diagnosis, prostate
volume at the preoperative transrectal ultrasound, number of
positive specimens at the prostate biopsy, average % specimen
involvement, max % specimen involvement, digital rectal
examination, clinical Gleason Score, clinical ISUP, clinical stage
T, and clinical Stage N. The selected predictors were then used to
estimate two multivariable logistic regression models for each
outcome, the reference model with only the set of predictors and
the model using the same set, with the addition of iXip. The
prediction accuracy of the two models was assessed calculating
the partial area under the receiver operating characteristic
(ROC) curve, or pAUC (21). The pAUCs were compared
using the bootstrap test implemented in the pROC package for
R (22). Differences with p-values < 0.05 were considered
statistically significant.

Statistical analyses were performed using Stata 16.1
(StataCorp. 2019, College Station, TX)) and R 4.0.3 (R Core
Team 2020, Vienna, Austria).
RESULTS

A total of 235 patients fulfilling inclusion criteria were enrolled.
Population baseline and clinical and pathological features are
Frontiers in Urology | www.frontiersin.org 3
summarized in Table 1. The pathological Gleason Score (pGS) ≥7
was present in 179 (76%) patients; the pathological International
Society of Urological Grading Group (pISUP GG) ≥ 3 was found
in 82 (35%); and at pathological examination, the median tumor
volume was 4.8 mm3 (2.5–8.0) and 61 patients (26%) had a TV <
2.5 mm3, 174 (74%) > 2.5 mm3.

The pathological T2 (pT2) stage was found in 162 (69%)
patients while the pT ≥ 3 in 73 (55%) patients; 14 patients
(10%) had a lymph nodal invasion out of a total of 142 lymph
node dissection performed. In clinically significant PCa (CS-
PCa), a composite outcome including tumor volume ≥ 2.5 mm3

and pISUP GG ≥ 3 and pT ≥ 3 was present in 195
(83%) patients.

The tumor residual R1 intended PSA ≥ 0.1 ng/ml pT>3a or
pathological N+(pN+) or positive surgical margins (PSM) was
found in 79 (34%) patients.

Relationship Between iXip and Gleason
Score/ISUP Grading Group
We started considering the association between iXip
(categorized into tertiles) and pGS. The number of patients
with pGS ≥7 in the lowest tertile (iXip < 0.33) was 54/79 (68%),
in the middle tertile (iXip between 0.33 and 0.45) was 67/78
(86%), and in the highest tertile was 58/78 (74%). Fisher’s exact
test showed a significant difference between the three groups,
p = 0.03.

The rates of patients with pISUP GG ≥3 were 22/79 (28%),
35/78 (45%), and 25/78 (32%), respectively. No statistically
significant differences were found between the three groups,
p = 0.07.

Considering the middle tertile as the reference group, patients
in the lowest tertile showed a significant lower risk of pGS ≥7
(OR = 0.4, 95% CI 0.2–0.8, p = 0.01) and of pISUP GG ≥3 (OR =
0.5, 95% CI 0.2–0.9, p = 0.03). No significant differences were
found in the highest tertile in terms of pGS ≥7 (OR = 0.5, 95% CI
0.2–1.1, p = 0.08) and pISUP GG ≥ 3 (OR = 0.6, 95% CI 0.3–1.1,
p = 0.1).

Investigating the ability of iXip to identify patients with
pGS ≥7, we found that the area under the ROC curve of the
reference logistic model without iXip was 0.85; the addition of
iXip to the model only slightly increased the AUC to 0.86
(p = 0.2). Comparing the partial AUCs of the two models
in the interval with specificity between 0.6 and 1, we found
a statistically significant difference (0.28 vs. 0.30; p =
0.02) (Figure 1).

Relationship Between iXip and Tumor
Volume
Considering the tumor volume as a continuous variable, we
found a significant linear relationship between iXip and the
tumor volume in the subpopulation with pT3-4 disease, with a
slope of 14.1 (95% CI 3.1–25.2, p < 0.001) and a correlation of 0.4
(p < 0.001), while for pT2 patients the slope was 0.6 (95% CI
-3.3–4.6, p = 0.8) with a correlation of 0.03 (p = 0.7) (Figure 2).
The slopes of pT2 and pT3-4 groups were significantly different
(p = 0.004).
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A significant association between iXip and tumor volume was
also found in the clinical T3 (cT3) subpopulation (OR 16.4, 95%
CI 3.2–30, p = 0.02).

The subpopulation with positive surgical margins showed a
significant relationship between iXip and tumor volume with a
slope of 13.2 (95% CI 3.2–23.2, p = 0.01) and a correlation of 0.4
(p = 0.004), while in the group with negative surgical margins the
slope was 2.2 (95% CI 2.3–6.7, p = 0.3) with a correlation of 0.06
(p = 0.4) (Figure 3). The two slopes were significantly different
(p = 0.03).
DISCUSSION

In this study, we noticed a relationship between iXip and the PCa
biological aggressiveness; patients with iXip < 0.33 had a lower
risk of pGS ≥ 7 and pISUP GG ≥ 3 considering, as reference
tertile, iXip between 0.33 and 0.45.

The design of the current study goes above and beyond the
previous research, investigating in depth the predictive ability of
the PCa biological aggressiveness from a different perspective.
iXip has been evaluated to account for comprehensive clinical
data (including MRI) and bioptic features, referring to the
description of PCa as a final pathology of radical prostatectomy.

Describing the proportion of patients with significant PCa in
the different iXip tertiles, we observed a bell distribution for both
the rates of pGS ≥7 and pISUPGG ≥3 which were higher in
the middle tertile of iXip (0.33–0.45) than the lowest tertile
(iXip < 0.33) and the highest tertile (iXip > 0.45). A possible
explanation to this distribution could be found in how iXip was
designed: the algorithm was developed in order to optimize the
ROC curve at its ends rather than to obtain the best curve based
on the highest value of AUC (11).

We acknowledge that the definition of tumor aggressiveness
by pGS ≥7 is prone to criticism, but the ability of iXip resulted to
be significant in terms of pAUC in the ROC curve only in the
pGS > 7 cohort. These results supplement previous study results,
based on prostate biopsy, which demonstrated the cutoff 0.3 for
GS ≥ 7 disease (12, 14).

Tumor volume represents a key role by defining significant
prostate cancer (19, 20), and EAU guidelines recommend to
incorporate multivariable clinical risk-prediction tools into the
decision-making process (17). The role of iXip as a predictive
factor of tumor volume in cT3 tumors, confirmed after surgery in
TABLE 1 | Baseline patients’ characteristics: continuous variables were
summarized as median and interquartile range, categorical variables as absolute
and relative frequencies.

Variable

Age (years) 67 (61–70)
Body mass index (kg/m2) 25.7 (23.7–27.7)
Charlson Comorbidity Score
1 5 (2.1)
2 43 (18.3)
3 75 (31.9)
4 54 (23.0)
5 36 (15.3)
6 21 (8.9)
ASA score
1 35 (14.9)
2 165 (70.2)
3 34 (14.5)
4 1 (0.4)
Digital rectal examination
Positive 58 (24.7)
PSA at diagnosis ng/mL 7.05 (5.43-9.68)
Prostate volume ultrasound (mm3) 40.0 (30.0–57.5)
No. of positive biopsies 4.0 (2.0–6.0)
Average % specimen involvement 30.0 (15.0–48.4)
% max specimen involvement 50.0 (24.5–80.0)
Clinical Gleason Score
6 83 (35.5)
7–8–9 151 (64.5)
Clinical ISUP
1–2 170 (72.3)
3–4–5 65 (27.7)
PIRADS V2
≤ 4 124 (68.9)
>4 56 (31.1)
PIRADS dimension (mm) 12.0 (8.0–15.3)
Clinical T stage
cT1 89 (37.9)
cT2–cT3 146 (62.1)
Clinical N stage
Pos 6 (3.0)
LAD
Yes 142 (60.5)
Pathological T stage
pT2 162 (68.9)
pT3–pT4 73 (31.1)
Pathological Gleason score
6 56 (23.8)
7–9 179 (76.2)
Pathological ISUP
1–2 153 (65.1)
3–5 82 (34.9)
Pathological N stage
x 93 (39.5)
0 128 (54.5)
1 14 (6.0)
PSM
Yes 59 (25.1)
Prostate volume (histological) (mm3) 40.0 (30.7–54.0)
Tumor volume (mm3) 4.8 (2.5–8.0)
≤2.5 mm3 61 (26.0)
>2.5 mm3 174 (74.0)
Lymph node yields 13.0 (9.0–19.0)
Positive lymph nodes
Yes 14 (9.9)
PSA < 0.1 ng/ml at 40 p.o. day

(Continued)
TABLE 1 | Continued

Variable

Yes 213 (90.6)
Tumor residual
Yes 156 (66.4)
PSA IgM (arbitrary units/mL) 185.95 (97.65–370.35)
iXip 0.40 (0.31–0.50)
<0.3 54 (23.0)
0.3–0.5 123 (52.3)
0.5–0.8 49 (20.9)
0.8–1 9 (3.8)
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the pT3–4 and PSM subgroup, opens a possibility to integrate
MRI variables in a new algorithm in order to better define the
clinical tumor volume, further optimizing the diagnostic
performance of iXip.
Frontiers in Urology | www.frontiersin.org 5
As a limitation of our analysis, this marker was used in a for-
cause cohort of men already selected for radical prostatectomy
and may perform differently in a screening setting where the
prevalence of prostate cancer is lower.
FIGURE 1 | Predictive ability of iXip for the identification of patients with pathological Gleason Score ≥7; ROC curves of the reference model without iXip (black line)
and of the reference model with iXip (red line); the gray area indicates the region where the two partial AUCs were calculated and compared.
FIGURE 2 | Relationship between iXip and tumor volume in the pT2 and pT3–pT4 subgroups.
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The strengths of our study include the multicenter, prospective
study design in which all participants underwent radical
prostatectomy for histological evaluation.

CONCLUSIONS

We provided evidence supporting a possible correlation between
iXip and aggressive PCa at final pathology even in terms of
Gleason Score ≥ 7 and ISUP ≥ 3, according to the previous
studies, and in addition, we demonstrated an interesting
proportional relationship with tumor volume, in particular in
the cT3, pT3–4, and PSM subgroups.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Urology | www.frontiersin.org 6
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Brescia ethical committee, Brescia, Italy. The
patients/participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

Conception: SFr, AAn, CS, SS, SFe, LdP. Interpretation or
analysis of data: SFr, AAn, CS, SS, MS, SC, CL, AAb, EDM,
CP, LA, SB, AlP, MR. Preparation of the manuscript: SFr, CL,
AAn, MS. Revision for important intellectual content: AAn, MS,
SS, AAb. Supervision: AAn, AnP, CS, SS, AG, SFe, LdP, MR.
All authors contributed to the article and approved the
submitted version.
REFERENCES
1. Associazione Italiana Di Oncologia Medica. Linee Guida 2020 – Carcinoma

Della Prostata (2020). Available at: https://www.registri-tumori.it/cms/sites/
default/files/pubblicazioni/2020Numeri_Cancro-pazienti.pdf.

2. Liang Dong L, Zieren RC, Xue W. Metastatic Prostate Cancer Remains
Incurable, Why? Asian J Urol (2019) 6(1):26–41. doi: 10.1016/j.ajur.
2018.11.005

3. Arnold M, Karim-Kos HE, Coebergh JW, Byrnes G, Antilla A, Ferlay J, et al.
Recent Trends in Incidence of Five Common Cancers in 26 European
Countries Since 1988: Analysis of the European Cancer Observatory. Eur J
Cancer (2015) 51:1164. doi: 10.1016/j.ejca.2013.09.002

4. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2018. CACancer J Clin (2018)
68:7–30. doi: 10.3322/caac.21442

5. Drazer MW, Huo D, Eggener SE. National Prostate Cancer Screening Rates
After the 2012 US Preventive Services Task Force Recommendation
Discouraging Prostate-Specific Antigen-Based Screening. J Clin Oncol
(2015) 33(22):2416–23. doi: 10.1200/JCO.2015.61.6532

6. Li J, Berkowitz Z, Hall IJ. Decrease in Prostate Cancer Testing Following the
US Preventive Services Task Force (USPSTF) Recommendations. J Am Board
Fam Med (2015) 28(4):491–3. doi: 10.3122/jabfm.2015.04.150062

7. Loeb S, Sanda MG, Broyles DL, Shin SS, Bangma CH, Wei JT, et al. The
Prostate Health Index Selectively Identifies Clinically Significant Prostate
Cancer. J Urol (2015) 193(4):1163–9. doi: 10.1016/j.juro.2014.10.121

8. Nordström T, Vickers A, Assel M, Lilja H, Grönberg H, Eklund M.
Comparison Between the Four-Kallikrein Panel and Prostate Health Index
for Predicting Prostate Cancer. Euro Urol (2015) 68(1):139–46. doi: 10.1016/
j.eururo.2014.08.010

9. Chevli KK, Duff M, Walter P, Yu C, Capuder B, Elshafei A, et al. Urinary
PCA3 as a Predictor of Prostate Cancer in a Chort of 3,073 Men Undergoing
Initial Prostate Biopsy. J Urol (2014) 191:1743–8. doi: 10.1016/j.juro.
2013.12.005
FIGURE 3 | Relationship between iXip and tumor volume splitting in the subgroups of patients with positive (Pos) and negative (Neg) surgical margins.
January 2022 | Volume 1 | Article 796688

https://www.registri-tumori.it/cms/sites/default/files/pubblicazioni/2020Numeri_Cancro-pazienti.pdf
https://www.registri-tumori.it/cms/sites/default/files/pubblicazioni/2020Numeri_Cancro-pazienti.pdf
https://doi.org/10.1016/j.ajur.2018.11.005
https://doi.org/10.1016/j.ajur.2018.11.005
https://doi.org/10.1016/j.ejca.2013.09.002
https://doi.org/10.3322/caac.21442
https://doi.org/10.1200/JCO.2015.61.6532
https://doi.org/10.3122/jabfm.2015.04.150062
https://doi.org/10.1016/j.juro.2014.10.121
https://doi.org/10.1016/j.eururo.2014.08.010
https://doi.org/10.1016/j.eururo.2014.08.010
https://doi.org/10.1016/j.juro.2013.12.005
https://doi.org/10.1016/j.juro.2013.12.005
https://www.frontiersin.org/journals/urology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/urology#articles


Francavilla et al. iXip in Patients With PCa
10. McKiernan J, Donovan MJ, O’Neill V, Bentink S, Noerholm M, Belzer S, et al.
A Novel Urine Exosome Gene Expression Assay to Predict High-Grade
Prostate Cancer at Initial Biopsy. JAMA Oncol (2016) 2:882–9. doi: 10.1001/
jamaoncol.2016.0097

11. Gallotta A, Ziglioli F, Ferretti S, Maestroni U, Moretti M, Aloe R, et al. A Novel
Algorithm for the Prediction of Prostate Cancer in Clinically Suspected
Patients. Cancer Biomarkers (2013) 13(4):227–34. doi: 10.3233/CBM-130357

12. Gallotta A, Giannarini G, Laurini L, Zani D, Garbeglio A, Guazzieri S, et al.
Clinical Validation of the Ixip in Avoiding Unnecessary Prostate Biopsy:
Results From a Prospective Multicenter Study Involving 426 Patients. Cancer
Treat Res Commun (2017) 10:40–5.

13. Antonelli A, Francavilla S, Gallotta A, Da Pozzo LF, Ferretti S, Sigala S, et al.
Current Evidence and Future Perspectives About the Role of Ixip® in the
Diagnosis of Prostate Cancer. Minerva Urol Nefrol (2019) 71(3):201–4.
doi: 10.23736/S0393-2249.19.03329-0

14. Francavilla S, Ferretti S, Gnocchi C, Dipalo M, Aloe R, Gallotta A, et al. Clinical
Evaluation of Immune Complex Predictive Index (Ixip) to Avoid Unnecessary
Negative Prostate Biopsies for Prostate Cancer. Abstract Book 89th National
Congress of the Italian Society of Urology (SIU). Venice, Italy (2016).

15. Galosi AB, Dell’Atti L, Bertaccini A, GionM, Francavilla S, Ferretti S, et al. Clinical
Evaluation of the Ixip Index to Reduce Prostate Re-Biopsies. Cancer Treat Res
Commun (2018) 16:59–63. doi: 10.1016/j.ctarc.2018.07.001

16. Milanese G, Francesco Garofalo F, Mengoni P, Cervelli B, Morecellini R,
Betrici V, et al. PSA-IgM Based Algorithm (Ixip Score) During Follow Up of
Active Surveillance. Anticancer Res (2017) 37:2051–158.

17. Mottet N, Cornford P, Van den Bergh RC, Briers E, De Santis M, Fanti S, et al.
EAU – ESTRO – ESUR – SIOG Guidelines on Prostate Cancer. Edn. Presented
at the EAU Annual Congress Amsterdam. Arnhem, The Netherlands: EAU
Guidelines Office (2020) p. 978–94-92671-07-3. Available at: https://uroweb.
org/guideline/prostate-cancer/.

18. Harvey CJ, Pilcher J, Richenberg J, Patel U, Frauscher F. Applications of
Transrectal Ultrasound in Prostate Cancer. Br J Radiol (2012) 85(1):3–17.
doi: 10.1259/bjr/56357549
Frontiers in Urology | www.frontiersin.org 7
19. Antonelli A, Vismara Fugini A, Tardanico R, Giovanessi L, Zambolin T,
Simeone C. The Percentage of Core Involved by Cancer is the Best Predictor
of Insignificant Prostate Cancer, According to an Updated Definition (Tumor
Volume Up to 2.5 Cm3): Analysis of a Cohort of 210 Consecutive Patients
With Low-Risk Disease. Urology (2014) 83(1):28–32. doi: 10.1016/
j.urology.2013.07.056

20. Humphrey PA, Vollmer RT. Percentage Carcinoma as a Measure of Prostatic
Tumor Size in Radical Prostatectomy Tissues. Modern Pathol (1997) 10
(4):326–33.

21. McClish DK. Analyzing a Portion of the ROC Curve. Med Decis Making
(1989) 9(3):190–5. doi: 10.1177/0272989X8900900307

22. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez JC, et al. pROC:
An Open-Source Package for R and S+ to Analyze and Compare ROC Curves.
BMC Bioinfor (2011) 12:77. doi: 10.1186/1471-2105-12-77

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Francavilla, Lonati, Sandri, Abate, De Marzo, Palumbo, Aretano,
Belotti, Peroni, Peviani, Ferretti, Da Pozzo, Roscigno, Calza, Guerini, Sigala, Simeone
and Antonelli. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
January 2022 | Volume 1 | Article 796688

https://doi.org/10.1001/jamaoncol.2016.0097
https://doi.org/10.1001/jamaoncol.2016.0097
https://doi.org/10.3233/CBM-130357
https://doi.org/10.23736/S0393-2249.19.03329-0
https://doi.org/10.1016/j.ctarc.2018.07.001
https://uroweb.org/guideline/prostate-cancer/
https://uroweb.org/guideline/prostate-cancer/
https://doi.org/10.1259/bjr/56357549
https://doi.org/10.1016/j.urology.2013.07.056
https://doi.org/10.1016/j.urology.2013.07.056
https://doi.org/10.1177/0272989X8900900307
https://doi.org/10.1186/1471-2105-12-77
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/urology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/urology#articles

	Correlation Between iXip and Final Pathology in Patients Affected by Prostate Cancer Undergoing Radical Prostatectomy: A Multicenter Prospective Trial (PROXIMA—PROstate iXip Index Multicenter Analysis)
	Introduction
	Materials and Methods
	Study Design and Participants
	Variables
	Data Sources/Measurements
	Quantitative Variables and Statistical Methods

	Results
	Relationship Between iXip and Gleason Score/ISUP Grading Group
	Relationship Between iXip and Tumor Volume

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


