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ABSTRACT 

PURPOSE: To analyze the performance of iXip in the prediction of prostate cancer 

(PCa) and high-grade prostate cancer.  

METHODS: A consecutive series of men undergoing MRI/FUSION prostate biopsies 

were enrolled in one center. Indications for prostate biopsy included abnormal prostate 

specific antigen levels (PSA>4ng/ml) and/or abnormal digital rectal examination (DRE) 

and/or abnormal MRI. All patients underwent the evaluation of serum PSA-IgM 

concentration and the iXip ratio was calculated. Accuracy iXip for the prediction of 

prostate cancer was evaluated using multivariable binary regression analysis and 

receiver operator characteristics (ROC) curves.  

RESULTS: Overall 160 patients with a median age of 65 (62/73) years were enrolled. 

Overall, 42% patients were diagnosed with prostate cancer and 75% of them had high-

grade cancer (Epstein ≥3).  Patients with prostate cancer were older and presented 

higher PSA levels, higher PIRADS scores and lower prostate volumes. On ROC 

analysis iXip presented an area under the curve (AUC) of 0,57 in the prediction of PCa 

and of 0,54 for the prediction of high-grade prostate cancer. 
 

CONCLUSION: In our experience, immune PSA complexes are not predictors of PCa. 

iXip analysis should not be included in the diagnostic pathway of patients at increased 

risk of PCa.  

 

Keywords: Prostate cancer, biomarkers, high grade, iXip, immune-complex 
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Text:  2704 

 

INTRODUCTION 

Prostate cancer (PCa) is the second most frequently diagnosed cancer and the sixth 

leading cause of cancer death among men. Prostate specific antigen (PSA) remains the 

first line and most commonly used serum biomarker for the detection of PCa. Using a 

threshold of more than 4 ng/ml, PSA test has an overall sensitivity of 21% and a 

specificity of 51-91% 
1,2

. Additionally, in patients with a PSA < 4.0 ng/ml the negative 

predictive value of the test is 81%
3
 .  

An important limitation of PSA driven diagnosis is the high number of clinically 

insignificant PCa diagnosis. As a result, several patients will undergo unnecessary 

prostate biopsies, particularly in the PSA range of 4.0–10.0 ng/ml, where prostate 

cancer is present in only 25% of men 
4
.  Prostate biopsies are associated with a small 

risk of morbidity ( infections, acute urinary retention, bleeding) in addition to being 

costly and uncomfortable for patients
5,6

 

In the past years, several authors have focused on  the development of PCa molecular 

biomarkers, like prostate cancer antigen 3 (PCA3) or circulating tumour cells (CTs) to 

improve the abovementioned limitations of PSA  
7
. Although promising initial results, 

these biomarkers are limited by the lack of a specific cut-off value and their poor 

accuracy in early stages of the disease. Thus, discovery and validation of novel non-

invasive PCa biomarkers is still an unmet need in PCa diagnosis.  

Several studies have evaluated the role of complexes between cancer specific 

biomarkers and IgM in cancer diagnosis
8–12

. Some studies have suggested that PSA-

Immune complexes may have a role as a biomarker for PCa with promising results 
11,13–

15
. Very recently the EAU guidelines have recommended the use of algorythms 
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including several PCa predictors (age, digital rectal examination, PSA, prostate volume, 

PIRADS score) to improve the detection of significant cancer. The iXip is automatic an 

algorithm including age, prostate volume, PSA, and PSA-IgM levels developed by 

Xeptagen to predict PCa risk, however very few studies have validated its clinical use. 

Moreover none of them include MRI data 
16

.  

Aim of our study was to evaluate the role of iXip in prostate cancer diagnosis in a 

cohort of patients undergoing MRI/FUSION prostate biopsies. 

MATERIALS AND METHODS 

Study Population and Design 

From January 2018 to January 2020, patients referred to our prostate clinic with a PSA 

level ≥4 ng/mL were scheduled for prostate MRI and trans-perineal fusion prostate 

biopsies. All patients signed a dedicated informed consent, all the procedures were 

approved by the Local Ethics Committee and the study was conducted in accordance 

with the principles of the Declaration of Helsinki. We excluded from the study patients 

who had a history of prostate cancer or prostate surgery and patients with previous 

prostate biopsies.  

Before the biopsy procedure, all patients underwent a detailed medical history 

(including family history of PCa, previous biopsies and comorbidities) and physical 

examination including digital rectal examination (DRE) performed by a senior staff 

urologist. 

All patients underwent multiparametric (mp) 1,5 Tesla MRI before prostate biopsies. A 

single expert radiologist read the mpMRI and v2 PIRADS was used to grade prostate 

lesions (ST).  

PSA testing and iXip calculation 
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On the day of prostate biopsy, blood specimens were drawn before the procedure at 

8:00 AM and total PSA levels were measured. Moreover, serum PSA-IgM 

concentration was measured in duplicate using Prostate-IC kit (XG007, Xeptagen SpA, 

Italy). The analysis with Prostate-IC kit was performed on an open and fully automated 

ELISA analyzer. 

The iXip index was calculated as reported by Gallotta et al
14

. by using the online 

calculator available at http://ixip.xeptagen.com/(login required): age, prostate volume, 

PSA, and PSA-IgM levels of the patient were input in the calculator, and the iXip value 

(from 0 to 1) was provided immediately. 

All patients underwent trans perineal-fusion biopsies using Aloka ultrasound 

equipment. Prostate volume (PV) was calculated using the ellipsoid formula. Patients 

underwent 4 cores per lesion in addition 5 random cores per lobe were taken. We used a 

16G biopsy needle (Magnum 1000, BARD, Rome, Italy) and a dedicated  spring loaded 

biopsy gun (MG1522, BARD). Antibiotic prophylaxis (periprocedure i.v. cefazolin 2g) 

and peri prostatic anesthetic block was performed according to our departmental 

protocol
17,18

.  

High-grade disease was defined as ISUP Grade ≥3
19

. A single pathologist, who was 

blinded to the clinical data, except for age, was involved in the study. 

Statistical Analysis 

Statistical analysis was performed using the Statistical Package for the Social Sciences 

(SPSS®) version 24.0 software (SPSS Inc., IBM Corp., Armonk, NY, USA). Evaluation 

of data distribution, using the Kolmogorov–Smirnov test, showed a non-normal 

distribution of all the variables included in the study. Differences between groups of 

patients in medians for quantitative variables and differences in distributions for 
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categorical variables were tested with the Mann–Whitney test and chi-squared test, 

respectively. Univariate and multivariate binary logistic regression were used to 

evaluate predictors of  PCa and high grade PCa. Receiver operator characteristic curves 

were used to evaluate the accuracy of iXip in the prediction of cancer and high-grade 

cancer.  

RESULTS 

Overall 160 patients with a median age of 65 (62/73) years were enrolled. General 

characteristics of the cohort are listed in Table 1.  

1. Prostate cancer evaluation  

Overall, 42% patients were diagnosed with prostate cancer. Patients with prostate 

cancer were older ( 71 vs 64 years, p<0,05), presented higher PSA levels( 6,9 vs 5,7 

ng/ml, p<0,05), higher PIRADS scores (PIRADS4 29% vs 17%, p<0,05) and lower 

prostate volumes ( 40 vs 53 cc, p<0,05). No significant differences in iXip values was 

recorded when comparing patients with and without PCa diagnosis. (Table 2). More 

specifically median iXip in PCa patients was 0,33 vs 0,29 in no cancer patients 

(p=0,182).   

On univariate binary logistic regression analysis age (1,07: 1,02-1,12; p=0,001), DRE( 

2,03:,1,10-4,49;p=0,001), PSA (1,06: 1,01-1,11; p=0,001), PV (0,98: 0,96-0,99; 

p=0,001) and PIRADS score (2,68: 1,22-5,89;p=0,023) were predictors of PCa. On 

multivariate binary logistic regression age (1,06: 1,01-1,11; p=0,024), DRE (2,34:1,25-

4,01;p=0,001), PV (0,97: 0,95-0,99, p=0,001) and PIRADS score (2,45: 1,45-

6,45;p=0,001) were independent predictors of PCa. On ROC analysis iXip presented an 

AUC of 0,57 in the prediction of PCa. (Table 3) 
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2. High-grade cancer evaluation 

Overall, 75% patients were diagnosed with high-grade prostate cancer. Patients with 

high-grade prostate cancer were older (70 vs 68 years, p<0,10), presented higher PSA 

levels ( 7,1 vs 6,2 ng/ml; p<0,05), higher PIRADS scores (PIRADS4 28% vs 9%, p<0,05)  

and lower prostate volumes (39 vs 45 cc, p<0,05). No significant difference in iXip values 

was recorded when comparing patients with and without HG-PCa diagnosis. (Table 2). 

More specifically median iXip in high grade PCa patients was 0,31 vs 0,32 in low grade 

patietns (p=0,802).   

On univariate binary logistic regression analysis age (1,03:0,99-1,08; p=0,001), PSA 

(1,04: 0,97-1,10;p=0,001), PV (0,97: 0,95-0,99; p=0,013) and PIRADS score (3,17: 

2,05-4,91;p=0,001) were predictors of HG-PCa. On multivariate binary logistic 

regression only age (1,06:1,01-1,12;p=0,029), DRE (2,56: 1,65-5,74;p=0,001), PV( 

0,96:0,94-0,98;p=0,012) and PIRADS score (3,02:1,93-4,71, p=0,001) was an 

independent predictor of HG-PCa. (Table 3) 

On ROC analysis iXip presented an AUC of 0,54 in the prediction of HG-PCa(Epstein 

≥3).  (Figure 1) 

DISCUSSION 

In the present study we evaluated the role of iXip in patients at increased risk of PCa. 

According to our results the iXip should not be used in the detection of PCa. Our results 

suggest that iXip is no more precise than a flip coin (AUC=0,57). Moreover, in our 

study we confirmed the predictive accuracy of PSA, prostate volume and PIRADS 

score. Our results are in line with the peer reviewed literature confirming the internal 

validity of our results
20–23

.  
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In the past years, immunology studies have postulated the hypothesis of an 

immunogenic response to carcinogenesis
24

. Immunosurveillance processes by native or 

adaptive immune effectors is able to destroy cancer cells before they become clinically 

apparent
24

. However, in some cases the immune response is eluded by the tumour. 

Tumour antigens may then form immune complexes with IgG and IgM and more 

specifically these immunocomplexes have been reported in colon and breast cancer 

studies (CEA, TA90 and MUC-1 immune complexes)
25–27

. 

The use of PSA immune complexes to detect PCa was initially introduced by Beneduce 

et al in 2007
15

. In their study they evaluated the presence of PSA-immune complexes in 

patients with PCa and in patients with BPH. The first interesting observation was that 

healthy control patients presented a complete absence of PSA-immune complexes. 

Moreover, they observed a prevalence of PSA immune complexes in PCa patients when 

compared with BPH patients (40% vs 12 %; cut-off: 0,15). In their experience PSA 

immune-complexes presented an accuracy of 0,69 on ROC analysis and a specificity of 

88% when applying a cutoff of 0,15
15

The authors concluded that PSA-IgM complex 

could be a complementary serological marker for PCa.   

Thereafter in 2013, Gallotta et al introduced the iXip algorythm to predict PCa in a 

cohort of 160 patients at risk of PCa. According to their results, iXip presented an 

estimated accuracy of 0,78 for the prediction of PCa 
14

. As well, in 2018 Galosi et al 

evaluated in a biopsy cohort study the role of iXip for the prediction of PCa. They 

concluded that when iXip is inferior to 0,2 patients can safely omit prostate biopsy. Our 

results are not in line with these experiences and therefore larger multicenter trials 

should better evaluate the accuracy of iXip in the prediction of PCa. Antonelli et al in a 

recent review introduced an ongoing prospective study (PROXIMA study) in a radical 

prostatectomy cohort which should elucidate the controversial results on this topic
13

.  
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In the past years, several tests have been proposed to overcome the common limitations 

of PCa diagnosis. According the EAU guidelines possible serum markers(i.e:Prostate 

health index (PHI) and 4Kallicrein score)  are recommended in the diagnostic pathway 

of patients at increased risk of PCa
28

. Moreover, urinary markers may help as well in the 

diagnostic workup (PCa3, Select MDX, Mi prostate score and Exodx) 
29

. Although 

these biomarkers have good accuracies in the detection of PCa, their use is limited by 

availability and costs.  

A possible alternative, according to the guidelines, is the use of calculators which can 

combine different variables to establish the risk of cancer and high-grade PCa. These 

calculators are available as nomograms, computer programs or mobile phone Apps. 

Several studies have evaluated different calculators and it is advisable to use calculators 

based on populations which reflect the local population. However, the most updated risk 

calculator is the ERSPC Rotterdam app which includes: previous biopsies, DRE, PV, 

PSA, PIRADS score, and PHI score
30–34

.  

In 2019 the EAU guidelines based on several trials (PRECISION, MRI-FIRST…) 

recommended the use of MRI in all patients at increased risk of PCa
35,36

. The use of 

MRI in first set biopsies improves the detection of clinically significant cancer and is 

cost effective. In line with the peer reviewed literature in our study PIRADS score was 

an independent predictor of PCa
376

.  

The present study has the merit of including MRI data in the evaluation of the predictive 

accuracy of iXip for the first time. In a separate analysis to evaluate the correlation 

between PIRADS score and iXip values we observed the lack of correlation between 

these two parameters (data not shown). This result is not surprising and is in line with 

the lack of correlation between PCa and iXip. Standing to the available literature, before 

its clinical implementation iXip test clearly needs multi-center validation.  

Acc
ep

te
d 

M
an

us
cr

ipt



10 
 

We have to acknowledge some limitations to our study. This is a small single center 

experience, so the results clearly depend on the enrolled population. We certainly 

acknowledge that it takes more than one study and one cohort of patients to prove a 

hypothesis. PCa epidemiology presents large differences due to racial, and geographical 

issues that need to be explored 
38,39

. We have performed the study in a southern 

European cohort of patients that may be different from northern European, North 

American, South American and Asian populations. Another limitation, common to most 

studies in this area, derives from the use of biopsy cohorts without radical 

prostatectomy specimens confirmation. Notwithstanding all these limitations our study 

adds important evidence on the role of PSA immune complexes in the prediction of 

PCa.   

CONCLUSIONS 

According to our results, iXip should not be part of the diagnostic work out in patients 

at increased risk of PCa. In the presence of MRI data iXip adds no information in the 

decision making of patients at increased risk of PCa. Further multicenter studies should 

clarify its role in clinical practice.  

 

 

Clinical significance 

 Several studies have evaluated the role of complexes between cancer specific 

biomarkers and IgM in  Prostate Cancer diagnosis 

 These immune-complexes have been included in an algorithm to generate the 

index iXip, which determines the probability of having PCa.  
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 Aim of our study was to evaluated the performance of iXip in the prediction of 

prostate cancer 

 Our results suggest that iXip is no more precise than a flip coin, and  we 

confirmed the predictive accuracy of PSA, prostate volume and MRI 

  iXip should not be part of the diagnostic workout in patients at risk of PCa. 
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Table 1: General Characteristics of the cohort population 

 

 

 

 Median (IQR) 

Age (years) 66 (59/72) 

PSA (ng/ml) 6,0 (4,5/8,8) 

DRE 42 (26%) 

PIRADS score 
1 
2 
3 
4 
5 

 
48 (30%) 

8 (5%) 
57 (36%) 
34 (21%) 
13 (8%) 

iXip 0,31 (0,26/0,52) 

Prostate Volume (ml) 50(38/62) 

Number of cores 18(16/22) 

 

 

Table 2: General Characteristics of the cohort population according to cancer status 

 

 

 

 No Cancer  Cancer p  Low  
Grade 

High  
Grade 

p 

 93/160  
(58%) 

67/160  
(42%) 

 22/160  
(13%) 

45/160  
(28%) 

 

Age (years) 64  
(58/68) 

71  
(60/75) 

0,001 68  
(61/72) 

70  
(60/74) 

0,098 

DRE 16 (17%) 23 (34%) 0,001 15 (9%) 21 (46%) 0,001 

PSA (ng/ml) 5,7  
(4,0/8,4) 

6,8  
(4,7/10) 

0,001 6,2  
(5,3/7,5) 

7,1  
(4,8/9,6) 

0,062 
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PIRADS4 17/70 
(24%) 

15/52 
(29%) 

0,020 2/22 (9%) 13/45 
(28%) 

0,001 

iXip 0,29  
(0,26/0,57) 

0,33  
(0,28/0,53) 

0,182 0,32  
(0,26/0,71) 

0,31 
(0,28/0,50) 

0,802 

Prostate 
Volume (cc) 

53 
(42/65) 

40  
(30/59) 

0,001 45  
(38/55) 

39 
(30/53) 

0,001 

Number of 
cores 

19 
(17/22) 

18  
(16/21) 

0,234 18 
(19/23) 

17 
(15/19) 

0,343 

 

Table3: Uni-variate and multivariate analysis 

 

 

 

 Cancer Model High Grade Model 

 Univariate p Multivariat
e 

p Univariate p Multivariat
e  

p 

Age 1,07  
(1,02-
1,12) 

0,00
1 

1,06  
(1,01-1,11) 

0,02
4 

1,03 
(1,00-
1,08) 

0,00
5 

1.06 
(1,01-1,12) 

0,02
9 

DRE 2.03 (1.10-
4.49) 

0,00
1 

2,34 
(1,25-4,01) 

0,00
1 

2.71 (1.28-
5.74) 

0,00
1 

2.56 (1.65-
5.74) 

0,00
1 

PSA 1,06  
(1,01/1,11

) 

0,00
1 

1,05 
(1,02-1,22) 

0,03
5 

1,04  
(0,97/1,10

) 

0,87
5 

  

PIRADS 
score  

2,68 
(1,22-
5,89) 

0,02
3 

2,45 
(1,45-6,45) 

0,01
3 

3,17 
(2,05-
4,91) 

0,00
1 

3,02 
(1,93-4,71) 

0,00
1 

iXip 1,00  
(0,99/1,01

) 

0,35
4 

  0,99 
(0,97/1,01

) 

0,51
8 

  

Prostat
e  
Volume 

0,98 
(0,96/0,99

) 

0,01
9 

0,97  
(0,95-0,99) 

0,01
2 

0,97 
(0,95-
0,99) 

0,01
6 

0,96 
(0,94-0,98) 

0,01
2 

Number 
of cores 

0,96 
(0,87/1,06

) 

0,43
0 

 
 

 0,90 
(0,87/1,15

) 

0,34
3 

  

 

Figure 1- ROC Curve 
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