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Abbreviations  
 
PCa = prostate cancer 
GP = general practitioner 
PSA = prostate-specific antigen 
DRE = digital rectal exam 
BPH = benign prostate hyperplasia  
MRI = magnetic resonance imaging 
LUTS = lower urinary tract symptoms 
PI-RADS = Prostate Imaging-Reporting and Data System 
IPSS = International Prostate Symptom Score 
IQR = interquartile range 
BMI = body mass index 
NA = not applicable 
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Abstract  
 
Introduction. Prostate cancer requires a faster diagnostic pathway due to the long time to 
diagnosis and patient anxiety. To address this issue, a quick diagnostic route <36 hours was 
implemented. Previous research highlighted lower urinary tract symptoms as a protective 
factor for prostate biopsies. Therefore, our study aims to individualize the fast-track by 
exploring the association between the International Prostate Symptom Score and deviant 
magnetic resonance imaging scans.  
 
Methods. Retrospective single-center cohort study, aiming to associate the International 
Prostate Symptom Score with abnormal magnetic resonance scans in men who had 
undergone the prostate cancer fast-track. Male patients participated from July 2022 to 
March 2023 at St. Antonius Hospital Nieuwegein. Primary outcome: abnormal magnetic 
resonance imaging scan, secondary outcomes: biopsy rates, prostate cancer diagnosis. Group 
1: PI-RADS score 1-2 scans, group 2: PI-RADS score 3-5 scans. Univariate and multivariate 
logistic regression analyses were used.  
 
Results. 268 men were enrolled. Multivariate analysis showed significant associations 
between magnetic resonance imaging scan abnormalities and International Prostate 
Symptom Score (OR 0.952 [0.908-0.997]; p 0.036), IPSS mild vs. severe (OR 3.844 [1.236-
11.952], p 0.020), IPSS severe vs. mild (OR 0.260 [0.084-0.809]; p 0.020, irritative LUTS at 
referral (OR 0.420 [0.186-0.946]; p 0.036) and LUTS presence (OR 0.549 [0.304-0.989]; p 
0.046).  
 
Discussion. Based on our findings, upon confirmation though a prospective study, it 
appears that in the future, men with a mild IPSS score should consistently be placed in the 
fast-track, while men exhibiting irritative lower urinary tract symptoms should not. 
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Introduction 
 
Prostate cancer (PCa) is a widespread disease, with 1.41 million new cases worldwide each 
year. In Europe, it ranks as the most commonly diagnosed cancer in men which may further 
increase even due to demographical trends [1-3]. The period leading to the final diagnosis of 
prostate cancer is a time characterized by substantial uncertainty and anxiety for patients [4]. 
Considering that, in the Netherlands in 2017, the average time between general practitioner 
(GP) referral and final diagnosis for prostate cancer was still 137 days, compared to 7 and 21 
days for breast cancer and melanoma, respectively, highlights the need for a faster diagnostic 
process [5]. To address this, one such quick diagnostic route was implemented at our center 
last year, as described in the study conducted by Pereira et al. 
 
Within this fast-track for prostate cancer, men with elevated prostate-specific antigen (PSA) 
levels or abnormal digital rectal exam (DRE) findings were referred to the hospital by their 
GP, where they underwent a repeat PSA blood test and magnetic resonance imaging (MRI) of 
the prostate. Subsequent to these tests, a consultation with a urologist followed, during which 
biopsies were taken in the event of an abnormal MRI scan. Histology results were known the 
next day, followed by a telephone consultation, resulting in a full assessment <36 hours [6]. 
 
Due to limited capacity, the fast-track cannot accommodate all patients with suspected 
prostate cancer. Men at the highest risk of having an abnormal MRI scan benefit most from 
the fast-track, because it enables MRI scans to be evaluated and biopsies to be performed 
immediately. Considering that our group of interest is already a high-risk subgroup for PCa 
due to elevated PSA or abnormal DRE results, we must identify a factor that accentuates this 
risk even further.  
 
Earlier research into the fast-track detected that lower urinary tract symptoms (LUTS) would 
be protective of prostate biopsies but did not consider the severity of these complaints and 
introduced possible bias by combining ‘no’ and ‘unknown’ LUTS together [7]. 
 
One plausible explanation is that LUTS are often caused by benign conditions, such as benign 
prostate hyperplasia (BPH) or prostatic infection, which can result in elevated PSA values. 
[8,9]. Conversely, PCa is also recognized to cause elevated PSA levels [10]. Due to a lack of a 
definitive association between BPH or prostatic infection and PCa, elevated PSA levels do not 
necessarily indicate prostate cancer. They could be reasonably attributed to another cause of 
the heightened PSA [9,11,12]. 
 
Therefore, the study’s objective is to individualize the fast-track by exploring the association 
between LUTS, stratified by severity using IPSS scores, and deviating MRI scans. 
Additionally, we will investigate other potential risk factors and compare the predicting value 
of IPSS with LUTS as mentioned during consultations. In the event of finding an association, 
our aim is to use the most relevant factor in streamlining triage for rapid diagnosis, thereby 
improving efficiency and patient satisfaction. 
 
 
Methods  
 
Participants 
From July 2022 to March 2023, men who underwent the fast-track for prostate cancer at St. 
Antonius Hospital Nieuwegein, The Netherlands, were enrolled in this retrospective single-
center cohort study. Patients were included when they completed to fast-track after being 
referred to the urologist by their GP or other healthcare professional due to elevated PSA 
levels (three-50 mg/ml) or an abnormal DRE. Exclusion criteria included a medical history of 
prostate carcinoma, previous prostate analysis or unavailable MRI results.  
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Approval from the hospital’s ethics committee (registration number: W23.076) was received 
before initiation.  
 
Process  
At the hospital, eligible patients underwent a series of assessments, including a repeat blood 
test for PSA value, an MRI-scan of the prostate, and a consultation with a urologist. Prostate 
biopsies were performed if indicated. For patients with an MRI-scan showing a Prostate 
Imaging-Reporting and Data System (PI-RADS) score of four or higher, a prostate biopsy was 
deemed necessary. In the case of a PI-RADS score of three, the decision for biopsy was based 
on additional factors, such as PSA density and patient characteristics, including family 
history. Biopsies were not necessary for PI-RADS scores of two or lower. The taken biopsies 
underwent histological examination, and the Gleason score was assigned, categorizing 
prostate cancer into International Society of Urological Pathology (ISUP) groups. Clinically 
significant prostate cancer (csPCa) is defined as Gleason seven or greater, corresponding to 
ISUP group two or higher. 
 
Patients were requested to complete the International Prostate Symptom Score (IPSS) 
questionnaire before their appointment with the urologist [13]. The IPSS questionnaire 
scores LUTS severity from zero to 35, stratifying scores from zero to seven as mild, eight to 19 
as moderate and 20 to 35 as severe. During the consultation, the urologist also inquires about 
LUTS symptoms. Additional information regarding LUTS, family history, medication use for 
LUTS, DRE, and PSA results were gained from the referral letter if provided. Demographic 
characteristics were also collected for analysis. 
 
The study’s primary outcome is the detection of an abnormal MRI scan of the prostate gland, 
which is assessed by the PI-RADS score. PI-RADS scores 1-2 indicate normal MRI results, 
while PI-RADS scores 3-5 indicate abnormalities. Secondary outcomes include biopsy rate 
and prostate cancer diagnosis. 
 
Statistics 
Patient data was retrieved from electronic medical files using the Epic system [14]. The 
RedCap platform was utilized for obtaining the necessary data [15]. Data analysis was carried 
out using IBM Statistics SPSS Version 26.0 [16]. 
 
The study participants were male individuals categorized into two groups: Group 1 consisted 
of men with a normal MRI of the prostate gland (PI-RADS 1-2), while Group 2 included men 
with an abnormal MRI (PI-RADS 3-5). Characteristics of both groups, as well as the overall 
study population, were described using the median and interquartile range (IQR), since the 
variables were non-normally distributed. Categorical variables were presented using 
frequencies and percentages. Assessed characteristics included age, body mass index (BMI), 
drug use for LUTS, family history of PCa or other hereditary cancer, PSA values at referral 
and during hospitalization, LUTS mentioned during consultations with the GP and/or 
urologist, IPSS questionnaire scores, presence of suspicious DRE findings at the GP or 
urologist, prostate volume on MRI, and pathological results. LUTS mentioned during 
consultations was categorized by the researcher into irritative, obstructive, irritative and 
obstructive, and unspecified, based on the information in the referral letter and data from 
Epic.  
 
The two groups were compared through chi-square tests for categorical variables and Mann-
Whitney U tests for numerical variables, with a predefined significance level of p < 0.05. In 
certain variables, there were instances of missing data or data that was marked as 'unknown', 
both of which were handled as missing data. Results were summarized in a baseline table 
that reflects the number of patients for whom the data was available in each case. 
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Univariate logistic regression was conducted to determine whether LUTS could serve as a 
predictive factor. Abnormal MRI (PI-RADS 3-5) was used as the dependent variable. The 
individually tested independent variables included: LUTS reported at urologist and/or GP, 
LUTS reported solely at the urologist, LUTS reported solely at the GP, total IPSS score, IPSS 
severity subgroups (mild vs moderate and severe, moderate vs mild, moderate vs severe, and 
severe vs mild and moderate) and LUTS divided into subgroups (irritative, obstructive, 
irritative and obstructive, unspecified) at urologist and GP.  
 
Additional univariate logistic regression was employed to identify risk factors for 
abnormalities on MRI. The selection of risk factors was based on prior knowledge of risk 
factors for prostate cancer. Independent variables included: age, BMI, drug use for LUTS, 
family history of prostate cancer, family history of hereditary cancer types linked to PCa as 
ovarium and breast cancer under 50 years of age, DRE at GP and urologist and PSA at 
referral and hospital [1, 9, 10, 17]. 
 
Multiple multivariate analyses were conducted to assess the relationship between MRI-
detected abnormalities and IPSS and LUTS. Potential predictive or risk factors identified 
from the univariate analysis with a significance level of p < 0.2 were used. The goodness of fit 
of the model was assessed using the Nagelkerke R-squared statistic. Odds ratios (OR) and 
confidence intervals (CI) were used to describe the data and assess the strength of 
associations. Variables with a significance level of p <0.05 were considered statistically 
significant in the multivariate analysis. 
 
DRE at urologist and PSA at the hospital were excluded from the multivariate models. This 
ensured the development of a model applicable for triage before entering the fast-track, as 
this information is logically not available beforehand. To compare the predictive value of 
LUTS with IPSS, information that emerges during consultation will be used, such as LUTS at 
urologist or combined with the GP. Thus, this is solely used for the purpose of comparison 
and not for a constructing a predictive model. 
 
 
Results 
 
A total of 330 patients were initially enrolled, but 60 patients were excluded due to a medical 
history of PCa or previous PCa diagnostics. Subsequently, two patients were excluded as MRI 
scans were not available. As a result, a final cohort of 268 patients was included, with Group 1 
consisting of 161 patients and Group 2 comprising 107 patients. 
Notably, of the overall study population, 209 patients (78%) completed the IPSS 
questionnaire, providing valuable data for further analysis. 
 
Baseline characteristics 
Table 1 presents the patient characteristics of the study population. The two groups showed 
statistically significant differences in several variables. Men with abnormal MRI results were 
significantly older (70 vs 66, p = 0.001) and had higher PSA values at referral (7.18 vs 5.28, p 
< 0.000) and at repeat PSA in the hospital (6.64 vs 5.28, p < 0.000). Additionally, the 
incidence of irritative LUTS was significantly higher among men with normal MRI results 
compared to those with abnormal MRI results (19.9% vs 10.3%, p = 0.031). Moreover, men 
with only mild LUTS complaints had abnormal MRI findings more frequent (30.8% vs 
20.5%, p = 0.049). 
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Table 1: Patient 
characteristics      
 Overall N = 268 PIRADS 1-2 (n=161) PIRADS 3-5 (n=107) p-value  

Descriptives     
Age at first visit, median [IQR] 67 [61-72] 66 [60-71] 70 [64-73] 0.001* 
BMI, median [IQR] 25.8 [24.5-28.4] 26.2 [24.6-29.1] 25.5 [24.2-27.9] 0.185* 
Family history of PCa, n (%) n = 121 (%), 46 (17.0) n=71, 30 (18.6) n=50, 16 (15.0) 0.472** 
Family history of hereditary 
cancer n=48, 5 (10.3) n =28,11 (6.8) n=20, 5 (4.7) 0.560** 
Drug use for LUTS n = 241 (%), 24 (10.0) n=145, 14 (8.7) n=96, 10 (9.3) 0.977** 
PSA at referral, median [IQR] 5.85 [4.68-8.30] n=160, 5.28 [4.20-6.62] n=106, 7.18 [5.28-10.33] <0.000* 
PSA at first visit, median [IQR] 5.65 [4.20-7.50] n=129, 5.06 [3.68-6.26] n=85, 6.64 [5.12-11.90] <0.000* 

Information on LUTS and IPSS     
History of LUTS reported at 
referral n = 203 (%), 138 (67.8) 87 (71.3) 51 (62.9) 0.212** 

Irritative 43 (21.2) 32 (36.8) 11 (21.6) 0.031** 
Obstructive 35 (17.2) 18 (20.7) 17 (33.3) 0.250** 

Irritative and obstructive 45 (22.2) 26 (29.9) 19 (37.3) 0.719** 
Unspecified  15 (7.4) 11 (12.6) 4 (7.8) 0.277** 

History of LUTS reported by 
Urologist 183 (68.3) 116 (72.0) 67 (62.6) 0.104** 

Irritative 30 (11.2) 21 (18.1) 9 (13.4) 0.239** 
Obstructive 46 (17.2) 29 (25.0) 17 (25.4) 0.651** 

Irritative and obstructive 106 (39.6) 66 (56.9) 40 (59.7) 0.554** 
Unspecified  1 (0.4) 0 (0) 1 (1.5) 0.219** 

LUTS reported by GP or urologist 196 (73.1) 124 (77.0) 72 (67.3) 0.078** 
IPSS questonnaire filled out 209 (78.0) 125 (77.6) 84 (78.5) 0.867** 
IPSS-scores, median [IQR] 10 [6-15.5] 11 [7-17] 10 [5.25-14] 0.076* 
IPSS-score 0-7 'mild', n, (%) 66 (24.6) 33 (20.5) 33 (30.8) 0.049** 
IPSS score 8-19 'moderate' 115 (42.9) 73 (45.3) 42 (39.3) 0.231** 
IPSS score 20-35 'severe' 28 (10.4) 19 (11.8) 9 (8.4) 0.351** 
          

Abbreviations: IQR (interquartile range) BMI (body mass index), PSA (prostate specific antigen), PCa (prostate cancer), 
LUTS (lower urinary tract symptoms), IPSS (International Prostate Symptom Score) 

 
Clinical outcomes 
Table 2 displays the clinical outcomes, including an overview of the highest PI-RADS scores. 
Differences between the two groups are observed in terms of DRE results at the urologist. In 
Group 2, 42.7% of men had a suspicous DRE, while only 1.9% in Group 1, with a p-value of 
<0.000. Furthermore, a significant disparity in prostate volume is observed, where men in 
Group 2 exhibited a smaller mean prostate volume (45 cc) compared to those in Group 1 (53 
cc), with a p-value of 0.003. PSA density at referral and at first visit also differed 
significantly, with values of 0.102 vs. 0.173 and 0.075 vs. 0.118, both having a p-value 
<0.000.  
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Table 2: Clinical outcomes    
  Overall N = 268 PIRADS 1-2 (n=161) PIRADS 3-5 (n=107) p value  
Suspect DRE referral, n 
(%) n = 130, 29 (22.1)  n=81, 17 (21.0)  n=50, 12 (24.0)  0.642** 
Suspect DRE urologist n = 155, 39 (25.2) n=66, 1 (1.9)  n=89, 38 (42.7)  <0.000** 
Prostate volume (cc), 
median [IQR] 50 [37-66] 53 [40-70] 45 [30-60] 0.003* 
PSA density referral, 
median [IQR] 0.117 [0.083-0.181] 0.102 [0.075-0.135] 0.173 [0.107-0.292] <0.000* 
PSA density at first visit, 
median [IQR] 0.089 [0.051-0.150] 0.075 [0.048-0.113] 0.118 [0.069-0.234] <0.000* 
Highest PI-RADS 
(n=268)        
1 84 (31.3) 84 (52.2) 0 NA 
2 77 (28.7) 77 (47.8) 0 NA 

3 19 (7.1) 0 19 (17.8) NA 

4 50 (18.7) 0 50 (46.7) NA 

5 38 (14.2) 0 38 (35.5) NA 

          
Abbreviations: DRE (digital rectal examination), IQR (interquartile range) PI-RADS (Prostate Imaging Reporting and Data 
System), NA (Not applicable) 

 
Biopsy outcomes 
Table 3 presents the data on biopsy outcomes. A much higher proportion of biopsies were 
performed in Group 2 compared to Group 1 (85% vs 1.9%, p-value < 0.000). Additionally, 
there was a greater occurrence of prostate cancer (PCa) and clinically significant prostate 
cancer (csPCa) in Group 2 compared to Group 1. 
 
Table 3: Biopsy outcomes    
  Overall N = 268 PIRADS 1-2 (n=161) PIRADS 3-5 (n=107) p value  
Biopsy performed n, (%) 94 (35.1) 3 (1.9) 91 (85.0) <0.000** 
Highest ISUP & Gleason         
benign 16 (17.0) 1 (33.3) 15 (16.5) 0.445** 
group 1 (gleason 6) 17 (18.1) 1 (33.3) 16 (17.6) 0.486** 
group 2 (gleason 3+4)  22 (23.4) 0 22 (24.2) 0.331** 
group 3 (gleason 4+3) 19 (20.2) 1 (33.3) 18 (19.8) 0.565** 
group 4 (gleason 8) 13 (13.8) 0 13 (14.3) 0.481** 
group 5 (gleason 9-10) 7 (7.4) 0 7 (7.7) 0.618** 
PCa, rate 79 (29.5) 2 (1.2) 77 (72.0) <0.000** 
csPCa 64 (23.9) 1 (0.6) 63 (58.9) <0.000** 
          

Biopsy outcomes. Abbreviations: ISUP (nternational Society of Urological Pathology), PCa (Prostate cancer), csPCa (clinically 
significant prostate cancer) 

 
Univariate analysis 
The results of univariate logistic regression, which examine the relationship between MRI 
abnormalities and LUTS or IPSS, are reflected in Table 4.  
Significant results were discovered for LUTS reported at GP and/or urologist, LUTS as 
assessed by a urologist and irritative LUTS at referral.  
Additionally, the numerical IPSS score was found to be a possible predictor, as was found for 
IPSS category mild versus moderate or severe, IPSS category moderate vs mild, IPSS 
category mild vs moderate, IPSS category severe vs mild and IPSS mild vs severe.   
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Table 4: Univariate analysis of LUTS and IPSS 

Abbreviations: LUTS (lower urinary tract symptoms), IPSS (International Prostate Symptom Score), OR (odds ratio). 

 
The univariate analysis of various baseline characteristics and abnormal MRI results (Table 
5) revealed a significant association for age. Similarly, PSA value at referral and PSA value at 
the hospital were both associated with abnormal MRI findings.  
An abnormal DRE by a urologist showed a particularly strong association, with an OR of 
48.431 and a 95% CI of [6.430-364.782], and a significant p-value of <0.000.  
 
Table 5: Univariate analysis of potential risk factors for MRI PI-RADS 3-5 
     
  OR [95% CI] p-value  
Age  1.044 [1.007-1.082] 0.018 
Drug use for LUTS  1.088 [0.462-2.561] 0.847 
Family history of PCa 1 [0.999-1.000] 0.671 
Family history hereditary cancer 1  [0.999-1.001] 0.785 
PSA value at referral 1.145 [1.075-1.221] <0.000 

PSA value at hospital 1.243 [1.122-1.276] <0.000 

Abnormal DRE urologist  48.431 [6.430-364.782] <0.000 
Abnormal DRE GP 1.221 [0.526-2.836] 0.642 
   

Abbreviations: LUTS (lower urinary tract symptoms), PCa (Prostate cancer), PSA (prostate specific antigen), DRE (digital 
rectal examination), OR (odds ratio). 

 
Multivariate analysis 
The multivariate analysis, examining the link between risk factors and LUTS or IPSS, 
resulted in five distinct models. One variable concerning IPSS or LUTS was utilized in each 
model, given the overlapping nature of these variables. Table 6 indicates that a higher IPSS 
score was associated with a decreased chance of abnormalities. Additionally, the presence of 
an elevated PSA value at referral showed a positive association with abnormal MRI. Age was 

     
  OR [95% CI] p-value  
LUTS reported at GP and/or urologist 0.614 [0.356-1.059] 0.080 
LUTS mentioned at urologist 0.650 [0.386-1.094] 0.105 

Irritative  0.612 [0.269-1.393] 0.242 
obstructive 0.860 [0.446-1.657] 0.652 

obstructive and irritative 0.859 [-0.520-1.420] 0.554 
LUTS mentioned at referral 0.684 [0.376-1.243] 0.213 

Irritative  0.442 [0.208 - 0.938] 0.034 
obstructive 1.535 [0.738-3.192] 0.252 

obstructive and irritative 1.132 [0.578-2.216] 0.719 
IPSS score 0.971 [0.933-1.012] 0.161 
IPSS mild vs moderate or severe 1.804 [0.998-3.259] 0.051 
IPSS moderate vs. mild  0.575 [0.311-1.063] 0.078 
IPSS severe vs. mild 0.474 [0.187-1.199] 0.115 
IPSS severe vs. mild or moderate  0.669 [0.287-1.561] 0.353 
IPSS moderate vs. severe 1.215 [0.504-2.926] 0.665 
IPSS mild vs. severe  2.111 [0.834-5.342] 0.115 
IPSS mild vs. moderate 1.738 [0.941-3.211] 0.078 
IPSS severe vs. moderate  0.823 [0.342-1.983] 0.665 
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not significantly associated in this model. The Nagelkerke test yielded a predictive capacity of 
0.177.  
 
Tabel 6: Multivariate analysis of baseline risk factors and IPSS-score value. 

 
 
 
 
 
 

 
 
 

In Table 7 is reflected that mild category IPSS-score gives a higher chance of MRI 
abnormalities then severe category does (OR 3.844 [1.236-11.952] vs. OR 0.260 [0.084-
0.809]). PSA value upon referral is a significant predictor, while age is not. The Nagelkerke 
test showed a value of 0.196. 
 
 
Tabel 7: Multivariate analysis of baseline risk factors and IPSS-score value. 
    
  OR [95% CI] p-value  OR [95% CI] p-value 
Age 1.022 [0.982-1.063] 0.288 1.022 [0.982-1.063] 0.288 

PSA value referral 1.182 [1.077-1.298] 0.000 1.182 [1.077-1.298] 0.000 

Mild vs. severe  3.844 [1.236-11.952] 0.020 NA NA 

Severe vs. mild NA NA 0.260 [0.084-0.809] 0.020 

          
Abbreviations: PSA (prostate specific antigen), NA (non-applicable), OR (odds ratio) 
 
Table 8 displays that irritative LUTS at referral shows a negative association with MRI 
abnormalities, while PSA value at referral and age at enrollment demonstrated a positive 
association. The Nagelkerke test for this model indicated the highest predictive capacity with 
a value of 0.208.  
 
Table 8: Multivariate analysis of baseline risk factors and irritative LUTS at referral. 

 
 
 
 
 
 
 
 

 
 

Lastly, Table 9 illustrates significant associations for LUTS at GP and/or urologist, PSA at 
referral, and age. The Nagelkerke test value was 0.191. 
 
 
 
 
 

  
 

  OR [95% CI] p-value  
Age 1.025 [0.985-1.067] 0.216 

PSA value referral 1.173 [1.075-1.281] <0.000 

IPSS-score 0.952 [0.908-0.997] 0.036 

   
Abbreviations: PSA (prostate specific antigen), IPSS (International Prostate Symptom Score, OR (odds ratio) 

  
 

  OR (95% CI) p-value 
Age 1.051 [1.004-1.099] 0.031 
PSA value referral 1.127 [1.057-1.201] <0.000 
Irritative LUTS at referral 0.420 [0.186-0.946] 0.036 
   

Abbreviations: PSA (prostate specific antigen), LUTS (lower urinary tract symptoms), OR (odds ratio) 
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Table 9: Multivariate analysis of baseline risk factors and LUTS reported.  
      
  OR (95% CI) p-value 
Age 1.046 [1.007-1.088] 0.022 
PSA value referral 1.144 [1.074-1.219] <0.000 
LUTS reported by GP or 
urologist 0.549 [0.304-0.989] 0.046 
      

Abbreviations: PSA (prostate specific antigen), LUTS (lower urinary tract symptoms), OR (odds ratio) 
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Figure 1: Predicted probability of MRI scans with PI-
RADS score 3-5, using model 2. IPSS scores are 
displayed per category.  Y-axis: predicted probability, x-
axis PSA value at referral. 

Figure 2: Predicted probability of MRI scans with PI-
RADS score 3-5, using model 2. A best line of fit is 
displayed. Y-axis: predicted probability, X-axis PSA 
value at referral. 
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Focusing on using IPSS score for triage, a plot of the predicted probability was created using 
the data from Table 7. Due to the higher Nagelkerke for IPSS category mild vs. severe than 
for IPSS numerical score, that model was used. As illustrated in Figure 1, at equal PSA 
values, IPSS score categories clearly exhibit distinguishable probabilities of MRI deviations. 
The severe category presents a lower likelihood than the mild category. Figure 2 highlights 
the best line of fit, showing that with increasing PSA values, the probability of abnormalities 
rises. Furthermore, for elevated PSA-values, the likelihood of having an abnormal MRI is 
high, irrespective of IPSS severity.  
 
 

 
Figure 3: Predicted probability of MRI scans with PI-RADS score 3-5, using model 1. A best line of fit is displayed. Y-axis: 
predicted probability, x-axis IPSS score as a numerical variable. 

 
Graphically displayed in Figure 3, an increasing IPSS score correlates with a decreasing 
probability of an MRI with deviations. 
 
 
Discussion  
 
The study’s objective was to individualize the rapid diagnostic pathway for prostate cancer by 
exploring the association between IPSS score and MRI scan abnormalities. Furthermore, the 
predictive values of reported LUTS and IPSS score were compared while also investigating 
into other risk factors.  
Our findings reveal a significant reduction in the probability of detecting abnormal prostate 
MRI results among patients with high IPSS scores, when LUTS were reported during the 
consultation and when irritative LUTS at referral were present. These results provide 
indications that incorporating IPSS questionnaires can enhance triage. 
 
First, a higher IPSS score demonstrated a statistically significant negative association with 
abnormalities on MRI (OR = 0.953, 95% CI [0.910-0.998], p-value = 0.040).  
In the segregated models based on the severity of IPSS scores, we observed interesting 
associations as well. Patients with mild IPSS scores showed higher odds of MRI 
abnormalities (OR 3.844 [1.236-11.952], p=0.020), while patients with severe IPSS scores 
had substantially lower odds of abnormalities (OR 0.260 [0.084-0.809], p =0.020).   
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In these models, age was found not to be significant. This is remarkable since age is one of 
the most important risk factors for prostate cancer [9]. We selected a relatively elderly study 
population, which may have influenced the predictive power of age compared to a population 
with a broader age distribution. Besides, it should be noted that the likelihood of urinary 
symptoms also increases with advancing age and is therefore a contributing factor in 
experiencing urinary complaints [11,18,19]. 
PSA was significant, as expected, since it is the most important diagnostic marker available 
[8,10]. 
 
Previous research findings suggested that LUTS might act as a protective factor. This 
corresponds with our finding that higher IPSS scores, which reflect the presence of more 
LUTS, reduce the chances of MRI abnormalities [7]. 
LUTS is often associated with BPH, which is linked to an elevated PSA level; however, it does 
not increase the risk of prostate cancer but can still coexist [11, 20]. This supports the 
hypothesis that an elevated PSA level, when combined with LUTS, is more likely to be 
explained by BPH than by PCa [19]. 
The first model of the Rotterdam Prostate Cancer Risk Calculator (RPCRC) estimates an 
individual’s risk of prostate cancer based on age, family history and IPSS score. A higher IPSS 
score is also considered to have a protective factor in this calculator. However, this calculator 
is designed for patients whose PSA value and DRE are not investigated, leading to a much 
lower prior probability than in our study cohort [21,22]. 
A study that aligns better with our study population, although using another endpoint, 
demonstrates similar results. Ito et al. observed a significant correlation between lower IPSS 
scores and an increased incidence of PCa in their study comprising men with elevated PSA 
levels who also completed the IPSS questionnaire [23].  
Although Martin et al. reported an association between higher IPSS scores and a higher 
localized PCa risk, it is important to consider their diverse age group in the study population 
and randomly selected participants. The absence of measured PSA values or DRE results 
further contributes to a much lower prior probability within this cohort. Considering the 
independent increased risk of urinary complaints and PCa among older men, we can explain 
why our study with a different population yields dissimilar results [24].  
 
Furthermore, the presence of LUTS, whether reported by the urologist or the general 
practitioner, showed a protective value (OR 0.549 with a 95% CI of [0.304-0.989], p-value 
0.046). It is noteworthy that the categorized IPSS score provides a stronger predictive value 
than the presence of LUTS.  
This could be explained by the standardized nature of the IPSS questionnaire, while 
assessment and documentation of LUTS are highly subjective and can be interpreted 
differently by different investigators.  
Additionally, it seems reasonable to expect a correlation between symptom severity and 
underlying pathophysiology. While prostate cancer most often occurs in the peripheral zone 
of the prostate, the most important comorbidity, BPH, arises more centrally and therefore 
results in more complaints [25-27]. Therefore, pronounced LUTS symptoms could be 
attributed to a BPH diagnosis and explain heightened PSA values. For PCa, intense 
symptoms would be infrequent due to tumor’s location, mild urinary symptoms remain 
understandable.  
 
Specifically mentioning irritative LUTS in the referral letter also indicated a decreased 
likelihood of abnormal MRI scans (OR = 0.420, 95% CI [0.186-0.946], p-value = 0.036). 
This could again originate from prostatitis and BPH, frequently manifesting irritative LUTS 
like urgency and frequency. Symptoms of prostatitis can also resolve after antibiotics and 
possible cease by the time of the urologist consultation [28]. BPH and prostatitis do not 
confer a higher likelihood of prostate carcinoma, thereby reducing the probability of 
diagnosing prostate carcinoma in the presence of symptoms related to these conditions [29]. 
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No significant association was found between LUTS mentioned at referral of other categories 
(obstructive, or in combination), and notably, no significant association was observed 
between LUTS mentioned at the urologist, as demonstrated in previous research [7]. 
 
Obstructive LUTS are not described as a specific symptom of prostate carcinoma or another 
common urological condition that results in elevated PSA levels or abnormal DRE [2]. As a 
result, it is not surprising that no association shows.  
The second difference could be attributed to the different approach used in the previous 
study, where the absence of LUTS and unknown LUTS status were combined. In the current 
study we corrected for this bias by treating unknown LUTS as missing data, resulting in 
relatively more patients with LUTS as mentioned at the urologist (68.3% vs 58.3% compared 
to Verlinden) and the GP (67.8 % vs 45% compared to Verlinden). This may have biased the 
predictive value in that study, leading to a difference as compared to the results of the current 
study.  
 
Combining LUTS reported by both GP and urologist provides a more comprehensive picture 
than LUTS presence solely from either. The lack of significance at the GP could arise from 
substantial missing data on LUTS and varied reporting, introducing subjectivity. Also, 
information is possibly not as extensively collected as it would be by a urologist. Results at the 
urologist could be explained by potential symptoms that resolve after GP visit. Furthermore, 
subjective interpretation regarding the presence and absence of LUTS and variations in 
determining the threshold for documenting LUTS complaints occur, even among urologists. 
These findings once again highlight that IPSS is a more reliable and quantified measure.  
 
Consistent with previous research, the following risk factors were identified: older age (OR 
1.044 CI [1.007-1.082], p-value of 0.018), PSA value at referral (OR 1.145 [95% CI [1.075-
1.221], p-value <0.000), repeat PSA value at the hospital (OR 1.243 CI [1.122-1.276], p-value 
<0.000), and abnormal digital rectal examination (DRE) by a urologist (OR 48.431 CI 
[6.430-364.782], p-value <0.000). [9] 
 
Furthermore, the analysis of the predicted probability (Graph 1) revealed that, for 
equivalent PSA values, patients with mild LUTS displayed a significantly higher likelihood of 
MRI abnormalities compared to those with moderate or severe LUTS. The influence of IPSS 
primarily applies to lower PSA values, for higher PSA values the risk of abnormalities will be 
substantially high irrespective of the LUTS circumstances. Notably, the odds demonstrated a 
progressive pattern, increasing from mild to moderate, and further to severe LUTS. 
 
Strengths and limitations 
The strengths of the study include the use of a validated and quantified questionnaire which 
was completed by a substantial proportion of the study population. Additionally, we 
examined a research population that almost precisely aligns with the group which we intend 
to implement measures for. 
Several limitations must also be considered. The retrospective design resulted in a substantial 
amount of missing data, including family history, completed IPSS questionnaires, references 
to LUTS in referral letters and DRE results at GP. Additionally, the subjective interpretation 
of LUTS presence based on referral letter information, and the potential non-response bias, 
in which men without urinary complaints might not fill out the questionnaire as much as 
patients with urinary complaints, are notable restrictions. Furthermore, the exclusion of 
patients with a history of prostate cancer or previous analysis for prostate cancer led to the 
formation of an even higher-risk group, as previous biopsy or history lower the change of PCa 
diagnosis. [30]  
 
A potential future direction would involve a prospective design, with all patients completing 
an IPSS questionnaire before their urologist visit. Categorization into fast-track or standard 
diagnostic pathway based on IPSS severity will then assess if anticipated outcomes are 
realized. A cutoff value for PSA value and influence of IPSS should be investigated. Also, the 
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influence of irritative LUTS at referral should be tested. Additionally, increasing the sample 
size would be beneficial to obtain more reliable findings. 
 
Conclusion & impact 
The study provides valuable insights into the link between IPSS score and prostate MRI 
abnormalities within this specific high-risk cohort, indicating that IPSS score predicts 
abnormalities better than reported LUTS complaints. Especially for lower PSA values, mild 
LUTS cause much higher probability of an abnormal MRI, underscoring the preference for 
placing patients in the fast-track pathway. Also, irritative LUTS at referral tend to act as 
protective factor, which may warrant considering placing the patient in the regular diagnostic 
pathway. This has the potential to improve selecting the fast-track patients and increase 
efficiency for this new pathway, though confirmation thought further research is needed.  
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