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Abstract 

Objectives: To validate and analyse the clinical usefulness of a predictive model of prostate 

cancer that incorporates the biomarker “[-2] pro prostate-specific antigen” using the prostate 

health index (PHI) in decision making for performing prostate biopsies. 

Material and methods: We isolated serum from 197 men with an indication for prostate biopsy 

to determine the total prostate-specific antigen (tPSA), the free PSA fraction (fPSA) and the [-

2] proPSA (p2PSA). The PHI was calculated as p2PSA/fPSA×√tPSA. We created 2 predictive 

models that incorporated clinical variables along with tPSA or PHI. The performance of PHI was 

assessed with a discriminant analysis using receiver operating characteristic curves, internal 

calibration and decision curves. 

Results: The areas under the curve for the tPSA and PHI models were 0.71 and 0.85, 

respectively. The PHI model showed a better ability to discriminate and better calibration for 

predicting prostate cancer but not for predicting a Gleason score in the biopsy ≥ 7. The decision 

curves showed a greater net benefit with the PHI model for diagnosing prostate cancer when 

the probability threshold was 15-35% and greater savings (20%) in the number of biopsies. 

Conclusions: The incorporation of p2PSA through PHI in predictive models of prostate cancer 

improves the accuracy of the risk stratification and helps in the decision-making process for 

performing prostate biopsies. 

KEYWORDS: Prostate cancer; Prostate health index; Predictive models; Decision curve 

analysis; Prostate biopsy 

 

  



Resumen 

Objetivos: Validar y analizar la utilidad clínica de un modelo predictivo de cáncer de próstata 

que incorpora el biomarcador “[-2] proantígeno prostático específico” a través del índice de 

salud prostática (PHI) en la toma de decisión para realizar una biopsia de próstata. 

Material y métodos: Se aisló suero de 197 varones con indicación de biopsia de próstata para la 

determinación del antígeno prostático específico total (tPSA), fracción libre de PSA (fPSA) y [-

2] proPSA (p2PSA); el PHI se calculó como p2PSA/fPSA×√tPSA. Se crearon 2 modelos 

predictivos que incorporaban variables clínicas junto a tPSA o a PHI. Se evaluó el rendimiento de 

PHI usando análisis de discriminación mediante curvas ROC, calibración interna y curvas de 

decisión. 

Resultados: Las áreas bajo la curva para el modelo tPSA y el modelo PHI fueron de 0,71 y 0,85, 

respectivamente. PHI mostró mejor capacidad de discriminación y mejor calibración para 

predecir cáncer de próstata, pero no para predecir un grado de Gleason en la biopsia ≥ 7. Las 

curvas de decisión mostraron un beneficio neto superior del modelo PHI para el diagnóstico de 

cáncer de próstata cuando el umbral de probabilidad está entre 15 y 35% y un mayor ahorro 

(20%) en el número de biopsias. 

Conclusiones: La incorporación de p2PSA a través de PHI a los modelos predictivos de cáncer 

de próstata mejora la exactitud en la estratificación del riesgo y ayuda en la toma de decisión 

sobre realizar una biopsia de próstata. 

PALABRAS CLAVE; Cáncer de próstata; Índice de salud prostática; Modelos predictivos; 

Curvas de decisión; Biopsia de próstata. 

 
  



Introduction 

Serum prostate-specific antigen (PSA) was the first marker used for the early diagnosis of 

prostate cancer (PCa); however, it is not very specific, with the consequences that this entails.1 

The free PSA fraction (fPSA) and the percentage of fPSA (% fPSA) significantly improve the 

discrimination between PCa and other benign situations, especially in patients with tPSA levels 

between 4 and 10 ng/ml.2 The p2PSA molecule, an isoform of fPSA, and the prostate health 

index (PHI), which incorporates tPSA, fPSA and p2PSA in its calculation, improve the 

diagnostic accuracy of PCa and of clinically significant or aggressive disease.3,4 

However, the calculation of the diagnostic accuracy in terms of reliability indexes, or the 

calculation of the area under the curve (AUC) are not enough to answer the following questions: 

what is the probability that a patient has of suffering from PCa? Or how can I stratify a patient’s 

risk of having PCa? And, therefore, to whom should I biopsy and who benefits from the prostate 

biopsy? 

The development of predictive models that make it possible to stratify and discriminate the 

risk, its calibration, and the development of decision curves could be more useful in clinical 

practice.5,6 The purpose of this study is to analyze and validate the clinical usefulness of a 

predictive model of PCa that incorporates the biomarker “[-2] prostate-specific proantigen” 

through the PHI in the decision-making process to perform a prostate biopsy. 

Material and methods 

Prospectively and through an observational cohort design, between January 2015 and 

December 2016, 197 men were included with indication of first or successive prostate biopsy, 

who signed an informed consent for the inclusion in the study and for the extraction of a blood 

sample. The study was approved by the Hospital Ethics Committee. A tPSA 2-20 ng/ml or the 
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presence of a suspicious digital rectal examination in men over 45 years of age was fixed as 

inclusion criterion. Patients with a history of taking 5-α-reductase inhibitors in the last 6 months 

and patients with a history of urinary tract infection or lower urinary tract manipulation in the 

3 months prior to the biopsy indication were excluded from the study. 

The clinical variables of interest (first or successive biopsy, age of the patients, and digital 

rectal examination), the laboratory variables (tPSA, fPSA, and p2PSA) and the findings in the 

analyzed biopsy samples (presence of cancer or not in biopsy and presence of at least one 

Gleason grade ≥ 7 in the biopsy) were collected. Two models were defined: PSA model (age, 

digital rectal examination, previous biopsy, and tPSA) and PHI model (age, digital rectal 

examination, previous biopsy, and PHI). 

Blood samples were taken immediately before the biopsy, they were ultracentrifuged and 

frozen at - 80◦ in the first 2 h after extraction to minimize the low stability of p2PSA at room 

temperature in serum.7 Blindness was maintained for the study investigators regarding the 

recognition of blood samples. 

All patients underwent prostate biopsy through transrectal ultrasound and at least 12 

cylinders were obtained from the peripheral zone (apical, medial and cranial) of the prostate 

gland in all cases. When necessary, additional cylinders were taken. The histological analysis of 

the samples was performed and their Gleason grade was obtained according to the criteria 

agreed at the Consensus Conference of the International Association of Uro-pathologists in 

2005 (ISUP 2005).8 Aggressive PCa was defined as the presence in the biopsy of at least one 

Gleason grade ≥ 7. Blindness was maintained for the study investigators as to the result of the 

biopsy. 

The analysis of tPSA, fPSA and p2PSA was carried out using the Access Hybritech 

immunoassay by Beckman Coulter and the PHI was calculated using the formula 



p2PSA/fPSA×. The percentage of fPSA and the percentage of p2PSA (% p2PSA) were also 

reported. 

An estimation of the necessary sample size was made in order to, with a PCa detection rate in 

our population of 43%, find differences in the AUC with a statistical power of 80% and an alpha 

error of 5%. With these premises, at least 195 patients would be needed. 

The variables of interest of the study population were compared using the Student’s t test for 

independent data and the Mann-Whitney U test in the case of quantitative variables and 

Pearson’s chi-square test in the case of qualitative variables. The receiver operating 

characteristics (ROC) curves were used to determine the diagnostic accuracy of each of the 

variables and models (PSA and PHI), to determine the cut-off point in which the highest 

sensitivity and specificity is reached and to evaluate the discriminative capacity of the variables 

and models, that is, their ability to differentiate subjects without cancer versus subjects with 

cancer, and subjects with aggressive cancer versus sub- jects with non-aggressive cancer.9 The 

comparison of the ROC curves was done non-parametrically by means of the DeLong test.10 

The calibration of tPSA, fPSA and p2PSA and of the different models was performed by 

comparing the predicted probabilities and the probabilities observed by the Hosmer-

Lemeshow test and it was represented graphically. The relationship between the probabilities 

predicted by both models was also graphically represented both for the diagnosis of cancer 

and for the diagnosis of aggressive cancer using scatter plots. 

The decision curves were used to examine the net benefit (cancer detection) obtained with 

each model (PSA and PHI) and the number of interventions that can be avoided (number of 

unnecessary biopsies). 

Results 

85 cancers (43%) and 44 aggressive cancers (52%) were diagnosed. Twenty-five (12.6%) 



males had a tPSA >P10 and the median PSA (ng/ml) among these males was 14 (10.24-

19.56). Table 1 shows the characteristics of the study cohort. The analysis by means of ROC 

curves of the available variables and their combinations (Table 2) showed that PHI had better 

discrimination capacity for the diagnosis of PCa (AUC: 0.82), but not for the diagnosis of 

aggressive cancer (AUC: 0.66). The best combination to discriminate aggressive cancer was 

tPSA+% fPSA+% p2PSA (AUC: 0.71). 

Fig. 1 shows how PHI is the tool that presents the best calibration as a predictor of PCa 

diagnosis. Fig. 2 shows the superior net benefit of PHI in the diagnosis of PCa compared to the 

rest of the variables along the different cut-off points or probability thresholds. However, there 

is no superior net benefit of PHI in the diagnosis of aggressive cancer. 

The results of the clinical usefulness of the 2 proposed models (PSA and PHI) in the diagnosis 

of PCa and aggressive disease are shown by ROC curves (Fig. 3), by means of scatter plots (Fig. 

4), by means of calibration (Fig. 5), and by decision curves: the net benefit (Fig. 6A and B) and 

the number of interventions (biopsies) that we can save by incorporating PHI to the predictive 

model of PCa is observed (Fig. 6C). 

Discussion 

In this study, as it happens in others, both belonging to an institution alone and in 

multicenter studies, PHI is much more accurate and has greater discriminatory power than the 

rest of the markers in the prediction of PCa in patients with indication of first biopsy and in 

successive biopsies, although our cohort only includes 13% of patients with indication of 2nd 

or 3rd biopsy.11---13 

However, is this last by itself enough to be able to assert that p2PSA and the calculated index 

- PHI - is a better marker to predict PCa than other markers? Or, in other words, what criteria 

should a marker gather to justify its inclusion in the clinical decision-making processes?14 On 



the one hand, we see that the AUC of PHI as an isolated variable when compared to other 

variables alone or combined and the mixed clinical-analytical PHI model when compared to 

the mixed clinical-analytical model, PSA is better than the AUC of tPSA (0.82-0.85 versus 

0.56-0.70). Therefore, the power of discrimination of PHI is better. Even if we incorporated a 

multivariate logistic regression model, previously shown in our patients,15 although not shown 

in the current results of this study, the odds ratio of PHI in a multivariate model is only slightly 

higher than 1, 1.03 (1.02-1.04, p < 0.001). In this model, although the statistical significance is 

really small and is adjusted by other markers, the model would be subject to great variability 

due to the way in which the variable is analyzed (in this case in a continuous quantitative way), 

and it would probably differ if quartiles were used in its analysis. Even the model would be 

influenced by the type of variables that we include (clinical variables, other biomarkers . . .). 

That is to say, the discrimination provided by the ROC curves and the implementation using a 

multivariate logistic regression model would not be sufficient to assert that PHI is really useful 

in clinical practice. 

On the other hand, it is clearly established that the evaluation of a new biomarker cannot 

be performed independently of a model, because the biomarker will be more valuable as soon 

as the predictive accuracy increases for a given event - in our case the diagnosis of PCa -, 

compared to a model that does not include the new biomarker-in our case PHI.16 In this sense, 

PHI has also been evaluated in combination with other markers in different studies and 

different predictive models of PCa have been created that have also resulted with greater 

predictive power,17 although it is more interesting to use predictive models that incorporate 

clinical variables with biomarkers, as we have done in this study, because they offer a more 

accurate approach to the reality of our patients. 

An internal validation of the behavior of the different markers in the form of calibration has 



been carried out, since the calibration informs us of how close the risks predicted by our isolated 

variables or included in our models are to the rates observed in the reality of our patients. A 

perfect calibration should show a 1:1 ratio between predictions and observations, which would 

result in an inclination slope of about 45◦.18 In this sense, PHI offers the smallest jump between 

the observed and expected values for the diagnosis of PCa along a linear model with a 45◦ 

inclination slope. Neither tPSA nor the rest of the variables in isolation offer it in our patients, 

in whom the fact that the prediction capacity of tPSA, fPSA, and % fPSA is lower than 50% 

stands out. In addition, the model that incorporates PHI shows better calibration at the different 

points of the 45◦ slope. 

The dispersion graphs also help to understand that if the predictions were very similar 

between the 2 models, the points would be very close to 45◦, without much dispersion; therefore, 

the model that includes PHI would not be of clinical usefulness.19 The dispersion seen in the 

predictive model of PCa indicates that the incorporation of PHI into the model has clinical 

usefulness in our patients. 

To understand if our predictive model will modify our clinical practice, that is, it will have an 

impact on the clinical decisions that can be made by the doctor and the patient, the decision 

curves are fundamental, since they show us the net benefit of our marker or of our models in 

different cut-off points of probability of suffering from PCa.20 The net benefit of PHI as an 

isolated marker is clearly higher than that of the rest of the variables when the probability of 

suffering from PCa is between 20 and 40%. In the model that includes PHI compared to the 

model that includes tPSA, the net benefit is appreciated from very early with a clear separation 

of the curve, so when the probability is between 15 and 35%, the net benefit is clearly higher. 

In recent years, different decision curves have been published that try to improve clinical 

decision-making in patients. In the study by Lazzeri et al.,17 a greater net benefit is reported of 



the model that includes PHI between 30 and 60%; therefore, in this interval, the use of the 

model would be supported to improve the diagnostic performance; however, with a prob- 

ability of 60%, the net benefit is only 2.5%. 

PHI has also been evaluated from the perspective of whether it is capable of predicting a 

more aggressive disease in patients diagnosed with PCa. Several studies have shown this, 

although in some only the discrimination capacity of PHI has been evaluated.11,17,21,22 In this 

sense, in our study, PHI does not provide greater usefulness than tPSA in the aggressiveness 

of the diagnosed PCa. Probably, the known panel of the 4 kallikreins together with the clinical 

variables age, digital rectal examination, and previous biopsy history through the 4 K score test 

better fulfills the role of high-grade cancer prediction when compared to other available 

multivariate prognostic models as the Prostate Cancer Prevention Trial-Risk Calculator 2.0 and 

the European Research Screening Prostate Cancer-Risk Calculator 4.23 

The number of biopsies that we would save by incorporating PHI to the model versus the 

model that incorporates tPSA is clearly superior: it reaches almost 20% in some of the cut-off 

points. 

We can conclude that PHI has greater discrimination power, a higher calibration, and a 

higher net benefit, both as an individual variable and when introducing it in predictive models 

of PCa diagnosis and, therefore, it has a greater clinical utility in our decision-making before 

patients, which also enables us a greater percentage of savings in the number of biopsies. 

However, we must recognize several limitations. The first one concerns the small sample 

size, which can explain the amplitude of some confidence intervals. Secondly, not all 

candidates for biopsy gave their consent to participate in the study, so we cannot exclude a 

clear selection bias. The possible bias in the tPSA variable as indicator of biopsy and 

performed in the routine laboratory and the tPSA analyzed by the Beckman technique was 



resolved by contrasting that there were no statistically significant differences between both 

tPSAs in the sample and, therefore, the tPSA obtained by Beckman’s technique was valid for 

the study. There could also be a potential bias of the false negative in the patients who 

represented the group of successive biopsies; even so, the bias would affect less than 13% of 

the sample. Also, the fact of performing transrectal biospy has a potential false negative rate. 

The limited use- fulness that PHI shows for predicting aggressive PCa could be due to several 

circumstances, one of them the sample size, and another one that has not been used the 

Gleason grade of the radical prostatectomy specimen. Finally, this internal validation of the 

model does not allow us to generalize the results to other patients, since, although it would 

have been desirable, we did not validate our sample externally. 
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Table 1. Descriptive characteristics of patients. 

 
All Without PCa With PCa p 

Patients, number (%) 
Age, yearsa 

DRE, number (%) 
Not suspicious 
Suspicious 

Previous biopsy, number (%) 
No 
Yes 

Prostate volume in cca 

Gleason grade, number (%) 
≤6 
 7 
≥8 

tPSA, ng/mla 
fPSA, ng/mla 
Percentage fPSA (%) 
p2PSA, pg/mla  
Percentage p2PSA (%) 
PHIa 

197 (100) 112 (57) 85 (43)  

68 (62---71) 67 (61---70) 70 (65---74) <0.001b 

112 (57) 88 (66) 46 (34) <0.001c 
85 (43) 24 (38) 39 (61)  

171 (87) 96 (86) 75 (88) 0.6c 
26 (13) 16 (14) 10 (12)  

39 (27---54) 44 (28---58) 37 (26---46) 0.005d 

N/A N/A 41 (48) 
 

N/A N/A 25 (29)  

N/A N/A 19 (23)  

5.8 (4.4---7.8) 5.7 (4.1---7.7) 6.2 (4.6---7.9) 0.10d 
0.67 (0.45---1.03) 0.67 (0.40---1.10) 0.69 (0.47---0.96) 0.9d 
0.11 (0.08---0.16) 0.13 (0.09---0.18) 0.10 (0.07---0.13) <0.001d 
16.9 (11.4---26.8) 13.8 (9.3---23.6) 20.3 (13.6---31.6) <0.001d 
0.25 (0.17---0.39) 0.20 (0.14---0.32) 0.32 (0.24---0.43) <0.001d 
57.5 (36.5---90.0) 41.3 (32.5---57.5) 85.8 (64.7---114.0) <0.001d 

a Quantitative data expressed as median (range). 
b Student’s t. 
c Pearson’s chi square. 
d Mann---Whitney U. 

 
  



Table 2. Discrimination capacity of the markers and the combination of markers. 
 
 
 
 

AUC of the markers (95% CI) 
 

 

PCa Aggressive PCa 

AUC of the combination of markers (95% CI) 

PCa  Aggressive PCa 

tPSA 0.56 (0.48---0.64) 0.61 (0.49---0.73) tPSA+fPSA 0.66 (0.58---0.73) 0.59 (0.46---0.71) 
fPSA 0.50 (0.42---0.58) 0.46 (0.34---0.59) tPSA+%fPSA 0.65 (0.58---0.73) 0.59 (0.47---0.71) 
%fPSA 0.65 (0.57---0.73) 0.56 (0.44---0.69) fPSA+p2PSA 0.76 (0.69---0.83) 0.67 (0.55---0.78) 
p2PSA 0.67 (0.60---0.75) 0.67 (0.56---0.79) %fPSA+%p2PSA 0.72 (0.65---0.79) 0.65 (0.53---0.77) 
%p2PSA 0.71 (0.63---0.78) 0.65 (0.53---0.77) tPSA+%fPSA+%p2PSA 0.73 (0.66---0.80) 0.71 (0.60---0.82) 
PHI 0.82 (0.75---0.88) 0.66 (0.54---0.77) PHI 0.82 (0.75---0.88) 0.66 (0.54---0.77) 

AUC: area under the curve; 95% CI: 95% confidence interval. 
 
 

  



Figure legends 

Figure 1. Calibration of the different markers for the diagnosis of PCa: (A) PSA, (B) fPSA, 

C)% fPSA, (D) p2PSA, (E)% p2PSA and (F) PHI. 

Figure 2. Decision curves showing the net benefit of each of the markers: (A) for the 

diagnosis of PCa; (B) for the diagnosis of aggressive PCa. 

Figure 3. ROC curves comparing PSA model and PHI model: (A) for the diagnosis of PCa and 

(B) of aggressive PCa. 

Figure 4. Relationship between the probability prediction (degree of dispersion) of the PSA 

model and the PHI model: (A) for the detection of PCa and (B) for the detection of aggressive 

PCas. 

Figure 5. Calibration for the diagnosis of PCa of the model: (A) PSA, (B) of the PHI, and for 

the diagnosis of aggressive PCa of the models: (C) PSA and (D) PHI. 

Figure 6. Decision curves showing the net benefit of the PSA and PHI models (A) for the 

detection of PCa and (B) for the detection of aggressive PCa, and (C) the number of 

interventions avoided. 

 

  



Figure 1 
 

 
 
 
  



Figure 2 
 

 
 
 
 
  



Figure 3 
 
 

 
 
 
 
 
  



Figure 4 
 

 
 
  



Figure 5 
 
 

 
 
 
 
 
 
 
  



Figure 6 
 
 


	Introduction
	Material and methods
	Results
	Discussion
	Funding
	Conﬂict of interest
	References

