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Purpose

The outcome of the present study is to determine variables available at the time of diagnosis able to predict disease reclassification in prostate cancer (PCa) patients on active surveillance (AS).



Materials and methods

From January 2014 to December 2018, 114 consecutive low-risk PCa patients were enrolled in AS protocol according to inclusion criteria: PSA ≤ 10 ng/ml, Gleason score (GS) ≤ 6 or International Society of Urological Pathology (ISUP) Gleason grade group (GG) 1, maximum cancer core length (MCCI) < 50%, and ≤ 2 positive cores on biopsy. Patients were followed with confirmatory and yearly prostate biopsy, semi-annually with prostate-specific antigen (PSA), and digital rectal examination (DRE). Disease reclassification was defined as upgrading biopsy: GS ≥ 3 + 4 = 7 or ISUP GG ≥ 2, more than two positive cores, MCCI > 50%, or changes in serum PSA > 10 ng/ml. Uni- and multivariate Cox proportional hazards regression models, receiver performance curves (ROC),  and Kaplan-Meier analysis were performed to characterize AS criteria and identify variables that predict disease reclassification. Finally, decision curve analysis (DCA) was performed to evaluate the net benefit of using PV in addition to standard variables to predict disease reclassification.



Results

PCa was diagnosed by systematic transrectal ultrasound-guided prostate biopsy (TRUS-Bx). The mean (range) follow-up was 32.7 (12-126) months. Disease reclassification occurred in 46 patients (40%). On univariate statistical analysis prostate specific antigen (PSA) (p = 0.05), prostate volume (PV) (p = 0.022), PSA density (PSAD) (p < 0.001) and number of positive cores (p = 0.021) were significant factors for disease reclassification. On the multivariate analysis, PSAD (p < 0.001) and PV (p = 0.003) were the only statistically significant independent variables to predict disease reclassification. A PSAD cut-off of 0.16 ng/ml² and a PV cut-off of 44 ml gave a maximal area under the curve, 0.69 and 0.63, respectively. Kaplan-Meier analysis showed that the median survival free from disease reclassification during AS was almost doubled in patients with PSAD < 0.16 ng/ml2 or PV > 44 ml. DCA showed a positive net benefit and clinical usefulness of the model, including PV, to predict disease reclassification between threshold probabilities of 20-50%.



Conclusions

PV and PSAD significantly predicted failure from AS in our patients. Patients with a baseline PV of fewer than 44 ml would be more likely to have disease reclassification and unsuitable for acceptable AS protocols. Therefore, we believe that PV may help to select PCa patients for AS, especially in populations where the use of mpMRI is limited.
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Introduction

Active surveillance (AS) is an alternative approach to immediate medical intervention for men with low-risk diseases and selected patients with intermediate-risk prostate cancer (PCa) (1, 2). The AC can reduce the harm from curative treatment for selected men, and in the long term, this is a safe and viable option for patients with low to intermediate-risk PCa (3, 4). Over the past two decades, data from several institutions have demonstrated the overall safety of AS, with 5- and 10-yr cancer-specific survival rates consistently exceeding 94% (5).

A potential disadvantage in this approach is the presence or development of more aggressive undiagnosed disease in these patients that need continuous monitoring and caution before selection (6).

The application of multiparametric magnetic resonance imaging (mpMRI) in AS protocols for patients with low-risk PCa has been approved and included in international guidelines (7). However, the necessity of using mpMRI for decision-making in patients with AS has not yet been proven. Baccaglini et al., in a systematic review and meta-analysis of the accuracy of MRI-guided prostate biopsy in patients under AS, concluded that further studies focusing on the role of mpMRI as a single method in AS are warranted (8). Rajwa et al., in another systematic review and meta-analysis study of the role of mpMRI during AS, suggested that mpMRI alone in AS patients are unreliable in reclassifying the disease (9).

Recently, diagnostic and prognostic models using new biomarkers such as prostate health index (PHI), four-kallikrein panel (4K score), and prostate cancer antigen 3 (PCA3) have also shown their predictive value in AS (10). Cantiello et al. added PCA3 and PHI to the Prostate Cancer Research International Active Surveillance Study (PRIAS) (11) Epstein criteria (12) for selecting patients for AS, resulting in improved prognostic performance (13). Unexpectedly, while Lin DW et al. evaluated the utility of 4K score prediction of high-grade PCa in AS study, they found that prostate volume (PV) strongly predicted the presence of higher-grade PCa (14). Additionally, a positive 17-gene prostate genomic RNA (GPS) test is associated with a significantly increased risk of high-grade PCa (15). However, clear advantages in obtaining accuracy and cost-effectiveness for its regular use in AS protocols have yet to be demonstrated.

Therefore, the outcome of the present study is to determine variables available at the time of diagnosis able to predict disease reclassification, especially where mpMRI and sophisticated genetic tests are not available or very expensive.

In this study, we summarized our experience in a cohort of PCa patients who have been diagnosed with systematic transrectal ultrasound (TRUS)-guided biopsy and were monitored in AS protocol. Interestingly, we found that patients with small PV were at higher risk of disease reclassification.



Materials and methods

Soroka University Medical Center’s ethics committee approved the study and waived informed consent requirements, and all methods were performed in accordance with the relevant guidelines and regulations (0238 – 20 – SOR). In this single-institution cohort study, we retrospectively reviewed data of 114 consecutive patients eligible for AS criteria out of 437 patients diagnosed with PCa by systematic TRUS-Bx at our institution between January 2014 and December 2018. None of the study patients underwent mpMRI before the biopsy. Low-risk PCa patients were considered candidates for AS according to strict inclusion criteria proposed by Johns Hopkins and Toronto University: PSA ≤ 10 ng/ml, Gleason score (GS) ≤ 6, or International Society of Urological Pathology (ISUP) Gleason grade group (GG) 1, maximum cancer core length (MCCI) < 50%, and ≤ 2 positive cores on biopsy (5, 16). Patients who did not meet these criteria were excluded from the study. PSA levels were measured twice a year without clinical signs or symptoms for further evaluation. Following the strict AS inclusion criteria mentioned above, men included in the AS group were biopsied annually or earlier if this was due to an alarming increase in PSA levels. Almost all men underwent confirmatory biopsy within 12 months of diagnosis. Initial and repeat biopsies consisted of a minimum of ten cores. The PV was obtained by TRUS measurements performed by a single operator; consequently, PSAD was calculated (17). Disease reclassification was defined as upgrading biopsy: GS ≥ 3 + 4 = 7 or GG 2, more than two positive cores, MCCL > 50%, or changes in serum PSA > 10 ng/ml (5, 16). Most patients with documented disease reclassification underwent curative treatment such as radical surgery or radiation therapy.


Statistical analyses

Study population characteristics were summarized using descriptive statistics. Continuous variables were compared using a t-test for normally distributed variables and Mann–Whitney U test for non-normally distributed variables. The Chi-square test was used for categorical variables. Results are presented as means ± standard deviations (SDs) for normally distributed continuous variables and as medians and interquartile ranges (IQRs) for non-normally distributed variables. Categorical data are presented as percentages. To determine the optimal cut-off of the PSAD and PV, we established receiver operating characteristic (ROC) curves. Sensitivity, specificity, and Youden’s J statistics for each parameter were calculated. Kaplan–Meier survival curves and estimates were used to analyze the relationship between disease reclassification and PSAD or PV category, above or below the determined threshold. Multivariable analysis was performed using Cox proportional hazard regression for disease reclassification during the entire follow-up period. The results of the survival model are presented as hazard ratios (HRs) with 95% CI. Finally, we performed a decision curve analysis (DCA) to calculate the net benefit and clinical usefulness of applying PV to predict disease reclassification in patients with low-risk PCa (18). Statistical significance was defined at p < 0.05. Statistical analyses were performed using packages “survival” and “dcurves” in the R software, version 4.0.2




Results

A total of 114 patients who underwent diagnostic systematic TRUS-guided biopsy met the study inclusion criteria. Demographic and clinical characteristics of all patients eligible for AS criteria and disease reclassification status are listed in Table 1. The mean follow-up was 32.7 months among the selected patients, ranging from 12 to 126 months. In all patients, the mean (SD) PSA value was 6.35 (2.45) ng/ml, the mean (SD) PSAD was 0.18 (0.10) ng/ml², and the mean (SD) PV was 42.79 (24.41) ml. The disease was stable in 68 (60%) patients, and disease reclassification was observed in 46 patients (40%). Of the 46 patients with disease reclassification, 17 (37%) upgraded to GS ≥ 7 (GG ≥ 2), 18 (40%) had elevated PSA > 10 ng/ml, four (9%) had an increase in the number of cores involved, and four (9%) had a rise in MCCI.


Table 1 | Clinical characteristics of all patients eligible for active surveillance and reclassification status.



On univariate statistical analysis PSA (p = 0.05), PV (p = 0.022), PSAD (p < 0.001) and number of positive cores (p = 0.021) were significant factors for disease reclassification. Since PSAD is directly derived from PV, we created two models for greater statistical reliability in multivariate analysis. In the multivariate analysis, PSAD (p < 0.001) and PV (p = 0.003) were the only statistically significant independent variables to predict disease reclassification (Table 2).


Table 2 | Univariate and multivariate Cox proportional hazards regression models for disease reclassification.



In order to estimate the optimal cut-off value for PSAD and PV, a ROC curve was plotted (Figure 1). The coordination points of the curve derived a cut-off PSAD with the best balance between sensitivity and specificity in identifying patients with disease reclassification (Figure 1A). According to the coordinates of the curve, a PSAD cut-off of 0.16 ng/ml² was found (sensitivity: 0.7391, specificity: 0.6176, AUC: 0.6913, Youden’s J: 0.3567). The optimal cut-off value of PV estimated by the ROC curve was 44 ml (sensitivity: 0.4706, specificity: 0.8043, AUC: 0.6271, Youden’s J: 0.2749) (Figure 1B). Using the Kaplan-Meier method, we generated a risk stratification of disease reclassification based on our calculated PSAD and PV cut-off values (Figure 2). At diagnosis, patients with PSAD greater than 0.16 ng/ml² were more likely to experience disease reclassification than patients with PSAD less than 0.16 ng/ml². The median time of AS was 93 months in patients with initial PSAD less than 0.16 ng/ml² versus 50 months in patients with PSAD greater than 0.16 ng/ml² (Figure 2A). Similarly, the median time of AS was 92 months in patients with initial PV of more than 44 ml versus 56 months in patients with PV less than 44 ml (Figure 2B). The cumulative risk for disease reclassification (HR and 95% CI) over time calculated by Kaplan Meier estimates for PSAD and PV cut-off values is shown in Table 3. DCA showed a positive net benefit and clinical usefulness of the model, including PV, to predict 6-year disease reclassification between threshold probabilities of 20-50% (Table 4; Figure 3).




Figure 1 | ROC analysis of PSAD and PV for predicting disease reclassification. (A) ROC analysis for PSAD. (B) ROC analysis for PV.






Figure 2 | Kaplan-Meier estimates of time to disease reclassification. (A) Risk stratification of disease reclassification by PSAD cut-off of 0.16 ng/ml2. (B) Risk stratification of disease reclassification by PV cut-off of 44 ml.




Table 3 | Kaplan-Meier estimate for time to disease reclassification according to PSAD and PV cut-off values.




Table 4 | Net benefit for prediction using PV according to the probability threshold.






Figure 3 | Decision curves for Prostate volume (PV) to predict 6-years to PCa reclassification in patients. The green line represents the net benefit of treating no patients; the red line is the net benefit of treating all patients similarly; the blue line is the net benefit of treating patients according to the PV model.





Discussion

This study identified PV, in addition to PSAD, as a powerful independent predictor for disease reclassification in low-risk PC patients. Most importantly, these measures are simply calculated and available at the time of initiating AS protocol.

Recently, several novel nomograms were introduced to identify candidates for AS using mpMRI criteria. Gandaglia et al. showed that adding mpMRI findings to the PRIAS protocol for AS patients’ selection would increase the number of patients eligible for AS by 10% without increasing the risk of upgrading after radical prostatectomy (19). Luzzago et al. also developed a nomogram to identify candidates for AS, which increased men’s eligibility for AS by 25% to 35%, compared to the PRIAS and Johns Hopkins criteria (20). In contrast, the initial results of the ASIST study did not show an increase in reclassification of AS patients when MRI-targeted biopsies were added to systematic biopsies. However, after two years of follow-up, the reclassification rate was lower in the MRI group than in the systematic biopsy group (13% vs. 27%) (21). Lately, Lantz et al. developed and internally validated a MAP model for selecting AS patients, resulting in a 25% increase in patients eligible for AS compared to the PRIAS criteria (22). These models are built on adding new criteria such as mpMRI PI-RADS Systems to the classic Epstein and PRAIS criteria to identify patients suitable for AS. Nevertheless, although these models are very promising, they should be tested by external validations and be accepted into guidelines before they can be used in daily practice.

The classical criteria for evaluating candidates for AS were proposed by D’Amico (23), and Epstein (12) are PSA < 10 ng/ml, GS ≤ 6, clinical stage T1–T2a, and fewer than three biopsy cores positive, ≤ 50% cancer in any core. These criteria are recommended for use by the National Comprehensive Cancer Center (NCCN) and the European Association of Urology (EUA) (24).

PSAD is currently accepted as having a role in identifying patients with low-risk diseases for AS (1). Nordström et al. analyzed biopsy results from 5291 men in the population-based STHLM3 study, suggesting that including PSA density in the diagnostic algorithm helps evaluate men with low-grade PCa (25). Maggi et al., in a long-term outcomes study of PCa patients on AS, found that men diagnosed with GG1 and GG2 and PSAD 0.15 ng/ml2 or greater had worse upgrade-free survival and lower treatment-free survival (3). Bruno et al. found that PSA density is not affected by the presence of prostatic inflammation as a confounding factor in diagnosing PCa; therefore, it should be used for early screening of patients at risk for prostate cancer (26). It has been demonstrated that PSAD predicts aggressive prostate cancer (27). It was an independent predictor of GS upgrade in radical prostatectomies and repeat prostate biopsies (28, 29). Recently, Falagario et al. investigated optimal diagnostic strategies based on the combined use of PSAD and MRI in patients at risk for developing PCa. They concluded that the combined results of PSAD and MRI help guide the decision to perform a biopsy in PI-RADS 4–5 or PI-RADS 3 if PSAD > 0.10 or PSAD > 0.2 (30).

In our low-risk prostate cancer patients eligible for AS, PSAD independently predicted disease reclassification. Analysis of the ROC curve reveals that a PSAD cut-off value of 0.16 ng/ml2 has the best ability to identify adverse pathological outcomes.

The use of PV in routine AS protocols has not been described yet (31). Many years ago, it was discussed in the literature that smaller prostates are associated with more aggressive diseases. Freedland et al. found that men with smaller prostates had more advanced diseases and suggested that prostate size is an important prognostic variable in predicting biochemical progression (32). Briganti et al. also concluded that small prostates were associated with higher grade PCa at biopsy and radical prostatectomy, and men with small prostates were a priori predisposed to higher grade PCa (33). However, these observations could be explained by the fact that the association between PV and high-grade disease may be a consequence of the grade-dependent performance of PSA rather than proper tumor biology (34). In 2008, Turley et al. found that the GS upgrading rate increased as PV decreased (35). In the same year, Dong et al. identified clinical and pathological parameters that predict pathological upgrading after radical prostatectomy and found that PV significantly predicts upgrading PCa (36). In 2012 Roobol et al. concluded that PV is a critical element in predicting the risk of prostate cancer on biopsy (37). Yamada et al. investigated the ability of current AS protocols to predict upstaging of low-risk PCa in Asian men undergoing radical prostatectomy. They added the measuring of PV to the PRIAS criteria, and when the prostate volume was greater than 50 ml, the predictive rate of upstaging of low-risk PCa improved (38).

Although everyone agrees that PV strongly predicts higher-grade PCs at biopsy and predicts upstaging of low-risk PCs at follow-up, the use of PV as an additional criterion for selecting AS patients was rarely discussed in the literature.

More recently, a meta-analysis was published using data of 5,530 men from 25 established cohorts within the Movember Foundations GAP3 Consortium to identify and validate predictors of disease reclassification at 1 or 4 years to support the risk-based selection of patients suitable for AS. They concluded that with a decrease in prostate PV, there is an increased risk of upgrading GG on biopsy at 1-year follow-up, and PV should be considered for selecting patients eligible for AS (39). In agreement, our ROC curve analysis showed that a PV of less than 44 mL could predict disease reclassification during AS. The Kaplan-Meier analysis also showed that many patients with a baseline PV ≤ 44 ml had dropped out of AS. Consequently, DCA for the predictive models was developed to evaluate the possibility of adding PV to the base model with classic criteria for predictive disease reclassification in patients with low-risk PCa. DCA showed a positive net benefit and clinical usefulness of the model, including PV, to predict disease reclassification in patients with low-risk PCa between threshold probabilities of 20-50% (Table 4; Figure 3).

Because PSA is not a significant predictor of disease reclassification in our analyses and the fact that PSAD, derived from PSA and PV, is a powerful predictor makes PV a valid variable to consider. In our study, all 17 patients with disease reclassification due to an increase in Gleason GG had a PV ≤ 44 ml.

There are several limitations to this study. First, this is a single-center retrospective study, leading to a limited sample size of enrolled patients in our cohort. Second, our database of prostate biopsies includes patients who underwent TRUS-Bx without MRI diagnostics because between January 2014 and December 2018, MRI-targeted biopsy was still limitedly used in our country and at our institute. At that time, we performed the standard systematic 12-core TRUS-Bx without mpMRI for the diagnosis of prostate cancer. Third, the study interval was five years, but the mean follow-up was 32.7 months, ranging from 12 to 126 months. In addition, since this was a single-series study, the results should be replicated and validated in other independent cohorts and possibly with different clinical parameters. Despite these limitations, we believe that the results obtained from this study could save many patients from being falsely included in AS.



Conclusion

The use of PV as a criterion in selecting patients with low-risk PCa for AS has not been previously discussed. PV and PSAD significantly predicted failure from AS in our patients. Patients with a baseline PV of fewer than 44 ml would be more likely to have disease reclassification and unsuitable for acceptable AS protocols. Therefore, we believe that PV may help select prostate cancer patients for AS where the use of mpMRI is limited.
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