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Purpose: There is an urgent need of biomarkers to personalize metastatic castration-resistant prostate cancer (mCRPC) treatment. 
A new prognostic model described by our group combines molecular characteristics (ptDNA levels), metabolic features from PET- 
scans (metabolic tumor volume), clinical parameters (visceral metastases), and lab tests (lactate-dehydrogenase levels) in abiraterone 
or enzalutamide-treated patients. This study aims to validate the score on mCRPC patients undergoing taxane treatment.
Patients and Methods: Twenty-eight patients affected by mCRPC, pre-treated with abiraterone or enzalutamide, candidate for 
taxane-based treatments, have been prospectively evaluated. All patients underwent a basal PET/CT scan with F-choline and blood 
samples. The prognostic model previously described was applied to this population; based on the partial results of the parameters, we 
assigned the patients into three risk groups.
Results: In the 28 patients evaluated, we observed a different median OS among the three risk groups (risk group I, 18.1 months [95% 
CI: 15.2–33.1 months]; risk group II, 12.7 months [4.9–18.6 months]; and risk group III, 10.1 months [3.4–15.4 months]; p = 0.012). 
Statistically significant differences were also observed for PFS.
Conclusion: The prognostic score has confirmed to be a good prognostic tool also in a more advanced cohort of patients treated with 
taxanes. This tool may represent a valid method to refine prognostication and treatment selection in a cohort of patients where 
biomarkers are scarce.
Keywords: metastatic castration-resistant prostate cancer, cabazitaxel, prognostic score, ptDNA, taxanes

Introduction
Prostate cancer (PCa) is the most frequent neoplasm among men in the majority of countries worldwide.1 Pca is 
a heterogeneous disease, characterized by high variability in clinical outcomes. To date, several studies are evaluating 
the role of prognostic tools, such as Androgen Receptor splice Variants (AR-Vs), AR-gain, BReast CAncer gene (BRCA) 
status, Cyclin-Dependent Kinase (CDK)-12; however, the high costs and the lack of prospective validation in clinical 
trials represent the main limitations to their use in the daily clinical practice.2 Due to several limitations of molecular 
profiling on metastatic lesions (poorly accessible metastases, intrapatient and tumor heterogeneity, etc), there has been an 
increasing interest in the use of blood-based biomarkers, through the so-called liquid biopsies, to better characterize 
tumor molecular drivers and response to treatments. Nucleic acids, proteins, cells and vesicles, circulate in human blood 
and can be isolated using various molecular techniques.3,4 The portion of circulating cell-free DNA (cfDNA) derived by 
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tumor is named circulating tumor DNA (ctDNA) or plasma tumor DNA (ptDNA).5 The ptDNA fraction depends on 
disease setting and tumor spread and can range from 1% or below at the initial stages of the disease, to 90% in patients 
with high-volume progressing castration-resistant prostate cancer (CRPC) metastases.6–8 The analysis of ptDNA in 
mCRPC patients allows to identify genomic features of the tumor. When ptDNA is sufficiently high, there is a strong 
concordance with tissue findings for the detection of genomic alterations present in concurrently collected metastases 
biopsies.9 The presence of a low tumor fraction could be a technical limitation for plasma DNA analyses. However, the 
introduction of new genomic technologies with high sensitivity and specificity, including next-generation sequencing 
(NGS), has positively contributed to the study of ptDNA.10 In prostate cancer, ptDNA itself has been studied as 
a biomarker. Detection of ptDNA is prognostic, and a change in ptDNA levels during anticancer treatments is associated 
with differential outcomes with anticancer treatments. An association between pre-treatment ptDNA fraction, assessed by 
NGS, and clinical outcome was shown in PCa.7,8,11–13 A randomised Phase 2 study evaluating 202 mCRPC patients 
treated with first-line abiraterone or enzalutamide showed that low pre-treatment ptDNA fraction was correlated with 
a good prognosis.14

The role of ptDNA changes in response to treatment, also termed plasma DNA dynamics, has also been evaluated as 
an early assessment of therapy efficacy for mCRPC. Patients with an increase in ptDNA fraction had a significantly 
increased risk of progression at 3-month radiographic assessment, conversely, patients with a decrease in ptDNA fraction 
had a significantly higher chance of having a response to anticancer treatments.15

PtDNA has been used to identify biomarkers of resistance to cabazitaxel in metastatic castration-resistant prostate 
cancer patients. In a recent work, ptDNA changes from baseline to cycle 3 were strongly associated with outcomes, both 
for overall survival (OS) and progression-free survival (PFS).16 These results highlighted the potential of adding ptDNA 
assessment to routine monitoring of mCRPC patients. Studies about prognostic biomarkers in mCRPC patients are not 
limited to molecular features but also include numerous clinical, laboratory and metabolic imaging-related elements that 
have been correlated with outcomes. The role of F18Choline-PET (FCH)-derived parameters to predict the clinical 
outcome of mCRPC patients treated with abiraterone or enzalutamide has been studied, and whole-body tumor burden 
parameters based on metabolic tumor volume (MTV) and total lesion activity (TLA) measured by FCH-PET were found 
to be prognostic.17 In addition, the presence of visceral metastases appears to be an important predictor of clinical 
outcome in mCRPC patients treated with both hormonal agents and taxanes but also with radiometabolic therapies such 
as Lutetium-labelled prostate-specific membrane antigen (Lu-PSMA).18–21 Lactate dehydrogenase (LDH) is a key 
enzyme in the last step of the glycolysis pathway and is related to the glycolysis level of the tumor. It has been 
demonstrated that there is a linear correlation between LDH levels and the progression of PCa; higher LDH levels are 
associated with higher risk of tumor progression.22

In a previous work, the prognostic role of the combination among molecular, clinical, and radiological features of 102 
patients with mCRPC receiving abiraterone or enzalutamide was assessed showing that ptDNA, MTV and serum lactate 
dehydrogenase together with visceral metastasis were independent predictors of both OS and PFS.23 In the present study, 
we sought to interrogate the novel prognostic model in a more advanced cohort of patients treated with taxanes and to 
further validate the prognostic score.

Materials and Methods
Patient Population and Data Collection
Patients included in the analysis were all treated at the Istituto Romagnolo per lo Studio dei Tumori (IRST) “Dino 
Amadori”, in Meldola, Italy. In this work, we analyzed the data of 28 mCRPC patients pretreated with at least one of 
abiraterone or enzalutamide and eligible for a taxane-based treatment (docetaxel or cabazitaxel). Ten patients received 
cabazitaxel and 18 patients were treated with docetaxel. All patients treated with cabazitaxel have been previously treated 
with docetaxel, according to prescriptive rules in Italy. Docetaxel has been administered at the initial dosage of 75 mg/mq 
and cabazitaxel has been administered at 25 mg/mq. Both treatments were conducted every 3 weeks. Dose reductions 
have been performed according to clinical or toxicity criteria. Taxane treatment was continued up to a maximum of 10 
cycles or until disease progression.
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Relevant data from all consenting patients after registration were electronically collected. The collected data included 
demographic details, primary treatments for prostate cancer, tumor characteristics, treatment timelines, hormonal regi-
mens, administered chemotherapies, and outcome data as disease progression or follow-up status. Progressive disease has 
been defined according to Prostate Cancer Working Group 2 (PCWG2) progression criteria.24

PtDNA Analysis
Blood samples collection has been conducted within a previously established prospective biological study (IRST-B073, 
approval nr. L3P1380), in our Institution.

Patients underwent baseline blood sampling prior to treatment start, after 3 months, and at disease progression. Blood 
samples have been stored in the Bioscience laboratory of the Institute. Peripheral blood of patients was collected and 
stored at −80°C for the subsequent molecular analyses. Genomic DNA was extracted with QIAamp DNA mini kit 
(Qiagen) and quantified using Qubit dsDNA BR Assay kit (Thermo Fisher Scientific).

PtDNA analysis has been performed in Biosciences Laboratory of IRST. Cell-free DNA was extracted from 1 to 2 mL 
of plasma with the QIAamp Circulating Nucleic Acid Kit (Qiagen, Santa Clarita, CA, USA) and quantified by spectro-
photometric evaluation (NanoDrop_ ND-1000; Celbio, Milan, Italy) or Quant-iT High Sensitivity Pico-Green Double- 
Stranded DNA Assay Kit (Invitrogen, Carlsbad, CA, USA). In plasma and patient-matched germline DNA, targeted NGS 
was assessed by the PGM Ion Torrent using a 316 or 318 Chip aiming to reach 10009 coverage per target. The ptDNA 
fraction for each plasma sample has been estimated using an ad-hoc customized computational tool (CLONET). 
CLONET is a computational tool used to estimate the clonality of somatic genomic aberrations in tumors. It is designed 
to compute the clonality of somatic copy number changes, point mutations, and rearrangements in a coherent mathe-
matical model enabling the estimation of the clonal composition of a tumor sample, and allow to estimate the fraction of 
tumor DNA within total cfDNA.25 This computational tool is able to detect the presence of ptDNA in samples with >0.05 
ptDNA.

Positron Emission Tomography/Computed Tomography (PET/CT) Scans
Before starting the new treatment line with taxanes, each patient underwent a PET/CT scan with F-choline for baseline 
tumor staging. PET scans have been performed at the Department of Nuclear Medicine at IRST, Meldola (Italy).

FCH-PET/CT scans were carried out on an integrated PET/CT system (Discovery LS camera; General Electric 
Medical Systems, Waukesha, WI, USA) in 2D acquisition mode for 3 min per bed position. The PET/CT scan takes 
45 min after intravenous injection of 18F-methylcholine (3.7 MBq_kg _1 of body weight, AAA-Advanced Accelerator 
Applications, Meldola, Italy). The field of view included the skull to midfemurs. Low dose CT (120 kV, 80 mA) without 
contrast agents was made for attenuation correction and as an anatomical map. The emission data were adjusted for 
scatter, random coincidence events, and system dead time.

Semiquantitative criteria based on the maximum standardized uptake value (SUVmax) and the target-to-background 
ratio were utilized to aid the visual analysis. The metabolic tumor volume (MTV) parameter was obtained by adding each 
three-dimensional volume of interest, and for each lesion volume and SUV mean was multiplied and then summed to 
have the total lesion activity (TLA).

Metabolic features, such as SUVmax, TLA and MTV were evaluated analyzing images of F18CH PET/CT with the 
involvement of nuclear medicine specialists.

Statistical Analysis
Progression-free survival was considered as the time between the first day of taxane-based therapy and the date of 
progression disease or death (whichever came first). Overall survival was considered as the time between the first day of 
taxanes treatment and the date of death from any cause or the date of the last follow-up visit.

In the original work by Conteduca et al,23 the prognostic score was obtained considering the presence or absence of 
visceral metastases and the presence of values (MTV value on choline PET scans, ptDNA levels, serum LDH levels) 
higher or lower than a statistically defined median. A risk score was so obtained to allocate each patient in pre-defined 
risk classes (I–III). Prognostic scores were generated, with the identification of three groups of patients with significantly 
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different median OS and PFS. From a statistical point of view, categorical variables were summarized using frequency 
whereas continuous variables were described using median value and interquartile range. In the reference work, median 
fraction of ptDNA before starting treatment was 0.188 (0.014–0.96). The association between categorical variables was 
determined using the chi-squared or Fisher’s exact test, as appropriate. Spearman correlation was used to assess the 
association between continuous variables. Univariable and multivariable Cox regression models were used to explore 
potential factors able to predict PFS and OS and to estimate hazard ratios (HR) and their 95% confidence interval (CI).

A Weibull multiple-regression model to assess the matched impact of molecular, laboratory and imaging character-
istics on outcome was used. From a full model including these factors, a final parsimonious model by using a backward 
selection procedure was achieved. The prognostic score was built on the final model consisting of the four previously 
cited factors. Partial scores were procured by splitting the value of each regression coefficient by the smallest regression 
coefficient. The total score for each patient resulted from a sum of appropriate partial scores, and three patient groups 
with different median survival probabilities were recognized. For OS, if the total score was below 1.4, between 1.4 and 
2.8, and >2.8, patients were classified as group I, group II and group III, respectively. For PFS, if the total score was 1 or 
below, between 1.0 and 2.1, and >2.1, patients were classified as group I, group II and group III (Tables 1 and 2, 
respectively23). The numerical value of each partial score and its relative weight is directly proportional to the prognostic 
power of each single parameter.

This model was adopted for the population considered in this study. For each patient, we obtained and recorded in 
a specific spreadsheet the values relating to the 4 factors considered within the prognostic score described previously. 

Table 1 Multivariable Analysis of Overall Survival (OS) After Backward Stepwise Procedure in the Training Cohort

Factor Estimate (Standard Error) Standard Error P HR (95% CI) Partial Score

MTV 0.599 0.268 0.026 1.82 (1.08–3.08) 1.00
ptDNA 0.848 0.289 0.003 2.34 (1.32–4.12) 1.40

Visceral metastasis 1.033 0.383 0.007 2.81 (1.33–5.95) 1.70

Serum LDH, U L−1 1.239 0.331 0.0002 3.45 (1.81–6.60 2.10

Risk groups No pts (%) Total score

I 22 (33.9) < 1.4

II 24 (36.9) 1.4–2.8
III 19 (29.2) > 2.8

Abbreviations: MTV, metabolic tumor volume; ptDNA, plasma tumor DNA; LDH, lactate dehydrogenase; HR, hazard ratio; U-L, upper-limit.

Table 2 Multivariable Analysis of Progression-Free Survival (PFS) After Backward Stepwise Procedure in the Training 
Cohort

Factor Estimate (Standard Error) Standard Error P HR (95% CI) Partial Score

MTV 0.586 0.271 0.031 1.80 (1.06–3.06) 1.00

ptDNA 0.645 0.266 0.015 1.91 (1.13–3.21) 1.10
Visceral metastasis 0.997 0.424 0.019 2.71 (1.18–6.22) 1.70

Serum LDH, U L−1 1.204 0.323 0.0002 3.33 (1.77–6.27) 2.05

Risk groups No pts (%) Total score

I 15 (23.1) < 1.0
II 34 (52.3) 1.0–2.1

III 16 (24.6) > 2.1

Abbreviations: MTV, metabolic tumor volume; ptDNA, plasma tumor DNA; LDH, lactate dehydrogenase; HR, hazard ratio; U-L, upper-limit.
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Depending on the individual scores obtained in the 4 elements considered, the patients were distributed into the three risk 
classes (I–III).

Survival curves for each risk class were estimated by the Kaplan–Meier method, and comparisons were made using 
the logrank test. All P-values were two-sided, and a P < 0.05 was defined as statistically significant. Statistical analyses 
were done with SAS 9.4 software (SAS Institute, Cary, NC, USA).

Ethics Statement
The study was performed in accordance with the Good Clinical Practice and the Declaration of Helsinki. Each patient 
provided informed consent. The study protocol was approved by the ethics committee active at the Istituto Romagnolo 
per lo Studio dei Tumori (IRST) “Dino Amadori”, in Meldola, Italy, since 2017. All the patients enrolled in the study 
have been followed up within a pre-existing prospective biological study (IRST-B073, approval nr. L3P1380), previously 
approved by the same local ethics committee.

Results
The clinical characteristics of the study population are presented in Table 3. For each patient, the status of the 4 features 
considered in the prognostic model was assessed and partial scores were assigned generating a total score. Based on the 
results of Table 4, each patient was associated with a different risk class. During the observation period, all events in 
terms of PFS and OS occurred, making the data mature and definitive for analysis. All patients were considered suitable 
to start treatment with taxanes and the death events occurred in all cases due to progression of oncological disease, 
minimizing the potential confounding role of any comorbidities.

Table 3 Patients’ Characteristics

Taxane Patients (n=28) n. (%)

Age ≤ 74 yrs 16 (57.1)

> 74 yrs 12 (42.9)

AR CN Normal 21 (75)

Gain 7 (25)

Visceral metastases No 27 (96.4)

Yes 1 (3.6)

Gleason score 6–7 12 (46.2)

8–10 14 (53.8)

Nr. previous line 1–2 18 (64.3)

> 2 10 (35.7)

ECOG PS 0–1 25 (89.3)

≥ 2 3 (10.7)

ALP < 129 21 (75)

≥ 129 7 (25)

LDH < 225 18 (64.3)

≥ 225 10 (35.7)

(Continued)
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Table 3 (Continued). 

Taxane Patients (n=28) n. (%)

NLR < 3 16 (57.1)

≥ 3 12 (42.9)

CgA < 120 16 (57.1)

≥ 120 12 (42.9)

Hb > 12.5 15 (53.6)

≤ 12.5 13 (46.4)

Previous prostatectomy No 16 (57.1)

Yes 12 (42.9)

Previous radiotherapy No 16 (57.1)

Yes 12 (42.9)

PSA (median value) < 23.24 10 (35.7)

≥ 23.24 18 (64.3)

MTV (median value) < 102.79 14 (50)

≥ 102.79 14 (50)

SUV (max) < 83.60 9 (32.1)

≥ 83.60 19 (67.9)

TLA (median value) < 391,343 28 (100)

≥ 391,343 0 (0)

ptDNA (median value) ≤ 0.188 10 (35.7)

> 0.188 18 (64.3)

Table 4 Distribution of Patients in the 3 
Risk Classes

Risk Group No pts (%) Total Score

I 8 (28.6) <1.4

II 10 (35.7) 1.4–2.8

III 10 (35.7) >2.8

Abbreviations: AR CN, androgen receptor copy 
number; ECOG, Eastern Cooperative Oncology 
Group; PS, performance status; ALP, Alkaline phospha-
tase; LDH, lactate dehydrogenase; NLR, neutrophil-to- 
lymphocyte ratio; CgA, Chromogranin; Hb, 
Haemoglobin; PSA, prostatic specific antigen; MTV, 
metabolic tumor volume; SUV, standardized uptake 
value; TLA, total lesion activity; ptDNA, plasma tumor 
DNA.
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The four values evaluated in the prognostic model (with their relative scores) were: ptDNA: partial score of 1.4 if 
over the median value of 0.188; MTV: partial score of 1 if over the median value of 102.79; visceral metastases: partial 
score of 1.7 if present; LDH: partial score of 2.1 if above the upper limit value of the laboratory.

The survival probability of the three categories of patients was established by the prognostic score. Survival probabilities 
were assessed by the exponential model and by the Kaplan–Meier method. For the 28 patients evaluated we observed 
a different median OS among the three risk groups (risk group I, 18.1 months [95% CI, 15.2–33.1 months]; risk group II, 
12.7 months [95% CI, 4.9–18.6 months]; and risk group III, 10.1 months [95% CI, 3.4–15.4 months]; p = 0.012).

The survival analysis results are summarized in Table 5. Overall survival curve is shown in Figure 1. The taxane 
patients group was also evaluated for PFS. Considering the comparable prognostic weight of the four variables included 
in the prognostic score, we decided to use the same prognostic partial scores evaluated for OS. We observed a different 
median PFS among the three risk groups (risk group I, 11.7 months [95% CI, 10.1–13.6 months]; risk group II, 5.0 
months [95% CI, 3.0–6.9 months]; and risk group III, 2.8 months [95% CI, 0.7–5.0 months]; p = 0.0006). Results of the 
PFS according to risk groups are summarized in Table 5. The survival curve for PFS is shown in Figure 2.

Table 5 Survival Analysis for OS and PFS According to the Three Risk Groups

Risk Groups N. pts / N. Events Median OS (Months) (95% CI) p Median PFS (Months) (95% CI) p

I 8/8 18.1 (15.2–33.1) 11.7 (10.0–13.6)

II 10/10 12.7 (4.9–18.6) 5.0 (3.0–6.9)

III 10/10 10.1 (3.4–15.4) 0.012 2.8 (0.7–5.0) 0.0006

Figure 1 Risk group survival probabilities. Kaplan–Meier curve for overall survival (OS) by OS risk groups.
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Discussion
In recent years, several prognostic scores have been evaluated by integrating different clinical characteristics and 
associating them with prognosis in patients with mCRPC undergoing various anticancer treatments.26–33 Most of these 
nomograms have had a limited role in clinical practice. The elements considered in the above-mentioned prognostic 
models included, among the others, the expression of androgen receptor variant 7 (AR-V7) in circulating tumor cells 
(CTCs), many genetic aberrations involving androgen receptor (AR), PTEN (phosphatase and TENsin homolog), PI3K 
(phosphatidylinositol 3-kinases)/AKT pathway and Homologous Recombination Repair (HRR).

A recent prospective study showed the utility of integrating functional imaging using 18F-sodium fluoride PET/CT 
scan and CTC analysis in mCRPC patients treated with enzalutamide.34 The Authors demonstrated a different expression 
of AR and AR-V7 in different metastatic sites and also the presence of neuroendocrine markers that may be responsible 
for a heterogeneous response to enzalutamide.

More recently, the correlation and the prognostic value of cfDNA concentrations and PSMA-positive tumor volume 
(PSMA-TV) in men with PCa undergoing Ga-PSMA-11 PET imaging has been evaluated.35 This work demonstrated that 
cfDNA might be used as a biomarker of advanced, aggressive mCRPC but that it does not reliably reflect total tumor 
burden or prognosis. In comparison, Gallium-PSMA PET scans seem to provide a better prognostic assessment of tumor 
burden across the spectrum of PCa disease progression. These studies, however, did not propose a real prognostic tool.

Furthermore, De Laere et al developed a risk stratification system, using both clinical features and TP53-alteration 
status in liquid biopsy, to stratify patients treated with androgen receptor signaling inhibitors (ARSI) in good or poor 
prognostic subgroups.36 No functional imaging data were used in this model.

The work by Conteduca et al,23 which has been previously described in detail and which represents the basis of 
development of the present work, sought to improve outcome prediction in mCRPC patients, through the combination of 
ptDNA analysis and functional imaging. The novel prognostic score proposed and validated in patient treated with 
abiraterone and enzalutamide, obtained its prognostic power from the demonstration of the association between ptDNA 
fraction with metabolic tumor activity and the number of lesions, as similarly shown in previous NGS studies on plasma 
samples from mCRPC.37,38 This assumption suggests that ptDNA fraction may provide interesting aspects of tumor 

Figure 2 Kaplan–Meier curve for progression-free survival (PFS) by risk groups.
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biology and volume that may not be exhaustively described only by common clinical factors. The interesting observation 
that both ptDNA and metabolic tumor activity were independent predictors of clinical outcomes in multivariate 
regression models promises to increase the accuracy of tumor response prediction and prognostication in mCRPC 
patients when these two elements are combined within a prognostic score. Conteduca et al23 also demonstrated that 
ptDNA levels in plasma are significantly correlated with the number of metastases, clinical variables, and choline uptake 
parameters like SUVmax, MTV, and TLA in metastatic patients.

A recent poster presented at ESMO 2023 congress, evaluated ptDNA to identify biomarkers of resistance to 
cabazitaxel in mCRPC patients demonstrating that ptDNA changes from baseline to cycle 3, were strongly associated 
with outcomes (OS e PFS). These results highlighted the potential of adding ptDNA assessment to routine monitoring of 
mCRPC patients.16

This prognostic score evaluated patients at baseline of treatment with abiraterone and enzalutamide both in pre- and 
post-docetaxel settings.

In the present work, this prognostic model has been evaluated on further 28 patients. These patients have been treated 
with docetaxel or cabazitaxel (18 and 10 patients respectively) in a more advanced setting of the disease, considering that 
in Italy cabazitaxel is approved only after a previous treatment with docetaxel.

We aimed to interrogate the novel prognostic model in a more advanced cohort of patients to further confirm its actual 
prognostic power. The distribution of patients among the three risk classes is consistent with that reported in the initial 
work, with the difference of an increased percentage of patients in the highest risk class (36% versus 29%), compatible 
with the more advanced oncological setting of these patients. This prognostic power was confirmed by positive results 
and clearly distinct survival curves in OS and PFS, according to risk categories.

We acknowledge some limitations in this study. First, the cohort is quite small, and the monoinstitutional nature of 
our results could determine regional of institutional biases. On the other hand, however, even with a limited number of 
patients, the prognostic power of the score was absolutely clear. However, the number of events in terms of OS and PFS 
in each group make the data stronger.

A further limitation may be the inclusion in the same cohort of both patients treated with cabazitaxel and docetaxel, 
which are two different drugs. However, the mechanism of action of the two drugs is quite similar, and the setting post- 
ARSI was the same for all patients, making it possible to consider all patients as a single prognostic group. The 
availability of validated prognostic scores has a potentially very useful impact in clinical practice. Oncologists have 
always faced the challenge of defining patients’ prognosis with certainty, often causing issues among clinicians in the 
communications with patients and their families. The prognostic evaluation further validated by this work may allow 
clinicians to have a better knowledge of the survival probability for different categories of patients, offering more precise 
data to consider when communicating patients’ prognosis. More precise prognostic data may also lead to more informed 
therapeutic choices. The identification of patients with a particularly negative prognosis, for instance, might allow 
clinicians to anticipate the discontinuation of potentially useless systemic treatments, avoiding unnecessary side effects 
and therapeutic obstinacy, and anticipating recourse to palliative and supportive care treatments. Moreover, this could 
also have implications for the patient’s life, both in terms of end-of-life care and personal and family choices.

The use of this novel prognostic score in daily routine may not be easy to apply. PtDNA, among the four elements 
evaluated in the score, is certainly the most complex to obtain; furthermore, costs may impact its clinical applicability. 
On the other hand, the development of the technique and the increasingly frequent use of liquid biopsy also in PCa (eg 
for the evaluation of HRR) could make this technique routinely available, potentially creating standardized diagnostic 
paths which also may include the evaluation of ptDNA.

Conclusion
Research endeavors on prognostic and predictive biomarkers in mCRPC are intense. The present work has provided 
further validation of the prognostic power of a novel prognostic score proposed by our group. We have demonstrated that 
the association between molecular, clinical, laboratory and metabolic features can contribute to define the prognosis of 
mCRPC patients treated with taxanes and to improve implications in end-of-life care decisions. The increasing use of 
PET scans with new tracers suggests expanding the research by first confirming the prognostic power of metabolic values 
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(MTV, TLA, SUV),37,38 and then incorporating them into the prognostic model here reported. It would be of extreme 
clinical and scientific interest to expand the analysis also to patients with mHSPC, a setting characterized by patients with 
better prognosis and tumors with very different biological features. We also aim to conduct a multicenter trial to confirm 
our data on diverse patient populations.
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approved by the same local ethics committee.

Funding
This work was partly supported thanks to the contribution of Ricerca Corrente by the Italian Ministry of Health.

Disclosure
Prof. Dr. Vincenza Conteduca is an advisory/board member in Johnson&Johnson, Astellas, Bayer, Novartis, BMS, 
AstraZeneca, IPSEN, EISAI, Recordati, GSK, Merck, during the conduct of the study; and consultant/advisory board 
member Johnson&Johnson, Astellas, Merck, AstraZeneca, Amgen, EISAI, Recordati, Novartis, Ipsen and Bayer, outside 
the submitted work. The author(s) report no other conflicts of interest in this work.

References
1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics, 2022. CA Cancer J Clin. 2022;72(1):7–33. doi:10.3322/caac.21708
2. Conteduca V, Mosca A, Brighi N, De Giorgi U, Rescigno P. New prognostic biomarkers in metastatic castration-resistant prostate cancer. Cells. 

2021;10(1):193. PMID: 33478015; PMCID: PMC7835961. doi:10.3390/cells10010193
3. Re M D, Conteduca V, Crucitta S, et al. Androgen receptor gain in circulating free DNA and splicing variant 7 in exosomes predict clinical outcome in 

CRPC patients treated with Abiraterone and enzalutamide. Prostate Cancer Prostatic Dis. 2021;24(2):524–531. doi:10.1038/s41391-020-00309-w
4. Lorente D, Omlin A, Zafeiriou Z, et al. Castration-resistant prostate cancer tissue acquisition from bone metastases for molecular analyses. Clin 

Genitourin Cancer. 2016;14:485–493. doi:10.1016/j.clgc.2016.04.016
5. Trujillo B, Wu A, Wetterskog D, et al. Blood-based liquid biopsies for prostate cancer: clinical opportunities and challenges. Br J Cancer. 2022;127 

(8):1394–1402. doi:10.1038/s41416-022-01881-9
6. Diehl F, Li M, Dressman D, et al. Detection and quantification of mutations in the plasma of patients with colorectal tumors. Proc Natl Acad Sci 

USA. 2005;102:16368–16373. doi:10.1073/pnas.0507904102
7. Carreira S, Romanel A, Goodall J, et al. Tumor clone dynamics in lethal prostate cancer. Sci Transl Med. 2014;6:254ra125. doi:10.1126/ 

scitranslmed.3009448
8. Romanel A, Gasi Tandefelt D, Conteduca V, et al. Plasma AR and Abiraterone-resistant prostate cancer. Sci Transl Med. 2015;7:312re10. 

doi:10.1126/scitranslmed.aac9511
9. Wyatt AW, Romanel A, Conteduca V, et al. Concordance of circulating tumor DNA and matched metastatic tissue biopsy in prostate cancer. J Natl 

Cancer Inst. 2018;110:78–86. doi:10.1093/jnci/djx118
10. Murtaza M, Dawson SJ, Tsui DW, et al. Non-invasive analysis of acquired resistance to cancer therapy by sequencing of plasma DNA. Nature. 

2013;497:108–112. doi:10.1038/nature12065
11. Conteduca V, Jayaram A, Romero-Laorden N, et al. Plasma androgen receptor and docetaxel for metastatic castration-resistant prostate cancer. Eur 

Urol. 2019;75(3):368–373. doi:10.1016/j.eururo.2018.09.049
12. Wu A, Cremaschi P, Wetterskog D, et al. The plasma methylome of metastatic prostate cancer. J Clin Invest. 2020;130:1991–2000. doi:10.1172/ 

JCI130887
13. Wyatt AW, Azad AA, Volik SV, et al. Genomic alterations in cell-free DNA and enzalutamide resistance in castration resistant prostate cancer. 

JAMA Oncol. 2016;2:1598–1606. doi:10.1001/jamaoncol.2016.0494
14. Annala M, Vandekerkhove G, Khalaf D, et al. Circulating tumor DNA genomics correlate with resistance to Abiraterone and enzalutamide in 

prostate cancer. Cancer Discov. 2018;8:444–457. doi:10.1158/2159-8290.CD-17-0937
15. Conteduca V, Wetterskog D, Scarpi E, et al. Plasma tumour DNA as an early indicator of treatment response in metastatic castration-resistant 

prostate cancer. Br J Cancer. 2020;123(6):982–987. doi:10.1038/s41416-020-0969-5
16. Brighi N, Wetterskog D, Gurioli G, et al. Dynamics of plasma tumour DNA and copy number alterations in advanced metastatic castration-resistant 

prostate cancer (mCRPC) patients treated with cabazitaxel: a prospective biomarker trial. Annals Oncol. 2023;34(suppl_2):S954–S1000. 
doi:10.1016/j.annonc.2023.09.2757

17. Caroli P, De Giorgi U, Scarpi E, et al. Prognostic value of 18F-choline PET/CT metabolic parameters in patients with metastatic castration-resistant 
prostate cancer treated with Abiraterone or enzalutamide. Eur J Nucl Med Mol Imag. 2018;45(3):348–354. doi:10.1007/s00259-017-3866-2

https://doi.org/10.2147/OTT.S509285                                                                                                                                                                                                                                                                                                                                                                                                                                                                      OncoTargets and Therapy 2025:18 676

Brighi et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3322/caac.21708
https://doi.org/10.3390/cells10010193
https://doi.org/10.1038/s41391-020-00309-w
https://doi.org/10.1016/j.clgc.2016.04.016
https://doi.org/10.1038/s41416-022-01881-9
https://doi.org/10.1073/pnas.0507904102
https://doi.org/10.1126/scitranslmed.3009448
https://doi.org/10.1126/scitranslmed.3009448
https://doi.org/10.1126/scitranslmed.aac9511
https://doi.org/10.1093/jnci/djx118
https://doi.org/10.1038/nature12065
https://doi.org/10.1016/j.eururo.2018.09.049
https://doi.org/10.1172/JCI130887
https://doi.org/10.1172/JCI130887
https://doi.org/10.1001/jamaoncol.2016.0494
https://doi.org/10.1158/2159-8290.CD-17-0937
https://doi.org/10.1038/s41416-020-0969-5
https://doi.org/10.1016/j.annonc.2023.09.2757
https://doi.org/10.1007/s00259-017-3866-2


18. Conteduca V, Caffo O, Fratino L, et al. Impact of visceral metastases on outcome to Abiraterone after docetaxel in castration-resistant prostate 
cancer patients. Future Oncol. 2015;11(21):2881–2891. doi:10.2217/fon.15.158

19. Kessel K, Seifert R, Schäfers M, et al. Second line chemotherapy and visceral metastases are associated with poor survival in patients with mCRPC 
receiving 177Lu-PSMA-617. Theranostics. 2019;9(17):4841–4848. doi:10.7150/thno.35759

20. Burgio SL, Conteduca V, Menna C, et al. Chromogranin A predicts outcome in prostate cancer patients treated with Abiraterone. Endocrine Related 
Cancer. 2014;21(3):487–493. doi:10.1530/ERC-14-0071

21. Iwamoto H, Kano H, Shimada T, et al. Sarcopenia and visceral metastasis at cabazitaxel initiation predict prognosis in patients with 
castration-resistant prostate cancer receiving cabazitaxel chemotherapy. In Vivo. 2021;35(3):1703–1709. doi:10.21873/invivo.12430

22. Qiu R, Bu K, An H, et al. A retrospective study: analysis of the relationship between lactate dehydrogenase and castration-resistant prostate cancer 
based on restricted cubic spline model. Peer J. 2023;11:e16158. doi:10.7717/peerj.16158

23. Conteduca V, Scarpi E, Caroli P, et al. Combining liquid biopsy and functional imaging analysis in metastatic castration-resistant prostate cancer 
helps predict treatment outcome. Mol Oncol. 2022;16(2):538–548. doi:10.1002/1878-0261.13120

24. Sonpavde G, Pond GR, Armstrong AJ, et al. Radiographic progression by prostate cancer working group (PCWG)-2 criteria as an intermediate 
endpoint for drug development in metastatic castration-resistant prostate cancer. BJU Int. 2014;114(6b):E25–E31. Epub 2014 Jul 17. PMID: 
24298897. doi:10.1111/bju.12589

25. Prandi D, Demichelis F. Ploidy- and purity-adjusted allele-specific DNA analysis using CLONETv2. Curr Protoc Bioinformatics. 2019;67(1):e8. 
doi:10.1002/cpbi.81

26. Armstrong AJ, Garrett-Mayer ES, Yang Y-CO, et al. A contemporary prognostic nomogram for men with hormone-refractory metastatic prostate 
cancer: a TAX327 study analysis. Clin Cancer Res. 2007;13:6396–6403. doi:10.1158/1078-0432.CCR-07-1036

27. Halabi S, Lin CY, Kelly WK, et al. Updated prognostic model for predicting overall survival in first-line chemotherapy for patients with metastatic 
castration-resistant prostate cancer. J Clin Oncol. 2014;32:671–677. doi:10.1200/JCO.2013.52.3696

28. Chi KN, Kheoh T, Ryan CJ, et al. A prognostic index model for predicting overall survival in patients with metastatic castration-resistant prostate 
cancer treated with Abiraterone acetate after docetaxel. Ann Oncol. 2016;27:454–460. doi:10.1093/annonc/mdv594

29. Smaletz O, Scher HI, Small EJ, et al. Nomogram for overall survival of patients with progressive metastatic prostate cancer after castration. J Clin 
Oncol. 2002;20:3972–3982. doi:10.1200/JCO.2002.11.021

30. Halabi S, Small EJ, Kantoff PW, et al. Prognostic model for predicting survival in men with hormone-refractory metastatic prostate cancer. J Clin 
Oncol. 2003;21:1232–1237. doi:10.1200/JCO.2003.06.100

31. Stangl-Kremser J, Mari A, Suarez-Ibarrola R, et al. Development of a prognostic model for survival time prediction in castration-resistant prostate 
cancer patients. Urol Oncol. 2020;38:600.e9–600.e15. doi:10.1016/j.urolonc.2019.11.005

32. Armstrong AJ, Lin P, Higano CS, et al. Development and validation of a prognostic model for overall survival in chemotherapy-naıve men with 
metastatic castration resistant prostate cancer. Ann Oncol. 2018;29:2200. doi:10.1093/annonc/mdy406

33. Ryan CJ, Kheoh T, Li J, et al. Prognostic index model for progression-free survival in chemotherapy-naıve metastatic castration-resistant prostate 
cancer treated with Abiraterone acetate plus prednisone. Clin Genitourin Cancer. 2017. doi:10.1016/j.clgc.2017.07.014

34. Kyriakopoulos CE, Heath EI, Ferrari A, et al. Exploring spatial-temporal changes in 18F-sodium fluoride PET/CT and circulating tumour cells in 
metastatic castration-resistant prostate cancer treated with enzalutamide. J Clin Oncol. 2020;38:3662–3671. doi:10.1200/JCO.20.00348

35. Kluge K, Einspieler H, Haberl D, et al. Examining the relationship and prognostic significance of cell-free DNA levels and the PSMA-positive 
tumor volume in men with prostate cancer: a retrospective-prospective [68Ga]Ga-PSMA-11 PET/CT study. J Nucl Med. 2024;65(1):63–70. 
doi:10.2967/jnumed.123.266158

36. De Laere B, Oeyen S, Mayrhofer M, et al. TP53 outperforms other androgen receptor biomarkers to predict Abiraterone or enzalutamide outcome 
in metastatic castration-resistant prostate cancer. Clin Cancer Res. 2019;25:1766–1773. doi:10.1158/1078-0432.CCR-18-1943

37. Attard G, Gormley M, Urtishak K, et al. Association of detectable levels of circulating tumour DNA (ctDNA) with disease burden in prostate 
cancer (PC). J Clin Oncol. 2020;38(15_suppl):5562. doi:10.1200/JCO.2020.38.15_suppl.5562

38. Beltran H, Romanel A, Conteduca V, et al. Circulating tumour DNA profile recognizes transformation to castration-resistant neuroendocrine 
prostate cancer. J Clin Invest. 2020;130:1653–1668. doi:10.1172/JCI13104

OncoTargets and Therapy                                                                                                          

Publish your work in this journal 
OncoTargets and Therapy is an international, peer-reviewed, open access journal focusing on the pathological basis of all cancers, potential 
targets for therapy and treatment protocols employed to improve the management of cancer patients. The journal also focuses on the impact of 
management programs and new therapeutic agents and protocols on patient perspectives such as quality of life, adherence and satisfaction. The 
manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/oncotargets-and-therapy-journal

OncoTargets and Therapy 2025:18                                                                                                       677

Brighi et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2217/fon.15.158
https://doi.org/10.7150/thno.35759
https://doi.org/10.1530/ERC-14-0071
https://doi.org/10.21873/invivo.12430
https://doi.org/10.7717/peerj.16158
https://doi.org/10.1002/1878-0261.13120
https://doi.org/10.1111/bju.12589
https://doi.org/10.1002/cpbi.81
https://doi.org/10.1158/1078-0432.CCR-07-1036
https://doi.org/10.1200/JCO.2013.52.3696
https://doi.org/10.1093/annonc/mdv594
https://doi.org/10.1200/JCO.2002.11.021
https://doi.org/10.1200/JCO.2003.06.100
https://doi.org/10.1016/j.urolonc.2019.11.005
https://doi.org/10.1093/annonc/mdy406
https://doi.org/10.1016/j.clgc.2017.07.014
https://doi.org/10.1200/JCO.20.00348
https://doi.org/10.2967/jnumed.123.266158
https://doi.org/10.1158/1078-0432.CCR-18-1943
https://doi.org/10.1200/JCO.2020.38.15_suppl.5562
https://doi.org/10.1172/JCI13104
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Patient Population and Data Collection
	PtDNA Analysis
	Positron Emission Tomography/Computed Tomography (PET/CT) Scans
	Statistical Analysis
	Ethics Statement

	Results
	Discussion
	Conclusion
	Ethics
	Funding
	Disclosure

