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Introduction

Cancer is the second most lethal disease condition in the 
United States, with more than 600,000 deaths in 2020 (1). 
While the number of estimated new cases has overcome 
1.8 million in 2020, the rate of cancer-related deaths has 
declined due to the development of more effective diagnostic 
and therapeutic approaches (1). Prostate cancer represents 

the most frequent tumor in men, accounting for the 21% 
of all diagnosed tumors, with 191,930 new cases and 33,330 
deaths estimated in 2020 (1). The incidence of prostate 
cancer is about 60% higher in blacks than in whites (1,2). 
Smoking attitude (3) and obesity (4,5) have been recognized 
as negative prognostic factors associated with aggressive and 
fatal prostate cancer. Strong familial predisposition may be 
found in 5–10% of prostate cancers (1).
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Advanced prostate cancer represents a heterogeneous 
disease, ranging from hormone naive or hormone sensitive 
to castration resistant, both containing patients who have 
demonstrable metastatic and non-metastatic states. Early-
stage prostate cancer usually presents without symptoms. More 
advanced disease stages are characterized by a series of clinical 
manifestation such as urinary symptoms (i.e., interrupted 
urine flow, burning and pain), fatigue, hematologic alterations 
and bone pain. Prostate cancer includes a variety of clinical 
entities that range from indolent forms to aggressive variants 
characterized by rapidly progressive disease course (6). The 
complexity of tumor environment is related to a series of 
factors including the heterogeneity between primary tumor and 
metastases (7) and marked alterations of cell metabolism (8).

Predicting cancer incidence may be fundamental to design 
specific clinical trials, to optimize the allocation of economic 
resources, and to plan future cancer control programs. This 
has become essential considering the rising costs of the most 
recently oncologic drugs approved by the US Food and Drug 
Administration (FDA) in the last decades (9-11). Recently, 
we published the results of an analysis by Artificial Neural 
Networks (ANNs) aimed to predict the incidence of breast, 
colorectal, lung and prostate cancer in the United States (12). 
We reported a decreasing trend in terms of incidence of 
prostate cancer of from 1990 to 2050. In particular, our 
predictions showed that prostate cancer incidence would 
decrease from 200 cases/100,000 habitants registered in 
the 1990s in USA to less than 90/100,000 from 2020. 
Furthermore, our algorithm registered different decreasing 
trends among races/ethnicities, which were similar to 
overall population in white and black patients, while Asian/
Pacific ethnicity as well as American Indian and Alaska 
native were characterized by a lower incidence (12).

In this article, we analyzed and discussed the future 
profiles of prostate cancer in the United States, aimed to 
describe a series of distinct subpopulations and to quantify 
potential clinical trial candidates in the next years. A PubMed 
search using the keywords “Future tumor burden”, “Genetic 
alterations”, “Prostate Cancer” from January 2005 to October 
2020 was performed. We present the following article in 
accordance with the Narrative Review reporting checklist 
(available at http://dx.doi.org/10.21037/tau-20-1439).

Narrative review

Tumor genetic landscape

According to our predictions (12), the number of new cases 
of prostate cancer will account for 191,486 in 2020 and 

will decrease to 150,110 in 2030, reaching 99,313 patients 
in 2050. Comprehensive molecular profiling of prostate 
cancer has helped the identification of distinct subtypes and 
driving alterations (13,14). In 2015, the Cancer Genome Atlas 
Research Network presented a comprehensive molecular 
analysis of 333 primary prostate carcinomas (15). They 
showed that 74% of tumors were assignable to seven distinct 
molecular classes: tumors harbouring fusions involving ETS-
related gene (ERG,46%), ETS-translocation variant 1 (ETV1, 
8%), ETS-translocation variant 4 (ETV4, 4%) or Friend 
Leukemia Integration 1 (FLI1, 1%) or mutations in Speckle-Type 
POZ Protein (SPOP, 11%), Forkhead box protein A1 (FOXA1, 
3%) and Isocitrate Dehydrogenase 1 (IDH1, 1%) (15). 

Furthermore, a growing body of evidences suggest that 
germline and somatic mutations on DNA repair genes 
should be investigated in patients with prostate cancer due 
to the development of PolyAdenosine Diphosphate (ADP)-
Ribose Polymerase (PARP) inhibitors (16). It has been 
estimated that alterations in DNA Damage Repair (DDR) 
genes can be found in approximately 11% of prostate 
cancers (17).

According to our predictions, ERG gene fusions will be 
the most predominant molecular subtype, accounting for 
69,050 new cases in 2030. Mutation in SPOP gene will be 
diagnosed in 16,512 tumors, corresponding to the number 
of cases associated with alterations in DDR genes (including 
7,956 BRCA2 mutated tumors). The future distribution of 
new cases of prostate cancer in the United States according 
to tumor driving alterations is reported in Figure 1.

These data support the role of ERG, SPOP and DDR 
alterations as therapeutic targets in patients with prostate 
cancer and underline the possibility of designing clinical 
trials enrolling only specific gene-tested subpopulations. 

Metastatic hormone-sensitive prostate cancer (mHSPC)

It has been estimated that biochemical recurrence, a condition 
defined as rising prostate-specific antigen (PSA) levels 
following local therapy, occurs in about 30% of patients with 
prostate cancer (18). On the other hand, mHSPC is defined 
by the presence of metastasis in patients who have not yet 
received, or are continuing to respond to, hormone therapy. 
mHSPC represents about 15% of annual prostate cancer 
incidence in the United States (19). The therapeutic approach 
to mHSPC has been completely changed by the evidence 
that chemotherapy with docetaxel (20) and abiraterone 
acetate (21) demonstrated an advantage in terms of OS 
in patients with high-risk or high-volume prostate cancer 
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metastatic at diagnosis. In the same view, enzalutamide (22) 
and apalutamide (23) demonstrated to be effective in patients 
with both metastatic disease at diagnosis and recurrence after 
primary treatment, thus increasing the number of candidate 
to novel hormone therapies.

Under a clinical and pharmacoeconomic point of view, 
predicting the number of mHSPC patients will be very 
useful to understand the future therapeutic landscape of 
this disease. According to our estimates, mHSPC will be 
diagnosed in 28,723 patients in 2020, decreasing to 22,516 
in 2030 till 14,897 in 2050 (Figure 2).

Non-metastatic castration resistant prostate cancer

Despite several hormonal therapies being available at 
present for the management of metastatic prostate cancer, 
the natural history of this tumor leads inexorably to the 
development of resistance to hormone inhibition. Many 
genetic and epigenetic mechanisms are associated with 
castration resistance: (I) restored androgen receptor (AR) 
signaling, (II) AR bypass signaling, and (III) complete AR 
independence (24).

The standard imaging modalities to define the presence 
of regional or distant metastasis or the different resistant 
mechanisms to the available treatments are still an issue of 
debate. Non-metastatic castration resistant prostate cancer 

is defined by the absence of distant metastases at TC scan 
and bone scintigraphy associated with resistance to hormone 
therapy. New hormonal agents apalutamide (25,26), 
enzalutamide (27,28) and darolutamide (25,29) have completely 
changed the prognosis of patients with non-metastatic 
castration-resistant prostate cancer (30). In 2019, Di Nunno 
and his group performed a meta-analysis aimed at estimating 
the pooled effect of new hormonal compounds in terms of 
metastasis-free survival (MFS) and overall survival (OS) in 
overall and specific subpopulations of prostate cancer (30). They 
showed that the advantage in terms of MFS and OS of these 
three agents were significant in all subgroups. Apalutamide was 
associated to a higher risk to develop falls, fractures and rash, 
while enzalutamide and darolutamide resulted in a higher risk 
of cardiovascular toxicity (31).

Non-metastatic castration-resistant disease accounts for 
approximately 10% of hormone-sensitive prostate cancers (32). 
Based on these data, we can estimate a total of 2,872 patients 
in 2020 and a reduction to 2,252 in 2030 (Figure 2).

Metastatic castration resistant prostate cancer

In the last decade, targeting persistent AR activity by new-
generation hormonal therapies abiraterone acetate and 
enzalutamide has completely changed the outcome of patients 
with metastatic castration-resistant prostate cancer, increasing 
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Figure 1 Number of new cases of prostate cancer and distribution according to tumor driving alterations in the United States in the next 30 years.
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patients survival and quality of life (24). The standard 
imaging techniques to assess the presence of regional or 
distant metastasis or the different mechanisms of drug 
resistance are still an issue of debate. The choice between 
chemotherapy and new-generation hormonal therapies are 
mainly based on the presence of symptomatic disease, which 
can be preferably treated with chemotherapy in docetaxel-fit 
patients, while asymptomatic or paucisymptomatic patients 
can be preferably treated with enzalutamide or abiraterone 
acetate. Radium-223 is also a therapeutic option in docetaxel-
unfit patients or already pretreated with both docetaxel and 
enzalutamide/abiraterone acetate.

It has been reported that 84% of patients have metastases 
at time of castration resistant prostate cancer, while 33% of 
patients without metastases at diagnosis will develop them 
within 2 years (33). As reported in Figure 2, the number of 
patients with castration resistant disease can be estimated at 
24,127 in 2020 and will reach 18,914 in 2030 (Figure 2).

Future directions

Predicting future cancer burden may represent an effective 
tool to optimize the allocation of economic resources 
and to plan future cancer control programs. To increase 
the accuracy of predicting models for cancer incidence, 

investigating the risk factors associated with tumor 
development is absolutely fundamental. Age, ethnicity, 
tobacco consumption and obesity are associated with the risk 
of developing prostate cancer during life-time. However, a 
series of factors, including alteration in host immune cells 
and gut microbiota, is emerging and should be taken into 
account in the context of future predicting models.  

Prostate cancer is a heterogeneous disease with a variable 
natural history. Despite the long-term survival of early-
stage prostate cancer, metastatic disease remains still 
incurable. The lethality of prostate cancer is due to the lack 
of durable drug responses on the scenario of extreme tumor 
heterogeneity on both genetic and cell biological levels. A 
better comprehension of the molecular oncogenic drivers 
of prostate carcinogenesis will be crucial in order to design 
molecularly-tailored therapeutic strategies. Alteration 
of ERG, ETV1, ETV4, FLI1, SPOP, FOXA1 and IDH1 
genes have been described in prostate cancer and are ideal 
candidate for the development of novel agents.

At present, two different studies as investigating the 
predictive role of TMPRSS2-ERG gene fusion. The first 
one is an observational study with an estimated enrolment 
of 65 patients who have been treated with hormonal and 
radiation treatment after biochemical failure (NCT02588404). 
The second one will complete its enrolment in January 
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2022 and involves patients with biochemical failure status 
post salvage or radical radiation therapy (NCT02573636). 
Interestingly, another observational study enrolling subjects 
with prostate cancer diagnosed on prostate biopsy who 
undergo radical prostatectomy at Massachusetts General 
Hospital is comparing the chromosome translocation status 
(TMPRSS2 fusion with ETS-related genes ERG, ETV1, 
ETV4, or ETV5) in circulating tumor cells (CTCs) with 
the primary tumor (NCT01961713). Furthermore, a phase I 
study is investigating LY3410738, a novel covalent inhibitor 
of cancer-associated mutant IDH1, in patients with advanced 
solid tumors (including prostate cancer) with IDH1 mutations 
(NCT04521686).

Currently, several PARP inhibitors are under evaluation 
in patients with prostate cancer, used alone or in 
combination with other therapeutic approaches (34). Among 
ongoing trials, a phase II trial is exploring the efficacy and 
safety of PARP inhibitor niraparib as neoadjuvant therapy 
in patients with high-risk localized prostate cancer with 
DDR defects (NCT04030559). Another phase II study 
is investigating how docetaxel with carboplatin followed 
by rucaparib camsylate works in patients with metastatic 
castration resistant and ATM, BRCA1 or BRCA2 gene 
mutations. Interestingly, a phase III study (MK-7339-
010/KEYLYNK-010, NCT03834519) is ongoing to 
compare the combination of anti-Programmed Death-1 
agent Pembrolizumab and PARP inhibitor Olaparib 
with abiraterone acetate or enzalutamide in patients with 
castration resistant prostate cancer.

Our estimates on future clinical and molecular profiles of 
prostate cancer present several limitations. Indeed, as other 
prediction systems, they can be affected by errors and biases 
compared to real data due to advances in molecular and 
radiologic diagnostic techniques.

Conclusions

Predicting cancer incidence may be essential to design 
specific clinical trials, to improve the allocation of economic 
resources, and to plan future cancer control programs. Our 
data provide an estimate of future clinical and molecular 
profiles of prostate cancer and clearly support the design of 
clinical trials enrolling patients with specific gene mutations 
and different disease stages.
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