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OBSERVATIONS The most common type of prostate cancer is adenocarcinoma (=99%), and
the median age at diagnosis is 67 years. More than 50% of prostate cancer risk is attributable
to genetic factors; older age and Black race (annual incidence rate, 173.0 cases per 100 000
Black men vs 971 cases per 100 000 White men) are also strong risk factors. Recent
guidelines encourage shared decision-making for prostate-specific antigen (PSA) screening.
At diagnosis, approximately 75% of patients have cancer localized to the prostate, which is
associated with a 5-year survival rate of nearly 100%. Based on risk stratification that
incorporates life expectancy, tumor grade (Gleason score), tumor size, and PSA level,
one-third of patients with localized prostate cancer are appropriate for active surveillance
with serial PSA measurements, prostate biopsies, or magnetic resonance imaging, and
initiation of treatment if the Gleason score or tumor stage increases. For patients with
higher-risk disease, radiation therapy or radical prostatectomy are reasonable options;
treatment decision-making should include consideration of adverse events and
comorbidities. Despite definitive therapy, 2% to 56% of men with localized disease develop
distant metastases, depending on tumor risk factors. At presentation, approximately 14% of
patients have metastases to regional lymph nodes. An additional 10% of men have distant
metastases that are associated with a 5-year survival rate of 37%. Treatment of metastatic
prostate cancer primarily relies on androgen deprivation therapy, most commonly through
medical castration with gonadotropin-releasing hormone agonists. For patients with newly
diagnosed metastatic prostate cancer, the addition of androgen receptor pathway inhibitors
(eg, darolutamide, abiraterone) improves survival. Use of abiraterone improved the median
overall survival from 36.5 months to 53.3 months (hazard ratio, 0.66 [95% Cl, 0.56-0.78])
compared with medical castration alone. Chemotherapy (docetaxel) may be considered,
especially for patients with more extensive disease.

CONCLUSIONS AND RELEVANCE Approximately 1.5 million new cases of prostate cancer are
diagnosed annually worldwide. Approximately 75% of patients present with cancer localized
to the prostate, which is associated with a 5-year survival rate of nearly 100%. Management
includes active surveillance, prostatectomy, or radiation therapy, depending on risk of
progression. Approximately 10% of patients present with metastatic prostate cancer, which
has a 5-year survival rate of 37%. First-line therapies for metastatic prostate cancer include
androgen deprivation and novel androgen receptor pathway inhibitors, and chemotherapy
for appropriate patients.
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n estimated 299 010 new diagnoses of prostate cancer

were made in the US in 2024." Prostate cancer is hetero-

geneous and presentation ranges from an asymptom-
atic, screen-detected lesion that may never progress to an aggres-
sive malignancy, representing a leading cause of morbidity and
mortality worldwide.?® Therefore, individualized strategies for
screening and management of localized prostate cancer are needed
to avoid overtreatment while also preventing progression to meta-
static disease.

The most common type of prostate cancer is adenocarcinoma
(=99%).* Primary neuroendocrine prostate cancer, including small-
cell prostate cancer, is rare® and will not be discussed further in this
Review. Prostate adenocarcinomas are stimulated by androgen re-
ceptor signaling. Therefore, androgen deprivation therapy (ADT) is
the primary treatment for patients with prostate cancer for whom
systemic treatment is indicated.®” Recent insights into the biology
of prostate cancer have led to new diagnostic tools, such as pros-
tate cancer-specific positron emission tomography (PET), and new
therapeutic strategies, including more effective androgen recep-
tor inhibition, cytotoxic chemotherapy, and cell surface antigen-
targeted therapies. This Review summarizes current evidence re-
garding the epidemiology, diagnosis, and management of localized
and metastatic prostate cancer. A summary of the risk factors and
treatments for prostate cancer appears in the Box.

Methods

A PubMed search was conducted to identify English-language ar-
ticles describing observational studies, randomized clinical trials,
meta-analyses, and systematic reviews of prostate cancer pub-
lished between January 1, 2014, and December 11, 2024. A total of
401 randomized clinical trials, 203 meta-analyses, and 291 system-
atic reviews were identified. Randomized clinical trials were priori-
tized for inclusion. This Review includes a total of 114 articles (39
randomized clinical trials, 43 observational cohort studies, 9 meta-
analyses, 9 systematic reviews, and 14 guideline recommenda-
tions), including publications prior to 2014.

. |
Observations and Discussion

Epidemiology and Risk Factors
There were an estimated 3399 229 men living with prostate can-
cerinthe US in 2021.! Prostate cancer is the second most common
cause of cancer and cancer death among menin the US, with an es-
timated 35 250 deaths in 2024." Prostate cancer is also the second
most common cause of cancer in men worldwide, with 1466 680
new cases and 396 792 deaths in 2022.2 Incidence varies, with the
highest age-standardized rates observed in Northern Europe (82.8
per 100 000 person-years), Australia (78.1 per 100 000 person-
years), the Caribbean (73.8 per 100 000 person-years), and North
America (73.5 per 100 000 person-years), likely due to a combina-
tion of increased prostate-specific antigen (PSA) screening, life ex-
pectancy, genetics, and modifiable risk factors such as diet and
obesity.>®

Prostate cancer occurs predominantly in older men and the
median age at diagnosis is 67 years (IQR not available).! Data from
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Box. Risk Factors and Treatments for Localized and Metastatic
Prostate Cancer

What are the main risk factors for prostate cancer?

« Older age, genetic factors, and Black race are the strongest risk
factors associated with the development of prostate cancer.

« Germline alterations in genes involved in DNA damage repair are
found in 12% of patients with metastatic prostate cancer.

What is the most effective therapy for localized prostate cancer?

« Treatment of localized prostate cancer depends on risk
stratification (defined by serum prostate-specific antigen level,
clinical tumor staging based on digital rectal examination, and
Gleason score or group), life expectancy, and personal preference.

« For many patients with low-risk or favorable intermediate-risk
disease, active surveillance with serial prostate-specific antigen
screenings, digital rectal examinations, prostate biopsies, and
magnetic resonance imaging may be considered.

« Patients with higher-risk disease may be treated either with
radical prostatectomy or radiation therapy.

What is first-line treatment for newly diagnosed metastatic

prostate cancer?

« For most patients with newly diagnosed metastatic prostate
cancer, androgen deprivation therapy with orchiectomy or
a gonadotropin agonist or antagonist should be used.

* Treatment should also include androgen deprivation in
combination with an androgen receptor pathway inhibitor
(such as abiraterone or enzalutamide).

* The addition of chemotherapy (docetaxel) may be considered for
some patients, especially those with more advanced disease.

autopsy series show a nonlinear increase in cases of occult pros-
tate cancer with advancing age; 59% of men older than 79 years had
histological evidence of prostate cancer.®'© The annual incidence rate
of prostate canceris 173.0 cases per 100 000 Black men vs 97.1 per
100 000 White men and the mortality rate is 38.7 per 100 000 Black
men per year vs 18.0 per 100 000 White men per year.' The rea-
sons for the disparities in incidence and mortality are complex and
not entirely understood. After accounting for differences in inci-
dence, disparities in mortality persist and may reflect inequities in
access to health care, the quality of care received, and presence of
more aggressive cancer biology." ™

Prostate cancer is highly hereditable. Results from twin stud-
ies performed in Northern Europe reported that more than 50% of
prostate cancer risk is attributable to genetic factors." A registry
study conductedin Sweden, including 51 897 brothers of 32 807 men
with prostate cancer, reported that men with a brother who had pros-
tate cancer had a 14.9% (95% Cl, 14.1%-15.8%) probability of hav-
ing prostate cancer at 65 years of age and a30.3% (95% Cl, 29.3%-
31.3%) probability at 75 years of age.”

Agenome-wide association study'® identified 451 genomic vari-
ants associated with risk for prostate cancer. A risk score based on
these genomic variants stratified individuals effectively: 51.2% of
prostate cancer cases occurred in the top quintile of risk vs 4.4%
of cases in the bottom quintile. A germline analysis of 692 men with
metastatic prostate cancer unselected for family cancer history iden-
tified 11.8% with a pathogenic alteration in a DNA repair gene, most
commonly BRCA2 (5.3%)."” Guidelines from the National Compre-
hensive Cancer Network (NCCN) and the European Society of Medi-
cal Oncology recommend panel-based germline genetic testing for
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Table 1. National Comprehensive Cancer Network Risk Stratification®

Risk category  Definition®

Life expectancy Treatment options

Very low Grade group 1, PSA level <10 ng/mL, <3 core biopsy samples
positive for cancer, and <50% cancer cells in each core biopsy

sample
Grade group 1, PSA level <10 ng/mL, and clinical cancer stage

T1-T2a (nonpalpable tumor by rectal examination or involving
less than half of the prostate)

Low

Favorable
intermediate

<1 Intermediate risk factor, grade group 1 or 2, and <50%
of core biopsy samples positive for cancer

Unfavorable
intermediate

2 or 3 Intermediate risk factors, grade group 3, and 250%
of core biopsy samples positive for cancer

High Clinical cancer stage T3a (extension through prostatic capsule,
but no seminal vesicle involvement), grade group 4 or 5,
or PSA level >20 ng/mL

Very high Clinical cancer stage T3b-T4 (seminal vesicle involvement and

invasion of adjacent structures), primary grade group 5,
and 22 high-risk features

210y Active surveillance

<10y Observation

=210y Active surveillance preferred; RT or radical
prostatectomy

<10y Observation or RT

>10y Active surveillance; RT or radical prostatectomy with
or without pelvic lymph node dissection

<10y Observation preferred; RT

210y RT and ADT for 4-6 mo or radical prostatectomy and
pelvic lymph node dissection

<10y RT and ADT or observation

>5y or Symptomatic  RT and ADT or radical prostatectomy and pelvic lymph

node dissection
RT, ADT, or observation

RT and ADT along with abiraterone or radical
prostatectomy and pelvic lymph node dissection

RT, ADT, or observation

<5y
>5y or Symptomatic

<5y

Abbreviations: ADT, androgen deprivation therapy; PSA, prostate-specific
antigen; RT, radiation therapy.

@ Adapted from the National Comprehensive Cancer Network.2®

bThe Gleason grading system is used to evaluate the aggressiveness of prostate

cancer cells based on the architectural pattern observed in a standard prostate
biopsy using 10 to 12 core biopsy samples. Each core biopsy sample is given

a Gleason grade; the grades range from 1to 5. A higher grade is associated
with more aggressive disease and a poorer prognosis. The intermediate risk
factors are cancer stage T2b or T2c (palpable, unilateral, and without
extension through the prostatic capsule), grade group 2 or 3, and a PSA level
of 10 to 20 ng/mL.

all patients with high-risk localized or metastatic prostate cancer, re-
gardless of family history, to inform cascade genetic testing of rela-
tives and the use of precision therapies targeting these gene
alterations.'®-2°

Screening

Screening for prostate cancer with digital rectal examination (DRE)
is not recommended due to poor diagnostic accuracy. In a system-
atic review and meta-analysis?' of 4 prospective cohort studies and
3retrospective studies with 9241 patients who underwent DRE and
prostate biopsy, the pooled sensitivity of DRE was 51% and the
pooled specificity was 59%. Screening may be performed by mea-
suring the serum concentration of PSA. A PSA level is specific to the
prostate, but elevations can be observed in nonmalignant condi-
tions such as benign prostatic hyperplasia and prostatitis.??2> Medi-
cations may affect PSA levels. For example, 5a-reductase inhibi-
tors (such as finasteride) are associated with a 2-fold reduction in
serum PSA levels in the 2 years after initiation and a 2.5-fold reduc-
tion thereafter.2* The PSA level increases with age (0.04 ng/mL per
year) due to increased prostate volume; therefore, age-specific ref-
erenceranges (eg, <2.5 ng/mL for men <50 years of age, <6.5 ng/mL
for ages 70-79 years) should be considered when interpreting PSA
values.?® In a retrospective analysis of 4597 men who underwent
radical prostatectomy for prostate cancer, use of age-specific PSA
reference ranges increased detection of prostate cancer by 18% in
men younger than 60 years. In older men, use of age-specific ref-
erence ranges reduced detection of prostate cancer by 22%2°; how-
ever, 76% of the missed tumors had a very low risk or a low risk of
pathological findings (Table 1).

Prostate cancer screening based on PSA level was widely ad-
optedin the early 1990s.2” However, when it became clear that de-
tection of many prostate cancer cases with PSA screening did not
result in decreased cancer-related morbidity or mortality, and that
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PSA screening led to biopsy-related and cancer treatment-related
harms, randomized clinical trials were conducted to clarify the pos-
sible benefits of PSA screening (eTable in the Supplement). The
European Randomized Study of Screening for Prostate Cancer?8-3©
demonstrated amodest reduction in prostate cancer mortality with
PSA screening, but no improvement in quality-adjusted life-years.
The US Prostate, Lung, Colorectal, and Ovarian Cancer Screening
trial®"33 reported no mortality benefit, although this may have been
due to substantial (approximately 90%) PSA testing prior to enroll-
ment. A secondary analysis>* of a cluster randomized clinical trial,
including men aged 50 to 69 years from 573 primary care practices
in England and Wales, reported a small reduction in prostate can-
cer mortality with PSA screening, but no effect on overall mortality.
Asystematic review and meta-analysis, > including these and 3 other
PSA screening trials with 721718 men, reported little or no effect on
prostate cancer-specific mortality or all-cause mortality, but all in-
cluded trials other than the European trial®3° had a high risk of bias.

Because the benefits of PSA screening are unclear, guide-
lines®®-3” encourage shared decision-making, incorporating the
values and preferences of patients when making decisions about
PSA testing. In 2018, the US Preventive Services Task Force®® rec-
ommended shared decision-making for men aged 55 to 69 years,
and no PSA screening beyond 70 years of age; this guideline is
currently being updated. As of 2023, the American Urologic
Association® recommends PSA screening every 2 to 4 years for men
aged 50 to 69 years and provides adapted recommendations for
screening in high-risk populations, such as Black men,32 those with
germline alterations in genes involved in DNA damage repair (par-
ticularly BRCATor BRCA2), or those with a family history of prostate
cancer. The Prostate Cancer Foundation®® recommends Black men
obtaininformation about PSA screening; among those who choose
screening, baseline PSA testing should be performed between the
ages of 40 and 45 years.
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Clinical Manifestation and Presentation of Prostate Cancer
Among newly diagnosed cases of prostate cancer in the US, approxi-
mately 75% have localized disease (confined to the prostate) at pre-
sentation, 14% have metastases in regional lymph nodes, and 10% have
distant metastases.' Cases of localized prostate cancer are rarely symp-
tomatic. Lower urinary tract symptoms, such as urinary hesitancy and
nocturia, are often described as symptoms of localized prostate can-
cer; however, a strong association has not been demonstrated.3°

For patients with metastatic disease at presentation, boneis the
most commonly involved site (observed in 82%), and may cause
bone pain and fractures.*° In a cohort study,*' including 569 men
with prostate cancer who presented with bone metastases, 43.6%
had a skeletal-related event such as spinal cord compression or
pathological fracture over a median follow-up of 2.2 years (IQR, 1.01-
4.01 years). Metastasis to distant lymph nodes (34%) and visceral
organs (5%) is less common.*°

Diagnostic Evaluation

Among men with a new, moderately elevated PSA level (4-10 ng/mL),
the PSA level decreases to the normal range in 25% to 40% of men
whenretested; therefore, arepeat PSA test to confirm elevation of PSA
level should be performed, typically within afew months.>”*? Patients
with an elevated PSA level on repeat testing should be referred to a
urologist for consideration of prostate biopsy, which may be performed
transrectally or transperineally with ultrasound guidance. A recent ran-
domized clinical trial,*® including 718 patients, reported similar rates
of infectious complications with transrectal vs transperineal approaches
(2.6% vs 2.7%) and noninfectious complications (1.7% vs 2.2%, respec-
tively), such as bleeding or urinary retention. The guidelines** from the
American Urologic Association recommend that at least 10 to 12 core
biopsy samples are taken symmetrically and include all areas of the pros-
tate gland.

Pathological evaluation of prostate core biopsy samplesis based
on the Gleason grading system, which characterizes the architec-
tural pattern of the tumor.*® Each biopsy core is given a Gleason grade
(range, 1-5) with pattern 1 most resembling normal prostate tissue
and pattern 5 consisting of sheets of cells with few or no recogniz-
able glands. The Gleason grades for the 2 most dominant patterns
are added together, and the combined number is referred to as the
Gleason score (range, 2-10). In 2014, an updated grading system“®
was developed that assigns a grade group from 1to 5 on the basis
of the Gleason score.

Magnetic resonance imaging (MRI) performed prior to biopsy
may aid in the detection of clinically significant cancer (defined as a
Gleason score =7). A noninferiority trial*” randomized 1532 men with
aPSA level of 3 ng/mL or greater to collection of the standard 10 to
12 core biopsy samples vs an experimental biopsy, in which pa-
tients underwent MRI followed by targeted and standard biopsy if
the MRI was suggestive of prostate cancer (36% of patients in the
experimental group underwent biopsies vs 73% in the standard care
group). Therate of clinically significant cancer cases was 21%in the
experimental biopsy group vs 18% in the standard biopsy group
(between-group difference of 3% [95% Cl, -1% to 7%]; P < .001
for noninferiority); fewer clinically insignificant cancers were de-
tected (4% vs 12%, respectively; between-group difference of -8%
[95% Cl, -11% to -5]).*” Long-term outcome data regarding ben-
efit of MRI prior to biopsy are not yet available, and there is no con-
sensus about which patients should undergo this testing.
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Risk Stratification
To stratify patients into risk categories, physicians use the degree
of PSA elevation, assessments of tumor size by DRE, and Gleason
score and Gleason grade. Categorization differs slightly worldwide,
but a commonly accepted risk stratification was proposed by the
NCCN (Table 1).'%2° Risk stratification provides information about
risk for progression to metastatic, fatal disease and informs thera-
peutic decision-making. In the most recent nationally representa-
tive data available (from 2004 to 2014) in the US National Cancer
Database, 34% of patients presented with low-risk cancer, 44% with
intermediate-risk cancer, and 21% with high-risk cancer.*®
Patients with unfavorable intermediate- or higher-risk dis-
ease should undergo staging based on a computed tomographic
(CT) scan of the chest, abdomen, and pelvis and a radionuclide bone
scan. However, a prostate-specific membrane antigen (PSMA)
PET scanis increasingly used. Either approach (PET scan or CT and
bonescans) is considered appropriate by the guidelines. APSMA PET
is a newer imaging technique, uses a radiotracer that binds to the
PSMA protein on cells of prostatic origin, and has higher sensitivity
and specificity compared with CT and bone scans.*® A systematic
review>° of 18 studies, including 5 prospective observational trials
with 969 patients who underwent PSMA PET imaging for primary
lymph node staging using histopathology as the reference stan-
dard, reported a sensitivity of 59% and a specificity of 93% for the
PSMA PET scan compared with a sensitivity of 42% and a specific-
ity of 82% for CT and bone scans. However, PSMA PET imaging was
not used in the trials studying the efficacy of current systemic or lo-
caltherapies; therefore, cautionis needed in translating PET imaging
results to recommendations based on conventional imaging.

|
Treatment

Androgen Deprivation Therapy

Prostate adenocarcinomais highly dependent on androgens (ie, tes-
tosterone and dihydrotestosterone) for growth.>' Androgen depri-
vation therapy can be achieved surgically via orchiectomy or medi-
cally via administration of a gonadotropin-releasing hormone agonist
(eg. leuprolide) or antagonist (eg, degarelix) with the goal of achiev-
ing aserum testosterone level of 50 ng/mL or less.>2 The benefit of
ADT is best established in patients with high-risk localized disease
undergoing radiation therapy (RT), in those with lymph node me-
tastases detected after prostatectomy, and as palliative treatment
in those with metastatic disease.”>>*

However, ADT has substantial negative effects on quality of life,
including erectile dysfunction (>70%), hot flashes (60%), gyneco-
mastia (10%), and changes in body composition (a 9% increase in body
fat).>>>¢ The use of ADT is also associated with osteopenia, osteopo-
rosis, and fracture. A retrospective study,”” including 50 613 men with
prostate cancer, reported a higher incidence of fracture in those who
received ADT vs those who did not (19.4% vs 12.6%, respectively;
P <.001). Patients receiving ADT who are at increased risk for frac-
tureaccording to the Fracture Risk Assessment Tool should have bone
mineral density assessed at baseline and every 1to 2 years thereaf-
ter, and should be treated for osteoporosis based on guidelines from
the Bone Health and Osteoporosis Foundation.>®>° Use of ADT may
alsoincrease therisk for diabetes and cardiovascular disease. Inan ob-
servational study,®® including 73 196 patients with locoregional
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prostate cancer, the patients who received a gonadotropin-
releasing hormone agonist had higher incidence rates of diabetes com-
pared with the patients who did not receive ADT (29.0 vs 20.9 cases
per 1000 person-years, respectively; P < .001), myocardial infarc-
tion (13.5 vs 10.9 cases per 1000 person-years; P < .001), and sud-
den cardiacdeath (12.9 vs 9.0 cases per 1000 person-years; P < .001).

Prostate cancer that progresses despite ADT (termed castration-
resistant prostate cancer) often continues to depend on activation
of the androgen receptor, which may occur through production of
androgens within the tumor or changes to the androgen
receptor.6"%2 To target this ongoing androgen dependence, newer
hormonal therapies (referred to as androgen receptor pathway in-
hibitors [ARPIs]) have been developed and include androgen re-
ceptorinhibitors (eg, enzalutamide, darolutamide, apalutamide) and
inhibitors of androgen biosynthesis (abiraterone), which are used
in a variety of contexts (Figure 1).

Management of Clinically Localized Disease

For patients presenting with localized prostate cancer, 5-year cancer-
specific survival rates approach 100%." These patients may be treated
with curative-intent local therapy (eg, radiotherapy or surgery), ac-
tive surveillance, or observation. Treatment choice is based on risk
stratification (Table 1), patient preference, and life expectancy.

Use of active surveillance has increased substantially and con-
tinues to increase for men with newly diagnosed low-risk prostate
cancer, and involves some combination of serial PSA tests, DRE, pros-
tate biopsy, and MRI.% Patients who develop disease progression
(eg, areduction in the PSA doubling time, a change in DRE results,
or adetection of higher-grade disease on prostate biopsy) are then
considered for active intervention. This approach was studied in a
multicenter, prospective, observational active surveillance study®*
including 2155 patients with low-risk disease who were followed up
with PSA tests every 3 to 6 months and prostate biopsies at 6 to 12
months, at 24 months, and every 2 years thereafter. At 10 years af-
ter diagnosis, 49% of patients remained free of disease progres-
sion or treatment for prostate cancer, less than 2% developed me-
tastases, and less than 1% died of prostate cancer.®*

The guidelines recommend definitive local therapy with radi-
cal prostatectomy or RT for patients with intermediate-risk disease
and a life expectancy of longer than 10 years or for patients with
higher-risk disease and a life expectancy of longer than 5 years.2°5>
The decision between radical prostatectomy and RT is typically made
based on the adverse effect profile of the treatment, patient co-
morbidities, and the ability of the patient to tolerate treatment.
Ideally, treatment decisions are made in consultation with a multi-
disciplinary team consisting of a radiation oncologist, urologic on-
cologist, and medical oncologist.

Radical prostatectomy is associated with surgical risks, includ-
ing blood loss requiring transfusion (3.6%) and urological infec-
tions (3.4%); complications leading to death or organ failure arerare
(<1%).° Surgical experience is associated with lower surgical com-
plication rates across retrospective studies.®”°® The largest study,
including 25 404 patients, reported that 50 patients (0.2%) died in
the hospital after surgery; in-hospital mortality was lower at high-
volume centers (odds ratio, 0.82; 95% Cl, 0.69-0.99).%® Radical pros-
tatectomy is associated with the development of stress urinary in-
continence (in approximately 15% of patients at 12 months) and
erectile dysfunction (in 20%-60% of patients with rates depen-
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dent on presurgical function and surgical approach); however, pros-
tatectomy canimprove lower urinary tract symptoms, if present, and
avoids the need for concurrent ADT, which is often recommended
for patients with high-risk disease undergoing RT.%°2 For men with
lymph node-positive prostate cancer at prostatectomy, adjuvant ADT
may be considered based on atrial®® including 98 patients random-
ized to adjuvant ADT vs observation (median overall survival, 13.9
years vs 11.3 years; hazard ratio [HR], 1.84 [95% Cl, 1.01-3.35]).

The use of RT may be preferable to surgery for older patients or
those with comorbidities precluding surgery.”> However, RT is asso-
ciated with bowel toxicities such as rectal urgency, frequency, or he-
matochezia (11% of patients reported at least a moderate problem)
aswell as genitourinary toxicities such as irritation or obstruction (14%
of patients reported at least a moderate problem).” The modalities
of RT for localized prostate cancer include external-beam RT with or
without implantation of radioactive seeds (brachytherapy). Brachy-
therapy alone can be used for patients with intermediate-risk dis-
ease, or as a boost to external-beam RT for those with high-risk dis-
ease (Table 1).72 Patients with high-risk disease choosing RT should
be offered concurrent ADT based on the survival benefit demon-
strated across several studies based on disease volume,>* including
a study of 1554 patients and comparing 2 treatment lengths of ADT
(overall 15-year survival rate of 27.1% for 4 months of ADT vs 29.8%
for 24 months of ADT; HR, 0.88 [95% Cl, 0.79-0.98]).

Management of Locally Advanced Disease

Patients with regional lymph node involvement (N1disease) may also
benefit from definitive local treatment. A retrospective study,”*in-
cluding 2967 patients with pelvic lymph node-positive prostate can-
cer, reported a survival advantage associated with local therapy
(radical prostatectomy or RT) and ADT compared with ADT alone
(overall 5-year survival rate of 78.8% vs 49.2%, respectively; HR, 0.31
[95% Cl, 0.13-0.74]). The addition of the androgen biosynthesis in-
hibitor abiraterone may also be considered in patients with re-
gional lymph node involvement, in patients meeting 2 of these 3 cri-
teria (PSA level =40, tumor stage T3 or T4, or Gleason grade 4 or
5), and in patients who are receiving local RT based on data from a
meta-analysis’® including 1974 patients from 2 randomized clinical
trials that reported improved 6-year metastasis-free survival (82%
in patients receiving abiraterone and ADT vs 69% in patients re-
ceiving ADT alone; HR, 0.53 [95% Cl, 0.44-0.64]).

Surveillance After Definitive Local Therapy

Serial PSA measurement is the primary means of surveillance after
patients receive definitive local therapy. The PSA level is typically
monitored every 6 to 12 months for 5 years and then annually if there
is noincrease from the baseline PSA level. After prostatectomy, the
PSA level should be checked at 6 weeks and should remain unde-
tectable due to complete removal of the gland. A stable PSA level
of 0.2 ng/mL or less may indicate retained benign prostate tissue;
however, an elevation in PSA level greater than 0.2 ng/mL is con-
sidered recurrent prostate cancer. A higher PSA threshold of nadir
PSA plus 2 ng/mL is used to define recurrence after RT because nor-
mal prostate tissue may remain after RT.”®

Biochemical Recurrence
Biochemical recurrence, defined as an elevated PSA level as the sole

indicator of recurrent disease, may occur in 20% to 40% of patients
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Figure 1. Mechanisms of Drugs Used for Systemic Therapy of Prostate Cancer

m Androgen deprivation therapy (ADT)
ADT deprives tumor cells of testosterone and other androgens necessary for proliferation.
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ACTH indicates adrenocorticotropic hormone; CRH, corticotropin-releasing hormone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone;
LH, luteinizing hormone.

aAlso called 77Lu-PSMA-617.
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Figure 2. Flowchart of Systemic Therapies for Metastatic Prostate Cancer
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who undergo definitive therapy.””-8° Salvage RT to the surgical bed
may be used forindividuals who have undergone radical prostatec-
tomy and are experiencing biochemical recurrence. For individuals
with biopsy-proven, recurrent, localized prostate cancer who ini-
tially received RT, salvage options of radical prostatectomy, cryo-
therapy, or other forms of ablative treatment (such as high-intensity-
focused ultrasonography) may be considered.®! The ideal timing
for initiating ADT for individuals with biochemical recurrence who
have undergone or are not candidates for salvage local therapy is
uncertain and is an active area of study. A randomized clinical trial®?
assigned 1068 patients with high-risk biochemical recurrence (PSA
doubling time =9 months) to enzalutamide plus leuprolide, enzalu-
tamide alone, or leuprolide alone; combination treatment with

jama.com
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enzalutamide and leuprolide improved metastasis-free survival com-
pared with leuprolide alone (87.3% vs 71.4%, respectively; HR, 0.42
[95% Cl, 0.30-0.61]). With more sensitive PSMA PET imaging,
approximately 68% of patients who would previously have been
considered as having biochemical recurrence are found to have
metastatic disease.®® The optimal management of these patients
is unclear.

Metastatic Hormone-Sensitive Prostate Cancer

Approximately 10% of patients with prostate cancer present with
de novo metastatic disease, and their 5-year survival rate is 37%."
In addition, despite definitive local therapy, metastatic disease de-
velops in a substantial portion of men. Risk of metastasis correlates
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with Gleason grade as reported in a cohort study*® including 581pa-
tients with 17-year follow-up; 56% of patients with a Gleason grade
of 5 developed metastatic disease compared with 2% of patients with
a Gleason grade of 1.

Androgen deprivation therapy is the first-line treatment for
metastatic prostate cancer, and is typically used indefinitely
(Figure 2). Guidelines from the NCCN2° recommend PSA testing ev-
ery 3to 6 months, with the addition of imaging based onincreasing
PSA level or symptoms. A reduction in PSA level by 50% is ob-
served in 60% to 80% of patients treated with ADT alone; how-
ever, castration-resistant disease invariably develops, with a me-
dian time to progression of 12 to 24 months.>>84 For most patients
with metastatic hormone-sensitive prostate cancer, the NCCN
guidelines?® recommend use of ADT and an ARPI, with or without
docetaxel chemotherapy. A trial,®° including 1199 patients with newly
diagnosed metastatic disease, reported an overall survival benefit
for abiraterone plus ADT vs ADT alone (53.3 months vs 36.5 months;
HR, 0.66[95% Cl, 0.56-0.78]). The ARPIs enzalutamide and apalu-
tamide also improved overall survival in newly diagnosed patients
with metastatic castration-sensitive prostate cancer compared with
ADT alone (Table 2); all 3 agents (abiraterone, enzalutamide, and
apalutamide) are appropriate for this population.84-88

The decision to use chemotherapy is based largely on disease vol-
ume, which was originally defined in a trial that randomized 790 pa-
tients to docetaxel plus ADT vs ADT alone.®° Patients were stratified
according to presence of high-volume disease (had visceral metasta-
ses or =4 bone lesions with =1lesion located beyond the vertebral
bodies and pelvis) or low-volume disease. Docetaxel improved the
overall survival in patients with high-volume disease (51.2 months for
docetaxel plus ADT vs 34.4 months for ADT alone; HR, 0.63[95% Cl,
0.59-0.89]), but notin patients with low-volume disease (63.5 months
vs not reached, respectively; HR, 1.04 [95% Cl, 0.70-1.55]).°°

Arandomized clinical trial," including 710 patients with newly
diagnosed metastatic prostate cancer, assigned patients to abi-
raterone and docetaxel vs docetaxel alone and reported an overall
survival benefit with ADT, docetaxel, and abiraterone (5.7 years vs
4.7 years; HR, 0.82[95% Cl, 0.69-0.98]). Another trial,°>°3includ-
ing 1305 patients (77% with high-volume disease), reported sur-
vival benefit with the ARPI darolutamide combined with docetaxel
vs docetaxel alone (median survival, not reached vs 4.1 years; HR,
0.68[95% Cl, 0.57-0.801]), and observed benefits across the high-
and low-volume subgroups.

Even though triple therapy with an ARPI, ADT, and docetaxel ap-
pears superior to ADT and docetaxel for patients with newly diag-
nosed metastatic prostate cancer, it is unknown whether the combi-
nation is superior to ADT and an ARPI. Therefore, ADT with an ARPI
remains an appropriate, guideline-recommended choice for pa-
tients presenting with newly diagnosed metastatic hormone-
sensitive prostate cancer.?%°* Triple therapy is also a reasonable op-
tion, especially for patients with high-volume metastatic disease, and
this regimeniis also recommended by the guidelines from the NCCN.2°

Metastatic Castration-Resistant Prostate Cancer

Despite treatment, all patients with metastatic disease eventually
develop castration-resistant prostate cancer. Treatment for
castration-resistant prostate cancer is determined by use of prior
therapies (Table 3).6% For patients previously treated with ADT alone,
both docetaxel and ARPIs have demonstrated survival benefits.9>98
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The ARPIs enzalutamide and abiraterone are approved for individu-
als with or without prior docetaxel exposure.®>1°° For patients with
prior use of an ARPI, switching to a different class (eg, from abi-
raterone to enzalutamide) can be considered; however, the likeli-
hood of achieving a response is low (15%-30%), and this strategy
should generally not be pursued in symptomatic patients.'°"1°2
Two radiopharmaceutical agents have been approved by the US
Food and Drug Administration for treating patients with castration-
resistant prostate cancer who have received ARPIs and taxane che-
motherapy. A trial,'®®including 921 patients with prostate cancer and
bone metastases without visceral disease, reported an overall sur-
vival of 14.0 months for radium-223 dichloride compared with 11.2
months for placebo (HR, 0.70[95% Cl, 0.58-0.83]). For patients with
PSMA-expressing castration-resistant prostate cancer, another trial"©*
including 831 patients demonstrated overall survival of 15.3 months
with the B-emitting PSMA-targeted radioligand lutetium Lu 177 vip-
ivotide tetraxetan (also called "’Lu-PSMA-617) compared with 11.3
months for protocol-permitted standard of care (HR, 0.62 [95% Cl,
0.52-0.74]). A trial of 255 patients with castration-resistant prostate
cancer previously treated with docetaxel reported a median survival
0of 13.6 months with cabazitaxel vs 11.0 months in those who switched
to another ARPI (HR, 0.64 [95% Cl, 0.46-0.891)."°° For castration-
resistant prostate cancer, the specific sequence of therapies has not
been systemically studied; multiple strategies are appropriate.2°
Genetic sequencing of tumor tissue is recommended by guide-
lines for all patients with castration-resistant prostate cancer.'>2°
Approximately 20% of patients with metastatic prostate cancer have
an alteration in genes involved in DNA repair.'®® For this popula-
tion, poly-ADP ribose polymerase (PARP) inhibitors (eg, rucaparib
or olaparib) can be effective. A randomized clinical trial, including
405 patients with castration-resistant prostate cancer who had DNA
repair pathogenic alterations (BRCAT, BRCA2, and ATM), reported
overall survival of 10.2 months for rucaparib vs 6.5 months for do-
cetaxel or a change in ARPI (HR, 0.67 [95% Cl, 0.49-0.93]).1°7108
For patients with DNA repair pathogenic alterations who have not
received an ARPI, the combination of PARP inhibitors with ARPIs is
currently approved; however, it is unknown whether this combina-
tion treatment is superior to the use of the agents in sequence.'®™

Limitations

This review has several limitations. First, some relevant studies may
have been missed. Second, the quality of included studies was not
formally reviewed. Third, some aspects of the epidemiology, diag-
nosis, and management of prostate cancer may have been ex-
cluded due to space limitations.

. |
Conclusions

Approximately 1.5 million new cases of prostate cancer are diag-
nosed annually worldwide. Approximately 75% of patients pre-
sent with cancer localized to the prostate, which is associated with
a 5-year survival rate of nearly 100%. Management includes active
surveillance, prostatectomy, or RT, depending on risk of progres-
sion. Approximately 10% of patients present with metastatic pros-
tate cancer, which has a 5-year survival rate of 37%. First-line thera-
pies for metastatic prostate cancer include androgen deprivation and
novel ARPIs, and chemotherapy for appropriate patients.
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