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Abstract

Prostate cancer is the most common cancer among Sub-Saharan Africans. Androgen deprivation therapy
remains the mainstay for the management of advanced prostate cancer. However, treatment failure is the rule
after a predictable response to androgen deprivation with subsequent development of castrate resistant
prostate cancer.Several pathways in the propagation of castrate resistant prostate cancer have been
elucidated,thus leading to development of novel agents in the management of this otherwise lethal
disease.Importantly, most of these cellular alterations still require the presence of some, albeit lower,
androgen concentrations. Consequently, it is recommended that ADT be continued for the remainder of a
patient's life. This review gives a summary of the current and approved treatment options for castrate resistant

prostate cancer.
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Introduction

Prostate cancer is the most common
malignancy among males worldwide and is the
second leading cause of cancer death among men in
the United States. In Sub-Saharan Africans, it is the
most common cancer, with a mortality rate more
than five times higher than African-Americans.”,

Hormonal treatment based on the findings
by Huggins et al. remains the mainstay of treatment
for advanced prostate cancer.”, However, treatment
failure is the rule after a predictable response to
androgen deprivation with subsequent
development of castrate resistant prostate cancer.’

Castrate resistant prostate cancer (CRPC) is
defined, by the progression of disease despite
castrate serum testosterone level (<50 ng/dl or 1.7
nmol/l). It may present as either a continuous rise in
serum PSA levels with three consecutive rises in
PSA one week apart, with two resulting in 50%
increases over the nadir, and PSA >2 ng/ml or
progression of an existing disease or the
appearance of new lesions .

Several mechanisms have been identified
as potential explanations for castrate resistant
prostate cancer. These include increased sensitivity
of the androgen receptor (AR) via gene
amplification or over expression, alterations in
coregulators that alter ligand sensitivity, androgen
receptor (AR) mutations that broaden ligand
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specificity and confer sensitivity to adrenal
androgens,  cross-talk via other signalling
pathways such as IL-6 and Her2-Neu,nongenomic
mechanisms by which ligand-bound AR modulates
transcription and alterations in steroid synthetic
and androgen-metabolizing enzymes that
potentiate intraprostatic androgen production ******
12,13,14,15

Importantly, most of these cellular
alterations still require the presence of some, albeit
lower, androgen concentrations. Consequently, it is
recommended that ADT be continued for the
remainder of a patient's life ™.

Clinical scenarios in castrate resistant
prostate cancer include patients with rising PSA
who are asymptomatic without evidence of
metastasis and patients with severe cancer
symptoms as a result of metastasis. These clinical
situations determine and modify the treatment
offered to these patients.

This review gives a summary of the current
treatment options and clinical data for the treatment
of castrate resistant prostate cancer.

Methodology

A systematic review of the literature was
conducted, and articles published on the
management of castrate resistant prostate cancer
(CRPC) were retrieved. A search of the electronic
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databases, including PubMed, Google Scholar and
Crossref Metadata Search using the keywords
castrate, resistant, prostate cancer, cytotoxic
therapy, immunotherapy, antiandrogen therapy.
Searches were restricted to publications in the
English literature.

Management of Castrate Resistant Prostate
Cancer.
Hormonal Manipulation

Patients in the transition phase of CRPC

who have been on androgen deprivation
therapymay benefit from secondary hormonal
manipulation.
These will be in the form of addition of
antiandrogen (Bicalutamide, Nilutamide or
flutamide) for patients on monotherapy (luteinising
hormone releasing hormone analogue) or who have
had an Orchidectomy. Antiandrogen can induce a
second response in almost 50% of castration-
resistant prostate cancer patients. The duration of
response is more than 1.5 years on average and
responders have prolonged metastasis-free
survival.""***

The withdrawal of antiandrogen for
patients who have undergone total androgen
blockade, Antiandrogen withdrawal are
significantly associated with both longer
progression free survival and overall survival in
patients with castrate- refractory prostate cancer.
PSA response can be up to 30%. ***

Ketoconazoleis an inhibitor of testicular
and adrenal androgen biosynthesis. It inhibits17a-
hydroxylase and 17,20-lyase which convert
pregnenolone into androgens, and 11pB-
hydroxylase, which converts 11-deoxycortisol to
cortisol. In a phaseOtrial by Small et al. “there was
an objective response in patients receiving
ketoconazole. Low dose ketoconazole with
replacement doses of hydrocortisone has moderate
activity.”

Non-Metastatic Castrate Resistant Prostate
Cancer (mMOCRPC)

In this clinical scenario, there is a PSA rise
in men who have had curative therapy for prostate
cancer without clinical evidence of disease
progression. This group of patients present a
management conundrum.

There is no generally accepted standard
care for this group of patients. Secondary hormonal
treatments may be attempted. A recent study by
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Smith et al. using apalutamide (240mg/day), a
competitive inhibitor of the androgen receptor
showed significantly longer metastasis free
survival and time to symptomatic progression
among men with nonmetastatic castration-resistant
prostate cancer. The median metastasis-free
survival was 40.5 months in the apalutamide group
as compared with 16.2 months in the placebo
group. Time to symptomatic progression was
significantly longer with apalutamide than with
placebo.”

Metastatic Castrate Resistant Prostate Cancer
(mCRPC).

Only patients with detectable macroscopic
metastatic disease should be considered for
systemic therapy (new hormonal agents or
chemotherapy). These patients should receive
multimodal and multidisciplinary therapy to
maximise survival and improve quality of life.

Cytotoxic Chemotherapy.

Mitoxantrone is an antitumor antibiotics
that inhibits type Otopoisomerase. This disrupts
both DNA synthesis and DNA repair. It is used for
palliation of symptoms, especially pain in men with
mCRPC. It does not affect the overall survival of
patients or time to disease progression® however,
there have been questions regarding its use because
of the side effects profile. These effects include
neutropenia and neutropenic fever, anaemia,
fatigue, peripheral neuropathy, back pain and left
ventricular dysfunction”. However, it is useful in
patients who progress after chemotherapy.

Docetaxel, a taxane whose mechanism of
actionis believed to be two-fold. This involves the
inhibition of microtubule depolymerisation and the
attenuation of the effects of bcl-2 and bcl-xL gene
expression. The induction of microtubule
stabilisation causes cell arrest in the G(2)M phase
of the cell cycle and induces bcl-2 phosphorylation,
thereby promoting a cascade of events that leads to
apoptotic cell death. Alandmark study by Tannock
et al. in 2004 demonstrated the efficacy of
docetaxel in the management of castrate resistant
prostate cancer. In this three-arm study, patients

were randomised to receive a docetaxel three
weekly regimen (75mg/m?) plus low-dose

prednisone (10mg daily), a docetaxel weekly
(30mg/m”* for 5 or 6 weeks) plus prednisone, or
mitoxantrone (12mg/m? 3weekly) plus prednisone.
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The median survival was 16.5 months in the
mitoxantrone group, 18.9 months in the group
given docetaxel every three weeks, and 17.4
months in the group given weekly docetaxel.
Among these three groups, 32%, 45% and 48% of
men, respectively, had at least a 50% decrease in the
serum PSA level. 22%, 35% and 31% had
predefined reductions in pain; and 13%, 22% and
23% had improvements in the quality of life.
Adverse events were more common in the groups
that received docetaxel and the three weekly
docetaxel showed better outcome than weekly
docetaxel. Adverse effects of docetaxel included
neutropenia, fatigue, nausea or vomiting or both,
alopecia, diarrhoea, nail changes, sensory
neuropathy, anorexia, changes in taste, stomatitis,
dyspnoea, tearing, peripheral oedema, and
epistaxis.

Cabazitaxel is a taxane. It differs from
docetaxel by its weak affinity for P-glycoprotein,
an ATP-dependent drug efflux pump. Tumour cells
that express the glycoprotein become resistant to
taxanes, limiting the effectiveness of docetaxel
* The FDA approved itfor patients who progress
post docetaxel therapy. This was based on the
TROPIC study,which compared cabazitaxel and
mitoxantrone in patients who progressed after
docetaxel therapy. The median survival was
15-Imonths in the cabazitaxel group and 12.7
months in the mitoxantrone group. Median
progression-free survival was 2:8 months in the
cabazitaxel group and 1-4 monthsin the
mitoxantrone group. The most common clinically
significant grade 3 or higher adverse events were
neutropenia (cabazitaxel, [82%] patients versus
mitoxantrone[58%]) and diarrhoea [6%]
versus[<19%]). 8% of the patients in the cabazitaxel
group and 1% in the mitoxantrone group had febrile
neutropenia®.

Novel Antiandrogen Therapy.

Abiraterone is a selective, irreversible, and
potent inhibitor of 17-[alpha]-hydroxylase/17,20-
lyase (CYP17) enzymatic activity which is
required for androgen biosynthesis in the testes,
adrenal glands, and prostate tissue *. Abiraterone
iseffective in the pre and post-chemotherapy
setting for castrate resistant prostate cancer.In
chemotherapy naive patients, the median
radiographic progression free survival was 16.5
months with improvement in overall survival with
abiraterone-prednisolone compared to 8.3 months
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and 27.2months respectively with prednisolone
alone. It also showed superiority over prednisone
alone concerning time to initiation of cytotoxic
chemotherapy, opiate use for cancer-related pain
and prostate-specific antigen progression™. In
patients receiving abiraterone acetate-prednisolone
post chemotherapy with docetaxel, after a median
follow-up of 12.8 months, overall survival was
longer in the abiraterone acetate—prednisone group
than in the placebo—prednisone group (14.8 months
vs 10.9 months). PSA progression (10.2 vs. 6.6
months), progression-free survival (5.6 months vs.
3.6 months), and PSA response rate (29% vs. 6%).
The improved parameters favoured the treatment
group.Adverse events were frequently recorded in
the abiraterone acetate-prednisolone group than the
placebo-prednisolone group®. These included fluid
retention, hypertension, and hypokalaemia.

Enzalutamide is a potent, competitive
inhibitor of the androgen receptor. It also
preventstranslocation of the AR from the
cytoplasmto the nucleus and inhibits DNAbinding,
thereby impairing tumour growth. Itis useful in the
pre and post-chemotherapy setting. It showed
obvious benefits in chemotherapy naive patients as
demonstrated by Beer et al *. In their study,
comparing enzalutamide and placebo, the
radiographic progressionfree survival at 12 months
was (65% vs 14%), overall survival was (63% vs
29%). Other recorded benefitsinclude time to
initiation of cytotoxic chemotherapy, the time to
first skeletal-related event, a complete or partial
soft-tissue response (59%vs.5%), the time to
prostate-specific antigen (PSA) progression and
PSA decline (78% vs 3%). Hypertension and
fatigue were recorded adverse effects. In patients
who have received prior chemotherapy,
enzalutamide showed benefits compared to
placebo. The median overall survival was 18.4
months compared to 13.6 months, reduction in the
prostate-specific antigen (PSA) level by 50% or
more (54% vs 2%), soft-tissue response rate (29%
vs 4%), the quality-of-life response rate (43% vs
18%), the time to PSA progression (8.3 vs 3.0
months), radiographic progression-free survival
(8.3 vs 2.9months) and the time to the first skeletal-
related event(16.7 vs.13.3months). Adverse effects
recorded includedfatigue, diarrhoea, hot flashes
and seizures ™.
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Immunotherapy

The immune system can respond to prostate
cancer antigens. Presently there are ranges of
immunotherapeutic strategies which are being
developed and evaluated. The goal is the induction
of de novo response or reactivation of antitumor
immune responses™.
Sipuleucel-T, an autologous cellular
immunological agent, approved for clinical use,
works through antigen presenting cells (dendritic
cells) to stimulate T-cell immune response targeted
against prostatic acid phosphatase (PAP), an
antigen that is highly expressed in most prostate
cancer cells.®* In a study involving patients with
asymptomatic metastatic castrate resistant prostate
cancer, in which sipuleucel-T was compared with
placebo. The median time for disease progression
for sipuleucel-T was 11.7 weeks compared with
10.0 weeks for placebo. Median survival was 25.9
months for sipuleucel-T and 21.4 months for
placebo. Thisstudy suggests that sipuleucel-T may
provide a survival advantage to asymptomatic
patients with metastatic castrate resistant prostate
cancer.® In another study, treatment with
sipuleucel-T resulted in a 4.1-month improvement
in median survival and an improvement in the rate
of 3-year survival (31.7% for patients receiving
sipuleucel-T, as compared with 23.0% for those
receiving placebo) *.

Bone Targeted therapy

Patients with castrate resistant prostate
cancer will ultimately develop skeletal related
events; bone pain, pathological fracture, nerve
compression syndromes and spinal cord
compression. These events will occur in over 90%
of the patientswho have been on androgen
deprivation therapy for excess of ten years,and it is
due to the effect of androgen deprivationtherapy on
bone mineralisation and bone metastases *.

Bisphosphonates are protective against
skeletal related events. They act by integration into
the bone matrix, by binding to hydroxyapatite
crystals, with resultant inhibition of osteoclast-
mediated bone resorption *. Zoledronic acid is the
only bisphosphonate that is effective in reducing
skeletal related events in men with castrate resistant
prostate cancer. Inaphase O trial, in which patients
were randomised into zoledronic acid and placebo,
a higher proportion of patients who received
placebo had skeletal-related events than those who
received zoledronic acid(44.2% versus 33.2%).
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The median time to first skeletal-related event was
321 days for patients who received placebo, while it
was not reached for patients who received
zoledronic acid. Compared with urinary markers in
patients who received placebo, urinary markers of
bone resorption were statistically significantly
decreased in patients who received zoledronic acid.
Pain and analgesic scores increased more in
patients who received placebo than in patients who
received zoledronic acid. Zoledronic acid at 4 mg
given as a 15-minute infusion was well tolerated,
but the 8-mg dose was associated with renal
function deterioration.” * Other side effects
include flu-like symptoms, hypocalcaemia and
osteonecrosis of the jaw bone.

Denosumab is a fully human monoclonal
antibody that binds RANKL, preventing RANKL
from activating RANK, thereby inhibiting
osteoclast activity. These decreases bone resorption
and subsequently increases bone mass “.
Denosumab was better than zoledronic acid for the
prevention of skeletal-related events, and
potentially represents a novel treatment option in
men with bone metastases from castration-resistant
prostate cancer.” The median time to first on-study
skeletal-related event was 20-7 months with
denosumab compared with 17-1months with
zoledronic acid. Side effects of denosumab
includedosteonecrosis of the jaw, hypocalcaemia

Radium-223 is a radioactive isotope.It

mimics calcium in forming complexes with the
bone mineral hydroxyapatite, which targets
explicitly bone metastases.It prefers new bone
around metastatic sites emitting lethal alpha
particles in the tumour microenvironment which
leads to doublestranded DNA damage, thereby
inhibiting tumour growth.”*’
In a phase O trialwith radium-223,the median
overall survival was 14.0 months in the radium-223
group and 11.2 months in the placebo group.
Radium-223, as compared with placebo, was
associated with a 30% reduction in the risk of death.
The effect of radium-223 on overall survival was
consistent. The risk for time to first symptomatic
skeletal event was reduced, good PSA and alkaline
phosphatase responses were noted.”*It showed a
low myelosuppressive effect.
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Table 1: Summary of Clinical Management of Metastatic Castrate Resistant Prostate Cancer

S/N | Clinical Scenario Recommended Treatment

1 Metastatic CRPC without Symptoms Abiraterone acetate 1000 mg/day plus prednisone
5mg /twice daily.
Enzalutamide 160mg/day.
Docetaxel 75mg/m 2 every 3weeks plus oral
prednisone 5mg twice daily.

2 Metastatic CRPC with Symptoms Docetaxel 75mg/m * every 3weeks plus 5mg oral
prednisone twice daily for 10cycles.
Radium-223 every 4weeks for 6cyclesin patients
with pain due to bone me tastases without visceral
metastases.
Abiraterone acetate 1000mg/d plus prednisone 5mg
twice daily or E nzalutamide 160 mg/d may be
considered as first -line therapy in patients who
cannot receive or refused docetaxel

3 Metastatic CRPC who Progress after Cabazitaxel (25mg/m?) plus prednisone (5mg/day).

Docetaxel-Based Chemotherapy Abiraterone acetate (1000 mg per day) plus

prednisone (5mg twice daily).
Enzalutamide (160mg/day)
Radium-223 every 4weeks for 6cycles.
Docetaxel plus prednisone re  -exposure. (Positive
initial response).
Mitoxantrone plus prednisone for palliative pain
relief.

4 Patients with CRPC and Bone Denosumab (120mg subcutaneous) or zoledronic

Metastases acid (4mg intravenous) every 4weeks.

Daily calcium and vitamin D supplementation

PalliativeCare.

Castrate resistant prostate cancer is a
progressive disease and patient will ultimately
succumb to the disease process. Disease
progression is epitomised by pain, obstructive
uropathy, bone fractures, anaemia, coagulopathy
and fatigue. Improving the quality of life of the
patient and that of the caregiver is of paramount
importance. Realistic goals should be set for patient
care. Aggressive therapy without justifiable
product should be avoided. Patient should receive
adequate pain control with judicious use of
analgesics (using the analgesic ladder) *, adjuvant
analgesics and steroids. Specific therapy, such as
stenting, surgical decompression and radiation
therapy where necessary, will provide succour and
relief. Psychological, physical and spiritual support
should be provided *.
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Conclusion

Castrate resistance prostate cancer is a grin
disease with grave consequences for the patient.
Treatment of this disease is rapidly evolving with
overall survival and progression free survival in the
region of months with current modalities
oftreatment. Hopefully, current researches will
come up with newer treatment modalities that will
improve survival and improve the quality of life of
patients.
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