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In this activity, Dr Shore will discuss the rationale 
and evidence for using PARP inhibitors in metastatic 
castration-resistant prostate cancer, using PARPis in 
clinical practice, and how PARPis in combination with 
androgen deprivation therapy are being assessed. 

After watching this touchTALKS activity,  
you should be able to:

• Discuss the use of combination PARP 
inhibitor targeted therapy in the 
management of prostate cancer 

• Evaluate how to select/identify patients  
for potential combination PARPi and 
androgen receptor targeted therapy  
for prostate cancer 

• Review ongoing clinical trials exploring 
combination PARPi and androgen receptor 
targeted therapy for prostate cancer
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PARP inhibitors for prostate cancer: 
A deep dive into the evidence

Hello, I’m Neal Shore. I’m the Medical Director of 
Carolina Urologic Research Centre. I’m a urologist 
and I’m very proud and happy to talk to you today 
about our title of our programming ‘Improving 
outcomes in Prostate cancer: What is the role of 
PARP inhibitors combination therapy?’ What a great 
year 2020 was for PARP inhibitor data reveal. I’m 
going to review that with you and the importance of 
testing and how PARP inhibitors work.  

Improving outcomes 
in prostate cancer: 

What is the role of PARPi
combination therapy?

Neal Shore
Carolina Urologic Research Center,
South Carolina, USA 

Let’s take a dive into the evidence for PARP inhibitors. 
We have so many advances in mCRPC in the last 
decade and now we have another one regarding 
PARP inhibitors. PARP inhibitors will really create an 
opportunity now for you to think about genomic 
profiling and testing and also how to think about 
additional clinical trials that you may want to enrol 
patients in.

PARP inhibitors for prostate cancer:
A deep dive into the evidence

What is the optimal role for PARP inhibitors in 
mCRPC? Well, we have all these life-prolonging 
agents and some countries are fortunate enough to 
have up to eight or nine. But, at the end of the day, 
testosterone suppression is the mainstay of therapy. 
We see mutational aberrations and we see disease 
progression and still mCRPC is a lethal category. 
What can we do to enhance that and optimise 
patient survival, quality of life and avoidance of 
therapeutic complication? Well PARP inhibitors 
prevent DNA repair leading to cancer cell death. And 
they cause that apoptotic effect, and I will review 

that with you. They’ve now been approved. Two 
PARP inhibitors have been approved based upon 
trials, and I’ll show you that. They selectively, notice, 
selectively, not for all patients but for selective 
patients, so you have to do the right testing - we’ll 
talk more about that as well - and demonstrate 
homologous recombinant repair defects, sometimes 
these are called DNA damage repair mutations.  
And this has ushered in the era of precision 
medicine. Precision, more personalized or tailored 
therapy and not a one size fits all. I think this is  
an important construct. 

Up to 30% of men with mCRPC have mutations and 
homologous recombinant genes, up to 30% of our 
mCRPC patients, nearly 10% of our patients with 
metastatic castration sensitive prostate cancer. 
PARP inhibitors have demonstrated life prolonging 
efficacy in solid tumours with HRR mutations:  
breast, ovarian and pancreatic cancer. And now  
we have this opportunity to use them for our 
patients with mCRPC. 

What is the optimal role for PARPi in mCRPC?

The mainstay of treatment for prostate cancer 

PARPis offer precision medicine for patients
with HRD mutated mCRPC1-3

Disease progression is inevitable

30% of men with mCRPC have HRR mutations4

ADT

ADT, androgen deprivation therapy; HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate cancer; 
PARPi, poly ADP ribose polymerase inhibitor.
1. FDA approves olaparib for HRR gene-mutated metastatic castration-resistant prostate cancer. 2020. Available at www.fda.gov (accessed 24 February 2021); 2. FDA grants accelerated
approval to rucaparib for BRCA-mutated metastatic castration-resistant prostate cancer. 2020. Available at www.fda.gov (accessed 24 February 2021); 3. Olaparib 100 mg film-coated
tablets, SmPC. 2020. Available at: www.medicines.org.uk (accessed 24 February 2021); 4. Mateo J, et al. N Engl J Med. 2015;373:1697–708; 5. Mohyuddin GR, et al. BMC Cancer. 2020;20:507.

PARPis may provide life-prolonging efficacy for patients
with mCRPC and HRR mutations, as seen in other tumours5

What’s the normal function of PARP? Okay, so the 
normal function of PARP, or poly (ADP-ribose) 
polymerases, it’s a lot easier to just say PARP. And 
what you see here is single stranded DNA breaks 
repaired via PARP enzyme and PARP protein. 
Double stranded DNA breaks are repaired directly 
or indirectly through genes known as BRCA1/2 
and ataxia telangiectasia mutation, ATM. And you 
see them on the alleles here of the DNA. And then 
ultimately if there is a defect, if there is a problem, 
then defective alterations will not be stopped 
and cellular proliferation will occur. There are also 
downstream signals and it’s a bit of a complex 
mechanism of action and physiology  
and pathophysiology. 

Single-strand DNA breaks are repaired via PARP1

What is the normal function of PARP?

ATM, ataxia telangiectasia-mutated; BRCA1/2, breast cancer susceptibility gene 1 and/or 2; PARP, poly ADP ribose polymerase.
1. Roy R, et al. Nat Rev Cancer. 2011;12:68–78; 2. Maréchal A, Zou L. Cold Spring Harb Perspect Biol. 2013;5:a012716; 3. Criscuolo D, et al. Int J Mol Sci. 2019;20:3100; 
4. Gavande NS, et al. Pharmacol Ther. 2016;160:65–83.

Double-strand DNA breaks are repaired directly or
indirectly through genes such as BRCA1/2 or ATM1-3

Tumour-cell survival4

Downstream signals2

Checkpoint
responses2

PARP BRCA

ATM
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So, how do the PARP inhibitors work per se? Well, a 
PARP inhibitor, which we’ll talk about, and there are 
four that are now being intensely investigated, two 
which have been approved, they block the PARP 
enzyme and they prevent PARP protein, and this 
ultimately results in a loss of the repair function 
and this can then ultimately lead to prevention of 
defective cellular proliferation, or what we ultimately 
call synthetically lethality, an apoptotic event. Now, 
there are some other downstream signals where  
you see ATM, and there are some other repair signals 
known as mismatch repair, and these also come 
into a really important role in preventing cellular 
proliferation. If the HRR pathway is impaired with  
a PARP inhibitor then you can develop the synthetic 
lethality or synthetic lethal interaction and the 
tumour cell is unable to repair. If you cannot block 
this then defective cells continue to move forward. 
Now this is only particularly true if you have an  
HRR mutation. 

How do PARPis work?

BRCA1/2m, BRCA1/2-mutated.
1. Roy R, et al. Nat Rev Cancer. 2011;12:68–78; 2. Maréchal A, Zou L. Cold Spring Harb Perspect Biol. 2013;5:a012716; 3. Criscuolo D, et al. Int J Mol Sci. 2019;20:3100; 
4. Gavande NS, et al. Pharmacol Ther. 2016;160:65–83.

PARP BRCAm

Single-strand DNA breaks are repaired via PARP1

Synthetic lethality
and apoptosis1,4

Downstream signals1-4

Checkpoint
responses1,2

ATM

Mutations result in a loss of the repair function1,4PARPi

If the HRR pathway is impaired with a PARP inhibitor and mutations, a synthetic lethal
interaction occurs, the tumour cell is unable to repair its DNA and apoptosis occurs

PARP inhibitors have a long heritage. One sees here 
in the historical timeline in the ‘60s the observation 
of PARP in nuclei, subsequent purification, the first 
approval for ovarian cancer in 2014, a breakthrough 
therapy designation of olaparib and subsequent 
approval of olaparib in 2018 in breast cancer. 

PARP inhibitors have a long heritage

FDA, U.S. Food and Drug Administration.
1. Rouleau M, et al. Nat Rev Cancer. 2010;10:293–301; 2. NDA 206162 for the New Molecular Entity (NME) 3 February 2014. Available at www.fda.gov; (accessed 24 February 2021).
3. Martin GA, et al. Pharmacotherapy 2017;11:1406-14; 4. FDA approves olaparib for germline. BRCA-mutated metastatic breast cancer. 12 January 2018 Available at www.fda.gov (accessed 24 February 2021).

1963 Detection of poly(ADP-ribose) in nuclei1

1977 Purification of PARP-11

2014 FDA approval of olaparib as maintenance therapy in
ovarian cancer2

2016 FDA grants Breakthrough Therapy Designation for
olaparib as second-line in BRCA1/2 or ATM gene
mutated mCRPC3

2018 FDA approval of olaparib as 2nd line in breast cancer4

1960 1970 1980 1990 2000 2010 2020

But then really fast forward in the last couple of 
years we’ve seen tremendous advancements, and
that includes approvals for PARP inhibitors in 
pancreatic cancer in addition to breast and ovarian. 
We see breakthrough designations for additional 
PARP inhibitors such as niraparib, very important, 
and moving forward with other PARP inhibitors such 
as talazoparib and rucaparib. Rucaparib approved 

in prostate cancer and also in breast cancer; and 
talazoparib also, but still awaiting approval in 
prostate cancer.

PARP inhibitors have a long heritage

EMA, European Medicines Agency. 
FDA approves olaparib for gBRCAm metastatic pancreatic adenocarcinoma. 127 December 2019. Available at www.fda.gov (accessed 24 February 2021); 2 .Smith MR, et al. Ann Oncol. 2019;30:v884–5;
3. FDA grants breakthrough therapy designation to niraparib for mCRPC. 4 October 2019. Available at www.cancernetwork.com (accessed 24 February 2021);  4. de Bono J, et al. J Clin Oncol 2020;38(15_suppl):5566; 
5. de Bono J, et al. N Engl J Med 2020;382:2091–102; 6. Abida W, et al. J Clin Oncol 14 August 2020;  7. FDA approves olaparib for HRR gene-mutated metastatic castration-resistant prostate cancer. 19 May 2020.
Available at www.fda.gov (accessed 24 February 2021); 8. Olaparib. Summary of Opinion. European Medicines Agency. 17 September 2020. Available at www.ema.europa.eu (accessed 24 February 2021);
9. FDA grants accelerated approval to rucaparib for BRCA-mutated castration-resistant prostate cancer. 15 May 2020. Available at www.fda.gov (accessed 24 February 2021).

2019 FDA approval of olaparib as maintenance in
pancreatic cancer1

2019 Results for niraparib in mCRPC
(GALAHAD trial) presented2

2019 FDA grants Breakthrough Therapy designation for
niraparib as second-line in BRCA1/2 gene mutated mCRPC3

2020 Results for olaparib, rucaparib and talazoparib
in mCRPC (TALAPRO, PROfound, TRITON2 trials)
presented4-6

2020 Olaparib approved by the FDA and
rucaparib approved by the FDA and
EMA for mCRPC7-9

2019 2020

The first big study, phase III trial that has been 
completed is known as the PROfound study, 250 men 
globally accrued. Looking at cohort A, this was three 
particular HRR mutation genes: BRCA1/2 and ATM. 12 
other HRR mutation genes comprised cohort B. These 
were patients with mCRPC who had progressed on a 
novel hormonal agent, typically either abiraterone or 
enzalutamide. They were randomized in a 2:1 fashion 
to receive olaparib, at 300mg BID, versus sequencing 
to the other novel hormonal agent that they hadn’t 
received, so abiraterone went to enzalutamide or 
enzalutamide went to abiraterone. 

And here we see in cohort. A really rather dramatic, 
a more than doubling of the rPFS, a hazard ratio of 
0.34. This led and met the primary endpoint and also 
led to the first New England Journal paper for the 
PROfound trial. 

Efficacy of olaparib in mCRPC: PROfound trial

CI, confidence interval; PFS, progression-free survival.
de Bono J, et al. N Engl J Med. 2020;382:2091–102.

Olaparib significantly increased PFS in men with mCRPC
and a BRCA1/BRCA2 or ATM mutation

Median
months

Olaparib 7.4
Control 3.6
Hazard ratio for progression or death,
0.34 (95% CI, 0.25–0.47)
p<0.001
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Months since randomizationNo. at risk
Olaparib

Control

0 201 2 3 4 215 6 7 8 9 10 11 12 13 14 15 16 17 18 19

162 0149 126 116 102 0101 82 77 56 53 42 37 26 24 18 11 11 3 2 0
83 079 47 44 22 020 13 12 7 6 3 3 3 2 2 1 1 1 1 0

Imaging-based progression-free survival in cohort A

Value at 12 months

Value at 6 months

0.09

0.60

0.23
Control

Olaparib
0.28

245 men 
with at least one

alteration in BRCA1,
BRCA2 or ATM

Phase III clinical trial

Olaparib vs enzalutamide or
abiraterone acetate
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Subsequently, looking at the patients for overall 
survival as a secondary endpoint, clearly 
demonstrated again in cohort A, the BRCA1/2 
ATM population, an improvement in their survival 
benefit. Again, these patients, two thirds had also 
received taxane therapy on top of progressing 
with a novel hormonal agent such as abiraterone 
or enzalutamide. And we see in this particular 
selected HRR mutation gene profile, an opportunity 
to improve survival by essentially over three months 
at the median, really, very impressive; a hazard ratio 
of 0.64. But it has to be for the selected patients. 
Why the importance of testing? Now, we’ll talk more 
about that in the next segment. 

Efficacy of olaparib in mCRPC: PROfound trial

OS, overall survival.
de Bono J, et al. N Engl J Med. 2020;382:2091–102.

Median
months

Olaparib 18.5
Control 15.1
Hazard ratio for progression or death,
0.64 (95% CI, 0.43–0.97)
p=0.002
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Olaparib significantly increased OS in men with mCRPC
and a BRCA1/BRCA2 or ATM mutation

Months since randomization
Olaparib

Control

0 241 2 3 4 255 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

162 0158 155 152 150 0147 141 136 125 115 95 86 76 67 59 50 46 33 26 17 11 4 3 2
83 082 79 76 74 072 69 69 54 50 44 40 34 29 25 23 18 15 11 9 6 3 1 1

0.090.84

0.57

0.91

0.56

0.42

An objective response rate, another important 
secondary endpoint, one sees 33% objective 
response rate in the PROfound trial in cohort A versus 
a 2% in the sequencing physicians choice arm.  
And this was done with a blind and independent 
central radiologic review. It’s important to also 
recognise that about two thirds of the patients in the 
physicians choice in the PROfound trial also went on 
to get olaparib, therefore potentially even muting  
a little bit of that overall survival benefit, yet it was 
still reached. 

Efficacy of olaparib in mCRPC: PROfound trial

ORR, objective response rate.
de Bono J, et al. N Engl J Med. 2020;382:2091–102. 

Overall response rate

Olaparib also significantly improved 
time to pain progression, compared with control (p=0.02) 
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Here’s rucaparib, a very nice phase II study, open-
label, a single arm study demonstrating the benefit 
of rucaparib 600mg twice-a-day. It demonstrated 
meaningful radiographic and PSA responses and 
an objective response rate of 43.5% for patients with 
BRCA1/2 gene alterations. 

Efficacy of rucaparib in mCRPC: TRITON2 trial

PSA, prostate-specific antigen.
Abida W, et al. J Clin Oncol. 2020;38:3763–72.  

Rucaparib demonstrated meaningful radiographic and PSA responses,
and an ORR of 43.5% in men with BRCA-altered mCRPC
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In addition we see niraparib. Niraparib, another 
phase II study, a little over 80 patients, again who 
had DNA repair gene defects. And one sees the 
difference in the left-hand side, of the objective 
response rate versus the radiographic progression-
free survival, clearly again for patients who are 
selectively interrogated who benefit from the 
addition of a PARP inhibitor. And these are patients 
also who had progressed on a novel hormonal 
agent as well as taxane-based therapy. 

Efficacy of niraparib in mCRPC: GALAHAD trial

ART, androgen receptor targeted therapy.
Smith MR, et al. Ann Oncol. 2019;30:v884–5. 
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Niraparib demonstrated clinical activity in patients with
BRCA1/2 mCRPC compared with those with non-BRCA mutations
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And now I bring your attention to talazoparib, a 
fourth PARP inhibitor now to very importantly enter 
the clinical trial landscape. Phase II study of 113 
men, measurable disease, progressive mCRPC 
demonstrating DNA damage repair mutations, 
previous progression on taxane based therapy and 
a novel hormonal agent. And one can see looking 
at BRCA1 and 2 and now PALB2 also an important 
HRR mutation, smaller numbers though, only four in 
this particular study, ATM and seeing the confirmed 
objective response rates for patients who are on 
treatment for 4 months or longer.

Efficacy of talazoparib in mCRPC: TALAPRO-1 trial

DDR, DNA Damage Repair.
de Bono J, et al. J Clin Oncol. 2020;38(15_suppl)5566.
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    or abiraterone acetate

Phase II clinical trial assessing talazoparib
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The progression-free survival has also been now 
updated. We’re seeing additional evidence now. 
We’ve had it presented at ASCO GU 2021. But here 
you’re seeing in this graph the rPFS benefit in the 
same patient population just getting monotherapy 
talazoparib and so a really nice result. 

Efficacy of talazoparib in mCRPC: TALAPRO-1 trial

de Bono J, et al. J Clin Oncol. 2020;38(15_suppl):5566.
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Talazoparib monotherapy has encouraging antitumor activity in men
with docetaxel-pretreated mCRPC and BRCA1/2 alterations

Progression-free survival in patients receiving talazoparib for ≥16 weeks

2
1

0

3
4
5
6
7
8

10

Ongoing; interim results reported, data cut-off Dec 2019

BRCA1/2 (n=46) PALB2 (n=4) ATM (n=18) Other (n=18) Total (n=86)
DNA damage repair mutation

9

So, PARP inhibitors are approved for mCRPC in 
Europe and the United States. We see approvals for 
olaparib based upon the phase III PROfound trial, 
two New England Journal publications; rucaparib, 
published in JCO, FDA approved for mCRPC; we see 
that niraparib has breakthrough therapy designation 
by the FDA; and talazoparib has an ongoing phase 
III trial as well. I’m really proud that I was able to 
participate in all of these different studies. And it’s 
very important for you to be thinking about, how 
can you really work this opportunity for your patients 
who have these selected HRR mutations, and also to 
consider placing them in clinical trials. This is a really 
exciting opportunity, I think, for selective precision 
tailored therapy and really offers our patients an 
additional advance. Thank you. 

PARPis are approved for mCRPC in Europe and the US

BTD, Breakthrough Therapy Designation.
1. FDA approves olaparib for HRR gene-mutated metastatic castration-resistant prostate cancer. 19 May 2020. Available at www.fda.gov (accessed 24 February 2021); 2. Olaparib. Summary of Opinion.
European Medicines Agency. 17 September 2020. Available at www.ema.europa.eu (accessed 24 February 2021); 3. FDA grants accelerated approval to rucaparib for BRCA-mutated castration-resistant
prostate cancer. 15 May 2020. Available at www.fda.gov (accessed 24 February 2021); 4. FDA grants breakthrough therapy designation to niraparib for mCRPC. 4 October 2019.
Available at www.cancernetwork.com (accessed 24 February 2021).

PROfound
trial results

FDA and EMA
approval in

mCRPC1,2

Olaparib

TRITON2 
trial results

Rucaparib

GALAHAD 
trial results

Niraparib

Not yet approved, but clinical trials are continuing in mCRPC

Talazoparib

FDA approval
in mCRPC3

FDA BTD
in mCRPC4
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Clinical strategies in patient selection  
for PARP inhibitor therapy

This segment, ‘Clinical strategies in patient selection 
for PARP inhibitor therapy’. What is it, to make sure 
that we are optimising clinical selection? 

Clinical strategies in patient selection
for PARP inhibitor therapy 

 
It’s so important as we see in all aspects of our care 
for our patients with prostate cancer, and becoming 
even more important now. You must test, test, test. 
If you’re not doing the testing you’ll never know if a 
PARP inhibitor can help your patient. I can’t over-
emphasise this. So there are two forms of testing, 
and what we do know is that so many of our medical 
oncology and urology colleagues and radiation 
oncology colleagues, we’re not testing enough. And 
part of that may be accessibility and it may be a 
cost issue, but hopefully that will be facilitated over 
time. Germline testing is testing the likelihood that 
you’ve inherited something from your mother and 
father. This is really familial ways of inheriting gene 
alterations that have significant impact, not just in 
prostate cancer but in many other forms of cancer. 

So, the recent guidelines, they’re not always 
completely in consensus, but if you look at 
something, for example NCCN, they recommend 
that all patients who have high risk regional or 
metastatic prostate cancer get a germline test, 
and this can be done with blood or through saliva. 
And anyone with a significant positive and even an 
unknown family history, so other relatives 60 years 
and younger with breast cancer, pancreatic cancer, 
male breast cancer, prostate cancer, melanoma, 
colorectal cancer. Very common alterations, you’ll 
find BRCA1/2, Lynch syndrome which increases 
the risk of upper tract urothelial cancer; cribriform 
histology and intraductal prostate cancer has a lot 
of genomic instability and is associated with some 
of these germline alterations. If you have a germline 
alteration it’s essentially in every cell of the body. 

Now, 10% of men with mCSPC will have germline 
alterations consistent with HRR mutations. But that 
doesn’t end right there because if it’s negative you 
still would want to check for somatic, which is the 
gene alterations within the tumour tissue itself.  
And these can be also the classic ones that you 

have read about. We’ve talked about ATM, BRCA1/2, 
PALB2. There are others and they can come directly 
from the tumour tissue, up to 30% of mCRPC patients 
will have HRR mutations. So actually if you stop at 
germline you might miss up to 50% of patients who 
would have somatic mutations. 

Germline and somatic mutation testing in mCRPC

Lynch syndrome, germline mutation in mismatch repair genes.
1. NCCN Guidelines. Available at: www.nccn.org/professionals/physician_gls/pdf/prostate.pdf (accessed 17 February 2021); 2. Böttcher R, et al. BMC Cancer. 2018;18:8;
3. Lang SH, et al. Int J Oncol. 2019;55:597–616; 4. Capoluongo E, et al. Semin Oncol. 2017;44:187–97. 

Both germline and
somatic testing are
required to identify

all potential patients
for PARPi4









All ≥high-risk regional or
metastatic prostate cancer1

Cribriform histology and
intraductal prostate cancer
associated with genomic
instability and adverse
outcomes2

BRCA1/2 mutation, Lynch
syndrome and other
mutations1

Positive and unknown family
history1 

•

 Germline positive and
negative3

ATM, BRCA1, PALB2
mutations more
prevalent as somatic
than germline mutations
in mCRPC3

• Somatic DDR mutations
can be more common
than germline mutations
in mCRPC3

Germline testing 
(with genetic counselling)

Germline
testing 

Somatic
testing 

Somatic 
testing

 
So, how do you test? Well, as I said, germline is easy. 
It’s a saliva buccal smear or a blood test, but tissue 
comes from archival tissue, prostate biopsy, 
prostatectomy specimen, or you can do a 
metastases-directed biopsy. That’s not always the 
easiest thing to do. Sometimes it can be. You need 
to develop a relationship with your interventional 
radiologist. Bone biopsies are achievable but there 
are some challenged nuances about doing it 
correctly and with the right technique. Sometimes 
the tumour tissue can be really old and may not be 
adequate to maintain tumour DNA for interrogation. 
It might not have been preserved adequately, there 
might not be enough for it to be looked at, and so 
liquid becomes an answer as well. There are multiple 
companies now that offer circulating tumour DNA 
simple blood tests and there’s now about an 80% 
concordance. So, this is giving us additional 
opportunities. I really encourage you to read more 
deeply and more thoughtfully about the difference 
between germline and somatic alterations, how you 
test for them, and also the difference between 
tumour tissue testing for somatic and liquid-based 
testing. It gives us great flexibility and optionality to 
look for HRR mutations and the use and the role for a 
PARP inhibitor.

Tissue and liquid biopsy for somatic mutations 

CTC, circulating tumour cells; ctDNA, circulating tumour DNA.
1. Casanova-Salas I, et al. Eur Urol. 2021;doi.org/10.1016/j.eururo.2020.12.037; 2. Cheng HH, et al. J Natl Compr Canc Netw. 2019;17:515–21; 3. Wyatt AW, et al. J Natl Cancer Inst. 2017;109:djx118;
4. NCCN Guidelines. Available at: www.nccn.org/professionals/physician_gls/pdf/prostate.pdf (accessed 17 February 2021).

• Variety of tissues to sample and
archive: primary tumour, liver, 
lymph nodes, bone

• Minimally invasive, easy access1

• Real-time monitoring1

• Repetition during disease course
to guide therapy2

• Time sampling during disease
progression when CTC and
ctDNA highly prevalent

• High concordance between tissue
and liquid biopsies for mCRPC
driver mutations3

Bone biopsies difficult

Low yield of material

Processing may reduce DNA quality

Tumour heterogeneity and
continuing evolution

•

•

•

•

Tissue biopsy: challenges1

PARPi use requires a positive biopsy4

Liquid biopsy: solutions?
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The guideline recommendations for PARP inhibitor 
and mCRPC, this is now updated in NCCN based 
upon PROfound and the TRITON2 trials, these, both 
olaparib and rucaparib, have approval in the US. 
Both can be approved now, based upon either 
use of a germline or a somatic-based testing. The 
difference between olaparib and rucaparib is that 
olaparib is approved in mCRPC for progression on a 
novel hormonal agent, abiraterone or enzalutamide. 
Rucaparib is approved based upon a progression 
with a novel hormonal agent and also a prior taxane 
therapy. 

We now have niraparib and talazoparib. They’re 
not yet in the NCCN guidelines. I say that based 
upon upcoming and additional trials and data we’ll 
hopefully see them also be incorporated. Great to 
have multiple options of these oral PARP inhibitors 
to help enhance treatment decision making for 
our patients who have a lethal disease. There are 
mutational aberrations, resistance develops and if 
you have HRR mutation you can benefit from being 
on a PARP inhibitor. 

Guideline recommendations for PARPi in mCRPC

NCCN, National Comprehensive Cancer Network; EAU, European Association of Urology.
1. NCCN Guidelines. Available at: www.nccn.org/professionals/physician_gls/pdf/prostate.pdf (accessed 17 February 2021); 
2. EAU Guidelines. Edn. presented at the EAU Annual Congress Amsterdam 2020. ISBN 978-94-92671-07-3.

Olaparib
• Homologous recombination repair gene

Previously treated with androgen
receptor-directed therapy

Germline and/or somatic
Not PPP2R2A

Pathogenic BRCA1 or BRCA2 mutation

Consider rucaparib if patient not fit for
chemotherapy

Previously treated with androgen
receptor-directed therapy + taxane

Germline and/or somatic•
•
•

NCCN Guidelines version 3.2020 reflect the findings of the PROfound and TRITON2 trials
and FDA license recommendations and recommend PARPi for the following patients:1

•
•
•

•

EAU Guidelines 2020: ‘…PARP inhibitors offer an exciting new opportunity to
tailor therapy based on the mutation profile contained within a tumour…’

Niraparib and talazoparib not yet included in NCCN guidelines

Rucaparib

•
Niraparib has Breakthrough Therapy Designation status•
Clinical trials are ongoing for talazoparib in mCRPC•

Are the PARP inhibitors the right thing for my 
patients? Well, what are your goals for your 
patients? I think the goals should always be, I would 
describe it as four Ps: prolonging survival, preventing 
complication of therapy, and preserving quality of 
life, and knowing the patient’s preference value:  
how risk averse or risk seeking are they for really  
any therapy? 

Are PARPis right for my patient? Considering therapy goals1-3

GI, gastrointestinal.
1. Saad ED. J Clin Oncol.2012;30:1750-4; 2. Gleave ME, et al. CMAJ. 1999;160:225–32; 2. Fallowfield L., et al. Nature Reviews Clinical Oncology 2016;13:643-50.

Disease control and
delaying progression

Prolonging
survival

Such as myelosuppression,
neuropathy

Preventing treatment
complications

Minimizing fatigue,
GI side effects, etc.

Preserving
quality of life

Risk tolerant 
vs risk averse

Patient
preference

Now, we’re going to see that the world of PARP 
inhibitors is really expanding and I think this is great. 
This is great for all of us as clinicians and it’s great 
for us as patients. This is a very detailed slide which 
really goes into this table to tell you about the 
differences potentially in PARP inhibition potency of 
the enzyme. It also talks about their mechanism for 
how these work, whether it’s directly effecting an 
effector response, what we sometimes call allosteric, 
versus non-allosteric; and the affinity for the PARP 
enzymes, the affinity for trapping or not and the 
inhibitory concentrations. Now, I wouldn’t expect a 
busy clinician to really get into the weeds of this, 
but I like it because hopefully we’ll see with future 
studies, well-conducted, direct comparator studies - 
all the PARP inhibitors, do they offer the same benefit 
to each patient? Will some be more efficacious and 
more potent than another? We don’t know that yet, 
but one can see looking at the differences in how 
they trap the enzyme on a DNA and also on their 
inhibitory concentrations, there may be differences. 
Time will tell.

Are all PARPis the same? Considering PARP trapping and potency

1. Zhou P, et al. Precis Clin Med. 2020:3:187–201; 2. Shen Y, et al. Clin Cancer Res. 2013;19:5003–15; 3. Jones P, et al. J Med Chem. 2015;58:3302–14.

Olaparib Rucaparib Talazoparib Niraparib

PARPi1 II IIIII III

PARP-1 allostery1 Non-allosteric Non-allostericAllosteric Allosteric

Trapping profile1 Retention RetentionRelease Release

Impact on PARP-1
affinity for DNA1 Small increase Small increaseDecrease Decrease

IC50
(for PARP-1)2 1.94 nM2 0.57 nM21.98 nM2 3.8 nM3

And again, they can be different in how they are 
given. Some are given in a BID dosing, some are 
given QD. Right now there are no food effects. Some 
of our other mCRPC therapies with PARP have a food 
effect requirement, so there is that nice luxury. None 
of these require concomitant use of a steroid. 

Are all PARPis the same? Considering administration

1. Olaparib 100 mg film-coated tablets, SmPC. 3 Nov 2020. Available at: www.medicines.org.uk/emc/product/9204/smpc#gref (accessed 17 February 2021);
2. Niraparib 100 mg hard capsules, SmPC. 27 Oct 2020. Available at: www.medicines.org.uk/emc/product/8828/smpc#gref (accessed 17 February 2021); 
3. Rucaparib 200 mg film-coated tablets. SmPC. Dec 2020. Available at: www.medicines.org.uk/emc/product/10027/smpc#gref (accessed 17 February 2021); 
4. Talazoparib 0.25 mg hard capsules, SmPC. Sept 2020. Available at: https://www.medicines.org.uk/emc/product/10734/smpc#gref (accessed 17 February 2021).

PARPi Administration 
route

Dosing Administration 
directions

No food effectTwice-dailyOralOlaparib1

No food effectOnce-dailyOralNiraparib2

No food effectTwice-dailyOralRucaparib3

No food effectOnce-dailyOralTalazoparib4
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What are the side effects that we can expect to see? 
Well, none of these studies that I’m showing you here 
are direct comparator studies, so please understand 
that. Really, what I’m showing you here is what you’ve 
seen published or presented in educational forums. 
All grade, looking at anaemia, nausea, fatigue/
asthenia and then grade 3/4 side effects really 
only listed here in niraparib, but I will tell you that 
they all run a consistent risk of myelosuppression, 
which seems to be a part of the AE profile. We see 
this in approvals for these PARP inhibitors, when 
appropriate, for breast, ovarian, pancreatic cancer. 
And typically all this requires is checking a CBC on a 
monthly basis. So, that’s an important aspect. There 
will be combination therapies that are going to be 
looked at. We’ll talk about that in the next module. 

AE, adverse effects.
1. de Bono J, et al. N Engl J Med. 2020;382:2091–102; 2. Abida W, et al. J Clin Oncol. 2020;38:3763–72; 3. de Bono J, et al. J Clin Oncol. 2020;38(15_suppl):5566;
4. Smith MR, et al. Ann Oncol. 2019;30:v884–5.

Are all PARPis the same? Considering safety

Olaparaib Rucaparib Talazoparib Niraparib

Trial

AE (%) All grade Grade 3/4

Anaemia 46% 43.5% 42.5% 29%

ProFOUND1

(N=256)
TRITON22

(N=115)
TALAPRO-13

(N=113)
GALAHAD4

(N=81)

Nausea 41% 52.2% 32.7% –

Fatigue/asthenia 41% 61.7% 42.5% –

Thrombocytopenia – – 19.5% 15%

Neutropenia – – 13.3% 7%

The metabolism is always important. Some have 
different metabolic profiles, whether they’re using 
the CYP3A4/5, whether it’s the CYP2D6, CYP1A2, 
niraparib is metabolized by carboxylesterase and 
catalyzed amide hydrolysis. No CYP interactions. 
This may have implications for choosing based 
upon drug-drug interaction. And so talazoparib is 
mainly eliminated through kidneys and has minimal 
hepatic metabolism. So, as we become more aware 
of other mCRCP therapies that have particular CYP 
interaction, drug-drug interaction, it’s important to 
understand how this may play into PARP inhibitor 
drug selection. And then if there’s renal impairment, 
really, we need to study a little bit more but I know 
that right now olaparib and rucaparib can be used 
in patients with clearances of 30cc and higher. And 
hepatic impairment, as I mentioned earlier here, 
it’s important and we need to really understand. 

Typically patients who have really severe Child-Pugh 
class C are often very hard to treat. Nonetheless, 
monitoring liver function tests periodically is always 
important in our advanced prostate cancer patients. 

Are all PARPis the same? Considering metabolism

CYP, cytochrome.
1. LaFargue CJ, et al. Lancet Oncol. 2019;20:e15–e28; 2. Olaparib 100 mg film-coated tablets, SmPC. 3 Nov 2020. Available at: www.medicines.org.uk/emc/product/9204/smpc#gref
(accessed 17 February 2021); 3. Talazoparib 0.25 mg hard capsules, SmPC. Sept 2020. Available at: https://www.medicines.org.uk/emc/product/10734/smpc#gref (accessed 17 February 2021);
4. Rucaparib 200 mg film-coated tablets. SmPC. Dec 2020. Available at: www.medicines.org.uk/emc/product/10027/smpc#gref (accessed 17 February 2021). 

• Olaparib and rucaparib metabolized by cytochrome P4501

Niraparib metabolised by carboxylesterase- catalyzed amide hydrolysis
(primarily hepatic metabolism).1 No CYP interactions
Talazoparib is mainly eliminated through the kidneys with minimal
hepatic metabolism3

– Olaparib by CYP3A4/52

– Rucaparib by CYP2D6 and by CYP1A21

•

•

Metabolism

•

Renal impairment

•
•
•

Hepatic impairment

Severe – avoid olaparib2 and rucaparib4

• No clinical studies have been carried out in this population

Avoid talazoparib3 in moderate hepatic impairment
Avoid olaparib,2 rucaparib,4 talazoparib3 in severe hepatic impairment
No clinical studies have been carried out in this population

So, in addition to understanding different 
mechanisms of action, different adverse event 
profiles, different drug-drug interaction, what about 
just general accessibility? Well, this is not only on a 
global level but this can also be on a local regulatory 
level and one needs to be cognizant of this. All of 
these new therapies, all the oral oncolytics, they 
have a heavy price tag. I will say that I’ve been 
impressed that most of the companies really try 
to work with patients and healthcare providers in 
finding sampling programmes and compassionate 
use programmes and access programmes. So 
you have to do the best that you can. We have to 
continue to be champions for our patients. And 
then back to what I was saying earlier, you must 
test. You must think about getting germline testing 
in metastatic patients, patients newly diagnosed, 
non-metastatic who have significant family histories. 
If the germline testing is negative you have to think 
about going to somatic testing and getting a better 
understanding of whether you do archival tissue, 
metastasis-directed biopsies or even liquid-based 
testing. All of these will offer you opportunity to 
advance patient care.

1. Pongor LS, et al. Sci Rep. 2020;10:14403; 2. Goodall J, et al. Cancer Discov. 2017;7:1006–17. 

Selecting a PARPi: Key factors

• Regulatory approval
• Local regulations and guidelines

Accessibility

Affordability

Testing

• Insurance reimbursement
• Patient access programmes

• Availability of samples for
mutation testing1,2
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And finally, where are we now? We see that we have 
olaparib and rucaparib approved by FDA, olaparib 
also approved by EMA; niraparib, which has got a 
breakthrough designation; talazoparib, also is 
working on additional studies, phase III trials. And I’m 
highly optimistic that in the foreseeable future we’ll 
have four different PARP inhibitors that we can offer 
to our patients and we’ll need additional studies to 
understand are there differences and benefits that 
we can provide to our patients. 

Thank you very much.

PARPis for mCRPC: Where are we now?

BTD, Breakthrough Therapy Designation.
1. de Bono J, et al. N Engl J Med. 2020;382:2091–102; 2. FDA approves olaparib for HRR gene-mutated metastatic castration-resistant prostate cancer. 19 May 2020. Available at www.fda.gov; 
3. Olaparib. Summary of Opinion. European Medicines Agency. 17 September 2020. Available at www.ema.europa.eu; 4. Abida W, et al. J Clin Oncol. 2020;38:3763–72; 5. NCT02975934. 
Available at www.clinicaltrials.gov;  6. FDA grants accelerated approval to rucaparib for BRCA-mutated castration-resistant prostate cancer. 15 May 2020. Available at www.fda.gov; 
7.  NCT0284436. Available at www.clinicaltrials.gov ; 8. FDA grants breakthrough therapy designation to niraparib for mCRPC.; 9. NCT03395197. Available at www.clinicaltrials.gov. All websites accessed 24 February 2021.

Olaparib
Open-label Phase III

PROfound trial
reported1

mCRPC
with HRR

mutations

FDA
and

EMA2,3

Phase II
GALAHAD
ongoing7

mCRPC
with BRCA
mutations

FDA
(BTD)8

Phase II TRITON2
reported,4 Phase III

recruiting5

mCRPC
with BRCA
mutations

FDA6

Rucaparib

Niraparib

Talazoparib
Phase III

TALAPRO2
ongoing9

mCRPC
with DDR

mutations

Not
yet

approved

 

New and emerging PARP inhibitor 
combinations for prostate cancer

‘New and emerging PARP inhibitor combinations for 
prostate cancer.’ Really, one of the most interesting 
things, right, is how do we sequence our mCRPC 
therapies and at the end of the day how can we 
combine to get a more powerful effect in terms of 
slowing down the growth of prostate cancer and 
prolonging our patients’ survival and maintaining 
quality of life, and, of course, doing it in a way that’s 
accessible, affordable and doesn’t increase adverse 
reactions.

New and emerging PARP inhibitor
combinations for prostate cancer

So, the anti-androgen therapies and androgen 
suppression, these have really been the mainstay, 
the foundational aspect of prostate cancer. 
You know, going back to the understanding the 
endocrine pathway of Huggins and Hodges surgical 
castration, LHRH agonist antagonist, and then 
recognising testosterone sources from the adrenal 
glands, testis and the tumour itself, ultimately 
slowing down testosterone, dihydrotestosterone 
impacting the androgen receptor and causing 
cellular proliferation of prostate cancer tissue. 

Anti-androgen and androgen-deprivation therapies are the
mainstay of prostate cancer treatment

Rice MA, et al. Front Oncol. 2019;9:801.

Testes

Adrenal glands
Testosterone

5-α-reductase

Abiraterone acetate

T

DHT

HSP70

HSP70

HSP27

HSP27

AR

AR AR

Enzalutamide
Apalutamide
Darolutamide

T

DHT

DHT

DHT

AR

DHT

AR

But, as we know, resistance is the bane of our 
therapies, isn’t it? Mutational aberrations are 
ongoing, the canonical pathway of the AR can be 
disrupted and there are all of these great advances 
that have occurred to figure out ways to then go on 
to get second-line, third-line, fourth-line therapies. 
So, PARP inhibitors have now entered into the realm 
and the really exciting aspect is can we take these 
oral medications and combine them with other 
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oral medications, or even parenteral intravenous 
medications, and get an even better result? 

And that’s really exciting, I think, for all of us who are 
doing clinical trials and take care of patients with 
advanced prostate cancer. 

So, can PARP inhibitors be used in combination? 
Well, there are just so many investigations underway 
and so paying attention to ASCO GU, ASCO, AUA, 
ESMO, this is where you’re going to hear about 
these therapies and so look at all the potential 
combinations that we can see. And this is not an 
exhaustive list, and thinking about where checkpoint 
inhibitors would come into play, ATR and the 
implication of ATM gene alterations; and, of course, 
with even traditional AR inhibitors, which I’m going to 
talk about, such as enzalutamide and abiraterone, 
radiopharmaceutical agents; a super exciting time. 
The PIK-AKT pathway, which is being trailed now for 
multiple drugs, particularly those who have PTEN 
genetic loss.

So, I’m going to focus on this segment really on 
combining PARP inhibitors with AR signalling  
pathway inhibitors. 

AKT, protein kinase B, ATR, Ataxia-Telangiectasia Mutated and RAD3-Related.
Virtanen V, et al. Genes (Basel). 2019;10:565.. 

Can PARPis be used in combination in mCRPC?
Investigations are underway

The combination of AR signalling inhibitor + PARPi has shown the
greatest potential to change the treatment paradigm of mCRPC

PARPi

Immune checkpoint
inhibitors

Chemotherapy ADT therapy

Radionuclide 
therapies

AKT inhibitors ATR inhibitors

+

So, what’s the rationale for doing this? Well, 
prostate cancer cells, as we know, when we provide 
testosterone suppression this can induce an HRR 
phenotype, that’s been well established. And if 
you know that HRR phenotype, and particularly 
where there’s a gene alteration, that’s an area of 
susceptibility for taking advantage of that finding.  
So, treatment inhibiting a DNA repair by a PARP 
inhibitor that goes back to the concept of 1 +1 
leading to a synthetic lethality. Testosterone 
suppression leads to an instability, there’s a repair, 
there’s a mutational event, and an AR inhibitor is 
added, now you add on a PARP inhibitor. So these 
are the sort of theoretical mechanisms of action 
to exploit a pathophysiologic benefit in advanced 
prostate cancer patients. 

HRR, homologous recombination deficiency.
Antonarakis ES, et al. Eur Urol Oncol. 2020;3:594–611.

Is there a rationale for combining PARPis and AR signalling inhibitors?

ADT

PARPi

Novel hormonal agents induce sensitivity to PARP inhibition 

Prostate cancer cell

Cell death

Treatment induces an HRR phenotype

Treatment inhibits
DNA repair by PARP

So that’s the rationale for combining a PARP inhibitor 
and an AR signalling agent. There can be synergy 
between a PARP 1. There’s also PARP 2, PARP 3, but 
PARP 1 is really where we have the most knowledge 
and the hormone signalling pathway regulation. 
And you can see here, if there is a translocation from 
cell receptor into the cytoplasm ultimately to the 
nucleus, we can see a tumour cell growth can be 
maintained by adding on a PARP inhibitor that can 
lead to an apoptotic, or cell death, event. 

Antonarakis ES, et al. Eur Urol Oncol. 2020;3:594–611.

Is there a rationale for combining PARPis and AR signalling inhibitors?

Cell death

Synergy between PARP1 and hormone signalling pathway regulation

AR receptor ADT

PARP1

Tumour cell growth
Maintenance of castration
resistance

PARP1
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So, testosterone suppression, ADT, can lead to an 
upregulation in PARP mediated repair pathways, and 
so logically by putting in an inhibitor that can negate 
or obviate further cellular proliferation. So, based on 
the rationale that patients who potentially progress 
on androgen deprivation therapy develop mCRPC, 
how can we combine androgen receptor pathway 
inhibitors with a PARP inhibitor, particularly if they 
DNA damage repair defects, and do it in way that’s 
both efficacious and safe and well-tolerated? 

What is the optimal role for PARPi in mCRPC?

Antonarakis ES, et al. Eur Urol Oncol. 2020;3:594–611.

ADT upregulates PARP

Prostate cancer cell

AR receptor

ADT PARPi
PARP1 PARP1

Treatment upregulates PARP-
mediated repair pathways

Sensitivity to PARPi

Cell death

Well, let’s look at niraparib in combination with 
androgen deprivation therapy. So, this is the 
MAGNITUDE trial. This is a phase III trial. Patients will 
have to be identified based upon their DNA repair 
damage status. This is pretty much a truism for 
all of these trials, which again goes back to the 
importance of you have to test to find these patients: 
germline testing, somatic-based testing. We will 
look at pain scores for these patients, but they’ve 
not really received treatment in the mCRPC setting, 
and so they’ll get randomized to niraparib with 
abiraterone acetate and prednisone, an approved 
therapy for the first-line mCRPC versus abiraterone 
acetate and prednisone alone. So really, a very 
direct comparator prospective study: combination 
versus approved mCRPC ARP inhibitor. And this is a 
theme that I’m going to explain additionally here. 
The primary endpoint will be rPFS and then you see 
the usual secondary endpoints: the all important OS, 
time to progression, time to pain progression, and 
time to antineoplastic therapy. 

Niraparib in combination with an ADT: MAGNITUDE trial

DRD, DNA-repair gene defect.
NCT03748641. Available at: ClinicalTrials.gov (accessed 17 February 2021).

Phase III clinical trial

•
•

• Identified DRD status

Primary endpoint: rPFS

Niraparib
+

 Abiraterone acetate
+

Prednisone

Abiraterone acetate
+

Prednisone

Secondary endpoints: OS, time to symptomatic progression, time to 
cytotoxic chemotherapy initiation

Score of ≤3 on the Brief Pain Inventory-short form question 3
(worst pain in the last 24 hours)

Not received treatment in the metastatic castrate-resistant
setting other than ongoing ADT and ≤4 months of abiraterone
acetate plus prednisone

•

•

1,000 men 

Ongoing Recruiting

Olaparib just is about to close accrual. I believe 
it has now closed accrual and this is the PROpel 
trial, based upon a prior large study, conducted by 
Noel Clarke and published in The Lancet Oncology, 
showing a benefit efficacy of combining olaparib 
with abiraterone acetate. So, again, primary 
endpoint rPFS and the typical secondary endpoints. 
You have to look at adding these together. We want 
to see efficacy but can we also demonstrate that it’s 
safe and tolerable?

Olaparib in combination with an ADT: PROpel trial

NCT03732820. Available at: ClinicalTrials.gov (accessed 17 February 2021).

Phase III clinical trial

•
•

• Identified DRD status

Primary endpoint: rPFS

Abiraterone 
acetate

Olaparib
+

 Abiraterone acetate

Numerous secondary endpoints

Ongoing androgen deprivation with gonadotropin-releasing
hormone analogue or bilateral orchiectomy

Documented evidence of progressive disease

•

•
Life expectancy of at least 6 months•720 men 

Ongoing Recruiting Closed to accrual

Talazoparib in combination with ADT, the TALAPRO-2 
trial, a really important trial as well. We’ve talked 
about the potential benefit theoretically of its 
mechanism of action and possibly its metabolism 
and drug-drug interaction. But we need more 
trial data to really interrogate this. And here’s 
an opportunity of combining talazoparib with 
enzalutamide, really a very powerful ARP inhibitor in 
the form of enzalutamide, which has been approved 
since 2012. And looking at these primary endpoints 
and the associated secondary endpoints, the 
concept being to make sure we have advancement 
in our armamentarium and treatment options for 
our patients. 

Talazoparib in combination with an ADT: TALAPRO-2 trial

ECOG, Eastern Cooperative Oncology Group; NHT, novel hormonal therapy; PROs, patient-reported outcomes.
NCT03395197. Available at: ClinicalTrials.gov (accessed 17 February 2021).

Phase III clinical trial

•
•

• Asymptomatic or minimally symptomatic disease

Primary endpoint: rPFS

Secondary endpoints: OS; PSA response of ≥50%; time to PSA progression, 
skeletal event, chemo, antineoplastic, opiate initiation; AEs; PROs 

Progressive disease at study entry
ECOG performance status of 0 or 1

•
•

Life expectancy of at least 12 months•
Previously treated with NHT or a taxane•
Not previously received novel androgen axis inhibiting agents•1,037 men 

Ongoing Recruiting

Enzalutamide
Talazoparib

+
Enzalutamide
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ABBREVIATIONS

ADT, androgen deprivation therapy; AE, adverse event; AR, androgen receptor; BID, twice-a-day; CBC,
complete blood count; HRR, homologous recombinational repair; LHRH, luteinizing hormone-releasing
hormone; mCRPC, metastatic castration-resistant prostate cancer; OS, overall survival; PARPi, poly
(ADP-ribose) polymerases inhibitor; QD, once-a-day; rPFS, radiographic progression-free survival. 

So PARP inhibitors and androgen deprivation 
therapy, there’s a synergistic effect. This has 
been well demonstrated in pre-clinical and basic 
science research and early phase studies, these 
combination trials, whether it be with abiraterone 
or with enzalutamide, are really important. We have 
a body of adverse reaction management that we 
understand how to do this with monotherapy PARP 
inhibitors, with the ARP pathway inhibitors. These 
results are important. You’re going to hear more 
about them in all of our important congresses 
throughout 2021 and 2022. 

Thank you very much.

PARPi ADT Synergistic effect

Phase III trials of PARPi plus ADT are ongoing

Results are eagerly awaited!

Further progress for our patients with mCRPC


