GPGU – NOTÍCIAS
Sequencing and Combining CRPC Therapies - What Does
the Future Hold? – Charles Ryan

The European Association of Urology defines castration-resistant prostate cancer
(CRPC) as serum testosterone < 50 ng/dL or < 1.7 nmol/L plus either biochemical
progression (three consecutive rises in prostate-specific antigen [PSA] one week apart,
resulting in two 50% increases over the nadir, and PSA > 2 ng/mL) or radiologic
progression (at least two new bone scan lesions or a soft tissue lesion using Response
Evaluation Criteria in Solid Tumors [RECIST]).1 Symptomatic progression alone is not
enough to diagnose CRPC; instead, it should trigger further investigation.
Since 2010, many new agents have joined our armamentarium for treating metastatic
CRPC, raising the question of how best to sequence them. For men with newly
diagnosed, presumably hormone-sensitive mPC, we usually start treatment with either
abiraterone acetate or docetaxel. Therefore, although we have five or six approved
treatments for mCRPC, not every patient should receive all of them. More lines of
therapy may lead to better outcomes, but only if they are the right lines of therapy.
Recommending a second line of therapy that will be ineffective based on resistance to
first-line treatment makes no sense and will not help our patients. Instead, we need to
consider predictors of response and resistance at each stage of treatment.
CONSIDERATIONS FOR EARLY THERAPY
When considering androgen receptor (AR)-directed strategies for hormone-sensitive
prostate cancer (HSPC), we might ask what “early treatment” means. Most patients
with high-volume HSPC are offered docetaxel, making them “post-chemotherapy”
when they receive AR-targeted treatments. But is low-volume disease is less aggressive
than high-volume disease, and if so, is it more sensitive to AR-targeted therapy? In the
randomized, phase III CHAARTED trial, upfront docetaxel combined with androgendeprivation therapy (ADT) conferred a statistically significant survival advantage
compared with ADT alone in patients with high-volume PC (median overall survival
[OS], 49.2 months vs. 32.2 months, respectively) (hazard ratio [HR], 0.60; 95%
confidence interval [CI], 0.45 to 0.81; P < .001).2

However, all docetaxel recipients in CHAARTED eventually went on to develop CRPC
requiring second-line therapy, and we know very little about the efficacy of nonchemotherapy options such as abiraterone and enzalutamide in the post-docetaxel
setting. This is important because CRPC is a broad-spectrum disease in which morbidity
and mortality correlate with multiple measurable factors such as hemoglobin, albumin,
alkaline phosphatase (ALP), lactate dehydrogenase (LDH), and Eastern Cooperative
Oncology Group (ECOG) performance status.3 Asymptomatic patients with CRPC who
have low-volume disease and who lack these predictors of morbidity can live for years,
while patients with high-risk, high-volume, highly symptomatic CRPC may die within
months of diagnosis.3,4,5
Castration-resistant prostate cancer spans a broad prognostic spectrum even when it is
chemoptherapy-naïve.6,7 In a recent analysis of the abiraterone arm of the
randomized, double-blind, phase III COU-302 Study of men with chemotherapy-naïve
mCRPC,8 patients who at baseline had no pain, normal ALP and LDH levels, and fewer
than 10 bone metastases survived a median of 42.6 months7 – a fairly good prognosis
compared to a decade ago, when we had only docetaxel to treat chemotherapy-naïve
CRPC. However, patients who had more risk factors for progression had significantly
shorter median OS time —in some cases, even shorter than the 17-month OS we
typically obtain with docetaxel monotherapy.7,9,10
When selecting therapy for early CRPC, it’s also important to keep in mind that the
National Comprehensive Cancer Network (NCCN) considers the onset of visceral
disease to be a major fork in the road. [NCCN] Patients with liver metastases have
especially poor outcomes. It remains unclear whether this is because of biological
differences in the tumor or because of morbidity to the liver itself. In a recent study of
more than 8,000 men with mCRPC who were enrolled in phase III trials, patients with
lymph-node- only disease had the best OS (median, 31.6 months; 95% CI, 27.9 to 36.6
months), patients with lung and bone metastases had shorter and similar median OS
(19.4 months [95% CI, 17.8 to 20.7 months] vs. 21.3 months [20.8 to 21.9],
respectively), and patients with liver metastases the worst OS (median, 13.5 months;
95% CI, 12.7 to 14.4 months).12
Studies of bone marrow, transurethral resection of the prostate (TURP), and autopsy
specimens indicate that CRPC is hypersensitive rather than resistant to ADT.13,14,15,16
Treatment-mediated selection pressure during ADT causes the androgen receptor to
amplify, and to avoid adding fuel to the fire, we continue ADT in the CRPC setting.
Treatment-mediated selection pressure also continues throughout the life of a tumor,
further intensifying the need to correctly sequence therapies.
Both abiraterone and enzalutamide are highly active agents that have tremendous
effects on progression-free survival (PFS), with a median of 17 months in recent trials
comparing mono- therapy with prednisone or placebo.8,17 However, it’s crucial to
remember these drugs only benefit patients who respond. A patient with CRPC who
responds well to either therapy may survive without disease progression for 3 to 4
years, while someone who does not respond well is not benefiting and needs a change
treatment. When I start a patient with early CRPC on abiraterone or enzalutamide, I

see him again in 12 weeks. If his PSA level has not decreased, I stop the drug. This
patient will not benefit from more time on abiraterone or enzalutamide; he probably
has a subset of CRPC that requires greater biological attention. In my experience,
about 15% of patients who receive abiraterone or enzalutamide do not respond to
treatment — their rising PSA continues unchecked. I stop treating these patients.
About another 10% of patients have a modest (less than 50%) decline in PSA. I keep
this latter group on treatment.
SEQUENCING: WHAT WE KNOW
Let’s consider more data on sequencing therapies in CRPC. In a recent non-randomized
retrospective study, researchers compared PFS, OS, and PSA responses from
consecutive patients with chemotherapy-naïve mCRPC who received either
abiraterone followed by enzalutamide (n=65) or enzalutamide followed by abiraterone
(n=16).18 The two groups were similar at baseline.
Initially, investigators observed a slight improvement in the patients who started with
abiraterone and transitioned to enzalutamide. Median PFS was 19.5 months (15.5 to
22.3 months), vs. 13.0 months (95% CI, 10.3 to 21.2 months) among patients who
received enzalutamide followed by abiraterone.18 An expanded retrospective study
made it clear that some patients responded to abiraterone but not enzalutamide,
while others responded to enzalutamide but not abiraterone.19 Nonetheless, the
general trend persisted: Patients who started with abiraterone and then transitioned
to enzalutamide had somewhat better PFS (median, 455 days [95% CI, 385 to 495
days]) than patients who started with enzalutamide and transitioned to abiraterone
(median, 296 days; 95% CI, 235 to 358 days).19 Overall survival did not significantly
differ between groups.19
More compelling initial data come from an ongoing, randomized, phase II study
comparing abiraterone vs. enzalutamide in patients with treatment-naïve mCRCP.20
Patients crossed over to the other treatment arm when they first progressed. So far,
median time to progression has been 7.4 months in each arm, suggesting that
abiraterone and enzalutamide each offer one shot on goal.20
Therefore, I choose between abiraterone and enzalutamide based on the adverse
effects I most want to avoid. Abiraterone is commonly associated with edema, so I
avoid recommending it in patients with congestive heart failure.8 Enzalutamide is more
likely than abiraterone to cause central nervous system toxicity, which can lead to
fatigue and may be poorly tolerated in older patients.22 Thus, I tend to consider
enzalutamide if patients have baseline edema or CHF, renal impairment, or diabetes,
and abiraterone if patients are older, already are receiving multiple medications, or
have substantial fatigue, a history of neurologic issues or falls, or mild pain that might
benefit from low-dose steroids. Note that the norm with abiraterone is now once-daily
treatment with 5 mg prednisone,23 which is not a supraphysiologic dose and therefore
should not affect treatment choice.

WHEN TO START THERAPY
The next question is when to start therapy. Among early-stage CRPC patients in the
COU-302 Study whose PSA was less than 80 ng/mL, Brief Pain Inventory score was 0-1,
and Gleason score was less than 8, those who received abiraterone typically survived
almost 1 year longer than those who received placebo (median OS, 53.6 months vs.
41.8 months, respectively) (HR, 0.61; 95% CI, 0.43 to 0.87; P = .006).24 Thus, early-stage
CRPC patients not only had a better prognosis than did patients with later-stage
disease, they did better on abiraterone.
Among COU-302 patients with asymptomatic or mildly symptomatic mCRPC, baseline
PSA < 15.6 ng/mL also was associated with a significantly lower hazard of progression
(HR, 0.58; 95% CI, 0.46 to 0.74), death (HR, 0.53; 0.39 to 0.72), and time to PSA
progression (HR, 0.63; 0.50 to 0.78) compared with baseline PSA >106.2 ng/mL (P <
.001).26 Abiraterone also led to a faster rate and a greater degree of PSA decline than
placebo.26
On the flip side, in an exploratory analysis of the randomized phase III COU-301 Study,
abiraterone improved median OS to 13.9 months among patients with post-docetaxel
mCRPC who had lung metastases, a 6-month improvement compared with prednisone
alone.25 Abiraterone also improved median OS in patients with liver metastases,
although prognosis remained poor overall (median OS, 7.3 months vs. 4.0 months with
prednisone alone).25
This data addresses questions that come up all the time in the clinic: We see patients
with mCRPC who look and feel fine, and we’re considering copayments and
morbidities and wondering whether to start them on abiraterone now or wait until
they develop pain or progression. To date, all data suggests that waiting is not an
advantageous choice for these patients.24,26 I do sometimes wait 1-2 months to start
abiraterone in order to see how quickly PSA is rising, but I don’t wait until patients
develop pain or other symptoms.
STOPPING, SWITCHING, AND STACKING
Another important question is when to stop treatment. Among individual patients who
receive AR-directed therapy, percent change in PSA kinetics falls into three categories:
non-responders, whose PSA continues to rise sharply after starting treatment, drifters,
whose PSA declines and then drifts upward, and sustained or consecutive responders,
who experience a durable decline in baseline PSA.28
A sustained response clearly merits staying on treatment. For non-responders, I stop
treatment at 12 weeks and consider other therapeutic options. For drifters, however,
treatment decisions become a bit more complex. Consider the reported case of a
patient with CRPC who started abiraterone and had an excellent response.27 After 9
months, his PSA began drifting upward and continued on that trajectory for 43 months

before he developed symptomatic progression — in this case, bone metastases
requiring palliative radiation.27 Had this patient’s physician stopped abiraterone when
his PSA began drifting up, he might have cycled through many therapies with their
various morbidities. Many experts hypothesize that both abiraterone and
enzalutamide continue to suppress growth of PC even after PSA begins drifting up after
an initial response.27 I agree, and I do not automatically stop abiraterone or
enzalutamide in these patients.
It’s also helpful to consider sequencing data from the PLATO trial (NCT01995513). In
this phase IV, 16-week, double-blind, placebo-controlled study, 509 patients with
chemotherapy-naïve mCRPC initiated enzalutamide and then were randomly assigned
to add or switch to abiraterone after PSA progression.29 Staying on enzalutamide and
adding abiraterone did not improve median PFS (5.7 months; 95% CI, 4.6 to 8.1
months) compared to stopping enzalutamide and switching to abiraterone (5.6
months; 95% CI, 4.5 to 7.3 months) (HR, 0.83; 95% CI, 0.61 to 1.12; P = 0.2). Median
time to PSA progression was 2.8 months in both arms, and all patients progressed
rapidly. Thus, “stacking” these two drugs may have little benefit.
When we consider sequencing, is there a “typical” chemotherapy-naïve CRPC patient?
In the COU-302 Study, patients tended to had a PSA of about 40 ng/mL, bone
metastases, and no pain, but the cohort covered a broad spectrum of disease.30 We’ve
gotten to the point where we don’t really view chemotherapy as central to the life of a
patient with CRPC. Abiraterone and enzalutamide were first developed postchemotherapy because of regulatory factors, not biology or clinical insight. Both drugs
were subsequently developed for the pre-chemotherapy setting, and therefore, it’s
becoming moot to talk about “chemotherapy-naïve CRPC.”
A patient who is undergoing treatment for PC enters a worse prognostic category
when his performance status declines or he develops new symptoms, a skeletal event,
or visceral metastases. All these are signs that resistance has developed and that it’s
time to change the treatment plan.
TUMOR BIOLOGY
Another key point is that as PC progresses, its biology evolves. We’ve known about
non-adenocarcinoma PC for a long time, but now we’re realizing that it’s actually quite
common, and we’re getting some data on its prognostic implications. In a histologic
study of 124 evaluable biopsies from patients with PC that was resistant to abiraterone
or enzalutamide, only 35% of patients still had pure adenocarcinomas, while 13% had
small cell neuroendocrine carcinomas, 26% had intermediate atypical carcinomas, and
26% had mixed histologies.31 Disease evolves in response to treatment, and patients
with non-adenocarcinoma PC have a much worse prognosis (median OS, 8.9 months)
than patients with adenocarcinoma PC (median OS, not reached; P = .004).31
Genomics will further disrupt the sequencing question. Genomic studies clearly
indicate that it’s not just about tumor histology or treatment history, that a range of
mutations drives disease biology and treatment selection. The frequency of genetic

alterations increases as PC progresses.32,33 Additionally, in a recent prospective study,
whole-exome and transcriptome sequencing of bone or soft tissue tumor biopsies
from 150 patients with mCRPC showed that 22.7% of tumors harbored aberrations in
the DNA repair pathway.32
As these results suggest, the DNA repair pathway is the leading candidate for targeted
therapy in PC. There’s reason for that: The androgen receptor is involved in DNA
repair, and the presence of a defect in the DNA repair pathway may explain not only
why a patient has prognostically worse PC, but also why certain therapies may be
effective.34 For example, in a cross-over study comparing abiraterone vs. enzalutamide
in mCRPC, patients with truncating mutations or rearrangements in BRCA2 or ATM had
a statistically significant five-fold higher hazard of progression compared with patients
who lacked defects in these DNA repair genes (P < .0001).20
However, DNA repair alterations also may predict a better response to abiraterone. In
a recent randomized study of 72 mCRPC patients who received abiraterone with or
without veliparib, the 25% who had DNA repair-deficient tumors had significantly
better and more durable responses compared with patients who had DNA wild-type
tumors.35 Median PFS was 13.8 months (95% CI, 8.1 months to not reached) among
patients with DNA repair-deficient tumors and 7.8 months (5.4 to 13.3 months) among
patients with wild-type tumors (P = .01).
Measurable disease and PSA response rates also were significantly better in patients
with DNA repair-deficient tumors than in patients with wild-type tumors, with P-values
of .009 and .02, respectively. Although this was a small trial, meaningful differences
existed in both treatments arms.35 We can conclude that knowing the DNA repair
mutation status of a patient with CRPC may be helpful before starting abiraterone.
Finally, let’s consider luminal and basal subtyping, a useful approach to molecular
subtyping that has been used for years in breast cancer. The PAM50 gene classification
set is a group of genes that cluster breast cancer specimens into luminal A (LumA),
luminal B (LumB), and basal subtypes, and PC specimens cluster very similarly.36 In a
large study of pooled cohorts of patients who received hormone therapy and radiation
for PC, hierarchical gene clustering and Kaplan-Meier curves showed that PAM50 gene
clusters differed based on biochemical recurrence-free survival, distant metastasis-free
survival, PC-specific survival, and OS.36 I predict that in the future, we will be able treat
patients with PC based on the molecular and genomic “buckets” their cancers fall into.
CONCLUSIONS
Seven years of experience with AR targeting in men with CRPC show that it provides an
opportunity for clinical benefit with low morbidity. Patterns of treatment resistance
differ and may be driven by tumor biology. In the future, biopsies of metastases or
circulating tumor DNA will be standard ways to understand disease biology and make
treatment decisions. For now, proactive, risk-adapted treatment of CRPC is
personalized medicine.
Written by: Charles J. Ryan, MD.

REFERENCES
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24.

25.
26.

27.
28.
29.

30.

European Association of Urology. Prostate cancer (guideline). http:/uroweb.org/guideline/prostate-cancer/ Accessed Dec
3, 2017.
Sweeney C, Chen Y-H, Liu G, et al. Long-term efficacy and QOL data of chemohormonal therapy (C-HT) in low and highvolume hormone naïve metastatic prostate cancer (PrCa): E3805 CHAARTED trial. Ann Oncol 2016;27(suppl_6):720PD.
Halabi S, Lin CY, Kelly WK, et al. Updated prognostic model for predicting overall survival in first-line chemotherapy for
patients with metastatic castration-resistant prostate cancer. J Clin Oncol 2014;32(7):671-677.
Moreira DM, Howard LE, Sourbeer KN, et al. Predicting time from metastasis to overall survival in castration-resistant
prostate cancer: results from SEARCH. Clin Genitourin Cancer 2017;15(1):60-66
Oh WK, Miao R, Vekeman F, et al. Patient characteristics and overall survival in patients with post-docetaxel metastatic
castration-resistant prostate cancer in the community setting. Med Oncol 2017;34(9):160.
Koo KC, Park SU, Kim KH, et al. Predictors of survival in prostate cancer patients with bone metastasis and extremely high
prostate-specific antigen levels. Prostate Int 2015;3(1):10-5.
Ryan CJ, Kheoh T, Li J, et al. Prognostic index model for progression-free survival in chemotherapy-naïve metastatic
castration-resistant prostate cancer treated with abiraterone acetate plus prednisone. Clin Genitourin Cancer. 2017 Jul 25.
pii: S1558-7673(17)30211-2. [Epub ahead of print]
Ryan CJ, Smith MR, De bono JS, et al. Abiraterone in metastatic prostate cancer without previous chemotherapy. N Engl J
Med 2013;368(2):138-148.
Petrylak DP, Tangen CM, Hussain MH, et al. Docetaxel and estramustine compared with mitoxantrone and prednisone for
advanced refractory prostate cancer. N Engl J Med 2004;351:1513–1520.
Tannock IF, de Wit R, Berry WR, et al. Docetaxel plus prednisone or mitoxantrone plus prednisone for advanced prostate
cancer. N Engl J Med. 2004;351:1502-1512.
NCCN Clinical Practice Guidelines in Oncology. Version 2.2017.
Halabi S, Kelly WK, Ma H, et al. Meta-analysis evaluating the impact of site of metastasis on overall survival in men with
castration-resistant prostate cancer. J Clin Oncol 2016;34(14):1652-1659.
Mohler JL, Titus MA, Bai S, et al. Activation of the androgen receptor by intratumoral bioconversion of androstanediol to
dihydrotestosterone in prostate cancer. Cancer Res 2011;71(4):1486-1496.
Stanbrough M, Bubley GJ, Ross K, et al. Increased expression of genes converting adrenal androgens to testosterone in
androgen-independent prostate cancer. Cancer Res 2006;66(5):2815-2825.
Holzbeierlein J, Lal P, Latulippe E, et al. Gene expression analysis of human prostate carcinoma during hormonal therapy
identifies androgen-responsive genes and mechanisms of therapy resistance. Am J Pathol 2004;164(1):217-227.
Friedlander TW, Roy R, Tomlins SA, et al. Common structural and epigenetic changes in the genome of castration-resistant
prostate cancer. Cancer Res 2012;72(3):616-625.
Beer TM, Tombal B. Enzalutamide in metastatic prostate cancer before chemotherapy. N Engl J Med 2014;371(18):17551756.
Maughan BL, Luber B, Nadal R, et al. Comparing sequencing of abiraterone and enzalutamide in men with metastatic
castration-resistant prostate cancer: a retrospective study. Prostate 2017;77(1):33-40.
Terada N, Maughan BL, Akamatsu S, et al. Exploring the optimal sequence of abiraterone and enzalutamide in patients
with chemotherapy-naïve castration-resistant prostate cancer: The Kyoto- Baltimore collaboration. Int J Urol
2017;24(6):441-448.
Chi KN, Annala M, Sunderland K, et al. A randomized phase II cross-over study of abiraterone + prednisone (ABI) vs
enzalutamide (ENZ) for patients (pts) with metastatic, castration-resistant prostate cancer (mCRPC). J Clin Oncol
2017;35(suppl 15):abstr 5002.
Assessment of central nervous system (CNS) and dose reduction events in patients treated with abiraterone acetate plus
prednisone (AA+P) or enzalutamide (ENZ).
Pilon D, Behl AS, Gozalo L, et al. Assessment of central nervous system (CNS) and dose reduction events in patients treated
with abiraterone acetate plus prednisone (AA+P) or enzalutamide (ENZ). J Clin Oncol 2016;34(suppl 15):abstr 5078.
Fizazi K, Tran N, Fein L, et al. Abiraterone plus prednisone in metastatic, castration-sensitive prostate cancer. N Engl J Med
2017; 377(4):352-360.
Miller K, Carles J, Gschwend JE, et al. The phase 3 COU-AA-302 study of abiraterone acetate (AA) in men with
chemotherapy (CT)-naïve metastatic castration-resistant prostate cancer (mCRPC): Stratified analysis based on pain,
prostate-specific antigen (PSA) and Gleason score (GS). Eur Urol Suppl 2016;15(3):abstr 775.
Goodman OB, Flaig TW, Molina A, et al. Exploratory analysis of the visceral disease subgroup in a phase III study of
abiraterone acetate in metastatic castration-resistant prostate cancer. Prostate Cancer Prostatic Dis 2014;17(1):34-39.
Ryan C, Londhe A, Molina A, et al. Relationship of baseline PSA and degree of PSA decline to radio- graphic progressionfree survival (rPFS) in patients with chemotherapy-naive metastatic castration-re- sistant prostate cancer (mCRPC): Results
from COU-AA-302. J Clin Oncol 2013;31(suppl):abstr 5010.
Scher HI, Morris MJ, Basch E, Heller G. End points and outcomes in castration-resistant prostate cancer: from clinical trials
to clinical practice. J Clin Oncol 2011;29(27):3695-3704.
Scher HI, Morris MJ, Stadler WM, et al. Trial design and objectives for castration-resistant prostate cancer: updated
recommendations from the Prostate Cancer Clinical Trials Working Group 3. J Clin Oncol. 2016;34(12):1402-1418.
Attard G, Borre M, Gurney H, et al. A phase IV, randomized, double-blind, placebo (PBO)-controlled study of continued
enzalutamide (ENZA) post prostate-specific antigen (PSA) progression in men with chemotherapy-naive metastatic
castration-resistant prostate cancer (mCRPC). J Clin Oncol 2017;35(suppl 15):abstr 5004.
Ryan CJ, Smith MR, De Bono JS, et al. Interim analysis (IA) results of COU-AA-302, a randomized, phase III study of
abiraterone acetate (AA) in chemotherapy-naive patients (pts) with metastatic castration-resistant prostate cancer
(mCRPC). J Clin Oncol 2012;30(suppl 18):abstr LBA4518.

31. Small EJ, Huang J, Youngren J, et al. Characterization of neuroendocrine prostate cancer (NEPC) in patients with metastatic
castration resistant prostate cancer (mCRPC) resistant to abiraterone (Abi) or enzalutamide (Enz): Preliminary results from
the SU2C/PCF/AACR West Coast Prostate Cancer Dream Team (WCDT). J Clin Oncol 2015;33(suppl 15): abstr 5003.
32. 32. Robinson D, Van Allen EM, Wu YM, et al. Integrative clinical genomics of advanced prostate cancer. Cell 2015;
161(5):1215-1228.
33. Nelson WG, De Marzo AM, Yegnasubramanian S. Epigenetic alterations in human prostate cancers. Endocrinology 2009;
150(9): 3991-4002. https:/www.ncbi.nlm.nih.gov/pmc/articles/PMC2736081/
34. Banks P, Xu W, Murphy D, et al. Relevance of DNA damage repair in the management of prostate cancer. Curr Probl Cancer
2017;41(4):287-301. http:/www.sciencedirect.com/science/article/pii/ S0147027217301022
35. Hussain M, Daignault S, Twardowski P, et al. Abiraterone + prednisone (Abi) +/- veliparib (Vel) for patients (pts) with
metastatic castration-resistant prostate cancer (CRPC): NCI 9012 updated clinical and genomics data. J Clin Oncol
2017;35(suppl): abstr 5001.
36. Zhao SG, Chang SL, Erho N, et al. Associations of luminal and basal subtyping of prostate cancer with prognosis and
response to androgen deprivation therapy. JAMA Oncol. 2017 May 11. doi: 10.1001/ jamaoncol.2017.0751. [Epub ahead of
print]

