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Influence of Age and the Gleason Score
in the Choice of Novel Hormonal Therapies
Before and After Chemotherapy

Giandomenico Roviello,' Silvia Paola Corona? Michele Aieta and Raheleh Roudi*

Abstract

Background: Novel hormonal therapies (NHTs) have enriched the therapeutic armamentarium available for
patients with castration-resistant prostate cancer. However, there is a need for clinical indicators able to drive
treatment decisions and timing. The aim of this report is to perform a pooled analysis based on all available
literature focused on prediction of efficacy and survival in patients treated with NHTs before and post-
chemotherapy.

Methods: After reviewing the studies included in this work, the efficacy and the survival of NHTs according to
age and Gleason score (GS) was focused.

Results: A total of eight studies were included in the analysis. With regard to age, the survival hazard ratio
shows a better outcome, for both elderly and young patients, in postchemotherapy studies. With regard to
progression-free survival, the subgroup analysis of pre- and postchemotherapy studies demonstrates the effect
of NHTs on the reduction of risk of progression is greater in prechemotherapy studies irrespective of age. With
regard to GS, NHTs show higher efficacy when administered postchemotherapy in patients with GS <8,
whereas in patients with GS =8 NHTs are more effective in the prechemotherapy setting.

Conclusion: Given the limitations of a meta-analysis of data from the literature, the results show that
progression-free survival is always higher when NHTs are administered prechemotherapy in comparison with
postchemotherapy. This benefit, however, translates in a reduction of risk of death only in patients with GS =8.
In the other patients, the risk of death decreases when NHTs are administered postchemotherapy.
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Background

Recently, novel hormonal therapies (NHTs) have en-
riched the therapeutic armamentarium of the castration-
resistant prostate cancer (CRPC)." Abiraterone acetate and
enzalutamide have been shown to increase the survival
in CRPC irrespective of the timing of administration.”™
Moreover, other agents with different mechanisms of action,
including chemotherapy or bone targeted agents, have been
approved in CRPC resulting in a total of five novel treatments
available for CRPC.® Unfortunately, the optimal therapeutic
sequence for these agents remains unknown’® and new bio-

markers are needed to aid the right therapy selection and/or
timing of administration. For instance, the presence of an
androgen-receptor splice variant, mainly version 7 (AR-V7),
coincides with loss of efficacy of two consequently NHTs.

In the absence of randomized trials of standard chemo-
therapy versus NHTs, a pooled analysis was performed
based on all the published literature data focused on the
therapeutic efficacy and on the survival in patients treated
with NHTs before and postchemotherapy. In particular, the
impact of the NHTSs on their therapeutic efficacy and on the
survival in CRPC according to the patients’ age and the
Gleason score (GS) have been analyzed.
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Hazard Ratio Hazard Ratio
Study or Subgroup  loglHazard Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Elderly pre chemotherapy

COU-AA-302 -0.3425 01492  4.4% 0.71[0.53,0.89) ——
ELM-PC 4 -0.1165 0.1011 9.6% 0.89[0.73,1.09) -
LATITUDE -0.4463 01363 5.3% 0.64[0.49, 0.84] ——
FREVAIL -0.4943 0133 56% 0.61[0.47, 0.79] -
STAMPEDE -0.0619 01578 4.0% 0.94[0.69, 1.28) L
Subtotal (95% CI) 28.9% 0.76[0.68, 0.85] ]
Heterogeneity: Chi*= 878, df= 4 (P = 0.07); F= 54%
Test for overall effect. Z= 4.74 (P < 0.00001)

*Elderly post chemotherapy
AFFIRM -0.4943 01784 3.1% 0.61(0.43, 0.87) oo
COU-AA-301 -0.4463 01489 4.4% 0.64[0.48, 0.86] —
ELM-PC 5 -0.1985 01185 7.0% 0.82[0.65 1.03) il
Subtotal (95% Cl) 14.5% 0.71[0.61, 0.84] L
Heterogeneity: Chi*= 2,68, df= 2 (P = 0.26); F= 25%
Test for overall effect: Z= 410 (P < 0.0001)

Young pre chemotherapy
COU-AA-302 -0.2107 01282 6.0% 0.81[0.63 1.04] -
ELM-PC 4 0 01334 55% 1.00(0.77,1.30] T
LATITUDE -0.478 01635 3.7% 0.62[0.45 0.85] e
PREVAIL -0.2614 01105 8.1% 0.77[0.62 0.96) o=
STAMPEDE -06733 0124 6.4% 0.51][0.40, 0.65] e
Subtotal (95% Cl) 29.7% 0.73[0.65,0.81] ¢
Heterogeneity: Chi*=15.81, df=4 (P = 0.003); F=75%
Test for overall effect: Z=5.52 (P = 0.00001)

Young post chemotherapy
AFFIRM -0.462 00978 10.3% 063[0.52 0.78] -
COU-AA-301 -0.2485 00915 11.8% 0.78[0.65, 0.83] o
ELM-PC 5 -0.0101 01417 49% 099[0.75,1.31] 1
Subtotal (95% CI) 26.9% 0.75[0.67,0.85] L
Heterogeneity: Chi*=7.19,df=2 (P=0.03), F=72%
Test for overall effect. Z= 4,74 (F < 0.00001)
Total (95% CI) 100.0% 0.74[0.70,0.79] '
Heterogeneity: Chi*= 34,98 df=15 (P = 0.002), F=57% :IJ.EH 051 110 100:

Test for overall effect: Z=9.58 (P = 0.00001)
Testfor subgroup differences: ChiF= 051, df=3(P=092), F=0%

FIG. 1.

TABLE 1. DATA ON FAVORED HAZARD RATIO
ACCORDING TO AGE AND GLEASON SCORE
IN PRE- AND POSTCHEMOTHERAPY STUDIES

Favored Favored
hazard hazard
ratio ratio
for for
progression-free overall
Patients survival survival
Young Prechemotherapy  Postchemotherapy
Elderly Prechemotherapy  Postchemotherapy
Gleason score <8  Prechemotherapy  Postchemotherapy
Gleason score 28  Prechemotherapy = Prechemotherapy

Favours [experimental] Favours [control)

Subgroup analysis of overall survival in pre- and postchemotherapy studies according to age.

Methods

The methodology adopted is detailed in Roviello et al.'
and reported in the Supplementary Data. Supplementary
Figure S1 presents the systematic literature review results
along with the selection of randomized controlled studies.
The studies for the analysis were identified according to the
following inclusion criteria: (1) participants with metastatic
CRPC, (2) an NHT as the experimental drug, (3) the pres-
ence of a control arm for comparison, and (4) possibility to
assess hazard ratio (HR) for survival and progression ac-
cording to pre- or postchemotherapy. The following exclu-
sion criteria were used: (1) insufficient availability of data
estimating the outcomes, (2) animal studies, (3) the size of
each arm based on <10 participants, and (4) the presence of
a single-arm study.



Study or Subgroup  log[Hazard Ratio]

SE Weight IV, Random, 95% CI

Elderly pre chemotherapy

COU-AA-302 -0.462 01387 5.2%
ELM-PC 4 -0.3147 0.0833 556%
LATITUDE -0.7133 01165 5.4%
PREVAIL 1772 04777 4.9%
STAMPEDE -1.0217 01282 5.3%
STRIVE -1.3093 0.2068 4.7%
TERRAIM -0.5978 0.2306 4.5%
Subtotal (95% CI) 35.7%

Heterogeneity: Tau®= 0.22; Chi*= 75.91, df= 6 (P < 0.00001); "= 92%

Testfor overall effect: Z= 4.67 (F < 0.00001)

Elderly post chemotherapy

AFFIRM -1.3093 0.1531 51%
COU-AA-301 -0.4155 0.1356 5.3%
ELM-PC 5 -0.2877 01054 55%
Subtotal (95% CI) 15.9%

Heterogeneity: Tau®= 0.25; Chi*= 31.76, df= 2 (P < 0.00001), I*= 94%

Testfor overall effect; £=2.21 (P=10.03)

Young pre chemotherapy

COU-AA-302 -0.7133 01035 55%
ELM-PC 4 -0.3567 00958 55%
LATITUDE -0.821 01315 53%
PREVAIL -1.6094 0.1468 52%
STAMPEDE -1.3471 00852 58%
STRIVE -1.273 01978 48%
Subtotal (95% Cl) 31.9%

Heterogeneity: Tau®= 0.23; Chi*= 89.03, df= 5 (P < 0.00001); IF= 94%

Test for overall effect, Z= 5.03 (P < 0,00001)

Young post chemotherapy

AFFIRM -0.7985 0.0863 56%
COU-AA-301 -0.4155 00802 56%
ELM-PC § -0.2485 01171  54%
Subtotal (95% Cl) 16.6%

Heterogeneity; Tau®= 0.07; Chi*=17.48, df= 2 (P = 0.0002); F=89%

Test for overall effect; Z= 3.10 (P = 0.002)

Total (95% ClI) 100.0%

Heterogeneity: Tau®= 0.18; Chi*= 257 89, df= 18 (P < 0.00001); IF= 83% f

Hazard Ratio Hazard Ratio
IV, Random, 95% CI
0.63 [0.48, 0.83] =
0.73 [0.62, 0.86] -
0.49[0.39, 0.62] -
017012, 0.24) =
0.36 [0.28, 0.48] =
0.27 [0.18, 0.41] ——
0.55 [0.35, 0.86] —
0.42 [0.29, 0.60] %
0.27 [0.20, 0.36] =
0.66 [0.51, 0.86] ——
0.75 [0.61, 0.92] s
0.52 [0.29, 0.93] sl
0.49 [0.40, 0.60] -
0.70 [0.58, 0.84] -
0.44 [0.34, 0.57] e
0.20([0.15, 0.27) .
0.26 [0.22, 0.31] -
0.28 [0.18, 0.41] ——
0.36 [0.25, 0.54] -
0.45 [0.38, 0.53] -
0.66 [0.56, 0.77] -
0.78 [0.62, 0.98] —
0.61[0.45, 0.83] <
0.44 [0.36, 0.54] )
0.01 01 10 100

Test for overall effect. Z=7.98 (P < 0.00001)

Test for subdroup differences: Chif= 4.80, df= 3P =019, F=37.5%

Favours [experimental] Favours [control]

FIG. 2. Subgroup analysis of overall survival in pre- and postchemotherapy studies according to GS. GS, Gleason score.

The search yielded 1505 potentially relevant articles.
A total of 339 studies were excluded as duplicates. After
reviewing the titles and abstracts of the 1166 remaining
studies, the full texts of 49 studies were retrieved, and 8
studies (Supplementary Fig. S1) were included in the anal-
ysis (Supplementary Table S1). Six of these are phase III
studies and two phase IT studies (Supplementary Table S1).
The median Jadad score was 5.

Results

Age

With regard to age, six studies”>*'” were included in the

meta-analysis according to the inclusion and exclusion cri-
teria. For the COU-AA-301, the COU-AA-302, the AF-

FIRM, and the PREVAIL trials, a subsequent subgroup
analysis was performed to evaluate the survival endpoint in
patients treated pre- and postchemotherapy.''™"* A total of
7857 cases were included; 3077 cases were elderly, whereas
4780 cases were young (see Supplementary Table S2 for
definitions). The subgroup analysis of pre- and post-
chemotherapy studies, summarized in Figure 1, demon-
strates the effect of NHTs on the reduction of risk of death is
greater in postchemotherapy studies. The survival HR shows
a better outcome, for both elderly and young patients, in
postchemotherapy studies (Table 1).

With regard to progression-free survival (PES), the sub-
group analysis of pre- and postchemotherapy studies dem-
onstrates the effect of NHTs on the reduction of risk of
progression is greater in prechemotherapy studies irrespective



Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Gleason <8 pre chemotherapy
COU-AA-302 -0.2485 0117 8.2% 0.78[0.62, 0.93] b
ELM-PC 4 -0.0408 0126 T7.7% 0.96 [0.75,1.23] T
LATITUDE -0.478 0631 0.6% 0.62[0.18, 2.14] - |
PREVAIL -0.4155 01318 7.4% 0.66 [0.51, 0.85] s
STAMPEDE -0.2744 0.2345  3.6% 0.76 [0.48, 1.20] s
Subtotal (95% Cl) 27.5% 0.79 [0.68, 0.91] 4
Heterogeneity. Tau®*= 0.00, Chi*= 4.45, di= 4 (P=0.35), F=10%
Test for overall effect. Z= 3.23 (P = 0.001)

Gleason <8 post chemotherapy
COU-AA-301 -0.1985 0.1264 7.6% 0.82 [0.64, 1.05] =
ELM-PC 5 -0.1054 0143  6.8% 0.90 [0.68,1.19) -1
Subtotal (95% Cl) 14.4% 0.85[0.71, 1.03] L
Heterogeneity: Tau*= 0.00; Chi*= 0.24, df=1 (P=0.63); F=0%
Test for overall effect Z=1.66 (P=0.10)

Gleason >=8 pre chemotherapy
COU-AA-302 -0.1985 0103 9.0% 0.82 [0.67, 1.00] =
ELM-PC 4 -0.0513 01138 38.3% 0.95[0.76,1.19] -T
LATITUDE -0.462 01078 8.7% 0.63[0.51,0.78] =
PREVAIL -0.2614 01273 T7.6% 0.77 [0.60, 0.99] =
STAMPEDE -0.5276 01053 8.9% 0.59[0.48, 0.73] -
Subtaotal (95% Cl) 42.5% 0.74 [0.62, 0.88] &
Heterogeneity: Tau®= 0.03; Chi*=12.73, df= 4 (P=0.01); F= 69%
Test for overall effect: Z= 3.42 (P = 0.0006)

Gleason >=8 post chemotherapy
COU-AA-301 -0.4943 01118 8.5% 0.61 [0.49, 0.78] ==
ELM-PC 5 0.0296 D1354 7.2% 1.03[0.79, 1.34] -1
Subtotal (95% Cl) 15.6%  0.79[0.47, 1.32] -~
Heterogeneity: Tau®= 0.12; Chi*= 8.90, df=1 (P = 0.003); F= 89%
Test for overall effect: Z=0.91 (P = 0.36)
Total (95% CI) 100.0% 0.77 [0.70, 0.86] (]
Heterogeneity; Tau®= 0.02; Chi*= 2857, di=13 (P = 0.008); F=54% :i].01 I]i1 1 110 1DD=

Test for overall effect: Z= 4.96 (P < 0.00001)
Test for subaroup differences: Chi*=1.26, df=3(P=0.74), F=0%

Favours [experimental] Favours [control]

FIG. 3. Subgroup analysis of progression-free survival in pre- and postchemotherapy studies according to age.

of age, as reported in Figure 2. HR of PFS showed a better
outcome for both elderly and young patients in the pre-
chemotherapy studies (Table 1).

Gleason score

The role of GSs in the context of NHTSs has been previ-
ously reported.'® A total of 6187 cases were included in this
study; 2982 cases (1654 in the experimental and 1328 in the
control arm) had GS <8, whereas 3205 cases (1797 in the
experimental and 1408 in the control arm) had GS =8
(Supplementary Table S3). Subgroup analysis of pre- and
postchemotherapy studies is summarized in Figure 3. After
stratification according to GS, NHTs show higher efficacy
when administered postchemotherapy in patients with GS
<8, whereas in patients with GS =8 NHTs are more effective
in the prechemotherapy setting (Table 1).

With regard to PES, a total of 6791 cases were included;
3261 cases (1788 in the experimental and 1473 in the con-
trol arm) had GS <8, whereas 3530 cases (1958 in the ex-

perimental and 1572 in the control arm) had GS =8
(Supplementary Table S3). Subgroup analysis of pre- and
postchemotherapy studies, reported in Figure 4, demon-
strates a higher reduction of the risk of progression when
NHTs are administered before chemotherapy, irrespective to
the GS. The PFS HR shows a better outcome in the pre-
chemotherapy setting for both GS <8 and GS =8 patients
(Table 1).

Conclusion

It is well known that NHTs are effective regardless of the
age or the GS and the analysis showed that PES is always
increased when these novel agents are used before chemo-
therapy compared with their administration as post-
chemotherapy.

Moreover, regardless of the age of the patients with
CRPC, this benefit seems to reduce the risk of death in
patients with GS =8 if administered before chemotherapy. In
patients with GS <8, the reduction in the risk of death seems



Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Gleason <8 pre chemotherapy
COU-AA-302 -0.6931 01133 6.0% 0.50 [0.40, 0.63] .-
ELM-PC 4 -0.4005 0.0915 6.2% 0.67 [0.56, 0.80] =
LATITUDE -0.755 05827 2.2% 0.47[0.15,1.47] R
PREVAIL -1.8326 01912 53% 0.16[0.11,0.23] -
STAMPEDE -1.3471 01876  5.4% 0.26 [0.18, 0.38] =
STRIVE -1.4271 0.2388  4.9% 0.24 [0.15, 0.38]) B
TERRAIN -0.7985 0.2242 5.0% 0.45[0.29, 0.70] —
Subtotal (95% Cl) 35.0% 0.35 [0.23, 0.54] e
Heterogeneity: Tau®= 0.27; Chi*= 64 .45, df=6 (P <= 0.00001); F=91%
Test for overall effect: Z= 4.82 (P < 0.00001)

Gleason <8 post chemotherapy
COU-AA-301 -0.3567 01133 6.0% 0.70 [0.56, 0.88] e
ELM-PC 5 -0.2107 01202 6.0% 0.81 [0.64, 1.03] =
Subtaotal (95% Cl) 12.0% 0.75 [0.64, 0.88] [
Heterogeneity: Tau®= 0.00; Chi*= 0.78, di=1 (F=0.38); F=0%
Test for overall effect; Z= 3.48 (P = 0.0005)

Gleason >=8 pre chemotherapy
COU-AA-302 -0.4943 01118  6.0% 0.61 [0.49, 0.76) =
ELM-PC 4 -0.3011 0.0903 6.2% 0.74 [0.62, 0.88] i
LATITUDE -0.755 0.0823 6.2% 0.47 [0.40, 0.55] -
PREVAIL -1.4697 0.1542 5.7% 0.23[0.17,0.31] ——
STAMPEDE -1.2379 0.0757 6.3% 0.29[0.25, 0.34] e
STRIVE -1.3471 0.2168 51% 0.26 (017, 0.40) -_—
TERRAIM -0.7765 01852 5.4% 0.46 [0.32, 0.66] —
Suhtotal (95% Cl) 40.9% 0.41[0.29, 0.57] B
Heterogeneity: Tau®=0.18; Chi*=96.13, df= 6 (P = 0.00001); F=94%
Test for overall effect: Z= 5.29 (P < 0.00001)

Gleason >=8 post chemotherapy
COU-AA-301 -0.5447 0.0966 6.1% 0.58 [0.48, 0.70] -
ELM-PC 5 -0.3011 011586  6.0% 0.74 [0.59, 093] sl
Subtotal (95% Cl) 12.1% 0.65 [0.51, 0.82] L
Heterageneity: Tau*= 0.02; Chi*= 2,61, df=1 (P=0.11); F=62%
Test for overall effect: Z= 3.55 (P = 0.0004)
Total (95% Cl) 100.0% 0.44 [0.36, 0.54] L
Heterogeneity: Tau®=0.17, Chi*= 215.05, df=17 (P < 0.00001); F= 92% =0.01 0?1 ] 110 p mi

Test for overall effect; Z= 7.68 (P = 0.00001)

Favours [experimental] Favours [control]

Test for subgroup differences: Chif=18.32, df= 3 (P = 0.0004), F= 83.6%

FIG. 4. Subgroup analysis of progression-free survival in pre- and postchemotherapy studies according to GS.

to be confined when NHTs are administered after chemo-
therapy only.

It is noteworthy that these data need to be considered with
caution as the analysis performed presents limitations
mainly related to the source of data as it is literature based
rather than an analysis of the raw data. This implies a high
heterogeneity mainly due to the several studies with dif-
ferent patients” characteristics, or due to the different ex-
perimental agents with regard to the considered different
control arms; therefore, definitive conclusions need to be
considered carefully.

However, in the absence of a direct comparison between
chemotherapy and NHTs in randomized trials with regard to
the timing of administration, a greater advantage of the use
of NHTs in CRPC seems to be obtained in patients treated
before the standard chemotherapy and with a GS =8. In

the meanwhile, randomized studies in this setting are
awaited to confirm this clinically important address; in on-
cological routine, the GS could help in the proper thera-
peutic decision-making/clinical algorithm for any single
patient with CRPC with regard to the new armamentarium
of therapies.
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