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1. Introduction

Docetaxel became the reference first-line treatment for

metastatic castration-resistant prostate cancer (mCRPC) in

2004 [1], but it has only recently been demonstrated that

new agents (NAs) such as cabazitaxel (CAB), abiraterone

acetate (AA), and enzalutamide (ENZ) are active in mCRPC

patients who have received first-line docetaxel [2–4].

The availability of agents that are active in various

oncologic fields led to the possibility of using them

sequentially in the hope of obtaining a cumulative survival

benefit and, although it is not yet supported by clinical trial

data, this has also been tried in the third- or fourth-

line treatment of mCRPC in everyday clinical practice. The

dramatic reduction in the funds available for health-care

expenses means that it is becoming increasingly important

to obtain clinical data concerning the efficacy and safety of

the sequential use of NAs in mCRPC patients. The literature,

however, has so far only provided retrospective analyses of

small cohorts of patients receiving one specific third-line

NA after another NA is administered as second line therapy

[5–14], and no published study has assessed all of the NAs

used as third-line therapy.

The aim of this retrospective study was to provide an

estimate on the clinical outcomes relating to a large cohort

of patients with mCRPC who received a third-line NA after

the failure of docetaxel and another NA.

2. Patients and methods

CAB, AA, and ENZ initially became available in Italy for use after

docetaxel failure in the form of compassionate-use programmes (CUPs);

subsequently, CAB and AA were reimbursed by the National Health

Service. We retrospectively reviewed the records of patients who started

a third-line NA after the failure of first-line docetaxel and NA second-line

treatment in ethics committee-approved observational studies of

patients in CUPs or everyday clinical practice.

The inclusion criteria were previous treatment with a first-line

docetaxel-based chemotherapy for mCRPC, and subsequent sequential

therapy with at least two NAs. The NA-based treatment consisted of oral

AA 1000 mg once daily or intravenous CAB 25 mg/m2 every 3 wk plus

prednisone 10 mg daily, or oral ENZ 160 mg once daily. The treatments

were continued until the occurrence of disease progression, as defined

by the Prostate Cancer Working Group 2 (PCWG2) criteria [15], death, or

unacceptable toxicity. During treatment, prostate-specific antigen (PSA)

levels were assessed monthly and radiographic evaluations were made

every 3 or 4 mo, or in the presence of PSA progression.

2.1. Statistical analysis

Continuous variables are expressed as median values, and discrete

variables as relative frequencies. For each line of treatment, we assessed

the biochemical response rate (bRR; defined as a �50% reduction in PSA

levels), the objective response rate (oRR; as determined by the

physicians caring for the patients in accordance with PCWG2 criteria

[15] and the Response Evaluation Criteria in Solid Tumors [16]), and

overall survival (OS) and progression-free survival (PFS), calculated from

the start date of each line of treatment. In particular, the primary

outcome measure of OS was calculated as the time from the start date of

third-line to death due any cause or the date on which the patient was

last known to be alive. Patients lost to follow-up were treated as

censored cases on the basis of the date they were last known to be alive.

Cox regression analysis was used to assess the independent

prognostic value of a series of pretreatment covariates in terms of OS.

Two outcome-oriented approaches were used to determine the cut-off

points for continuous variables: We first examined plots of the

martingale residuals against a single variable using the PROC LOESS

option in SAS (SAS Institute Inc., Cary, NC, USA) and chose DIRECT

SMOOTH with a smoothing parameter of two-thirds. Second, we applied
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Abstract

Background: The availability of new agents (NAs) active in patients with metastatic
castration-resistant prostate cancer (mCRPC) progressing after docetaxel treatment
(abiraterone acetate, cabazitaxel, and enzalutamide) has led to the possibility of using
them sequentially to obtain a cumulative survival benefit.
Objective: To provide clinical outcome data relating to a large cohort of mCRPC patients
who received a third-line NA after the failure of docetaxel and another NA.
Design, setting, and participants: We retrospectively reviewed the clinical records of
patients who had received at least two successive NAs after the failure of docetaxel.
Outcome measurements and statistical analysis: The independent prognostic value of a
series of pretreatment covariates on the primary outcome measure of overall survival
was assessed using Cox regression analysis.
Results and limitations: Weassessed260 patientswhoreceived onethird-lineNAbetween
January 2012 and December 2013, including 38 who received a further NA as fourth-line
therapy. The median progression-free and overall survival from the start of third-line
therapy was, respectively, 4 mo and 11 mo, with no significant differences between
the NAs. Performance status, and haemoglobin and alkaline phosphatase levels were the
only independent prognostic factors. The limitations of the study are mainly due its
retrospective nature and the small number of patients treated with some of the sequences.
Conclusions: We were unable to demonstrate a difference in the clinical outcomes of
third-line NAs regardless of previous NA therapy.
Patient summary: It is debated which sequence of treatments to adopt after docetaxel.
Our data do not support the superiority of any of the three new agents in third-line
treatment, regardless of the previously administered new agent.

# 2014 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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the Contal and O’Quigley method [17] based on the log-rank statistic,

which provides p values corrected for examining multiple potential cut-

off points. The cut-off points were determined using a SAS macro

provided by Mandrekar et al [18,19].

We also evaluated whether the addition of a further NA after third-

line treatment influenced OS by comparing survival from the end of

third-line therapy in the patients who received a fourth line and those

who did not, using a 3-mo landmark analysis to avoid the clear bias due

to patients who died early after the end of their third-line treatment.

The statistical analyses were made using IBM SPSS Statistics v21.0

(IBM Corp, Armonk, NY, USA) and SAS v9.1 software (SAS Institute Inc.,

Cary, NC, USA).

3. Results

The data were collected from a consecutive series of

260 mCRPC patients who received one NA as third-line

treatment after docetaxel and another NA in 31 Italian

hospitals between January 2012 and December 2013. The

third-line treatment consisted of AA in 80 patients (30.7%),

CAB in 110 (42.3%), and ENZ in 70 (26.9%). Thirty-eight of

the 260 patients also received a fourth-line NA (AA in

7 cases, CAB in 14, and ENZ in 17); two patients who

responded to second-line CAB underwent a CAB rechal-

lenge. Supplementary Table 1 shows the patients’ main

characteristics, and Figure 1 shows the NA sequences. There

were no statistically significant differences in the char-

acteristics of the patients in the AA, CAB, and ENZ groups at

the start of the third-line treatment.

3.1. Third-line clinical outcomes

After a median follow-up of 6 mo (interquartile range:

4–11 mo), 49 of the 260 patients were still on third-line

treatment in the absence of progression; the remaining

211 discontinued third-line treatment because of clinical

progression (60.2%), radiological progression (59.7%), and/or

Table 1 – Clinical outcomes of the different treatment lines

Second line Third line Fourth line

Patients,
no.

bRR,
%

oRR,
%

mPFS
(IQR)

mOS
(IQR)

Patients,
no.

bRR,
%

oRR,
%

mPFS
(IQR)

mOS
(IQR)

Patients,
no.

bRR,
%

oRR,
%

mPFS
(IQR)

mOS
(IQr)

All patients 260 38 14 6 (4–10) 21 (14-NA) 260 24 13 4 (3–8) 11 (6–24) 38 16 8 5 (3–12) 5 (4-11)

AA 143 31 14 7 (4–10) 20 (14–30) 80 24 15 5 (3–10) 15 (6–24) 11 18 9 5 (3–NA) 4 (4-NA)

CAB 89 47 17 7 (4–11) 26 (14–NA) 110 28 14 5 (3–9) 12 (6–20) 12 25 17 4 (3–12) 7 (5-NA)

ENZ 28 36 7 5 (3–6) NR (14–NA) 70 20 10 4 (2–6) 10 (5–NA) 15 7 0 5 (3–7) 5 (2-7)

AA = abiraterone acetate; bRR = biochemical response rate; CAB = cabazitaxel; ENZ = enzalutamide; IQR = interquartile range; mPFS = median progression-free

survival; mOS = median overall survival; NA = not applicable; oRR = objective response rate.
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Fig. 1 – New agent–based treatments after docetaxel failure.
AA = abiraterone acetate; CAB = cabazitaxel; ENZ = enzalutamide.
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biochemical progression (58.4%). After progression,

38 patients received a further NA as fourth-line treatment.

At the time of analysis, 122 patients had died and 138 were

still alive.

A �50% reduction in PSA levels was observed in

62 patients (bRR: 24%) and an objective response in 34

(oRR: 13%), with no statistically significant difference

between the groups stratified on the basis of the drug

received or the second- or third-line sequence (Supple-

mentary Table 2).

Median PFS and OS from the start of third-line treatment

were, respectively, 4 and 11 mo (once again with no

significant difference between the drug or sequence groups)

(Table 1, Supplementary Table 2).

The OS multivariate analysis (Table 2) showed statistically

significant values for baseline performance status (PS)

(patients with a PS of 2 had a worse prognosis: 6 vs

13 mo) (Supplementary Fig. 1), baseline haemoglobin levels

(patients with haemoglobin levels�11 g/dl had a shorter OS:

7 vs 18 mo) (Supplementary Fig. 2), and baseline alkaline

phosphatase levels (patients with alkaline phosphatase

levels >278 IU/l had a shorter OS: 6 vs 13 mo) (Supplemen-

tary Fig. 3). By assessing the survival outcomes of all of the

possible combinations of these factors, we identified three

groups with different OS outcomes: patients with a PS of

2 associated with one or both of the other two factors (group

1; median OS: 5 mo), patients with only one of the prognostic

factors or a combination of low haemoglobin and high

alkaline phosphatase levels (group 2; median OS: 9 mo), and

patients without any negative factors (group 3; median OS:

20 mo) (Fig. 2, Supplementary Table 3).

3.2. Fourth-line clinical outcomes

Among the 38 patients who received fourth-line treatment,

bRR and oRR were, respectively, 16% and 8%, and the median

PFS and OS were both 5 mo. The 3-mo landmark analysis of

OS after third-line progression did not show any statistically

significant difference between the patients who received a

fourth-line treatment and those who did not (data not

shown).

4. Discussion

To the best of our knowledge, this is the largest study of

mCRPC patients receiving third-line NA treatment after the

failure of docetaxel and another NA, and the first to provide

data concerning the clinical outcomes of all three NA third-

line treatments, and some concerning the administration of

fourth-line NA treatment, of patients exposed to second-

and third-line NAs.

Despite their sequential use, it was postulated that they

may be subject to mechanisms of cross-resistance, as the

androgen receptor machinery remains the ultimate target

of all NAs [20–22], and previous exposure to one could

affect the activity of another [23].

Table 3 shows that a number of published retrospective

studies have described generally small series of patients

who received a specific sequence of two NAs after the

failure of docetaxel [5–14], most of which suggested that

the third-line activity of NAs is less than that observed in the

pivotal second-line trial. This was confirmed by our findings

and is not surprising, because it can be expected that longer

survival and the presence of more advanced disease will

progressively reduce disease control. This assumption was

indirectly confirmed by the comparison of the character-

istics of our patients at the start of their third-line treatment

with those observed at the start of the second line: Pain was

more frequent ( p < 0.001), and they had lower median

haemoglobin levels ( p = 0.009), and higher median levels of

alkaline phosphatase ( p = 0.02), lactate dehydrogenase

( p = 0.006), and PSA ( p = 0.005). The differences in these

parameters, which are usually considered as having

prognostic value, suggest more advanced disease and

may explain the reduction in activity.

Table 2 – Cox proportional hazards analysis of third-line overall survival by variable of interest

p value Exp(B) 95% CI of exp(B)

Lower Upper

Age (�72 vs >72 yr) 0.453 1.170 0.777 1.762

Gleason score (�7 vs >7) 0.147 0.744 0.499 1.109

Previous hormonal lines, no. (�2 vs >2) 0.474 0.857 0.562 1.307

Time from diagnosis to mCRPC (�51 vs >51 mo) 0.834 1.059 0.621 1.805

Hormone therapy before mCRPC (�32 vs >32 mo) 0.910 1.031 0.606 1.753

Docetaxel lines, no. (1 vs >1) 0.463 1.229 0.708 2.133

Time from docetaxel to second-line therapy (�11 vs >11 mo) 0.353 1.221 0.801 1.859

ECOG performance status (0–1 vs 2) 0.001 0.475 0.300 0.751

Pain (no vs yes) 0.332 0.811 0.532 1.238

Visceral disease pain (no vs yes) 0.174 0.729 0.463 1.149

Haemoglobin (�11 vs >11 g/dl) 0.000 2.135 1.431 3.186

Alkaline phosphatase (�278 vs >278 IU/l) 0.004 0.522 0.336 0.811

Lactate dehydrogenase (�406 vs >406 IU/l) 0.527 0.867 0.557 1.349

Prostate-specific antigen (�329 vs >329 IU/l) 0.173 0.738 0.476 1.143

Second-line PFS (�5 vs >5 mo) 0.231 1.275 0.857 1.898

ECOG = Eastern Cooperative Oncology Group; Exp = exponential; CI = confidence interval; mCRPC = metastatic castration-resistant prostate cancer; PFS =

progression-free survival.
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Our retrospective analysis suffers from the main meth-

odological limitations of its predecessors in assessing

treatment outcomes: Activity measures such as the oRR

and PFS can be greatly influenced by different policies of

imaging frequency, which may shorten or lengthen PFS or fail

to detect a radiologic response or progression, or by

interpretation bias because objective responses are deter-

mined by individual physicians. Furthermore, although the

bRR may better reflect mCRPC treatment activity in everyday

clinical practice because PSA levels are routinely assessed, its

value as a surrogate parameter is questionable. Consequent-

ly, OS remains the most reliable measure of clinical outcome

and represented the main target of our analysis.

We found that OS from the start of third-line treatment

was similar regardless of the NA used, and that it was not

affected by the previously administered NA. The sequences

involving the two hormonal NAs seemed to lead to less

activity in the third line than that of the sequences in which

CAB was administered before or after a hormonal NA,

although the difference was not statistically significant

(Supplementary Table 2). Our data, therefore, do not support

the superiority of any of the three NAs in third-line treatment,

regardless of the previously administered NA.

Although our data on the use of NAs in fourth-line

treatment come from a small number of patients, they do

not seem to support the routine use of NAs after a third-line

failure, as their activity was highly limited.

Although based on retrospective data, our analysis did

provide some interesting suggestions about the selection of

patients for third-line NA treatment that are particularly

relevant to the current debate concerning the economic

sustainability of new drugs. The availability of a number of

agents that are active on the same disease introduces

the possibility of their sequential use, but they are

expensive and, at a time of restricted resources, their use

can only be justified if they offer a clear clinical benefit.

The evidence concerning the third- or fourth-line use of

NAs in the treatment of mCRPC is very limited. As our results

Table 3 – Published papers on new-agent sequencing

Sequence Authors Patients, no. Median
age, yr

bRR oRR Median
third-line PFS

Median
third-line OS

AA ! ENZ Bianchini et al [5] 39 70 12.8 4.3 2.8 NR

Schrader et al [8] 35 70 28.6 2.9 4.0 7.1

Schmid et al [9] 35 72 10 2.8 3.1 7.5

Badrising et al [10] 61 69 21 NR 3.0 7.9

Thomsen et al [11] 24 72 17 NR NR 4.8

Thomson et al [12] 23 76 39.1 NR 2.8 8.5

ENZ ! AA Noonan et al [7] 30 70 3 11 3.85 12.5

Loriot et al [6] 38 71 8 8 2.7 7.2

ABI ! CABA Al Nakouzi et al [14] 79 69 35.4 NR 4.4 15.8

AA/ENZ ! CAB Pezaro et al [13] 41 68.9 39 9 4.6 15.8

AA = abiraterone acetate; bRR = biochemical response rate; CAB = cabazitaxel; ENZ = enzalutamide NR = not reported; oRR = objective response rate;

OS = overall survival; PFS = progression-free survival.
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Fig. 2 – Overall survival from start of third-line treatment, by prognostic group (median values: group 1: 5 mo; group 2: 9 mo; group 3: 20 mo; log-rank
p < 0.001).
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suggest that the outcomes of all third-line NAs are similar, the

main question is not which NA or which sequence to adopt,

but whether it is possible to identify the patients who

are more likely to receive a clinical benefit from third-line

treatment. The addition of a second-line NA to first-line

docetaxel led to longer OS in the pivotal trials of AA and CAB,

which, respectively, indicated an expected median cumula-

tive survival of 32.6 mo and 29 mo in the absence of

subsequent NA treatment [24,25]. It is striking that our group

1 and 2 patients with negative prognostic profiles had a

median OS of 24 mo and 32 mo, respectively, after their first

docetaxel dose (similar to the cumulative survival found in

the pivotal trials), whereas those with a better prognostic

profile (group 3) had a median OS of 80 mo (Fig. 3). This

suggests that in presence of features of more advanced

disease (in our experience, some baseline characteristics

such as worse PS, low haemoglobin levels, and high alkaline

phosphatase levels), third-line NA may have low probability

of disease control and should be used cautiously. It is worth

noting that although limited by the small number of patients

and based on everyday clinical practice outside of clinical

trials, all the variables selected in our analysis were included

in the prognostic model recently developed for patients

treated with cabazitaxel after docetaxel [26].

The limitations of this study are mainly due its retrospec-

tive nature, the fact that the data were obtained from highly

selected patients able to receive third-line treatment, and the

small number of patients treated with some of the sequences

(for example, ENZ was received by very few patients because

it was not available in everyday clinical practice but only

provided in CUPs). Consequently, our results do not allow any

definite conclusion to be drawn concerning the similar

activity of third-line NAs or the possibility of identifying

groups with a different prognosis on the basis of the

recognised factors; therefore, they need to be confirmed

by prospective analyses of larger mCRPC populations.

5. Conclusions

Although retrospective, our study provides data from a

sufficiently large number of patients treated with at least

two successive NAs after docetaxel that suggest some clues

for selecting patients who should receive further treatment

after second-line treatment, even though these require

confirmation in larger prospective studies. This is not only

important in the light of the current debate concerning the

economic sustainability of oncologic treatments, but also

because the question of the sequential use of NAs will

become even more pressing as they begin to be used to treat

chemotherapy-naı̈ve patients.
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