
Abstract. Background/Aim: The aim of the study was to
evaluate the combined treatment with abiraterone acetate
and prednisone (AA+P) in patients with castration-
resistant prostate cancer (mCPRC), and to identify the
survival prognostic factors. Patients and Methods:
Patients diagnosed with mCPRC not previously treated
with chemotherapy and administered with AA+P were
classified into two groups: those with lower and higher
survival rates (at 30 months vs. 60 months). Results: A
total of 53 patients were studied at the time of mCRPC
diagnosis. Patients with the highest survival rate had
suffered prostate cancer for >45 months. At the time of
initial prostate cancer diagnosis, they belonged to the risk
groups 1-4, had pain intensity measured according to the
brief pain inventory (BPI) scale of 0-2, were treated with
AA+P>16 months, and had the following tumour marker
serum levels: LDH baseline ≤163 U/l, alkaline
phosphatase at 6 months ≤56 U/l and PSA at 6 months
≤0.95 ng/ml. Conclusion: Good response to treatment with
AA+P for patients with mCRPC was demonstrated.
Factors that contributed to the higher prognostic accuracy
were time suffering from prostate cancer, the intensity of
the pain measured by the BPI scale, the duration of AA+P
treatment, and tumour marker levels.

Despite the efforts made for the early detection of prostate
cancer (PC) and the aggressive treatments used, some
patients often suffer metastasis (in 90% of cases, in fact).
Androgen deprivation therapy (ADT) is the fundamental
basis for the treatment of metastatic prostate cancer patients
(1). Although most patients show an excellent initial
response to hormone deprivation, variable times have been
observed regarding progression to the castration-resistant
phase. This response is the result of tumour resistance to
ADT. Its clinical manifestation is seen as a radiological or
biochemical progression, showing testosterone levels after
castration. Castration-resistant prostate cancer (mCRPC) is
often associated with a poor prognosis and low survival rates
(2). However, the availability of oral hormone therapies that
target the androgen receptors that have shown significant
benefits in terms of the overall survival rate and quality of
life (3-5), stresses the importance of monitoring progression.
All of these elements pose a challenge when choosing the
type of treatment, optimal treatment ending time and
subsequent treatments. Thus, it is fundamental to choose the
therapeutic strategies that are beneficial for the patients. 

Many authors have studied known specific prognostic
factors for overall survival rates and radiological
progression-free survival (rPFS), in order to be able to
foresee the condition’s progression (6, 7). Their aim is to
predict response to treatment, so as to identify and profile
patient subgroups that differ in terms of progression,
allowing determination of the sequence of treatments or
perhaps the administration of combination therapies for
improving patient survival time and quality of life (8).
Different prognostic models have been generated and
published (9, 10), which consider multiple combinations of
variables. Nonetheless, within the reality of clinical
practices, the majority of the models have limited benefits,
since their validation, flexibility and interpretation are still
not clear.
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This study analyses the prognostic factors of overall
survival rates in patients suffering from mCRPC who have
been treated with abiraterone. The possibility that some of
the analysed variables may be used to identify patient sub-
groups with a higher survival rate was also studied.
Additionally, patient sub-groups were analysed based on
baseline characteristics, in an effort to explore more in-depth
the potential role that clinical parameters may play in
predicting treatment response in those patients. 

Patients and Methods
Design. A retrospective, descriptive and cross-sectional study
carried out at the University Hospital of Puerto Real (Cadiz, Spain).
The Helsinki Declaration’s (Fortaleza, 2013) ethical
recommendations were followed. The methodology of this study
was approved by the Cadiz Research Ethics Committee, and all
participants had signed the informed consent form granting
permission for their medical history data to be used for biomedical
research purposes.

Patients. From February 2013 to June 2019, the medical histories of
patients treated at the University Hospital of Puerto Real were
analysed to ascertain whether they fitted all the inclusion and none
of the exclusion criteria. The inclusion criteria were: male Caucasian
patients of any age, diagnosed with mCRPC and treated with AA+P
(biochemical and/or radiological diagnosis). The exclusion criteria
were: living patients with a follow-up time under two years, and
patients lacking data regarding any variables to be studied.  

The patients were divided into two groups, bearing in mind their
survival time from the start of AA+P treatment: patients with longer
survival (group A), and patients with shorter survival (group B). The
survival mean of the population studied was used as the
discriminatory value to classify patients within one of these groups.

Variables. Dependent variable: Qualitative dichotomous analysis of
the data regarding patients with longer or shorter survival rates since
the start of AA+P treatment. Categorisation of group A: patients
with higher survival rate (longer than average), and group B:
patients with shorter survival rate (shorter than average).

Baseline independent variables: Variables determined before
beginning AA+P treatment.

A) Qualitative baseline:
1. Risk group [1-5]: the risk group to which the patient belonged

when diagnosed with prostate cancer (PC). 1: Low risk PC,
localised stage; 2: Intermediate risk PC, localised stage; 3: High risk
PC, localised stage; 4: Advanced localised PC (extracapsular
damage observed, seminal vesicles or adjacent structures invaded
(T3-T4) or metastasis found on regional nodes (N+); 5: Metastatic
PC at the time of diagnosis.

2. Gleason-ISUP [1-5]: classification according to the Gleason-
ISUP grade resulting from the prostate biopsy at the time of diagnosis.
The higher the ISUP, the more aggressive the neoplastic process. 1:
ISUP 1: Gleason 6 or lower; 2: ISUP 2: Gleason 7 (3+4); 3: ISUP 3:
Gleason 7 (4+3); 4: ISUP 4: Gleason 8. ISUP; 5: Gleason 9 or 10.

3. Previous treatment [1-4]: the initial treatment received by the
patient after PC diagnosis, before developing CRPC and being
treated with AA+P. 1: surgery; 2: radiotherapy (RT); 3:
RT+androgen deprivation therapy (ADT); 4: only ADT.

4. ECOG [0-5]: patient performance capacity according to the
ECOG scale (Eastern Cooperative Oncology Group) at the start of
treatment with AA+P. The scale presents six levels of performance,
ranging from normality (ECOG 0) to death (ECOG 5).

5. Brief pain inventory [BPI, 0-7]: pain intensity and how it
interferes with daily activities, measured through the BPI
questionnaire, and filled out by the patient before treatment with
AA+P.  

B) Quantitative baseline:
1. Age (years): the patient’s age at the start of treatment with

abiraterone.
2. Time suffering from PC (months): the duration from the PC

diagnosis to CRPC and start of AA+P treatment.
3. Time ADT (months): the duration from the start of ADT to

progression to castration-resistant disease and starting AA+P
treatment.

4. Number of bone lesions (units): the number of bone metastases
suffered by the patient at the start of treatment with abiraterone.

5. Prostate-specific antigen (PSA) baseline (ng/ml): PSA baseline
measured in the serum at the start of AA+P treatment.

6. Alkaline phosphatase (AP) baseline (U/l): AP baseline
measured in the serum at the start of AA+P treatment.

7. Lactate dehydrogenase (LDH) baseline (U/l): LDH baseline
measured in the serum at the start of AA+P treatment.

Treatment independent monitoring variables: variables
determined during treatment with abiraterone.

A) Qualitative in terms of treatment monitoring:
1. Number of lines of treatment [0-6]: the number of lines of

treatment received by the patient once they had been diagnosed with
CRPC. 1: AA+P as first line of treatment, no subsequent sequencing
to another type of treatment; 2: the patient is given a second line of
treatment; 3: the patient is given a third line of treatment; 4: the
patient is given a fourth line of treatment; 5: the patient is given a
fifth line of treatment; 6: the patient is given a sixth line of
treatment.

2. Radiological progression [0-3]: disease progression defined as
the progression to the bone and/or soft tissue metastasis according
to RECIST after beginning AA+P treatment. 

0: absence of progression during the follow-up; 1: bone
metastasis progression (at least two new bone metastases are
observed); 2: metastatic progression observed in soft tissues; 3:
bone and soft tissue metastatic progression observed.

3. Biochemical progression [0-1]: 50% PSA increase from nadir
reached at the start of AA+P treatment. 0: no; 1: yes.

4. PSA response [0-1]: decrease of at least 50% of baseline PSA
levels within the first 12 weeks of beginning treatment with AA+P.
0: no; 1: yes.

5. PSA 30% [0-1]: PSA levels reduction equal to or greater than
30%. 0: no; 1: yes.

6. PSA 50% [0-1]: PSA levels reduction equal to or greater than
50%. 0: no; 1: yes.

7. PSA 90% [0-1]: PSA levels reduction equal to or greater than
90%. 0: no; 1: yes.

8. PSA Flare [0-1]: any PSA increase within the first 12 weeks
of beginning AA+P treatment, followed by a decrease below the
initial baseline, is considered to be a PSA flare. 0: no; 1: yes.

B) Quantitative in terms of treatment monitoring:
1. Treatment duration (months): the duration from the begining

of AA+P treatment until suspention due to disease progression,
followed by another form of treatment or patient death.
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2. PSA 2 w, 1 m, 2 m, 3 m, 4 m, 5 m and 6 m (ng/ml): PSA
serum levels two weeks after starting AA+P treatment, and monthly
until six months. 

3. AP 2 w, AP 1 m, 2 m, 3 m, 4 m, 5 m and 6 m (UI/ml): AP
serum levels two weeks after starting AA+P treatment, and monthly
until six months. 

4. LDH 2 w, 1 m, 2 m, 3 m, 4 m, 5 m and 6 m (UI/ml): LDH
serum levels two weeks after starting AA+P treatment, and monthly
until six months.

Data collection. The data was obtained from the patient’s medical
history. The biochemical markers (PSA, AP and LDH) were determined
in peripheral venous blood at the Puerto Real University Hospital
Clinical Biochemistry Laboratory according to the following methods.
The PSA levels were measured via electrochemiluminescence
immunoassays in the Modular Hitachi Cobas E-170 (Roche
Diagnostics, Basel, Switzerland) and AP and LDH levels were
measured using the enzymatic method in the Modular Hitachi Cobas
c-702 (Roche Diagnostics, Basel, Switzerland).

Statistical analysis. The data was processed using the statistical
program MEDCALC® 13.0 (MedCalc Software, Ostend, Belgium),
with a significance level of 0.05. The quantitative variables
underwent the D’Agostino-Pearson test to determine whether or not
they had a normal distribution.

For the descriptive analysis, the qualitative variable frequencies,
the arithmetic mean and range of the quantitative variables at
normal distribution, and the median and range of the quantitative
variables at non-Gaussian distribution were used.

The comparison between the two patient groups was carried out
using: chi square for the qualitative variables, Student’s t-test for
the quantitative variables at normal distribution, and the non-
parametric Mann-Whitney’s U test for quantitative variables at non-
Gaussian distribution.

The area under the receiver-operating characteristic (ROC) curve was
used to find the optimal cutoff point for the quantitative variables that
showed significant differences within patient groups. In order to reduce
the number of false positives, the optimal cut-point value with higher
sensitivity, and a specificity higher or equal to 80% were considered.

The survival analysis was carried out using Kaplan-Meier
survival curves, considering the variables that showed significant
differences within the groups of patients, thus calculating survival
at 60 months from the start of treatment with AA+P.

Results

Patients. The medical histories of 61 patients were analysed.
Fifty-three patients complied with all the inclusion criteria and

none of the exclusion criteria. However, eight were excluded
from the study (two had no histological confirmation of
having prostate adenocarcinoma, and six had begun treatment
with a drug that was not AA+P. The 53 selected patients at the
time of diagnosis of mCRPC were between the ages of 47 and
88 years (mean=75). When this study was carried out, 37 of
the patients had died (69.8%) and 16 were still alive.

The survival ranged from 3 to 78 months, a mean of 24
(confidence interval 95%=16-35). The patients with a survival
rate above or equal to 24 months were classified within the
group of longer survival (group A), and patients with a
survival rate under 24 months were classified within the
group of shorter survival (group B). Twenty-seven patients
were included within group A, and 26 within group B.

Descriptive statistics and differences found within the patient
groups. Table I and Figure 1 show descriptive statistics
regarding the survival rate of patients and their distribution in
terms of months of survival up to the starting point of this
study. All the quantitative variables presented a non-Gaussian
distribution. From the 53 patients with mCRPC, 27 survived
beyond 24 months; thus the two-year life expectancy for these
patients was 50.9% (Table I). Almost all patients with mCRPC
were above 65 years of age, only three patients presented with
this disease in ages below 55 years. Significant differences
were not observed in terms of age within patients with longer
or shorter survival. Therefore, the age at which AA+P
treatment was begun was not a prognostic factor. This could be
due to the old age of the patients studied.

The descriptive statistics and significant differences
between the two patient groups with baseline variables are
shown in Table II and Table III; and with variables including
the monitoring of the treatment in Table IV and Table V. 
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Table I. Descriptive statistics of the survival rate of all patients, as well
as the groups with higher (A) and lower (B) survival rates.

Patients n (%) Mean survival Range survival

All 53 (100%) 24 months 3-78 months
Group A 27 (50.9%) 44 months 24-78 months
Group B 26 (49.1%) 14 months 3-22 months

Figure 1. Patients distributed according to survival time.



ROC curves. Time with PC, AA+P treatment duration, LDHb
at 2 w, AP at 5 m and 6 m, and PSA at 5 m and 6 m were
the quantitative variables that showed significant differences
between the patient groups and analysed with ROC curves.

Figure 2 shows the obtained ROC curves that differentiate
between the patients with longer and shorter survival depending
on the variables of time with PC and AA+P treatment duration.
Figures 3, 4 and 5 show the obtained ROC curves that

differentiate between the patients with longer and shorter
survival rates depending on serum LDHb concentrations, and
similarly at 2 w, serum AP concentrations at 5 m and 6 m, and
serum PSA concentrations at 5 m and 6 m.

Table VI shows the AUC and the optimal cut-point values
with the corresponding sensitivity and specificity, obtained
using the ROC curves analysis method. With regards to the
precision of the biochemical markers used to distinguish
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Table II. Descriptive statistics of the qualitative variables present before abiraterone acetate treatment (base line). Statistical differences between
the patients with higher (group A) and lower (group B) survival rates.

Variable Category All (n) Group A (n, %) Group B (n, %) p-Value*

Risk group 1                                  3 3 (100.0%) 0 (0.0%) p=0.0097
2                                  4 3 (75.0%) 1 (25.0%)
3                                10 7 (70.0%) 3 (30.0%)
4                                10 4 (40.0%) 6 (60.0%)
5                                26 10 (38.5%) 16 (61.5%)

Gleason-ISUP 1                                  5 4 (80.0%) 1 (20.0%) p>0.05
2                                  6 3 (50.0%) 3 (50.0%)
3                                10 6 (60.0%) 4 (40.0%)
4                                20 11 (55.0%) 9 (45.0%)
5                                11 3 (27.3%) 8 (72.7%)

Previous treatment 1                                  6 4 (66.7%) 2 (33.3%) p>0.05
2                                  3 2 (66.7%) 1 (33.3%)
3                                  9 5 (55.6%) 4 (44.4%)
4                                34 15 (44.1%) 19 (55.9%)

ECOG 0                                12 7 (58.3%) 5 (41.7%) p>0.05
1                                37 16 (43.2%) 21 (56.8%)
2                                  4 4 (100.0%) 0 (0.0%)

BPI 0                                  8 5 (62.5%) 3 (37.5%) p=0.0013
1                                11 8 (72.7%) 3 (27.3%)
2                                11 8 (72.7%) 3 (27.3%)
3                                  8 4 (50.0%) 4 (50.0%)
4                                  5 1 (20.0%) 4 (80.0%)
5                                  3 0 (0.0%) 3 (100.0%)
6                                  4 1 (25.0%) 3 (75.0%)
7                                  2 0 (0.0%) 2 (100.0%)
8                                  1 0 (0.0%) 1 (100.0%)

*Chi-square. Bold value indicates statistical significance.

Table III. Descriptive statistics of the quantitative variables prior to treatment with abiraterone acetate (base line). Statistical differences between
the patients with higher (group A) and lower (group B) survival rates.

Variable All (n=53) Group A (n=27) Group B (n=26) p-Value*
Median (range) Median (range) Median (range)

Age (years) 75 (47-88) 72 (47-86) 77.5 (52-88) p>0.05
Time suffering from PC (months) 33.5 (2-128) 38 (7-120) 25 (2-128) p=0.0039
ADT time (months) 25 (2-174) 29 (7-174) 22.5 (2-99) p>0.05
No. of bone lesions 3 (0-20) 2 (0-15) 4.5 (0-20) p>0.05
PSAb (ng/ml) 20.30 (1.27-366) 14.40 (1.70-366) 26.56 (1.27-365) p>0.05
APb (UI/l) 90 (41-922) 87 (46-281) 93 (41-922) p>0.05
LDHb (UI/l) 178 (40-527) 165.5 (40-233) 214 (127-527) p=0.0031

*Mann-Whitney U-test. Bold value indicates statistical significance.



between the patients with longer or shorter survival, it was
observed that LDH serum showed more precision when using
baseline levels. However, AP and PSA levels were more
precise when determined at six months of AA+P treatment.

Kaplan-Meier survival curves. The Kaplan-Meier survival
curves were used as analysis tools. The variables that
showed significant differences between patients with longer
and shorter survival were selected as prognostic factors.

In order to carry out the survival rate analysis according
to the quantitative variables, the patients were divided into
two groups, taking into consideration the optimal cut-point
values obtained in the ROC curves. With regards to the
biochemical markers, survival rates were analysed using
those whose levels showed more precision in the ROC
curves (LDHb, AP at 6 m and PSA at 6 m). 

Figure 6 shows the Kaplan-Meier curves according to
baseline variables (time with PC, risk group, BPI and
LDHb). Figure 7 shows them in association with the
treatment monitoring variables (treatment time, PSA 90%,
AP at 6 m and PSA at 6 m). Survival at 30 and 60 months
depending on the value of the variables (Table VII) was
calculated using the Kaplan-Meier curves.

Discussion

In this study, a good response to treatment with AA+P was
observed within the studied series of patients suffering from

mCRPC. Likewise, a large amount of patient clinical data
were studied, differentiating patient characteristics and those
pertaining to the disease itself linked to higher survival rates. 

The pivotal trial COU-AA-302 confirmed the efficiency
of using AA+P treatment for patients with mCRPC who had
not been previously treated with chemotherapy. It
significantly improved the overall survival rate, and
radiological progression-free survival (rPFS), maintaining an
acceptable profile of secondary effects. The mean survival
observed in the cohort studied here was below that of the
pivotal trial (3-5) (24 months and 34.7 months, respectively).
In part, this could be due to the different baseline
characteristics of the patients included in both studies. The
fact that patients who already presented with metastases were
included in the present study - which implies higher tumour
incidence and therefore a worse prognosis - could explain
the poorer results in terms of survival. Similarly, the fact that
the patients included in the present study had already
symptoms and suffered from a worse functional status
(ECOG 2) - who had specifically been excluded from COU-
AA-302 - could justify the aforementioned lower survival
results. Likewise, these patients were treated with fewer
subsequent lines of AA+P treatment after progression. The
poorer baseline status and the higher tumour incidence
presented by some of the patients studied, made the
subsequent use of more treatment lines less probable (67%
of patients within the COU-AA 302, and 30% in the present
case). However, these two studies must be compared with
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Table IV. Descriptive statistics of the quantitative variables during treatment with AA (monitoring). Statistical differences between the patients with
higher (group A) and lower (group B) survival rates. 

Variable Category All (n) Group A (n, %) Group B (n, %) p-Value*

No. lines of treatment 1                                37 19 (51.4%) 18 (48.6%) p>0.05
2                                  9 2 (22.2%) 7 (77.8%)
3                                  3 3 (100%) 0 (0.0%)
4                                  2 1 (50.0%) 1 (50.0%)
5                                  1 1 (100%) 0 (0.0%)
6                                  1 1 (100%) 0 (0.0%)

Radiological progression 0                                13 8 (61.5%) 5 (38.5%) p>0.05
1                                36 18 (50.0%) 18 (50.0%)
2                                  4 1 (25.0%) 3 (75.0%)

Biochemical progression No                              15 8 (53.3%) 7 (46.7%) p>0.05
Yes                              38 19 (50.0%) 19 (50.0%)

PSA Response No                               11 5 (45.5%) 6 (54.5%) p>0.05
Yes                              42 22 (52.4%) 20 (47.6%)

PSA 30% No                              28 14 (50.0%) 14 (50.0%) p>0.05
Yes                              25 13 (52.0%) 12 (48.0%)

PSA 50% No                              20 7 (35.0%) 13 (65.0%) p>0.05
Yes                              33 20 (60.6%) 13 (39.4%)

PSA 90% No                              35 13 (37.1%) 22 (62.9%) p=0.0120
Yes                              18 14 (77.8%) 4 (22.2%)

PSA Flare No                              37 18 (48.6%) 19 (51.4%) p>0.05

Bold value indicates statistical significance.



caution, given the differences in terms of study design and
sample size.

However, other recent studies of Asian patients with
mCRPC who were treated with AA+P revealed a mean
survival of 23.7 (10) and 18.1 months (11), which are
similar to the results obtained in the present study. It is
important to highlight the interest of the survival results
presented by Boegemann et al. (2), which showed a mean
survival of 23.3 months. This retrospective observational
study included a selection of 481 patients suffering from
mCRPC from four European countries. All these patients
had not been previously treated with chemotherapy, had
received AA+P treatment, and had similar baseline
characteristics to those presented in the present study: an
average of 75 years of age, and functional baseline status
(ECOG 0-1 in 87%, versus 92.4% in the present series).
However, the patients in the present study presented with
PSA, AP and LDH baseline values which were lower at the
start of treatment: (PSA: 20.30 ng/ml vs. 56.2 ng/ml, AP: 90
UI/l vs. 119 UI/l and LDH: 178 UI/l vs. 277 UI/l,
respectively). Equally, in the present study the proportion of
patients found with initial metastases was higher (49% vs.
28.9%). The initial objective of Boegemann’s group was to
determine the time to treatment faillure, meaning the
interruption of drug administration due to the progression

of the disease, intolerance to the treatment, or death. A mean
time of 10 months was observed, versus the 16 months
obtained in this study. However, the survival mean was
similar in both studies. 

As was to be expected, known factors that predict overall
survival in mCRPC were also observed in this study, such
as the duration of time between disease spread and the PC
diagnosis (12), pain intensity measured by the BPI scale
(13) and LDH serum levels (14, 15). Additionally, the
duration of time between the initial PC diagnosis and the
start of AA+P treatment, together with the characteristics
the disease at diagnosis, were other variables linked to
survival in the present series of patients. On the contrary,
age, score within the ECOG scale at the start of AA+P
treatment, longer ADT response or treatment received once
the patient was diagnosed with PC, the ISUP grade, number
of bone lesions, or AP and PSA base line serum levels did
not significantly impact statistics within the present series
of patients, while they are known prognostic factors in
other studies. 

In keeping with other published studies, the results
obtained here point to the possibility that certain clinical
parameters can predict patient response to AA+P treatment.
With this objective in mind, a variable was incorporated that
divided the present patients into risk groups, depending on
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Table V. Descriptive statistics of the quantitative variables prior to treatment with abiraterone acetate (base line). Statistical differences between
the patients with higher (group A) and lower (group B) survival rates.

All (n=53) Group A (n=27) Group B (n=26) p-Value*
Median (range) Median (range) Median (range)

Treatment duration (months) 16 (3-78) 32 (6-78) 8.5 (3-16) p<0.0001
PSA 2 w (ng/ml) 24.37 (0.87-257) 25.22 (3.47-257) 19.93 (0.87-250) p>0.05
PSA 1 m (ng/ml) 17.96 (0.56-240) 10.40 (0.81-128) 22.01 (0.56-240) p>0.05
PSA 2 m (ng/ml) 21.20 (0.19-329) 20.21 (0.19-329) 22.71 (0.48-246) p>0.05
PSA 3 m (ng/ml) 11.88 (0.05-244) 8.24 (0.05-102) 13.48 (0.33-244) p>0.05
PSA 4 m (ng/ml) 12.41 (0.16-274) 14.00 (0.52-274) 9.83 (0.16-208) p>0.05
PSA 5 m (ng/ml) 21.61 (0.06-261) 15.73 (0.06-261) 43.63 (5.50-199) p=0.0304
PSA 6 m (ng/ml) 16.88 (0.00-423) 11.06 (0.00-423) 47.40 (1.47-282) p=0.0163
AP 2 w (UI/l) 89 (46-735) 84.5 (46-317) 96 (54-735) p>0.05
AP 1 m (UI/l) 92 (49-361) 83 (49-361) 102.5 (55-340) p>0.05
AP 2 m (UI/l) 97.5 (41-441) 83 (46-441) 98 (41-299) p>0.05
AP 3 m (UI/l) 84.5 (41-559) 58 (41-559) 95 (54-363) p>0.05
AP 4 m (UI/l) 92.5 (38-300) 57 (38-130) 95 (41-300) p>0.05
AP 5 m (UI/l) 72 (44-196) 56 (44-139) 86 (54-196) p=0.0180
AP 6 m (UI/l) 71 (35-306) 56 (35-150) 107 (42-306) p=0.0055
LDH 2 w (UI/l) 191 (133-613) 167 (133-613) 210 (152-317) p=0.0424
LDH 1 m (UI/l) 189 (122-347) 187 (141-287) 197 (122-347) p>0.05
LDH 2 m (UI/l) 197 (137-393) 185 (146-253) 209 (137-393) p>0.05
LDH 3 m (UI/l) 224 (152-360) 225 (166-281) 206 (152-360) p>0.05
LDH 4 m (UI/l) 200 (130-328) 208 (165-267) 199 (130-328) p>0.05
LDH 5 m (UI/l) 218 (177-320) 208 (189-308) 219 (177-320) p>0.05
LDH 6 m (UI/l) 194 (119-525) 196 (154-525) 192 (119-408) p>0.05

*Mann-Whitney U-test. Bold values indicate statistical significance.



the stage presented at the time of PC diagnosis. Thus,
patients with localised (low, intermediate and high risk),
locally advanced and metastatic PC were included. Some of

these patients underwent treatments with curative intent
(surgery, RT); others, were treated with the combinartion of
RT and ADT; whilst others were treated only with ADT,
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Figure 2. Receiver-operating characteristic curves that differentiate between the patients with higher and lower survival rates depending on the
time with prostate cancer and AA+P treatment duration variables.

Figure 3. Receiver-operating characteristic curves that differentiate between the patients with higher and lower survival rates depending on LDH
baseline serum concentrations, and similarly 2 weeks after AA+P treatment.



prompted by a clinical decision, because at the time of
diagnosis, bone metastasis was already present, or because
at the time it was the only available treatment for the disease.

It is, therefore, logical to infer, that the evolution of the
disease until the castration-resistant phase is reached would
differ in each of these patient sub-groups. This can be
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Figure 4. Receiver-operating characteristic curves that differentiate between the patients with higher and lower survival rates depending on alkaline
phosphatase serum concentrations at 5 and 6 months of AA+P treatment.

Figure 5. Receiver-operating characteristic curves that differentiate between the patients with higher and lower survival rates depending on PSA
serum concentrations at 5 and 6 months of AA+P treatment.



attributed to tumour incidence, and to the treatment or lines
of treatment received until disease progression. 

The results obtained here suggest a lower benefit derived
from long-term AA+P treatment in patients with high initial
metastatic incidence, who, until the disease progressed, had only
been treated with ADT. Nonetheless, the LATITUDE analysis
(16) in patients with high-risk metastatic castration-sensitive PC,
supports the addition of AA+P with ADT compared with ADT
alone. This was in terms of survival benefits, by significantly
increasing their overall survival rate and rPFS.  

In this study, the patients with the longer survival, showed
a longer time span between initial PC diagnosis and the
development of castration resistance, followed by the
consequent start of AA+P treatment. Hence, a duration of
over 45 months was significantly linked to longer survival.
Contrary to what was expected, ADT time was not linked to
longersurvival of patients in the present work. Numerous
studies have confirmed that a shorter response time to ADT
is linked to lower PFS and overall survival rates (17). In
keeping with this, Fan et al. (10) observed that longer
duration to ADT response (≥18 months) was a determining
factor for the survival of patients treated with AA+P. They
suggested that patients administered ADT during a short
period of time until castration resistance is developed (<18
months), could benefit from initial systemic chemotherapy
treatment. Within the previously mentioned Boegemann et
al. (2) study, the patients who had longer time between the
start of their hormone deprivation treatment and the
development of castration resistance, benefited from more
time until treatment failure was reached. The present study
included metastatic patients who were initially treated with

ADT; the disease at this stage intrinsically implies high
tumour burden, with a high probability of tumour behaving
aggressively, which in turn impacts the value of the ADT
time variable found in the present series of patients. 

Hence, patients experiencing lower pain intensity at the
start of AA+P treatment (BPI 0-2), show higher survival
probability. This is in keeping with a post-hoc analysis of the
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Table VI. Areas under the curve (AUC) of diagnostic precision, optimal cut-point values, sensitivity and specificity of quantitative values, which
showed significant differences between patients with higher and lower survival rates.

Variable AUC Cut-off Sensibility Specificity
(95%CI) (95%CI) (95%CI)

Time suffering from PC 0.711 >45 months 46.2% 87.5%
(0.515-0.786) (26.6-66.6) (67.6-97.2)

Treatment time 0.899 >16 months 85.2% 100%
(0.785-0.964) (66.3-95.7) (86.7-100)

LDHb 0.762 ≤163 UI/l 50.0% 82.4%
(0.569-0.899) (21.2-78.8) (56.6-96.0)

LDH 2 w 0.690 ≤159 UI/l 38.5% 84.2%
(0.503-0.841) (14.0-68.4) (60.4-96.4)

AP 5 m 0.773 ≤53 UI/l 45.5% 100%
(0.526-0.929) (16.9-76.5) (62.9-100)

AP 6 m 0.812 ≤56 UI/l 58.3% 91.7%
(0.602-0.940) (27.8-84.7) (61.5-98.6)

PSA 5 m 0.671 ≤2.74 ng/ml 30.8% 100%
(0.521-0.800) (14.4-51.8) (84.4-100)

PSA 6 m 0.739 ≤0.95 ng/ml 40.0% 100%
(0.555-0.809) (16.4-67.7) (85.6-100) 

CI: Confidence interval.

Table VII. Survival probability at 30 and 60 months depending on the
variables analysed with Kaplan-Meier curves.

Variable                      Value Survival probability

30 months 60 months p-Value

Time suffering >45 months 75.0% 41.7% p=0.0270
from PC ≤45 months 64.3% 0%

Risk group Groups 1-4 76.5% 29.4% p=0.0156
Group 5 60.0% 0%

BPI 0-2 76.2% 23.8% p=0.0042
3-8 50.0% 0%

LDHb ≤163 UI/l 60.0% 40.0% p=0.0466
>163 UI/l 57.1% 0%

Treatment >16 months 73.9% 21.7% p=0.0337
time ≤16 months 33.3% 0%

PSA 90% Yes p>0.05
No

AP 6 m ≤56 UI/l 83.3% 33.3% p=0.0418
>56 UI/l 42.9% 14.3%

PSA 6 m ≤0.95 ng/ml p>0.05
>0.95 ng/ml

*Chi-square. Bold values indicate statistical significance.



COU-AA-302 study (18), which showed that the clinical
benefits of AA+P treatment are higher for patients who had
less pain at the start of treatment (BPI 0-1). Armstrong et al.
(19) analysed patients from the Prevail study data base, with
the objective of defining prognostic and predictive variables
for overall survival rates. They validated a prognostic model
which included, among others, 11 pain intensity variables at

treatment onset using Enzalutamide. They found that the
lower the baseline pain, the higher the survival rates. 

The majority of the tumour biomarkers studied carried
prognostic value at the time of diagnosis, since their
concentration was related to the size of the tumour (20).
Their true clinical value, however, resides in patient follow-
up, to detect early relapse and also to evaluate the
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Figure 6. Kaplan-Meier survival curves regarding baseline variables: time with PC, risk group brief pain inventory and LDHb.



effectiveness of the prescribed treatment. Within the broad
range of markers found in literature, some have been
validated as useful serum markers from the prognostic point
of view, and that is why PSA, LDH and AP are included in
the present analytical determinations.

LDH is an important marker of swelling and tissue damage
(21). In this study, the LDH serum concentration at the start
of AA+P treatment was significantly higher in patients with
shorter survival. Using the ROC curve, an optimal cut-point
value of 163 U/l was obtained to differentiate between
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Figure 7. Kaplan-Meier survival curves regarding monitoring variables: treatment time, PSA 90%, alkaline phosphatase (AP) at 6 months and PSA
at 6 months.



patients with longer and shorter survival. The Kaplan-Meier
curves, showed as poor prognostic factors LDHb serum levels
higher than 163 U/l, linked to a survival below 60 months.
Ryan et al. (6), using the data from patients treated with
AA+P extracted from COU-AA-302, increase this threshold
to levels above 234 U/l. 

The role that the AP serum biomarker plays, which in
bladder and gastric cancers is indicative of an independent
bone metastasis risk factor, is not as clear in PC cases. It is
thought that at the start of metastatic disease, AP marks the
bone change (22). A recent meta-analytic study, based on
data from 63 studies, reports that high AP at baseline is
associated with poor overall survival rates and PFS in
patients suffering from PC (23). Likewise, a series of studies
have used baseline levels and AP changes during treatment
with AA+P as tools to identify patient groups with different
risks of bone lesion progression (2, 13, 22, 23). Thus,
baseline levels of AP≤119 U/l were linked to longer
treatment time and a longer span until the disease
progression to mCRPC (2). Similarly, a recent study that
accesses the data of 546 patients from the COU-AA-302
study, points out that an increase in AP values above 20%
during treatment with (AA+P) is related to bone lesion
progression (13). The present study did not find significant
differences between patients with longer and shorter survival
when using AP base line levels; yet it was a prognostic
marker of the AP serum levels at six months, resulting in an
optimal cut-point value of 56 U/l. The Kaplan-Meier curve
showed a very low survival rate after 60 months (14.3%) in
patients with levels of AP 6 m >56 U/l.

The PSA response after having initiated AA+P treatment
is a positive prognostic factor if data from studies such as
COU-AA-302 and 301 is taken into account, where a
correlation between the overall survival rate and PSA
kinetics was established (24). In contrast, the lack of PSA
response could be considered as a potential biomarker for
patient selection - it could be eliminated and substituted by
an alternative or an additional marker. Within the present
study, 16 patients exhibited a sharp increase in PSA levels at
the start of treatment (known as “PSA flare”), yet no
significant differences were found in their clinical results.
Although the Prostate Cancer Clinical Trials Working Group
(PCWG2) (25) group criteria suggest that early changes in
PSA (before the 12th week) should not be taken into
consideration when determining the response to AA+P
treatment, different studies have shown a strong link between
early PSA level reduction and overall survival rates and rPFS
(26, 27). Consequently, and given the frequent occurrence of
this phenomenon as well as the inconsistent data, it is
recommended that PSA levels are interpreted from week 12,
and that early interruption of those patients’ treatment should
be avoided (27). However, this decision should be revisited
when no biochemical response beyond week 12 is observed.

Poon et al. (11) demonstrated that there was no survival
improvement in patients with no response to PSA after 12
weeks and when treatment was maintained. 

A meticulous interpretation of PSA levels from 12 weeks
onwards is suggested, to evaluate whether treatment should
be suspended in patients for whom no clinical benefit, even
in imaging tests (carried out during this 12th week), can be
observed.  

In this series of patients, PSA levels at six months showed
higher precision in differentiating between patients with
longer and shorter survival, with an optimal cut-point value
of 0.95 ng/ml. Conversely, significant differences in the
Kaplan-Meier curve were not found, so survival at 60
months of treatment could not be predicted. This could be
due to the small sample size of the present study.

In turn, a 30%, 50% and 90% decrease in PSA levels,
as well as measurements connected to PSA kinetics, are
associated with survival and radiological progression in
different studies (26). In the present study, a 90% PSA
reduction was linked to a higher survival rate, although
once again survival at 60 months of treatment could not
be predicted.

In summary, and after having interpreted the results
gathered within this series of patients, the following
prognostic markers can be defined:  1) Baseline LDH and
AP at six months are considered as markers with a highly
demonstrated prognostic value: significant differences
between patients with longer and shorter survival were
exhibited, as well as statistical significance shown in the
Kaplan-Meier curve, resulting in an estimation of survival at
60 months. 2) PSA levels at six months is a possible
prognostic marker: significant differences between patients
with higher and lower survival rates were exhibited, but not
reflected in the Kaplan-Meier curve.

These serum markers can be prognostic factors of the
evolution and follow-up of patients with mCRPC, considering
that there are different methods to determine them, and that
differences can be found when quantifying them. 

This work identified prognostic factors in patients with
mCRPC treated with AA+P, studying a large number of
variables, analysing the differences between patients with
longer and shorter survival rates, applying ROC curves
analysis and Kaplan-Meier survival curves. One of the
observed limitations is the small number of studied patients
(n=53), which was insufficient to carry out a multi-variable
analysis and to develop a probability model. Studies with a
higher number of patients are necessary, as they allow for
multi-variable analysis, and can confirm the prognostic
factors identified in the present study.

The retrospective design of this study adds certain
limitations. The survival in patients who were still alive after
having gathered all the data was the survival at said point
(which was always above 24 months, as it was the minimum
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follow-up period established so that they could be included
in the higher survival group of this study), yet there was no
way of knowing the exact survival age that these patients
could reach. Nonetheless, the survival rate of the deceased
patients during the study was precise. 

Conclusion

The results of this study present new evidence regarding the
characteristics and management of mCRPC patients treated
with AA+P during usual clinical practice. Although some of
the baseline characteristics were unfavourable in some
patients (metastatic debut), a good response was achieved in
the patients treated with AA+P. The majority of patients
suffering from mCRPC treated with AA+P reached a life
expectancy beyond two years. The factors with higher
prognostic accuracy were time suffering from PC, risk group
to which the patient belonged at the time of the initial PC
diagnosis, pain intensity measured with the BPI scale, AA+P
treatment time and tumour markers (LDH serum
concentration at AA+P treatment start, AP and PSA serum
levels at six months of treatment). More experience in terms
of managing the disease, together with better patient
selection, and a broader range of treatments which will in
future be available for each phase of the illness, will
contribute to a significant improvement in the aoutcomes for
this group of patients in the future. 
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