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Background: In bone metastatic castration-resistant prostate cancer (bmCRPC) treated with Enzalutamide
commonly used prostate-specific antigen (PSA) can be misleading since initial PSA-flares may occur. In other
therapies, bouncing of alkaline phosphatase (ALP-bouncing) was shown to be a promising surrogate for
survival outcome. Low lactate dehydrogenase (LDH) is usually associated with better outcome. We evaluated
the prognostic ability of ALP-bouncing, LDH, PSA, and the combination of these markers after initiation of
Enzalutamide.

Methods: Eighty-nine patients with bmCRPC and dynamic changes of PSA, LDH and ALP were analyzed.
ALP-bouncing, an increase after therapy start followed by a decline below baseline during the first 8 weeks,
LDH-normalization and PSA-decline were analyzed regarding their association with survival using Kaplan-
Meier analyses and uni- and multivariate (UV and MV) Cox-regression models.

Results: In Kaplan-Meier analysis a PSA-decline >50%, LDH-normalization and ALP-bouncing were
associated with longer median progression-free survival (PFS) with 7 [95% confidence interval (CI): 4.2-9.8]
vs. 3 (2.3-3.7) months for PSA-decline (log-rank P<0.01), 6 (4.1-8) vs. 2 (1.2-2.8) for LDH-normalization
(P<0.01) and 8 (0-16.3) vs. 3 (1.9-4.1) for ALP-bouncing (P=0.01). Analysis of overall survival (OS) showed
similar, not for all parameters significant, results with 17 (11.7-22.3) vs. 12 (7.0-17.1) months for PSA
(P=0.35), 17 (13.2-20.8) vs. 7 (5.8-8.2) for LDH-normalization (P<0.01) and 19 (7.9-30.1) vs. 12 (7.7-16.3)
for ALP-bouncing (P=0.32). In UV analysis, ALP-bouncing [hazard ratio (HR): 0.5 (0.3-1.0); P=0.02],
PSA-decline >50% [HR: 0.5 (0.3-0.7); P<0.01] and LDH-normalization [HR: 0.4 (0.2-0.6); P<0.01] were
significantly associated with longer PFS. For OS, LDH-normalization significantly prognosticated longer
survival [HR: 0.4 (0.2-0.6); P<0.01]. In MV analysis, LDH-normalization was associated with a trend
towards better OS [HR: 0.5 (0.2-1.1); P=0.09]. Comparing ALP-bouncing, LDH-normalization and PSA-
decline with a PSA-decline alone, Kaplan-Meier analysis showed significantly longer PFS [11 (0.2-21.8)
vs. 4 (0-8.6); P=0.01] and OS [20 (17.7-22.3) vs. 8 (0.3-15.7); P=0.02] in favor of the group presenting with
the beneficial dynamics of all three markers. In UV analysis, the presence of favorable changes in the three
markers was significantly associated with longer PFS [HR: 0.2 (0.1-0.7); P<0.01] and OS [HR: 0.3 (0.1-0.8);
P=0.02].

Conclusions: ALP-bouncing and LDH-normalization may add to identification of bmCRPC-patients

with favorable prognosis under Enzalutamide.
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Introduction

In recent years significant progress in therapy strategies for
metastatic castration-resistant prostate cancer (nCRPC)
has been made. When resistance to androgen-deprivation
therapy (ADT) occurs, prostate cancer can be treated with
chemotherapy (Docetaxel or Cabazitaxel), Sipuleucel-T,
Radium-223 or next generation ADT drugs (Abiraterone
acetate or Enzalutamide) (1-8). Amongst these,
Enzalutamide, a targeted 2™ generation androgen-receptor
(AR) inhibitor, is widely used as standard of care due to its
increase of overall survival (OS) and low toxicity (1,2). A
triple mechanism of action including inhibition of binding
to the AR and consequently inhibition of the AR entering
the nucleus as well as inhibition of the AR binding to the
DNA results in potent AR-pathway blockage (9).

In metastatic disease the most common site of metastases,
next to loco-regional lymph nodes, are the bones (10). A
spread to the skeleton increases the risk of complications
including fractures of the bones and subsequently death
(11,12). Hence, early measurement of treatment success,
particularly the identification of response or failure in
asymptomatic patients, can be clinically difficult but,
nevertheless, is important.

Currently, treatment success can be assessed with the
help of several laboratory biomarkers, clinical factors [e.g.,
eastern co-operative oncology group (ECOG) performance
status] and imaging [computed tomography (CT), magnetic
resonance imaging (MRI), and bone scintigraphy]. The
most readily available measurements of treatment success
presumably are blood-based biomarkers. Several biomarkers
have previously been described including prostate-specific
antigen (PSA), lactate dehydrogenase (LDH), circulating
tumor cells (CTCs) and, particularly in bone metastatic
disease, alkaline phosphatase (ALP) (3,13-21). Amongst
these, PSA is most widely used and, under therapy with
Enzalutamide, a decline was shown to be associated with
improved survival outcomes (22). However, there are several
limitations since dynamic changes of PSA-values are not
always straightforward. During the first 3-6 months a PSA-
flare can occur before a potential delayed decline may be
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registered (18,23-26). CTC counts at baseline and changes
under therapy were shown to be prognostic for survival
outcomes (27). However, CTC enumeration is limited in
patients with low tumor burden and can significantly deviate
depending on the site of metastasis (28). Additionally, CTC-
assays are costly and not broadly available.

LDH is a prognostic biomarker in most malignancies
and associated with better survival outcomes when in
the normal range or normalizing under therapy (29-31).
Despite having been shown to be a surrogate for favourable
prostate cancer outcome when baseline levels are low,
it remains to be an unspecific biomarker (17,21,32). In
contrast, ALP, as a more bone-related parameter, seems
to have prognostic potential in bone metastatic CRPC
(bmCRPC) patients under therapy with Docetaxel,
Radium-223 or Abiraterone acetate (16,17,33-35). An
interesting phenomenon under therapy of bmCRPC called
ALP-bouncing seems to occur under very early treatment
of effective antihormonal therapy and is followed by a
significant decline below baseline level after 8 weeks of
therapy (17). It was first described in a patient undergoing
bilateral orchiectomy for treatment of bmCRPC (36).
Recently, Mikah et al. reported that ALP-bouncing may
be an early promising surrogate for favourable survival in
bmCRPC patients under Abiraterone-therapy (17).

In summary, several biomarkers seem to have potential to
prognosticate outcome under therapy in bmCRPC-patients
but the information on their prognostic value is still limited.
In this study, we aimed to investigate the possible surrogate
potential of LDH and ALP-bouncing along with PSA and the
potential benefit of the combination of all three parameters
under therapy with Enzalutamide. We present the following
article in accordance with the REMARK reporting checklist
(available at http://dx.doi.org/10.21037/tau-20-1117).

Methods
Patients

For this study, we retrospectively reviewed 99 patients
receiving Enzalutamide who presented at the Department of
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99 men who received Enzalutamide were
retrospectively reviewed

10 patients did not have

Y

bone metastases

89 patients were evaluable

v

v

34 patients with a PSA decline >50%
18 patients with ALP-bouncing
58 patients with LDH-normalization

55 patients without a PSA decline >50%
71 patients without ALP-bouncing
36 patients without LDH-normalization

Figure 1 A CONSORT flow diagram of the process through the phases of patient selection and the results regarding the respective number

of patients with changes of PSA, ALP and LDH. PSA, prostate-specific antigen; ALP, alkaline phosphatase; LDH, lactate dehydrogenase.

Urology of the University Hospital in Muenster, Germany
between 07/2010 and 11/2016. The process of patient
selection is displayed in Figure 1. Before participating ethics
committee-approval was granted (Ethikkomission der
Aerztekammer Westfalen-Lippe und der Medizinischen
Fakultaet der Westfaelischen Wilhelms-Universitaet
Muenster: 2007-467-£-S) and all patients had given written
informed consent. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

Since ALP as a biomarker in mCRPC is mainly related
to bone metastases, patients with non-bone-metastatic
disease were excluded from the final analysis, resulting
in 89 evaluable subjects. At the last follow-up 21 patients
were alive. All patents had confirmed bmCRPC, defined by
prostate cancer working group 3 (PCWG 3 criteria) (37) and
received Enzalutamide in an either pre- or post-chemotherapy
(Docetaxel) setting and partly after treatment with Abiraterone.
Pre-treated patients after Abiraterone or Docetaxel had prior
documented progressive disease (PD). There were no patients
receiving concomitant Radium-223 treatment.

The 61 patients receiving bone antiresorptive therapy
started at least 3 months prior to initiation of Enzalutamide
and stayed on a stable dose for the treatment phase. The
other patients did not receive antiresorptive agents at all.

All padents treated with Enzalutamide prior to Docetaxel
chemotherapy were asymptomatic or mildly symptomatic, not
requiring opiates and presenting with a baseline pain level of
no more than 3 out of 10 on the numeric-rating-scale.

All patients presented the day before the start of
Enzalutamide therapy to have blood drawn for baseline
analysis. After treatment initiation, follow-up examinations
(evaluation of pain level and ECOG) took place after 2 and
4 weeks and four-weekly thereafter. Following blood draw
PSA-, LDH-, and ALP-levels were measured in serum
samples on the same day. In human plasma ALP and LDH
were measured with ADVIA 1800 Clinical Chemistry
System and PSA with ADVIA Centaur XP Immunoassay
System (Siemens Healthcare, Erlangen, Germany). Total
values and dynamic changes of the three markers were
documented. Normalized LDH was defined as either value
in the normal range throughout the whole study period or
normalization under therapy after elevation above the upper
limit of normal at therapy start. Rising ALP during the first
2-8 weeks after initiation of therapy followed by a decline
below pre-treatment levels was defined as ALP-bouncing.
Minimal changes were not taken into consideration due to
biological reasons or measurement variance.

Progression-free survival (PFS) was defined as either PSA
progression or radiographic progression. PSA progression was
defined as confirmed increase of 25% or greater from baseline
in case of no prior PSA decline and an absolute increase of
2 ng/mL or more from nadir (PCWG 3 criteria) 37).

When no PD was suspected imaging, consisting of CT-
or MRI-scans of thorax, abdomen and pelvis as well as bone
scans, was not routinely performed. When biochemical
progression occurred, or progression was presumed by
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clinical factors, soft tissue metastases were evaluated by CT-
and MRI-scans. Bone metastases were assessed by additional
bone scans. A total of 13 patients in our cohort were treated
within the Enzalutamide registration trials (AFFIRM and
PREVAIL) (1,2). Even without evidence for PD, these
patients were systematically followed up with 12-weekly
imaging according to the study protocol. For all patients
PD was defined according to RECIST 1.1 criteria for cross-
sectional imaging (38) and by PCWG 3 criteria for bone
scans (37). The assessment of current response status i.e.,
complete remission (CR), partial remission (PR), stable
disease (SD) or PD took place at each routinely planned
visit and was independently performed by experienced
physicians and experts in the field of mCRPC. For the
classification of response status, general condition (ECOQG),
pain or laboratory constellations (PSA) as well as imaging
were taken into account.

Statistical methods

The statistical assessment was performed with SPSS-
Statistics V.24 (IBM Inc., Armonk, NY, USA).

The descriptive statistics are reported as medians with
interquartile ranges (IQRs) or 95% confidence intervals
(CIs) for continuous variables and as frequencies and
populations for categorical variables.

Regarding the differences between ALP-bouncing vs. no
bouncing and LDH-normalization vs. no normalization,
as well as PSA increase vs. decline, survival analysis was
performed using Kaplan-Meier-Analyses (KMA). Uni-
and multivariate (UV and MV) analyses of changes of the
different biomarkers were done using Cox-regression-
models. Hazard ratios (HRs) are given with 95% CI. All
reported P values are two-sided and statistical significance
was assumed with a P<0.05.

Results
Characteristics of the study group

The whole cohort consisted of 89 men of whom 36 (40.4%)
received Enzalutamide in a pre-chemotherapy and 53
(59.6%) in a post-chemotherapy setting. Demographics
of the cohort are presented in Table 1. Abiraterone had
previously been administered in 66 (74.2%) of the patients.
Sixty-one of our patients (68.5%) received antiresorptive
therapy [i.e., Zoledronic acid (31.5%) or Denusomab
(37.1%)]. ECOG performance status was 0-3 in our cohort,

3989

Table 1 Characteristics of patients with bmCRPC on Enzalutamide

Variables All
Patients, n (%) 89 (100.0)
Age (years), median (IQR) 70 (62.5-76)
Lymph node metastases, n (%) 55 (61.8)
Visceral metastases, n (%) 4 (15.7)
Pre-chemotherapy, n (%) 36 (40.4)
Post-chemotherapy, n (%) 53 (59.6)
Enzalutamide post Abiraterone, n (%) 66 (74.2)
Patients died, n (%) 68 (76.4)
Antiresorptive therapy, n (%) 61 (68.5)
Zoledronic acid 28 (31.5)
Denosumab 33 (37.1)
Best clinical outcome, n (%)
CR 1(1.1)
PR 32 (36.0)
SD 32 (36.0)
PD 4 (27.0)
ECOG (all), n (%)
0 40 (44.9)
1 35 (39.3)
2 13 (14.6)
3 1(1.1)
Gleason-Score =8, n (% 50 (56.2)

)
Median ALP at baseline (U/L), median (IQR)
Median LDH at baseline (U/L), median (IQR)
Median PSA at baseline (hng/mL), median (IQR)
PSA-decline =50%, n (%)

PSA-decline 290%, n (%)

LDH at baseline > UNL, n (%)
LDH-normalization, n (%)

ALP rising at 12 weeks Enzalutamide, n (%)
ALP-bouncing, n (%)

PSA decline =250% alone, no ALP-bouncing, no
LDH-normalization, n (%)

PSA decline =50% AND LDH-normalization
AND ALP-bouncing, n (%)

155 (104.5-318.5)
274 (219-348.5)
176 (45.4-506)

4 (38.2)

10 (11.2)

bmCRPC, bone metastatic castration-resistant prostate cancer;
IQR, interquartile range; CR, complete remission; PR, partial
remission; SD, stable disease; PD, progressive disease; ALP,
alkaline phosphatase; LDH, lactate dehydrogenase; PSA,
prostate-specific antigen; UNL, upper normal limit; ECOG,

eastern co-operative oncology group.
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Figure 2 Kaplan-Meier analyses of PFS. (A) The analysis of PFS resulted in a median PFS of 7 months for patients with a PSA-decline of

50% or more compared to 3 months when patients did not show that decline (P<0.01); (B) considering ALP, median PFS was 8 vs. 3 months
in favor of the presence of ALP-bouncing (P=0.013); (C) patients with LDH-normalization showed a median PFS of 6 months while the
opposite led to a PFS of 2 months (P<0.01). PES, progression-free survival; PSA, prostate-specific antigen; ALP, alkaline phosphatase; LDH,

lactate dehydrogenase; HR, hazard ratio; CI, confidence interval.

most of our patients showed an ECOG of 0 (44.9%) or 1
(39.3%). An ECOG level of 2 was present in 14.6% and 3
in 1.1% of the patients.

The median follow-up was 13 (IQR: 6.5-19.0) months.
The median time to first imaging was 3 (IQR: 3-6) months
for the 67 (75.3%) patients who underwent CT- or MRI-
and bone-scans. The median time on Enzalutamide-
therapy was 6 (IQR: 3-12.5) months with 7 (7.9%) patients
with ongoing therapy at the time of analysis. No dose
modifications were necessary for any patient. The median
age of the patients was 70 (IQR: 62.5-76.0) years. At the
beginning of Enzalutamide therapy, lymphonodal and
visceral metastases were present in 61.8% and 15.7% of
patients, respectively. An unfavorable Gleason-Score of >8
at initial diagnosis was present in 56.2%. Median baseline
levels were 176 (IQR: 45.4-506.0) ng/mL for PSA, 274
(IQR: 219.0-348.5) U/L for LDH, and 155 (IQR: 104.5-
318.5) U/L for ALP (Table 1).

Change of PSA, LDH and ALP as prognostic markers

Results of the Kaplan-Meier analyses are given in
Figures 2-4. Parameters with favorable change of values
were associated with improved survival outcomes.

PSA-decline >50%, ALP-bouncing and LDH-

normalization were associated with a PFS of 7 (95%

© Translational Andrology and Urology. All rights reserved.

CI: 4.2-9.8) vs. 3 (2.3-3.7) months (log-rank P<0.01), 8
(0-16.3) vs. 3 (1.9—4.1) months (P=0.01) and 6 (4.1-8) vs. 2
(1.2-2.8) months (P<0.01), respectively. Despite statistical
relevance was only reached for LDH-normalization,
analysis of OS showed similar results with 17 (11.7-22.3)
vs. 12 (7.0-17.1) months for PSA-decline >50% (P=0.35),
19 (7.9-30.1) vs. 12 (7.7-16.3) months for ALP-bouncing
(P=0.32) and 17 (13.2-20.8) vs. 7 (5.8-8.2) months for
LDH-normalization (P<0.01).

We divided the patients into a group with PSA-decline
>50%, LDH-normalization, and ALP-bouncing (n=10) vs.
a group with PSA-decline >50% only (n=10). By combining
the information of these markers, the Kaplan-Meier
analysis showed significantly longer PFS [11 (0.2-21.8) vs. 4
(0-8.6) months; P=0.01] and OS [20 (17.7-22.3) vs. 8
(0.3-15.7) months; P=0.02] in favor of the group with three
beneficial markers.

The relevant biomarkers that showed statistically
significant improved PFS in Kaplan-Meier analyses
were also identified as prognosticators for better survival
outcomes in UV. Results are displayed in Tuble 2.
Considering PFS, ALP-bouncing, PSA-decline >50%,
LDH-normalization, no elevated LDH at baseline,
no rising ALP after 12 weeks, Enzalutamide before
Abiraterone or chemotherapy as well as ECOG >1 were
statistically significant [HR: 0.5 (95% CI: 0.3-1.0);
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Figure 4 Kaplan-Meier analyses for the changes of the biomarkers collectively. (A) For patients with favorable changes in all of the three
markers (PSA-decline >50%, ALP-bouncing and LDH-normalization) PFS was 11 vs. 4 months (P=0.01) compared to the group of patients
with a PSA-decline >50% alone; (B) for patients with favorable changes in all of the three markers (PSA-decline >50%, ALP-bouncing and
LDH-normalization) OS was 20 vs. 8 months (P=0.017) compared to the group of patients with a PSA-decline >50% alone. PSA, prostate-

specific antigen; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; PFS, progression-free survival; OS, overall survival; HR, hazard

ratio; CI, confidence interval.

© Translational Andrology and Urology. All rights reserved.
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Table 2 UV analyses of significant biomarkers for OS in 89 bmCRPC-patients on Enzalutamide therapy

PFS oS
Variables
HR (95% Cl) P HR (95% ClI) P

ALP-bouncing 0.02 0.33
Yes 1 (reference) 1 (reference)
No 0.5 (0.3-1.0) 0.8 (0.4-1.4)

Enzalutamide before AA <0.01 0.06
Yes 1 (reference) 1 (reference)
No 0.5 (0.3-0.9) 0.6 (0.3-1.0)

Enzalutamide before chemotherapy 0.02 <0.01
Yes 1 (reference) 1 (reference)
No 0.6 (0.4-0.9) 0.5 (0.3-0.8)

PSA-decline >50% <0.01 0.37
Yes 1 (reference) 1 (reference)
No 0.5 (0.3-0.7) 0.8 (0.5-1.3)

LDH normalized anytime <0.01 <0.01
Yes 1 (reference) 1 (reference)
No 0.4 (0.2-0.6) 0.4 (0.2-0.6)

ALP rising after 12 weeks 0.01 0.31
No 1 (reference) 1 (reference)
Yes 2.1 (1.2-3.7) 1.4 (0.7-2.5)

LDH elevated at baseline <0.01 0.19
No 1 (reference) 1 (reference)
Yes 0.5 (0.3-0.8) 0.7 (0.4-1.2)

ALP elevated at baseline 0.09 <0.01
No 1 (reference) 1 (reference)
Yes 0.7 (0.4-1.1) 0.5 (0.3-0.8)

ALP decline after 12 weeks 0.07 0.62
No 1 (reference) 1 (reference)
Yes 1.6 (0.9-2.6) 1.2 (0.7-2.0)

Visceral metastases 0.96 0.66
No 1 (reference) 1 (reference)
Yes 1.0 (0.6-1.8) 1.2 (0.6-2.4)

ECOG >1 <0.01 <0.01
Yes 1 (reference) 1 (reference)
No 0.3 (0.2-0.5) 0.2 (0.1-0.5)

UV, univariate; OS, overall survival; bmCRPC, bone metastatic castration-resistant prostate cancer; PFS, progression-free survival; HR,
hazard ratio; Cl, confidence interval; ALP, alkaline phosphatase; AA, abiraterone acetate; PSA, prostate-specific antigen; LDH, lactate
dehydrogenase; ECOG, eastern co-operative oncology group.
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Table 3 MV analyses of biomarkers for OS in 89 bmCRPC-patients on Enzalutamide-therapy

PFS oS
Variables
HR (95% CI) P HR (95% ClI) P
ALP-bouncing 0.10 0.25
Yes 1 (reference) 1 (reference)
No 0.5 (0.2-1.1) 0.6 (0.2-1.4)
Enzalutamide before AA 0.77 0.41
Yes 1 (reference) 1 (reference)
No 0.9 (0.4-1.8) 0.7 (0.4-1.5)
Enzalutamide before chemotherapy 0.02 1 0.03
Yes 1 (reference) 1 (reference)
No 0.5 (0.2-0.9) 0.4 (0.2-0.9)
PSA-decline >50% 0.36 0.28
Yes 1 (reference) 1 (reference)
No 0.7 (0.4-1.4) 1.5(0.7-2.9)
LDH normalized anytime 0.94 0.09

Yes 1 (reference)

No 0.9 (0.4-2.2)
ALP rising after 12 weeks

No 1 (reference)

Yes 1.6 (0.7-3.6)
ALP elevated at baseline

No 1 (reference)

Yes 0.8 (0.4-1.7)
LDH elevated at baseline

No 1 (reference)

Yes 1.4 (0.7-3.0)

1 (reference)
0.5 (0.2-1.1) (1.1-3.5)

0.22 0.99
1 (reference)
1.0 (0.4-2.3)

0.55 0.92
1 (reference)
1.0(0.5-2.2)

0.35 0.57
1 (reference)

0.8 (0.3-1.9)

MV, multivariate; OS, overall survival; bnCRPC, bone metastatic castration-resistant prostate cancer; PFS, progression-free survival; HR,
hazard ratio; Cl, confidence interval; ALP, alkaline phosphatase; AA, abiraterone acetate; PSA, prostate-specific antigen; LDH, lactate

dehydrogenase.

P=0.02; 0.5 (95% CI: 0.3-0.7); log-rank P<0.01; 0.4 (95%
ClI: 0.2-0.6); P<0.01; 0.5, 0.3-0.8, P<0.01; 2.1 (95% CI:
1.2-3.7); P=0.01; 0.5 (95% CI: 0.3-0.9); P<0.01; 0.6 (95%
CI: 0.4-0.9); P=0.02, 0.3 (95% CI: 0.2-0.5); P<0.01,
respectively]. In the analysis of OS, normal ALP at baseline,
LDH-normalization during treatment, the application of
Enzalutamide before chemotherapy, and ECOG >1 showed
the highest level of significance towards prolonged survival
[HR: 0.4 (95% CI: 0.2-0.6); P<0.01; 0.5 (95% CI: 0.3-0.8);

© Translational Andrology and Urology. All rights reserved.

P<0.01; 0.5 (95% CI: 0.3-0.8); P<0.01, 0.2 (95% CI: 0.1-
0.5); P<0.01].

In MV only the intake of Enzalutamide before
chemotherapy remained a significant prognosticator for
both PFS [HR: 0.5 (95% CI: 0.2-0.9); P=0.02] and OS
[HR: 0.4 (95% CI: 0.2-0.9); P=0.03)]. The results are given
in Table 3. A trend towards prolonged survival was shown
for ALP-bouncing [HR: 0.5 (95% CI: 0.2-1.1); P=0.10]
for PFS and for LDH-normalization [HR: 0.5 (95% CI:
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Table 4 UV analysis of the combined biomarkers for PFS and OS in 20 bmCRPC-patients on Enzalutamide-therapy

PFS oS
Variables
HR (95% CI) P HR (95% Cl) P
ALP-bouncing AND LDH-normalization AND PSA-decline 0.23 (0.1-0.7) 0.01 0.26 (0.1-0.8) 0.02
PSA-decline alone 4.4 (1.4-13.4) 0.01 3.8(1.3-11.5) 0.02

UV, univariate; PFS, progression-free survival; OS, overall survival; bmCRPC, bone metastatic castration-resistant prostate cancer; HR,
hazard ratio; Cl, confidence interval; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; PSA, prostate-specific antigen.
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Figure 5 Relative PSA change at week 12. (A) Patients with ALP-bouncing showed less frequently a PSA-decline and a lower PSA response

compared to the subgroup of patients without ALP-bouncing; (B) patients without ALP-bouncing showed more often a PSA-decline and a

better PSA response. PSA, prostate-specific antigen; ALP, alkaline phosphatase.

0.2-1.1); P=0.09] for OS.

Due to the smaller sample sizes, after separating
the patients into a group with ALP-bouncing, LDH-
normalization and PSA-decline >50% and a group with
PSA-decline >50% alone, only UV was performed. We
saw that the combined markers and their favorable changes
were associated with better survival outcomes (Tuable 4).
Patients with a PSA-decline >50% only had a significant
worse PFS [HR: 4.40 (95% CI: 1.4-13.4); P=0.01] and OS
[HR: 3.8 (95% CI: 1.3-11.5); P=0.02] as compared to the
combination of favorable markers [PFS HR: 0.2; (95% CI:
0.1-0.7); P=0.01, OS HR: 0.3 (95% CI: 0.1-0.8), P=0.02,
respectively].

The relative PSA change is displayed in Figure 5 showing
that patients with ALP-bouncing had less frequently a
PSA-decline and a lower PSA response compared to the
subgroup of patients without ALP-bouncing.

© Translational Andrology and Urology. All rights reserved.

Discussion

Currently, there are few biomarkers available that may help
to prognosticate the outcome under a given therapy in
mCRPC. The interpretation of a single marker in clinical
routine is difficult and rarely done separately from other
factors like ECOG or imaging.

Considering patients with mCRPC, a large proportion
(80-90%) presents with bone metastases (39,40). In these
patients, especially under early treatment during the first
three to 6 months, a “bone-flare” can occur and might lead
to misinterpretation and incorrect classification as PD (41).
This dilemma becomes particularly relevant in oligo- or
asymptomatic patients where clinical factors like pain level
or ECOG cannot be included as additional information (40).

A similar phenomenon can be observed for PSA. PSA is
the most common biomarker used for therapy monitoring
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in mCRPC patients. According to the above mentioned
“bone-flare”, PSA may likewise rise under early therapy
before declining. In our cohort 9 patients (10.1%) showed
this “PSA-flare phenomenon”. In all of these cases PSA
declined after 3 months and was followed by a PR or
SD. The PSA-flare has been described under different
therapies with a duration varying from 3 to 6 months
(18,23-26,42). Since the early rise of PSA might be a sign
of tumor cell death with subsequent circulatory release
of PSA and therefore does not necessarily represent PD,
current guidelines do not recommend to discontinue
treatment based on PSA-information alone (43). On the
contrary, a PSA-decline usually goes along with treatment
success. Therefore, guidelines recommend to determine
the percentage of patients showing a PSA-decline >50%
after 12 weeks of therapy within clinical trials (44). In this
context, another study even showed that a PSA response,
defined as a decline >30%, at a very early stage of treatment
with either Abiraterone or Enzalutamide is strongly
associated with clinical outcome (45). A large cohort of
1,133 patients was evaluated in which a PSA-decline >30%
at week 4 was associated with longer OS. This underlines
that declining PSA values usually indicate treatment
success. Nevertheless, within this analysis, after adjustment
for known prognostic parameters such as ALP, LDH and
neutrophile-to-lymphocyte ratio, a PSA-decline >30%,
at week 4 reduced the incidence of mortality compared to
patients without PSA change but no statistically significant
difference was found for patients with a >25% increase
compared to the group of patients that did not show PSA
changes (45). Even though a PSA-flare was uncommon in
this study, one fact is very noticable; unquestionably a PSA
decline indicates better outcome, but an increase does not
exclude the possibility of a response. For this reason, within
the registration trials for Enzalutamide, PREVAIL and
AFFIRM, treatment discontinuation was discouraged based
on an increase of PSA-level alone (1,2). In everyday practice
with difficulties due to the above mentioned “bone-flare”,
PSA often remains the only information for physicians
to decide whether to stop or to continue the treatment.
Within this scenario our aim was to find possible markers
or parameters that might help to guide treatment.
Alternative biomarkers have been investigated for a
long time. In contrast to PSA, CTCs do not show changes
comparable to a “flare-phenomenon”. Therefore, these
parameters could be ideal markers as surrogate for survival
outcomes (46). CTC counts at baseline and changes under
therapy were shown to be prognostic for survival outcomes (27).

© Translational Andrology and Urology. All rights reserved.
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Recently, a prospective multicentre study showed that rising
CTCs under therapy with Enzalutamide or Abiraterone
were significantly associated with worse PFS and OS (47).
However, the translation of CT'C enumeration into clinical
routine currently remains hard to do due to high costs,
limited sensitivity and absence of easily available assays and is
therefore mainly limited to clinical trials (13,46).

LDH, on the contrary, is a broadly available prognostic
biomarker reflecting higher tumor burden or proliferation
activity and hence aggressiveness of cancer (48) and
when elevated was shown to be associated with a higher
risk of death in prostate cancer patients (49). However,
LDH remains an unspecific biomarker since higher levels
are associated with worse survival outcomes in most
malignancies and for example occur in inflammatory
diseases as well without being able to differentiate between
inflammation or neoplasm (29-31,50). Therefore, taking
into account LDH-values as a single parameter is not
leading straightforward.

ALP, as a more bone-related parameter, seems to have
prognostic potential in bmCRPC patients under therapy
with Docetaxel, Radium-223 or Abiraterone acetate
(16,17,33-35). During the first weeks of therapy, ALP-
bouncing seems to be a promising surrogate for favourable
survival in bmCRPC patients receiving Abiraterone (17).
To our knowledge, the prognostic value of this
phenomenon for patients receiving Enzalutamide has not
been investigated so far. Compared to PSA, with a relevant
amount of flares or insignificant decline, the authors of
the previously mentioned analysis concluded that ALP
provides earlier information on response to therapy than
PSA. For both the PSA-decline >50% and ALP-bouncing
the outcome was very compareable (17). This is in line
with our results. Regarding the differences, other than the
administered treatment, it becomes apparent that ALP-
bouncing occurred more often (40.4% vs. 19.8%) in the
study of Mikah et 4l. A possible reason for this may be the
higher number of patients pretreated with Abiraterone
in our Enzalutamide cohort (74.2%) compared to only
3 patients (3.6%) who received Enzalutamide before
Abiraterone within the other analysis. Further, the group
of patients with ALP-bouncing showed less frequent
PSA-decline in our collective compared to Mikah ez al.
potentially due to the same reason.

As previously described, the most challenging aspect
during therapy of bmCRPC is the measurement of treatment
success. Enzalutamide is often administered in patients
with a lack of symptoms. Since initial “bone-flare” occurs
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in a large proportion of the cases early imaging can be
misleading and should be avoided during the first 3 months
of therapy (40,51). Especially during this time a “PSA-flare”
can be observed in some patients which leads into difficult
decision making harbouring the possibility that the beneficial
drug will be discontinued prematurely (18,23-26,42).
To prevent this, current guidelines recommend avoiding
decision-making based on PSA-rise alone with the risk of
unwillingly missing true disease progression (43).

In our study, we investigated dynamic changes of all
of the three previously described and easily available
biomarkers ALP, LDH and PSA during early Enzalutamide
therapy to bridge the gap of the first 3 months of therapy
with Enzalutamide when PSA and imaging might be
misleading. According to current data and guidelines, our
results show that PSA-decline >50% as a single marker
is a surrogate for longer PFS (43) whereas it does not
improve OS (52). The occurrence of ALP-bouncing
2-8 weeks after initiation of therapy giving the advantage
of earlier information was a prognosticator for better
PES as well. Additionally, normal or normalized values of
LDH were a strong predictor for improved PFS and OS.
However, none of the three parameters was shown to be
an independent predictor for survival outcomes in our
cohort. Therefore, we decided to combine the information
we had by forming a group of patients where all markers
showed favourable dynamics and a group with PSA-decline
>50% alone. Despite these subgroups being relatively
small, the combination of these biomarker changes
relevantly improved the prognostication of outcomes. In
UV, compared to the combination of all three beneficial
biomarkers (PSA-decline, LDH-normalization, and ALP-
bouncing) the sole PSA-decline was associated with worse
PFS and OS. This, of course, is a result of the artificial
formation of two groups within the cohort of patients with
PSA-decline usually being a beneficial marker.

"Translation into clinical routine would appear premature
but, from our perspective, taking ALP and LDH into
consideration before discontinuing therapy in asymptomatic
patients that might show “flare-phenomena” would be
reasonable. This becomes especially true for the subgroup
of patients with a PSA decline only since clinicians would
expect that they respond to Enzalutamide. However, our
data show that patients with a PSA decline alone and no
other beneficial changes of LDH or ALP may be at risk
of worse outcome despite favourable PSA-dynamics. This
can be underlined by our finding that a PSA decline is not
associated with an improved OS.

© Translational Andrology and Urology. All rights reserved.

Unfortunately, our sample size was too small to combine
a group of patients with a PSA-flare and the beneficial
changes of LDH and ALP. Therefore, we could only show
that there is an even better group within a group of patients
with improved survival outcomes. Hence, we can only
assume that the worse survival outcomes for PSA decline
alone underline the possible role of LDH and ALP changes
and that the additional information might help in cases of a
PSA-flare.

Our study is limited due to its deficiencies inherent to
a retrospective review and its relatively small collective.
Furthermore, irregular imaging intervals could be a
potential bias in the recording of PFS. However, eighty-
nine patients are a large amount taking in account that
they were consecutively recruited in a single center. By
separating the patients into subgroups, the group sizes
became relatively small. Therefore, larger prospective trials
are warranted to validate the significance of our findings.

Conclusions

ALP-bouncing and LDH-normalization and the
combination of these markers with PSA may add to identify
bmCRPC patients with favorable prognosis as compared to
PSA-reduction alone during treatment with Enzalutamide.
Favorable changes in each of the three markers and of the
combined markers are associated with improved survival
outcomes.
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