
JBUON 2018; 23(6): 1796-1802
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com

ORIGINAL ARTICLE

Correspondence to: Igor Richter, MD, PhD. Department of Oncology, Regional Hospital Liberec, Husova 10, 460 63, Liberec, 
Czech Republic.
Tel: +420 777 599 847, +420 485312267, Fax: +420 485312027, E-mail: igor.richter@seznam.cz
Received: 15/03/2018; Accepted: 20/04/2018

 The expression of PD-L1 in patients with castrate prostate 
cancer treated with enzalutamide
Igor Richter1,2, Tomas Jirasek3, Ivana Havlickova3, Radmila Curcikova3, Vladimír Samal4, 
Josef Dvorak2, Jirí Bartos1

1Department of Oncology, Regional Hospital Liberec, Liberec, Czech Republic; 2Department of Oncology, Thomayer Hospital 
Prague and First Faculty of Medicine, Charles University, Prague, Czech Republic; 3Department of Pathology, Regional Hospital 
Liberec, Liberec, Czech Republic; 4Department of Urology, Regional Hospital Liberec, Liberec, Czech Republic

Summary

Purpose: The purpose of our retrospectively study was to 
evaluate the PD-L1 expression in patients with metastatic 
castration-resistant prostate cancer (mCRPC) treated with 
enzalutamide.

Methods: A total of 33 patients with mCRPC were treated 
with enzalutamide. All patients were previously treated by 
one or two lines of chemotherapy. Enzalutamide was admin-
istered in the standard dose (160 mg orally once daily as 
four 40 mg capsules). No corticosteroids were concomitantly 
administered. PD-L1 expression was determined semiquan-
titavely by immunohistochemistry.

Results: Enzalutamide was well tolerated with predomi-
nantly G1-2 toxicity. G3-4 anaemia was found in 6 patients 
and G3-4 thrombocytopenia in 2 patients. One patient had 

cerebral hemorrhage. The median progression free survival 
(PFS) was 7.0 months (95% CI 6.1-7.9). The median overall 
survival (OS) was 8.4 months (95% CI: 5.1-11.7). The shorter 
OS was noted in the subgroup of patients with decreasing 
hemoglobin levels during enzalutamide treatment with haz-
ard ratio (HR) 0.155 (95% CI 0.053-0.449) and in patients 
with Gleason score 8-10 with HR 0.334 (95% CI 0.12-0.927) 
according to the regression analysis. All tissue samples were 
scored as negative in the detection of PD-L1.

Conclusions: The expression of PD-L1 in prostate cancer 
cells as potential new predictive biomarker was not con-
firmed. Further studies are needed to clarify this topic.
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Introduction

 Prostate cancer is the most common malignant 
neoplasm in men worldwide and second cause of 
cancer related death. Initially, prostate cancer is 
sensitive to androgen deprivation therapy (ADT), 
but later progresses to castration-resistant prostate 
cancer (CRPC). Since its approval in 2004, docetax-
el was the only agent until 2010 that had proven 
survival benefit in metastatic CRPC (mCRPC) [1,2]. 
Some studies demonstrated that CRPC had per-
sistent androgen receptor (AR) signaling despite 
castrate levels of serum androgens, indicating that 
many tumors in this state remain sensitive to fur-

ther targeting this pathway [3-5]. Enzalutamide 
(MDV3100) is a second-generation antiandrogen 
with a significant increase in affinity for AR. Enza-
lutamid prevents nuclear translocation and coac-
tivator recruitment of the ligand-receptor complex 
[6,7]. Enzalutamide belongs to androgen receptor 
targeting agents (ARTA). The AFFIRM study was 
an international randomized double-blind phase III 
trial that evaluated enzalutamide compared with 
to placebo in patients with mCRPC in the post-
docetaxel setting. The primary endpoint was over-
all survival (OS). The median OS was 18.4 months 
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(95% CI 17.3 to not yet reached) in the enzaluta-
mide group versus 13.6 months (95% CI 11.3-15.8) 
in the placebo group (HR 0.63, 95% CI 0.53-0.75, 
p<0.001) [8]. 
 Strategies to improve the clinical outcomes 
that should be evaluated in future clinical trials 
include incorporation of more active agents. A very 
examined topic in oncology is immunotherapy, 
which is used in various types of tumors such as 
melanoma, non-small cell lung cancer (NSCLC), 
renal cell cancer and others [9-11]. The immune 
checkpoint inhibitors are becoming mainstream 
in systemic cancer treatment. Programmed cell 
death-1 (PD-1) and its ligand (PD-L1) belong to one 
type of immune-inhibitory checkpoint molecules 
that suppress T cell-mediated immune response, 
leading to the development of tumors [12]. PD-1 
(CD279) is a cell surface receptor that belongs to 
the immunoglobulin superfamily and also a mem-
ber of the extended CD28/CTLA-4 family. PD-1 is 
mainly expressed by activated T cells [13,14]. PD-
L1 (B7-H1, CD274) has been identified as cell-sur-
face glycoprotein belonging to the B7 family [15]. 
PD-L1 is mainly expressed on the surface of tumor 
cells and antigen-presenting cells in various solid 
malignancies [16-20]. PD-1/PD-L1 pathway plays a 
prominent role in immune regulation by delivering 
inhibitory signals to maintain the balance in T-cell 
activation, tolerance and immune-mediated tissue 
damage. The PD-L1 expression has been associated 
with improved clinical outcome in some types of 
tumors. Clinical trials demonstrated that monoclo-
nal antibodies which target PD-1 or PD-L1 enhance 
T cell functions, leading to impressive outcomes 
in patients with melanoma, renal cell carcinoma, 
NSCLC and bladder cancer [21-23]. Phase I data 
from men with mCRPC suggest that PD-1 blockade 
is less effective in prostate cancer than in other 
tumor types [24].
 The expression of PD-L1 in prostate cancer 
cells and its prognostic or predictive significance 
is unclear. The aim of our study was to evaluate 
our first clinical experience in patients with mCRPC 
treated by enzalutamide and to detect the PD-L1 
expression in prostate cancer cells.

Methods

Patients

 Between November 2015 and June 2017 a total of 
33 patients with mCRPC have been treated with enzalu-
tamide in our hospital. Their median age was 71 years 
(range 55-83). All patients had ECOG performance status 
0-2. The patient demographic data are shown in Table 
1. All the patients were previously treated with one or 
two lines of chemotherapy, receiving docetaxel in the 

first line of mCRPC. Enzalutamide was administered in 
the standard dose (160 mg orally once daily in four 40 
mg capsules). No corticosteroids were concomitantly 
administered. The median pretreatment hemoglobin 
concentration was 128.5 g/l (range 91-160), the median 
pretreatment leukocytes concentration was 6.5×109/l 
(range 3.7-20.5), the median pretreatment platelet con-
centration was 202×109/l (range 67-575). The median of 
PSA concentration before starting enzalutamide therapy 
was 105 µg/l (range 2.2-above 5000). The objective tu-
mor response was defined by the Response Evaluation 
Criteria in Solid Tumors (RECIST), version 1.1. 

Immunohistochemical assessment of PD-L1 expression 

 Archival tissue blocks of 24 patients with primary 
prostate carcinoma were selected for further studies. 
Nine patients were not evaluated because of specimen 
unavailability. Neoplastic tissue was obtained by needle 
punction in 22 patients and in 3 of them tissue blocks 
obtained by radical prostatectomy were also available. In 
the remaining 2 patients punction blocks were not pre-
sent and specimens were obtained by radical prostatec-
tomy (one patient) and transurethral resection (one pa-
tient). Paraffin-embedded tissue samples were obtained 
from the archive of the departments of Pathology in the 
Regional Hospital Liberec, Hospital Česká Lípa, Hospi-
tal Mladá Boleslav, Plzen Hospital Laboratory. Tissue of 
human tonsill palatina and squamous cell carcinoma of 
head & neck region were used as positive controls. All 
bioptic specimens were fixed in buffered formalin and 
embedded in paraffin. Five µm thin sections were stained 
with haematoxylin and eosin. Histologic grading was as-
sessed from available specimens independently by three 

Characteristics Patients, n=33 
n (%)

Age

Median (range), years 71 (55-83)

≥75 8 (24.2)

Disease location 

Bone 29 (87.9)

Lymph nodes 7 (21.2)

Visceral 4 (12.1)

No. of previous cytotoxic chemotherapy

1 33 (100)

2 10 (30.3)

ECOG performance status

0 or 1 30 (90.9)

2 3 (9.1)

PSA

Median (range), ng/ml 116 (4.5-5000)

Gleason score

≤7 21 (63.6)

8-10 12 (36.4)

Table 1. Characteristics of patients treated with enzalu-
tamide 
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experienced pathologists (T.J., I.H. and R.C.). For immu-
nohistochemical purposes the sections were placed on 
poly-D-lysine-coated glass slides. Rabbit monoclonal 
antibody recognizing PD-L1, clone 28-8 (Abcam, Cam-
bridge, UK) was diluted 1:400. A standard immunohisto-
chemical procedure was applied to all specimens using 
Ventana BenchMark XT autostainer following antibody 
data-sheet recommended procedure. Pre-treatment with 
cell conditioning solution (CC1) and OptiView detec-
tion system with 3,3-diaminobenzidine purchased from 
Roche, Prague, Czech Republic) were used to visualize 
the immunohistochemical reactions. Immunostaining 
results were semiquantitatively evaluated by three of 
the authors (T.J., I.H. and R.C.) in the whole tissue sec-
tions in specimens as follows: 0: no positive staining; 1: 
up to 1% positive cells; 2: 1-10% positive cells; 3: 10-50% 
positive cells. The evaluation was performed using mul-
tihead microscope (Olympus, Prague, Czech Republic); 
consensus on Gleason score grading was achieved view-
ing slides in the same multiheaded microscope in few 
controversial cases as well.

Statistics

 The statistical evaluation was performed by using 
the Number Cruncher Statistical Systems 9 NCSS pro-
gram (Kaysville, Utah, USA). Overall survival (OS) = time 
from starting enzalutamide till death or the date of the 
last patient visit (censored data). Progression-free sur-
vival (PFS) = time from starting enzalutamide to disease 
progression or the last control of a patient without pro-
gression (censored data). The OS and DFS were assessed 
using Kaplan-Meier analysis with log rank test. Multi-
variate analysis was performed using the Cox regression 
method. Statistical significance was set at p<0.05.

Results 

 The enzalutamide therapy was well tolerated. 
One patient had grade IV cerebral hemorrhage. The 
most common type of grade I-II non-hematological 
toxicity was fatigue, nausea and epistaxis. Grade 
I-II anaemia was found in 3 patients and grade III-
IV in 6 patients. Grade I-II leukopenia was found in 
3 cases. Grade III-IV thrombocytopenia was noted 
in 2 patients (Table 2). The median of hemoglobin 
nadir was 121.5g/l (range 67-160), of leukocytes 
nadir was 5.6×109/l (range 3.2-17.7), and of platelet 
nadir was 184×109/l (range 32-371).
 At the time of assessment (30 Nov 2017), 24 
patients had disease progression. The median of 
PFS was 7.0 months (95% CI 6.1-7.9) (Figure 1). A 
total of 18 patients died. The median of OS was 8.4 
months (95 % CI: 5.1-11.7) (Figure 2). The proportion 
of patients with decline of PSA >50% was 63.6%. 
 The shorter OS was described in a subgroup of 
patients with decrease of hemoglobin concentration 
during the enzalutamide treatment with HR 0.155 
(95% CI 0.053-0.449) and in patients with Glea-
son score 8-10 with HR 0.334 (95% CI 0.12-0.927)

Events Grade I-II
n (%)

Grade III-IV
n (%) 

Anemia 3 (9.1) 6 (18.2)

Thrombocytopenia 0 (0) 2 (6.1)

Leukocytopenia 3 (9.1) 0 (0)

Fatigue 6 (18.2) 0 (0)

Nausea 3 (9.1) 0 (0)

Liver function tests abnormalities 1 (3) 0 (0)

Cerebral hemorrhage 0 (0) 1 (3)

Epistaxis 3 (9.1) 0 (0)

Diarrhea 1 (3) 0 (0)

Constipation 1 (3) 0 (0)

Anorexia 2 (6.1) 0 (0)

Spastic muscle contraction 0 (0) 0 (0)

Table 2. Toxicity of enzalutamide treatment

Figure 1. Progression-free survival (PFS): The median of 
PFS was 7.0 months (95% CI 6.1-7.9).

Figure 2. Overall survival (OS): The median of OS was 8.4 
months (95 % CI: 5.1-11.7).

Time to death / last visit
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according to multivariate regression analysis. 
Age, pretreatment concentration of PSA, duration 
of previously hormonal treatment, and the num-
ber of chemotherapy lines were not demonstrated 
to have significant prognostic influence on OS
(Table 3). 
 All tissue samples were scored as negative in 
immunodetection of PD-L1. Focal strong staining 
was observed in <1% of neoplastic cells (negative 
result) in one patient with transurethral resection 
(Figure 3). Focal positive staining for PD-L1 was 
also present in <1% of neoplastic cells (negative 
result) in prostatic intraepithelial neoplasia (PIN, 
Figure 4) tissue in the resection specimen in one 
patient. Invasive neoplasia was however complete-
ly PD-L1-negative. Focal PD-L1 staining was also 
present in non-neoplastic prostatic glands (<1%) 
in the patient with resection specimen only, while 
neoplastic tissue was completely negative in this 
case (Figure 5).

Discussion 

 Our retrospective study demonstrated our first 
experience with enzalutamide in the post-docetaxel 
setting in patients with mCRPC. Enzalutamide was 
very well tolerated with only one case of grade 
III-IV non-hematological toxicity. One patient with 
cardiac comorbidities had a cerebral hemorrhage. 
It is difficult to determine the direct influence of 
enzalutamide to this adverse event. The enzaluta-
mide treatment is associated with the possibility 
of the seizures. In the AFFIRM study seizures were 
described in 5 of the 800 patients (0.96%) treated 
with enzalutamide while no seizures were reported 
in the placebo group [8]. The PREVAIL trial, that 
evaluated enzalutamide in patients with mCRPC 
before previous chemotherapy, seizures were de-
scribed in one case [25]. We did not demonstrated 
seizures in our study. The most common type of 
non-hematological toxicity was fatigue, which 
could be also related with progression of disease. 
The median OS was 8.4 months which is less than 
in the AFFIRM study. The first reason could be 
the shorter time of observation in our retrospec-
tive study (7.6 months). The second reason for the 
lower median OS in our study could be that fewer 
patients participated in the following systemic 
treatment after enzalutamide (21.7%) compared 
with 42% in the AFFIRM study. The time to PSA 
progression in the AFFIRM study was 8.3 months, 
and the median radiographic PFS was 8.3 months. 
In our study the median PFS was 7.0 months. In 
Cox regression analysis we demonstrated the nega-
tive prognostic influence on OS in subgroups of 
patients with decreasing hemoglobin concentra-

Figure 3. Focal strong staining was observed in <1% of 
neoplastic cells (negative results). Original magnification 
200×.

Figure 4. Focal positive staining for PD-L1 in <1% of 
neoplastic cells (negative result) in concomitantly present 
prostatic intraepithelial neoplasia. Original magnification 
200×.

Figure 5. Focal PD-L1 expression in non-neoplastic pro-
static cells (<1%), while neoplastic tissue was completely 
negative in this case. Original magnification 200×.
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tion during the enzalutamide treatment and with 
Gleason score 8-10. 
 Currently we do not have any predictive fac-
tors for ARTA therapy in clinical practice. In their 
study, Antonakis et al. demonstrated that detection 
of androgen-receptor splice variant 7 messenger 
RNA (AR-V7) in circulating tumor cells from men 
with advanced prostate cancer was associated with 
resistance to ARTA therapy. The patients with de-
tectable AR-V7 had lower PSA response, shorter PSA 
progression-free survival, shorter radiographic and 
clinical progression-free survival and shorter OS 
[26]. On the other hand, a recently published study 
demonstrated that the expression of AR-V7 in cir-
culating tumor cells does not preclude response to 
ARTA therapy in patients with CRPC [27]. In the 
Czech Republic the AR-V7 detection in prostate can-
cer cells is not recommended in clinical practice [28].
 The new potential predictive factor in patients 
with mCRPC which could be studied is the expres-
sion of PD-1 or PD-L1 in prostate cancer cells. The 
expression of PD-1/PD-L1 in prostate cancer is 
unclear [24,29]. Martin et al. reported that human 
prostate cancer cell lines PC3 and DU145 consti-
tutively express PD-L1. In 20 whole-mount human 
primary prostate cancer samples, 3 were found 
positive in PD-L1 staining, which represents 15% 
of the cases. The PD-L1 positivity was defined as 
5% of cells with membrane staining [30]. In our 
study we did not demonstrate the expression of 
PD-L1 in primary prostate cancer cells. We chose 
the cutoff PD-L1 expression according to the KEY-
NOTE-012 trial with positivity of at least 1% of 
tumor cells [31]. We discussed the possibility of 
laboratory error in the determination of PD-L1 
expression and we performed the assessment of 
PD-L1 expression in squamous cell carcinoma of 
head and neck, where the expression of PD-L1 was 
described approximately in 50% of cases [32]. In 
these cells, strong (3+) expression of PD-L1 was 
demonstrated (Figure 6). We determined the PD-L1 
expression using immunohistochemical methods. 
This type of detection of PD-L1 expression has a 
limitation because of its subjectivity and unclear 

definition of positive tumor PD-L1 staining [33,34]. 
Immunostaining results in our study were evalu-
ated independently by three experienced histo-
pathologists who were not familiar with the treat-
ment results of patients. The possible problem of 
the examination of PD-L1 in biopsies is the focal 
analysis of the tumor, while the major parts of tu-
mor cells could remain without examination. PD-
L1 expression has two patterns, focal expression 
and diffuse expression. Even from the same sample, 
biopsy may result in a bias due to the focal nature 
of PD-L1 expression in many tumors [35]. 
 The other unknown question is whether pa-
tients with enzalutamide-resistant CRPC may have 
highly expressed PD-L1 in the prostate cancer cells. 
Bishop et al. in their study demonstrated for the 
first time that enzalutamide resistance is associ-
ated with high frequency of PD-L1 expression, not 
only in the tumor, but in circulating immune cells 
as well [36]. The problem is the fact, that not all 
patients who respond to PD-1 or PD-L1 therapies 
exhibit tumor expression of PD-L1, and that only 
a very small sample of CRPC tumors have been 
assessed for PD-L1 expression as we mentioned 
above [29]. The result is that the use of PD-1/L1 
blockade is even more difficult for CRPC patients. 
Preliminary findings from a phase 1b study with 
pembrolizumab in heavily pretreated PD-L1 posi-
tive advanced prostate cancer patients reported an 
ORR of 13%, with a median duration response of 59 
weeks and stable disease in 39% of the enrolled pa-
tients [37]. A phase II study which evaluated pem-
brolizumab in combination with enzalutamide in 
mCRPC patients upon progression on enzalutamide 
alone showed PSA decline of ≥ 50% in 20% of the 
patients and some of them remained progression-
free for up to 60 weeks [38]. Patients with progres-
sion after enzalutamide were treated with pem-
brolizumab, which was added to standard dose of 
enzalutamide. Three of the first 10 patients enrolled 
in this phase II trial experienced rapid PSA reduc-
tions to ≤ 0.2 ng/ml. Two of these 3 patients had 
baseline tumor biopsies. Immunohistochemistry 
from these biopsies showed PD-L1 expression [39].

Factors HR (95% CI) p value

Hemoglobin nadir (≤128.5 vs. >128.5 g/l) 0.155 (0.053 - 0.449) 0.021

Gleason score (≤7 vs. 8 - 10) 0.334 (0.120 - 0.927) 0.037

Pretreatment PSA (≤ 105vs. >106 ng/ml) 0.449 (0.128 - 1.568) 0.798

Duration of hormonal treatment (≤12 vs >12 months) 0.721 (0.271 - 1.547) 0.825

No. of chemotherapy lines (1 vs. 2 lines) 0.682 (0.197 - 2.363) 0.813

Age (≤75 vs. >75 years) 0.683 (0.189 - 2.469) 0.819

Table 3. Brief presentation of regression analysis of factors influencing overall survival
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Conclusions

 This restrospective study presented our first 
experience with enzalutamide in patients with 
mCRPC in the postdocetaxel setting. The treat-
ment was effective and very well tolerated. We 
did not detect the expression of PD-L1 in pros-

tate cancer cells as potential new predictive bio-
marker. Further studies are needed to clarify this
topic.
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