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would help identify patients for whom treatment with checkpoint inhibitors could be effective. Our study aimed to
assess the level of PD-1, PD-L, and CTLA-4 expression on peripheral blood mononuclear cells of patients with
primary prostate cancer and to demonstrate their applicability in clinical practice.

Material and methods. Fifty men with primary prostate cancer were enrolled in the study. The control group
consisted of 20 healthy men. The material for the study was peripheral blood from which mononuclear cells were
isolated by flow cytometry, and the expression of PD-1, CTLA-4, and PD-L1 on them was assessed.

Results. High PD-L1 expression on lymphoid dendritic cells has been demonstrated in patients with prostate
cancer in comparison to the control group (p = 0.015) and high PD-L1 expression has been demonstrated in
the following groups: high risk (p = 0.026), T2/T3 (p = 0.011), and Gleason 7 (p = 0.027). There was no high
PD-1 expression on T lymphocytes among patients with prostate cancer in comparison to the control group, but
positive correlations were found between PD-1 expression on CD3+ T cells and PSA (p = 0.049), risk group
(p = 0.002), and TNM (p = 0.050). Low CTLA-4 expression was found on CD3+ lymphocytes among patients
with prostate cancer in comparison to the control group (p = 0.006).

Conclusions. Several groups of patients with prostate cancer have been identified, showing high PD-L1 and
PD-1 expression on peripheral blood mononuclear cells, and a relationship between PD-1 and PD-L1 expression

and the tumor aggressiveness potential has been demonstrated. This means that the assessment of PD-1 and
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PD-L1 expression can be used as a prognostic and predictive biomarker in prostate cancer.
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Introduction T lymphocytes, they help to maintain a proper balance

between an effective immune response and tolerance to

Checkpoints are part of the so-called immune  autoantigens. Their overexpression may, however, lead

synapse and are negative regulators of the immune  to the lack of activation of T lymphocytes responsible
response. Along with other receptors on the surface of  for anticancer response.
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Reports on the effectiveness of immunotherapy
using checkpoint inhibitors in the treatment of vari-
ous cancers have led to the initiation of studies on the
use of this group of drugs in advanced prostate cancer
[1-6]. The first clinical trials show that only a small
proportion of prostate cancer patients benefit from this
type of treatment [7, 8]. Only among patients with high
microsatellite instability (MSI) with a mismatch repair
deficiency (AMMR), the effectiveness of pembrolizumab
treatment was confirmed, which led to the approval of
this drug by the Food and Drug Administration (FDA)
for the treatment of patients with prostate cancer
[9, 10]. This implies the necessity to find other predictive
biomarkers that would help to easily identify patients
in whom treatment with checkpoint inhibitors could
be effective.

The degree of PD-L1 (programmed death-ligand 1)
expression on cancer and stromal immune cells is a rec-
ognized predictive biomarker that is routinely used in
qualification for anti -PD-1 therapy [11] in some cancers
[12]. It has been proven that the expression of PD-L1 on
tumor cells is a predictive and prognostic marker in renal
cancer, NSCLC (non-small-cell lung carcinoma), and
melanoma [13, 14].

There are also preliminary reports on the useful-
ness of determining the level of PD-1 (programmed
cell death protein 1), PD-L1, and CTLA-4 (cytotoxic
T-lymphocyte-associated protein 4) expression on pe-
ripheral blood T lymphocytes in various cancers [11, 15,
16]. Testing venous blood samples is much less burden-
some for patients and does not involve the need to per-
form a tumor biopsy, which is an invasive procedure and
exposes the patient to possible complications. Finding

Table 1. Division of patients in study group depending on
the Gleason score, cTNM, PSA, and risk group

Variable Number of patients
6 19
Gleason 7 26
>8 5
cTTNOMO 7
¢TNM cT2/3NOMO 26
cTxN1MO0/1 7
<10 18
PSA (ng/mL) 10-20 16
> 20 16
Low 5
Risk group Intermediate 13
High 32

cTNM — clinical classification of malignant tumors; PSA — prostate-specific
antigen

these types of biomarkers in prostate cancer could help
in selecting patients for immunotherapy and avoiding
unnecessary side effects associated with the treatment.
Some of the biomarkers may also be of prognostic value
and facilitate the assessment of the prognosis of patients
with prostate cancer.

The aim of the study was to check whether the level
of some prostate cancer biomarkers: PD-L1, PD1, and
CTLA 4 expression on peripheral blood cells may have
a similar predictive and prognostic significance as the
expression of these biomarkers in tumor tissue.

Material and methods

We examined 50 men (median age 69.1 range
51-89 years) with newly diagnosed, untreated primary
prostate cancer identified on the basis of histopatho-
logical examination of transrectal biopsy sections
performed under transrectal USG (TRUS) control.
The control group consisted of 20 men (median age 68,
range 55-82 years) with no prostate cancer. We acquired
the consent of the bioethics committee to conduct the
research, and we obtained consent from each patient
to participate in the study. The entire population was
enrolled in the PD-1 and PD-L1 expression study. Ex-
pression of CTLA-4 was tested in 22 men with prostate
cancer and 15 men in the control group.

The material for the study was peripheral blood
from which mononuclear cells were isolated and lym-
phocyte subpopulations were extracted using a flow cy-
tometer based on the analysis of surface and intracellu-
lar antigens of cellular differentiation (CD). Then, the
expression of PD-1, CTLA-4, and PD-L1 on individual
cell populations of lymphocytes was assessed. The eval-
uation of checkpoints expression was performed on the
following groups of peripheral blood mononuclear cells:
CD3+, CD3+/4+, CD3+/8+, FoxP3+/25++/4+,
CD45R0O+, CD3+/69+,CD19+, NK (natural killer),
BDCA1+/19+, BDCA2+/123+ (blood dendritic
cells). The correlation between the expression of im-
mune checkpoints and the tumor aggressiveness poten-
tial was also investigated. The aggressiveness of cancer
was assessed on the basis of the Gleason score, TNM
scale, PSA level, and the risk group of biochemical
recurrence (Tab. 1).

The expression of PD-1, CTLA-4, and PD-L1 has
been investigated in two ways. In the first case, it was
determined what percentage of peripheral venous blood
mononuclear cells positively express PD-1, PD-L1, and
CTLA-4. In the second case, the number of cells express-
ing PD-1, PD-L1, and CTLA-4 in 1 ul of venous blood
is given. Individual patients’ blood counts were used to
calculate the number of cells.
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Results

PD-L1 expression on peripheral blood
mononuclear cells

It was found that the expression of PD-L1 on lym-
phoid dendritic cells (BDCA2+/123+) is significantly
higher in patients with prostate cancer than in men from
the control group (p = 0.015) (Fig. 1). Also, the number
of BDCA2+/123+ cells expressing PD-L1 was signifi-
cantly higher in patients with prostate cancer compared
to the control group (p = 0.024) (Tab. 2).

In patients with prostate cancer, a positive correla-
tion was found between PSA level and PD-L1 expres-
sion on BDCA2+/123+ cells (p = 0.020). Patients
in all risk groups of biochemical recurrence showed
higher PD-L1 expression on BDCA2+123+ cells than
patients in the control group. Patients in the clinical
stage of T2/T3 had significantly higher PD-L1 expres-
sion on BDCA2+/123+ compared to the control group
(p = 0.011). Patients in the Gleason 6 and Gleason
7 histological groups showed a higher PD-L1 expression
on BDCA2+/123+ cells than patients in the control
group (p = 0.023, p = 0.027).
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Figure 1. Comparison of PD-L1 expression on BDCA2+123+
dendritic cells in the study and control groups (p = 0.015)

PD-1 expression on peripheral blood mononuclear cells

There was no statistically significant difference
in the level of PD-1 expression on peripheral blood
mononuclear cells between the study group and the
control group. Only in the case of CD19+ lymphocytes
statistically higher expression of PD-1 was found in
the control group (p = 0.003). In the group of patients
with prostate cancer, we found a relationship between
PD-1 expression and the tumor aggressiveness potential.
This is evidenced by the positive correlation between the
expression of the PD-1 receptor on CD3+ T cells and
PSA, risk group, and TNM. In patients with prostate
cancer, a positive correlation was found between PSA
levels and PD-1 expression on CD3+ cells in peripheral
blood (p = 0.049) (Fig. 2). A positive correlation was
also shown between the cTNM stage and PD-1 expres-
sion on CD3+ cells (p = 0.050) (Fig. 3). It has also been
shown that the higher the risk of biochemical recurrence,
the higher the expression of PD-1 on CD3+ (p = 0.030)
and the higher the number of CD3+PD-1+ and
CD3+/4+PD-1+ lymphocytes (p = 0.002 vs. p = 0.040)
(Fig. 4). No statistically significant correlations were
found between the expression of PD-1 on mononuclear
cells and the histological grade on the Gleason scale.

CTLA-4 expression on peripheral blood
mononuclear cells

We have demonstrated that men with prostate can-
cer have a significantly lower expression of CTLA-4 on
CD3+ cells compared to people from the control group
(p = 0.006). Patients in the clinical stage of T2/T3 and
N1/M1 have a significantly lower number of CD3+
(p = 0.007) and CD3+8+ (p = 0.037) cells showing
CTLA-4 expression than patients in the control group.
Patients with histological grade Gleason 6 have a signifi-
cantly lower number of CD3+CTLA4+ cells (p = 0.002)
compared to men from the control group, and patients
with Gleason 8-9 grade have a significantly lower num-
ber of CD3+ (p = 0.037), CD3+/4+ (p = 0.025) and
CD3+/8+ cells (p = 0.025) showing CTLA-4 expression
compared to the control group. A correlation was found

Table 2. PD-L1 expression on peripheral blood dendritic cells in the study and control groups

Parameter Group Mann-Whitney
Prostate cancer Control U test
M Me SD M Me SD z p
%PD-L1 on BDCA-1+/19+ 1.45 1,04 1,31 1,31 0,49 1,74 -1,427 0,153
%PD-L1 on BDCA-2+/123+ 5.23 4,18 5,03 2,35 2,10 1,89 -2,423 0,015*
BDCA1+/19+PD-L1+ 0.45 0,31 0,51 0,49 0,14 0,69 -1,11 0,267
BDCA2+/123+PD-L1+ 0.30 0,21 0,27 0,17 0,11 0,23 -2,263 0,024*
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Figure 2. Relationship between PD-1 expression on CD3+ lymphocytes and PSA level (p = 0.049)
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Figure 3. Relationship between PD-1 expression on CD3+ lymphocytes and cTNM stage (p = 0.050)
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Figure 4. Relationship between the number of CD3+PD-1+ lymphocytes and the risk group of biochemical recurrence (p = 0.002)
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according to which the higher the PSA level, the lower
the expression of CTLA-4 on CD3+ (p = 0.001) and
CD3+/8+ (p = 0.020) cells in the peripheral blood.
Moreover, patients in the high-risk group are character-
ized by significantly lower CTLA-4 expression on CD3+
(p = 0.003) and CD3+/8+ (p = 0.019) cells compared
to the control group.

Discussion
Expression of PD-L1 on antigen presenting cells

Previous studies on PD-L1 expression in prostate
cancer have shown that tumor and antigen presenting
cells (APC) surrounding cells show high PD-L1 expres-
sion [17]. An important group of APCs is dendritic
cells (DCs). High PD-L1 expression on DCs can be
detected both in the tumor environment and in the
peripheral blood. Therefore, the expression of PD-L1
was examined on populations of myeloid dendritic
cells (BDCA1+/19+) and lymphoid dendritic cells
(BDCA2+/123+) in the peripheral blood. To our
knowledge, this is one of the first studies to evaluate
PD-L1 expression on APCs in the peripheral blood in
prostate cancer.

PD-L1 expression on peripheral blood
mononuclear cells

It was found that the expression of PD-L1 on
BDCA2+/123+ is significantly higher in patients
with prostate cancer than in men from the control
group. Also, the number of BDCA2+/123+ cells
expressing PD-L1 was significantly higher in patients
with prostate cancer compared to the control group.
A similar correlation was described by Bishop et al.
[15]. They demonstrated an increased number of DCs
expressing high-level PD-L1 in mCRPC (metastatic
castration-resistant prostate cancer) patients refractory
to treatment with Enzalutamide. High PD-L1 expres-
sion has been found not only in the immune cells sur-
rounding the tumor but also in the peripheral blood
of patients. A similar correlation was also found in
the study of Ness et al. [12]. High PD-L1 expression
was found on tumor stromal immune cells (including
DCs) in 66% of patients with prostate cancer. Also,
the publication by Massari et al., in which the level of
PD-L1 expression on prostate cancer cells and tumor
stromal cells in the material after radical prostatectomy
was assessed, confirms the above observations. PD-1.1
expression was demonstrated in 50% of patients from
the study group, and in 19% of patients, the expression
level was assessed as high [18].

PD-L1 expression on dendritic and tumor cells and
PSA level, Gleason score, TNM scale, and cancer
characteristic

In patients with prostate cancer, a positive correla-
tion was found between PSA level and PD-L1 expres-
sion on BDCA2+/123+ cells. A similar correlation
between the PD-L1 expression and the level of PSA
was also found in the study by Calagua et al. This study
assessed the histopathological material after radical
prostatectomy from 174 patients with prostate cancer.
44 patients received neoadjuvant therapy with abira-
terone acetate, prednisone, and leuprorelin, while the
remaining 130 patients did not receive neoadjuvant
treatment. In the second group, a positive correlation
was found between the amount of PSA and the level of
PD-L1 expression [14]. Opposite results were presented
in the study by Bass et al. They performed immunohis-
tochemistry for PD-1, PD-L1, and CD3 and scored from
0 to 5 on prostatectomy/biopsy tissue samples taken
from 25 men with high-grade prostate cancer. A score of
3 to 5 on the semiquantitative 0 to 5 score was deemed
“high” expression whereas a score of 0 to 2 was deemed
“low” expression. Of the 25 samples, 2 (8%) scored
high for PD-1 expression, 2 (8%) scored high for PD-
L1 expression. They also found no relationship between
PD-L1 expression level and PSA level and other disease
characteristics [19].

We found no linear correlation between PD-L1 ex-
pression and Gleason grade. But we have observed
that patients in the Gleason 6 and Gleason 7 histo-
logical group showed a higher PD-L1 expression on
BDCA2+/123+ cells than patients in the control group.
Moreover, patients with Gleason 7 grade had significant-
ly more BDCA2+/123+ cells with high PD-1 expression
compared to men from the control group. We have also
found that patients in the clinical stage T2/T3 had signifi-
cantly higher PD-L1 expression on BDCA2+/123+ cells
compared to the control group. The positive correlation
between PD-L1 expression and the Gleason score, as
well as the clinical stage, was confirmed in the study by
Haffner et al., which assessed tumor tissue in 539 pa-
tients with primary prostate cancer [20]. They showed
higher PD-L1 expression in patients with higher grade
groups (p = 0.08). Particularly high PD-L1 expression
was found in patients with Gleason 4 and 5.

Patients in all risk groups of biochemical recurrence
showed higher PD-L1 expression on BDCA 2+123+
cells than patients in the control group. The results of our
study correlate with the results of the study by Li et al.,
which included a group of 127 patients with prostate
cancer in the high-risk group after radical prostatectomy
and ADT (androgen deprivation therapy) [17]. In this
study, higher PD-L1 expression was found on cancer and
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stromal cells in high-risk patients. The level of PD-L1
expression was an independent recurrence prognostic
factor after radical prostatectomy. Patients with high
PD-L1 expression had a shorter BCR (biochemical
recurrence)-free survival compared to patients with
low PD-L1 expression (13 vs. 25 months). It was also
found that high PD-L1 expression is associated with
a Worse prognosis.

The results of our study on PD-L1 expression on
BDCA2+123 + cells in the peripheral blood confirm the
observation that in more advanced and malignant can-
cers there is a higher expression of PD-L1 on APCs. This
is consistent with the results of multicenter studies in
large groups of patients in which the expression of
PD-L1 on tumor and stromal cells was assessed. The
KEYNOTE-028 multicenter study evaluated PD-L1 ex-
pression on cancer cells and immune cells. In a group
of 245 men with mCRPC, 14% of patients showed high
PD-L1 expression [21,22]. The KEYNOTE-199 study
included 539 patients with prostate cancer. It was
found that mCRPC patients show significantly higher
PD-L1 expression (31.6%) compared to patients with
primary prostate cancer (7.7%) [20]. In a study by Petit-
prez et al. in a group of 51 patients with prostate cancer
and lymph node metastases, it was found that patients
with > 1% of tumor cells with PD-L1 expression have
shorter metastasis-free survival than patients with ex-
pression < 1% [23]. The same study found that patients
with high PD-L1 expression have a four-fold higher risk
of metastasis than patients with low PD-L1 expression.
Also, Gevensleben et al. showed that mCRPC patients
have high PD-L1 expression [24, 25]. They not only
demonstrated increased PD-L1 expression on stromal
and prostate cancer cells but also proved that high
PD-L1 expression is an independent and negative
prognostic factor for relapse-free survival in patients
undergoing radical prostatectomy.

The correlations shown in our study regarding
PD-L1 expression on peripheral blood DCs in prostate
cancer confirm the observation in other studies that
patients with a more advanced and aggressive form of
cancer show higher PD-L1 expression on tumor cells and
immune cells compared to healthy patients and patients
with less advanced and aggressive cancer [26]. However,
it should be taken into account that, unlike our research,
other studies assessed mostly the expression of check-
points on tumor tissue and not on peripheral blood cells.

Expression of PD-1 on peripheral blood
lymphocytes

There are very few studies that assess PD-1 expres-
sion on peripheral blood lymphocytes in patients with
prostate cancer. Most studies to date on prostate cancer
have evaluated PD-1 expression on cells in the tumor

tissue. However, PD-1 expression in peripheral blood
lymphocytes has already been studied many times in
other cancers. Most of the available publications as-
sessed mainly PD-1 expression in the CD3+, CD8+,
and CD4+ lymphocytes. This is justified because the
above-mentioned lymphocyte populations play a key
role in the destruction of cancer cells. There are sci-
entific reports confirming that CD8+ T cells specific
for cancer tissue and expressing PD-1 can be success-
fully detected in the peripheral blood [12]. This means
that testing the expression of immune checkpoints on
peripheral blood cells makes sense and may be a viable
alternative to testing this expression in cancer tissue. In
our study, there was no statistically significant difference
in the level of PD-1 expression on peripheral blood
lymphocytes between patients with prostate cancer and
healthy men. But in the group of patients with prostate
cancer, we found a correlation between PD-1 expression
and the tumor aggressiveness potential.

PD-1 expression on lymphocytes and PSA, TNM,
and Gleason score

One of the key results of our study is the finding that
the expression of PD-1 on lymphocytes in patients with
prostate cancer positively correlates with the risk group
of biochemical recurrence. The obtained results are anal-
ogous to those published by Ness et al. In 535 patients
undergoing radical prostatectomy, they found that high
density of PD-1(+) lymphocytes is a significant, inde-
pendent, and negative prognostic factor for clinical fail-
ure-free survival (CFFS) [7]. Similarly, Hansen et al. [21]
revealed in their study that high PD-1 expression on T
lymphocytes in the tumor stroma is associated with faster
progression of prostate cancer. Also, Kwek et al. [27]
showed that a higher number of CD4+PD-1+ T cellsin
the peripheral blood is associated with shorter overall
survival (OS) in patients with prostate cancer.

Expression of CTLA-4 on peripheral blood
lymphocytes

In our study, men with prostate cancer have a signifi-
cantly lower expression of CTLA-4 on CD3+ cells com-
pared to people from the control group. This correlation
is in contrast to most of the available publications. This
may be due to the small size of the study group (22 pa-
tients) and the fact that in our own study, CTLA-4 expres-
sion was examined on peripheral blood lymphocytes, and
not in cancer tissue, as was the case in most studies to
date. So far, very few authors have undertaken studies of
CTLA-4 expression on T lymphocytes in prostate cancer.
The assessment of the level of CTLA-4 expression on
peripheral blood lymphocytes in prostate cancer requires
further studies on larger groups of patients.
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Conclusions

We have demonstrated that prostate cancer patients
exhibit high PD-L1 expression on peripheral blood
dendritic cells, which suggests that checkpoint inhibi-
tors may be useful in the treatment of prostate cancer.
Moreover, we identified specific groups of patients
(patients with high PSA levels, patients at high risk of
biochemical recurrence, and patients with high TNM
stage) that show high expression of PD-1 and PD-L1 on
peripheral blood cells and may be potential beneficiaries
of this type of immunotherapy. The positive correla-
tion between the expression of PD-1 and PD-L1 on
mononuclear peripheral blood cells and the cancer
aggressiveness proves that the expression of immune
checkpoints can also be used as a prognostic biomarker
in prostate cancer.

Conflict of interest

There are no competing financial interests in relation
to the work described.

References

1. Schweizer MT, Drake CG. Immunotherapy for prostate cancer: recent
developments and future challenges. Cancer Metastasis Rev. 2014;
33(2-3): 641-655, doi: 10.1007/s10555-013-9479-8, indexed in Pub-
med: 24477411,

2. Barach YS, Lee JS, Zang X. T cell coinhibition in prostate cancer:
new immune evasion pathways and emerging therapeutics. Trends
Mol Med. 2011; 17(1): 47-55, doi: 10.1016/j.molmed.2010.09.006,
indexed in Pubmed: 20971039.

3. Alberti C. Prostate cancer immunotherapy, particularly in combina-
tion with androgen deprivation or radiation treatment. Customized
pharmacogenomic approaches to overcome immunotherapy
cancer resistance. G Chir. 2017; 37(5): 225-235, doi: 10.11138/gc-
hir/2016.37.5.225, indexed in Pubmed: 28098061.

4.  Beer TM, Kwon ED, Drake CG, et al. Randomized, Double-Blind, Phase
Il Trial of Ipilimumab Versus Placebo in Asymptomatic or Minimally
Symptomatic Patients With Metastatic Chemotherapy-Naive Castra-
tion-Resistant Prostate Cancer. J Clin Oncol. 2017; 35(1): 40-47, doi:
10.1200/JC0.2016.69.1584, indexed in Pubmed: 28034081.

5. Sfanos KS, Bruno TC, Meeker AK, et al. Human prostate-infiltrating
CD8+ T lymphocytes are oligoclonal and PD-1+. Prostate. 2009; 69(15):
1694-1703, doi: 10.1002/pros.21020, indexed in Pubmed: 19670224.

6. Kwon E, Drake C, Scher H, et al. Ipilimumab versus placebo after
radiotherapy in patients with metastatic castration-resistant prostate
cancer that had progressed after docetaxel chemotherapy (CA184-
043): amulticentre, randomised, double-blind, phase 3 trial. The Lancet
Oncology. 2014; 15(7): 700-712, doi: 10.1016/s1470-2045(14)70189-5.

7. Ness N, Andersen S, Khanehkenari MR, et al. The prognostic role of
immune checkpoint markers programmed cell death protein 1 (PD-
1) and programmed death ligand 1 (PD-L1) in a large, multicenter
prostate cancer cohort. Oncotarget. 2017; 8(16): 26789-26801, doi:
10.18632/oncotarget. 15817, indexed in Pubmed: 28460462.

8. Brahmer JR, Drake CG, Wollner |, et al. Phase | study of single-agent
anti-programmed death-1 (MDX-1106) in refractory solid tumors: safety,
clinical activity, pharmacodynamics, and immunologic correlates.
J Clin Oncol. 2010; 28(19): 3167-3175, doi: 10.1200/JC0.2009.26.7609,
indexed in Pubmed: 20516446.

9. Tucker MD, Zhu J, Marin D, et al. Pembrolizumab in men with heavily
treated metastatic castrate-resistant prostate cancer. Cancer Med.

12.

20.

21.

22.

23.

24.

25.

26.

27.

2019; 8(10): 4644-4655, doi: 10.1002/cam4.2375, indexed in Pub-
med: 31270961.

Antonarakis ES, Piulats JM, Gross-Goupil M, et al. Pembrolizumab
for Treatment-Refractory Metastatic Castration-Resistant Prostate
Cancer: Multicohort, Open-Label Phase Il KEYNOTE-199 Study. J Clin
Oncol. 2020; 38(5): 395-405, doi: 10.1200/JC0O.19.01638, indexed in
Pubmed: 31774688.

. Patel SR, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in

Cancer Immunotherapy. Mol Cancer Ther. 2015; 14(4): 847-856, doi:
10.1158/1535-7163.MCT-14-0983, indexed in Pubmed: 25695955.
Kim KH, Kim CG, Shin EC. Peripheral blood immune cell-based bio-
markers in anti-PD-1/PD-L1 therapy. Immune Netw. 2020; 20(1): e8,
doi: 10.4110/in.2020.20.€8, indexed in Pubmed: 32158596.
Isaacsson Velho P, Antonarakis ES. PD-1/PD-L1 pathway inhibitors in
advanced prostate cancer. Expert Rev Clin Pharmacol. 2018; 11(5):
475-486, doi: 10.1080/17512433.2018.1464388, indexed in Pubmed:
29641940.

Calagua C, Russo J, Sun Y, et al. Expression of PD-L1 in Hormone-naive
and Treated Prostate Cancer Patients Receiving Neoadjuvant
Abiraterone Acetate plus Prednisone and Leuprolide. Clin Cancer
Res. 2017; 23(22): 6812-6822, doi: 10.1158/1078-0432.CCR-17-0807,
indexed in Pubmed: 28893901.

Bishop JL, Sio A, Angeles A, et al. PD-L1 is highly expressed in Enzalut-
amide resistant prostate cancer. Oncotarget. 2015; 6(1): 234-242, doi:
10.18632/oncotarget.2703, indexed in Pubmed: 25428917.
Santegoets SJ, Stam AGM, Lougheed SM, et al. T cell profiling reveals
high CD4+CTLA-4 + T cell frequency as dominant predictor for
survival after prostate GVAX/ipilimumab treatment. Cancer Immunol
Immunother. 2013; 62(2): 245-256, doi: 10.1007/s00262-012-1330-5,
indexed in Pubmed: 22878899.

LiH, Wang Z, Zhang Y, et al. The Immune Checkpoint Regulator PDL1
is an Independent Prognostic Biomarker for Biochemical Recurrence
in Prostate Cancer Patients Following Adjuvant Hormonal Therapy.
J Cancer. 2019; 10(14): 3102-3111, doi: 10.7150/jca.30384, indexed
in Pubmed: 31289580.

Massari F, Ciccarese C, Calid A, et al. Magnitude of PD-1, PD-L1
and T Lymphocyte Expression on Tissue from Castration-Resistant
Prostate Adenocarcinoma: An Exploratory Analysis. Target Oncol.
2016; 11(3): 345-351, doi: 10.1007/s11523-015-0396-3, indexed in
Pubmed: 26566945.

Baas W, Gershburg S, Dynda D, et al. Immune Characterization of
the Programmed Death Receptor Pathway in High Risk Prostate Can-
cer. Clin Genitourin Cancer. 2017; 15(5): 577-581, doi: 10.1016/j.
clgc.2017.04.002, indexed in Pubmed: 28461179.

Haffner MC, Guner G, Taheri D, et al. Comprehensive Evaluation of
Programmed Death-Ligand 1 Expression in Primary and Metastatic
Prostate Cancer. Am J Pathol. 2018; 188(6): 1478-1485, doi: 10.1016/j.
ajpath.2018.02.014, indexed in Pubmed: 29577933.

Hansen A, Massard C, Ott PA, et al. Pembrolizumab for patients with
advanced prostate adenocarcinoma: Preliminary results from the
KEYNOTE-028 study. Ann Oncol. 2016; 27: vi247, doi: 10.1093/an-
nonc/mdw372.09.

Fay AP, Antonarakis ES. Blocking the PD-1/PD-L1 axis in advanced
prostate cancer: are we moving in the right direction? Ann Transl
Med. 2019; 7(Suppl 1): S7, doi: 10.21037/atm.2019.01.37, indexed
in Pubmed: 31032288.

Petitprez F, Fossati N, Vano Y, et al. PD-L1 Expression and CD8 T-cell
Infiltrate are Associated with Clinical Progression in Patients with
Node-positive Prostate Cancer. Eur Urol Focus. 2019; 5(2): 192-196,
doi: 10.1016/j.euf.2017.05.013, indexed in Pubmed: 28753812.
Gevensleben H, Dietrich D, Golletz C, et al. The Immune Checkpoint
Regulator PD-L1 Is Highly Expressed in Aggressive Primary Prostate
Cancer. Clin Cancer Res. 2016; 22(8): 1969-1977, doi: 10.1158/1078-
0432.CCR-15-2042, indexed in Pubmed: 26573597.

Baxevanis CN, Fortis SP Perez SA. Prostate cancer: any room left
for immunotherapies? Immunotherapy. 2019; 11(2): 69-74, doi:
10.2217/imt-2018-0159, indexed in Pubmed: 30727800.

Thompson RH, Dong H, Kwon ED. Implications of B7-H1 expression
in clear cell carcinoma of the kidney for prognostication and therapy.
Clin Cancer Res. 2007; 13(2 Pt 2): 709s-715s, doi: 10.1158/1078-0432.
CCR-06-1868, indexed in Pubmed: 17255298.

Kwek SS, Lewis J, Zhang Li, et al. Preexisting Levels of CD4 T Cells
Expressing PD-1 Are Related to Overall Survival in Prostate Cancer
Patients Treated with Ipilimumab. Cancer Immunol Res. 2015; 3(9):
1008-1016, doi: 10.1158/2326-6066.CIR-14-0227, indexed in Pubmed:
25968455.

225


http://dx.doi.org/10.1007/s10555-013-9479-8
https://www.ncbi.nlm.nih.gov/pubmed/24477411
http://dx.doi.org/10.1016/j.molmed.2010.09.006
https://www.ncbi.nlm.nih.gov/pubmed/20971039
http://dx.doi.org/10.11138/gchir/2016.37.5.225
http://dx.doi.org/10.11138/gchir/2016.37.5.225
https://www.ncbi.nlm.nih.gov/pubmed/28098061
http://dx.doi.org/10.1200/JCO.2016.69.1584
https://www.ncbi.nlm.nih.gov/pubmed/28034081
http://dx.doi.org/10.1002/pros.21020
https://www.ncbi.nlm.nih.gov/pubmed/19670224
http://dx.doi.org/10.1016/s1470-2045(14)70189-5
http://dx.doi.org/10.18632/oncotarget.15817
https://www.ncbi.nlm.nih.gov/pubmed/28460462
http://dx.doi.org/10.1200/JCO.2009.26.7609
https://www.ncbi.nlm.nih.gov/pubmed/20516446
http://dx.doi.org/10.1002/cam4.2375
https://www.ncbi.nlm.nih.gov/pubmed/31270961
http://dx.doi.org/10.1200/JCO.19.01638
https://www.ncbi.nlm.nih.gov/pubmed/31774688
http://dx.doi.org/10.1158/1535-7163.MCT-14-0983
https://www.ncbi.nlm.nih.gov/pubmed/25695955
http://dx.doi.org/10.4110/in.2020.20.e8
https://www.ncbi.nlm.nih.gov/pubmed/32158596
http://dx.doi.org/10.1080/17512433.2018.1464388
https://www.ncbi.nlm.nih.gov/pubmed/29641940
http://dx.doi.org/10.1158/1078-0432.CCR-17-0807
https://www.ncbi.nlm.nih.gov/pubmed/28893901
http://dx.doi.org/10.18632/oncotarget.2703
https://www.ncbi.nlm.nih.gov/pubmed/25428917
http://dx.doi.org/10.1007/s00262-012-1330-5
https://www.ncbi.nlm.nih.gov/pubmed/22878899
http://dx.doi.org/10.7150/jca.30384
https://www.ncbi.nlm.nih.gov/pubmed/31289580
http://dx.doi.org/10.1007/s11523-015-0396-3
https://www.ncbi.nlm.nih.gov/pubmed/26566945
http://dx.doi.org/10.1016/j.clgc.2017.04.002
http://dx.doi.org/10.1016/j.clgc.2017.04.002
https://www.ncbi.nlm.nih.gov/pubmed/28461179
http://dx.doi.org/%2010.1016/j.ajpath.2018.02.014
http://dx.doi.org/%2010.1016/j.ajpath.2018.02.014
https://www.ncbi.nlm.nih.gov/pubmed/29577933
http://dx.doi.org/10.1093/annonc/mdw372.09
http://dx.doi.org/10.1093/annonc/mdw372.09
http://dx.doi.org/10.21037/atm.2019.01.37
https://www.ncbi.nlm.nih.gov/pubmed/31032288
http://dx.doi.org/10.1016/j.euf.2017.05.013
https://www.ncbi.nlm.nih.gov/pubmed/28753812
http://dx.doi.org/10.1158/1078-0432.CCR-15-2042
http://dx.doi.org/10.1158/1078-0432.CCR-15-2042
https://www.ncbi.nlm.nih.gov/pubmed/26573597
http://dx.doi.org/10.2217/imt-2018-0159
https://www.ncbi.nlm.nih.gov/pubmed/30727800
http://dx.doi.org/10.1158/1078-0432.CCR-06-1868
http://dx.doi.org/10.1158/1078-0432.CCR-06-1868
https://www.ncbi.nlm.nih.gov/pubmed/17255298
http://dx.doi.org/10.1158/2326-6066.CIR-14-0227
https://www.ncbi.nlm.nih.gov/pubmed/25968455

