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Increased tumor vascularization is associated
with the amount of immune competent PD-1
positive cells in testicular germ cell tumors
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Abstract. Testicular germ cell cancer in a metastatic state
is curable with a cisplatin-based first line chemotherapy.
However, 10-15% of these patients are resistant to first line
chemotherapy and are thus left with only palliative options.
Immunotherapies and inhibition of angiogenesis used in
multiple types of cancer; however, the molecular context of
angiogenesis and immune checkpoints in the development and
progression of testicular cancers is still unknown. Therefore,
the present study performed tissue micro array based analysis
of 84 patients with immunohistochemistry of programmed
cell death protein 1 (PD-1), programmed cell death ligand 1
(PD-L1) and vascular endothelial growth factor receptor 2
(VEGFR?2) of testicular cancer and corresponding normal
appearing testis tissue, matching the results with clinical
data. The results demonstrated that PD-L1 was significantly
upregulated in testicular tumors and that PD-1 positive cells
significantly infiltrated the testicular tumor when compared
with normal testicular tissue. VEGFR2 was significantly
upregulated in testicular cancer. It was indicated that PD-1
expressing cytotoxic cells may require pathologic tumor
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vessels to pass the blood-testis-barrier in order to migrate into
the tumor. Notably, when matching the clinical data for PD-1,
PD-L1 and VEGFR2 there were no differences in expression
in the different International Germ Cell Cancer Collaborative
Group stages of non-seminoma. These data suggested that
the anti-PD-1/PD-L1 immunotherapy and the anti-angiogenic
therapy, sequentially or in combination, may be a promising
option in the treatment of testicular cancer.

Introduction

Testicular germ cell cancer in a metastatic state is curable with
a cisplatin-based first line chemotherapy (1). It is assumed
that the fast response upon chemotherapy is mediated by
apoptosis (2). Notwithstanding 10-15% of the patients are
refractory to first line chemotherapy and are hereby left with
palliative options (3,4). The high toxicity of the cisplatin-based
first line chemotherapy and the presence of non-responders
with potentially lethal clinical courses show the need of
alternative treatment strategies. Immunotherapies apply their
antitumor effect through mechanisms apart from standard
cytotoxic agents. The adaptive immune system has a number of
mechanisms to detect and eliminate cells with foreign antigens
and has shown to be important for tumor supressive activity.
Cancer cells can escape this immune response through active
interference with the antigen-antibody recognition system (5).
Programmed death receptor ligand 1 (PD-L1) is expressed on
various cancers and has been reported to play an important role
in mediating and promoting immunosuppression (6). The inter-
action between PD-L1 and programmed cell death protein 1
(PD-1), which is expressed on immune cells including T-cells
attenuates lymphocytes activation and impairs anti-cancer
T-cell immune reaction (7). PD-1 and PD-L1 Inhibitors are
already used as treatment of different cancers like melanoma,
lung cancer, kidney or bladder cancer (8-11). In some cancers
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the level of PD-L1 expression is important for the response of
the checkpoint inhibitor (12,13).

An essential hallmark of cancer growth and metastasis is
marked pathologic angiogenesis (14). The deficient, hypoxic
tumor vasculature can also create an abnormal microenviron-
ment, which alters the proliferation, function and differentiation
of immune cells (15,16).

Vascular endothelial growth factor (VEGF) is the most
important angiogenic stimulation factor. Vascular endothelial
growth factor receptor 2 (VEGFR2) mediates vascular endo-
thelial growth. Several Studies have reported an important role
of VEGFR2 expression in the pathogenesis and progression of
testicular cancer (17,18).

Still tyrosin kinase inhibitors (TKIs) with VEGFR?2 as
specific target (sunitinib, carbozantinib) have not been investi-
gated clinically in TGCT patients.

The association between PD-L1 expression and clinical
outcomes to vascular endothelial growth-factor targeted
therapies have been evaluated in metastatic clear cell renal
cell carcinoma (19). The aim of our study was to get first
evidence for the potential molecular context of angiogenesis
and immune checkpoints in the development and progression
of testicular cancers. Therefore, we performed a tissue micro
array based analysis with immunohistochemistry of PD-1,
PD-L1 and VEGFR2 of testicular cancer and corresponding
normal appearing testis tissue.

Materials and methods

Patient selection and clinico-pathologic analysis.
Orchiectomy specimens of 84 testicular cancer patients
(41 seminoma patients and 43 non-seminoma patients) from
the Goethe University Hospital Frankfurt, Germany from 2002
to 2011 were evaluated. Following histological subtypes were
seen: Seminoma, teratocarcinoma, mature teratoma, immature
teratoma, embryonal carcinoma, chorion carcinoma, yolk sac
carcinoma. All patients provided written informed consent for
the use of their tissues, and the study was approved by the ethics
committee of the Goethe University, Frankfurt/Main, Germany.
All patients revealed adequate clinical follow up data.

The International Germ Cell Cancer Collaborative
Group (IGCCCG) defined a prognostic factor-based staging
system for metastatic testis tumors based on identifica-
tion of clinically independent adverse factors. This staging
system has been incorporated into the TNM Classification
and uses histology, location of the primary tumor, location
of metastases and pre-chemotherapy marker levels in serum
samples as prognostic factors to categorise patients into
‘good’, ‘intermediate’ or ‘poor’ prognosis [(20,21)EAU]. All
patients with metastatic disease were grouped in one of these
categories.

Tissue microarray (TMA). All tissue samples were retrieved
from orchiectomy specimens, fixed in 10% buffered formalin
and embedded in paraffin at time of surgery. For TMA
construction H&E-stained slides of human testicular germ cell
tumors (TGCTs) were reviewed by a certified pathologist. The
most representative areas of each tumor sample and assigned
corresponding biopsies of the unaffected sites of the orchi-
ectomy specimens were marked. Cores (3 mm in diameter)

9853

were punched out from the chosen areas of the formalin-fixed
paraffin-embedded (FFPE) blocks. The samples were assem-
bled in the array. The TMA location number was linked to the
database including the clinico-pathologic data.

Immunohistochemistry. An automated immunostainer
(Ventana, Strasbourg, France) using standard protocols was
used for immunohistochemical stainings. Briefly, 4 ym thick
slides were heated to 100°C, incubated with Inhibitor D
(Ventana) and then incubated with the primary antibody
[PD-LI: Cell Signaling rabbit monoclonal antibody (no. 13684;
Cell Signaling Technology, Inc., Leiden, Netherlands); PD-1:
Abcam mouse monoclonal antibody (no. ab52587; Abcam
Cambridge, UK)]. VEGFR2 (no. 55B11): Cell Signaling rabbit
monoclonal antibody (no. 2479S; Cell Signaling Technology,
Inc.)]. The secondary antibody solution was incubated after
rinsing, followed by sequential incubation with Blocker D
(Ventana) and SA-HRP D (Ventana). Visualization was
accomplished using DAB D (diaminobenzidine) and DAB
H,0, D (Ventana). Finally, the slides were counterstained with
Hemalaun and mounted. The detailed immunohistochemical
staining procedure was described previously (22).

Staining quality and specificity were assured using
established protocols and antibodies (23-30), negative
controls prior to staining as well as on-slide positive controls
on each tissue micro array slide (Fig. 1). We used tonsil material
oneverysingletissuemicroarrayasapositivecontrolasdescribed
in literature before (31-38).

Of note, not every core of the TMA was evaluable for each
protein due to technical reasons, resulting in variations of
numbers of the analyzed tissue specimens. This fact can be
considered a possible limitation of the study.

Scoring. The stained TMAs were evaluated with an Olympus
BX50 light microscope. For semi-quantitative evaluation
of PD-L1 immunohistochemistry, a multi-score of staining
frequency and intensity was applied. Staining frequency was
assessed as follows: 0, 0-1%; 1, 1-10%; 2, 10-25%; 3, 25-50%;
and 4, >50%. The staining intensity was rated as follows: 0,
no staining; 1, weak; 2, moderate; and 3, strong. This scoring
system was described previously (39). PD-1 immunohisto-
chemistry tissue micro array cores were evaluated if PD-1
positive infiltrating cells were present in the tumor (=1) or not
(=0). VEGFR2 expression was categorized into the following
expression intensities: 0, no staining; 1, weak; 2, moderate; and
3, strong.

Statistical analysis. The semi-quantitative scores were
assigned as ordinal scale response variable and analyzed
together with nominal variables (tissue/tumor type).
Non-parametric Wilcoxon test was used for statistical analyses
regarding histology scores. Chi-square test was performed
analyzing contingency tables. Significance level of 0=0.05 was
selected for all tests. Statistical analysis was performed using
JMP 11.0.0 software (SAS Institute, Inc., Cary, NC, USA).

Results

PD-L1 is significantly upregulated in testicular tumor and
PD-1 positive cells significantly infiltrate the testicular tumor
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compared to normal testicular tissue. We did not detect PD-1
expression on cells morphologically identifiable as tumor cells
in any of the tumor samples or in the normal testicular tissue
(Fig. 2A-C).

Of note, the PD-1 positive infiltrating cells both in semi-
noma (Fig. 2B) and non-seminoma (Fig. 2C) show a higher
count than in normal testicular tissue. Here we could not detect
PD-1 positive infiltrates (Fig. 2A).

Immunohistochemical analyses for PD-L1 revealed
that the checkpoint protein was mainly detected within
the parenchyma of the tumor of seminomas (Fig. 2E) and
non-seminomas (Fig. 1F) in comparison to the normal tissue
(Fig. 2D).

These findings were confirmed by statistical analysis. We
found general significant differences in PD-L1-expression
between normal tissue vs. tumor (Fig. 3B) with P<0.0001 and
also in PD-1 positive infiltrative cells in the neoplastic testis
(Fig. 3A) with P=0.018. Seminoma and non-seminoma both
show on separate analysis to the normal tissue significant
expression of PD-L1 (Fig. 4C and D) and significant amount
of PD-1 positive infiltrating cells (Fig. 4A and B).

On comparison of seminoma vs. non seminoma there is
no significant difference of infiltration of PD-1 positive infil-
trating cells (Fig. 5A) and PD-L1 expression (Fig. 5B).

VEGFR?2 is significantly upregulated in testicular tumor.
In general, staining scores were significantly higher for
VEGFR2 in the tumor tissue (Fig. 3C) in comparison
to the normal testis (P=0.002). Here we see a distinct
loco-regional pattern with higher scores in areas with a
higher vessel density. But on a separate immunohistochem-
ical analysis only non-seminoma (Fig. 2I) show a higher
expression in comparison to normal tissue (Fig. 3G) with
P=0.02 (Fig. 4F). VEGFR2 expression in seminoma (Fig. 2H)
compared to normal tissue is not significantly different
(Fig. 4E). Whereas non-seminoma has a significantly higher
expression of VEGFR2 compared to seminoma (Fig. 5C).

PD-1, PD-LI and VEGFR?2 show no difference in expression
in IGCCCG stages of non-seminoma. The IGCCCG defines
a prognostic factor-based staging system for metastatic testis
tumour based on identification of some clinical independent
adverse factors (EAU).

In our analysis only non-seminoma patients with known
IGCCG stage were included. Here we have patient distribution
in all 3 stages (good, intermediate and poor). When comparing
the level of tumor expression of PD-L1 (Fig. 6A) and VEGFR2
(Fig. 6B) and the PD-1 positive infiltrate cells (Fig. 6C) in
regards of these three clinical stages there is no significant
difference, respectively.

In IGCCCG of seminoma there is only good and interme-
diate prognosis per se. But in our case we have only seminoma
patients with known IGCCG good prognosis. Thus no further
statistical evaluation was possible.

Discussion
In our study we investigated the expression profiles of PD-L1,

PD-1 and VEGFR?2 in different types of testicular cancer
and normal appearing testis tissue to gain a first insight into
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Figure 1. Assurance of staining quality and specificity.

(A) PD1l-immunohistochemistry of normal appearing testicular tissue without
primary antibody as a negative control. (B) PDIl-immunohistochemistry
of a tonsil as a positive control. Tonsil material was on every single tissue
micro array as a positive control. (C) PD-L1-immunohistochemistry of
normal appearing testicular tissue without primary antibody as a nega-
tive control. (D) PD-L1-immunohistochemistry of a tonsil as a positive
control. Tonsil material was on every single tissue micro array as a posi-
tive control. (E) VEGFR2-immunohistochemistry of normal appearing
testicular tissue without primary antibody as a negative control.
(F) VEGFR2-immunohistochemistry of a tonsil as a positive control showing
positive endothelial staining. Tonsil material was on every single tissue micro
array as a positive control. Scale bars=100 ym. PD-1, programmed cell death
protein 1; PD-LI, programmed cell death ligand 1; VEGFR2, vascular endo-
thelial growth factor receptor 2.

a potential in vivo correlation of tumor immune-checkpoint
status and angiogenesis.

In the last decade multiple approaches were undertaken in
order to team up with the immune system in the fight against
cancer. Excitement was great upon the introduction of e.g.,
vaccines or monoclonal antibodies.

In a great number of recent studies immune checkpoint
inhibitors seem to be promising options in urogenital malig-
nancies in different therapeutic settings and stages (8,9,40).
Immune checkpoints like PD-L1 are pivotal to prevent
autoimmunity. Through a complex system of excitatory and
inhibitory signals, circulating PD-1-receptor carrying immune
cells, like activated CD4+ T cells, CD8+ T cells, natural killer
cells, monocytes and B cells, can be activated or inhibited (41).
With this mechanism malignant cells can be immunologically
identified. But multiple tumors express immune checkpoints
to escape lethal immune cell attacks. From an immunologic
point of view it is known that the testis tissue has a naturally
suppressed immune response (42) and is considered a privi-
leged site (43). It can tolerate autoantigens from developing
germ cells. The immunologic homeostasis involves multiple
mechanisms such as physiological anatomical structure,
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Figure 2. Immunohistochemistry of PD-1, PD-L1 and VEGFR2 in human testicular cancer. (A) PD-1-immunohistochemistry of normal appearing
testicular tissue. (B) PD-1-immunohistochemistry of a classical seminoma. (C) PD-l-immunohistochemistry of an embryonal testicular carci-
noma. (D) PD-Ll-immunohistochemistry of normal appearing testicular tissue. (E) PD-Ll-immunohistochemistry of a classical seminoma.
(F) PD-L1-immunohistochemistry of an embryonal testicular carcinoma. (G) VEGFR2-immunohistochemistry of normal appearing testicular tissue.
(H) VEGFR2-immunohistochemistry of a classical seminoma. (I) VEGFR2-immunohistochemistry of an embryonal testicular carcinoma. Scale bars=50 ym.
PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; VEGFR?2, vascular endothelial growth factor receptor 2.
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Figure 3. Statistical analysis of immunohistochemical staining of tumor vs. normal tissues. (A) Contingency table of the presence of PD-1-immunopositive
infiltrating cells (O=no, I=yes) of normal appearing testicular tissue (n=15; no, 14/93.3%; yes, 1/6.67%) and testicular cancer (n=45; no, 27/60%; yes, 18/40%)
P=0.0162. (B) Histogram of PD-L1 expression score of normal appearing testicular tissue (n=17; min: 0; max: 3; mean: 0) and testicular cancer (n=46; min, O;
max, 6; mean, 2.5), P<0.001. (C) Histogram of VEGFR2 expression score of normal appearing testicular tissue (n=14; min, 0; max, 3; mean, 1) and testicular
cancer (n=67; min, 0; max, 3; mean, 2), P=0.002. PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; VEGFR2, vascular endo-
thelial growth factor receptor 2; N, normal testicular tissues; T, testicular cancer tissues.
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Figure 4. Statistical analysis of immunohistochemical staining of tumor vs. normal tissues grouped in Seminoma and Non-Seminoma. (A) Contingency
table of the presence of PD-1-immunopositive infiltrating cells (O=no, I=yes) in seminoma of normal appearing testicular tissue (n=4; no, 4/100%; yes, /0%)
and testicular cancer (n=23; no, 15/65.2%; yes, 8/34.8%) P=0.160. (B) Contingency table of the presence of PD-1-immunopositive infiltrating cells (0, no;
1, yes) in non-seminoma of normal appearing testicular tissue (n=11; no, 10/90.9%; yes, 1/9.1%) and testicular cancer (n=22; no, 12/54.5%; yes, 10/45.5%)
P=0.037. (C) Histogram of the PD-L1 expression score of normal appearing testicular tissue of patients with seminomas (n=9; min: 0; max: 1; mean: 0) and
seminoma tissue (n=25; min, 0; max, 6; mean, 3), P=0.002. (D) Histogram of the PD-LI expression score of normal appearing testicular tissue of patients
with non-seminomas (n=8; min, 0; max, 3; mean, 0) and non-seminoma tissue (n=21, min, 0; max, 6; mean, 2), P=0.008. (E) Histogram of the PD-1 expression
score of normal appearing testicular tissue of patients with seminomas (n=8; min, 1; max, 2; mean, 1) and seminoma tissue (n=35; min, 0; max, 3; mean, 2),
P=0.051. (F) Histogram of the PD-1 expression score of normal appearing testicular tissue of patients with non-seminomas (n=6; min, 0; max, 3; mean, 1.5)
and non-seminoma tissue (n=32; min, 1; max, 3; mean, 3), P=0.002. PD-1, programmed cell death protein 1; PD-LI, programmed cell death ligand 1; VEGFR2,

vascular endothelial growth factor receptor 2; N, normal testicular tissues; T, testicular cancer tissues.

systemic immune tolerance, and active local immunosuppres-
sion (44.,45). Cheng et al discuss that PD-1/PD-L1 contribute
to the immune response of the testis (42), which is conflicting
to the findings of multiple studies (25,46) including ours with
little or no PD-L1 expression in normal testicular tissue as
mentioned above.

In our study we see that PD-L1 is significantly upregu-
lated in testicular cancer in comparison to the normal tissue.
The phenomenon of elevated PD-L1 expression in testicular
germ cell cancer has been described before (25,46). Contrary
to the findings of Cierna et al (25) we see no significant
difference in the PD-L1 expression of seminoma and
non-seminoma.

The percentage values of Fankhauser et al may also imply
a not statistical difference of PD-L1 expression between semi-
noma and non-seminomatous tumors (46).

The comparison of seminoma and non-seminomatous
(Non-seminomatous germ cell tumors, NSGCT) tumors is
complicated. The NSGCTs are a very heterogeneous group
containing chorioncarcinoma, yolk sac tumors, embryonal
carcinoma and teratoma. Separate positive PD-L1 expression
analysis showed values between 13% (teratoma) and 80%
(chorioncarcinoma) (46).

In general the direct comparison of studies is especially
difficult because of inconsistent scoring and divergent used
antibodies.

Studies of other genitourinary cancers have shown that the
PD-L1 expression status may correlate with the therapeutic
response and outcome of PD-L1 and PD-1 immunotherapy (47).
This may also be the case in testicular cancer. But as mentioned
above a standardized scoring system is needed in order to
answer this question.
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Figure 5. Statistical analysis of immunohistochemical staining of Seminoma vs. Non-Seminoma. (A) Contingency table of the presence of PD-1-immunopositive
infiltrating cells (0, no; 1, yes) of seminoma (n=23; no, 15/65.2%; yes, 8/34.8%) and non-seminoma (n=22; no, 12/54.5%; yes, 10/45.5%) P=0.465. (B) Histogram
of the PD-L1 expression score of seminomas (n=25; min, 0; max, 6; mean, 3) and non-seminomas (n=21; min, 0; max, 6; mean, 2), P=0.507. (C) Histogram of
the VEGFR2 expression score of seminomas (n=35; min, 0; max, 3; mean, 2) and non-seminomas (n=32; min: 1; max: 3; mean: 3), P=0.041. PD-1, programmed
cell death protein 1; PD-L1, programmed cell death ligand 1; VEGFR2, vascular endothelial growth factor receptor 2.

Another important pillar of the physiologic immune
(suppressing) testicular system is the Blood-Testis-Barrier
(BTB). The BTB can provide an adequate microenvironment
for spermatogenesis, by effectively preventing immunological
component in the blood from entering the seminiferous
tubules and by sequestering the autoantigenic germ cell from
access to the immune system (44). In case of malignant lesions
this barrier will be destroyed. Pathologic vessels run through
the neoplasm.

Previous studies suggested that VEGF and its recep-
tors VEGFR have an important role in the development and
progression of TCGT (48). Adam et al described increased
expression of VEGF and VEGFR?2 in patients with TGCT
especially in non-seminoma (49). Nitzsche et al showed that
blocking VEGFR2 with the antiangiogenic compound HP-14
inhibited growth of platinum sensible and -resistant TGCT
cells and suppressed tumor angiogenesis (18).

In line with these results sunitinib, an orally applicable
VEGFR?2 inhibitor has been evaluated in a phase II study in
platinum refractory advanced germ cell tumor patients (50). We
also see that VEGFR?2 is significantly upregulated in testicular
tumor as compared to normal tissue. But in the separate tumor
analysis VEGFR2 shows a higher expression in non-seminoma
tumor than in seminoma. Jones et al have shown that non-semi-
nomatous tumours have a higher microvesicular density and
higher expression of VEGF (51). Nevertheless it is known that
seminomatous tumors, with their homogeneous sections, are
crisscrossed with tiny unnatural venule like tumor vessels (52).

Our findings imply that immune cells are able to infiltrate
the usually immune-privileged testicular tissue because of the
vascular structural alteration resulting from malignant trans-
formation. The damaged BTB cannot maintain the immune
suppressive environment.

We see a significant infiltration of PD-1 positive immune
cells in both subtypes of testicular tumor compared to normal
tissue with no significant difference between the two types
of tumor. The presence of PD-1 presenting tumor infiltrating
lymphocytes (TILs) may have strong prognostic and predic-
tive features in different types of tumors (53-56). Contrary
to our findings, a recent study showed more PD-1 expressing
TILs in seminoma (87%) vs. non-seminoma (42,9%) in direct
comparison (6). In the case of seminoma a study of Sakai ez al
described TIL recruitment into tumor tissue through aforemen-
tioned tiny venule like tumor vessels (52). Chovanec et al stated
that PD-1 expressing TILs did neither have prognostic value
nor a correlation with clinico-pathologic characteristics (24).
Interestingly, same has been shown in brain metastases, which
also grow in an immune-privileged micromillieu (23).

We also see no significant difference in PD-1 expressing
TILs in the different clinical IGCCCCG stages (Fig. 6A, B).

A major limitation of the study is the retrospective nature
and the absence of extragonadal tumor or metastatic tumor
tissue, which behavior during treatment finally defines the
success of therapy and the clinical result. Despite of these
facts the findings of the study should be regarded as hypothesis
generating.
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Figure 6. Statistical analysis of immunohistochemical staining of the biomarkers in dependence of IGCCCG stage. (A) Contingency table of the presence of
PD-1-immunopositive infiltrating cells (O=no, I=yes) in the non-seminoma of different IGCCCG stages (stage 1: n=16; no, 10/62.5%; yes, 6/37.5%; stage 2:
n=2; no, 0/0%; yes, 2/100%; stage 3: n=2; no, 0/0%; yes, 2/100%) P=0.82. (B) Histogram of the PD-L1 expression score of IGCCCG good prognosis (stage 1:
n=13; min, 0; max, 6; mean, 3), IGCCCG intermediate prognosis (stage 2: n=3; min, 2; max, 4; mean, 2) and IGCCCG poor prognosis (stage 3: n=2; min,
2; max, 3; mean, 2.5) P=0.968. (C) Histogram of VEGFR2 expression score of IGCCCG good prognosis (1: n=22, min: 1; max: 3; mean: 3), IGCCCG
intermediate prognosis (stage 2: n=4; min, 1; max, 3; mean, 2) and IGCCCG poor prognosis (stage 3: n=2; min, 2; max, 3; mean, 2.5) P=0.248. IGCCCG,
International Germ Cell Cancer Collaborative Group; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; VEGFR2, vascular

endothelial growth factor receptor 2.

Our investigation shows the presence of potential PD-1
expressing cytotoxic immune cells in the tumor microenviron-
ment, hypothetically migrated through a pathologic vascular
system with an impaired BTB. The morbid tumor vascularity
usually creates a more immune suppressive microenvironment
in different types of cancer (57-59). But in testicular cancer,
with an already physiologic suppressed immunologic microen-
vironment, there is a paradox effect with an influx of immune
competent cells.

However these cells cannot exert their antitumor and cyto-
toxic effects because they are exposed to inhibition through
the PD-L1 immune escape of the tumor. Neither of these
loco-regional molecular findings of VEGFR?2 expression,
PD-L1 expression nor PD-1 expressing TILs seem to correlate
with clinico-pathologic characteristics in our patient cohort
(Fig. 6A-C).

Our data suggests that both the anti- PD-1/ PD-L1
immunotherapy and the anti-angiogenic therapy might be a
promising option in the treatment of testicular cancer. It needs
to be addressed, after further evaluation of PD-1, PDL-1 and
VEGFR2 function in testicular cancer, whether these treat-
ment options could be possibly administered individually,

sequentially or in combination. In this matter evaluation of
the effect of knocking down or elevating the expression of
PD-1 on vascularization e.g., in an animal model would be
decisive.

It seems feasible that PD-1 expressing cytotoxic cells
need tumor vessels in order to migrate into the tumor. Here
an anti-angiogenic treatment might obstruct the path into
the tumor for the immune competent cells and thus diminish
the effect of the PD-L1/PD-1 inhibition. But an alternative
hypothesis states that anti-angiogenic agents can also tran-
siently ‘normalize’ the abnormal structure and function of
tumor vasculature to make it more efficient for oxygen and
(Anti-PD-L1/PD-1) drug delivery.

Clinical efficiency of the mentioned treatment modali-
ties and the importance of PD-L1- expression and /or PD-1
expressing TILs need further investigation in clinical trials.
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