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ABSTRACT

Platinum-based chemotherapy is usually curative for patients with testicular germ cell tumors (TGCT), but a
subset of patients experience disease progression and poor clinical outcomes. Here, we tested whether
immune profiling of TGCT could identify novel prognostic markers and therapeutic targets for this patient
cohort. We obtained primary and metastatic TGCT samples from one center. We performed immune
profiling using multiplexed fluorescence immunohistochemistry (FIHC) for T-cell subsets and immune
checkpoints, and targeted gene expression profiling (Nanostring nCounter Immune panel). Publically
available data sets were used to validate primary sample analyses. Nearly all samples had some degree of
T-cell infiltration and immune checkpoint expression. Seminomas were associated with increased CD3™ T-
cell infiltration, decreased Regulatory T-cells, increased PD-L1, and increased PD-1/PD-L1 spatial
interaction compared with non-seminomas using FIHC. Gene expression profiling confirmed these
findings and also demonstrated increased expression of T-cell markers (e.g., IFNy, and LAG3) and cancer/
testis antigens (e.g., PRAME) in seminomas, whereas non-seminomas demonstrated high neutrophil and
macrophage gene signatures. Irrespective of histology, advanced TGCT stage was associated with
decreased T-cell and NK-cell signatures, while Treg, neutrophil, mast cell and macrophage signatures
increased with advanced stage. Importantly, cancer/testis antigen, neutrophil, and CD8*/regulatory T-cell
signatures correlated with recurrence free survival. Thus, deep immune characterization of TGCT using IHC
and gene expression profiling identified activated T-cell infiltration which correlated with seminoma
histology and good prognosis. These results may provide a rationale for testing of anti-PD-1/PD-L1 agents
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and suggest prognostic markers.

Introduction

Testicular germ cell tumors (TGCT) represent one of the most
common cancers affecting adolescent men and are broadly
defined as either seminomas or non-seminomas.’ Both histo-
logical subtypes are exquisitely sensitive to platinum-based
chemotherapies, and the majority of these patients are cured
by either surgery alone or combination approaches with
chemotherapies. While frequently curative, chemotherapy is
associated with increased risk of infertility and secondary
cancers.” Furthermore, a sub-group of patients present with
high risk disease, which may display primary resistance, or
patients may experience disease progression after chemother-
apy. Treatment options for these therapy resistant patients are
generally associated with cure rates <50%, necessitating the
development of novel therapies and predictors of prognosis.’
The interaction between programmed cell death-1/ligand-1
(PD-1/PD-L1) suppresses antitumor immunity in the tumor

microenvironment. Agents blocking this pathway have pro-
duced remarkable activity in many cancer types by unleashing
repressed immune responses.’ Despite the success of PD-1
agents, responses remain quite heterogeneous between patients,
and validated biomarkers and prognostic factors remain
elusive. Candidate biomarkers have largely focused on identify-
ing pre-existing immune recognition and exhaustion mediated
by PD-1/PD-L1, as well as various tumor intrinsic factors.
These include PD-L1 expression, cytokine production, infiltrat-
ing immune cells and tumor mutational burden.”'' Recent
evidence suggested that evidence of T-cell activation is present
in TGCT, particularly in seminomas.'”

Several features make further immune profiling of TGCT
particularly intriguing. First, the testes are classically considered
a site of immune privilege evading normal systemic immune
surveillance. Interestingly, immune infiltrates have been
described in both normal testicular tissue and in all stages of
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TGCT development (particularly in seminomas).">'* Second,
PD-1 and PD-L1 may play a role in modulating testes-specific
immune responses.'” Third, cancer/testis antigens (CTAs) are
immunogenic molecules restricted to numerous tumor types
but also normal male testicular germ cells.'® These CTAs are
also highly expressed in TGCT, and are more frequent in semi-
nomas compared with non-seminomas.'”'®

Although the presence of immune cell infiltrates in TGCT
has been described, the immune landscape of this disease is not
well defined. Further, differences between primary and meta-
static tumors, effects of cytotoxic chemotherapy, and histologic
subtypes are not well characterized. In addition, the activity of
anti-PD-1 agents in seminomas and non-seminomas is essen-
tially unknown.

In this paper, we present evidence for a vigorous immune
infiltrate in TGCT with histologic and prognostic correlations.
Using a combination of multiplexed fluorescence immunohis-
tochemistry and gene expression profiling technologies on pri-
mary and metastatic TGCT in a single center cohort, we
describe the immune infiltrate, PD-1/PD-L1 interaction, gene
signatures for specific immune populations, and expression of
cancer testis (CT) antigens. Moreover, we observed a correla-
tion between immune features and patient outcomes, suggest-
ing possible prognostic implications of such immune profiling.

Methods
Patients

Following IRB-approval for this study, we retrospectively iden-
tified all patients with a diagnosis of TGCT seen at Vanderbilt
University Medical Center since 2005 (Tables S1 and S2). All
patients with seminoma and non-seminoma histology were eli-
gible. Of 35 TGCT samples, 11 were seminoma (31%) and 24
non-seminoma (69%); 12 were stage I, 9 stage II, and 14 stage
III. All patients who developed metastatic disease or refractory
disease following platinum-based chemotherapy with archival
samples were included. Many patients received chemotherapy
but some patients had only a resected primary tumor without
disease recurrence or need for systemic therapy. We collected
baseline demographics, risk factors (serum tumor markers, dis-
ease stage), systemic therapies, recurrences, and survival.

Multiplexed fluorescence immunohistochemistry

Formalin fixed, paraffin embedded (FFPE) samples were
obtained from existing tissue banks. We performed multiplexed
fluorescence immunohistochemistry (FIHC) combined with
automated quantitative analysis (AQUA; Genoptix, Inc.)" to
assess PD-1, PD-L1, CD3, CD4, CD8, CD25, and FOXP3.
FFPE sections were dewaxed and rehydrated through a series
of xylene to alcohol washes before incubating in distilled water.
FIHC staining was then performed after heat-induced antigen
retrieval followed by cooling and Tris-buffer treatment. Follow-
ing primary antibodies were used: 0.5 pg/mL mouse anti-PD1
(NAT105, Biocare), 3.6 pg/mL rabbit anti-PD-L1 (E1L3N, Cell
Signaling Technology), rabbit anti-CD3 (EP41, 1:200, Biocare
Medical), mouse anti-CD4 (4B12, 1:50, DAKO), mouse anti-
CD8 (C8/144B, 1:400, DAKO), rabbit anti-FOXP3 (D2WSE,

1:200, Cell Signaling Technology), rabbit anti-CD25 (SP176,
1:200, Novus). Following secondary antibodies were used: anti-
mouse Envision HRP (DAKO), anti-rabbit Envision HRP
(DAKO) plus 4',6-diamidino-2-phenylindole (DAPI). Following
reagents were used to detect secondary antibodies: TSA+Cy3.5
(Perkin Elmer), TSA-Cy5 (Perkin Elmer), TSA-AlexaFluor488
(Life Technologies), TSA-Cy3, and TSA-AlexaFluor488.

FIHC image analysis

Fluorescence images were acquired using the Vectra 2 Intelli-
gent Slide Analysis System using the Vectra software version
2.0.8 (Perkin Elmer). First, monochrome imaging of the slide at
4x magnification using DAPI was conducted. An automated
algorithm (developed using inForm software) was used to iden-
tify areas of the slide containing tissue. The areas of the slide
identified as containing tissue were imaged at 4x magnification
for channels associated with DAPI, FITC, and Cy5 to create
RGB images. These 4x magnification images were processed
using an automated enrichment algorithm (developed using
inForm) to identify 20x fields of view according to the highest
Cy5 expression. The top 40 fields of view were imaged at 20x
magnification across DAPI, FITC, Texas Red, and Cy5 wave-
lengths. Raw images were reviewed for acceptability, and
images that were out of focus, lacked any tumor cells, were
highly necrotic, or contained high levels of fluorescence signal
not associated with expected antibody localization (i.e., back-
ground staining) were rejected before analysis. Accepted images
were processed using AQUAduct (Perkin Elmer), wherein each
fluorophore was spectrally unmixed into individual channels
and saved as a separate file. These files were analyzed using
AQUAnalysis™ software. DAPI was used to generate a binary
mask of all viable cells in the image. Similarly, the PD-1, PD-
L1, CD3, CD4, CD8, CD25, and FoxP3 expression was used in
conjunction with the DAPI to create binary masks of all cells
expressing these biomarkers of interest respectively. Addition-
ally, the binary mask of CD4™ or CD8" was further combined
with the CD3 mask to limit the analysis to T cells. The total
area of CD4 or CD8 cells, measured in pixels, was divided by
the total area of the CD3™ cells, measured in pixels, to deter-
mine the percent of T cells that were CD4™ or CD8™, respec-
tively. In a similar manner, the binary masks for CD25 and
FoxP3 were combined to identify the T cells that were double
positive for both biomarkers in conjunction with CD3. The
total area of the CD25"FoxP3™ cells was divided by the total
area of the CD3 positive cells to determine the percent of
CD25%FoxP3™ cells in the sample. The PD-1/PD-L1 interac-
tion score was calculated by measuring the total area of PD-1
positive cells within the proximity of PD-L1 positive cells. This
area was then divided by the total area of all nucleated cells in
the image and multiplied by a factor of 10,000.

Gene expression analysis

RNA was extracted from banked FFPE slides from 29 patients
with testicular germ cell tumors using the RNeasy FFPE Kit
(Quiagen) after deparaffinization with Xylene. RNA concentra-
tion was assessed with a Nanodrop spectrophotometer
and RNA fragmentation was determined by 2200 TapeStation



(Agilent). 100 ng of RNA >300 nt from 24 patient samples was
used for input into nanoString nCounter hybridization and
expression analysis was performed using the nanoString
pan-cancer immunology panel.*’

TCGA data set and gene-expression data analyses

Volcano plots of all measured genes, CT antigen analyses
comparing seminomas and non-seminomas, pathway scores,
and immune cell type signatures were produced using the
nSolver software 3.0 (nanoString). For selected analyses, the
Human Pan Cancer Immunology Advanced Module (nano-
String) was used. Algorithms for the nSolver advanced
immune profiling analyses were described by Chen et al.*!
and immune gene signatures used by nSolver
software were described by Bindea et al.** Recurrence free
survival data were obtained after processing Z-score trans-
formation of gene-expression values. TCGA data from 86
selected testicular cancer patients with follow-up duration
comparable to internal cohort were accessed through
the cBioportal.”®  Survival curves were generated
for patient groups that were defined by the summative gene
signature Z-scores from defined signatures. The same
Z-score threshold was used for internal cohort and TCGA
data set survival analyses.
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Statistical analyses

PFS was calculated from time of chemotherapy start to progres-
sion by RECIST 1.1 criteria®* and was compared between
groups using the logrank test. Recurrence free survival was cal-
culated as time from initial diagnosis to first relapse. Overall
survival was calculated from first diagnosis to date of last follow
up or death. All patients were censored for OS and/or PFS at
last follow-up. For certain survival analyses, the significance of
the predicting factor was tested in a cox proportional hazards
model after adjusting for stage and histology (seminoma versus
non-seminoma). Statistical analyses were performed using
GraphPad Prism (GraphPad software). A p value of < 0.05 was
considered significant for all studies.

Results

Seminoma histology is associated with decreased Treg cell
infiltration and higher PD-1/PD-L1 interaction

Testicular germ cell tumors are known to be infiltrated with T
cells and other immune cells.'"* To further investigate the
immune infiltration in the two most prevalent histological sub-
groups, seminomas and non-seminomas, we performed Multi-
plexed Fluorescence Immunohistochemistry (FIHC) that was
combined with Automated Quantitative Analysis (AQUA®)
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Figure 1. Seminoma histology is associated with decreased Treg cell infiltration and higher PD-1/PD-L1 interaction. Samples from a cohort of 34 testicular germ cell
tumor patients were analyzed using Quantitative Multiplexed Fluorescence Immunohistochemistry with Automated Quantitative Analysis (AQUA). Samples were stained
with DAPI and antibodies against CD3 (A) or CD3 in combination with CD4, CD8, CD25, and FOXP3 (B-D). (E) Expression of PD-L1 in the tumor microenvironment. (F) Per-
centage of PD-1" cells as a ratio from CD3™ DAPI™ cells. (G) PD-1/PD-L1 interaction scores. For data quantification, percentage of all DAPI™ nuclear cells (for CD3 and
PDL1) or percentage from parent CD3 population (CD4*, CD8", and CD25+FOXP3*) was used. PD-1/PD-L1 interaction is a numerical representation of the proportion of
PD-1 positive cells within a pre-defined distance to PD-L1. The value is normalized by the total number of DAPI™ cells. All images were obtained using 20x zoom and

were scaled digitally. In all images, 1 pixel = 0.5 um.
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Technology. A CD3 T-cell infiltration was evident in most
tumor samples and ranged from 1% to 60% of nuclear cells.
We observed a trend toward higher CD3 T-cell infiltration in
seminomas compared with non-seminomas (Fig. 1A). Among
infiltrating T-cells a higher infiltration with CD4" T cells
compared with CD8' T-cells was observed in all patients.
Furthermore, a median of 3% infiltration with
CD3*CD25"FOXP3™ regulatory T (Treg) cells was observed
(ranged from 0% to 13%, measured as CD25"FOXP3" from
CD3" nuclear cells) (Fig. 1B). No difference in CD8" or CD4*
T-cell infiltration was observed in seminomas versus non-semi-
nomas (Fig. 1C). However, seminoma histology was associated
with the decreased presence of CD3"CD25"FOXP3™ Treg cells
(Fig. 1D).

PD-1/PD-L1 signaling can induce T-cell suppression,”® and
high PD-L1 expression was recently shown to correlate with
decreased progression free survival in TGCT.* Interestingly,
we observed expression of PD-L1 that was higher in seminomas
compared with non-seminomas (Fig. 1E). Furthermore, the
percentage of CD3" T cells expressing PD-1 (Fig. 1F) and the
PD-1/PD-L1 interaction was higher in seminomas (Fig. 1G).
Thus, multiplexed FIHC enables detection of seminoma-spe-
cific T-cell infiltration that is hallmarked by the decreased pres-
ence of Treg cells but higher expression of PD-1 and PD-L1
and increased PD-1/PD-L1 interaction.

Gene expression profiling allows detection of histology-
specific differences in expression of inmune genes

To further investigate the immune infiltration of seminoma
and non-seminoma TGCT, we performed broad gene

expression profiling with focus on genes associated with
immune function (Fig. 2 and Table S3). Expression of a
large number of genes was increased in seminomas, most
prominently PRAME, IL12B and KIT. Other genes were
however associated with non-seminoma histology, most
prominently HLA-DRB4, TREM, and CD24. Thus, gene
expression profiling allowed deeper exploration of differen-
ces between two major TGCT histologies. Furthermore,
genes with high relevance to T-cell response such as
PRAME or HLA.DRB4 were differentially expressed in
seminomas versus non-seminomas.

Immune gene signatures confirm immunohistochemistry
and allow deeper analysis of immune infiltrates

Antibody-based assays such as immunohistochemistry (IHC)
allow detection of a distinct number of markers and are thus
limited in the exploration of immune populations. We there-
fore performed gene expression profiling and used gene expres-
sion signatures to describe immune infiltrates in TGCT.
Consistent with data obtained with FIHC, no differences in
CD8* T-cell (Fig. 3A) or CD4™ T-cell (Fig. 3B) signatures were
observed in seminomas versus non-seminomas. Also consistent
with our FIHC data, seminomas showed lower signatures of
Treg cells that were associated with an increased CD8/Treg
ratio (Fig. 3C). We next analyzed whether expression of genes
associated with T-cell functions is different in both histologic
sub-types. Interestingly, while some genes associated with
T-cell functions were associated with seminoma histology
(such as IFNy, CXCL9, and LAG3), others were preferentially
expressed in non-seminomas (such as FAS or DPP4) (Fig. S1).
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Figure 2. Detection of histology-specific differences in expression of immune genes in seminomatous and non-seminomatous testicular germ cell tumors. RNA from 24
patient samples was extracted and analyzed with nCounter station (nanoString) using pan-cancer immune panel detecting expression of 730 immune-associated genes.
A total of 30 genes with the highest ratio of non-seminoma/seminoma expression values are shown.
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Figure 3. Gene-expression based immune gene signatures allow characterization of the immune cell infiltrate of testicular germ cell tumors. Gene-expression data were
analyzed by nSolver software (nanoString) and normalized to CD45 expression. Gene signatures for selected immune populations were described previously.??

We next asked whether immune populations other than
T-cells are present in TGCT. While no difference in B cell or
NK cell signatures was observed comparing seminomas and
non-seminomas (Fig. 3D and E), seminomas showed a trend
toward decreased macrophage (Fig. 3F) and dendritic cell
(Fig. 3G) signatures. Furthermore, seminoma histology was
associated with decreased neutrophil (Fig. 3H) and mast cell
(Fig. 3I) signatures. Collectively, immune gene signatures
allowed detection of differences between seminoma and non-
seminoma TGCT that showed decreased Treg, neutrophil, and
mast cell signature in seminomas. In addition, expression of
several genes associated with T-cell function correlated with
seminoma versus non-seminoma histology.

Advanced stage is associated with changes in immune cell
infiltration

Current histologic assessments of TGCT that drive patient care
are based on seminoma and non-seminoma categories and by
clinical staging.”” We therefore asked whether stage of the dis-
ease may correlate with the immune infiltrate irrespective of
the histologic subtype, and compared stage I (localized disease),
stage II (lymph node metastases), and stage III (disseminated
metastases) tumors. FIHC analyses revealed that CD3 T-cell
infiltration was lowest in stage III patients. Interestingly, sam-
ples from stage II patients showed a higher CD3 T-cell infiltra-
tion than in stage I or stage III (Fig. 4A). By contrast, the
percentage of CD3"CD25"FOXP3" Treg cells increased with
advanced stage (Fig. 4B).

Next, gene expression profiling was performed to further
describe the immune landscape in TGCT. A broad immune
pathway profiling and unsupervised clustering of patient
samples as well as analysis of defined immune signatures were
performed and showed a general separation of stage I versus
stage II and III patients (Fig. 4C). Consistent with FIHC data,
T-cell gene signature was decreased in stage III patient samples

and Treg signature increased with advanced stage (Fig. 4D and
E). Furthermore, advanced stage was associated with decreased
NK cell signature (Fig. 4F), increased macrophage signature
(Fig. 4G) and increased signature scores of mast cells (Fig. 4H)
and neutrophils (Fig. 4I). Interestingly, the patients with low
neutrophil gene expression score showed a 100% recurrence
free survival, whereas 63% of patients with a high neutrophil
score were recurrence free 2 y after diagnosis (Fig. S2). These
data demonstrate that the advanced stage is associated with sig-
nificant changes in immune cell infiltration in testicular germ
cell tumors, disfavoring immune populations associated
with antitumor immunity such as T-cells and NK cells while
enriching for pro-tumor cell populations such as Treg cells and
potentially pro-tumor immune populations such as macro-
phages, mast cells, and neutrophils.***’

Tumor immune infiltration and CT antigen expression
allows risk stratification and correlates with recurrence
free survival

While histological classification or clinical staging allow clini-
cians to predict prognosis of TGCT patients, other markers to
detect high-risk patients are needed. We therefore tested
whether features of tumor immune infiltration allow prediction
of disease recurrence and duration of recurrence free survival.
While no differences in CD3" T-cell and CD4* T-cell infiltra-
tion were observed in patients without recurrence (low risk)
and with disease recurrence (high risk) (Fig. 5A), high-risk
patients showed lower percentage of infiltrating CD8" T-cells,
while CD4" T-cel/CD8" T-cell ratio was increased in
this group (Fig. 5B). Moreover, patients with decreased CD8™"
T-cell infiltration also showed decreased recurrence free
survival compared with those with higher CD8" infiltration
(53% versus 89% with 2 y recurrence free survival) (Fig. 5C).
Treg cells can suppress antitumor immunity’® and we
observed higher Treg cell infiltration in advanced stage tumors.
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Figure 4. Advanced stage is associated with changes in immune cell infiltration. Samples from testicular germ cell tumors were analyzed by Quantitative Multiplexed
Immunohistochemistry (A, B) and by gene-expression profiling (C-I). Stage | (localized disease), stage Il (lymph node metastases), and stage Il (disseminated metastases)
tumors were analyzed for CD3 expression (A) and CD3/CD25/FOXP3 co-expression (B). Numbers represent percentages of all DAPI+ nuclear cells (A) or of all CD3™ cells
(B). (C) Gene-expression data were subjected to unsupervised clustering of both patient samples and scores of selected immune signatures. (D-I) Immune gene signature

scores of stage I/Il/Ill tumors were calculated by nSolver software.

Accordingly, high-risk patients showed a higher Treg/CD8"
ratio (Fig. 5D). Furthermore, patients with increased Treg/
CD8™" ratio demonstrated lower recurrence free survival, as
only one patient recurred in the Treg/CD8" low group,
whereas 47% of patients in the Treg/CD8" high group recurred
in the second year after tumor biopsy (Fig. 5E). Importantly,
Treg/CD8* ratio was an independent and significant predictor
of RES (p = 0.041) in a cox proportional hazards model after
adjusting for stage and type (seminoma versus non-seminoma).
In a sub-group analysis of patients that recurred or were refrac-
tory to platinum-based therapies that were provided in addition
to surgery, we observed an inversed correlation between recur-
rence free survival and markers of T-cell dysfunction
(Fig. S3A-D).

T-cell infiltration allowed prognostic stratifications in our
cohort. Several studies have however highlighted the prognostic
relevance of CT antigen expression in testicular cancers’' and
suggested that tumor-antigen expression is required for effective
antitumor immune response.”> Moreover, CT antigen
re-expression has been associated with progression of testicular
germ cell tumors and with seminoma histology.”> We therefore
measured expression of key CT antigen molecules (Table S4 and

Fig. S4) and found a positive correlation between CT antigen sig-
nature scores and recurrence free survival (Fig. 5F). Furthermore,
all patients from our cohort that had high expression of CT anti-
gens (signature Z-score >2) stayed recurrence free. In contrast,
patients with lower CT antigen expression showed decreased pro-
gression free survival (Fig. 5G). Next, we selected 86 patient sam-
ples from the testicular cancer TCGA data set with both
seminoma and non-seminoma histologies. Employment of the
CT antigen expression signature revealed trends similar to our
cohort as patients with a Z-score >2 showed improved
recurrence free survival as compared with patients with lower
expression scores (p = 0.08; Fig. 5H). Thus, features associated
with tumoral immune infiltration may help stratify patients and
predict recurrence free survival in patients with TCGT.

Discussion

While TGCT are generally curable with cytotoxic chemo-
therapy, some patients ultimately relapse and die of their
disease. Markers of poor prognosis, as well as alternative
treatment strategies, are thus urgently needed for this subset
of patients. In this study, we performed immune profiling of
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Figure 5. Tumor immune infiltration and CT antigen expression allows risk stratification and correlates with recurrence free survival. Samples from patients without recur-
rence (low risk) and with disease recurrence (high risk) were analyzed by Quantitative Multiplexed Immunohistochemistry (A-E) and by gene-expression profiling (F-H).
(A, B) Samples were stained with CD3, CD4™, and CD8™ antibodies. (C) Recurrence free survival was assessed for patients with high and low CD8" T-cell infiltration. (D, E)
Infiltration of CD3*CD25"FOXP3™ Treg cells relative to infiltration with CD37CD8™ T cells was assessed and recurrence free survival was calculated as in (C). (F) Expression
of CT antigens (defined in Table S4) was measured and correlated with recurrence free survival. p value was calculated using Pearson R correlation. (G) Recurrence free
survival of 22 patients from the internal cohort was calculated for samples with a CT antigen expression cumulative Z-score threshold of 2. (H) TCGA data set of patients
with seminomatous and non-seminomatous testicular germ cell tumors was analyzed for the expression of CT antigen genes as in (G).

testicular germ cell tumors using RNA and protein analysis
in a cohort of patient samples, the first time this type of
analysis has been performed to our knowledge. From this
effort, we observed that most tumors demonstrate a vigor-
ous inflammatory infiltrate characterized by T-cell infiltra-
tion and markers of T-cell exhaustion (including PD-1 and
PD-L1). This suggests that anti-PD-1/PD-L1 based
approaches could have activity in this disease. Further, this
may provide valuable prognostic markers.

Identifying surrogates of pre-existing immune recognition
has provided promising markers of anti-PD-1/PD-L1 response
in other tumor types.*” These markers include infiltrating
CD8™ T cells, PD-1/PD-L1 expression, and RNA expression of
T-cell activation molecules (IFNy signatures, granzyme, and
MHC expression). While frequently present in this cohort of
testicular germ cell tumors, markers of distinct T-cell pheno-
types tended to correlate with good prognosis, seminoma his-
tology, and earlier stage. This suggests that immune therapy
approaches could have the most value at relatively early time
points (e.g., after failure of first-line chemotherapy rather than

in a salvage, truly refractory setting. Several patients with meta-
static disease refractory to chemotherapy also had a vigorous
infiltrate, however, suggesting that anti-PD-1/PD-L1 could be
considered even in this setting.

Our study also suggested distinctions in the immune land-
scape of seminomas and non-seminomas. While similar in
terms of CD4" and CD8" T-cell infiltration, non-seminomas
were characterized by increased infiltration of tumor promot-
ing regulatory T cells. Other immune cell populations associ-
ated with impaired antitumor immunity, such as
macrophages, neutrophils and mast cells also were associated
with non-seminoma histology. By contrast, non-seminomas
displayed lower levels of markers associated with T-cell
responses, including PD-1 and PD-L1 expression as well as
PD1/PDLI1 interaction. One could hypothesize that this dis-
tinction in immune infiltration could partially explain the
improved prognosis of seminomas compared with non-semi-
nomas. Moreover, lower abundance of PD-1 and PD-L1 in
the tumor microenvironment and increased presence of
immunosuppressive Treg cells may indicate a lower likelihood
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of response of non-seminoma germ cell tumors to therapies
targeting PD-1/PD-L1.

Currently, clinical staging, including serum tumor markers,
and histology are the primary prognostic features that are used
for patients treated with cytotoxic chemotherapy or those being
observed following surgery. No molecular markers have been
identified to date to enhance the prognostic value of these clini-
cal and histologic features. In our study, tumors with enhanced
CD8™ infiltration, and particularly those with higher CD8"/
regulatory T-cell ratios, had seemingly better recurrence free
survival, suggesting this metric might have use as a prognostic
marker in early stage disease. Ultimately, prospective studies
will be needed to confirm these findings.

This study has several weaknesses, including a relatively
small sample size, a population including metastatic and
chemotherapy-refractory tumors, and a single institution.
Ultimately, however, it is the largest comprehensive
immune profiling effort performed to our knowledge that
synthesizes protein and RNA analyses to characterize these
tumors.

In conclusion, testicular germ cell tumors are frequently
characterized by T-cell infiltration, PD-1/PD-L1 interaction
and specific RNA signatures of immune activation. These
markers are most closely correlated with seminoma histology,
early stage, and good prognosis, which may lend insight into
the biology of this disease. However, immune infiltrate was also
detected in a subset of patients with refractory non-seminoma
germ cell tumors. These studies provide rationale to consider
anti-PD-1/PD-L1 directed therapies in patients with testicular
germ cell tumors in the chemotherapy refractory setting, and
suggest further explorations of immune prognostic markers in
this population.
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