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Central nervous system (CNS) germ cell tumors (GCTs) represent 2-3% of all primary CNS tumors. The majority are germinomas,
which are radiosensitive and have an excellent prognosis. Contrarily, CNS non-germinomatous GCTs (NGGCTs) have less favorable
prognosis and require more aggressive treatment. The expression of checkpoint/immune markers in CNS GCTs, particularly
NGGCTs, is unknown. We previously reported a case of a patient whose intracranial NGGCT (predominantly choriocarcinoma)
responded to immune checkpoint inhibition therapy. This case led us to evaluate our archive of intracranial GCTs for expression of
PD-L1 and PD-1. With IRB approval, we searched the pathology archives at our institution for CNS GCTs. Demographic, radiologic,
clinical, and histologic information was extracted from the medical records. Immunohistochemistry for lymphocytic markers (CD4,
CD8, CD20), PD-1, and PD-L1 was performed. PD-L1 was considered positive if greater than 1% of tumor cells were positive and PD-
1 was reported as a percentage of positive inflammatory cells. Fifty cases were identified, including 28 germinomas (mean age at
diagnosis: 15.5 years; 17 males, 11 females), and 22 NGGCTs (mean age at diagnosis: 12.0 years, 21 males, 1 female). Germinomas
were mostly suprasellar (17/28) and NGGCTs were predominantly pineal (17/22). Twenty-two germinomas (79%) were positive for
PD-L1 expression, and 13 NGGCTs (57%) were positive for PD-L1. Cases of choriocarcinoma showed the most diffuse PD-L1
expression. PD-1 expression was seen in lymphocytes among 27/28 of the germinomas and 20/23 of the NGGCTs (ranging from
1-40% of lymphocytes). As expected, larger quantities of inflammatory cells were present in cases of germinoma. We demonstrate
immune activity in CNS GCTs, and our results suggest that immune checkpoint inhibitors may be efficacious in the treatment of
intracranial GCTs. Among NGGCTs, cases of choriocarcinoma showed the highest expression of PD-L1 in tumor cells, suggesting

that this subtype may have the greatest benefit from checkpoint blockade.
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INTRODUCTION

Germ cell tumors (GCT) of the central nervous system (CNS) are a
rare class of tumors with an overall incidence of 0.1 per 100,000
people per year'. These tumors predominantly affect males and
have a peak incidence in patients between the ages of 10-14
years®. The CNS is the second most common site for extra-gonadal
GC(Ts, and, in patients aged 0-19 years, GCTs comprise ~3-5% of
primary CNS tumors in the US’. These tumors are generally
divided into germinomas, the most common type of GCT, and
non-germinomatous GCTs (NGGCT)*. The latter includes teratoma,
choriocarcinoma, yolk sac tumor, and embryonal carcinoma.
Germinomas have a good prognosis due to their sensitivity to
chemotherapy and radiation, with a 10-year overall survival of
over 90%>°. However, NGGCTs have a 5-year survival rate ranging
from 40-70% and require more aggressive treatment including
aggressive chemotherapy and radiation therapy, with/without the
addition of surgery>’~"". The components of a NGGCT can impact
the prognosis, with cases of pure choriocarcinoma, yolk sac tumor,
or embryonal carcinoma associated with poorer outcomes'?. In
recent years, immune checkpoint inhibitors have been trialed and
approved in the treatment of a variety of malignancies. Immune

checkpoint inhibitors are a class of immunotherapy drugs that
inhibits co-inhibitory signaling which promotes T-cell mediated
anti-cancer immune response. Currently, the most commonly
used inhibitors either block the interaction between PD-1 and PD-
L1 or via the inhibition of CTLA4. In several adult cancers, the
expression of PD-L1 and presence of intratumoral immune
infiltrates have been associated with clinical response to immune
checkpoint inhibition'3.

The expression of PD-L1 and PD-1 in CNS GCT is unclear,
especially for NGGCTs. Wildeman et al. found that 90% (19/21
cases) of CNS germinomas had tumor cells that were positive for
PD-L1'*. In contrast, another group reported the absence of PD-L1
in 7 cases of CNS germinomas'®. In extracranial GCTs, prior studies
have demonstrated conflicting results; some studies reported PD-
L1 positivity in tumor cells while others have reported expression
in tumor infiltrating lymphocytes and/or macrophages'®™'8.

We recently reported a case of a patient with a multiply
recurrent NGGCT that had progressed following standard of care
treatment who was ultimately treated with checkpoint inhibi-
tion®. At his recurrence, the diagnosis of NGGCT (choriocarci-
noma) was confirmed histologically, and interestingly, the tumor
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Index case of a patient with CNS choriocarcinoma. A H&E section showed atypical cells with angulated large nuclei and eosinophilic

cytoplasm, in keeping with choriocarcinoma. B Beta-HCG diffuse immunoexpression. C PD-L1 immunostain diffusely positive in the tumor
cells. D Pre- and post-checkpoint inhibitor therapy MRI showing tumor response.

cells were strongly and diffusely positive for PD-L1 expression on
immunohistochemistry (Fig. 1A-C). This patient achieved a
durable response to combination therapy with nivolumab and
ipilimumab for more than 2 years (Fig. 1D). Given our experience
with the index patient with recurrent CNS NGGCT who has had a
sustained response to checkpoint blockade, and the paucity of
knowledge regarding PD-L1 expression in CNS GCTs, we sought to
evaluate PD-L1 and PD-1 expression in these tumors.

MATERIALS AND METHODS

With institutional review board approval, we retrospectively reviewed the
pathology archives at our institution for CNS GCTs. A total of 85 patients
with 97 neurosurgical resections of CNS GCTs were identified from
1993-2021. Fifty-three of the patients were diagnosed with germinoma,
and the remaining 32 patients were diagnosed with a NGGCT.
Demographic information, radiologic studies, clinical history, and patho-
logic report information was extracted from the medical records for each
case. In addition, pathology was centrally reviewed by two board-certified
neuropathologists (JKW and SA).

Four-pum sections of formalin-fixed, paraffin-embedded tissue were stained
with hematoxylin and eosin. Immunohistochemistry (IHC) for lymphocyte
markers (CD4, CD8, CD20), PD-1, and PD-L1 was performed on 4-uym sections
using the Leica Bond lIl platform (Leica Biosystems, Buffalo Grove, IL). The
following antibodies and methods were used for each protein: CD4 (Clone
SP35, Cell Marque, Rocklin, CA, 104R-18, Heat induced epitope retrieval (HIER)
30 min with Bond Epitope Retrieval Solution 2 (ER2)), CD8 (Clone 4B11, Leica
Biosystems, PA0183, HIER 20 min with ER2), CD20 (Clone MJ1, Leica Biosystems,
PA0906, HIER 20 min with ER2), PD-L1 (Clone SP142, Ventana, Tucson, AZ, 790-
4859, HIER 20 min with ER2), and PD-1 (Clone NAT105, Cell Marque, 315M-18,
HIER 20 min with ER2). Nuclei were counterstained with hematoxylin, and
coverslips were mounted with Permount (Fischer Scientific). Slides were
examined with an Olympus BX53 light microscope, and photomicrographs
were obtained using an Olympus DP27 camera. PD-L1 was considered positive
if membranous staining was present in greater than or equal to 1% of tumor
cells, and PD-1 was reported as a percentage of positive inflalmmatory cells,
with greater than 1% counted as positive.

RESULTS
Of the 97 identified cases, 50 had slides or blocks available for
histology review and adequate tissue available for IHC (Table 1).
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Table 1. Cohort demographics.
Germinoma NGGCT
Average age (Range) 15.5 years (10-26) 12.0 years (4-19)°
Gender: Male 17 (61%) 21 (95%)
Female 11 (39%) 1 (5%)
Location: Pineal 9 (32%) 17 (77%)
Suprasellar/Pituitary 17 (61%) 4 (18%)
Other 2 (7%) 1 (5%)

®One autopsy case omitted from age calculation—26 years old at time of
death.

For the remainder of the manuscript, only these 50 cases will be
discussed. Twenty-eight cases of germinoma were examined from
24 unique patients; 4 cases were recurrences of the primary tumor.
For cases of germinoma, the mean age at time of surgery was 15.5
years (range: 10-26 years), and there were 17 males and 11
females. The cases of germinoma were predominantly suprasellar
in location (17/28) with the pineal gland being the second most
common site (9/28). The remaining two cases were in the
thalamus and spinal location, respectively, with the latter being
a metastasis of a suprasellar germinoma that was initially biopsied
at an outside institution.

Twenty-two cases of NGGCTs were available for review and had
tissue available for additional IHC. Of these, there were 17 unique
patients, of which 4 had a recurrence and one had two
recurrences. For these cases, the mean age at time of surgery
was 12.0 years (range: 4-19 years). Twenty-one cases were from
male patients, and 1 was a female patient. The NGGCT cases were
predominantly pineal (17/22) with 4 cases being suprasellar and 1
case arising in the third ventricle. Of the 22 NGGCT cases, 4 were
predominantly teratomas with a germinoma component, and 6
were mostly teratomatous and germinomatous with other minor
components, 5 cases were MMGCTs that displayed a mixture of
yolk sac tumor, choriocarcinoma, embryonal carcinoma, immature
teratoma, and/or germinomatous components, 3 cases were
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Fig. 2 Representative photomicrographs of three cases. A A germinoma with PD-L1 positive in scattered tumor cells and background
macrophages, and PD-1 is positive in a subset of lymphocytes but no tumor cells. A typical prominent inflammatory infiltrate is composed of a
mixture of CD4- and CD8-positive T cells and fewer CD20-positive B cells. B A choriocarcinoma with prominent PD-L1 staining and scattered
PD-1-positive lymphocytes. C A MMGCT with choriocarcinoma components showing positive PD-L1 staining and scattered PD-1-positive
lymphocytes. Inflammatory cells were less prominent in NGGCT than in germinomas.

choriocarcinomas, 2 were composed of teratoma and yolk sak
tumor, 1 was composed of teratoma and embryonal carcinoma
and 1 was an embryonal carcinoma.

In our cohort, cases of germinoma showed a more prominent
lymphocytic infiltrate than NGGCT (Fig. 2). The majority of
germinomas showed prominent to moderate amounts of CD4-
positive lymphocytes, and a similar to slightly lower quantity of
CD8-positive lymphocytes (Fig. 2A). CD20-positive B cells were
generally less numerous than T cells in germinomas. The quantity
of lymphocytes in NGGCT cases was sparser than that of
germinomas. The germinomatous components of the mixed GCTs
had moderate to prominent quantities of T cells with fewer B cells
as in cases of pure germinoma, but the remainder of NGGCTs only
showed rare to scattered quantities of CD4-positive and CD8-
positive T cells (Fig. 2B, C). There were even fewer CD20-positive
B cells.

Twenty-two germinomas (79%) and 13 NGGCTs (57%) scored
positive for PD-L1 expression in tumor cells. Out of the 22 cases of
germinoma that were positive, 13 showed PD-L1 positivity in
1-4% of tumor cells, three cases showed positivity in 5-9%, four
cases showed positivity in 10-19%, and two cases showed PD-L1
positivity in 20% or more of tumor cells. In the 13 cases of NGGCT
that were positive for PD-L1, the quantity of PD-L1 expression was
mixed depending on the type of tumor. The three cases of
choriocarcinoma showed strong PD-L1 positivity in at least 50% of
tumor cells (Fig. 3). Mixed GCT cases showed positivity in the
germinoma and choriocarcinoma components as described in the
pure tumors. In the cases of mixed GCTs, the teratomatous as well
as embryonal carcinoma components were negative for PD-L1. In
addition to the PD-L1 positivity seen in germinoma and
choriocarcinoma, yolk sac tumors also displayed PD-L1 positivity
in rare cells. PD-1 expression was seen in at least 1% of
lymphocytes in 27/28 of the germinomas. Of the 27 cases of
germinoma with positive PD-1 expression in lymphocytes, the
majority of these cases showed PD-1 expression between 5-20%
of the total lymphocyte population. PD-1 expression was seen in
lymphocytes of 20/23 of the NGGCTs, with the majority of cases
showing between 5-10% of lymphocytes expressing PD-1. Of
note, we did not observe PD-1 positivity in tumor cells of either
germinomas or NGGCTs (Table 2).

SPRINGER NATURE

Out of the 50 cases with available tissue, there were samples
from nine recurrent surgeries; four of these were germinomas
and five were NGGCTs. In the four cases of recurrent germinoma,
three showed increased expression of PD-L1 on the second
surgery, and one case showed decreased PD-L1 expression. For
recurrent NGGCTs, the expression of PD-L1 decreased or stayed
the same in subsequent surgeries. One patient’s tumor remained
negative, and two patients had low level PD-L1 expression in
tumor cells in the first surgery and were subsequently negative
on the recurrence. A single patient had three surgeries, and his
tumor showed decreasing levels of PD-L1 expression in each
surgery.

DISCUSSION

In this paper we described the expression of checkpoint markers,
specifically PD-L1 and PD-1 in GCTs of the CNS. Most cases of CNS
germinoma had positive PD-L1 expression in tumor cells,
consistent with a previous report'®. Cases of choriocarcinoma
showed strong and diffuse expression of PD-L1, as had been
reported in extracranial GCTs'®. In addition, we reported PD-1-
positive lymphocytes present in the majority of germinomas and
NGGCTs, with larger numbers present in germinomas.

Although numerous studies have evaluated PD-L1 expression in
both extracranial and CNS GCTs, knowledge about response to
checkpoint inhibitors remains limited. Our index patient had a
pineal choriocarcinoma and showed a durable response to
ipilimumab and nivolumab'®. He was later placed on nivolumab
monotherapy, and his tumor remained stable on imaging for over
2 years after starting therapy (Fig. 1D). Zschabitz et al. reported
that two of seven patients with extracranial GCTs treated with
checkpoint inhibitors (nivolumab or pembrolizumab) had a
durable response®®. Both of these patients had tumors with
strong PD-L1 staining. Another case report of a patient with widely
metastatic choriocarcinoma treated with nivolumab showed a
durable response and stable, low levels of B-hCG'. However, not
all patients with choriocarcinoma respond to checkpoint inhibi-
tors, as a case report of a different patient with metastatic
choriocarcinoma treated with pembrolizumab showed rapid
progression after one cycle?. In testicular GCTs, higher expression
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Fig.3 Representative photomicrographs of three cases of choriocarcinoma. A H&E staining shows the typical histology of cytotrophoblasts
and syncytiotrophoblasts. B PD-L1 staining is strong and diffuse in tumors cells. C PD-1 is positive in scattered lymphocytes in tumor cells.

Table 2. Summary of the PD1 and PD-L1 expression in the entire
cohort.
Germinoma NGGCT

PD-L1

Positive: 22 (79%) 132 (59%)

Negative: 6 (21%) 9 (41%)
PD-1 (in lymphocytes)

Positive: 27 (96%) 19 (86%)

Negative: 1 (4%) 3 (14%)

@Rare cells in yolk sac tumor showed PD-L1 expression in addition to the
positivity described in choriocarcinoma and germinoma.

of PD-L1 has been suggested to correlate with worse prognostic
features”, and the same group reported a better prognosis in
cases of testicular GCTs with higher numbers of PD-L1-positive
tumor and PD1-positive infiltrating lymphocytes'”.

Although our cohort is from a single institution and the number
of cases of each type of tumor is relatively small, this study is the
largest cohort of CNS GCTs analyzed for PD-L1 expression, and the
first one to characterize the PD-L1 expression in the different GCT
components in the brain. Our results and the index case
previously reported by our institution suggest that checkpoint
inhibition could be a possible treatment for CNS GCTs. Currently,
immune checkpoint inhibitors do not surpass conventional
therapy in pediatric patients, but they are utilized in situations
in which conventional or gene targeted therapies have provided
limited benefit. Based on IHC for PD-L1 and high rates of positivity,
cases of choriocarcinoma and germinoma would likely benefit the
most from treatment with checkpoint blockade. In our pathology
practice, IHC for PD-L1 and PD-1 is not performed routinely; it is
usually performed at the request of the treating clinical team. In
addition to PD-L1 expression, other biomarkers including tumor
mutational burden (TMB) have been shown to correlate with

Modern Pathology (2022) 35:1770-1774

increased benefit from checkpoint inhibitors'®. The mechanism
has been proposed to relate to neoantigen presentation, and
assessment of this in patients would be difficult to implement in
clinical practice. Interestingly our index case did not have a high
mutational burden (3.0 mutations per megabase), suggesting that
a high TMB may not be necessary for response in CNS
choriocarcinomas or other GCTs.

Despite not being in the first-line panel for evaluating CNS
GCTs, PD-1 and PD-L1 immunostains remain an inexpensive
method of investigating suitability for a particular therapy.
However, the therapy’s efficacy and toxicity in pediatric patients
still needs exploration in clinical trials. Previous clinical trials have
reported little efficacy in treating refractory extracranial GCTs**. In
one clinical trial, no partial or complete response was achieved in
12 patients, and only 2 patients showed stable disease on imaging
but had increasing levels of alpha-fetoprotein®. In another phase
Il clinical trial, eight patients with refractory, extracranial GCTs all
showed progressive disease after 12 weeks of treatment with
avelumab®®. Currently there is an ongoing clinical trial to assess
checkpoint inhibitors in recurrent, rare CNS tumors including GCTs
(NCT03173950), but a multi-center trial focused solely on CNS
GCTs will be needed to determine the appropriate clinical setting
for using checkpoint inhibitors in patients with intracranial
disease.

It is worth noting that some patients in our cohort received
treatment prior to their first surgery, which may affect PD-L1
expression in some types of cancer?’. Also, there is some reported
variability in immunohistochemical results when utilizing different
clones of PD-L1 antibody®??%; our institution uses the SP142
antibody which has been FDA approved as a companion
diagnostic method for treatment of urothelial carcinoma with
Atezolizumab®®.

In summary, we describe the PD-L1 and PD1 expression in
CNS GCT and highlight their patterns of expression in chorio-
carcinoma and embryonal carcinoma, which may be of impor-
tance when therapy with immune checkpoint inhibitors is a
consideration.
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