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Objectives: Germ cell tumors are highly susceptible to chemotherapy; however, there
is a lack of established treatments for consistently relapsing germ cell tumor. Therefore,
in this phase Il study, we evaluated the efficacy and safety of nivolumab for relapsed
germ cell tumor.

Methods: Seventeen adult patients (median age 34 years) with refractory primary
germ cell tumor after second-line or higher chemotherapy were enrolled. Nivolumab was
administered over 30 min at 240 mg/body every 2 weeks until disease progression or
intolerable adverse event occurrence. The primary endpoint was the overall response
rate.

Result: We performed a biomarker analysis of programmed death ligand-1 expression
and genomic sequencing. Tumor histology revealed nonseminoma and seminoma in 14
and three patients, respectively. Patients were pretreated with a median of three
chemotherapy lines, and three patients received high-dose chemotherapy. The median
number of nivolumab doses was 3 (range 2-46). One patient showed a partial response
and three showed stable disease. Responses were durable in one patient with a partial
response and one patient with stable disease (median 90 and 68 weeks, respectively).
Nivolumab was well-tolerated, with only two Grade 3 adverse events observed.
Programmed death ligand-1 expression was not associated with objective responses.
Genomic sequencing revealed a high tumor mutation burden in a patient with a durable
partial response. While a small subset of chemorefractory germ cell tumors may respond
to nivolumab, programmed death ligand-1 is unreliable to measure response.
Conclusions: Tumor mutation burden is a potential biomarker for future testing of
germ cell tumor response.

Key words: genomic sequencing, germ cell tumor, nivolumab, programmed death
ligand-1, refractory disease.

Introduction

The high susceptibility of GCTs to chemotherapy indicates that up to 80% of patients with
advanced GCTs can be cured by chemotherapy and surgery.' Even if GCTs relapse after ini-
tial chemotherapy, patients may be treated with second-line standard-dose chemotherapy or
high-dose chemotherapy;>* however, there is no established treatment for patients with con-
sistently relapsing GCT. In such cases, the most effective treatment is a combination of gemc-
itabine, oxaliplatin, and paclitaxel paired with subsequent aggressive surgery. However, only
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10-15% of patients achieve long-term survival with this regi-
men,* and a meta-analysis of single-agent chemotherapy
showed that PFS and OS rates of patients with consistently
relapsing GCT were only 1.0 and 4.7 months, respectively.’
Moreover, molecularly targeted, single-agent therapies using
tyrosine kinase or mTOR inhibitors have been shown to be
ineffective.

Given the low efficacy of existing chemotherapeutic and
molecularly targeted drugs for unresponsive GCTs, several
novel therapies are being developed. Checkpoint inhibitors
targeting PD-1 and PD-L1 pathways are promising candidates
for GCT treatment. Pembrolizumab, a humanized monoclonal
antibody targeting PD-1, is widely used to treat melanoma
and non-small cell lung cancer.”® Treatment regimens featur-
ing pembrolizumab improve the responses of tumors with a
high PD-L1 expression.”® As PD-L1 expression was reported
in GCT patients,”'° these treatment regimens are also promis-
ing for GCT patients.

Several case reports and series have indicated such a GCT
response to pembrolizumab or nivolumab, suggesting that
PD-L1 is a prime target for therapy.!' > To our knowledge,
there are no published clinical studies on the effect of nivolu-
mab, another widely used anti-PD-1 antibody, on refractory
GCTs.

Therefore, we conducted a phase II, multi-institute trial to
elucidate the efficacy and safety of nivolumab monotherapy
for patients with unresponsive GCT who relapsed after
second-line or higher previous chemotherapy.

Methods
Study design

This was a multicenter, single-arm, open-label, phase II
study. The study protocol and informed consent forms were
reviewed and approved by the respective independent ethics
committees, and the study was conducted in accordance with
the ethical principles of the Declaration of Helsinki and Good
Clinical Practice guidelines of Japan. All patients provided
written, informed consent before enrollment, and this trial
was registered at the University hospital Medical Information
Network Clinical Trials Registry (UMIN000028249).

Patients

Patients aged >18 years with relapsed or refractory primary
GCTs (seminoma or nonseminoma) after previous second-
line or higher chemotherapy were eligible for this study. The
patients were recruited between July 2017 and December
2018. Patients with gonadal (testis or ovary primary site) or
extragonadal primary GCT were included, but those with
intracranial GCTs were excluded. The inclusion criteria were
treatment with cisplatin-based chemotherapy, an ECOG per-
formance status score of 0 or 1, and measurable metastases
according to the RECIST version 1.1. Resistance to the most
recent chemotherapy was confirmed by more than 20%
increase in the number of metastases according to the
RECIST criteria, new lesions, or two consecutive increases in
tumor marker levels presenting at least 1 week apart. Other
inclusion criteria were nonresectable GCT and adequate

hematologic, renal, and liver functions. The main exclusion
criteria were active intracranial disease, administration of sys-
temic corticosteroids or immunosuppressants within 28 days,
and previous anti-PD-1 or PD-L1 therapy.

Drug administration

Nivolumab was administered over 30 min at 240 mg/body
every 2 weeks. Nivolumab was provided by Ono Pharmaceu-
tical Co., Ltd., the sponsor of this investigator-initiated phase
II trial, and three nivolumab administrations were defined as
one treatment cycle. Treatments were continued until disease
progression or unacceptable toxicity as determined by the
clinical assessment of symptoms. All treatment-related AEs
were recorded.

Response and toxicity evaluation

We performed physical examination and measured vital signs
before each administration of nivolumab. Blood cell counts
and serum chemistry were evaluated on days 8, 15, 29, and
43 of the first treatment cycle and days 1 and 43 of the sec-
ond or any subsequent cycles. Tumor markers were evaluated
on days 8, 15, 29, and 43 of the first treatment cycle, days
15, 29, and 43 of the second cycle, and days 15 and 43 of
any subsequent cycles. Toxicity was graded according to the
National Cancer Institute Common Terminology Criteria for
AEs version 4.0. Computed tomography was performed every
6 weeks until 18 weeks, every 8 weeks until 50 weeks, and
thereafter, every 12-20 weeks.

Biomarker analysis

We performed biomarker analysis, when tumor samples were
available. Tumor samples were obtained from primary tumor
sites or resected tumors after chemotherapy. Biomarker analy-
sis included PD-L1 expression (PD-L1 IHC 28-8 pharmDx
assay kit; Agilent Technologies, Santa Clara, CA, USA) and
genomic sequencing (QIAseq Targeted DNA Panels; QIA-
GEN, Hilden, Germany).

PD-L1 IHC

PD-L1 expression was assessed in formalin-fixed, archived
tumor samples using the commercially available PD-L1 THC
28-8 pharmDx assay kit. IHC and biomarker evaluations
were conducted according to the manufacturers’ instructions.
Briefly, PD-L1 protein positivity was defined as complete cir-
cumferential or partial linear plasma membrane tumor cell
staining at any intensity. Patients were considered PD-L1
positive if the percentage of positive tumor cells was >1% of
the total tumor cell expression. A minimum threshold of 100
viable tumor cells in each PD-L1-stained slide was required
to determine the percentage of stained cells.

Next-generation sequencing

Tumor DNA from formalin-fixed paraffin-embedded tissue
was extracted using the QIAamp DNA FFPE Tissue Kit
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(QIAGEN) according to the manufacturer’s instructions.
DNA concentration was determined using a Qubit fluorome-
ter (Thermo Fisher Scientific, Waltham, MA, USA). Tumor
DNA concentrations >1.5 ng/pL, as quantified using a Qubit
fluorometer, were further analyzed. Ten nanograms of DNA
was used as a template to generate an amplicon library for
sequencing. The QIAseq Human Comprehensive Cancer
Panel (DHS-3501Z-12; QIAGEN) was used for library con-
struction according to the manufacturer’s instructions.
Libraries were assessed using the Bioanalyzer High Sensitiv-
ity DNA Kit (5067-4626; Agilent Technologies) and placed
in a MiSeq sequencer (Illumina, San Diego, CA, USA) to
obtain 2 x 151-base reads. FASTQ files were imported into
the CLC Genomics Workbench (ver.12.0; QIAGEN). Reads
were mapped to the hgl9 human reference genome and ana-
lyzed using the QIAseq Panel Analysis workflow. Germline
variants were removed from the QIAseq variant call results
using control peripheral blood sample exome sequencing
data. Potential somatic mutations were selected according to
the following criteria: allele frequency >5%, number of reads
with variants >5, and coverage >30.

End points and statistical analysis

The primary endpoint was the ORR, considered as the best
overall response, as measured using RECIST version 1.1 and
an independent committee. Secondary endpoints were tumor
response duration, ORR using irRECIST, PFS, and OS.

Nivolumab toxicity and tolerability were also assessed.
Response and toxicity were evaluated in patients who
received at least one nivolumab dose. PFS and OS were esti-
mated using the Kaplan—-Meier method. Statistical analyses
were performed using JMP 14 software (SAS, Cary, NC,
USA) and the data cutoff date was October 9, 2020.

As patients with relapsed or refractory primary GCTs after
second-line or higher previous chemotherapies were eligible
for this study, the response rate was required to be higher than
normal to demonstrate significance. Therefore, the threshold
response rate was set to 5% in view of the placebo response
rate. In contrast, the expected response rate was set to 30% to
reflect the rate of response to the combination of gemcitabine
and oxaliplatin (17-46%). Accordingly, the minimum sample
size required to achieve a power of 80% was calculated to be
14 patients. The minimum target number of enrolled partici-
pants was set to 16 to account for study dropouts.

Results
Patient and disease characteristics

Seventeen patients were enrolled in this study and their char-
acteristics are summarized in Table 1.

The median age was 34 (range 18-60) years and only one
patient was female. Tumors were histologically classified as
nonseminomas in 14 patients and seminomas in three patients.
The primary sites were the gonads in 12 patients (one patient
had ovarian GCT), whereas the remaining five had extrago-
nadal GCTs; three of these GCTs were mediastinal. The
patients were heavily pretreated with a median of 3 (range 2-5)
chemotherapy lines, including high-dose chemotherapy in three

patients. Seven patients (41%) had received more than four
chemotherapy lines previously. The median number of previ-
ous chemotherapy cycles was 12 (range 5-30) and 10 patients
(59%) were treated with more than 10 chemotherapy cycles.
Active metastatic sites before nivolumab therapy included the
lungs in 14 patients, retroperitoneal lymph nodes in four, and
other lymph nodes in eight; five patients had liver metastases
and three had bone metastases. The following tumor markers
were elevated: AFP only in six patients, hCG only in nine, and
both markers in two. Nine patients (53%) had an ECOG perfor-
mance status score of 0, whereas one patient had a score of 1.

Treatment administration

All 17 enrolled patients received at least two nivolumab
doses. The median time from the most recent chemotherapy to
nivolumab administration was 2.6 (range 1.1-17.5) months.
The median nivolumab dose number was 3 (range 2-46).

Table 1 Patient charcteristics

N %
Patient 17 100
Tumor histology
Seminoma 3 18
Nonseminoma 14 82
Primary tumor site
Gonadal 12 71
Mediastinal 3 18
Others 2 12
International Germ Cell Cancer
Collaborative Group risk at initial diagnosist
Intermediate 3 21
Poor 10 71
Unclassified 1 7
No. of previous lines of chemotherapy
2 lines 4 24
3 lines 6 35
More than 4 lines 7 41
No. of previous courses of chemotherapy
Median (range) 12 (5-30)
<10 courses 7 41
More than 10 courses 10 59
Sites of active metastases
Retoperitoneum 4 24
Other lymphadenopathy 8 47
Pulmonary 14 82
Non-pulmomary visceral metastases 8 47
Liver 5 29
Bone 3 18
No. of active metastatic sites
1 4 24
2 5 29
More than 3 sites 8 47
Mean (range) of pretreatment markers
AFP (ng/mL) 386 (1-3516)
hCG (IU/L) 3268 (0.5-26 833)

Lactate dehydrogenase (IU/L)
ECOG performance status

0 9 53

1 8 47

440 (178-2860)

tTestis and mediastinum origine.
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Response

Clinical responses to nivolumab are summarized in Table S1.
Figure 1 presents the clinical course of the one patient who
achieved a PR with a median duration of 90.1 weeks. In the
remaining 16 patients, the best response was SD in three
patients with a median duration of 11.7 (range 5.9-68.4)
weeks, whereas one patient achieved a durable SD with a dura-
tion of 68.4 weeks. Twelve patients showed PD, but one was
not evaluable. The median number of nivolumab doses for
patients with PD was 3 (range 2-10). As shown in Table S1,
one patient with a durable PR received four lines (14 cycles) of
chemotherapy before nivolumab but another patient with dur-
able SD was also heavily pretreated with three lines (eight cy-
cles) of chemotherapy and oral etoposide. There was no
significant relationship among treatment response, histological
types, and metastatic sites. The irRECIST criteria were evalu-
ated in nine patients. The best response was irPR in one patient,
followed by irSD in four, and irPD in four. The median PFS
was 1.5 (range 0-23.6) months, the median OS was 4.1 (range
1.6-29.8) months, and the 1- and 2-year survival rates were
27% and 13%, respectively. The Kaplan—-Meier OS curve is
shown in Figure 2.

Adverse events

Nivolumab was tolerated by heavily pretreated patients with
GCT. The observed AEs associated with nivolumab are listed
in Table 2.

No Grade 4 AEs were observed. There were two Grade 3
AEs, hypophosphatemia and rapid tumor progression, the latter
probably from the natural course of the disease; nevertheless,
nivolumab-induced hyperprogression could not be completely
excluded. Except for the patient with hyperprogression, no
other patient discontinued nivolumab due to AEs.

Biomarker analysis

Informed consent for biomarker analysis was obtained from
13 patients. Of these patients, tumor samples of eight and 12

1 month
after treatment

Before treatment

12 months
after treatment

1.00

0.75

0.50

0.25

Survival probablity

0.00

0 6 12 18 24 30
Months

Number at risk
17 7 5 4 2 0

Fig. 2 Kaplan—Meier estimates of OS. The median OS was 4.1 (range 1.6
29.8) months, and the 1- and 2-year survival rates were 27% and 13%,
respectively.

patients were available for genomic sequencing and PD-L1
IHC, respectively (Table S1). For PD-L1 IHC, two more
samples were unevaluable due to insufficient viable tumor
cells, leaving 10 patients evaluable for PD-L1 staining.
Among these patients, seven were evaluated for primary
tumors, and three were evaluated for metastatic sites after
chemotherapy. All samples were obtained before and after
chemotherapy, not before nivolumab treatment. IHC indicated
that three patients (30%) were PD-L1-positive; among these
patients, the best response was SD in one patient and PD in
two patients. Two patients who experienced a durable PR (me-
dian 90.1 weeks) and SD (median 68.4 weeks) had tumors
negative for PD-L1. Genomic sequencing revealed that all ana-
lyzed samples had nonsynonymous mutations. The median
number of nonsynonymous mutations was 16 (range 8-81),
and there were no significant differences between the three
patients with SD (10.3 average mutations) and the four patients
with PD (20.3 average mutations) (Tables S2 and S3). In con-
trast, the patient with a durable PR had as high as 81 muta-
tions.

Discussion

Most patients with GCT can be cured with first-line stan-
dard chemotherapy and subsequent surgery, but some
(d)

(ng/ml) AFP
100

‘ Initiation of nivolumab

1 32 60 91 121 152 182 213 244 274305 335 366397 (day)

Fig. 1 Time course of radiologic findings and alpha fetoprotein levels in patients who achieved a PR. The response has continued to date for 94 weeks in this
patient (data cut-off: 9 October 2020). Computed tomography scans before (a) and after (b, ¢, 1 and 12 months) initiation of nivolumab show PR of a lung metasta-

sis. (d) Time course of alpha fetoprotein levels in this patient.
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Table 2 Treatment-related AEs

Any
grade
Grade Grade Grade )
1 2 3
AE n n n n (%
Rash 2 0 0 2 118
Fever 1 1 0 2 118
Fatigue 1 0 0 1 59
Diarrhea 0 1 0 1 59
Muscle pain 1 0 0 1 59
Hypertension 0 1 0 1 59
Rapid tumor progression 0 0 1 1 59
Pnemonitis 1 0 0 1 59
Hypophosphatemia 0 0 1 1 59
Elevation of C-reactive protein level 0 1 0 1 59
Hypothyroidism 0 1 0 1 59
Dermatitis contact 0 1 0 1 59
Elevation of creatinine 0 1 0 1 59

phosphokinase level

patients may relapse and require salvage therapy. Although
such a standard- or high-dose salvage chemotherapy®® can
treat a substantial proportion of first-relapse patients, there
is no established chemotherapy for patients who relapse
after this. Additionally, the results of an early study of
molecularly targeted, single-agent therapies using tyrosine
kinase or mTOR inhibitors have not been promising.’ In
this setting, immunotherapy with anti-PD-L1 or anti-PD-1
antibodies can provide a target for a propotion of GCT
patients; however, two GCT clinical studies indicated that
these antibodies were not clinically efficient.'*'> In contrast,
a study using pembrolizumab, an anti-PD-1 antibody,
demonstrated durable SD (19 and 28 weeks, respectively)
in 2 of 12 patients with refractory GCT.'® Recently, another
phase II trial of pembrolizumab showed durable SD (range
4.5-10.9 months) in 3 of 12 heavily pretreated patients with
GCT."7 Although durable responses were observed in sev-
eral patients, no partial or complete responses were
observed in these two previous studies, disappointingly.
Thus, we started a novel phase II trial to elucidate the effi-
cacy and safety of nivolumab, another anti-PD-1 antibody,
for patients with GCT relapsing after second-line or higher
previous chemotherapies. Nivolumab was well-tolerated by
heavily pretreated patients; one patient had a PR, whereas
three had SD, with a median duration of 11.7 (range 5.9—
68.4) weeks. Notably, the maximum response duration of
patients with a PR and SD was 90.1 and 68.4 weeks,
respectively. While the proportion of patients who benefitted
from nivolumab was low, the present results indicate that
nivolumab is worth considering if effective biomarkers for
response prediction are available.

Regarding suitable biomarkers, PD-L1 expression in cancer
cells is a logical choice for predicting tumor response to anti-
PD-1 or anti-PD-L1 therapy as observed in previous studies.”
However, several factors limit the use of PD-L1 expression
as a biomarker for predicting refractory GCT response, as

there might be heterogeneity between primary and metastatic
lesions. PD-L1 expression may also fluctuate during treatment
and thus PD-L1 expression may not be a reliable predictive
biomarker, which is supported by our results.'®

To search for other viable biomarkers, we utilized targeted,
next-generation sequencing of 275 cancer-related genes, but
not WES, to evaluate mutation profiles. The median number
of mutations in all eight tested samples was 16, with no sig-
nificant differences between the three patients with SD and
four patients with PD. However, mutations were extremely
high in the tumors of patients with a durable PR. The high
TMB assessed by WES has been associated with favorable
clinical outcomes after anti-PD-1/PD-L1 therapy for various
cancers'”?® due to the expression of mutation-mediated
neoantigens,2 ! Although limited information is available, the
frequency of high-TMB GCT cases or cases with high GCT
mutation rates is reportedly low.>'>* To our knowledge, no
study has assessed the correlation between TMB and clinical
outcomes of anti-PD-1/PD-L1 therapy for GCTs.”> Although
our data are not derived from WES or targeted gene sequenc-
ing panels for TMB assessment, our results suggest that the
mutation rate is a potential biomarker for predicting GCT
response.

This study had some limitations. First, biomarker samples
were not obtained from all patients enrolled in the study. Sec-
ond, MSI information was lacking. However, although both
high TMB and MSI expressions have been reported as effec-
tive biomarkers,?* studies have reported that the frequency of
high MSI expression is low in patients with GCT.***> Thus,
measuring both markers may be optimal to avoid overlooking
potential candidates. Despite these limitations, our data
showed that a small subset of patients with completely
chemo-refractory GCT has a chance to benefit from anti-PD-
1/PD-L1 therapy. Further development of an effective predic-
tive biomarker is warranted.
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Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Table S1. Clinicopathological characteristics and sample
information.

Editorial Comment

Table S2. Results of non-synonymous mutations analyzed
using next-generation sequencing.

Table S3. Non-synonymous mutations in 100 representative
genes among 8§ patients.

Editorial Comment to Phase Il trial of nivolumab monotherapy and biomarker
screening in patients with chemo-refractory germ cell tumors

Despite excellent cure rates in metastatic germ cell cancer
(GCC), around 15 to 20% of the patients relapse or progress
after first line cisplatin-based chemotherapy and subsequent sal-
vage treatment regimens. In this situation, the combination of
classical cytotoxic agents such as gemcitabine, oxaliplatin, and
paclitaxel can induce objective response rates of approximately
50%, but most of the patients will progress and inevitably suc-
cumb to their disease.! With the implementation of targeted can-
cer therapies, several attempts were made to introduce new
treatment options for refractory GCC patients. For this purpose,
tyrosine kinase inhibiters, immunomodulatory substances,
mTOR inhibitors, and others were investigated, but unfortu-
nately no substance revealed reliable antitumor activity.”

In 2017, pembrolizumab was the first checkpoint-inhibitor
(CKI) tested in a small cohort of refractory GCC patients but
failed to induce any clinical responses, and the trial was
closed prematurely.’ In another phase II trial, durvalumab
yielded no responses as well, and the combination with
tremelimumab, a CTLA-4 antibody, reached clinical
responses in two of nine heavily pretreated patients. In sum-
mary, the use of CKIs seems to represent another unsuccess-
ful attempt concerning the implementation of new agents for
refractory GCC patients. One reason concerning the lack of
efficacy of CKIs in GCC could be a low rate of somatic
mutations resulting in the absence of potential neoantigens,
which are crucial for T-cell response.

In the article by Kawahara et al., the authors present data
from a phase II trial investigating the safety and efficacy of
nivolumab in a cohort of 17 adults with refractory germ cell
tumors aligned with an analysis of programmed death ligand-
1 (PD-L1) expression and genomic sequencing.* The overall
clinical activity of nivolumab was sobering, but one patient
revealed a durable partial response, associated with the proof
of a high tumor mutational burden. The authors concluded
that a small subset of patients with chemotherapy-refractory
germ cell tumor still have a chance to benefit from anti-PD-1/
PD-L1 therapy with tumor mutational burden as a potential
biomarker to predict therapy response.

To our point of view this trial demonstrates that oncolo-
gists should disclaim the use of CKlIs in unselected refractory
GCC patients. A molecular biomarker screening however
could be considered for these patients to identify potential
targets which can be used for optimal treatment stratification.
Concerning the future perspective of immunotherapy in GCC,
newest clinical data from the 2022 AACR congress revealed
promising results and suggest that CAR-T-Cells could repre-
sent a novel approach in the treatment of refractory GCC.
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