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BACKGROUND: Men with progressive neuroendocrine or aggressive-variant metastatic prostate cancer (NEPC/AVPC) have a poor
prognosis and limited treatment options, and immunotherapy has not been tested in such patients.
METHODS: We conducted an open label single center phase 2 trial (NCT03179410) of men with progressive NEPC/AVPC either
defined by histology or AVPC criteria. Avelumab (10mg/kg every 2 weeks) was administered until progression or unacceptable
toxicity. The primary endpoint was overall response rate (ORR). Secondary endpoints included ORR, radiographic progression-free
survival (rPFS), overall survival, and safety. Correlative studies included longitudinal peripheral blood immune phenotyping. The
study was limited by the small number of patients enrolled and by the early termination due to COVID-19.
RESULTS: A total of 15 men with AVPC/NEPC were enrolled. The median age was 71 (range 51–85 years), and men had received a
median of two prior therapies (range 1–3). Median PSA was 54 ng/dl (range 0–393), and 73% of men had liver metastasis. The ORR
with avelumab in this setting by iRECIST or RECIST 1.1 was 6.7%, including one patient (6.7%) with a complete remission (CR), 20%
with stable disease, and 67% with progressive disease. The patient with the CR had an MSH2 somatic mutation and MSI-high NEPC
with central nervous system metastases, and his CR remains durable off all therapy for 2 years. The median rPFS was 1.8 months
(95% CI 1.6–3.6 months), and median overall survival was 7.4 months (85% CI 2.8–12.6 months). Safety was consistent with the
known profile of avelumab. Phenotyping of peripheral immune subsets suggest enhanced CXCR2-dependent myeloid and T-cell
responses in this extraordinary responder.
CONCLUSIONS: While the study was terminated early due to slow enrollment at the onset of the COVID-19 pandemic and lower
than anticipated objective response rate, PD-L1 inhibition with avelumab monotherapy showed poor efficacy in patients with
microsatellite stable NEPC/AVPC. Immune profiling revealed enhanced CXCR2 positive immune cell activation in the one
extraordinary responder, suggesting potential mechanisms for further immunotherapy development in this population.
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INTRODUCTION
Aggressive-variant prostate cancer (AVPC), also termed neuroen-
docrine prostate cancer (NEPC), androgen receptor (AR)-indepen-
dent prostate cancer, or anaplastic prostate cancer, is an emerging
and important condition that may arise de novo or upon
transformation during hormonal therapies for men with meta-
static prostate cancer. Approximately 20% of men with lethal,
metastatic castration-resistant prostate cancer (mCRPC) harbor
NEPC histologic findings, and many more have AVPC that is either
neuroendocrine or AR negative/neuroendocrine negative or AR-
independent disease, estimated to comprise at least one third of
men who develop lethal disease [1–3]. Men with AVPC or NEPC
have a much worse prognosis, with median overall survival of
7 months compared with years in men with adenocarcinoma [4].

No phase 3 studies have shown an overall survival benefit in men
with AVPC or NEPC, and all approved therapies for mCRPC are only
proven in patients with adenocarcinoma, highlighting the need
for more effective therapies in these men with NEPC/AVPC.
The current standard-of-care for treating NEPC or AVPC and its

spectrum of diseases is to start with hormonal therapies, as most
NEPCs are mixed with adenocarcinoma. Once the cancer has
become mCRPC or if the histology at diagnosis was small cell
prostate cancer (SCPC), therapy focuses on platinum-based
combination therapy. Although there are no phase 3 trials to
evaluate these therapies, many patients have been treated with
cisplatin and etoposide, [5–7] and a systematic review with a
pooled analysis using all available published material on NEPC
patients found that chemotherapy had a statistically significant
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survival benefit [4]. Consistent with this, a recent phase 1/2 clinical
trial randomized patients with mCRPC to either cabazitaxel+
carboplatin versus cabazitaxel alone [8]. Cabazitaxel+ carboplatin
led to an improvement in PFS over cabazitaxel alone. Additionally,
a cohort of patients defined as having a molecular signature of
AVPC was associated with an improvement in PFS and OS with the
addition of carboplatin.
In addition to chemotherapy there is rationale for testing

programmed cell death protein 1 (PD-1) and programmed death-
ligand 1 (PD-L1) inhibition in the context of NEPC. For example, in
small cell lung cancer (SCLC) atezolizumab or durvalumab (PD-L1
inhibitors) in combination with a platinum agent and etoposide
are the new standard-of-care for first-line treatment of SCLC in
combination with up-front chemotherapy [9, 10]. Additionally,
pembrolizumab [11] monotherapy and nivolumab ± ipilimumab
[12] have shown efficacy in the relapsed setting; however,
subsequent negative confirmatory phase III trials led to acceler-
ated FDA approval withdrawal of both pembrolizumab and
nivolumab in SCLC. In addition, NEPC tumors have a higher
tumor mutational burden than typical adenocarcinoma [13]
suggesting an opportunity for immunotherapy in this disease.
Based on these observations we conducted the PICK-NEPC trial, a
single-arm phase 2 clinical trial of single agent avelumab in NEPC/
AVPC.

METHODS
Study design and patients
PICK-NEPC was a single-center, prospective, single-arm phase II clinical trial
conducted at Duke Cancer Institute (NCT03179410) to assess the utility of
single-agent avelumab among men with NEPC/AVPC. The full protocol,
including inclusion and exclusion criteria can be found in the Supplemen-
tary Methods and Supplementary Fig. 1. Eligible men were diagnosed with
neuroendocrine or neuroendocrine-like prostate cancer based on histology
criteria or clinical presentation criteria of AVPC. To meet histologic criteria
patients needed to harbor either primary small cell carcinoma of the
prostate, intermediate atypical carcinoma of the prostate, or mixed
histology containing both adenocarcinoma and neuroendocrine or small
cell components. To meet clinical presentation inclusion criteria of
AVPC with adenocarcinoma of the prostate, but without any sign of
neuroendocrine or small cell histology, patients had to be radiographically
progressing despite castrate levels of testosterone (< 50 ng/ml) and have
the following poor risk features:

(1) Prior progression despite therapy with either abiraterone acetate
and/or enzalutamide.

(2) At least one of the following: (1) liver metastases; (2) bulky
radiographic progression (> 2 cm short axis lymph nodes or > 1 cm
long axis visceral metastases) combined with low serum PSA (<10
ng/ml); (3) high serum LDH (>1X upper limit of normal (ULN)).
Patients were required to have received one line of approved
chemotherapy and/or hormonal therapy and could have received
up to three prior chemotherapy regimens.

Patients who previously received anti-PD(L)1 or anti-CTLA4 agents were
excluded. Additional key exclusion criteria include active ongoing
immunologic or autoimmune disease, immunosuppressant medication,
prior organ or allogeneic stem-cell transplantation or active HIV, hepatitis
B, or hepatitis C infection, active cardiovascular disease, persistent toxicity
(>Grade 1) related to prior therapy, or other severe acute or chronic
medical conditions such as colitis, inflammatory bowel disease, pneumo-
nitis, or pulmonary fibrosis. All men provided informed consent under a
Duke University institutional review board-approved protocol.

Study treatment
Enrolled men received avelumab (10mg/kg by IV every 2 weeks) until
progression or intolerable side effects for up to 3 years. Men were
premedicated with an antihistamine and with paracetamol (acetamino-
phen) 30–60min prior to each dose of avelumab. Men were continued on
their ADT used at study entry per investigator with subsequent changes
made per investigator. Men not on ADT at time of entry due to being

purely SCPC could remain off ADT. Men with SCPC on ADT at study entry
remained on ADT per investigator while all men with mixed histologies
remained on active ADT during trial participation. Men on enzalutamide
prior to enrollment were allowed to remain on enzalutamide during trial
participation. Men were allowed to receive palliative radiation to any
disease site indicated by the treating physician at any time during the
study, provided that another untreated site of measurable disease was
present at baseline.

Assessments
Bone scan and either CT or MRI scans of the chest, abdomen, and pelvis
were performed to assess disease status at baseline as well as every eight
weeks or at treatment discontinuation. Blood based biomarkers (carci-
noembryonic antigen (CEA), chromogranin A, lactate dehydrogenase
(LDH)) were monitored throughout the study if abnormal at baseline.
Adverse events and toxicity were monitored throughout the study and for
30 days after treatment discontinuation (90 days for serious adverse
events) and assessed according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.03.

Study objectives
The primary objective of this study was to assess the efficacy of PD-L1
inhibition with avelumab as measured by a modified PCWG3 criteria, [14]
where RECIST 1.1 [15] is replaced with iRECIST 1.1, a modified RECIST 1.1 for
immune-based therapeutics [16], on radiographic response rate in men
with metastatic neuroendocrine-like prostate cancer. Secondary endpoints
included PCWG3 radiographic response rate using RECIST 1.1, rPFS using
both RECIST 1.1 and iRECIST 1.1, overall survival, and the toxicities and
safety of avelumab.

Analysis of clinical outcomes
This study used the optimal two-stage Simon design to test the hypothesis
about modified PCWG3 using iRECIST radiologic response rate in subjects
with NEPC treated with avelumab. Response was defined as a complete
(CR) or partial response using iRECIST 1.1 criteria. Assuming that the
response rate among subjects treated would be 5%, the trial was designed
to have 88% power with a one-sided type I error rate= 5% to reject the
null hypothesis of response rate of 5% when the true response rate would
be 20%. The study planned a first stage in which 18 subjects would be
enrolled and if one or fewer responses were observed the trial would be
terminated. However, if two or more responses were observed, an
additional 26 subjects would be enrolled at the second stage for a total of
44 subjects. If five or more subjects respond, this new agent would be
declared to have promising activity. The probability of early termination
under the null hypothesis was 0.77. These operating characteristics were
selected to represent a reasonable compromise between high power, low
false positive rates, and desire for small sample sizes, especially in the first
stage. Allowing for 10% unevaluable rate, the target sample size was
49 subjects.
The Kaplan–Meier method was used to estimate rPFS and overall

survival distributions. Summary statistics were computed for the duration
of time on treatment distribution. The correlative science analyses were
considered exploratory and interpreted as such.

Immune profiling
Peripheral blood immune phenotyping was performed at baseline and
over time as described in the Supplementary Methods.

RESULTS
Patient characteristics
From 12/21/2017 to 10/31/2019, 19 patients were consented and
ultimately 15 patients were enrolled due to four patients screen
failing as a result of not meeting all eligibility criteria (Supple-
mentary Fig. 1B). As of 12/17/2020, date cutoff, the median follow-
up time was 26 months (range 22–30). A total of 14/15 patients
discontinued avelumab, most commonly due to disease progres-
sion. Baseline characteristics are shown in Table 1. The median age
was 71 years (range, 51–85) with a median KPS score of 90 (range
80–100). Median PSA at baseline was 53.6 ng/ml (range, 0.0–393.0)
and median LDH was 202 U/l (range, 81–330). At baseline,
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chromogranin A was elevated in 8/15 men (defined as >93 ng/ml,
53%), CEA was elevated in 5/15 men (defined as >2.5 ng/ml, 33%),
and LDH was elevated in 8/15 men (defined as >200 U/l, 53%).
Histologic diagnosis on central pathology review was adenocarci-
noma for 10 patients (67%) and NEPC/small cell for 5 patients
(33%). Four of the five patients classified as NEPC by pathology
received prior carboplatin.

Anti-tumor activity
The median number of avelumab doses was 4 (range 2–20), and
median follow-up was 26 months (range 22–30). Radiographic
response is shown in Table 2. Of the 15 enrolled patients, 14
were evaluable by RECIST 1.1 and iRECIST 1.1 criteria. One patient
(6.7%) showed a CR by both criteria and was found to be
microsatellite instability-high by a commercial, tissue-based,
next-generation sequencing panel. By iRECIST 1.1 criteria, three
patients experienced stable disease, nine experienced uncon-
firmed progressive disease, and one experienced confirmed
progression. Liver (n= 11), bone (n= 10), and lymph nodes (n=
9) were the most common sites of progression-related treatment
discontinuation. One patient had treatment discontinued as a
result of an adverse event, but the adverse event was unrelated
to the study. The ORR for the entire study was 6.7% (95% CI
17–32%) by either criteria. Best percentage change from baseline
target lesion size for 14 eligible patients is shown in Fig. 1A, and
best confirmed PSA decline is shown in Fig. 1B. Two patients
experienced a confirmed PSA decline from baseline. One
experienced a confirmed decline of ≥30% and another by

Table 1. Baseline demographics and characteristics.

Age (years) N= 15

Median (range) 71 (51–85)

Race

Black 4 (26.7%)

White 11 (73.3%)

Karnofsky Performance Status Score

Median (range) 90.0 (80.0–100.0)

PSA (ng/ml)

Mean (SD) 79.2 (103.8)

Median 53.6 (0.0–393.0)

Lactate dehydrogenase (LDH) (U/l)

Median (range) 202.0 (81.0–330.0)

Chromagranin A (ng/ml)

Median (range) 97 (53–647)

Carcinoembryonic antigen (CEA) (ng/ml)

Median (range) 2.0 (0.4–160.8)

Hemoglobin (g/dl)

Median (range) 11.4 (9.3–13.4)

Alkaline phosphatase (U/l)

Median (range) 88.0 (64.0–190.0)

Central Duke Pathology Review

Adenocarcinoma 10 (67%)

Neuroendocrine 5 (33%)

Number of prior therapies, n (%)

1 2 (13.3%)

2 6 (40.0%)

3 7 (46.7%)

Number of prior therapies

Mean (SD) 2.3 (0.7)

Median (range) 2 (1-3)

Prior therapies

Radical prostatectomy 8 (53.3%)

Radiation therapy 12 (80.0%)

Systemic therapy 15 (100.0%)

Prior systemic therapiesa

Abiraterone 7 (46.7%)

Apalutamide 1 (6.7%)

Bicalutamide 9 (60.0%)

Cabazitaxel 2 (13.3%)

Carboplatin 4 (26.7%)

Docetaxel 11 (73.3%)

Enzalutamide 12 (80.0%)

Radium 223 2 (13.3%)

Sipuleucel-T 6 (40.0%)

Androgen deprivation therapy 15 (100%)

Location of baseline target lesion N= 15

Adrenal gland 1 (6.7%)

Bladder 2 (13.3%)

Liver 11 (73.3%)

Lung 1 (6.7%)

Lymph node 8 (53.3%)

Mesentery 1 (6.7%)

Table 1. continued

Pelvis 1 (6.7%)

Soft tissue 3 (20.0%)

Spleen 1 (6.7%)
aTherapies immediately prior to initiation on PICK: 3 abiraterone, 1
cabazitaxel, 3 carboplatin, 2 docetaxel, 4 enzalutamide, 2 sipuleucel-T.

Table 2. Summary of treatment duration and response assessment.

Number of treatment cycles

Median (range) 2 (1–10)

Study duration (days)

Median 56 (28–356)

Follow-up time (months) among surviving men

Median (range) 26 (22–30)

Best PSA decline

Overall decline 2 (13.3%)

≥ 30% decline 2 (13.3%)

≥ 50% decline 1 (6.7%)

≥ 90% decline 1 (6.7%)

Objective response rate (ORR) 1 (6.7%)

Best overall lesion response typea

Complete response (CR)b 1 (6.7%)

Partial response (PR) 0

Stable disease (SD) 3 (20.0%)

Progressive disease (PD) 10 (66.7%)

Not evaluable (NE) 1 (6.7%)

Alive 2 (13.3%)
aRECIST 1.1 and iRECIST were equivalent.
bOne CR associated with MSI-H.
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≥90% (the same patient who achieved a CR). The study was
stopped early after 15 patients were enrolled due to slow
enrollment at the onset of the COVID-19 pandemic and lower
than anticipated objective response rate.

Survival and progression-free survival outcomes
At the time of data cutoff, 13/15 (86.7%) of patients had died.
Kaplan–Meier curves for overall survival and rPFS are shown
in Fig. 2A, B. Median overall survival was 7.4 months (95% CI

Fig. 1 Waterfall plots of clinical outcomes. A Waterfall plot of best percentage decline in measurable disease from baseline by RECIST 1.1
criteria. B PSA Waterfall plot for best confirmed PSA decline from baseline.

Fig. 2 Kaplan–Meier estimates of clinical outcomes. A Kaplan–Meier estimates of overall survival during treatment with avelumab.
B Kaplan–Meier estimates of radiographic progression-free survival (rPFS) using both RECIST 1.1 and iRECIST 1.1 during avelumab therapy.
C Case description of exceptional responder to avelumab in a patient with MSI-H mCRPC.
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2.8–12.6 months) and median rPFS was 1.8 months (95% CI
1.6–3.6 months).

Extraordinary responders
One patient experienced a CR on avelumab. His PSA trend and
clinical events are shown in Fig. 2C. This man was diagnosed with

prostate cancer metastatic to pelvic lymph nodes on which
pathology showed 20% small cell carcinoma. Treatment with
androgen deprivation therapy (ADT) and abiraterone acetate led
to a decline in PSA from 34 to 1.7 ng/ml after 2 months of therapy,
followed by a subsequent PSA increase to 6 ng/ml after 6 months
total on ADT and abiraterone. He then presented with altered

Table 3. Treatment-related AEs of any grade.

Grade of adverse event

1-Mild 2-Mod 3-Severe 4-LifeThr 5-Lethal Total

n (%) n (%) n (%) n (%) n (%) N

Hematologic adverse events

Blood and lymphatic system disorders

Anemia 0 (0%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Hematologic adverse events

Summary

Maximum hematologic AE 0 (0%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Non-hematologic adverse events

Endocrine disorders

Hypothyroidism 0 (0%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Gastrointestinal disorders

Abdominal pain 0 (0%) 0 (0%) 1 (7%) 0 (0%) 0 (0%) 15

Diarrhea 2 (13%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Nausea 2 (13%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Vomiting 3 (20%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

General disorders and administration site conditions

Chills 2 (13%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Fatigue 1 (7%) 3 (20%) 0 (0%) 0 (0%) 0 (0%) 15

Fever 1 (7%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Infusion related reaction 1 (7%) 8 (53%) 0 (0%) 0 (0%) 0 (0%) 15

Pain 1 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Investigations

Alanine aminotransferase increased 2 (13%) 0 (0%) 1 (7%) 0 (0%) 0 (0%) 15

Aspartate aminotransferase increased 2 (13%) 0 (0%) 2 (13%) 1 (7%) 0 (0%) 15

Blood bilirubin increased 0 (0%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Metabolism and nutrition disorders

Anorexia 1 (7%) 4 (27%) 0 (0%) 0 (0%) 0 (0%) 15

Hyperkalemia 1 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Hypocalcemia 1 (7%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Musculoskeletal and connective tissue disorders

Generalized muscle weakness 0 (0%) 1 (7%) 0 (0%) 0 (0%) 0 (0%) 15

Myalgia 2 (13%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Neck pain 1 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Nervous system disorders

Syncope 0 (0%) 0 (0%) 1 (7%) 0 (0%) 0 (0%) 15

Skin and subcutaneous tissue disorders

Rash maculo-papular 1 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Skin and subcutaneous tissue disorders—other, specify: rash left
knee, maculo-papular

1 (7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 15

Non-hematologic adverse events

Summary

Maximum non-hematologic AE 2 (13%) 8 (53%) 1 (7%) 1 (7%) 0 (0%) 15

All adverse events

Summary

Maximum overall AE 2 (13%) 8 (53%) 1 (7%) 1 (7%) 0 (0%) 15
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mental status and lower extremity weakness, and a brain MRI
revealed a single 32 mm right frontal lobe brain mass consistent
with metastasis. He underwent resection of the mass, which was
consistent with prostate carcinoma. FoundationOne sequencing
of this metastasis revealed microsatellite instability-high status,
and a tumor mutational burden of 73 mut/Mb as well as a MSH2
splice site deletion (2451_2458+ 6del14). After completion of
stereotactic body radiation therapy, he was enrolled on this study
of single agent avelumab and continued on ADT. He had multiple
pathologically enlarged retroperitoneal lymph nodes up to 2.6 cm
and a PSA of 6 ng/ml at the start of treatment. After 2 months on
ADT and avelumab his PSA declined to <0.01 ng/ml, and imaging
showed CR in retroperitoneal lymph nodes after 6 months on
therapy. Avelumab was discontinued 12 months after enrollment,
and ADT was discontinued 18 months after enrollment based on
patient preference given his CR. His PSA remains undetectable,
and imaging shows no evidence of disease after testosterone
recovery through October 2021, off all therapy for over 1.5 years.
He did experience an episode of grade 3 pericarditis, thought to
be immune related shortly after discontinuing avelumab, which
resolved with prednisone.
A second patient experienced prolonged stable disease on

avelumab for 9 months. The patient was diagnosed with localized
prostate adenocarcinoma 17 years prior to enrollment with lung
metastasis noted 9 years prior to enrollment. He was previously
treated with local radiotherapy followed by ADT, sipuleucel-T, and

enzalutamide for mCRPC. He had no neuroendocrine or small cell
features on histology and no elevations in neuroendocrine serum
biomarkers. At the time of enrollment he had PSA progression and
bulky radiographic progression in lymph nodes and pulmonary
nodules while on ADT and enzalutamide. He remained on
enzalutamide/ADT through avelumab treatment. Imaging and
PSA levels remained stable for 9 months on avelumab followed by
PSA and radiographic progression in lymph nodes, after which he
was treated with standard-of-care docetaxel followed by
cabazitaxel.

Safety
Adverse events are reported in Table 3. Throughout the trial, all
patients experienced at least one grade 1 adverse event. Three
serious adverse events were attributed to avelumab, one episode
of grade 3 autoimmune hepatitis, one episode of grade 4
autoimmune hepatitis, and one episode of grade 3 pericarditis.
Two deaths occurred while on study, one attributed to progressive
cancer and another due to thromboembolic event, neither
attributed to avelumab. The safety profile was consistent with
what has been previously described for avelumab.

Immune biomarkers
To characterize differences in peripheral immune subtypes in
these patients over time, we used a 14-channel customized flow
cytometry panel. This panel enabled the quantification of multiple

Fig. 3 Analysis of peripheral immune subsets across patients in the PICK-NEPC trial. A Percentage of lymphocytes, CD3+ T-cells, and CD4+
helper T-cells. B Percentage of NK T-cells. C PD-L1+ (CD279) helper T-cells. D CXCR2+ (CD182) cytotoxic T-cells, and E CXCR2+ M1 monocytes.
Line graphs show median values in solid lines while dotted lines indicate immune subsets in individual patient over time. CR complete
response, PD progressive disease, SD stable disease. Beeswarm plots show all patients at each time point, with the patient exhibiting a
complete response indicated in orange.

L.C. Brown et al.

6

Prostate Cancer and Prostatic Diseases



immune subsets, including helper (CD3+CD4+) and cytotoxic
(CD3+CD8+) T-cells, Natural Killer cells (CD3−CD16+CD56+),
Natural Killer T (NKT) cells (CD3+CD56+CD16+), B cells
(CD3−CD19+), monocyte lineages, including M1 (CD14+CD16−),
M2 (CD14−CD16+), intermediate/transitional (CD14+CD16+), and
myeloid-derived suppressor cell subsets (Lin-/HLA-DRlow/CD14+,
MDSC4 (HLA-DRlow/CD14+), MDSC5 (CD15+/CD14−/CD11b+),
MDSC10 (Lin−/CD14−/CD16+HLA-DR−/CD11b+) [17, 18], granulo-
cytic (g)MDSC (CD11b+/HLA-DR−/CD14−/CD15+), and monocytic
(m)MDSC (CD11b+/HLA-DR−/CD14+/CD15− [19, 20]); (Supplemen-
tary Fig. 2). CD182 (CXCR2) expression was measured on all
lymphoid and myeloid populations; activation markers HLA-DR
and CD279 (PD-1) were measured on all lymphocytes. Peripheral
immune subsets in the patient with a CR showed no qualitative
differences in the percentages of total lymphocytes, T-cells, or
Helper T-cells at baseline or over time (Fig. 3A and Supplementary
Fig. 3); however, this patient showed qualitatively higher levels of
NKT cells (Fig. 3B) at all time points, PD-1-expressing helper T-cells
(Fig. 3C) at all time points, increased levels of CXCR2+ cytotoxic
T-cells that emerged over time during response (Fig. 3D) and
initially low levels of CXCR2 positive monocytes, which substan-
tially increased over time during response (Fig. 3E).

DISCUSSION
In this phase 2 clinical trial, avelumab showed limited activity in
men with metastatic NEPC/AVPC. Our objective response rate of
6.7% was similar to prior data with single agent PD-1/PD-L1
immunotherapy in men with mCRPC, and the single patient with a
CR had MSH2-mutated, MSI-High NEPC. Although the number of
NEPC patients is too small (n= 5) to draw a definitive conclusion
on the efficacy of avelumab in this patient group, these results
suggest that single agent PD-L1 checkpoint inhibition with
ongoing ADT is not sufficiently active in NEPC/AVPC and is not
a viable relapsed treatment option, aside from individuals with
microsatellite instability.
These findings are generally consistent with prior findings for PD-

(L)1 inhibition in unselected mCRPC, including the phase II
KEYNOTE-199 trial [21], the IMbassador250 trial of the addition of
atezolizumab to enzalutamide in mCRPC showing no benefit [22],
and failure of ipilimumab to improve overall survival in a phase 3
clinical trial in mCRPC [23]. However, evidence exists that a
favorable response to ipilimumab is associated with high intratu-
moral CD8 density, high INF-gamma response gene signature, and
antigen-specific T-cell responses [24]. These insights may be
similarly applicable to NEPC tumors to identify which small group
of patients may respond to single agent checkpoint inhibition and
further investigation into peripheral blood and tissue-based
immunophenotyping to understand the underlying immune
dysregulation that may underpin NEPC and mCRPC.
The chemokine receptor, CXCR2, the receptor for interleukin-8,

is critical to promoting myeloid-derived suppressor cell function
and resistance to immune checkpoint blockade in prostate cancer
preclinical models [25–27]. Targeting CXCR2 is presently being
tested in clinical trials of men with mCRPC and other solid tumors
in combination with checkpoint blockade (NCT03473925). Inter-
estingly, profiling of peripheral immune subsets in the present
trial revealed high levels of CXCR2 (CD182) expression on
cytotoxic T-cells in the one patient with a CR (Fig. 3). Consistent
with this, transduction of CXCR2 increases migration of cytotoxic
T-cells to tumors and enhances tumor regression in preclinical
models of melanoma [28]. Conversely, baseline monocyte CXCR2
expression was lower for the patient who exhibited a CR than in
other patients, but increased dramatically over time during
response. This is also consistent with studies suggesting that
CXCR2 knockout monocytes infused into mice with prostate
cancer led to improved tumor regression and survival [29].
However, NEPC is also associated with tumor cell autonomous

expression of CXCR2, which can promote lineage plasticity and AR
therapy resistance [30], suggesting a complex interplay of tumor
and host signaling using the same chemokine signaling axis.
This study has several limitations, including the lack of a

randomized control arm, small sample size, mixture of tumor
histologies included in the study, and lack of genomic profiling for
all patients. However, the lack of responsiveness in all patients except
the patient with microsatellite instability suggests that common
genetic alterations in NEPC/AVPC, such as losses of TP53, RB1, or PTEN,
may not enrich for single-agent immune checkpoint responsiveness.
In conclusion, avelumab monotherapy showed minimal efficacy

in patients with relapsed NEPC/AVPC. The only objective response
was in a patient with microsatellite instability-high disease. Genomic
evaluation of microsatellite instability status is currently recom-
mended in the National Comprehensive Cancer Network guidelines
(v2022) as a biomarker to select patients who would benefit from
immune checkpoint inhibition. The safety profile was consistent
with prior investigations of avelumab without any new safety
signals. Despite the lack of response as monotherapy, we believe it is
reasonable to continue to pursue combination trials in men with
NEPC/AVPC, and such trials are ongoing and important to the field,
such as the CHAMP trial of cabazitaxel, carboplatin, nivolumab and
ipilimumab (www.clinicaltrials.gov: NCT04709276). Further investiga-
tion is needed in this area to optimally select patients with prostate
cancer for checkpoint inhibition as well as novel therapy combina-
tions to improve outcomes in this aggressive disease.
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