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BACKGROUND: Single-agent PD-1/PD-L1 inhibitors have shown limited efficacy in unselected mCRPC. The evidence of a survival
benefit with sipuleucel-T and ipilimumab, provides a rationale to study further increasing immunogenicity in mCRPC through
combinations.
METHODS: Safety and efficacy avelumab plus carboplatin was investigated in a single-arm Phase Ib study in mCRPC, progressing to
at least one taxane and one androgen-receptor inhibitor. The primary endpoint was safety. Secondary endpoints included PSA/
radiographic responses, progression-free survival (PFS) and overall survival (OS). Germline/somatic mutation analysis was
performed.
RESULTS: In total, 26 patients were included. Patients were heavily pretreated: 76.9% received ≥3 and 42.3% ≥4 prior lines. A DNA
damage repair (DDR) alteration was found in three patients (11.5%). The safety profile was acceptable with 73% Grade 3–4
treatment-related adverse events. PSA response rate ≥50% was seen in 7.7% of patients. The objective response rate was 17.6%,
including one complete response (5.9%). Two of these responders had a known DDR alteration (one BRCA2, one ATM). The median
response duration was 6 months. Median radiographic PFS was 6.6 months (95% CI 4.28–9.01), and median OS 10.6 months (95% CI
6.68–NR).
CONCLUSIONS: Avelumab plus carboplatin has an acceptable safety profile and was associated with a prolonged OS given the
heavily pretreated population.
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INTRODUCTION
Prostate cancer (PC) is the most common cancer in men and the
third most frequent cause of death from cancer in males [1].
Androgen-deprivation therapy with luteinizing hormone-releasing
hormone analogues in combination with docetaxel chemotherapy
or an androgen-receptor signalling inhibitor (ARSI) is the current
standard of care for first-line treatment in patients with metastatic
hormone-sensitive PC [2–5]. However, despite an initial response,
most patients will ultimately experience disease progression after
a median time of 20–33 months, developing metastatic castration-
resistant prostate cancer (mCRPC) [2–5]. Several drugs, including
two taxane chemotherapy agents [6–8], two ARSIs [9–12], an
alpha-particle emitter [13] and a PSMA-guided beta-particle
emitter [14] are approved for the treatment in this setting after

showing improved survival in randomised clinical trials. However,
invariably all patients will experience disease progression to these
agents leading ultimately to limited survival.
In the last decade, cancer treatment has been revolutionised

with the advent of immune-checkpoint inhibitors (ICI), namely
thanks to agents targeting the programmed cell death-1 (PD-1)
receptor pathway and its ligand PD-L1 and the cytotoxic T
lymphocyte-associated protein-4 (CTLA-4) receptor. Several of
these agents have been approved for the treatment of different
solid tumours. However, their role in PC is still limited with initial
data being not encouraging. Clinical trials testing the use of
single-agent PD-1 or PD-L1 inhibitors for the treatment of
advanced PC have shown very limited signs of efficacy with
objective PSA response rates ranging between 8 and 9% and
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median progression-free survival (PFS) between 2.1 and
3.5 months [15–17]. This is probably partially due to the fact that
PC has classically been classified as an immunologically cold
tumour with a low PD-L1 expression, low tumour mutational
burden (TMB) and an increase in immune-suppressive immune
cells (such as tumour-associated macrophages, myeloid-derived
suppressor cells) [18]. Select PC harbouring microsatellite instabil-
ity (MSI), high TMB or specific genomic alterations such as
mutations in DNA damage repair (DDR) genes or CDK12 loss may
be associated with an increased immunotherapy response.
Nonetheless, the evidence of a survival benefit seen with the
cancer vaccine Sipuleucel-T [19] or the CTLA-4 inhibitor ipilimu-
mab in combination with radiotherapy (final long-term analysis of
CA184-043 Phase 3 trial) [20] in advanced PC patients provides a
strong rationale supporting further research with the use of
modern ICI in improved strategies, such as drug combinations
directed to increase the tumour immunogenicity.
Conventional cytotoxic chemotherapy has been shown to

induce an immunogenic type of cell death in tumour cells,
resulting in the emission of specific signals that trigger
phagocytosis of cell debris and promote the maturation of
dendritic cells, ultimately resulting in the potential induction of
immune-mediated antitumor responses [21]. Chemotherapy in
combination with ICIs has already shown improved efficacy in
other solid tumours such as lung cancer [22] or oesophageal
cancer [23]. Carboplatin, as a known DNA-disrupting agent active
in PC, could cause tumour cell destruction and tumour-antigens
release leading to the presentation of neoepitopes and stimula-
tion of the immune system. It has been hypothesised that
chemotherapy-induced tumour-antigen release can act as an
“autovaccination” which could be subsequently exploited and
enhanced with the addition of an ICI. Thus, we hypothesised that
the combination of carboplatin chemotherapy and cancer
immunotherapy could have synergistic potential. Here, we report
on a Phase Ib study conducted to evaluate the safety and efficacy
of combining carboplatin chemotherapy with PD-L1 inhibitor
avelumab in metastatic CRPC patients progressing after at least
one line of taxane chemotherapy and one line of an ARSI.

MATERIALS AND METHODS
Patients
This was an investigator-initiated open-label single-arm Phase Ib study
investigating the safety and efficacy of PD-L1 inhibitor avelumab plus
carboplatin in patients with mCRPC. Patients were eligible for enrolment if
they were aged 18 years or older, had histologically confirmed metastatic
prostate adenocarcinoma, were castration-resistant and had progressed to
at least one taxane chemotherapy and one ARSI treatment. Additional key
inclusion criteria were Eastern Cooperative Oncology Group (ECOG)
performance status (PS) 0–2, adequate organ function and evaluable

disease as per the Prostate Cancer Clinical Trials Working Group 3 (PCWG3)
[24], measurable or not as per the RECIST v1.1 criteria [25]. Eligible patients
were also required to provide archival or newly obtained tumour sample for
the assessment of PD-L1 expression and tumour sequencing. Prior therapy
with radium-223, carboplatin or PARP inhibitors was allowed, and there was
no limit in number of prior lines of therapy. Key exclusion criteria were prior
treatment with ICIs, active autoimmune diseases, prior allogeneic stem cell
or solid organ transplantation, high dose of systemic corticosteroids (more
than 10mg of prednisone or equivalent per day) and known history of
active infection by HIV or hepatitis B and C viruses or tuberculosis.

Treatment schedule and procedures
Patients received two cycles of induction carboplatin (area under the curve
[AUC]= 5) every 3 weeks, followed by two cycles of avelumab 10mg/kg
combined with carboplatin (AUC= 5) every 3 weeks, and then by
maintenance 2-weekly avelumab 10mg/kg for 2 years. Therapy was
stopped in case of progressive disease, unacceptable toxicity or patient
consent withdrawal. During the avelumab maintenance phase, patients
could be treated beyond confirmed disease progression if the study
investigator, in agreement with the sponsor, determined that the patient
continued to derive clinical benefit. Figure 1 illustrates the trial schema. To
prevent avelumab infusion-related reactions, a premedication with an
antihistamine and paracetamol 30–60min prior to each dose of avelumab
was mandatory for the first four cycles. The use of G-CSF for prophylactic
and therapeutic purposes was allowed following local clinical practice.
Dose delays for adverse events (AE) were permitted. Dose reduction of
carboplatin was allowed as per standard local practice. No dose reductions
were allowed for avelumab.
Pre-treatment assessment included a complete medical history, physical

examination, haematology and biochemistry test, thyroid function,
testosterone, PSA, hepatitis B and C serology, ECG, and tumour evaluation
by bone scan and chest, abdomen and pelvis CT scan. Tumour assessments
were performed every 6 weeks (±2 weeks) during the carboplatin phase,
and thereafter every 12 weeks when on avelumab maintenance phase.
Recently acquired or archival (ideally <3 years old) formalin-fixed, paraffin-
embedded tumour samples were used for PD-L1 immunohistochemical
staining and additional genomic studies. PD-L1 expression was assessed at
a central laboratory with the use of the commercially available PD-L1 IHC
22C3 pharmDx assay (Dako North America). PD-L1 expression was
categorised as the PD-L1 combined positive score (CPS), defined as the
number of PD-L1-expressing tumour and infiltrating immune cells multi-
plied by 100 and divided by the total number of tumour cells. Patients were
considered PD-L1 positive if CPS was ≥1.

Trial design and endpoints
The trial had two stages: a Safety Phase and an Expansion Phase (Fig. 1). In
the Safety Phase, the primary endpoint of safety and tolerability was
assessed. In this phase, three patients were initially treated at full dose
(carboplatin (AUC= 5) and avelumab 10mg/kg). If two or more of the
three patients experienced a Grade 3–4 AE during the first cycle of
combination therapy, three extra patients were allowed to be treated at
the reduced dose of carboplatin (AUC= 4) with avelumab 10mg/kg. If only
one or less patients experienced a Grade 3–4 AE, three extra patients were

Eligibility criteria (N = 26):

3 patients treated at full dose
(carboplatin AUC5 + avelumab 10 mg/kg)

Safety phase (6 patients) Expansion phase
(20 patients)

(dose received by
the last 3 patients)

Recommended
dose level

20 extra
patients
allowed

≥≥2 patients with
G3-4 toxicity during 1st

combination cycle

1 or less patient with
G3-4 toxicity during 1st

combination cycle

SECONDARY ENDPOINTS
PSA response rate

PFS as per PCWG3.0 & RECIST1.1
Overall survival

3 extra patients allowed at
reduced carboplatin AUC4

+ avelumab 10 mg/kg

3 extra patients allowed
at carboplatin AUC5 +

avelumab 10 mg/kg

PRIMARY ENDPOINT
Safety and tolerability

Histologically confirmed mCRPC.

No limit of prior treatment lines.

Prior ICI not allowed.

ECOG PS 0-1 and adequate organ function.

Evaluable radiologic disease (measurable or
not as per RECIST1.1 criteria).

Progressing after at least 1 line taxane
chemotherapy and 1 line new ARSI.

Fig. 1 Trial schema. mCRPC metastatic castration-resistant prostate cancer, ARSI androgen-receptor signalling inhibitor, ICI immune-checkpoint
inhibitor, ECOG PS Eastern Cooperative Oncology Group Performance status, RECIST Response Evaluation Criteria in Solid Tumours, AUC area
under the curve, G3-4 Grade 3 or 4, PSA prostate-specific antigen, PFS progression-free survival, PCWG Prostate Cancer Working Group.
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allowed to be treated at the standard dose of carboplatin (AUC= 5) with
avelumab 10mg/kg. If no more than two patients among the first six
patients included presented a Grade 3–4 AE, the safety endpoint was met
and the opening of the Expansion Phase was allowed. In the Expansion
Phase, 20 patients were included and treated at the recommended dose
level, which corresponds to the dose received by the last 3 patients in the
Safety Phase. In this phase, antitumor efficacy was assessed in terms of PSA
and radiographic objective responses, radiographic PFS (rPFS), biochemical
PFS (bPFS) and overall survival (OS) as per the PCWG3 (secondary
endpoints).
A PSA response was defined as a decrease of at least 50% from the

baseline value confirmed by a second value 3 or more weeks later.
Confirmed PSA reductions of at least 30% were also recorded. Radio-
graphic objective response rate (ORR) was defined as the proportion of
patients with a radiographically confirmed complete or partial response as
per RECIST v1.1 among patients with measurable disease. Disease control
rate was defined as the percentage of patients achieving a complete
response, partial response and stable disease, as the best response. PFS
was defined as the time from randomisation to death or progression based
on local radiographic assessment. bPFS was defined as the time from
randomisation to death or biochemical progression based on PSA
assessments. Biochemical progression was defined as an increase in the
PSA level of more than 50% above the nadir in case of PSA reduction or
above the baseline value in case of no prior reduction, with two
consecutive increases at least 2 weeks apart. OS was defined as the time
from randomisation to death. Duration of response was defined as the
time from first documented complete or partial response to radio-
graphically confirmed disease progression or death from any cause,
whichever occurred first.
Safety assessments consisted of monitoring and recording all AEs, as per

the National Cancer Institute Common Toxicity Criteria Adverse event (NCI-
CTCAE) version 4.03 [26] and codified according to MedDRA dictionary.
Data on AEs and serious AEs were collected from the time the informed
consent was signed up to 90 days after the last dose of study treatment.

Trial oversight
The study was carried out with the approval of the Institutional Ethics
committee of all participating institutions. The study was conducted in
accordance with the ethical principles pronounced in the Declaration of
Helsinki (Amendment 64th of the World Medical Association General
Assembly, Fortaleza, Brazil, October 2013). A signed informed consent was
obtained from each participant prior to any study procedure. An
independent Safety Data Monitoring Committee with three external
Medical Oncologists was selected for assessing the Safety data and
allowing or not the continuation of the Expansion phase. This study was
registered at the European Union Drug Regulating Authorities Clinical
Trials Database as EudraCT Number 2017-004552-39.

Statistical considerations
For sample size calculation, a clinical benefit endpoint was used. Clinical
benefit was defined as disease response or absence of disease progression
in terms of PSA and radiographic assessment as per the PCWG3 criteria at
4 months of treatment initiation. For that purpose, we established a null
hypothesis that at 4 months of treatment initiation, less than 50% of
patients would meet the endpoint of clinical benefit. In order to
demonstrate that clinical benefit with the study treatment combination
could be achieved in equal or greater than 50% of patients, we calculated
that a sample of 26 patients was needed in order to estimate with a
confidence interval of 95% (±15 percentage units, unilateral α error of 0.1
and a β error of 0.1) a percentage of clinical benefit in the real disease
population of around 50%. No interim analysis was planned. For the efficacy
variable of ORR, the relative frequency and respective 95% confidence
interval (CI) were calculated. The analysis of all time-to-event endpoints (OS
and PFS) was done by the Kaplan–Meier curve with the respective 95% CI.

RESULTS
Patients
From June 2018 to January 2020, 28 patients were evaluated for
eligibility, and 26 were enrolled. Patient baseline disease
characteristics are summarised in Table 1. The median age was
70 years (range 55–83), 42.3% were ECOG PS0 and 57.7% PS1.

Most patients had advanced disease: 38.5% of patients had
visceral metastasis, 65.4% had a bone superscan, and 61.5% were
de novo metastatic at first diagnosis. Patients were heavily
pretreated: 76.9% received ≥3 and 42.3% ≥4 survival-prolonging
treatment lines. PD-L1 CPS expression was positive in 11.5% of
cases (n= 3), negative in 61.5% (n= 16) and unknown in 26.9%
(n= 7). A somatic DDR molecular alteration was found in three
patients (11.5%), including BRCA2 (n= 1), ATM (n= 1) and FANC
(n= 1).
The primary reason for treatment discontinuation was disease

progression (92.3%). Permanent treatment discontinuation due to
AEs occurred in 1 patient (3.8%) who presented G4 thrombocy-
topenia and G2 urinary sepsis. The Median follow-up was
14.2 months (95% CI 12.7–17.9). The median treatment duration
was 8.8 months (range 1.4–20.9). Four patients (15.4%) never
received any cycle of avelumab due to rapid disease progression
during the carboplatin induction phase but were included both in
the safety and efficacy analyses.

Safety
In the Safety Phase, the first three patients were started on
study treatment at full dose of the combination. Among these
three patients, only one patient experienced a Grade 3 AE
(anaemia and neutropenia) during the first combined cycle.
Three extra patients were allowed at the same dose level,
among which no Grade 3–4 AEs were observed. A Data
Monitoring Committee with three external Medical Oncologists
reviewed the Safety data and deemed the Safety endpoint had
been met and that the recommended doses of the treatment
combination were safe. The Expansion Phase was started at the
recommended dose level of carboplatin (AUC= 5) plus avelu-
mab 10 mg/kg.
AEs that occurred in at least 5% of patients (both Safety and

Expansion phases) are summarised in Table 2. Treatment-
emergent AEs (TEAE) of any grade were seen in 84.6% of patients.
Grade 3 or worse TEAEs occurred in 73% of patients. Serious AEs of
Grade 3–4 attributed to study treatment seen in 7.7% of patients.
The most common TEAE of any grade were: thrombocytopenia
(73%), anaemia (69.2%) and fatigue/asthenia (57.7%). The most
frequent Grade 3 or worse TEAEs were: anaemia (61.5%),
thrombocytopenia (53.8%), and neutropenia (26.9%). Only one
patient experienced a febrile neutropenia (3.8%). There were no
toxic deaths due to study treatment. Three patients (11.5%)
presented immune-related TEAEs, including Grade 1 arthritis
(n= 1), Grade 1 hypothyroidism (n= 1) and a Grade 4 neutropenia
(n= 1, with confirmed antineutrophil autoantibodies). Eighteen
patients (69.2%) temporarily interrupted or delayed therapy due
to an AE. Carboplatin dose reductions occurred in 38.5% of
patients.

Efficacy
At the time of the database lock (November 29, 2021), 15 deaths
had occurred (57.7%), all of them due to disease progression. The
Median follow-up was 14.3 months (95% CI 12.7–17.9). The
median treatment duration was 8.8 months (range 1.4–20.9).
Efficacy results are summarised in Table 3. Confirmed PSA
response rates ≥30% and ≥50% were 15.4% (4/26) and 7.7%
(2/26), respectively (Fig. 2a). Any reduction of PSA was seen in
34.6% of patients. Rising PSA as the best response was seen in
65.4% (17/26). Confirmed PSA response rates ≥50% were 33.3%
(1/3) among PD-L1 positive patients and 6.2% (1/16) for PD-L1
negative (Table 3). Among patients with measurable disease
(n= 17), there were two partial responses (2/17, 11.8%) and one
complete response (1/17, 5.9%) for an ORR of 17.6% (Fig. 2b).
Median duration of response was 6 months (range 4.2–16.5). Of
note, two of these responders had a known somatic DDR
deleterious alteration (one BRCA2 mutation, one ATM mutation)
(Supplementary Table 1). Eight patients (30.7%) experienced
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progressive disease as the best response. The disease control rate
was 69.2% (18/26), including responses and stabilisations (both in
measurable and no measurable patients). A clinical benefit, defined
as disease response or absence of disease progression at 4 months
of treatment initiation was seen in 73.1% (n= 19).
ORR was 33.3% (1/3) and 10% (1/10) for PD-L1 positive and

negative patients, respectively (Table 3). ORR in DDR-altered
patients was 66.6% (2/3) while only 10% in DDR-negative patients
(1/10). Median OS was 10.6 months (95% CI 6.68–NR) (Fig. 3a) for a
6- and 18-months survival rate of 80.4% (95% CI 59.2–91.4) and
36% (95% CI 17.4–55.0), respectively. Median OS was 21 and
9.3 months, for PD-L1 positive and negative patients, respectively.
Median bPFS was 4.19 months (95% CI 3.52–4.38). Median rPFS
was 6.6 months (95% CI 4.28–9.01) (Fig. 3b). Median rPFS was 3.75
and 7.25 months, for PD-L1-positive and -negative patients,
respectively.
Following study treatment discontinuation, 40% of the patients

received any subsequent life-prolonging anticancer therapy
(Table 1). The median number of subsequent treatment lines
was 1 (range 0–3).

Table 1. Patients baseline characteristics.

Characteristic Overall (n= 26)

Age, median (range), years 70.0 (55–83)

ECOG PS, n (%) 0 11 (42.3%)

1 15 (57.7%)

Gleason score, n (%) <8 8 (30.7%)

≥8 18 (69.2%)

Prior radical therapies,
n (%)

Prostatectomy 4 (15.4%)

Prostate
radiotherapy

6 (23.1%)

Time from first ADT
to CRPC

Median
(range), months

25.2 (6.5–63.1)

<12 months, n (%) 6 (23.1%)

≥12 months, n (%) 20 (76.9)

No. of survival-
prolonging prior
therapies, n (%)

2 6 (23.1%)

3 9 (34.6%)

4 or more 11 (42.3%)

Prior therapies, n (%) Docetaxel 26 (100%)

Abiraterone 13 (50%)

Enzalutamide 18 (69.2%)

Cabazitaxel 15 (57.5%)

Radium-223 7 (26.9%)

Other* 10 (38.5%)

Serum PSA level, median (range), ng/mL 164 (2.44–5948.0)

Haemoglobin, n (%) <12.5 g/L 20 (76.9%)

≥12.5 g/L 6 (23.1%)

Alkaline phosphatase,
n (%)

<129 U/L 11 (42.3%)

≥129 U/L 15 (57.7%)

PD-L1 expression (CPS) Positive (≥1) 3 (11.5%)

Negative (<1) 16 (61.5%)

Unknown# 7 (26.9%)

Staging, n (%) De novo metastatic
disease

16 (61.5%)

Nodal disease only 2 (7.7%)

Visceral metastases 10 (38.5%)

Metastasis location, n (%) Bone 23 (88.5%)

Nodal 12 (46.2%)

Liver 9 (34.6)

Lung 2 (7.7%)

Number of bone lesions,
n (%)

0 3 (11.5%)

1–5 4 (13.3%)

≥5 2 (7.7%)

Superscan 17 (65.4%)

DDR molecular
alteration, n (%)

Unknown 13 (50%)

Absent 10 (38.5%)

Present^ 3 (11.5%)

Subsequent therapies at
progression, % (n)°

None 60% (15/25)

Docetaxel 12% (3/25)

Cabazitaxel 24% (6/25)

Enzalutamide 4% (1/25)

Radium-223 12% (3/25)

Abiraterone 4% (1/25)

ECOG PS Eastern Cooperative Oncology Group Performance status, ADT
androgen-deprivation therapy, CRPC castration-resistant prostate cancer,
PSA prostate-specific antigen, CPS combined positive score, PD-L1
programmed death ligand 1, DDR DNA damage repair.
*Including: orteronel (n= 1), carboplatin (n= 2), cyclophosphamide (n= 4),
PARP inhibitors (n= 3). ^Including: BRCA2 (n= 1), ATM (n= 1), FANC (n= 1).
#Due to lack of available tumour sample or insufficient quality of the
tumour sample.
°Among patients stopping study treatment (n= 25).

Table 2. Safety overview.

AE Overall (N = 26)

Any grade,
n (%)

Grade ≥3,
n (%)

Any AE 26 (100%) 19 (73%)

Any TEAE 22 (84.6%) 19 (73%)

Immune-related TEAE* 3 (11.5%) 1 (3.8%)

Any AE leading to interruptions
or delays

18 (69.2%) –

Any AE leading to carboplatin
dose reduction

10 (38.5%) –

Serious AEs 16 (61.5%) 2 (7.7%)

Thrombocytopeniaa 19 (73%) 14 (53.8%)

Anaemiab 18 (69.2%) 16 (61.5%)

Fatigue/asthenia 15 (57.7%) 2 (7.7%)

Neutropenia 13 (50%) 7 (26.9%)

Decreased appetite 9 (34.5%) 0

Arthralgia 6 (23%) 0

Bone pain 5 (19.2%) 0

Nausea 4 (15.4%) 0

Constipation 3 (11.5%) 0

Hypocalcemia 3 (11.5%) 1 (3.8%)

Diarrhoea 2 (7.7%) 0

Pneumoniae 2 (7.7%) 2 (7.7%)

Urinary tract infection 2 (7.7%) 0

ALT/AST increased 2 (7.7%) 0

Infusion reaction 2 (7.7%) 0

Febrile neutropenia 1 (3.8%) 1 (3.8%)

AE adverse event, ALT alanine aminotransferase, AST aspartate amino-
transferase, TEAE treatment-emergent adverse event.
aCombined term for thrombocytopenia or decreased platelets.
bCombined term for anaemia or decreased haemoglobin.
*Including a Grade 1 arthritis (n= 1), Grade 1 hypothyroidism (n= 1),
Grade 4 neutropenia (n= 1).
Treatment-emergent adverse events that occurred in 5% or more of
patients (with the exception of febrile neutropenia). Adverse events are
presented according to descending order of frequency.
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DISCUSSION
This is the first report on the safety and efficacy of the
combination of avelumab and carboplatin chemotherapy in
patients with mCRPC. Avelumab plus carboplatin had an
acceptable safety profile with no greater toxicities with the
combination than with each individual agent alone, meeting the
prespecified primary endpoint of safety. Only one patient (3.8%)
stopped study therapy due to AEs and there were no toxic deaths.
Most Grade 3–4 TEAE were haematological toxicities (anaemia
61.5%, thrombocytopenia 53.8%, neutropenia 26.9%) and were
related to carboplatin in an advanced patient population with
significant volume of bone metastases (65.4% superscan) and
probable bone marrow infiltration. We believe the high rate of
haematological toxicities was mainly due to the AUC5 dosage of
carboplatin and not to any additive effect of avelumab, since most
of these toxicities improved with carboplatin dose reductions and
did not reoccur during the avelumab maintenance phase. Our
cohort of patients was heavily pretreated (42.3% of patients

having received four or more survival-prolonging prior therapies)
and had poor-prognosis features, including a high proportion of
patients with visceral metastases, low haemoglobin and high
alkaline phosphatase. In spite of that, avelumab plus carboplatin
was associated with promising efficacy with an overall clinical
benefit in 73% of patients and a prolonged median OS of
10.6 months. Treatment combination resulted in confirmed PSA
response rates ≥50% in 7.7% of patients and an ORR of 17.6%,
including one complete response in a patient with bulky lymph
node-only disease. The clinical benefit with the combination was
durable, with a median duration of response of 6 months and a
12-month survival rate of 36%.
Other combinations trials of PD-1/PD-L1 inhibitors in mCRPC

have been reported so far. Ongoing trials include combinations
with different drug agents, such as docetaxel chemotherapy
[27, 28], ARSIs [29–32], CTLA-4 inhibitors [32, 33], antiangiogenic
tyrosine-kinase inhibitors [34], PARP inhibitors [35–37] and radio-
pharmaceutical agents [38]. Most of these trials are small-sized

Table 3. Summary of antitumor activity.

Overall (n= 26) CPS ≥1 (n= 3) CPS < 1 (n= 16)

Deaths, n (%) 15 (57.7%)

Follow-up, median (months, 95% CI) 14.3 (12.7–17.9)

Treatment duration, median (months, range) 8.8 (1.4–20.9)

Number of avelumab cycles, median (range) 8 (0–44)

Number of carboplatin cycles, median (range) 4 (1–4)

Patients not receiving any cycle of avelumab, n (%) 4 (15.4%)

Reason for treatment discontinuation, n (%)

Adverse events 1 (3.8%)^

Disease progression 24 (92.3%)

Biochemical progression-free survival, median (months, 95% CI) 4.19 (3.52–4.38)

Radiographic progression-free survival

Median (months, 95% CI) 6.60 (4.28–9.01)

6-month progression-free rate (%, 95% CI) 65.4% (44.0–80.3)

12-month progression-free rate (%, 95% CI) 15.4% (4.8–31.5)

18-months progression-free rate (%, 95% CI) 5.8% (0.5–21.3)

Overall survival

Median (months, 95% CI) 10.6 (6.68–NR)

6-month survival rate (%, 95% CI) 80.4% (59.2–91.4)

12-month survival rate (%, 95% CI) 36% (17.4–55)

18-months survival rate (%, 95% CI) 36% (17.4–55)

Tumour response, n (%)

Objective response rate* 17.6% (3/17) 33.3% (1/3) 10% (1/10)

Complete response* 5.9% (1/17) 33.3% (1/3) 0

Partial response* 11.8% (2/17) 0 10% (1/10)

Stable disease* 35.3% (6/17) 33.3% (1/3) 90% (9/10)

Unknown* 11.8% (2/17) 33.3% (1/3) 10% (1/10)

Disease control rate 69.2% (18/26) 66.6% (2/3) 62.5% (10/16)

Progressive disease 30.7% (8/26) 0 31.2% (5/16)

PSA response, n (%)

Confirmed PSA response ≥50% 7.7% (2/26) 33.3% (1/3) 6.2% (1/16)

Confirmed PSA response ≥30% 15.4% (4/26) 33.3% (1/3) 12.5% (2/16)

Any reduction in PSA 34.6% (9/26) 33.3% (1/3) 37.5% (6/16)

Rising PSA as best response 65.4% (17/26) 66.6% (2/3) 62.5% (10/16)

PSA prostate-specific antigen, CPS combined positive score, CI confidence interval, NR not reached.
*Among measurable disease patients (n= 17 for overall; n= 3 for CPS ≥ 1; n= 10 for CPS < 1).
^Due to G4 thrombocytopenia and G2 urinary sepsis.
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Phase 1–2 trials in unselected mCRPC patients progressing to at
least one line of ARSI and have reported so far mixed results, with
signs of long-term efficacy in some subgroups of patients but
overall, less activity than that observed in other cancers. To date,
only one randomised Phase 3 trial, the Imbassador250 trial
comparing atezolizumab with enzalutamide versus enzalutamide
alone in mCRPC, has been published [29]. The study failed to show
any benefit in terms of median OS of adding atezolizumab to
enzalutamide compared to enzalutamide alone (15.2 versus
16.6 months, HR 1.12, 95% CI 0.91–1.37, P= 0.28) and the study
was halted prematurely. Secondary endpoints, including rPFS (4.2
versus 4.1 months, HR 0.90, 95% CI 0.75–1.07), P= 0.28 and ORR
(13.7% versus 7.4%) also failed to show a benefit for the treatment
combination versus enzalutamide alone. Given the fact that the
Imbassador250 trial included a much less pretreated population,
with most patients only receiving one prior line of ARSI, our study
showed encouraging efficacy with a numerically superior rPFS and
ORR. Two Phase 2 trials have evaluated the combination of
docetaxel chemotherapy with either pembrolizumab (KEYNOTE-
365 cohort B) or nivolumab (CheckMate 9KD trial cohort B) in
docetaxel-naïve mCRPC patients [27, 28]. These two studies have
yielded signs of greater efficacy compared to our study, with a
median OS of 20.2 and 18.2 months, a rPFS of 8.5 and 9.0 months
and an ORR of 40% and 25%, for the pembrolizumab and
nivolumab combination studies, respectively. Despite the fact that

docetaxel chemotherapy is not a DNA-disrupting agent and that
there is less evidence of his role as immunogenic cell death
inducer than carboplatin [39], the known greatest antitumor
efficacy of docetaxel monotherapy in mCRPC might in part explain
the better outcomes of its combination with PD-1 inhibitors
compared to our study. Other studies evaluating the use of
carboplatin combined with ICI in mCRPC are also ongoing and are
especially being focused in patients with aggressive variant
prostate cancer (NCT02861573, NCT04592237, NCT02703623) [40].
DDR alterations have been associated with increased benefit to

ICIs in several solid tumours due to increased genomic instability
and novel neoantigens potentially enhancing immune-mediated
antitumor responses [41]. Platinum chemotherapy has also been
demonstrated to induce synthetic lethality in patients harbouring
alterations in DDR genes, resulting in increased benefit to this
therapy [42]. While the activity of the avelumab–carboplatin
combination was apparent in all patient subgroups in our Phase 1
trial, our data indicate a potential greater efficacy in DDR-altered
patients and PD-L1-positive tumours. ORR in DDR-altered patients
was 66.6% (2/3) compared to only 10% in DDR-negative patients
(1/10). Similarly, PD-L1-positive had an ORR of 33.3% while
negative patients only 10%. Median OS was also longer for PD-
L1-positive patients (21 months) compared to negative patients
(9.3 months). The role of DDR alterations and PD-L1 expression as
potential predictive biomarkers of benefit to PD-1 blockade has
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been assessed in several clinical trials in mCRPC with conflicting
results. In both the Imbassador250 Phase 3 trial and CheckMate
9KD Phase 2 trial, the presence of DDR alterations was not
associated with better outcomes in patients treated with the
combinations [27, 29]. On the other hand, in the CheckMate 650
Phase 2 trial of nivolumab-ipilimumab in mCRPC patients, DDR
alterations significantly correlated with greater OS, rPFS and ORR
[33]. Similarly, in two PARP inhibitors combination Phase 2 trials of
nivolumab-rucaparib (CheckMate 9KD trial cohort A2) and
durvalumab-olaparib in molecularly unselected mCRPC, the
presence of DDR alterations was associated with increased efficacy
[35, 37]. However, given the proven predictive role of DDR
alterations to benefit with PARP inhibitors [43], it is impossible to
discern whether this increased efficacy is solely due to the PARP
inhibitor or whether the addition of the PD-1 inhibitor is also
playing a role. Regarding PD-L1 expression, only in the CheckMate
650 Phase 2 trial, the efficacy of ICI combination was enriched in
patients with high PD-L1 expression [33], while no such correlation

was seen among the other clinical trials mentioned above. Taken
together, the inconsistency surrounding the role of DDR altera-
tions and PD-L1 expression as predictive biomarkers to ICIs
questions their clinical utility in mCRPC. Other potential molecular
biomarkers such as the presence of biallelic CDK12 loss, MSI status,
TMB, tumour indel burden and TGF-beta signature are currently
being investigated as potentially predictive biomarkers of ICIs
[44, 45]. Other strategies currently under investigation for
harnessing the immune system against prostate cancer include
using PSMA as a tumour-associated antigen as a target for bi-
specific T-cell engager (BiTE) therapy or CAR-T cells [46, 47].
Our study has several limitations, including the small patient

population and the non-randomised single-arm design of the
study. The lack of a molecular DDR analysis and PD-L1 status in a
significant proportion of patients also limits our ability to establish
a conclusive role of these as potential predictive biomarkers. In
this small patient cohort, biomarker analysis is exploratory and
only hypothesis-generating. The poor-prognosis and heavily
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pretreated population included in our trial also limited our ability
to assess the potential synergy of avelumab and carboplatin as
well as our possibility to test the hypothesis of carboplatin-
induced immune cell death and autovaccination. Four patients
(15.4%) included in our study never received any cycle of
avelumab due to rapid disease progression during the first two
cycles of induction carboplatin monotherapy, highlighting the
advanced state of the disease in our cohort. Nevertheless, these
four patients were also included in the efficacy analysis. Testing
this combination in a less pretreated mCRPC cohort, could have
been a more adequate strategy in order to reduce the risk of rapid
disease progressions. Administering upfront avelumab in combi-
nation with carboplatin without an induction carboplatin phase
could also have been an alternative trial design for better
assessing their potential synergy, especially in such an advanced
patient population.
In spite of these limitations, avelumab combined with

carboplatin demonstrated encouraging efficacy in a heavily
pretreated mCRPC cohort, with durable disease control in nearly
70% of patients and a prolonged overall survival. These results do
not appear to be explained by an enrichment of DDR-altered or
PD-L1 positive cases. The avelumab–carboplatin combination
warrants further examination in future randomised clinical trials.

DATA AVAILABILITY
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