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ABSTRACT
◥

Purpose: To evaluate AZD4635, an adenosine A2A receptor
antagonist, as monotherapy or in combination with durvalumab
in patients with advanced solid tumors.

Patients andMethods: In phase Ia (dose escalation), patients had
relapsed/refractory solid tumors; in phase Ib (dose expansion),
patients had checkpoint inhibitor–naïve metastatic castration-
resistant prostate cancer (mCRPC) or colorectal carcinoma,
non–small cell lung cancer with prior anti–PD-1/PD-L1 exposure,
or other solid tumors (checkpoint-naïve or prior anti–PD-1/PD-L1
exposure). Patients received AZD4635 monotherapy (75–200 mg
once daily or 125 mg twice daily) or in combination with durva-
lumab (AZD4635 75 or 100 mg once daily). The primary objective
was safety; secondary objectives included antitumor activity and
pharmacokinetics; exploratory objectives included evaluation of an
adenosine gene signature in patients with mCRPC.

Results: As of September 8, 2020, 250 patients were treated
(AZD4635, n¼ 161; AZD4635þdurvalumab, n¼ 89). In phase Ia,

DLTs were observed with monotherapy (125 mg twice daily; n¼ 2)
andwith combination treatment (75mg; n¼ 1) in patients receiving
nanosuspension. The most common treatment-related adverse
events included nausea, fatigue, vomiting, decreased appetite, diz-
ziness, and diarrhea. The RP2D of the AZD4635 capsule formu-
lationwas 75mgonce daily, asmonotherapy or in combinationwith
durvalumab. The pharmacokinetic profile was dose-proportional,
and exposure was adequate to cover target with 100 mg nanosus-
pension or 75 mg capsule once daily. In patients with mCRPC
receivingmonotherapy or combination treatment, tumor responses
(2/39 and 6/37, respectively) and prostate-specific antigen
responses (3/60 and 10/45, respectively) were observed. High versus
low blood-based adenosine signature was associated with median
progression-free survival of 21 weeks versus 8.7 weeks.

Conclusions: AZD4635 monotherapy or combination therapy
was well tolerated. Objective responses support additional phase II
combination studies in patients with mCRPC.

Introduction
Purinergic signaling regulates the immune response by balancing

extracellular levels of adenosine triphosphate (ATP) and adenosine to
exert pro- and anti-inflammatory signaling effects, respectively (1, 2).
Extracellular levels of adenosine can accumulate within the tumor
microenvironment (TME) at levels 10- to 20-fold higher than
in normal tissue and can reach micromolar concentrations, particu-
larly within the hypoxic tumor core (1, 3). The presence of adenosine
within the tumor microenvironment affects both adaptive and innate

immunity by suppressing T-cell and natural killer cell function (1, 4),
providing a mechanism for resistance and immune escape. Extracel-
lular adenosine is generated by ectoenzymes within the TME. CD39
(ectonucleoside triphosphate-1) converts ATP to adenosine mono-
phosphate (AMP), and CD73 (ecto-50-nucleotidase) then converts
AMP to free adenosine (2). CD73 expression, thought to be a primary
driver of elevated intratumoral adenosine, is increased in multiple
tumor types, and is associated with poor prognosis in patients with
several solid tumors and hematologic malignancies (5). Prostatic acid
phosphatase (PAP; ACP3) also metabolizes extracellular AMP to free
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adenosine, independent of CD39 and CD73 (2, 6), and PAP mRNA
levels are higher in prostate tumors compared with CD73 in other
cancer types (cBioPortal data available ACP3 and NT5E), suggesting
that prostate cancers may be particularly reliant on adenosine. Aden-
osine exerts its suppressive effects on immune cells primarily through
the adenosine A2A receptor (A2AR; ref. 5), although the A2B receptor
may also play a role in some tumor types (reviewed in ref. 7).

AZD4635 is an orally bioavailable A2AR antagonist that inhibits
adenosine binding to A2AR in a dose-dependent manner and has
immunomodulatory and antineoplastic activity (8, 9). Preclinical
studies in murine and human in vitro models, and in vivo in mouse
models with MC38-OVA tumors, demonstrated that AZD4635
increased dendritic cell activation, antigen presentation, and cytotoxic
T-cell infiltration and activity (8, 10). Modulating the TME with
AZD4635 may facilitate an improved antitumor immune response,
especially when used in combination with immune checkpoint inhi-
bitors (ICI; ref. 8). One such ICI is durvalumab, a selective, high-
affinity, engineered, human, immunoglobulin G1 monoclonal anti-
body, that inhibits the binding of programmed death-ligand 1 (PD-L1)
to programmed cell death protein-1 (PD-1) and CD80, facilitating
T-cell activation and tumor cell elimination (11).

The identification of predictive biomarkers may facilitate optimal
patient-specific treatment strategies for adenosine pathway modula-
tion. Prior studies identified a 14-gene tissue-level expression signature
(PPARG, CYBB, COL3A1, FOXP3, LAG3, APP, CD81, GP1, PTGS2,
CASP1, FOS, MAPK1, MAPK3, and CREB1) that reflects adenosine
signaling activity via A2ARwithin a variety of solid tumors (e.g., breast,
cholangiocarcinoma, colon, myxofibrosarcoma, ovary, pancreas, sar-
coma; ref. 12). This signature was previously postulated as a biomarker
to identify patients with tumors having significant adenosine drive,
and for whom targeted adenosine pathway therapy may prove
beneficial (12). High adenosine signaling in baseline tumor samples
was associated with shorter overall survival (OS) and progression-
free survival (PFS). Those patients who responded to immune
checkpoint inhibitor therapy (classified by best overall response)
tended to have lower baseline tumor-adenosine-signaling levels
compared with those patients who had disease progression follow-
ing anti–PD-1 therapy (12).

This first-in-human, phase Ia/Ib study evaluated the safety, toler-
ability, pharmacokinetics (PK), and preliminary efficacy of orally

administered AZD4635 in patients with relapsed, refractory solid
tumors. The results presented here focus on the dose escalation phase
for patients with relapsed or refractory solid tumors, and the dose
expansion cohorts of patients with immune-oncology therapy (IO)–
naïve metastatic castration-resistant prostate cancer (mCRPC) or
microsatellite stable colorectal cancer (MSS-CRC), post-IO non–
small cell lung cancer (NSCLC), or other solid tumors (either IO-
naïve or post-IO) who were treated with AZD4635 monotherapy or
AZD4635 plus durvalumab.

Patients and Methods
Study design

This phase I, open-label, multicenter study enrolled patients with
relapsed or refractory solid tumors at 18 sites in the United States.
While the trial evaluated multiple therapy combinations in different
tumor types, the results presented here focus on the initial dose-finding
phase Ia for patients with relapsed or refractory solid tumors, and the
expansion phase Ib in patients with IO-naïve mCRPC and colorectal
cancer, IO-refractory NSCLC, as well as other solid tumors (IO-naïve
or IO-refractory). Patients were assigned to receive either AZD4635
monotherapy or AZD4635 plus durvalumab in the phase Ia/dose-
finding phase using a nanosuspension formulation. In phase Ib,
expansions included patients with mCRPC and NSCLC who were
randomly assigned to receive AZD4635 monotherapy or AZD4635
plus durvalumab. Patients with MSS-CRC were enrolled as 2 separate
sequential cohorts treated with AZD4635monotherapy andAZD4635
plus durvalumab. In addition, patients with other relapsed, refractory
solid tumors were enrolled to receive AZD4635monotherapy in either
IO-naïve or IO-refractory cohorts.

Patients were enrolled into 5 cohorts via a Bayesian logistic regres-
sion model–based dose escalation design (13) and treated with
AZD4635 monotherapy in 3 cohorts (doses of: 125 mg twice daily,
75 mg once daily, or 100 mg once daily), and in 2 cohorts with
AZD4635 (doses of: 75 mg once daily or 100 mg once daily) plus
durvalumab. For subsequent patients after completing enrollment to
phase Ib expansions, a capsule formulation was developed for better
tolerability, dose consistency, and overall ease of AZD4635 adminis-
tration. To evaluate the safety and PK of the capsule formulation,
patients were enrolled and treated with AZD4635 capsule monother-
apy (75 mg once daily, 150mg once daily, 200mg once daily). Patients
in the durvalumab combination cohorts received 2 weeks of AZD4635
asmonotherapy prior to the first dose of durvalumab, which was given
at the FDA-approved dose of 1,500 mg once every 4 weeks. AZD4635
treatment was delayed and reduced for any grade ≥3 and/or clinically
significant nonhematologic toxicity event. If such an adverse event
(AE) did not resolve to ≤grade 2 within 14 days, AZD4635 treatment
was discontinued.

Patients
Patients were ≥18 years of age with relapsed, refractory solid tumors

and an Eastern Cooperative Oncology Group (ECOG) performance
status of 0–1. Patients in the phase Ia dose escalation combination
cohorts had histologic or cytologic confirmation of a solid, malignant
tumor (excluding CNS tumors) that was refractory to standard
therapies or for which no standard therapies existed.

The phase Ib dose expansion included 8 cohorts. Patients in
the prostate cancer cohorts (2 cohorts of up to 40 patients each)
had histologically or cytologically confirmed IO-naïve mCRPC.
Patients were considered prostate-specific antigen (PSA) evaluable if
baseline PSAwas≥1 ng/mL. Patients withmCRPC receiving androgen

Translational Relevance

Extracellular adenosine exerts immunosuppressive effects on
the tumor microenvironment. Adenosine A2A receptor (A2AR)
blockade improves antigen presentation, T-cell activation, regula-
tory T-cell function, andNK-cell activity, whichmay lead to amore
robust antitumor immune response. AZD4635, an oral A2AR
inhibitor, was well tolerated both as a monotherapy and in com-
bination with the anti–PD-L1 antibody durvalumab in patients
with relapsed/refractory solid tumors. Objective tumor and pros-
tate-specific antigen responses were observed in patients with
metastatic castration-resistant prostate cancer (mCRPC), which
is generally resistant to immune checkpoint blockade. A 14 gene
blood-based adenosine signature was associated with differential
PFS and may facilitate selection of patients to optimize treatment
strategies for those with advanced mCRPC. The findings support
ongoing phase II studies of AZD4635 combination therapy in
patients with mCRPC.
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deprivation therapy with gonadotropin-releasing hormone analogues
continued this treatment during the study. Two cohorts of up to 15
patients each with NSCLC (post-IO) were enrolled to receive
AZD4635 monotherapy or AZD4635 plus durvalumab. Patients with
NSCLC were to have received 1 line of previous therapy with an anti–
PD-1/PD-L1 mAb therapy, either alone or in combination, and had
either experienced disease progression or responded and then stopped
responding. Two cohorts of up to 20 patients each with colorectal
cancer (IO-naïve) were enrolled to receive AZD4635 monotherapy or
AZD4635 plus durvalumab. Patients with colorectal cancer must have
previously received at least 1 prior chemotherapy regimen and expe-
rienced subsequent disease progression. Two cohorts of up to 20
patients each with either IO-naïve or post-IO solid tumors were
enrolled to receive AZD4635 monotherapy. Finally, patients in the
post-IO group had previously received at least 1 line (and not more
than 2 lines) of therapy with an anti–PD-1/PD-L1mAb therapy, either
alone or in combination, and had either experienced disease progres-
sion or responded and then stopped responding. Patients in the IO-
naïve group had received and had disease progression on standard-of-
care therapies. A subset of patients with mCRPC, colorectal cancer, or
other solid tumors who had ≥1 tumor lesion amenable to biopsy
underwent a tumor biopsy during screening and, unless clinically
contraindicated, again after 2 weeks of monotherapy treatment.

Patients were excluded if they had received systemic anticancer
chemotherapy, small-molecule, biologic, or hormonal agents (except
androgen deprivation therapy) within 21 days (or 5 half-lives, which-
ever was shorter) prior to the first dose of study drug; prior therapy
with AZD4635, or any other A2AR antagonist; active or prior docu-
mented evidence of autoimmune or inflammatory disorders within
3 years prior to the start of treatment (with the exception of vitiligo,
alopecia, hypothyroidism, which was stable on hormone replacement,
psoriasis, or eczema that did not require systemic treatment), prior
grade ≥3, serious, or life-threatening immune-mediated reactions
following previous anti–PD-1 or other immune-oncology therapies.
Additional exclusion criteria included treatment with nitrosourea or
mitomycin C within 6 weeks of the first dose of study drug;
patients could not take prescription or nonprescription medication,
or other products known to be sensitive substrates for breast cancer
resistance protein/ATP-binding cassette subfamily G member
2 (BCRP/ABCG2) or organic anion transporter 1 (OAT1), or potent
inhibitors or inducers of cytochrome P450 family 1 subfamily A
member 2 (CYP1A2), which could not be discontinued 2 weeks prior
to day 1 of dosing and withheld throughout the study until 2 weeks
after the last dose of AZD4635; concomitant medications with another
A1R antagonist that would increase the risk of seizure (e.g., theoph-
ylline, aminophylline); ongoing treatment with coumadin; major
surgery, as defined by the Investigator or Medical Monitor (excluding
placement of vascular access) within 4 weeks prior to the first dose of
study treatment; radiotherapy with a wide field within 4 weeks, or
radiotherapy with a limited field of radiation for palliation within
2 weeks, of the first dose of study treatment; any unresolved toxicities
(except alopecia) of grade >1, per common terminology criteria for
adverse events (CTCAE), from prior therapy at the time of study
commencement were to be discussed with the medical monitor;
history or presence of another primary invasive malignancy, except
malignancy treated with curative intent with no known active disease
≥2 years before the first dose of study drug, and of low potential risk
recurrence; adequately treated nonmelanoma skin cancer, or lentigo
maligna without evidence of disease; adequately treated carcinoma in
situ without evidence of disease; localized noninvasive primary under
surveillance; inadequate bone marrow reserve or organ function (i.e.,

absolute neutrophil count <1.5 � 109/L; platelet count <100 � 109/L;
hemoglobin <9.0 g/dL; alanine aminotransferase (ALT) >2.5 times the
upper limit of normal (ULN) if no demonstrable liver metastases, or
>5 times ULN if liver metastases are present; aspartate aminotrans-
ferase (AST) >2.5 times ULN if no demonstrable liver metastases, or
>5 times ULN if liver metastases are present; total bilirubin >1.5 times
ULN; creatinine >1.5 times ULN concurrent with creatinine clearance
<50 mL/min, as measured or calculated by the Cockcroft and Gault
equation; confirmation of creatinine clearance was only required when
creatinine was >1.5 times ULN; organ transplantation that required
immunosuppressive therapy.

The study was conducted in accordance with the ethical principles
of the Declaration of Helsinki and was consistent with the Interna-
tional Conference on Harmonisation/Good Clinical Practice guide-
lines, and applicable regulatory requirements. The study protocol was
approved by an Institutional Review Board or independent ethics
committee at each study site prior to study initiation. Prior to
participation in the study, all patients provided written informed
consent. The study was registered with ClinicalTrials.gov as
NCT02740985.

Study endpoints
The primary objective was the safety and tolerability of AZD4635

monotherapy (nanosuspension or capsule) or AZD4635 plus durva-
lumab. Secondary objectives were the preliminary antitumor activity
and PK of AZD4635 monotherapy or AZD4635 plus durvalumab.
Endpoints included objective response rate (ORR); PFS; PSA response;
and single-dose and multiple-dose PK parameters of AZD4635.
Tumor–response assessments were performed by the investigator and
were based on Response Evaluation Criteria in Solid Tumors
(RECIST) version (v) 1.1 (14). Exploratory pharmacodynamic objec-
tives included the evaluation, by gene expression analyses, ofmolecular
responses in the tumor and in peripheral whole blood that were
associated with improved immune response.

Dose-limiting toxicity
In phase Ia (dose escalation), a dose-limiting toxicity (DLT) was

defined as any toxicity not attributable to the disease or disease-related
processes, occurring prior to the end of cycle 1 (day 21) for the
monotherapy group, and before the end of cycle 2 for the combination
therapy group. The following were considered as DLTs: neutropenia
grade ≥4 present for >7 days, or febrile neutropenia; grade 4 throm-
bocytopenia, or grade ≥3 associated with bleeding; blood pressure
≥180/110 mm Hg or grade 4 hypertension; grade ≥3 nonhematologic
toxicity, including infection (e.g., febrile neutropenia) attributed to
AZD4635 administration; increased QTc interval; convulsions, sei-
zures, or stroke; nausea, vomiting, or diarrhea that did not resolve to
grade ≤1 within 7 days; increased hepatic transaminases (≥5 to ≤8 �
the ULN) that did not resolve to grade 2 within 5 days following onset;
transaminase elevation >8 � ULN or total bilirubin >5 � ULN,
regardless of duration; any other toxicity thatwas greater than baseline,
was considered to be clinically significant, and/or unacceptable, did not
respond to supportive care, resulted in a disruption to the dosing
schedule of >14 days, or was judged to be a DLT by the Investigator,
Medical Monitor, or the Safety Review Committee. DLT exclusions
included alopecia (any grade), lymphopenia (any grade), and isolated
laboratory changes (any grade) without clinical sequelae or clinical
significance.

All patients with mCRPC had PSA levels assessed at the beginning
of each treatment cycle, at the end of study treatment, and at disease
progression.
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Pharmacokinetics
In phase Ia and Ib, venous blood samples were taken predose and

0.5, 1, 2, 4, 6, 8, and 24 hours postdose after a single dose on day 1 and
after multiple doses on day 15 to determine the plasma concentrations
of AZD4635 and active metabolite SSP-005174 (with similar potency
as AZD4635). In addition, in phase Ia dose escalation cohorts, PK
sampling was extended up to 96 hours after a single dose of AZD4635
during the lead-in (cycle 0) to characterize terminal half-life. Con-
centrations of AZD4635 and its metabolites were determined using a
validated bioanalytical method by LabCorp (Covance Laboratories).

Primary PK variables, including area under the plasma concentra-
tion (AUClast); maximum plasma drug concentration (Cmax); time to
maximum plasma concentration (Tmax); and terminal half-life (t1/2,)
were determined using noncompartmental analysis with Phoenix
WinNonlin version 6.4 (Certara), using standard methods.

Adenosine signaling signature scoring
Retrospective analysis of PFS in patients with mCRPC, based upon

blood adenosine signaling levels, was performed using a 14-gene
expression signature score obtained from peripheral blood at baseline.
Ninety-five patients with mCRPC and treated with either AZD4635
monotherapy (n ¼ 52) or AZD4635 plus durvalumab combination
(n¼ 43) from the dose escalation anddose expansion cohorts, andwho
had baseline peripheral blood gene expression data, were scored on the
previously published adenosine signaling signature (originally devel-
oped in tumor tissues by Sidders and colleagues; ref. 12). The blood-
based adenosine signaling score reported here was calculated as the
median of normalized, batch-corrected log2 gene expression values
across the same 14 genes from the original intratumoral adenosine
signature (12): PPARG, CYBB, COL3A1, FOXP3, LAG3, APP, CD81,
GPI, PTGS2, CASP1, FOS, MAPK1, MAPK3, and CREB1. Then, the
median signature score across patients was used as the cutoff for
assigning patients to groups with high versus low levels of blood-based
adenosine signaling.

RNA extraction and NanoString gene expression
Clinical patient whole-blood samples collected in PAXgene Blood

RNA tubes (PreAnalytiX GmbH) were processed for total RNA using
the PAXgene Blood RNA Kit (PreAnalytiX GmbH) per the manu-
facturer’s recommended protocol. RNA concentration and quality
were assessed by RNA ScreenTape assays using the TapeStation 2200
System (Agilent). NanoString gene expression assays were performed,
and raw count data were processed as described previously (12).
Briefly, 25 to 100 ng RNA was hybridized with the 770-gene, off-
the-shelf, PCIP panel (NanoString). Background subtraction and
normalization of the raw data were performed in nSolver 4.0 software
(NanoString) and then the normalized data were log2 transformed. All
data used in downstream analyses passed QC using nSolver default
parameters.

Statistical analyses
Descriptive statistics were used to summarize patient characteris-

tics, efficacy, PK, and safety data. PFS was analyzed using Kaplan–
Meier methodology (15). PFS was defined as the time interval from the
first dose of AZD4635 until the date of objective disease progression or
death (by any cause in the absence of progression) regardless of
whether the patient withdrew from study treatment or received
another anticancer therapy prior to progression. A Cox proportional
hazards model was used to calculate hazard ratios. NanoString data
were corrected for differences in processing and sampling times using
ComBat from the sva R package (16) from BioConductor (17). Gene

signatures representing a variety of immune cell types and states were
collected from the literature (18–24) and scored using either
GSVA (25) for pre- versus posttreatment pharmacodynamic analysis
or the median for baseline levels of the adenosine signature (12).
Differential expression of genes and signatures were determined using
repeated measures ANOVA (26) and P values were corrected for false
discovery (27) within the R programming language (28). Volcano plot
was generated in GraphPad Prism 9 for Windows (GraphPad
Software).

The DLT analysis set included all patients who completed >75% of
the specified study drug doses during the first 3 weeks of continuous
dosing (AZD4635monotherapy), or first 6 weeks (first 2 cycles) for the
combination therapy (AZD4635 plus durvalumab); or all patients who
experienced a DLT during the DLT evaluation period. The PK analysis
set included patients for whom an adequate PK profile was obtained.
The tumor response analysis set included patients with a baseline
tumor assessment and measurable disease at baseline. The evaluable
for efficacy analysis set included all patients with a baseline tumor
assessment. The PSA evaluable set included all patients with PSA levels
≥1 ng/mL. All patients who received ≥1 dose of study medication were
included in the safety analysis set. For the safety and other nonefficacy
analyses, patients were classified according to the treatment/dose
schedule they actually received. For all efficacy analyses, patients were
classified according to the planned dose. All data summaries and
listingswere produced using SAS version 9.4 (SAS Institute, Cary,NC).

Data availability statement
Data underlying the findings described in this article may be

obtained in accordance with AstraZeneca’s data sharing policy
described at: https://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure.

Results
Patient demographics and clinical characteristics

As of September 8, 2020, 250 patients with solid tumors had been
treated; 161 patients received AZD4635monotherapy, and 89 patients
received AZD4635 plus durvalumab therapy in the cohorts reported in
this article (Fig. 1). Demographics and baseline disease characteristics
for patients are described in Table 1; Supplementary Tables S1 and S2,
and were generally balanced between monotherapy and durvalumab
combination cohorts in the phase Ib expansion cohorts including
mCRPC. Patients had previously received, and progressed on, stan-
dard-of-care therapies. The number of prior regimens for each of the
disease cohorts is summarized in Table 1; Supplementary Table S2.

Safety
In phase Ia, there were 2 patients out of 3 with DLTs in the

monotherapy group treated with 125 mg twice daily of the AZD4635
nanosuspension [grade 3 nausea (n¼ 1) and grade 2 upper abdominal
pain (n¼ 1)]. Based on these events and an observed t1/2 of AZD4635
that was longer than had been predicted based on preclinical stud-
ies (29, 30), the dose of AZD4635 was reduced to 75mg once daily. No
patients treated with AZD4635 75 mg or 100 mg once daily nano-
suspension monotherapy experienced a DLT. In the phase Ia combi-
nation therapy group among 16 evaluable patients, one patient with
mCRPC who was treated with 75 mg AZD4635 once daily nanosus-
pension plus durvalumab experienced 2DLTs (grade 2 fatigue, grade 2
nausea). The nanosuspension formulation was used for the expansion
cohorts at 100 mg once daily for both AZD4635 monotherapy and
AZD4635 plus durvalumab. As the capsule formulation became
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available, AZD4635 doses of up to 200 mg were explored and
considered tolerable with no DLTs at any of the doses tested for the
capsule formulation. However, only 3 patients in the expansion part
transitioned to the capsule prior to the data cut-off date.

The most common treatment-related AEs occurring in >10% of the
total patient population who receivedmonotherapy or the total patient
population who received combination therapy are presented in Sup-
plementary Table S3. These included nausea, fatigue, vomiting,
decreased appetite, dizziness, and diarrhea. Treatment-related AEs of
grade 3 or greater severity were observed in 12.9% (19/147) patients
treated with AZD4635 monotherapy and in 21.8% (17/78) patients
treated with AZD4635 plus durvalumab (Table 2). Immune-related
AEs (IRAE) in patients with mCRPC, colorectal cancer, NSCLC, or
other solid tumors treated with either AZD4635 monotherapy or
AZD4635 plus durvalumab are presented in Supplementary
Table S4. IRAEs observed in the AZD4635 plus durvalumab group
were similar in classification and magnitude to those previously
reported for durvalumab monotherapy (31). In the current study,
immune-mediated, treatment-related AEs of grade 3 or greater sever-
ity observed with AZD4635 þ durvalumab included dermatitis psor-
iasiform, type I diabetes mellitus (each n ¼ 2), obliterative bronchi-
olitis, rash, and myositis (each n ¼ 1; Supplementary Table S4).

Three patients with mCRPC in the AZD4635 monotherapy group
discontinued treatment due to AEs considered possibly related to
treatment (fatigue, n¼ 2; diarrhea, n¼ 1; nausea, n¼ 1; vomiting, n¼
1). One patient with mCRPC in the AZD4635 plus durvalumab group
discontinued durvalumab treatment due to an AE (encephalopathy,
n ¼ 1), which was considered to be disease related. There was one
patient with colorectal cancer treated with AZD4635 monotherapy
who had sudden death 15 days after the last dose of AZD4635, which

was considered treatment-related by the investigator; additional
details were unavailable.

Pharmacokinetics
The primary PK profile and parameters of AZD4635 and its

metabolites following single dose and multiple doses (75 and 100 mg
once daily of the nanosuspension; and 75, 150, and 200 mg once daily
of the capsule) are presented in Supplementary Fig. S1 and Supple-
mentary Tables S5 and S6, respectively.

AZD4635 appears rapidly in the plasma following a single oral
administration—Tmax of 0.5 to 2.0 hours (range, 0.2–6.0 hours).
Following Tmax, AZD4635 levels then declined in a biphasic manner,
with a median t1/2 of 7.92 to 14.5 hours after administration of
a single dose. After a single dose of AZD4635 at either 75 or
100 mg as a nanosuspension, the mean Cmax values were 656.00 and
653.80 ng/mL, and the mean AUClast values were 4,062.50 ng�h/mL
and 4,292.84 ng�h/mL, respectively. After a single oral dose of the
AZD4635 capsule formulation at either 75, 150, or 200 mg, the mean
Cmax values were 428.83, 1,054.43, and 942.57 ng/mL, and the mean
AUClast values were 3,328.33 ng�h/mL, 9,292.86 ng�h/mL, and
7,168.57 ng�h/mL, respectively.

Interindividual variabilities in Cmax and AUC values for AZD4635
were high, with overlapping exposures for the 75 and 100 mg nano-
suspension, as well as for the 150 and 200 mg capsule formulation.
There was a minimal accumulation in exposure (Cmax and AUC)
following multiple dosing. Based on unbound AUC, the active metab-
olite SSP-005174 exposure was about 35% that of AZD4635, and it
appeared in the systemic circulation with a median Tmax of 1 hour and
was eliminated with amean t1/2 of approximately 9 hours (reported PK
for the 100mgonce daily nanosuspension). Steady-state freeAZD4635
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Figure 1.

Patient flow diagram. aDurvalumab was administered at 1,500 mg, once every 4 weeks. Combo, combination therapy; DCO, data cutoff; Durva, durvalumab;
IO, immune-oncology therapy; Mono,monotherapy; n, number; QD, once per day; R/R, relapsed/refractory. Patient numbers are based on actual treatment received.
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plasma concentrations were above the in vitro 50% inhibitory con-
centration (IC50; 10 nmol/L at 1 mmol/L adenosine) over the dosing
interval for AZD4635 doses ≥75 mg once daily (both nanosuspension
and capsule; Supplementary Fig. S1). For the 125 mg nanosuspension
twice daily dose, steady-state AZD4635 plasma concentration was
only available for 1 patient (data not shown). A clinical relative-
bioavailability study in healthy volunteers indicated that AZD4635
Cmax and AUC values from the capsule formulation were approxi-
mately 27% and 10% higher compared with the nanosuspension (32).
Subsequently, the RP2D of the AZD4635 capsule formulation was
determined to be 75 mg once daily, either as monotherapy or in
combination with durvalumab.

Pharmacodynamics
The pharmacodynamic profile of AZD4635 in peripheral blood

(PB) was evaluated in 56 patients with mCRPC across phase Ia and
phase Ib cohorts. PB gene expression data were generated for
each patient at baseline and after monotherapy AZD4635 treatment
(2–4 weeks). Gene set variation analysis (GSVA) was used to evaluate
changes in immune-related gene expression signatures relative to
baseline. The analysis included 144 gene expression signatures, all
with at least 60% gene coverage. After correcting for multiple testing,
6 signatures were significantlymodulated [q < 0.05, false discovery rate

(FDR)] with signatures for natural killer T cells (NKT) and plasma-
cytoid dendritic cells (pDC) decreasing and signatures for tertiary
lymphoid structure associated chemokines, T helper 17 cells (Th17),
immunosuppressive tumor-associated macrophage (TAM), and
innate lymphoid cells group 3 (ILC3) increasing, relative to baseline
(Supplementary Fig. S2; Supplementary Table S7). These data indicate
that AZD4635 treatment modulates gene expression signatures asso-
ciated with both innate and adaptive immune responses in peripheral
blood. Furthermore, we show that the IFNg and the T helper 1 cell
(Th1) signatures, both of which were previously reported to have
increased expression in tumor biopsies post-AZD4635 treat-
ment (4, 12), trend toward increased expression in the peripheral
blood following AZD4635 treatment (Supplementary Table S7).

Efficacy
The best percent changes from baseline in target lesion sizes for all

patients enrolled in phase Ia (with measurable disease at baseline) are
shown in Fig. 2A. Three patients with prostate cancer in phase Ia had
objective responses: 1 complete response (CR) and 2 partial responses
(PR). In addition, 3 patients [with bladder cancer, chondrosarcoma,
and head and neck tumors (each, n ¼ 1)] who received combination
treatment had long-term stable disease (>1 to >3.5 years).

In the phase Ib expansion cohorts, objective responses were
observed in patients with mCRPC. No objective responses were
observed in patients with NSCLC or colorectal cancer. The best
responses observed in colorectal cancer and NSCLC patients treated
with monotherapy or combination with durvalumab were stable
disease after a minimum of 2 dosing cycles. These were seen in both
IO-naïve and IO-treated patients. In patients with NSCLC, 5 (33.3%)
patients who received AZD4635 monotherapy, and 4 (26.7%) patients
who received AZD4635 plus durvalumab, had a best response of SD
with disease control at 22 weeks (3 scans) seen in 1 (6.7%) patient
treated withmonotherapy and 3 (20%) patients treated with AZD4635
plus durvalumab (Supplementary Table S8). In patients with colorectal
cancer, 9 (45.0%)who received AZD4635monotherapy, and 9 (47.4%)
patients who received AZD4635 plus durvalumab, had a best response
of stable disease (SD) after aminimumof 2 cycles of therapy, according
to RECIST v1.1, with disease control at 22 weeks observed in 5 patients
(20%) treated with AZD4635 plus durvalumab. In patients with other
solid tumors who received AZD4635monotherapy, 4 (21.1%) patients
whowere IO-naïve and 6 (28.6%) patients who hadpreviously received
IO achieved SD at after aminimum of 2 cycles of therapy, according to
RECIST v1.1.

For patients withmCRPC in both phase Ia and phase Ib, themedian
(minimum, maximum) treatment duration of AZD4635 was 1.45
(0.07, 21.39) months for monotherapy and 3.22 (0.56, 36.14) months
for combination therapy. Themedian (minimum,maximum) number
of cycles of durvalumab was 3.0 (1.0, 35.0). The time on treatment and
best objective response for each patient is shown for IO naïve patients
with mCRPC receiving AZD4635 monotherapy or AZD4635 plus
durvalumab in Fig. 3A and B, respectively.

In the tumor response–evaluable population for patients with
mCRPC (n ¼ 76), the ORR in the AZD4635-monotherapy group
was 5.1% [95% confidence interval (CI), 0.6–17.3; 2 confirmed PR
among 39 patients] versus 16.2% (95% CI, 6.2–32.0; 2 confirmed PR; 4
confirmed CR among 37 patients) for those in the AZD4635-plus-
durvalumab group. The best changes from baseline in target lesion
sizes are shown in Fig. 2B. CR was observed in 2 of 37 (5.4%) patients
who received AZD4635 plus durvalumab. The average baseline alka-
line phosphatase was 108 IU/L in responders versus 138 IU/L in
nonresponders. All mCPRC responders had lymph node involvement

Table 1. Patient demographics and clinical characteristics for
patients with mCRPCa.

AZD4635
Monotherapy

AZD4635 þ
Durva combo

Characteristic (n ¼ 65) (n ¼ 43)

Age in years, mean (range) 71.2 (40–88) 70.1 (52–82)
ECOG, PS, n (%)

0 25 (38.5) 15 (34.9)
1 40 (65.1) 27 (62.8)
2 0 1 (2.3)b

Site of disease, n (%)
Bone 62 (95.4) 35 (81.4)
Distant lymph nodes 25 (38.5) 28 (65.1)
Local or regional lymph nodes 21 (32.3) 21 (48.8)
Lung 10 (15.4) 8 (18.6)
Liver 8 (12.3) 10 (23.3)
Otherc: 20 (30.8) 12 (27.9)

Bladder 2 (3.1) 1 (2.3)
Pelvis 0 2 (4.7)
Peritoneum 1 (1.5) 1 (2.3)

Number of prior regimens, n (%)
1 0 4 (9.3)
2 5 (7.7) 1 (2.3)
3 9 (13.8) 7 (16.3)
≥4 51 (78.5) 31 (72.1)

Prior regimens, median (range) 5.0 (2–10) 5.0 (1–10)
Prior chemotherapy, n (%) 42 (64.6) 26 (60.5)
Prior hormonal therapy, n (%) 65 (100) 41 (95.3)
Prior NHAs, n (%) 60 (92.3) 37 (86.0)
Prior sipuleucel-T, n (%) 24 (36.9) 19 (44.2)
Prior radiation 1 (1.5) 0

Abbreviations: Combo, combination; Durva, durvalumab; ECOG PS, Eastern
Cooperative Oncology Group performance status; n, number; NHA, new hor-
monal agent.
aData presented are from phases Ia and Ib.
bOnepatient’s ECOGPS changed from 1 at screening to 2 at the date of first dose.
cOther sites of disease listed are those with ≥2 patients across both cohorts.
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and some also had bone or visceral involvement (e.g., lung and liver).
Absolute target lesion diameter among responders ranged from 18 to
102 mm (Supplementary Table S9). Because of the small numbers of
patients, it is difficult to draw any conclusions regarding the corre-
lation between treatment response and these disease characteristics.

Thirty-two patients in the mCRPC cohort had SD as their best
response after a minimum of 2 treatment cycles: 14 (35.9%) in the
AZD4635-monotherapy group, and 18 (48.6%) in the AZD4635-plus-
durvalumab group. Duration of response ranged from 2.3 to
34.0 months; 9 patients were on study at the data cut-off date
(September 8, 2020): AZD4635-monotherapy cohort: 5 of 63 (8.1%)
patients; AZD4635-plus-durvalumab cohort: 4 of 45 (8.9%) patients.
The disease control rate (DCR; defined as the percentage of patients
who have achieved best objective response of CR, PR, or SD for at least

22 weeks) was 18.0% in the AZD4635-monotherapy group and 33.3%
in the AZD4635-plus-durvalumab group (Supplementary Table S8).

Evaluation of the PSA response over time demonstrated that 3 of 60
(5.0%; 95% CI, 1.0–13.9) patients in the AZD4635-monotherapy
group and 10 of 45 (22.2%; 95% CI, 11.2�37.1) patients in the
AZD4635-plus-durvalumab group, had a PSA50 response (i.e., a
decline of at least 50% in PSA levels from baseline; Fig. 2C). Confirmed
PSA responses were observed in 2 of 60 (3.3%; 95% CI, 0.41�11.53)
patients in the AZD4635-monotherapy group and 7 of 45 (15.6%; 95%
CI, 6.49�29.46) patients in the AZD4635-plus-durvalumab group
(Supplementary Table S10). In the AZD4635-plus-durvalumab group,
8 of the 10 patients with PSA responses received prior sipuleucel-T,
whereas none of the PSA responders in the AZD4635-monotherapy
group received prior sipuleucel-T.

Table 2. Causally related adverse events of grade ≥3 severity in patients treated with AZD4635 monotherapy or AZD4635 plus
durvalumab combination therapy.

mCRPC CRC NSCLC Otherb,c Otherb,d

IO-naïvea IO-naïvea Post-IOb IO-naïve Post-IO

AZD4635
Mono

AZD4635
þ Durva

AZD4635
Mono

AZD4635
þ Durva

AZD4635
Mono

AZD4635
þ Durva

AZD4635
Mono

AZD4635
Mono

AZD4635
Mono
Total

AZD4635
þ Durva
TotalPatients with adverse

event, n (%) (n ¼ 65) (n ¼ 43) (n ¼ 25) (n ¼ 22) (n ¼ 17c) (n ¼ 13) (n ¼ 19) (n ¼ 21) (n ¼ 147) (n ¼ 78)

≥Grade 3 causally
related AE

9 (13.8) 12 (27.9) 3 (12.0) 3 (13.6) 1 (5.9) 2 (15.4) 5 (26.3) 1 (4.8) 19 (12.9) 17 (21.8)

Abdominal pain 1 (1.5) 0 0 1 (4.5) 0 0 1 (5.3) 0 2 (1.4) 1 (1.3)
Diarrhea 0 0 0 0 0 1 (7.7) 1 (5.3) 0 1 (0.7) 1 (1.3)
Nausea 1 (1.5) 2 (4.7) 0 0 0 0 0 0 1 (0.7) 2 (2.6)
Vomiting 1 (1.5) 0 1 (4.0) 0 0 0 0 0 2 (1.4) 0
Fatigue 1 (1.5) 0 1 (4.0) 1 (4.5) 1 (5.9) 0 2 (10.5) 1 (4.8) 6 (4.1) 1 (1.3)
Hyperglycemia 0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)
Hypophosphatemia 0 0 0 1 (4.5) 0 0 0 0 0 1 (1.3)
Type I diabetes mellitus 0 2 (4.7) 0 0 0 0 0 0 0 2 (2.6)
Anemia 3 (4.6) 0 0 0 0 0 0 1 (4.8) 4 (2.7) 0
Insomnia 1 (1.5) 0 0 0 0 0 0 0 1 (0.7) 0
Dizziness 0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)
Headache 1 (1.5) 0 0 0 0 0 0 0 1 (0.7) 0
Hypertension 0 1 (2.3) 0 0 0 0 2 (10.5) 0 2 (1.4) 1 (1.3)
Dyspnea 0 0 0 0 0 0 0 1 (4.8) 1 (0.7) 0
Obliterative bronchiolitis 0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)
Dermatitis psoriasiform 0 2 (4.7) 0 0 0 0 0 0 0 2 (2.6)
Rash 0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)
Arthralgia 1 (1.5) 0 0 0 0 0 0 0 1 (0.7) 0
Myositis 0 0 0 0 0 1 (7.7) 0 0 0 1 (1.3)
ALT increased 0 0 0 1 (4.5) 0 0 0 0 0 1 (1.3)
Blood creatinine
increased

0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)

CRP increased 1 (1.5) 1 (2.3) 0 0 0 0 0 0 1 (0.7) 1 (1.3)
Lipase increased 0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)
Lymphocyte count
decreased

0 0 0 0 0 0 0 1 (4.8) 1 (0.7) 0

Neutrophil count
decreased

0 1 (2.3) 0 0 0 0 0 0 0 1 (1.3)

Sudden death 0 0 1 (4.0) 0 0 0 0 0 1 (0.7) 0

Note: Two patients with NSCLC post-IO who were assigned to cohort AZD4635 100 mg once daily þ Durva received AZD4635 monotherapy and were therefore
counted in the AZD4635 100 mg once daily monotherapy cohort for the safety analysis.
Abbreviations: ALT, alanine aminotransferase; CRC, colorectal carcinoma; CRP, C-reactive protein; Durva, durvalumab; IO, immunotherapy; Mono, monotherapy.
aData are from phase Ia and Ib.
bData are from phase Ib only.
cPrimary tumor site includesn¼ 3eachbreast anduterus;n¼2 eachpancreas, soft tissue, ovary, stomach; andn¼ 1 eachbone, esophagus, vulva, anus, salivarygland.
dPrimary tumor site includes n ¼ 6 prostate/(m)CRPC; n ¼ 2 each melanoma, kidney, liver, urinary bladder; and n ¼ 1 each pancreas, soft tissue, bone, esophagus,
stomach, head/neck, vulva.
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Figure 2.

A–C, Best percentage change from base-
line in phase Ia patients with measurable
disease at baseline (A); best percentage
change from baseline in patients with
mCRPC and measurable disease at base-
line (B); and PSA responses relative
to baseline over time in patients with
IO-naïve mCRPC treated with AZD4635
þ durvalumab (C). Durva, durvalumab;
IO, immune-oncology therapy; Mono,
AZD4635 monotherapy; RECIST v1.1,
Response Evaluation Criteria In Solid
Tumors version 1.1. Best objective re-
sponse was based on the investigator-
assessed RECIST v1.1 response at each
tumor assessment. Target lesion sum of
diameters are scaled up if ≤1/3 of mea-
surements are missing. If >1/3 of mea-
surements are missing, then the percent-
age change is not calculated. � and D
indicate that the patient is still on treat-
ment. ^Percentage change from baseline
in tumor lesion size exceeds þ 100%;
waterfall plot was truncated for the
patient at this point. PSA response is
defined as ≥50% reduction from baseline.
Spider plot is truncated for some patients
where PSA relative to baseline exceeds 5.
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Median PFS was 10.1 weeks (95% CI, 6.3–15.3) and 14.9 weeks
(95% CI, 8.7–29.3) for patients with mCRPC receiving AZD4635
monotherapy or AZD4635 plus durvalumab, respectively (Fig. 4A).
Analysis of median PFS by peripheral whole-blood adenosine-
signaling signature is shown in Fig. 4B. Patients whose blood aden-
osine-signaling signature was greater than the median value (termed
“high”; using a similar method to that in ref. 12) had a numerically
longer median PFS of 21 weeks (95% CI, 14.1–34.4) compared with
patients whose blood adenosine-signaling signature was lower than
the median (termed “low”) with a median PFS of 8.7 weeks (95% CI,
6.3–14.7). The PFS probability at 24 weeks was 48.9% (95% CI, 31.5–
64.2) in patients with a high blood-adenosine signature versus 20.6%
(95% CI, 9.4–34.8) in patients with a low blood-adenosine signature.

Discussion
This first-in-human phase Ia/b study evaluated the safety, tolera-

bility, PK, and preliminary clinical activity of the oral A2AR antagonist,
AZD4635, as monotherapy and in combination with the anti–PD-L1
monoclonal antibody, durvalumab. The results presented here focus
on initial dose-finding results in patients with relapsed/refractory solid
tumors and the expansion phase in patients with IO-naïve mCRPC or
colorectal cancer, post-IO NSCLC, or other solid tumors (IO-naïve or
post-IO).

AZD4635 was well tolerated both as a monotherapy and in com-
binationwith durvalumab in all patients, with nausea and fatigue being
among the most frequently reported AEs related to study treatment.
Notably, the incidence of treatment-related AEs of grade 3 or greater

PSA response
Confirmed response CR/PR
Disease progression
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Figure 3.

Time from first dose to end of treat-
ment for IO-naïve patients with
mCRPC for monotherapy cohort
(A), and combination cohort (B)
(safety analysis set). CR, complete
response; IO, immune-oncology
therapy; PR, partial response.
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severity increased from 12.9% with AZD4635 monotherapy to 21.8%
with the addition of durvalumab. The increased incidence was
observed across a range of immune and nonimmune mediated AEs.
The percentage of grade 3�4 treatment-related events observed with
durvalumab monotherapy in the PACIFIC study was 11.8% (33), so
there may be an additive effect when combining the two immu-
notherapies. For the initial dose-finding and expansion phases,
AZD4635 was evaluated initially as a nanosuspension and later

switched to a capsule formulation, developed for dose consistency
and improved ease of administration. The relative bioavailability, PK,
and tolerability profiles of the AZD4635 75 mg once daily capsule
formulation were comparable with those of the 100 mg once daily
nanosuspension formulation, supporting the switch to the capsule
formulation for the latter part of the study and for future clinical trials
with AZD4635, although only a small number of the patients reported
here were treated with capsules. Overall, AZD4635 exhibited a linear
and dose-proportional PK profile, with steady-state trough concen-
trations above IC50 at doses ≥75 mg once daily. In addition, the t1/2 of
approximately 14 hours (range, 11–24 hours) supported the once-daily
dosing regimen. Based on receptor occupancy data from the brains of
nonhuman primates following positron emission tomography imag-
ing andPK/pharmacodynamicmodeling,AZD4635doses above 75mg
once daily are predicted to provide about 90% A2AR occupancy in the
tumormicroenvironment (assuming similarity of occupancy in tumor
versus brain at steady state; ref. 29). AZD4635 is primarilymetabolized
by CYP1A2, based on a clinical drug–drug interaction study with the
strong CYP1A2 inhibitor fluvoxamine (34). Variability among indi-
viduals in expression and activity of CYP1A2 is high, and various
factors contribute to differences in the pharmacokinetics of CYP1A2
substrates including sex, race, smoking history, and genetic poly-
morphisms (34). In the current study, high interindividual variability
in AZD4635 pharmacokinetics was observed, with overlapping expo-
sures at 75 and 100 mg nanosuspension, as well as at 150 and 200 mg
capsule formulation.

Efficacy data demonstrated that 8 heavily pretreated (i.e., ≥4 prior
therapies) patients with mCRPC achieved a confirmed objective
response: 2 patients achieved a PR with AZD4635 monotherapy,
while 2 patients achieved a CR and 4 patients achieved a PR with
AZD4635 plus durvalumab (duration of response ranged from 2.3 to
34.0 months). Other ICI therapies (either as monotherapy or in
combination) have been evaluated in patients with mCRPC: phase
III clinical trials evaluating the anti–CTLA-4 antibody, ipilimumab, or
the anti–PD-L1 antibody, atezolizumab, failed to demonstrate an OS
benefit in patients with mCRPC (35–37). In a phase II study of
pembrolizumab in patients with mCRPC, the ORR was 5% (9/199
patients; ref. 38). In a phase II study of nivolumab in combination with
ipilimumab in patients with mCRPC, the ORRs were 25% (8/32)
and 10% (3/30), respectively, for patients with mCRPC who were
chemotherapy-naïve and chemotherapy-exposed (39). AZD4635 plus
durvalumab resulted in a longer PFS in patients with mCRPC com-
paredwithAZD4635monotherapy (median, 14.9; 95%CI, 8.7–29.3 vs.
10.1; 95% CI, 6.3–15.3 weeks, respectively), with a PFS probability at
24 weeks of 41.8% (95% CI, 25.9–56.9) vs. 24.2% (95% CI 12.1–38.7),
respectively. Patients with mCRPC treated with approved NHAs
or cabazitaxel in this late line showed a median PFS ranging
from 1.4 to 4.4 months (40, 41), which suggests that the treatment
is generally consistent with previously observed PFS. Furthermore,
22.2% of patients in the AZD4635-plus-durvalumab group
had a PSA50 response compared with 5.0% of patients in the
AZD4635-monotherapy group. In patients with colorectal cancer,
although no objective tumor responses were observed, 6 patients in
the AZD4635-plus-durvalumab group remained on study for
≥6 months. In contrast, patients with NSCLC who had previously
progressed after an anti–PD-1/anti–PD-L1–containing therapy had
limited evidence of clinical benefit with AZD4635 monotherapy or
AZD4635 plus durvalumab.

Targeting the tumor microenvironment to reduce adenosine
levels or to inhibit adenosine signaling, via blockade of A2AR,
has been explored as a promising approach to improve antitumor
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Figure 4.

Progression-free survival for patients with mCRPC by treatment (A), and by
adenosine level (B) (efficacy analysis set). CI, confidence interval; combo,
AZD4635 plus durvalumab combination therapy; Durva, durvalumab; HR,
hazard ratio; IO, immune-oncology therapy; Mono, AZD4635 monotherapy.
Patients not known to have died or progressed are censored at their last
evaluable investigator overall response assessment. The plots are truncated at
week 75. Two patients in the adenosine high group and the adenosine low group
remained progression free after week 75.
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immune responses (4, 8). In addition to AZD4635, other agents in
clinical trials targeting A2AR include ciforadenant (NCT03454451
and NCT02655822), AB928 (NCT04381832 and NCT03629756),
NIR178 (NCT03549000 and NCT03207867), and EOS100850
(NCT03873883). Like AZD4635, these other adenosine-receptor inhi-
bitors were generally well tolerated in phase I and II studies (42). The
most common treatment-related AEs for ciforadenant were fatigue,
nausea, and pruritus (42, 43). Grade ≥3 treatment-related AEs for
NIR178 monotherapy included nausea, increased AST, ALT, and
lipase levels, and pneumonitis at the highest doses (480 and 640 mg;
refs. 42, 44), while no grade ≥3 treatment-related AEs occurred in
patients who received EOS100850 up to doses of 160 mg twice
daily (42, 45). Taken together, these findings suggest an overall
favorable safety profile for this class of agents.

Although these agents have generally been well tolerated, blockade
of adenosine-receptor signaling has shown variable clinical efficacy
with different agents. Efficacy of ciforadenant was observed in clinical
trials in patients with renal cell carcinoma (RCC) and mCRPC. In a
pretreated population of patients with RCC, Fong and colleagues
reported that 3% of patients had a PR with ciforadenant monotherapy
versus 11% of patients treated with ciforadenant plus atezolizu-
mab (43). Harshman and colleagues reported that 5 of 33 patients
with mCRPC and treated with ciforadenant, with or without atezo-
lizumab, had tumor regression, and 1 patient in the combination
cohort had a PR (46). In phase I trials, EOS100850 had a best response
of SD in 6 patients (45). Furthermore, the dual A2AR/A2B receptor
antagonist, AB928 in combination with carboplatin, pemetrexed,
and pembrolizumab resulted in a PR in 3 of 6 evaluable patients
with advanced NSCLC (47), while NIR178 monotherapy, when
given to 17 evaluable patients with advanced NSCLC, resulted in 1
CR and 1 PR (both patients were IO-naïve; ref. 44). Our findings with
AZD4635 compare somewhat favorably to those from other adenosine
receptor antagonists.

Given the variable response to targeting A2AR, predictive bio-
markers to identify patients who may benefit most from treatment
are needed. Using a blood-based adenosine-signaling gene expres-
sion signature originally derived from tumor tissue by Sidders and
colleagues (12), we observed that patients with mCRPC with a high
blood-adenosine signature score had a numerically longer PFS
compared with patients with a low blood-adenosine signature
score (medians of 21.0 vs. 8.7 weeks, respectively), and a PFS
probability at 24 weeks of 48.9% versus 20.6%, respectively. The
observed PFS in patients with a high peripheral blood-adenosine
signature score compares favorably with available therapies in
later-line treatment of patients with mCRPC [e.g., cabazitaxel,
with a median PFS of 3.9 (95% CI, 3.5–4.6) months; ref. 48].
These preliminary findings suggest that adenosine signaling in
peripheral blood may be a potential predictive biomarker for
patients with mCRPC; however, additional studies are needed to
confirm these observations.

Importantly, gene expression in this study was measured from
peripheral blood rather than tumor tissue. We applied this method
based on the knowledge that A2AR is predominantly expressed in not
only tumor-infiltrating but also peripherally circulating immune cells
and that a blood-based assay, due to relative ease of collection and
availability of patient blood samples, would potentially be more
scalable than a tumor-based assay. As the genes chosen for this
signature were confined to those present in the commercially available
770-gene PanCancer Immune Profiling (PCIP) gene-expression panel
(NanoString), use of a broader panel of transcripts may potentially
enhance sensitivity (12). In addition, as gene signature changes were

evaluated in peripheral blood alone and not linked to changes in the
tumor tissue collected in this study, no definitive conclusions can be
drawn. To our knowledge, the data reported herein represent the first
application of the 14-gene panel developed by Sidders and collea-
gues (12) to categorize levels of adenosine signaling in patients’
peripheral blood. Further refinement of the signature and the iden-
tification of an optimal cut-off value may permit the prospective
selection of patients. Consequently, evaluation of additional biomar-
kers of response is ongoing.

Finally, in the publication from Sidders and colleagues (12)
describing characterization of the intratumoral adenosine signa-
ture via the same 14-gene-expression panel, 7 patients from
the current study treated with AZD4635 nanosuspension (75 mg,
n ¼ 6; 100 mg, n ¼ 1) underwent paired tumor biopsies prior to
treatment, following 2 weeks of monotherapy and had data
available for analysis. RNA analysis using the PCIP NanoString
panel confirmed that in 5 of 7 patients, intratumoral adenosine
signaling decreased; 4 of this group also had concordant in-
creases in gene-expression signatures of cytolytic activity and
IFNG signaling (12). This suggests that at the RP2D, effects on
markers of adenosine signaling and other immune pathways are
impacted (12).

In conclusion, AZD4635, either as a monotherapy or in combina-
tion with durvalumab, was well tolerated with no major safety con-
cerns, and was associated with preliminary evidence of clinical activity
in patients with mCRPC (30). Although higher doses of AZD4635
were tolerated (i.e., 150 and 200 mg once daily), the PK and safety
profiles of AZD4635 support once-daily dosing at the RP2D of 75 mg
once daily for the capsule formulation and 100 mg once daily for the
nanosuspension. Patient selection using a 14-gene-expression signa-
ture to measure baseline peripheral blood-adenosine signaling levels
may facilitate optimal patient-specific treatment strategies for aden-
osine-pathway modulation. Refinement and validation of this signa-
ture is ongoing.

These findings support phase II studies of AZD4635 combination
therapy in patients with mCRPC. Several chemotherapies lead to
increased extracellular adenosine and, thus combining AZD4635
with chemotherapy may lead to greater immune activation, reduced
tumor growth, and improved patient outcomes (49, 50). A phase II
study to assess the safety and efficacy of AZD4635 plus durvalumab
and AZD4635 plus oleclumab in patients with prostate cancer
(NCT04089553; ref. 51) and a phase II nonrandomized study to
assess the efficacy and safety of AZD4635 plus durvalumab �
cabazitaxel in patients with progressing mCRPC (NCT04495179)
are ongoing (52).
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