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Abstract

Purpose—The adenosine 2A receptor (A2AR) mediates the immunosuppressive effects of 

adenosine in the tumor microenvironment and is highly expressed in non-small cell lung 

cancer (NSCLC). Taminadenant (PBF509/NIR178) is an A2AR antagonist able to reactivate the 

antitumor immune response.

Experimental Design—In this phase I/Ib, dose-escalation/expansion study, patients with 

advanced/metastatic NSCLC and ≥1 prior therapy received taminadenant (80–640 mg; orally; 

twice-daily) with or without spartalizumab (anti-programmed cell death-1; 400 mg; intravenously; 

every four weeks). Primary endpoints: safety, tolerability, and feasibility of the combination.

Results—During dose escalation, 25 patients each received taminadenant alone or with 

spartalizumab; 19 (76.0%) and 9 (36.0%) had prior immunotherapy, respectively. Dose-limiting 

toxicities (all Grade 3) with taminadenant alone were alanine/aspartate aminotransferase increase 

and nausea (n=1 [4.0%] each; 640 mg) and in the combination group were pneumonitis (n=2 

[8.0%]; 160 and 240 mg), fatigue and alanine/aspartate aminotransferase increase (n=1 [4.0%] 

each; 320 mg); pneumonitis cases responded to steroids rapidly and successfully. Complete and 

partial responses were observed in one patient each in the single-agent and combination groups; 

all immunotherapy-naïve. In the single-agent and combination groups, seven and 14 patients 

experienced stable disease; seven and six patients were immunotherapy-pretreated, respectively.

Conclusions—Taminadenant, with and without spartalizumab, was well tolerated in patients 

with advanced NSCLC. The maximum tolerated dose of taminadenant alone was 480 mg 

twice-daily, and 240 mg twice-daily plus spartalizumab. Efficacy was neither a primary or 

secondary endpoint; however, some clinical benefit was noted regardless of prior immunotherapy 

or programmed cell death ligand-1 status.

Keywords

Adenosine signaling; carcinoma; non-small cell lung; taminadenant; programmed cell death 
ligand-1; spartalizumab

Introduction

Non-small cell lung cancer (NSCLC) accounts for 84% of all lung cancer diagnoses 

in the USA (1,2). Current treatment guidelines for NSCLC include immune checkpoint 

inhibitors (CPI), targeted therapies that depend on the presence of genetic alterations, 

and chemotherapy (3,4). Immunohistochemical analysis of a variety of tumor types 

demonstrated high levels of adenosine 2A receptor (A2AR) expression in tumor cells and, 
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most notably, in lung adenocarcinomas (5). The adenosine pathway is a major inhibitory 

pathway in the tumor microenvironment that contributes to tumor evasion from the immune 

response (6,7). High levels of adenosine in the tumor microenvironment downregulate the 

functions of infiltrating immune cells, preventing the destruction of tumor cells (6).

Taminadenant (PBF509/NIR178) is an oral, small-molecule, potent and selective A2AR 

antagonist. In vitro experiments in cells transfected with A2AR demonstrated the 

selective binding of taminadenant to A2AR, resulting in inhibition of cyclic adenosine 

monophosphate accumulation (8). Taminadenant administration significantly reduced tumor 

growth in mouse xenograft models (8). In combination with immune checkpoint inhibition, 

A2AR blockade may enhance activation of the immune system and effector function (9). 

The CPI spartalizumab (PDR001) is a monoclonal antibody that binds to programmed cell 

death-1 (PD-1), blocking its interaction with programmed cell death ligand-1 (PD-L1), to 

restore effector T-cell function (10). Herein we report results from the first-in-human phase 

I/Ib study of taminadenant both as a single agent and in combination with spartalizumab in 

patients with advanced NSCLC (NCT02403193).

Patients and Methods

Study design, treatment, and objectives

This was a phase I/Ib dose-escalation and expansion study of taminadenant either as a single 

agent or in combination with spartalizumab in patients with advanced NSCLC. Patients in 

the single-agent group received taminadenant in escalating doses of 80 mg, 160 mg, 320 

mg, 480 mg, and 640 mg, orally, twice-daily (BID). Patients in the combination group 

received a fixed dose of spartalizumab (400 mg), intravenously, once every four weeks 

(Q4W) and escalating doses of taminadenant (160 mg, 240 mg, or 320 mg), orally, BID. 

The starting dose of taminadenant was based on safety, tolerability, and pharmacokinetics 

(PK) in animal studies and first-in-human trials of healthy volunteers, potency in in vitro 
binding assays and cellular assays, and efficacy in preclinical models. Following analysis of 

the initial safety and PK data in the earlier enrolled single-agent group, lower dose levels 

of taminadenant were planned when administered in combination with spartalizumab. On 

Cycle 1 Day 1 only one dose of taminadenant was administered in both treatment groups to 

allow for assessment of the 0–24-hour PK profile; the BID regimen began on Cycle 1 Day 

2. Dose escalation was according to a modified 3 + 3 design. Treatment was administered 

until unacceptable toxicity, confirmation of progressive disease (PD), or patient/physician 

decision to discontinue. Patients who discontinued treatment were followed until withdrawal 

of informed consent, death, or refusal to further follow-up. Taminadenant dose reductions 

were permitted in case of toxicity; dose reductions of spartalizumab were not permitted, 

however, spartalizumab dosing delays were allowed.

The primary objectives of the dose-escalation portion of the study were to determine 

the dose-limiting toxicities (DLTs) and maximum tolerated dose (MTD) of taminadenant 

in combination with spartalizumab and to determine the PK profile of the combination. 

Secondary objectives included preliminary efficacy of taminadenant with or without 

spartalizumab, and evaluation of the corresponding safety and tolerability. Evaluation of 
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the association between response to taminadenant with or without spartalizumab and tumor 

immunogenicity prior to treatment was an exploratory objective.

Patient population

Adult patients with a histologic or cytologic diagnosis of advanced or metastatic NSCLC 

with an Eastern Cooperative Oncology Group (ECOG) performance status of 0–1 were 

eligible. Although no maximum number of prior lines of therapy was specified, participating 

patients required at least one prior line of therapy for their disease before enrolling 

on the study. Patients with a sensitizing EGFR mutation (exon 19 deletion or L858R) 

or who were positive for ALK rearrangement were eligible if they had failed prior 

targeted therapy with a tyrosine kinase inhibitor or chemotherapy. Patients had measurable 

disease at screening and may have received prior immunotherapy including anti-cytotoxic 

T-lymphocyte-associated antigen-4 (CTLA-4), anti-PD-1, and anti-PD-L1 CPIs, either as 

single agents or in combination. Patients with current or prior use of immunosuppressive 

medication within 28 days before the first dose of spartalizumab were excluded, with the 

exception of corticosteroids ≤10 mg/day prednisone, or equivalent. Patients were required 

to have adequate organ and marrow function. Any patient with symptomatic or uncontrolled 

brain metastases requiring concurrent treatment were also excluded from this study. Patients 

with active or prior documented autoimmune disease within the past 2 years (excluding 

vitiligo, Grave’s disease, or psoriasis not requiring systemic treatment), or a history of 

hypersensitivity to spartalizumab or taminadenant were excluded. Only female patients 

of non-reproductive potential (post-menopausal, hysterectomy, bilateral tubal ligation, or 

bilateral oophorectomy) or of child-bearing potential with a negative serum pregnancy test 

upon study entry and using two highly effective methods of contraceptive were enrolled. 

Sexually active male patients, including those with prior vasectomy, were required to 

use a condom during intercourse throughout the study and for 150 days after stopping 

spartalizumab therapy. Patients with a mean QT interval corrected for heart rate (QTc) 

of 470 ms or longer, calculated from three electrocardiograms (ECGs) ≥1 minute apart 

using Bazett’s Correction were not permitted. Patients were also excluded if they had acute 

myocardial infarction or unstable angina pectoris <3 months prior to study entry, and history 

of primary immunodeficiency, allogeneic organ transplant, tuberculosis, or leptomeningeal 

carcinomatosis.

Assessments

Regular safety assessments were performed throughout the study including vital signs, 

ECOG performance status, chemistry panel, and cardiac assessments. Adverse events 

were graded according to the National Cancer Institute Common Terminology Criteria for 

Adverse Events version 4.03. Radiographic assessments were performed every 8 weeks 

up to 48 weeks, then every 12 weeks thereafter until disease progression or patient 

withdrawal. Tumor response was assessed per Response Evaluation Criteria In Solid Tumors 

v1.1 (RECIST v1.1) (11). A fresh or archival tumor biopsy sample was collected from 

each patient prior to starting treatment and post-dose on Cycle 2 Day 15 (±7 days). A 

further optional tumor biopsy was obtained upon disease progression from patients who 

initially responded to study treatment. PD-L1 tumor proportion score was measured by 

immunohistochemistry (IHC) using the 22C3 pharmDx kit. Blood samples for taminadenant 
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PK assessments were collected on Day 1, 2, 8, and 9 during Cycle 1, Day 1 and 2 of Cycle 

2, and Day 1 of Cycles 3–6. Plasma concentrations of taminadenant were measured by 

liquid chromatography-tandem mass spectrometry.

Statistical analysis

The MTD was defined as the highest dose level at which less than one-third of patients 

experienced a DLT. The period for evaluation of DLTs for taminadenant alone was during 

the first 28 days of the treatment cycle (Cycle 1) and, for taminadenant in combination with 

spartalizumab, during the first 56 days of the treatment cycle (Cycles 1 and 2). DLTs and the 

modified 3+3 design are defined in the supplementary data A and B. Determination of the 

MTD required safety data from at least six evaluable patients and was defined as the highest 

dose level at which less than one-third of patients experience a DLT in Cycle 1.

Safety was evaluated in all patients who received at least one dose of taminadenant, with 

or without spartalizumab. Efficacy analysis was based on the intent-to-treat principle and 

included all patients who received at least one dose of either taminadenant or spartalizumab. 

Overall response rate (ORR) and disease control rate (DCR) were calculated based on the 

number of evaluable patients through binomial distribution with a two-sided 95% confidence 

interval (CI). Overall survival (OS) and progression-free survival (PFS) were estimated 

using the Kaplan–Meier method; PFS was measured from the start date of treatment to the 

first occurrence of disease progression per RECIST v1.1 or death on study from any cause, 

and OS from the start date of treatment to death on study from any cause.

Biomarker studies

Biomarker studies were mostly performed on the taminadenant plus spartalizumab group. 

CD8/CD33 IHC staining and analysis was performed as in our previous studies (12). Briefly, 

a 0–3 scale was used to determine the density of CD8+ T cells and CD33+ myeloid cells 

in tissue sections. A NanoString PanCancer Immune Profiling Panel was utilized for gene-

expression studies. Adenosine pathway-regulated gene-expression signature activity (13) 

(IL1B, PTGS2, and CXCL1, 2, 3, 5, 6, and 8) was tested on pre-treatment and on-treatment 

biopsy NanoString data in association with patient survival (months from on study to 

expired/last date known alive).

Ethical oversight

This study was conducted in accordance with the Declaration of Helsinki and was performed 

in compliance with Good Clinical Practice guidelines. The protocol and all amendments 

were reviewed and approved by an Independent Ethics Committee or Institutional Review 

Board at each site. All patients provided informed written consent prior to study start.

Data availability

Access to patient-level data cannot be provided if there is a reasonable likelihood that 

individual patients could be re-identified. Phase 1 studies, by their nature, present a high 

risk of patient re-identification; therefore, patient individual results for phase 1 studies 

cannot be shared. In addition, clinical data, in some cases, have been collected subject to 

contractual or consent provisions that prohibit transfer to third parties. Such restrictions may 
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preclude granting access under these provisions. Where co-development agreements or other 

legal restrictions prevent companies from sharing particular data, companies will work with 

qualified requestors to provide summary information where possible.

Results

Patient characteristics and disposition

The study opened and began enrolling patients on September 29, 2015, with the first 

patient enrolled on October 15, 2015. The last patient was enrolled on June 15, 2017 

(18 months later). As of January 15, 2020, 50 patients had received taminadenant alone 

(n=25) or in combination (n=25) with spartalizumab. In the taminadenant single-agent 

group, 24 (96.0%) patients discontinued due to disease progression (n=15; 60.0%), patient 

withdrawal (n=4; 16.0%; due to withdrawal of informed consent [n=3], or no longer 

wishing to participate [n=1]), adverse events (n=3; 12.0%), and death (n=2; 8.0%). In the 

taminadenant plus spartalizumab group, 24 (96.0%) patients discontinued due to disease 

progression (n=13; 52.0%), adverse events (n=5; 20.0%), death (n=4; 16.0%), and patient 

withdrawal (n=2; 8.0%; due to withdrawal of informed consent). One patient in each 

group remained on treatment at data cut-off. Baseline patient characteristics are shown 

in Table 1. In the taminadenant single-agent group, most patients had received prior 

immunotherapy (76.0%); 52.0% and 24.0% had received prior anti-PD-1 and anti-PD-L1 

CPIs, respectively. Of patients in the taminadenant plus spartalizumab group, 36.0% had 

received prior immunotherapy; 28.0% with anti-PD-1 and 8.0% with anti-PD-L1 CPIs. 

There were six on-study deaths; none were related to study treatment. The two (8.0%) on-

study deaths in the taminadenant single-agent group were due to disease progression (n=1) 

and cause not documented (n=1). The four (16.0%) on-study deaths in the taminadenant plus 

spartalizumab group were due to disease progression (n=3) and an adverse event (n=1; as a 

complication from the underlying disease).

Pharmacokinetics

After a single oral dose, taminadenant was rapidly absorbed with maximum plasma drug 

concentration (Cmax) reached after 0.5–3 hours (Fig. 1). Systemic exposure, as measured by 

Cmax and area under the plasma concentration–time curve (AUC), increased with escalating 

doses in a more-than-proportional manner after both single and multiple doses from 80 

mg to 640 mg (Supplementary Table S1). Large inter-individual variability in exposure 

was observed, most notably after single-dose administration and at doses less than 480 

mg BID. Repeated daily doses of taminadenant resulted in a moderate accumulation (by 

approximately 3-fold) after 1 week, relative to a single dose. Following multiple-dose 

administration, the effective half-life at steady-state ranged from 7 to 61 hours across 

dose levels. The apparent volume of distribution (Vd/F) ranged from 114 to 1522 L, 

suggesting that taminadenant has a large extravascular distribution to peripheral tissues. 

Taminadenant demonstrated dose- and time-dependent nonlinear PK; apparent clearance 

(CL/F) notably decreased upon repeated daily dosing, compared with that after a single 

dose, and decreased with increasing doses. This finding suggests saturation in taminadenant 

metabolism and/or oral bioavailability. Acknowledging the large inter-individual variability 

Chiappori et al. Page 6

Clin Cancer Res. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in Cmax and AUC, there were no notable differences in taminadenant PK between the 

single-agent and combination group.

Safety

All patients across the taminadenant single-agent and combination treatment groups reported 

at least one adverse event, regardless of causality (Supplementary Table S2). Treatment-

related adverse events (TRAEs) of any grade were reported in 21 (84.0%) and 15 (60.0%) 

patients treated with taminadenant single agent and taminadenant plus spartalizumab, 

respectively (Supplementary Table S3). The most common TRAEs reported in at least 

10% of patients in the taminadenant single-agent group were nausea (n=11; 44.0%), 

gastroesophageal reflux disease (n=6; 24.0%), vomiting (n=5; 20.0%), and fatigue (n=5, 

20.0%; Fig. 2A). In patients treated with taminadenant plus spartalizumab, the most 

common TRAEs reported in at least 10% of patients were nausea (n=7; 28.0%), increased 

aspartate aminotransferase (AST; n=5; 20.0%), increased alanine aminotransferase (ALT; 

n=5; 20.0%), increased lipase (n=4; 16.0%), and fatigue (n=4; 16.0%; Fig. 2B). Grade 3/4 

TRAEs were reported in four (16.0%) patients who received taminadenant single agent and 

nine (36.0%) patients who received taminadenant plus spartalizumab. Common grade 3/4 

TRAEs reported in at least two patients in the taminadenant plus spartalizumab group were 

increased AST (n=3; 12.0%), increased lipase (n=3; 12.0%), increased ALT (n=2; 8.0%), 

and pneumonitis (n=2; 8.0%); patients experiencing pneumonitis responded to steroids 

rapidly and successfully. No grade 3/4 TRAE was reported in more than one patient each 

treated with taminadenant single agent. Serious adverse events (SAEs) of any causality 

led to treatment interruption in one patient in the taminadenant single-agent group and 

two patients in the taminadenant plus spartalizumab group. SAEs thought to be related to 

treatment were reported in one patient in the taminadenant single-agent group (Grade 3 

increased ALT and AST; taminadenant 640 mg) and in two patients in the taminadenant 

plus spartalizumab group (both Grade 3 pneumonitis; taminadenant 160 mg and 240 mg). 

The patient with Grade 3 increased ALT and AST recovered following regimen interruption. 

Both patients who experienced Grade 3 pneumonitis discontinued treatment (Supplementary 

Table S4).

Between both groups (taminadenant single agent and taminadenant plus spartalizumab), 

dose delays or interruptions occurred in 25 patients (13 patients in the taminadenant single-

agent group and 12 patients in the taminadenant plus spartalizumab group). Overall, dose 

delays due to TRAEs were reported in five patients in the single-agent group and six patients 

in the taminadenant plus spartalizumab group.

There were two DLTs in the taminadenant single-agent group, both at the 640 mg dose level: 

Grade 3 ALT/AST increase (n=1) and Grade 3 nausea (n=1). DLTs in the taminadenant plus 

spartalizumab group were pneumonitis (n=2; taminadenant 160 mg and 240 mg), fatigue 

(n=1; taminadenant 320 mg), and ALT/AST increase (n=1; taminadenant 320 mg); all Grade 

3. The MTD was declared as 480 mg BID for single-agent taminadenant and 240 mg BID 

taminadenant in combination with 400 mg spartalizumab Q4W.
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Efficacy

At data cut-off, the respective DCRs and ORRs were 42.9% and 9.5% in the taminadenant 

single-agent group, and 66.7% and 8.3% in the taminadenant plus spartalizumab group 

(Table 2). Best overall responses in the taminadenant single-agent group were as follows: 

one (4.0%) patient had a complete response (CR), one (4.0%) patient experienced a partial 

response (PR), 7 (28.0%) patients had stable disease (SD), and 12 (48.0%) patients had 

PD as per RECIST v1.1 (Table 2). The patient who experienced a CR received 480 mg 

taminadenant with a duration of response of 1.1 months, additional patient information is 

included in the supplementary data C. The PR lasted for 6.4 months and was experienced 

by a patient who received taminadenant at the 80 mg dose level. Both patients in the 

taminadenant single-agent group who experienced a tumor response discontinued due to 

adverse events; the first had Grade 3 pneumonitis suspected to be treatment related that 

resolved 18 days later, and the second had Grade 2 dizziness that was unrelated to treatment. 

Of note, one patient treated with taminadenant single agent at 160 mg who experienced 

a best overall response of SD remains on treatment at data cut-off, with disease control 

lasting 36.7 months. All of the patients who experienced SD had received prior anti-PD-1/

PD-L1 therapy prior to study entry (Fig. 3A). In the taminadenant plus spartalizumab group, 

one (4.0%) patient had a CR, one (4.0%) patient experienced a PR, 14 (56.0%) patients 

had SD, and eight (32.0%) patients had PD. The CR lasted for 15.9 months and was 

reported in a patient treated with 160 mg taminadenant plus spartalizumab who subsequently 

discontinued due to adverse events (patient case detailed in the supplementary data C). 

The patient who experienced a PR received 240 mg taminadenant plus spartalizumab and 

remains on treatment with response ongoing at data cut-off for 16.6 months. Of the 14 

patients treated with taminadenant plus spartalizumab who experienced SD, six had received 

prior anti-PD-1/PD-L1 therapy (Fig. 3B). The median duration of exposure was 1.8 months 

(range: 0.1–12.0) in the taminadenant single-agent group and 2.3 months (range: 0.2–27.0) 

in the taminadenant plus spartalizumab group. In the taminadenant single-agent group, 

median estimates of OS and PFS were 9.7 months (95% CI: 7.7–22.1) and 3.9 months (95% 

CI: 1.8–8.7), respectively (Supplementary Fig. S1). Median estimates of OS and PFS in the 

taminadenant plus spartalizumab group were 5.4 months (95% CI: 3.3–20.8) and 2.8 months 

(95% CI: 1.9–5.6), respectively (Supplementary Fig. S1).

Biomarker analysis

Pre-treatment fresh or archival tumor biopsies were analyzed for baseline PD-L1 expression 

by IHC for 12 and 17 patients who also had best percentage change data in the taminadenant 

single-agent and taminadenant plus spartalizumab groups, respectively (Supplementary 

Fig. S2). Clinical activity of taminadenant with or without spartalizumab was observed 

irrespective of PD-L1 expression (Supplementary Fig. S2A and S2B).

Baseline (pre-treatment; n=9) and on-treatment (n=5) levels of CD8+ T cells and CD33+ 

myeloid were determined by IHC, as in our previous study (12), in biopsy tissue from 

the taminadenant plus spartalizumab group. No significant differences in pre-treatment vs. 

on-treatment levels of either cell population were seen (Supplementary Figs. S3A and 

S3B). Similarly, no clear trend in either cell type was seen in the five patients with both 

pre-treatment and on-treatment biopsies (Supplementary Figs. S3C and S3D).
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NanoString gene-expression analysis was performed on 11 patients in the taminadenant 

plus spartalizumab group with paired fresh–frozen biopsies using the PanCancer Immune 

Profiling Panel. Genes differentially expressed upon treatment are shown in a volcano plot 

in Supplementary Fig. S4. Notably, genes implicated in IFNγ and inflammatory cytokine 

signaling (e.g., IRF1, GBP2, and JAK2) were significantly upregulated after treatment, 

suggesting treatment-induced immune activation in the tumor microenvironment. A recent 

study showed that clinical responses to the A2AR inhibitor, ciforadenant, in renal cell 

cancer were associated with an adenosine pathway-regulated gene-expression signature in 

pretreatment tumor biopsies (13). In the 11 taminadenant plus spartalizumab group patients 

with gene-expression data, there were nine SDs, one PR and one PD, which made it difficult 

to assess association of signature activity with response. Instead, we used patient survival 

to determine potential association with adenosine pathway activity (time from on study to 

expiration). However, these studies showed no clear correlation of signature activity with 

survival in either the pre-treatment or on-treatment biopsies (Supplementary Fig. S5).

Discussion

In this phase I/Ib, dose-escalation/expansion study, DLTs were reported at the 640 mg dose 

level for taminadenant single agent, and at the taminadenant 160 mg, 240 mg, and 320 mg 

dose levels in the taminadenant plus spartalizumab group. The MTD was declared as 480 mg 

BID for single-agent taminadenant and 240 mg BID for taminadenant in combination with 

400 mg spartalizumab Q4W.

Taminadenant therapy was well tolerated, both as a single agent and in combination with 

spartalizumab; only three (12.0%) and five (20.0%) patients discontinued due to adverse 

events in the taminadenant single-agent and taminadenant plus spartalizumab groups, 

respectively. The most common adverse events thought to be related to study treatment in 

the taminadenant single-agent group were nausea, gastroesophageal reflux disease, fatigue, 

and vomiting. In the taminadenant plus spartalizumab group, the most common adverse 

events thought to be related to study treatment were nausea, increased liver enzymes (ALT 

and AST), fatigue, and increased lipase. The observed adverse events are consistent with 

the known safety profile of spartalizumab and the class effect of immune CPIs (10). 

Safety results, including the type and frequency of TRAEs, were also similar to the safety 

profile of another A2AR inhibitor, ciforadenant, in combination with the PD-L1 inhibitor, 

atezolizumab, in patients with renal cell cancer (14).

Taminadenant PK was characterized from 80 to 640 mg BID, both as a single agent and 

in combination with spartalizumab. Taminadenant exposure increased with dose in a more-

than-proportional manner and exhibited high inter-patient variability. The variability in PK 

could, in part be, due to a small number of patients in each cohort (n=3–10). Throughout 

the dosing interval, taminadenant doses of 160 mg or higher achieved steady-state exposure 

that exceeded the in vitro binding affinity of taminadenant to human A2AR (12 nM or 3.67 

ng/mL) (8).

In this study, nine (36.0%) and 16 (64.0%) patients achieved disease control in the 

taminadenant single-agent and taminadenant plus spartalizumab groups, respectively. One 
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patient in each group achieved tumor reduction consistent with a CR, and one patient 

in each group experienced a PR. CR and PR were only observed in patients who had 

not received prior anti-PD-1/PD-L1 therapy. Among 12 patients experiencing some tumor 

shrinkage (Fig. 3A and B), only 3 patients were previously exposed to immune CPIs; 

however, all patients in the taminadenant single-agent group and six of 14 patients in 

the taminadenant plus spartalizumab group who experienced SD had received anti-PD-1/

PD-L1 therapy prior to study entry. Whilst clinical activity of taminadenant with or without 

spartalizumab was observed across the range of PD-L1 baseline expression; the small 

sample size and insufficient number of paired pre- and post-treatment tumor samples 

precludes any conclusions. It should be noted, however, that in the completed follow-up 

Phase II study (NCT03207867) wherein the objective was the optimization of the dosing 

schedule in a cohort of patients with NSCLC with similar eligibility parameters to the Phase 

1/1b study, it was concluded that the combination of taminadenant plus spartalizumab did 

not show sufficient activity in patients with NSCLC. As such, the combination together with 

the changes in the standard of care, will not be pursued in this indication (15). It should be 

noted that the aim of this study was to evaluate the safety and tolerability of taminadenant 

alone and in combination with spartalizumab and the feasibility of concurrent administration 

of spartalizumab and taminadenant. This study was not planned with a primary efficacy 

endpoint and further studies are required to investigate the efficacy of taminadenant with or 

without spartalizumab and confirm its utility in advanced NSCLC. No significant change in 

the level of CD8+ T-cells was associated with taminadenant plus spartalizumab treatment, 

although gene-expression studies indicated an increase in immune activity in tumors. We 

also did not find an association between an adenosine pathway signature and survival in 

patients treated with taminadenant plus spartalizumab.

A number of studies are ongoing investigating A2AR antagonists as monotherapies or 

in various combinations in indications including renal cell carcinoma, prostate cancer 

and NSCLC. Efficacy appears to be limited for A2AR antagonist monotherapy, but 

is enhanced in combinations with anti-PD-(L)1 agents (2,13,16). Recent preclinical 

data have also shown that combining A2AR antagonists with CD73 antagonists may 

improve therapeutic response (2,17). This combination may play an important role in the 

treatment of patients with EGFR-mutant NSCLC given the observed increase in CD73 

expression in EGFR-mutant adenocarcinomas compared with those with wild-type EGFR 
(18,19). Taminadenant is currently under investigation in several clinical trials including 

in combination with NZV930 (an anti-CD73 monoclonal antibody) or spartalizumab 

for patients with advanced malignancies including NSCLC, triple-negative breast cancer, 

pancreatic ductal adenocarcinoma, and non-Hodgkin lymphoma, and in combination with 

KAZ954 (an anti-ectonucleoside triphosphate disphosphohydrolase monoclonal antibody) in 

patients with advanced solid tumors (20,21).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

Taminadenant is a potent and selective adenosine 2A receptor (A2AR) antagonist that 

binds to the receptor and inhibits accumulation of cyclic adenosine monophosphate. 

This article describes the results of a first-in-human, phase I/Ib study of taminadenant 

as both a single agent and in combination with spartalizumab in patients with 

advanced non-small cell lung cancer. Taminadenant was well tolerated both with and 

without spartalizumab combination, with only 20.0% and 12.0% patients discontinuing 

due to adverse events in the respective groups. The safety profile was consistent 

with that of another A2AR antagonist, ciforadenant, used in combination with the 

programmed cell death ligand-1 (PD-L1) inhibitor, atezolizumab, for renal cell cancer. 

The maximum tolerated dose was determined and taminadenant is currently being 

explored in several clinical trials in combination with spartalizumab, NZV930 (an 

anti-CD73 monoclonal antibody), or KAZ954 (an anti-ectonucleoside triphosphate 

disphosphohydrolase monoclonal antibody) for patients with advanced malignancies.
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Figure 1. Geometric mean plasma concentration–time profiles of taminadenant, by visit and 
treatment group.
Data cut-off: January 15, 2020. Abbreviations: A2AR, adenosine 2A receptor.
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Figure 2. Tornado plot of adverse events, thought to be related to study treatment, reported in 
patients treated with taminadenant single agent
(A) and taminadenant in combination with spartalizumab (B). *Visual changes, 

shakiness; †Occasional indigestion; ‡Hypomotility of the gastrointestinal tract 

and intermittent gastrointestinal upset; §Elevated thyroid-stimulating hormone. Data 

cut-off: January 15, 2020. Abbreviation: ALT, alanine aminotransferase; AST, 

aspartate aminotransferase; GE, gastro-esophageal; GGT, gamma-glutamyltransferase; GI, 

gastrointestinal.
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Figure 3. Best percentage change from baseline according to prior anti-PD-1/PD-L1 therapy in 
patients treated with taminadenant single agent
(A) and taminadenant in combination with spartalizumab (B). *CR does not revert to 

a 100% reduction in tumor size as the baseline target lesions were lymph nodes considered 

non-pathologic at best response; sizes decreased from 1.5 cm and 1.6 cm to 0.6 cm and 

0.7 cm, respectively (any pathological lymph nodes are required to have a reduction in 

short axis to <10 mm to qualify for a CR). Data cut off: January 15, 2020. Abbreviations: 

CR, complete response; NA, not assessed; PD, progressive disease; PD-1, programmed cell 

death-1; PD-L1, programmed cell death ligand-1; PR, partial response; SD, stable disease.
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Table 1.

Patient baseline characteristics

Characteristic Taminadenant single agent
(n=25)

Taminadenant +
spartalizumab

(n=25)

Median age, years (range) 68 (49–89) 64 (49–85)

Sex, n (%)

 Female 13 (52.0) 10 (40.0)

 Male 12 (48.0) 15 (60.0)

Race, n (%)

 Caucasian 25 (100) 24 (96.0)

 Black or African American 0 1 (4.0)

Ethnicity, n (%)

 Non-Hispanic 25 (100) 24 (96.0)

 Hispanic or Latino 0 1 (4.0)

ECOG PS, n (%)

 0 3 (12) 6 (24)

 1 21 (84) 19 (76)

 2 1 (4) 0

Prior lines of therapy
a

   Median (range) 2 (2–5) 2 (1–6)

   Not available 13 0

Prior immunotherapy, n (%) 19 (76.0) 9 (36.0)

   Anti-PD-1 13 (52.0) 7 (28.0)

   Anti-PD-L1 6 (24.0)
2 (8.0) 

d

   Not available
b

6 (24.0) 
c 16 (64.0)

Smoking history, n (%)
e

 Current smoker 2 (8.0) 2 (8.0)

 Previous smoker 18 (72.0) 18 (72.0)

 Never smoked 4 (16.0) 3 (12.0)

Histology, n (%)

 Adenocarcinoma, NOS 20 (80.0) 20 (80.0)

 Non-small cell carcinoma 1 (4.0) 2 (8.0)

 Squamous cell carcinoma 4 (16.0) 3 (12.0)

Mutation status, n
f

 EGFR 1 2

 ALK 0 0

 Other 0 1

    KRAS 8 4

    Metex14 0 1

    Other mutation/amplification 4 12
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Characteristic Taminadenant single agent
(n=25)

Taminadenant +
spartalizumab

(n=25)

 No mutations 6 12

 Unknown (EGFR/ALK negative) 9 5

a
Includes radiotherapy

b
This refers to the absence of any evidence of the patient having received prior immunotherapy in the available medical records

c
One patient in the taminadenant single-agent group received prior immunotherapy that was not classified as either anti-PD-1– or anti-PD-L1

d
One patient in the taminadenant plus spartalizumab group had received both prior anti-PD-1 and anti-PD-L1–targeted therapy, anti-PD-L1 was the 

most recent prior to starting therapy

e
Smoking history was unknown in one patient in the taminadenant single-agent group and two patients in the taminadenant plus spartalizumab 

group

f
Patients with multiple mutations were counted more than once. Data cut-off: January 15, 2020.

Abbreviations: NOS, not otherwise specified; PD-1, programmed cell death-1; PD-L1, programmed cell death ligand-1.
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Table 2.

Summary of clinical benefit

Taminadenant single agent
(n=25)

Taminadenant +
spartalizumab

(n=25)

Best overall response, n (%) 
a 

  Complete response 1 (4.0) 1 (4.0)

  Partial response 1 (4.0) 1 (4.0)

  Stable disease 7 (28.0) 14 (56.0)

  Progressive disease 12 (48.0) 8 (32.0)

  Non-evaluable 4 (16.0) 1 (4.0)

Disease control rate 
b,c

 , % (95% CI)
42.9 (21.8–66.0) 66.7 (44.7–84.4)

Overall response rate 
c,d

 , % (95% CI)
9.5 (1.2–30.4) 8.3 (1.0–27.0)

a
Investigator-assessed per Response Evaluation Criteria In Solid Tumor version 1.1

b
Calculated based on the number of evaluable patients

c
Disease control rate = complete response + partial response + stable disease

d
Overall response rate = complete response + partial response. Data cut-off: January 15, 2020.

Abbreviation: CI, confidence interval.
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