
INTRODUCTION
The Adenosine Axis in Cancer

In response to platinum chemotherapy, dying tumor cells release high levels of ATP into the tumor microenvironment 
(TME) where CD39 and CD73 convert ATP to adenosine (Figure 1).1,2 By binding adenosine receptors 2a and 2b (A2aR 
and A2bR) expressed on immune cells, adenosine promotes immunosuppression by inhibiting critical components of the 
antitumor immune response and ultimately enables tumor cells to evade destruction.2 Initial research focused on A2aR 
as the most relevant adenosine receptor in cancer physiology; however, A2bR signaling mediates unique functions, such 
as activation of MAPK signaling.3 Thus, adenosine receptor blockade may have the potential to overcome adenosine-
dependent immunosuppression and lead to enhanced therapeutic efficacy of some chemotherapeutic agents.2

Figure 1. Critical Role of Adenosine Pathway in Immunosuppressive Tumor Microenvironment
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ATP, adenosine triphosphate; A2aR/A2bR, adenosine receptors 2a/2b; DC, dendritic cell; MDSC, myeloid-derived suppressor cells; NK, natural killer; TAM, tumor-associated macrophage.

AB928 is an orally bioavailable, small-molecule, selective dual antagonist of A2aR and A2bR that was specifically designed 
to block the immunosuppressive effects associated with high adenosine concentration within the TME; it is the only 
adenosine receptor antagonist in active clinical trials that potently blocks A2bR. Currently, there are 4 ongoing global 
phase 1/1b disease-specific platform studies to assess safety, tolerability, pharmacokinetics (PK), pharmacodynamics 
(PD), and preliminary clinical activity of AB928 in combination with chemotherapy and/or anti-PD-1 antibody4

• Based on dose escalation data from these studies, AB928 150 mg once daily (QD) was selected as the recommended dose 
for expansion (RDE) based on PK, PK/PD correlation, and a well-tolerated safety profile of AB928 + chemo/immunotherapy

ARC-3 Study Rationale

Platinum-based chemotherapy, specifically 5-fluorouracil plus oxaliplatin (FOLFOX), is a standard of 
care (SOC) treatment for patients with metastatic colorectal cancer (mCRC).5 Despite recent therapeutic 
advances, patients with mCRC have a 5-year survival rate of 15%, which leaves a great unmet need for novel 
mCRC treatments with improved safety, enhanced efficacy, and that can induce durable clinical benefits.6

• In multiple analyses of human tumors, CRC has been shown to have some of the highest expression levels of CD73 and 
A2bR compared with other tumor types7,8

• Additionally, KRAS, BRAF, and EGFR mutations found in mCRC are associated with CD73 overexpression9,10 (Figure 2)
• KRAS and BRAF mutant tumors not only produce higher levels of adenosine but may also respond, in an autocrine  

A2bR-mediated fashion, to those increased adenosine levels by activating growth pathways synergistic with the oncogenic 
mutation

• In preclinical studies, AB928 + oxaliplatin synergistically inhibited murine tumor growth and increased the number of 
intratumoral CD8+ T cells11

• For these reasons, patients with mCRC may be particularly sensitive to AB928 in combination with SOC chemotherapy

Figure 2. Correlation of EGFR, KRAS, and BRAF Mutations with Elevated CD73 Expression
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METHODS
Study Design

ARC-3 (NCT03720678) is an ongoing, Phase 1/1b, open-label, dose-escalation and dose-expansion study to evaluate 
safety, tolerability, PK, and clinical activity of AB928 + mFOLFOX-6 in patients with advanced mCRC (Figure 3). 
• Dose escalation (gastroesophageal cancer [GEC] or CRC): AB928 (75 or 150 mg QD) + standard mFOLFOX-6 was 

evaluated in a 3+3 design; patients were monitored for dose-limiting toxicities (DLTs) for 28 days 
• Dose expansion (CRC only): Enrolled patients will receive AB928 at the RDE in combination with standard mFOLFOX-6

Figure 3. ARC-3 Study Design 
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a When a minimum of 3 patients evaluable for toxicity completed the DLT evaluation period for a given AB928 dose, subsequent patients may be enrolled at the same, lower, or higher 
AB928 dose, or a dose may be chosen as the RDE that has not exceeded the MTD; b Patients will continue to receive study drug until disease progression or toxicity as assessed by the 
investigator; mFOLFOX-6 regimen: oxaliplatin: 85 mg/m2 IV Q2W; leucovorin 400 mg/m2 IV Q2W; and 5-FU 400 mg/m2 IV bolus + 2,400 mg/m2 (continuous 46-hour infusions on Days 1-2)12,13  
5-FU, 5-fluorouracil; CRC, colorectal cancer; DLT, dose-limiting toxicity; EOT, end of treatment; GEC, gastroesophageal cancer; IV, intravenously; MTD, maximum tolerated dose; Q2W, every 2 
weeks; PO, orally; QD, once daily; RDE, recommended dose for expansion.

ARC-3 Design Features
• Primary objective is safety and tolerability of AB928 + mFOLFOX-6 with secondary objectives that include clinical activity
• Eligible patients have histologically confirmed GEC (dose escalation only) or CRC that is metastatic or locally advanced 

and unresectable; ≥ 1 measurable lesion per RECIST v1.1; ECOG performance status 0-1
• Baseline archival tumor specimens or biopsies and on-treatment biopsies (if medically feasible) are collected from all patients 

to evaluate their immune composition and disease characteristics before and after treatment
• Patients receive AB928 + mFOLFOX-6 in combination until progression, unacceptable toxicity, or investigator decision

 – 5-fluorouracil and oxaliplatin may be discontinued due to SOC guidelines; AB928 and/or other study treatments may 
be continued until the aforementioned criteria are met

Statistical Analysis
• Safety analyses included all patients who received at least 1 dose of AB928

 – Summary statistics were provided for treatment-emergent AEs (TEAEs) and serious AEs (TESAEs), TEAE severity, and 
AE relationship to study drugs

• Efficacy analyses included all patients who were enrolled and assigned to receive AB928
 – Clinical activity was assessed according to RECIST v1.1 criteria  
 – Disease control rate (DCR) was defined as the percentage of patients with a best overall response of complete response 

(CR), partial response (PR), or stable disease (SD) for ≥ 2 disease assessments

RESULTS
Patient Baseline Characteristics

As of May 8, 2020, 35 patients have received AB928 + mFOLFOX-6: 75 mg AB928 (n = 4) or 150 mg AB928 (n = 31)
• 150 mg AB928 QD was selected as the RDE based on PK, PK/PD correlation, and a well tolerated safety profile in the dose 

escalation portion of the study 

For all patients, the mean age was 53 years; most patients were white (83%) and non-Hispanic (94%; Table 1). Most patients 
were late line; 22/23 patients who received prior treatment for metastatic disease had prior FOLFOX and/or FOLFIRI. 

Table 1. Patient Demographics and Characteristics

Characteristics

Dose Escalation Dose Expansion

Total
(N = 35)

75 mg AB928 QD + 
mFOLFOX-6 Q2W

(n = 4)

150 mg AB928 QD + 
mFOLFOX-6 Q2W

(n = 7)

150 mg AB928 QD + 
mFOLFOX-6 Q2W

(n = 24)
Mean age (SD), years 50.0 (9.4) 52.9 (9.7) 53.4 (10.7) 52.9 (10.1)
Sex, male, n (%) 2 (50) 5 (71) 11 (46) 18 (51)
Race, n (%)

White 3 (75) 5 (71) 21 (88) 29 (83)
Black 1 (25) 2 (29) 1 (4) 4 (11)
Asian 0 0 2 (8) 2 (6)

Ethnicity, Hispanic, n (%) 0 1 (14) 1 (4) 2 (6)
Prior therapies for metastatic disease, n (%)

0 0 0 12 (50) 12 (34)
1 2 (50) 0 2 (8) 4 (11)
2 0 1 (14) 6 (25) 7 (20)
3+ 2 (50) 6 (86) 4 (17) 12 (34)

Median prior treatments for metastatic disease,  
(range) 2 (1-3) 4 (2-7) 0.5 (0-4) 2 (0-7)

Q2W, once every 2 weeks; QD, once daily; SD, standard deviation.

Available baseline tumor samples (n = 17) analyzed internally by whole exome sequencing were all microsatellite stable with low 
or intermediate tumor mutational burden.

RESULTS
Safety Analyses

As shown in Table 2, all patients reported ≥ 1 TEAE and 11 TEAEs were reported by > 30% of patients; the most common 
TEAEs were fatigue (66%), nausea (60%), and diarrhea (49%)
• AB928-related TEAEs occurred in 27/35 (77%) of patients

 – The majority of events were Grade 1 or 2
• Ten patients reported ≥ Grade 3 AB928-related TEAEs that were also possibly related to mFOLFOX-6: neutropenia (n = 5), 

diarrhea (n = 2), AST increased (n = 2), fatigue (n = 1), nausea (n = 1), hyperglycemia (n = 1), anemia (n = 1), acute kidney 
injury (n = 1)

Eight patients (23%) reported ≥ 1 TESAE. One patient experienced a Grade 3 TESAE of acute kidney injury that was deemed 
related to AB928 and oxaliplatin; as a result, AB928 dosing was interrupted and oxaliplatin was withdrawn and the event 
resolved in 14 days. Three patients (9%) had TEAEs resulting in AB928 discontinuation; none were deemed related to AB928.

Table 2: Treatment Emergent Adverse Events

Patients, n (%)

Dose Escalation Dose Expansion

Total
(N = 35)

75 mg AB928 QD + 
mFOLFOX-6 Q2W

(n = 4)

150 mg AB928 QD + 
mFOLFOX-6 Q2W

(n = 7)

150 mg AB928 QD + 
mFOLFOX-6 Q2W

(n = 24)
Any TEAE 4 (100) 7 (100) 24 (100) 35 (100)

Grade ≥ 3 4 (100) 7 (100) 15 (63) 26 (74)
Any TESAE 2 (50) 3 (43) 3 (13) 8 (23)

Grade ≥ 3 2 (50) 3 (43) 3 (13) 8 (23)
AB928-related TEAEsa 3 (75) 6 (86) 18 (75) 27 (77)

Grade ≥ 3 2 (50) 1 (14) 7 (29) 10 (29)
AB928-related TESAEsa 0 0 1 (4) 1 (3)

Grade ≥ 3 0 0 1 (4) 1 (3)
Any study treatment d/c due to TEAEs 1 (25) 2 (29) 6 (25) 9 (26)
AB928 discontinuation due to TEAEs 0 1 (14) 2 (8) 3 (9)
Deaths due to TEAEs 0 0 1 (4)b 1 (3)
TEAEs in > 30% of all patients

Fatigue 2 (50) 5 (71) 16 (67) 23 (66)
Nausea 3 (75) 5 (71) 13 (54) 21 (60)
Diarrhea 1 (25) 6 (86) 10 (42) 17 (49)
Neutropenia 1 (25) 3 (43) 10 (42) 14 (40)
Anemia 1 (25) 4 (57) 9 (38) 14 (40)
Thrombocytopenia 1 (25) 4 (57) 8 (33) 13 (37)
Neuropathy peripheral 2 (50) 1 (14) 10 (42) 13 (37)
AST increased 1 (25) 4 (57) 8 (33) 13 (37)
ALT increased 1 (25) 3 (43) 9 (38) 13 (37)
Decreased appetite 1 (25) 4 (57) 7 (29) 12 (34)
Constipation 1 (25) 2 (29) 8 (33) 11 (31)

a Events may also be considered related to some components of the mFOLFOX-6 treatment regimen; b Unexplained death on Day 2 of first treatment cycle was considered a suspected 
unexpected serious adverse reaction by the sponsor. ALT, alanine aminotransferase; AST, aspartate aminotransferase; QD, once daily; Q2W, once every 2 weeks; TEAE, treatment emergent 
adverse event; TESAE, treatment emergent serious adverse event.

Clinical Activity
As of May 8, 2020, 16/35 (46%) of patients remained on active treatment (Figure 4): 8 are 1L or 2L patients, 8 are 3L+ patients

• Median time on treatment was 16.1 weeks (range: 2–46 weeks) for patients in the dose escalation and 18.2 weeks  
(range: 0-32 weeks) for those in the dose expansion 

• Median time on treatment for patients by treatment line was as follows:
 – 1L patients (n = 12): 20.1 weeks (range: 0.29–32 weeks)
 – 2L patients (n = 4): 9.2 weeks (range: 4.29–16.1 weeks)
 – 3L+ patients (n = 19): 16.9 weeks (range: 1.71–46.0 weeks)

• BRAF and KRAS mutation/wild type status is shown for those patients with available data (Figure 4, left panels);  
additional biomarker characterization is ongoing

Figure 4. Time on AB928 + mFOLFOX-6 Treatment
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RESULTS
Best Overall Response

Best percentage change from baseline in the sum of target lesions is shown in Figure 5. Of patients with SD, 9/24 (38%)  
had tumor shrinkage of ≥ 15%.

• Investigator-assessed DCR was 76% with 6 PRs and 10 SDs for ≥ 2 disease assessments
• For 11 patients treated with ≥ 2 prior lines of therapy for metastatic disease (3L+), DCR was 64% with 1 PR and 6 SDs 

Two patients had CRs of target lesions; both received 150 mg QD AB928 + mFOLFOX-6 as 1L mCRC treatment, then discontinued 
the study at the investigator’s discretion to undergo surgical resection of remaining non-target lesions. 
• Patient 019: 2 target lesions (60 mm) at baseline; PR at Days 56, 109, and 163; CR on Day 221 
• Patient 022: 4 target lesions (64 mm) at baseline; PR at Day 62; CR on Days 118 and 167

Given deep responses and the potential for definitive cure, 3 additional patients (including a 3L+ patient) proceeded to surgical 
resection with or without chemo/radiotherapy at the investigator’s recommendation.

Figure 5. Best Percentage Change from Baseline in Sum of Target Lesions
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CONCLUSIONS 
• AB928 with mFOLFOX-6 has been well tolerated without significant evidence of additive toxicity in patients with mCRC
• Combination treatment was associated with disease control in all patients with 1 baseline disease assessment (n = 30), 

including those with microsatellite stable disease and RAS/BRAF mutated mCRC
• Encouraging deep responses were observed across 1L to 3L+ patients; five patients discontinued the study at the 

investigator’s discretion to undergo alternate therapy with curative intent
• Patients with late line disease previously treated with FOLFOX or FOLFIRI have shown clinical benefit (PR and/or  

SD > 4 months) with AB928 combination therapy; these encouraging results warrant further exploration
• Planned enrollment of up to 40 patients is proceeding based on early efficacy gates; as of May 8, 2020, 16 patients are 

continuing to receive study treatment
• Across the AB928 program, extensive tissue/blood biomarker characterization is ongoing

FUTURE DIRECTIONS
• Randomized studies of AB928 + standard care regimens are ongoing in late line mCRC

 – MORPHEUS-CRC (NCT03555149): Phase 1b/2; AB928 + atezolizumab ± regorafenib vs regorafenib monotherapy
• Future studies evaluating AB928 combination therapy in RAS/BRAF mutated mCRC and other advanced solid tumor types 

are in development
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