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Abstract

Signal regulatory protein alpha (SIRPα) is the receptor for cluster of differentiation

(CD)47, a potent “don’t eatme” signal formacrophages. Disruption of CD47-SIRPα sig-
naling in the presence of prophagocytic signals can lead to enhanced phagocytosis of

tumor cells, resulting in a direct antitumor effect; agents targeting this pathway have

shown efficacy in non-Hodgkin lymphoma (NHL) and other tumor types. GS-0189 is a

novel anti-SIRPα humanized monoclonal antibody. Here we report: (1) clinical safety,

preliminary activity, and pharmacokinetics of GS-0189 as monotherapy and in combi-

nation with rituximab from a phase 1 clinical trial in patients with relapsed/refractory

NHL (NCT04502706, SRP001); (2) in vitro characterization of GS-0189 binding to

SIRPα; and (3) in vitro phagocytic activity. Clinically, GS-0189 was well tolerated in

patients with relapsed/refractory NHL with evidence of clinical activity in combina-

tion with rituximab. Receptor occupancy (RO) of GS-0189 was highly variable in NHL

patients; binding affinity studies showed significantly higher affinity for SIRPα variant
1 than variant 2, consistent with RO in patient and healthy donor samples. In vitro
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phagocytosis induced by GS-0189 was also SIRPα variant–dependent. Although clin-

ical development of GS-0189 was discontinued, the CD47-SIRPα signaling pathway

remains a promising therapeutic target and should continue to be explored.

KEYWORDS

CD47, GS-0189, SIRPα, non-Hodgkin lymphoma, monoclonal antibodies

1 INTRODUCTION

Non-Hodgkin lymphoma (NHL) is one of the most common cancers

in the United States, accounting for about 4% of all cancers [1]. Sys-

temic treatment options include chemotherapy, immuno- and targeted

therapy, chimeric antigen receptor (CAR) T-cell therapy, and stem cell

transplant [2]. Many patients have relapsed/refractory (R/R) disease

following frontline treatment for NHL [3–6]. The overall prognosis and

long-term survival for R/R patients after multiple lines of therapy are

often poor [7–9]. CAR T-cell therapy provides impressive response

rates in heavily pretreated R/R follicular and other B-cell NHLs, but

toxicities, complicated logistics, limited access, and delays in delivering

treatment may limit use of this therapy in many patients [10–12]. The

development of more effective and tolerable therapies for R/R NHL

represents a high unmetmedical need.

Signal regulatory protein alpha (SIRPα) is a receptor expressed on

phagocytic cells—such as macrophages, neutrophils, monocytes, and

dendritic cells—that binds to the antiphagocytic signal cluster of dif-

ferentiation (CD)47 [13, 14], initiating a signalling cascade within the

phagocyte that inhibits engulfment, preventing destruction of “self”

by the innate immune system [15]. Various tumor types overexpress

CD47 [16–18], enabling evasion of macrophage-mediated phagocyto-

sis [17], making the SIRPα-CD47 interaction an attractive therapeutic

target [19]. Increased pro-phagocytic signals induced by other agents

may greatly enhance activity of SIRP-CD47 blockade, providing strong

support for combination therapy [19].

Human SIRPα is highly polymorphic in the immunoglobulin (Ig) V-

like domain [20], the ligand-binding domain for CD47 [14, 21]. In

humans, the SIRPα protein is found as two major variants, V1 and

V2, presenting as homozygotes (SIRPαV1/V1 and SIRPαV2/V2) or het-
erozygotes (SIRPαV1/V2) [22]. About 42%–47% of the population is

heterozygous, with proportions of SIRPαV1/V1 and SIRPαV2/V2 being

more variable across populations [22].

GS-0189 is a novel humanized IgG1 monoclonal anti-SIRPα anti-

body with an aglycosylated (inert) Fc region that blocks recognition by

Fcγ receptors and prevents the phagocytosis of SIRPα-expressing cells.
GS-0189 was designed as an alternative to magrolimab, an anti-CD47

monoclonal antibody (mAb) in clinical development in hematologic

malignancies and solid tumors, as it had been found not to impact

red blood cells in preclinical experiments [23]. Here we report: (1)

clinical safety, preliminary activity, and pharmacokinetics (PK) of GS-

0189 as monotherapy and combination therapy with rituximab, from

a phase 1 first-in-human (FIH) clinical trial in patients with R/R NHL

(NCT04502706); (2) in vitro characterization of GS-0189 binding

potency to SIRPα variants; (3) and in vitro phagocytic activity of

macrophages derived from donors possessing different SIRPα variants
relative to the activity of a control pan-SIRP blocking antibody with an

inert Fc, KWAR23.

2 METHODS

2.1 Clinical study

2.1.1 Design and participants

This was an open-label FIH trial to evaluate GS-0189 safety, PK,

and preliminary efficacy of monotherapy and in combination with rit-

uximab in patients with select R/R NHL histologies (Supplemental

Methods; Figure S1): here, we report monotherapy dose escalation

(MDE) and dose escalation in combination with rituximab (CDE). Eligi-

ble patients were ≥18 years of age with diffuse large B-cell, follicular,

mantle cell, or marginal zone lymphomas R/R to ≥2 prior lines of ther-

apy. Patients with prior autologous hematopoietic cell transplantation

and/or CAR T-cell therapy were eligible. All patients provided written

informedconsent prior toparticipation in the study. The studywas con-

ducted in accordance with the protocol and with US Food and Drug

Administration Guidelines, International Conference on Harmonisa-

tion Good Clinical Practice guidelines, the Declaration of Helsinki, and

all local health authority and Institutional Review Board/Independent

Ethics Committee requirements for each study site.

2.1.2 Procedures

GS-0189 was administered intravenously every 2 weeks. Planned

treatment in MDE cohorts was GS-0189 at 10, 30, or 100 mg. Planned

treatment in CDE cohorts was GS-0189 100 to 3000 mg in combina-

tion with rituximab 375 mg/m2 on days 1, 8, 15, and 22 of cycle 1;

day 1 of cycles 2 to 5; and day 1 of every other cycle thereafter. Dose-

limiting toxicity (DLT) was assessed during the DLT observation period

(cycle 1, days 1–28). GS-0189 serum concentrations were measured

using an electrochemiluminescent assay (lower limit of quantification,

30 ng/mL) developed and validated by QPS LLC (Newark, DE). See

SupplementalMethods fordetails. SerumGS-0189concentration-time

data were analyzed by a noncompartmental approach using Phoenix

 26886146, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jha2.687, W

iley O
nline L

ibrary on [09/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



372 NARKHEDE ET AL.

WinNonlin (Version 8.2; Certara, Princeton, NJ). Blood samples for GS-

0189 immunogenicity were collected and analyzed (see Supplemental

Methods). Rituximab PKwere not determined.

2.1.3 Endpoints

The primary endpoint was incidence of adverse events defined by

National Cancer Institute Common Terminology Criteria for Adverse

Events, Version 5.0. Secondary endpoints includedGS-0189 PK, objec-

tive response rate per Lugano response criteria [24], duration of

response (DOR), and progression-free survival (PFS).

2.2 Statistical analysis

Statistical analyses were performed on all patients who received ≥1

dose of GS-0189. For categorical variables, frequencies and percent-

ages were calculated.

2.3 Nonclinical and ex vivo assays

Antibodies and reagents used in these studies are listed in Table S1.

2.3.1 Receptor occupancy assay

The receptor occupancy (RO)was evaluated in blood fromboth healthy

donors andNHL patients. SIRPαROwas assessed using a free receptor

format with allophycocyanin conjugated anti-human CD172ab anti-

body. Themean fluorescence intensity values for each fluorochrome in

the panel (CD45, CD14, CD15, 7AAD, and CD172ab) weremeasured.

Blood from NHL patients in MDE cohorts were collected for RO

evaluation. Clinical RO data were acquired using an FACSCanto flow

cytometer. Ultra-rainbow beads were collected with the same instru-

ment setting as the samples to generate molecules of equivalent

fluorochrome.

2.3.2 GS-0189 and KWAR23 binding to SIRPα
variants

Binding experiments quantifying the affinity of GS-0189 or KWAR23

for recombinant SIRPα variants were performed on either a Biacore

T100 or T200 instrument using a CM5 sensor chip. GS-0189 and

KWAR23 as active control [25, 26] were captured and regenerated

according tomanufacturer instructions.

SIRPαV1 and SIRPαV2 were injected using maximum concentrations

of either 0.3 μM and three-fold serial dilutions for the higher affinity

interactions, or 3 μM and 4-fold serial dilutions for the lower affinity

interactions. Data were fitted to a simple kinetic model to derive kon,

koff, and KD, using the relationship KD = koff / kon.

2.3.3 In vitro phagocytosis assay

In vitro phagocytosis was evaluated using peripheral blood mononu-

clear cells (PBMCs) from healthy donors expressing SIRPαV1/V1,
SIRPαV1/V2, or SIRPαV2/V2 variants (determined by Sanger sequenc-

ing) that were differentiated into macrophages by treating with

macrophage colony-stimulating factor for 7 days. Macrophages were

then co-cultured with Raji Burkitt’s lymphoma cells or DLD-1 col-

orectal adenocarcinoma cells that had been labeled with CellTrace

carboxyfluorescein succinimidyl ester (CFSE) to achieve an effec-

tor:target ratio of 1:2. After 2 h of incubation, with anti-SIRP

or isotype control antibodies, phagocytosis was quantified as the

percentage of CD11b+ macrophages that were positive for CFSE.

Phagocytic index was calculated as fold-increase relative to vehicle

control.

2.3.4 SIRPα genotyping assay

NHL patients (SRP001) and healthy donor PBMC samples were used

for genotyping assay by Sanger sequencing. Six different Sanger

sequencing reactions were performed using the primers (Table S2) to

generate conclusive Sanger sequencing data.

DNA was sequenced using the 3730 Genetic Analyzer. SnapGene

Viewer was used to review the chromatograms, and Clustal Omega to

compare the DNA and translated RNA sequences. See Supplemental

Methods for details.

3 RESULTS

3.1 Clinical study results

Nine patients were enrolled and treated between December 2, 2020

andMarch 31, 2022, with six patients enrolled in MDE cohorts (10 mg

GS-0189 [n = 1], MDE1; 30 mg GS-0189 [n = 1], MDE2; and 100 mg

GS-0189 [n= 4]MDE3) and 3 in the first CDE cohort (100mgGS-0189

+ rituximab, CDE1). After the first CDE cohort, the decision was made

to terminate the SRP001 study (see Discussion for rationale). Patient

characteristics are shown in Table 1. Reasons for GS-0189 discontin-

uation were patient’s decision (n = 2) and progressive disease (n = 7).

Reasons for study discontinuation were death (n = 1), withdrawn

consent (n = 2), and study terminated by sponsor (n = 6). Treatment-

emergent AEs (TEAEs) occurred in all but one patient across treatment

groups. The most common TEAEs occurring in >1 patient in any group

were infusion-related reactions (IRRs), anemia, and neutropenia. Of

the 4grade 3 TEAEs (pain, fatigue, anemia, and neutropenia), only neu-

tropenia was related to GS-0189. There were no DLTs, grade 4 TEAEs,

or events leading to death (Table 2). One patient in MDE3 had grade 3

anemia onday3 that resolvedonday4after 2units of packed redblood

cells andwas deemed unrelated to GS-0189. Another patient inMDE3

with baseline grade 1 anemia had grade 2 anemia deemed related to

GS-0189 and did not require intervention. IRRs occurred in 6 patients
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TABLE 2 Treatment-emergent adverse events.1

MDE CDE

n (%)
GS-0189 10mg,

MDE1 (N= 1)

GS-0189 30mg,

MDE2 (N= 1)

GS-0189 100mg,

MDE3 (N= 4) MDE Total (N= 6)

GS-0189 100mg+

rituximab, CDE1 (N= 3)

Any TEAE 1 (100.0) 1 (100.0) 3 (75.0) 5 (83.3) 3 (100.0)

Serious TEAE 0 0 1 (25.0) 1 (16.7) 0

Treatment-related TEAE 1 (100.0) 0 3 (75.0) 4 (66.7) 2 (66.7)

Grade 1 or 2 1 (100.0) 0 2 (50.0) 3 (50.0) 2 (66.7)

Grade 3 or 42 0 0 1 (25.0) 1 (16.7) 0

TEAE leading to dose interruption

of GS-0189

0 0 0 0 1 (33.0)3

TEAE leading to death 0 0 0 0 0

Dose-limiting toxicity 0 0 0 0 0

TEAEs occurring in> 1 patient in any group

Infusion-related reaction 1 (100.0) 0 2 (50.0) 3 (50.0) 3 (100.0)

Anemia 0 0 2 (50.0) 2 (33.3) 0

Neutropenia 0 0 2 (50.0) 2 (33.3) 0

1TEAEs are AEs with onset dates on or after the first dose of study drug and up to 30 days after study drug discontinuation.
2One anemia and 1 neutropenia TEAEwere grade 3. There were no grade 4 TEAEs.
3Dose interruption occurred twice in 1 patient due to COVID-19 infection and an automobile accident.

Abbreviations: CDE, combination dose escalation;MDE, monotherapy dose escalation; TEAE, treatment-emergent adverse event.

TABLE 3 Infusion-related reactions in the SRP001 study.

MDE CDE

n (%)
GS-018910mg,

MDE1 (N= 1)

GS-018930mg,

MDE2 (N= 1)

GS-0189100mg,

MDE3 (N= 4) MDE Total (N= 6)

GS-0189 100mg+

rituximab, CDE1

(N= 3)

Any infusion-related reaction1 1 (100.0) 0 2 (50.0) 3 (50.0) 3 (100.0)

Chills 0 0 2 (50.0) 2 (33.3) 3 (100.0)1

Pruritus 1 (100.0) 0 0 1 (16.7) 1 (33.3)

Back pain 0 0 1 (25.0) 1 (16.7) 0

Dizziness 0 0 0 0 1 (33.3)

Feeling cold 0 0 1 (25.0) 1 (16.7) 0

Nausea 1 (100.0) 0 0 1 (16.7) 0

Neck pain 0 0 0 0 1 (33.3)

Night sweats 0 0 0 0 1 (33.3)

Vomiting 1 (100.0) 0 0 1 (16.7) 0

1One infusion-related reaction was grade 2 (chills, in CDE1); all other infusion-related reaction symptomswere grade 1.

Abbreviations: CDE, combination dose escalation;MDE, monotherapy dose escalation.

(4 patients with IRRs related to GS-0189, 1 with an IRR to rituximab,

and 1 with IRRs to both drugs); all IRRs were grade 1 except 1 patient

with symptom of grade 2 chills (Table 3). Four patients had grade 3 or

4 treatment-emergent hematologic laboratory abnormalities, includ-

ing decreased hemoglobin, lymphocytes, neutrophils, and leukocytes

in 1 patient; and transient lymphocytes decrease in all 3 patients in

CDE1 within 24 h of infusion (1 with grade 2 lymphocyte decrease at

screening), which resolved within cycle 1 (Table S3).

One patient with stage 4 follicular lymphoma (FL) in CDE1 who

had previously relapsed after 2 lines of rituximab-containing regimens

achieved a complete response (CR) on study day 82with aDORof 5.19

months and PFS of 7.85 months. The DOR and PFS were censored
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TABLE 4 Overall response in the SRP001 study.

MDE CDE

Parameter, n (%)

GS-0189 10mg

(N= 1)

GS-0189 30mg

(N= 1)

GS-0189 100mg

(N= 4)1
GS-0189 100mg+

rituximab (N= 3)

Overall response rate 0 0 0 1 (33.3)

Best overall response

Complete response 0 0 0 1 (33.3)

Partial response 0 0 0 0

Stable disease 0 1 (100.0) 0 1 (33.3)

Progressive disease 1 (100.0) 0 3 (75.0) 1 (33.3)

1One patient withdrew consent prior to first response assessment. Abbreviations: CDE, combination dose escalation;MDE, monotherapy dose escalation.

F IGURE 1 Concentration-time profiles for GS-0189 across dose groups 10 to 100mg. Abbreviation: CDE, combination dose escalation;
LLOQ, lower limit of quantification;MDE, monotherapy dose escalation.

at the time of last adequate tumor assessment. Study treatment was

discontinued due to patient decision, which coincided with the time

of sponsor decision to discontinue the study. Two patients had stable

disease (1 each, from MDE2 and CDE1) with estimated PFS of 5.55

and 3.71months, respectively; 5 had progressive disease (Table 4); and

1withdrew consent prior to the first response assessment.

3.2 Pharmacokinetics

Concentration-time profiles for patients in MDE1, 2, and 3 and CDE1

are shown in Figure 1. Relevant PK parameters for MDE and CDE

(Cohort 1) are listed in Table 5. The area under the curves for GS-

0189 serum concentration-time profiles in the given dose range of 10

to 100 mg were lower than projected based on cyno PK-PD studies.

This could potentially be due to target-mediated drug disposition for

the antibody in humans. GS-0189 RO over time from three patients in

CDE1 is shown in Figure S2 for comparison with concentration-time

profile. The antidrug antibody incidence rate for GS-0189 cannot be

interpreted due to a small sample size.

3.3 Differential binding of GS-0189 in SIRPα
variants

ROofGS-0189 showedhighly variable binding ofGS-0189 across sam-

ples from 5 NHL patients (Figure 2A). Sanger sequencing of SIRPα
variants from PBMCs of healthy donors (n = 15) and patients (n = 9;

Table 1 for patient results) revealed three allelic variants: homozygous

SIRPαV1/V1 (n = 9 donors, n = 3 patients), homozygous SIRPαV2/V2

(n = 2 donors, n = 2 patients), and heterozygous SIRPαV1/V2 (n = 4

donors, n=4 patients). RObinding curves fromhealthy donors showed

GS-0189bound to the homozygous SIRPαV1/V1 variant 3- and102-fold
more strongly than to SIRPαV1/V2 and SIRPαV2/V2 variants, respec-

tively (Figures 2B,C), andwas consistentwith binding profiles obtained

from patients (Figure 2A).
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376 NARKHEDE ET AL.

TABLE 5 Median pharmacokinetic parameters for GS-0189 post first dose (cycle 1, day 1).

Dose (mg) N AUClast (μg/mL*hour) Cmax (μg/mL) Vss (L)

10 1 21.7 1.78 NC

30 1 184 5.14 5.61

100 4 615 20.1 3.92

100 3 768 20.2 5.43

Abbreviations: AUClast, area under the curve from the time of dosing to the time of the last measurable (positive) concentration; Cmax, maximum

concentration; Vss, apparent volume of distribution at equilibrium after intravenous administration.

F IGURE 2 GS-0189 binding profiles of NHL patients from study SRP001 and healthy donors with different SIRPα allelic variants. (A) GS-0189
RO titration curves with identified SIRPα genotypes fromMDE1,MDE2, andMDE3 cohorts. (B) GS-0189 binding profiles on CD14+ monocytes
from 15 commercial healthy donors. (C) calculated GS-0189 concentration at which 50% of SIRPα receptors on CD14+ monocytes are occupied in
healthy donors, grouped by SIRPα allelic variants: EC50 (μg/mL) of SIRPαV1/V1 = 0.024± 0.004; SIRPαV1/V2 = 0.071± 0.062;
SIRPαV2/V2 = 2.44± 3.39. Abbreviations: CD, cluster of differentiation; EC50, half-maximal effective concentration;MDE, monotherapy dose
escalation; NHL, non-Hodgkin lymphoma; RO, receptor occupancy; SIRPα, signal regulatory protein alpha; V, variant.

3.3.1 GS-0189 and KWAR23 binding to SIRPα
variants

Binding affinities of GS-0189 to recombinant SIRPαV1 and SIRPαV2

compared with those of KWAR23 are shown by kinetic and equilib-

rium constants (Table 6) and sensograms (Figure 3). GS-0189 had a

77-fold higher affinity for SIRPαV1 (KD = 4.3 nM) than for SIRPαV2

(KD = 332 nM). KWAR23 demonstrated a narrower range of affini-

ties to SIRPα variants: KD = 6.7 nM for SIRPαV1 and KD = 14.2 nM for

SIRPαV2.

TABLE 6 Thermodynamic and kinetic parameters.

Antibody Antigen kon1(M−1 s−1) koff1 (s−1) KD
1,2 (nM)

GS-0189 SIRPαV1 6.2E+ 05 2.6E-03 4.3

SIRPαV2 6.5E+ 05 2.5E-01 332

KWAR23 SIRPαV1 1.0E+ 06 6.7E-03 6.7

SIRPαV2 1.8E+ 06 2.5E-02 14.2

1Average of 2-3 independent experiments. For all interactions studied,

values for kon ,koff , and KD varied less than 2-fold between experiments.
2The equilibrium dissociation constant KD = koff/kon .
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NARKHEDE ET AL. 377

F IGURE 3 GS-0189 binding to SIRP isoforms and variants shown by sensogram for GS-0189 (A and B) or KWAR23 (C andD) binding to
SIRPαV1 (A and C), and SIRPαV2 (B andD). The highest concentration injected was 3 μM for lower affinity interactions, and 0.3 μM for higher
affinity interactions for SIRPαV1 and SIRPαV2 for GS-0189. The highest concentration injected was 0.3 μM for all SIRP variants for KWAR23. Black
lines denote binding data; orange lines represent the kinetic fit. Abbreviations: SIRPα, signal regulatory protein alpha.

3.3.2 Potency of GS-0189 in phagocytosis assays
is dependent on SIRPα polymorphism

Maximal phagocytosis of Raji cells bymacrophages fromPBMCdonors

with SIRPαV1/V1 and SIRPαV2/V2 variants was induced by GS-0189

combined with rituximab (Figure S3), with only a small increase in

maximal phagocytosis induced by the combination versus rituximab

alone. Therefore, we identified a human colorectal cancer cell line

DLD-1 for which phagocytosis was more dependent on inhibition of

the CD47-SIRPα axis and for which phagocytosis was significantly

induced in response to CD47-SIRPα blockade alone [25]. The ability of
GS-0189 to potentiate phagocytosis of DLD-1 cells by human PBMC-

derived macrophages from donors with different SIRPα variants was

dose dependent (Figure 4). The average half-maximal effective concen-

tration (EC50) of GS-0189 with macrophages from donors expressing

SIRPαV1/V1 was 0.02 μg/mL, expressing SIRPαV1/V2 was 13.8 μg/mL,

and expressing SIRPαV2/V2 was 9.5 μg/mL. KWAR23 induced phagocy-

tosis across SIRPα variants with EC50 ranging from 0.04 to 0.10 μg/mL

(Figure S4). Regardless of SIRPα genotype, maximal phagocytosis

induced by GS-0189 was equivalent to that induced by KWAR23 at

concentrations above 10 μg/mL (Figure 4).

4 DISCUSSION

GS-0189 up to 100 mg as monotherapy and in combination with rit-

uximab was well tolerated by patients with R/R NHL in this phase 1

study. There were no DLTs, no grade 4 TEAEs, and no deaths related

to TEAEs. Since SIRPα expression is mainly on macrophages and GS-

0189 does not have a functional Fc, it was theorized that GS-0189

would result in less anemia compared to most CD47-targeting agents

[23, 27]. In SRP001, anemia occurred in 2 patients, 1 of whom had ane-

mia at baseline. Lymphocyte count decreases observed with GS-0189

in combination with rituximab were transient and resolved quickly.

Although lymphopenia has been reported with rituximab monother-

apy [28], the causality of this phenomenon will remain unclear unless

a randomized clinical study is conducted to evaluate each drug’s

contribution.

GS-0189 is an anti-SIRPα antibody with an aglycosylated (inert) Fc

region thatwas theorized to benefit from the presence of another drug

that provides an “eat me” signal, such as rituximab, to induce phago-

cytic activity. In this clinical study, there was no observed response in

patients enrolled in the MDE cohorts. In CDE1, one patient achieved

a CR at approximately 12 weeks, which was maintained until study

termination. This patient had stage 4 FL, relapsed on 2 prior lines of

rituximab-containing regimens, and was homozygous for the SIRPαV1

variant. This could suggest that there may still be therapeutic benefit

by adding a SIRPα-blocking agent to rituximab in patients who have

relapsed on prior rituximab therapy. However, since this is an observa-

tion for a single patient, further clinical evaluation in patientswithNHL

maybe needed to interrogate themechanismof SIRPα-blocking agents
in combination with rituximab.

Affinity of GS-0189 for the SIRPαV1 variant was nearly 2 orders of

magnitude higher than for SIRPαV2, which was evident in the highly
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378 NARKHEDE ET AL.

F IGURE 4 Phagocytosis induced by anti-SIRP. CFSE-labeled DLD-1 cells were co-cultured withmacrophages isolated from healthy donor
PBMCs that were homozygous or heterozygous for SIRPαV1 or SIRPαV2 as described in the legend. GS-0189 dose-dependently induced
phagocytosis. For additional controls, separate co-cultures were treated with an Fc-inert pan anti-SIRPα antibody (KWAR23) at maximally
efficacious concentrations. After a 2-hour co-culture, cells were analyzed by flow cytometry to determine frequency of CD11b+CFSE+ cells. The
frequency of macrophages positive for CFSEwas normalized to vehicle to generate the phagocytic index. Samples were tested in duplicate and
presented asmean± SD. Abbreviations: CD, cluster of differentiation; CFSE, carboxyfluorescein succinimidyl ester; PBMC, peripheral blood
mononuclear cell; SD, standard deviation; V, variant.

variable RO of GS-0189 to SIRPα in samples from study patients,

prompting further exploration using healthy donor samples. Genotyp-

ing for SIRPα variants in healthy donors coupled with binding affinity

and RO data confirmed that GS-0189 binding was weaker to SIRPαV2

than SIRPαV1; and the heterogeneity in the study patient RO findings

could be explained by the genotyping of study patients. Concordant

with SIRPα-binding affinities, induction of phagocytosis by GS-0189 as
a single agent differed by more than 2 orders of magnitude between

macrophages from donors expressing SIRPαV1/V1 and those express-

ing SIRPαV1/V2 or SIRPαV2/V2 (EC50 <0.1 μg/mL vs. ∼ >10 μg/mL,

respectively). KWAR23 induced phagocytosis of the DLD-1 human

colorectal cancer cell line across SIRPα variantswith equivalent poten-
cies, suggesting that there is no inherent difference in phagocytic

capacity of macrophages from patients with different SIRPα variants.

Comparable ability of GS-0189 combined with cetuximab to poten-

tiate phagocytosis by PBMC-derived macrophages from SIRPαV1/V1-
and SIRPαV2/V2-expressing donors was previously demonstrated using

HT-29 cells, the epidermal growth factor receptor–expressing human

tumor cell line, as the target cell [23]. Consistent with this observation,

we found that maximal phagocytosis of Raji cells induced by GS-

0189 in combination with rituximab was similar across PBMC donor

genotypes. However, the difference between maximal phagocytosis

induced by rituximab alone versus the combination was small, leav-

ing little room to evaluate the contribution of GS-0189. Systematic

functional assessment of GS-0189 monotherapy by dose confirmed

the difference in phagocytic index of GS-0189 by SIRPα variant. These
data suggest that higher GS-0189 doses might have been necessary

to achieve concentrations needed for phagocytic activity in patients

harboring SIRPαV1/V2 and SIRPαV2/V2 genotypes.

GS-0189 was intended as a low anemia-risk alternative to

magrolimab. With priming-dose regimen and clinical management,

acute anemia observed with magrolimab is no longer expected to limit

magrolimab clinical development [29, 30]. Therefore, the decision

was made to terminate the SRP001 study and discontinue clinical

development of GS-0189. Nevertheless, the CD47-SIRPα interac-

tion/phagocytic mechanism remains a promising target for treatment

of patients with solid tumors and hematologicmalignancies and should

continue to be explored.
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