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ABSTRACT
◥

B-cell maturation antigen (BCMA) is an attractive therapeutic

target highly expressed on differentiated plasma cells in multiple

myeloma and other B-cell malignancies. GSK2857916 (belanta-

mab mafodotin, BLENREP) is a BCMA-targeting antibody–drug

conjugate approved for the treatment of relapsed/refractory

multiple myeloma. We report that GSK2857916 induces immu-

nogenic cell death in BCMA-expressing cancer cells and pro-

motes dendritic cell activation in vitro and in vivo. GSK2857916

treatment enhances intratumor immune cell infiltration and

activation, delays tumor growth, and promotes durable complete

regressions in immune-competent mice bearing EL4 lymphoma

tumors expressing human BCMA (EL4-hBCMA). Responding

mice are immune to rechallenge with EL4 parental and EL4-

hBCMA cells, suggesting engagement of an adaptive immune

response, immunologic memory, and tumor antigen spreading,

which are abrogated upon depletion of endogenous CD8þ T cells.

Combinations with OX40/OX86, an immune agonist antibody,

significantly enhance antitumor activity and increase durable

complete responses, providing a strong rationale for clinical

evaluation of GSK2857916 combinations with immunotherapies

targeting adaptive immune responses, including T-cell–directed

checkpoint modulators.

Introduction
Although many neoplasms are eliminated by the immune system,

some tumors can develop when malignant cells evade immune sur-

veillance mechanisms. Tumor immune escape can be mediated by

multiple factors including immunosuppressive factors within the

tumor microenvironment and negative regulators that inhibit T-cell

activity and promote tolerance (1).Modulation of such checkpoints by

inhibitory mAbs against CTLA-4 and PD-1 has been associated with

clinically significant responses in a variety of cancers (2). Moreover,

agonism of costimulatory receptors such as OX40, upregulated

on na€�ve and memory T cells following T-cell receptor ligation,

significantly enhances T-cell proliferation and survival and differen-

tiation to a memory phenotype, which may provide additional

therapeutic benefit (3). Current efforts are focused on improving the

clinical efficacy of immunotherapies through combinations with

other checkpoint modulators, immunogenic chemotherapeutics, and

radiotherapy (4–6).

A subset of chemotherapeutics has been shown to contribute to

immune stimulation through antigen release secondary to cytotoxic

cell death (7). Although normal apoptosis is nonimmunogenic, treat-

ment with selected chemotherapeutics, such as anthracyclines and

oxaliplatin, induces a unique form of cell death termed immunogenic

cell death (ICD). ICD is characterized by the induction of the endo-

plasmic reticulum (ER) stress response and the exposure and/or

release of danger-associated molecular patterns (DAMPs), many of

which are Toll-like receptor ligands (8). After ICD induction, calre-

ticulin, a DAMP molecule normally found in the ER lumen, is

translocated to the surface of the dying cell, where it functions as an

“eat me” signal for immature dendritic cells (DC; ref. 9). Other

important DAMPs are HSPs, namely, HSP70 and HSP90, the secreted

amphoterin high mobility group box 1 (HMGB1) protein, and extra-

cellular adenosine triphosphate (ATP). ATP functions as a chemoat-

tractant recruiting antigen-presenting cells (APCs) by interacting with

purinergic receptors, whereas HMGB1 is considered a late apoptotic
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marker, and its release to the extracellular space seems to be required

for the optimal release and presentation of tumor antigens to DCs, DC

maturation, and synthesis of proinflammatory molecules including

type I interferons (IFNs; refs. 10, 11). Furthermore, exposure of DCs to

tumor cells undergoing ICD evokes an inflammatory phenotype

(innate response), including an increase in costimulatory markers

CD86 and MHC class II antigens and the activation of NFkB, a

proinflammatory transcription factor complex (10). Mature DCs play

a key role in priming robust immune responses in tumor-bearing

hosts, and ICD can induce an effective antitumor immune response

through DC activation and subsequent activation of tumor antigen-

specific T-cell responses. Therapeutic approaches that activate DCs

and promote tumor antigen-specific T-cell priming are needed to

enhance the immunogenicity of tumors. In this regard, several che-

motherapeutic agents and potent tubulin inhibitors, such as vinblas-

tine and the auristatin analogs dolastatin 10 and monomethyl aur-

istatin-E and -F (MMAE andMMAF, respectively), have been recently

identified as potent activators of DC maturation and antigenic

responses (12–14).

B-cell maturation antigen is a transmembrane receptor. Its

normal function is to promote the survival of cells in the B-cell

lineage, by transduction of signals from two known ligands from the

tumor necrosis factor family: B-cell activating factor (BAFF/BLyS)

and a proliferation-inducing ligand (APRIL). BCMA expression is

restricted to B cells at later stages of differentiation, including

germinal center B cells in tonsil, blood plasma blasts, and long-

lived plasma cells (15). BCMA is also expressed in various B-cell

malignancies including multiple myeloma, diffuse large B-cell lym-

phoma, large B-cell lymphoma, chronic lymphocytic leukemia, and

Waldenstr€om macroglobulinemia, at varying frequencies (16–19).

BCMA’s restricted normal tissue expression profile and upregulation

and survival function in multiple myeloma and other B-cell malig-

nancies, make it an attractive target for a therapeutic antibody with

direct cell killing activity.

Belantamabmafodotin also known as GSK2857916 is a humanized,

IgG1 antibody-drug conjugate (ADC) that binds specifically to

BCMA (20). The parent anti-BCMA antibody (GSK2857914) is

produced in an afucosylated form and is conjugated to themicrotubule

polymerization inhibitor MMAF, via a protease-resistant maleimido-

caproyl (mc) linker, to produce theGSK2857916ADCmolecule. Upon

binding to the cell surface, GSK2857916 is rapidly internalized and

active cytotoxic drug (cys-mcMMAF) is released inside the cell causing

cell-cycle arrest and apoptosis. Furthermore, the afucosylation of

GSK2857916 leads to enhanced binding to FcgRIIIa receptors on the

surface of immune effector cells, recruitment of immune cells, and

antibody-dependent cellular cytotoxicity and phagocytosis (ADCC

and ADCP, respectively). This dual mechanism of action enables

improved efficacy by targeting both dividing (via ADC) and non-

dividing (via ADCC/ADCP) tumor cells (21). Recently, belantamab

mafodotin was approved under the name BLENREP in the United

States and European Union for the treatment of patients with relapsed

or refractory multiple myeloma.

Previous preclinical studies linked the direct cytotoxic activity of

auristatin-class ADCs (e.g., dolastatins and brentuximab vedotin) to

substantial therapeutic efficacy, by augmenting host immunity

through direct effects on DC maturation and activation of antigen

specific T cells, in addition to direct tumor cell killing (22, 23). In this

study, we provide evidence that GSK2857916 potently induces prom-

inent ICD markers and DC maturation and activation in vitro. In

a syngeneic mouse model, GSK2857916 induced ICD, promoted

intratumoral enrichment of tumor-infiltrating lymphocytes (TILs),

and T-cell–dependent antitumor activity. Our data reveal a novel

immune-mediated mechanism of action for GSK2857916, which is

significantly enhanced in combination with an agonistic OX86 (mouse

OX40) antibody, and provides rationale for the investigation and

development of clinical combinations with GSK2857916 and immune

checkpoint modulators.

Materials and Methods
Belantamab mafodotin or GSK2857916

GSK2857916 is a humanized, IgG1 mAb known as GSK2857914

(clone J6M0), which is derived from the murine mAb clone CA8,

conjugated toMMAF. The CA8murine heavy and light chain variable

region amino acid sequences are provided as SEQ ID NO. 7 and SEQ

ID NO. 9, respectively, in the published U.S. patent 9,273,141 B2.

GSK2857916 is comprised of the CA8 humanized heavy (CA8

Humanized VH J6) and light (CA8 Humanized VLM0) chain variable

region amino acid sequences provided as SEQ ID NO. 23 and SEQ ID

NO. 31, respectively, of the same patent.

Cell lines

NCI-H929 cells were purchased and grown as per ATCC. The

EL4-Luc-2-hBCMA cell line was generated by electroporating a

plasmid encoding the human BCMA (hBCMA) receptor (residues

1–184) into the Bioware Ultra Cell Line EL4-luc2 [Caliper Life

Sciences, Inc., catalog No. 124088, derived from (TIB-39)]. The EL4

parental (ATCC, catalog No. TIB-39) and EL4-hBCMA cells were

grown inDMEMHighGlucose (1�)þGlutaMAX (Gibco; catalogNo.

10564-011 or 11965-092) with 10% FBS (Sigma-Aldrich; catalog No.

12176C) � 200 mg/mL G418/Geneticin (Gibco; catalog No. 10131-

027) at 37�Cwith 5%CO2. Cells were usedwithin<5 passages fromday

of thaw for experiments. Cells were authenticated by short tandem

repeat profiling and were negative for Mycoplasma.

In vitro evaluation of cell viability, calreticulin exposure, and

HMGB1 and ATP release in NCI-H929 multiple myeloma cells

NCI-H929 cells were left untreated or were exposed toGSK2857916

as indicated for 48 hours. Mitoxantrone (1 mmol/L; Sigma-Aldrich;

catalog No. M6545), a known ICD inducer (9), was the positive

control. Cell viability was assessed by automated flow cytometry. Cell

surface calreticulin was analyzed in nonpermeabilized cells by flow

cytometry (Abcam, catalog No. ab2907; diluted 1:100) with the

fluorescence intensity of stained cells gated on propidium iodide (PI)

negative cells. Extracellular HMGB1 concentrations were analyzed

using an enzyme-linked immunosorbent assay (ELISA; Shino Test

Corp ELISA kit II). Analysis of extracellular ATP content was by the

ENLITEN ATP Assay system (Promega Corp, catalog No. FF2000).

Secreted ATP was stabilized using an ectoATPase inhibitor (3 mmol/L

ARL 67156 trisodium salt hydrate; Sigma-Aldrich, catalog No. A265).

For all measurements, mean � SD of triplicates from a representative

experiment shown.

In vitro evaluation of additional hallmarks of ICD

Cells (5 � 105 cells/mL) were left untreated or exposed to the

indicated treatments for the indicated time. Cells were counted on a

Vi-Cell-XR Cell Viability Analyzer (Beckman Coulter).

For immunoblot analyses, cells were lysed using Cell Lysis Buffer

(Cell Signaling Technology; catalogNo. 9803)with a protease inhibitor

cocktail (Roche; catalog No. 11873580001), and probed with the

following antibodies: Phospho-PERK (Abcam; catalog No. ab192591;

1:1,000), PERK (R&D Systems; catalog No. AF3999; 1:200), phospho-
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eIF2a (Cell Signaling Technology; catalog No. 3398S; 1:1,000), eIF2a

(Cell Signaling Technology; catalog No. 2103S; 1:1,000), BAP31 (Cell

Signaling Technology; catalog No. 4043S; 1:1,000), and GAPDH

(Bethyl Laboratories; catalog No. A300-641A; 1:10,000).

ICD markers were quantified from cell supernatants by the follow-

ing ELISAs: HSP70 (R&D Systems; catalog No. DYC1663-2; 1:2

sample dilution), HSP90a (Invitrogen; catalog No. BMS2090; 1:25

sample dilution), IL8 (R&D Systems; catalog No. D8000C; undiluted

sample), mouse calreticulin (LifeSpan BioSciences; catalog No. LS-

F6663; 1:10 or 1:15 sample dilution), HMGB1 (IBL International Corp;

catalog No. ST51011; 1:4 sample dilution) and mouse HSPD1/HSP60

(LifeSpan Biosciences; catalog No. LS-F4239; undiluted sample).

Cell surface ICD markers were analyzed in nonpermeabilized

cells by flow cytometry with the following antibodies or isotypes

(at 0.7 mg/mL per reaction): anti-calreticulin mouse IgG2a (Novus;

catalog No. NBP1-47518AF488), mouse IgG2a (R&D systems; catalog

No. IC003G), anti-HSP90 mouse IgG1a (Novus; catalog No. NB100-

1972AF488), mouse IgG1a (Novus; catalog No. DDXCM01A488),

anti-HSP70/HSPA1A rabbit IgG (Novus; catalog No. NBP1-

77455AF488), anti-HMGB1/HMG-1 rabbit IgG (Novus; catalog No.

NB100-2322AF488) or rabbit IgG (Novus; catalog No. NBP2-24982),

per manufacturer’s instructions. Fluorescence intensity of stained cells

was gated on live cells using Aqua Live Dead stain (Thermo Fisher

Scientific; catalog No. L34957). Cells were acquired on a BD LSR

Fortessa X-20 and analyzed by FlowJo software (v10.1r5; FlowJo, LLC).

In vitro activation of immature DCs by GSK2857916-treated

NCI-H929 cells

Human blood was obtained from three healthy donors from the

GlaxoSmithKline BloodDonationUnit using heparin-coated syringes.

Monocytes were isolated from this blood using the RosetteSep Mono-

cyte Enrichment kit (STEMCELL Technologies; catalog No. 15068)

and were assessed for CD14 cell surface expression (BD Biosciences;

catalog No. 562698) by flow cytometry. Isolated monocytes (1.5� 106

cells/well) were cultured in 2 mL of X-Vivo-15 Media (Lonza; catalog

No. BE02-054Q) supplemented with 1% autologous plasma, 250 ng/

mL recombinant human GM-CSF (R&D Systems; catalog No. 215-

GM-050) and 100 ng/mL recombinant human IL4 (R&D Systems;

catalog No. 204-IL-050) for 7 days at 37�C and 5% CO2. Cultures

received a half media change on day 3 or 4 while maintaining

stimulation factor concentrations. In parallel, NCI-H929 cells were

plated at a density of 7.5� 105 cells/mL in 2 mL, in 12-well plates, and

were left untreated or were treated with GSK2857916 (0.1, 1, or 10 mg/

mL) or hIgG1-MMAF (10 mg/mL) for 48 hours. On day 7, immature

DCs derived from the monocytes were co-cultured with the treated

NCI-H929 cells at a 1:1 ratio for 24 hours, in 96-well plates, 7.5� 104

cells were seeded per well (100 mL). A flow cytometry panel consisting

of CD1a (BD Biosciences; catalog No. 563938), CD11c (BD Bios-

ciences; catalog No. 561355), CD40 (BD Biosciences; catalog No.

555751), CD80 (BD Biosciences; catalog No. 561135), CD83 (BD

Biosciences; catalog No. 562630), CD86 (BD Biosciences; catalog No.

555657), HLA-DR (BD Biosciences; catalog No. 340591), and CD14

(BD Biosciences; catalog No. 562698) was used to assess DC differ-

entiation and maturation on a BD FACS Canto II. These data were

analyzed by FlowJo software (v7.6.5; FlowJo, LLC).

In vitro growth death assays

Cells were plated (1� 104 cells/mL) in a 96-well format. On assay

day 0, cells were treated in quadruplicate with a 12-point, three- or

four-fold dilution series of GSK2857916, GSK2857914, MMAE

(SAFC; catalog No. SGD-1010), vinorelbine (Sigma-Aldrich;

catalog No. V2264) or colchicine (Sigma-Aldrich; catalog No.

C9754), as indicated, for 3 days. Cell growth was evaluated on

days 0 and 3 by CellTiter-Glo reagent (Promega; catalog No. G8462)

and luminescence analysis. Dose–response curves, IC50 values and

sensitivity between cell lines [% growth (mean � S.D. of biological

quadruplicates)] were calculated.

In vivo efficacy studies

Female C57/BL6 mice (8–10 weeks old from Charles River

Laboratories) were injected subcutaneously in the right flank with

EL4 parental or EL4-hBCMA cells harvested during exponential

growth (1 or 3 � 105 cells in 0.1 mL). Tumor growth was monitored

and tumor length (L) and width (W) were measured (in mm) to

determine tumor volume (L � W2/2). Mice were randomized into

groups and treatment began when average tumor volume was

approximately 150–250 mm3, or as indicated. Antibodies were

administered by intraperitoneal injection twice weekly for 3 weeks

for a total of six doses (or as indicated) and were well tolerated at all

doses. Tumor volumes >2,000 mm3 for an individual mouse

resulted in euthanization.

Therapeutic efficacy was determined by calculating tumor burden

for all mice over the course of the study by taking the area under the

curve of tumor volume over time using the trapezoidal method.

Adjusted area under the curve values for all mice in each group were

analyzed by a nonparametric ANOVA (on the ranks). Furthermore,

incidence, magnitude, and durability of regression responses were also

evaluated. An animal with a complete regression response (CR¼TV <

13.5 mm3 for three consecutive measurements) at the termination

of a study was classified as a tumor-free survivor. For rechallenge

studies, tumor-free survivors were rechallenged on the flank opposite

to the original implant side. Survival was analyzed by the Kaplan–

Meier method.

Immunophenotyping by flow cytometric analysis

Isolated tumor cells were incubated with human or mouse FcR

Blocking Reagent (Miltenyi Biotec; catalog No. 130-059-901 or

130-092-575, respectively) and Live/Dead stain (Thermo Fisher

Scientific), then with antibodies directed against surface antigens for

30 minutes at 4�C as follows: anti-CD3 (145-2C11; catalog No.

553062), anti-CD4 (RM4-5; catalog No. 550954), anti-CD8 (53-6.7;

catalog No. B560182), anti-CD25 (PC61; catalog No. 552880), anti-

CD11c (HL3; catalog No. 560584), and anti-CD86 (GL1; catalog No.

553691), all from BD Biosciences. Anti-Granzyme B (GB11; catalog

No. 12-8899-41) and anti-FoxP3 (FJK-16s; catalog No. 17-5773-82),

from eBiosciences. Anti-human CD269 BCMA (19F2; catalog No.

357504), anti-Ki67 (16A8; catalog No. 652411), anti-PD-1 (RMP1-30;

catalog No. 109110), anti-ICOS (C398.4A; catalog No. 313524), anti-

CD69 (H1.2F3; catalog No. 104528), anti-CD49b (DX5; catalog No.

108908), anti-CD3 (17A2; catalog No. 100228), anti-CD4 (RM4-4;

catalog No. 116004), anti-CD8 (53-5.8; catalog No. 140410), from

BioLegend. Anti-OX40 (OX86; catalog No. FAB1256P) from R&D

Systems. Anti-calreticulin (1G6A7; catalog No. NBP1-47518AF488)

from Novus. Cell surface stains were followed by 2% paraformalde-

hyde for 20 minutes, washed and resuspended in Stain buffer (BD

Pharmingen; catalog No. 554657). For intracellular staining, cells were

incubated with fixation/permeabilization buffer (BD Biosciences;

catalog No. 554714) for 30 minutes, followed by incubation with

antibodies directed against intracellular antigens for an additional

30 minutes, washed and resuspended in stain buffer. Cells were

acquired on a BD LSR Fortessa X-20 and data were analyzed by

FlowJo software (v10.1r5; FlowJo, LLC).
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NanoString analysis

NanoString analysis was performed on RNA (100 ng) extracted

from dissociated tumor samples using the NanoString Mouse

PanCancer Immune profiling panel (NanoString; catalog No.

XT-CSO-MIP1-12). Data analysis was performed using nSolver

2.6 and the mouse PanCancer Immune advanced analysis software.

The type I IFN-related signature was defined by the following genes:

Ccl2, Ccl3, Ccl4, Ccl7, Cd274, Cd69, Cxcl1, Cxcl10, Ifit2, Ifnb1, Il12a,

Il12b, Irf3, Irf7, Mx1, Mx2, Oas2, Oasl1, Rsad2, Stat4, and Tnfrsf9

(modified from ref. 24).

IHC analysis

Mice were injected subcutaneously with EL4-hBCMA cells (1� 106

cells in 0.1 mL). When tumors averaged a volume of approximately

800 mm3, mice were randomized and dosed intraperitoneally with

15 mg/kg GSK2857916 or GSK2857914, as described. Tumors were
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Figure 1.

GSK2857916 induces ICD markers in NCI-H929 cells. A, Cell viability was measured by automated flow cytometry 48 hours after treatment. B, Calreticulin

translocation to the cell surface was assessed by flow cytometry 48 hours after treatment. Gating on PI staining allowed to exclude dead cells. C,HMGB1 release into

themediawas assessedbyELISA.D,Extracellular ATP concentrations in themediaweredeterminedby a luciferase-based assay. For allmeasurements,mean�SDof

triplicates from a representative experiment shown. A one-wayANOVA statistical analysiswas performed. NCI-H929 cellswere treatedwith 10 mg/mL (E) or 1mg/mL

(F) of hIgG1-MMAF, GSK2857914 (914) or GSK2857916 (916), or were left untreated (No Tx), for 48 or 72 hours. PERK and eIF2a phosphorylation and BAP31 cleavage

were evaluated by Western blot analysis. Representative results of multiple independent experiments also indicating the cell viability (%) at the time of sample

collection. Note the increase in the high molecular weight band with PERK antibody upon GSK2857916 treatment, which coincides with the PERK phosphorylation

(p-PERK) antibody signal. The BAF31 cleavage product is indicated by an arrowhead. GAPDH was used as loading control. Indicated in black is the predicted

molecular weight of the protein and in red the molecular weight of the protein marker. G, Cell surface expression of calreticulin, HSP90, HSP70, and HMGB1 by flow

cytometry inNCI-H929 cells after 72 hours of treatment. Overlaid histogramsof nonpermeabilized stained cells shown.Gatingwas performedon live cells and utilized

isotype controls. (Continued on the following page.)
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harvested 7 days after randomization and three antibody doses and

fixed in 10% neutral buffered formalin, transferred to 70% ethanol and

processed into paraffin blocks. IHC staining used a Ventana instru-

ment and reagents (Ventana Medical Systems) and was performed

with an anti-CD8mAb (eBioscience; 4SM15; catalog No. 14-0808-82).

Subjective histopathology assessment of hematoxylin and eosin–

stained and/or IHC-stained tumor sections was completed by a

board-certified veterinary pathologist.

Statistical analyses

Statistical significance was evaluated by a one-way or a two-way

ANOVA using GraphPad Prism software (v8), as indicated in each

figure legend, P values are only reported for preplanned treatment

comparisons.

Ethics declarations

Fresh human blood was obtained from GlaxoSmithKline’s on-

site blood donation unit, and its ethical research use was in

accord with the terms of the local informed consent under an

Advarra Institutional Review Board–approved protocol. All ani-

mal studies were conducted in accordance with the GlaxoS-

mithKline Policy on the Care, Welfare and Treatment of Lab-

oratory Animals and were reviewed and approved by the Insti-

tutional Animal Care and Use Committee either at GlaxoSmithK-

line or by the ethical review process at the institution where the

work was performed.

Results
Induction of immunogenic cell death and DC activation by

GSK2857916

Recent studies have demonstrated that microtubule-disrupting

agents, such as dolastatin 10 andMMAE, can induce ICD and promote

an anti-tumor response that is mediated by the adaptive immune

system (22, 23, 25). Therefore, we sought to determine whether

GSK2857916 induces hallmarks of ICD through induction of ER

stress and autophagy and involving calreticulin cell surface exposure

and release of DAMPs including ATP and HMGB1 (9, 26–30).

Treatment with GSK2857916 significantly decreased the viability

of BCMA-expressing NCI-H929 human multiple myeloma cells

(Fig. 1A) and also led to a significant and dose-dependent external-

ization and plasma membrane exposure of calreticulin (Fig. 1B) and

secretion of HMGB1 and ATP into the culture media (Fig. 1C andD).

Consistently, in NCI-H929 cells, GSK2857916 induced an ER stress

response by promoting the phosphorylation of the ER stress

kinase PERK (Fig. 1E) and its substrate, the eukaryotic translation

initiation factor eIF2a (Fig. 1F), leading to the proteolytic cleavage of

the ER protein B-cell receptor–associated protein (BAP) 31 (Fig. 1F,

0 h 24 h 48 h 72 h

0 h 24 h 48 h 72 h 0 h 24 h 48 h 72 h

0

1,000

2,000

3,000

4,000

H
S

P
7
0

(p
g

/m
L

)

No Tx

hIgG1-MMAF, 0.1 g/mL

hIgG1-MMAF, 1 g/mL

914, 0.1 g/mL

914, 1 g/mL

916, 0.1 g/mL

916, 1 g/mL

hIgG1-MMAF, 10 g/mL

914, 10 g/mL

916, 10 g/mL

ns

ns

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱
✱✱✱✱

✱✱✱✱

✱✱✱✱

0

5

10

15

H
S

P
9

0
(n

g
/m

L
)

ns

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱

✱

0

100

200

300

400

IL
8

(p
g

/m
L

)

H 

I J 
✱✱✱✱

✱✱✱✱

✱✱✱✱
✱✱✱✱

✱✱✱✱

✱✱✱✱
✱✱✱✱

✱✱✱✱

✱✱✱✱

Figure 1.

(Continued. ) H–J, HSP70, HSP90, and IL8 release into the media after the indicated treatments and at the indicated timepoints was assessed by ELISA in NCI-H929

cells. Shown is a representative result of at least two independent experiments, bars indicate the mean� SD of biological duplicates. A two-way ANOVA statistical

analysis was performed. ns, not significant; � , P < 0.05; �� , P < 0.01; ��� , P < 0.001; ���� , P ≤ 0.0001.
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arrowhead), which is critical for calreticulin exposure. Moreover,

GSK2857916 treatment induced cell surface exposure (Fig. 1G) and

significant extracellular release of other DAMPs, including HSP70 and

HSP90 (Fig. 1H and I), and IL8 (Fig. 1J); the latter being an ICD

marker indicative of immune response modulation and inflammatory

response initiation. Notably, the dose- and time-dependent induction

and release of these DAMPs was GSK2857916 treatment-specific and

required BCMA binding and toxin release (as no changes were

observed with the hIgG1-MMAF isotype or the nonconjugated

GSK2857914 antibody). Furthermore, the enhanced DAMP release

was observed despite decreases in cell viability (�10%–20% less) and

cell number (�1.5- to 2-fold decrease), compared with controls

(Supplementary Table S1A).

Once the ER stress response has triggered the exposure and release

of calreticulin and other ER chaperones, these DAMPs act as “eat me”

signals, and in concert with the chemoattractant ATP, promote the

uptake of dying cells by APCs. DCs are APCs that can activate resting

na€�ve T lymphocytes and play a key role in priming robust adaptive

antitumor immune responses (31). To characterize the immune-

modulatory effects of GSK2857916, we investigated the effect of

GSK2857916-treated NCI-H929 tumor cells on immature DCs (iDCs)

from three healthy donors. Markedly lower CD11c and HLA-DR

expression on NCI-H929 cells enabled the distinction from

high CD11cþ and HLA-DRþ DCs (Fig. 2A; Supplementary Fig. S1).

Twenty-four hour co-culture of iDCs with GSK2857916-pretreated

tumor cells led to a significant dose-dependent increase inDCactivation

and cell surface maturation markers including CD40, CD83, and CD86

(Fig. 2B). These results show that GSK2857916-induced ICD in tumor

cells can modulate immune function by promoting a more active and

mature DC phenotype.

Development and characterization of the EL4-hBCMA murine

syngeneic model

To determine whether the in vitro GSK2857916-induced ICD

phenotype translates into increased immunogenicity, activation of an

adaptive immune response, and enhanced antitumor activity in vivo,

an immune-competent mouse tumor model was developed. As

GSK2857916 is not cross-reactive with murine BCMA, the murine

EL4 T-cell lymphoma cell line was engineered to stably express

hBCMA on the cell surface, at levels approaching those of the NCI-

H929 multiple myeloma cells (Fig. 3A). GSK2857916 induced cell

death in this cell line in a manner that was dependent on both the

conjugated toxin and hBCMA cell surface expression (Fig. 3B vs. C).

However, the EL4-hBCMA cell line was less sensitive to the cytotoxic

effects of GSK2857916 as compared with NCI-H929 cells [Fig. 3B,

mean half maximal inhibitory concentration (IC50) 30.6 vs. 0.003 mg/

mL, respectively]. Previous studies have shown that rodent cells are

less sensitive to microtubule poisons relative to primate cells (32).

Consistently, the EL4 parental and EL4-hBCMA cells were also

less sensitive to microtubule polymerization inhibitors including

free MMAE, a cell permeable auristatin derivative similar to

MMAF, vinorelbine and colchicine (Supplementary Fig. S2A–S2C).

These results indicate that EL4-hBCMA cells are less sensitive to

GSK2857916 compared with NCI-H929 cells, likely due to lower

BCMA surface expression levels and lower intrinsic sensitivity to the

cytotoxic effects of MMAF.

To evaluate whether expression of hBCMA leads to specific induc-

tion of ICD by GSK2857916, ICD markers were assessed in EL4-

hBCMA cells compared with EL4 parental cells. GSK2857916 treat-

ment of EL4-hBCMA cells (Fig. 3D), but not the hIgG1-MMAF or

GSK2857914 controls (Fig. 3E), led to a dose- and time-dependent cell

surface exposure of murine calreticulin. GSK2857916 had no effect on

the parental EL4 cells lacking hBCMA (Fig. 3F vs. G). GSK2857916

treatment also induced surface exposure of other prominent hallmarks

of ICD: HSP90, HSP70, and HMGB1 (Supplementary Fig. S2D).

Furthermore, GSK2857916 treatment (at 10 and 100 mg/mL) led to

significantly increased release of calreticulin, HMGB1, andHSP60 into

the culture medium over time in EL4-hBCMA (Fig. 3H) but not EL4

parental cells (Fig. 3I). The significant release of DAMPs in EL4 cells

was only seen at the highest dose of 100 mg/mL, presumably due to

off-target MMAF cytotoxicity (33). Furthermore, the induction of

ICD markers in GSK2857916-treated cells occurred despite reduced

viability (�10%–15% reduction) and cell number (�1.7- to 2.8-fold

reduction; Supplementary Table S1B vs. S1C).

Sustained antitumor activity ofGSK2857916 ismediatedbyhost

innate and adaptive immune responses

Having established a murine cell line in which ICD is specifically

induced by GSK2857916, we evaluated the antitumor activity of

GSK2857916 against EL4-hBCMA tumors established in immune-

competent mice. Tumor-bearing mice were treated with GSK2857916

doses ranging from 0.001–30 mg/kg. Dose-dependent antitumor

activity, characterized by decreased tumor burden and significantly

increased survival, was observed starting at 0.1 mg/kg of GSK2857916

compared with hIgG1-MMAF control (P < 0.05). In addition, higher

doses of GSK2857916 led to significant tumor regressions, complete

responses in up to 90% of tumor-bearing mice at the highest dose of

30 mg/kg, and significant long-term survival of ≥60 days (Fig. 4A;

Supplementary Fig. S3A).

To assess whether tumor regression was associated with the estab-

lishment of an adaptive immune response, rechallenge experiments

were conducted. Tumor-free surviving mice from the dose-escalation

study were rechallenged with either parental EL4 or EL4-hBCMA cells

on day 77 (Fig. 4B, green triangles vs. red diamonds, respectively).

Efficacy was compared against na€�ve age-matched animals challenged

with EL4 parental or EL4-hBCMA cells (Fig. 4B, black squares vs. blue

triangles, respectively). All tumor-free mice that exhibited a complete

response to GSK2857916 treatment rejected the rechallenge with both

EL4-hBCMA and EL4 parental cells, with no new tumors developing

up to 50 days after the secondary inoculation (Fig. 4B; Supplementary

Fig. S3B). In contrast, all but one na€�ve animal established new tumors

and ultimately succumbed to this challenge (Fig. 4B; Supplementary

Fig. S3B). The differences between GSK2857916-exposed and na€�ve

mice (re)-challenged with EL4 or EL4-hBCMA cells were significant

(P < 0.001). Rejection of the parental EL4 cell line by the GSK2857916-

responding animals suggests that the adaptive immune response

against tumors is not directed solely at hBCMA but may target

additional neo-epitopes presented by the APCs in this model.

To determine the contributions of the different mechanisms of

GSK2857916 in vivo activity in the EL4-hBCMA syngeneic model, we

examined each mechanism in isolation by comparing several versions

of the GSK2857914 antibody and the GSK2857916 ADC (at the

30 mg/kg dose). The unconjugated afucosylated (Fc-enhanced)

GSK2857914 antibody showed significantly decreased tumor burden

(Supplementary Fig. S3C) and survival advantage (Fig. 4C) over the

matched afucosylated hIgG1 control antibody (“hIgG1”; P < 0.001 and

P < 0.001, respectively) and the fucosylated (Fc-disabled) GSK2857914

antibody (“GSK2857914 disabled;” P < 0.001 and P ¼ 0.033, respec-

tively). This suggests a significant contribution of the ADCC mech-

anism of action to in vivo antitumor activity. No significant differences

in efficacy were observed between GSK2857914 and a GSK2857914

mouse IgG2a chimeric antibody (P > 0.05); the latter being the mouse
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(IgG2a) functional equivalent to human IgG1. GSK2857916 treatment

led to both significantly decreased tumor burden (P < 0.001) and

increased survival (P ¼ 0.031), compared with the hIgG1-MMAF

control, and 40% durable complete responses (Fig. 4C; Supplementary

Fig. S3C). We observed slightly decreased tumor burden (P ¼ 0.979)

and increased survival (P < 0.001) after hIgG1-MMAF treatment

compared with saline control, at 30 mg/kg (Fig. 4C; Supplementary

Fig. S3C) but not 10 mg/kg (Supplementary Fig. S3A). Previous

studies have shown off-target cytotoxicity of ADCs by premature

release of cytotoxic drug or uptake of intact ADCs by both receptor-

dependent (FcgRs, FcRn, and C-type lectin receptors) and receptor-

independent (pinocytosis, macropinocytosis) mechanisms (33).

Such off-target mechanisms, particularly macropinocytosis, have

been proposed to explain the ocular findings observed in patients

treated with GSK2857916 (34) and other ADCs (35). Notably,

neither complete regressions nor tumor-free animals were observed

after treatment with the unconjugated antibodies (Supplementary

Fig. S3C). Because in this mouse model, complete regressions and

resistance to rechallenge were only obtained with GSK2857916,

durable antitumor responses must require MMAF-induced ICD

and an adaptive immune response.

To further examine the contribution of GSK2857916 to an adaptive

immune response, we performed transient lymphodepletion studies

using specific CD4 and CD8 antibodies in GSK2857916 or hIgG1-

MMAF treated animals (15mg/kg; Fig. 5A–J). Depletion of CD4þ and

CD8þ T cells was confirmed by flow cytometry on day 15 post-

treatment (Fig. 5I and J). Depletion of CD8þ T cells completely

abrogated GSK2857916-mediated antitumor activity and complete

tumor regressions (Fig. 5E vs.G, P¼ 0.001; Supplementary Fig. S4). In

contrast, depletion of CD4þ T cells did not significantly alter

GSK2857916-mediated antitumor activity (Fig. 5E vs. F, P ¼ 0.98;

Supplementary Fig. S4). The combined depletion of CD4þ and

CD8þ T-cell populations did not significantly enhance the effects

observed by the single CD8þ T-cell depletion (Fig. 5G vs.H, P¼ 0.98;

Supplementary Fig. S4), further supporting a preponderant role for

CD8þ T cells in mediating antitumor activity in this model. We

observed a slight growth delay in GSK2857916, CD8� animals

(Fig. 5G and H vs. C and D; Supplementary Fig. S4) potentially

attributable to ADCC.

Collectively, these results support the hypothesis that GSK2857916

promotes the development of an adaptive tumor-specific immune

response, in addition to its previously reported innate immune activity,

and highlight the immunogenic potential of GSK2857916 along with

GSK2857916-mediated tumor antigen spreading.

GSK2857916 enhances intratumor immune cell infiltration and

activation

The pharmacodynamic effects of GSK2857916 were assessed in vivo

using the EL4-hBCMA immune-competent model. In the absence of

treatment, BCMA expression in this mouse model was maintained on

EL4-hBCMA tumor cells (Supplementary Fig. S5A), while there was a

significant reduction in dendritic (CD11c) and natural killer (NK;
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Figure 2.

GSK2857916 induces DC activation andmaturation in vitro. Differential expression of CD11c and HLA-DR allows for a gating strategy that distinguishes isolated iDCs

fromNCI-H929 tumor cells.A,Histograms representing CD11c andHLA-DR surface expression in untreated iDCs andNCI-H929 cells. Gray, antibody histogram;white,

isotype histogram. B, CD40, CD83, and CD86 surface expression by flow cytometry in isolated iDCs from three healthy donors following a 24-hour co-culture with

NCI-H929 cells, which were pretreated as indicated for 48 hours. Shown are the percentage of positive cells per donor and mean. A two-way ANOVA statistical

analysis was performed. ns, not significant; � , P < 0.05.

GSK2857916 Drives ICD and Adaptive Antitumor Responses

AACRJournals.org Mol Cancer Ther; 20(10) October 2021 1947

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/m
c
t/a

rtic
le

-p
d
f/2

0
/1

0
/1

9
4
1
/3

1
9
8
5
2
2
/1

9
4
1
.p

d
f b

y
 g

u
e
s
t o

n
 2

6
 A

u
g
u
s
t 2

0
2
2



CD49b) cell infiltration during tumor development and progression

(Supplementary Fig. S5B).

Furthermore, changes in pharmacodynamic markers in vivo fol-

lowing treatment with GSK2857916 were also assessed 24 hours after a

second dose of GSK2857916 (15 mg/kg). Immunophenotyping of the

tumors by flow cytometry revealed a significant increase in infiltrating

CD8þ T cells after GSK2857916 treatment (Fig. 6A); which exhibited

significantly increased activation markers including CD25, CD69, and

inducible T-cell costimulator (ICOS; Fig. 6B). We also observed a

significant increase in both CD8þPD-1þ cells (Fig. 6B) and CD8þ

granzyme B (GrzB)þ cytotoxic cells (Fig. 6C). GSK2857916 treatment

also significantly increased CD4þ T-cell infiltration (Fig. 6A) and

proliferation; and resulted in a significant increase in regulatory T cells

(Treg: CD4þCD25þFoxP3þ; Fig. 6A) in the tumor, only when com-

pared with saline. Increase in tumor-infiltrating Tregs has been

reported with other ADCs (23) and did not seem to interfere with

GSK2857916 antitumor effects. Moreover, upregulation of Tregs in

the tumor microenvironment has been proposed to control autoreac-

tive effector T cells and prevent autoimmunity and adverse

events (23, 36, 37). GSK2857916 also significantly increased NK cell

(CD49þ; Fig. 6C) and DC infiltration (CD11cþ; Fig. 6A), and

expression of the costimulatory molecule CD86 (Fig. 6C), indicating

increased DC activation. An independent experiment evaluating TILs

by IHC 7 days after treatment onset confirmed GSK2857916-depen-

dent increases in infiltrating CD8þ T cells (Fig. 6D; Supplementary

Fig. S5C). Moreover, consistent with ICD induction, GSK2857916

treatment led to a reproducible increase in calreticulin expression on

the surface of hBCMA-expressing tumor cells in vivo (Fig. 6E). In vivo

EL4

EL4-hBCMA

NCI-H929

EL4-hBCMA (Iso)

C

0.000001 0.0001 0.01 1 100 10,000
0

25

50

75

100

125

GSK2857916 ( g/mL)

%
 G

ro
w

th

0.000001 0.0001 0.01 1 100 10,000
0

25

50

75

100

125

GSK2857914 ( g/mL)

%
 G

ro
w

th

EL4-hBCMA
EL4
NCI-H929

Mean IC50

Mean IC50

NCI-H929 = 0.003 g/mL

EL4-hBCMA = 30.6 g/mL

BCMA

N
o

rm
a

li
z
e
d
 t
o

 m
o

d
e

F

N
o

rm
a

li
z
e
d
 t
o

 m
o

d
e

48 h 72 h 96 h

48 h 72 h 96 h

N
o

rm
a

li
z
e
d
 t
o

 m
o

d
e

96 h

96 h

Calreticulin

Calreticulin

G

D

A B

E

Untreated

GSK2857916, 1 g/mL

GSK2857916, 10 g/mL

GSK2857916, 100 g/mL

GSK2857914, 100 g/mL

hIgG1-MMAF, 100 g/mL

EL4-hBCMA cells

EL4 parental cells

Figure 3.

GSK2857916 induces ICD markers in EL4-hBCMA cells. A, BCMA cell surface expression by flow cytometry in EL4-hBCMA, EL4 parental, and NCI-H929 cells.

Overlaid histograms depicting BCMA normalized median fluorescence intensity (MFI) in nonpermeabilized stained cells shown. Gating was performed on live
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ICD was further supported by gene expression analysis of tumors by

NanoString, whereGSK2857916 treatment induced the expression of a

type I IFN-related gene signature (Fig. 6F; ref. 24).

Combining GSK2857916 with an agonist anti-OX86 antibody

increases in vivo efficacy

GSK2857916 induced ICD and intratumoral immune cell infiltra-

tion and activation in vivo, and increased expression of the costimu-

latory molecule OX40 in CD8þ and CD4þ infiltrating T cells (Sup-

plementary Fig. S5D). We therefore hypothesized that GSK2857916

may synergize with immune-modulatory agents. We evaluated

combinations with OX86, a mouse anti-OX40 IgG2a mAb, with a

suboptimal dose of GSK2857916 (10 mg/kg) in the EL4-hBCMA

syngeneic model. Combining GSK2857916 with OX86 at 0.2, 1, and

5 mg/kg provided additional benefit compared with each single agent

by significantly decreasing tumor burden (P ≤ 0.002) and increasing

survival (P≤ 0.003;Fig. 7; Supplementary Fig. S6A–S6C), and resulted

in 70%, 40%, and 50% tumor-free mice, at the respective OX86

doses, at the end of the study (day 60; Supplementary Fig. S6B). In

contrast, there were no tumor-free mice in the groups treated with

GSK2857916 or 0.2 mg/kg OX86 alone, and only one tumor-free

mouse in each of the groups receiving 1 or 5 mg/kg OX86 alone

(Supplementary Fig. S6A and S6B). Further confirming the role

of effector T cells in GSK2857916-mediated antitumor activity

and immunologic memory, all tumor-free mice at end of study

were immune to rechallenge with EL4-hBCMA cells in an

independent experiment.

Discussion
Over the last decade, the 5-year survival rates for patients with

multiple myeloma have increased to approximately 50%, fueled by

several new regulatory approvals (38). A wide array of treatment

options are now available to patients including autologous stem cell

transplant, proteasome inhibitors (bortezomib and carfilzomib), and

immune-modulatory agents (thalidomide, lenalidomide, and poma-

lidomide). More recently, additional agents with novel mechanisms of

action have been developed like panobinostat, a histone deacetylase
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Figure 3.

(Continued. ) Calreticulin, HMGB1 and HSP60 release into themedia after the indicated treatments and at the indicated timepoints assessed by ELISA in EL4-hBCMA

(H) and EL4 parental (I) cells. Shown is a representative result of at least two independent experiments, bars indicate the mean � SD of biological duplicates or

triplicates. A two-way ANOVA statistical analysis was performed. ns, not significant; �, P < 0.05; �� , P < 0.01; ��� , P < 0.001; ���� , P ≤ 0.0001.
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inhibitor, and selinexor, a selective inhibitor of the nuclear export

protein XPO1. Furthermore, mAbs targeting cell surface receptors

such as CD38 (daratumumab, isatuximab) and CD319/CS1/signaling

lymphocyte activation molecule family (SLAMF) 7 (elotuzumab) have

shown anti-neoplastic effects on malignant plasma cells by coopting

the innate immune system and eliciting NK cell–mediated ADCC.

However, the immune system of patients with multiple myeloma is

often significantly compromised contributing to tumor cell immune

evasion and suppression (39). Therefore, therapeutic approaches

aimed at inducing adaptive immune responses that potentiate

tumor-specific immunity represent an exciting area in the treatment

of multiple myeloma.

GSK2857916 was evaluated in phase I and II studies in patients with

relapsed/refractory multiple myeloma (RRMM) and other hemato-

logic malignancies (NCT02064387 and NCT03525678, respectively;

www.clinicaltrials.gov), demonstrating clinically meaningful efficacy

with a manageable safety profile in patients with RRMM (40–42).

Furthermore, the FDA and the European Commission recently

approved BLENREP (GSK2857916, belantamab mafodotin) as a

first-in-class, BCMA targeting therapy for adult patients with RRMM,

who have received at least four prior therapies. These clinical studies

were supported by the nonclinical evidence that GSK2857916 inhibits

tumor growth and prolongs survival in disseminated SCID mouse

models bearing human multiple myeloma xenografts (20). The anti-

tumor activity of GSK2857916 was attributed to the direct effect of the

toxin (MMAF) on proliferating tumor cells and to NK cell–mediated

and macrophage-mediated ADCC and ADCP, respectively. To allow

for the engraftment of human tumor cells, the mice used in the

previous nonclinical studies did not contain functional T or B cells

and consequently, the secondary effects of adaptive tumor immunity
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Figure 4.

GSK2857916 in vivo antitumor activity ismediated by host innate and adaptive immune responses and is MMAFdependent.A, Therapeutic efficacy (left) and survival

(right) in C57BL/6mice bearing EL4-hBCMA tumors. Animalswere treated intraperitoneally when tumors reached approximately 150 to 200mm3with saline, hIgG1-

MMAF or increasing doses of GSK2857916 twice a week for 3 weeks, as indicated (n ¼ 10 mice/group). B, Animals with complete and sustained tumor regressions

from (A; n¼ 9mice/group) and age-matched na€�ve controls (n¼ 10 mice/group) were (re)-challenged with 1� 105 EL4-hBCMA or EL4 parental cells on day 77 (the

last dose of GSK2857916was on day 17). Therapeutic efficacy (left) and survival (right) weremonitored for 50 days after cell (re)-inoculation.C, Therapeutic efficacy

(left) and survival (right) in EL4-hBCMA tumor-bearing mice dosed with 30 mg/kg as in (A) with several versions of the GSK2857914 antibody or the GSK2857916

ADC, as indicated (n¼ 10mice/group). Efficacy data expressed asmean tumor volume� SEM, over time. Kaplan–Meier survival in percentage, significant P values by

a standard log-rank test (P < 0.05).
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were not explored or accounted for in the initial characterization of

GSK2857916 mechanism of action in these mouse models.

Microtubule-disrupting agents belonging to the maytansine and

auristatin family of cytotoxic agents (22, 25) and ADCs bearing

pyrrolobenzodiazepines or tubulysin (Tub) payloads (43), have recent-

ly been shown to promote functional DC maturation and activation,

and greater antitumor activity in immune-competent versus immune-

deficientmice. Brentuximab vedotin (an anti-CD30 antibody linked to

the payload MMAE) and trastuzumab emtansine (an anti-HER2

antibody linked to the maytansine derivative DM1) are approved

ADCs with clinical activity in patients with cancer, shown to promote

DC maturation resulting in T-cell priming and adaptive immune

responses (22, 23). In this study, we provide evidence thatGSK2857916

elicits similar immune effects and antitumor responses. Our in vitro

studies with human and mouse tumor cell lines are the first to

demonstrate that GSK2857916 induces an ER stress response that

ultimately leads to the production of DAMPs (including calreticulin,

HMGB1,ATP) and primes an ICD response in tumor cells in amanner

that is dependent on MMAF and BCMA cell surface expression.

Furthermore, exposure of human primary immature DCs to tumor

cells undergoing GSK2857916-mediated ICD results in DC matura-

tion and activation. DCs represent a rare but key immune cell subset

central to developing innate and adaptive immune responses, and

much interest exists inmodulating their function for the betterment of

cancer immunotherapies (44). Our results are in line with prior reports

in which the ability of cells to undergo immunogenic apoptosis relied

on calreticulin exposure to enable the engulfment of dying tumor cells

by DCs (45). Furthermore, exposure or release of other DAMPs

including HSP70, HSP90, and ATP, may further enhance DC migra-

tion and activation, and cross-presentation of tumor antigens to CD8þ

CTLs (46). Interestingly, HSPs are also able to interact with and

activate NK cells (47), which might further enhance GSK2857916

antitumor activity. In this way, ICD offers additional benefits by

boosting the host immune system through tumor-specific immunity.

As described, ICD is believed to stimulate immune responses

subsequent to the recognition of dying tumor cells by DCs and tumor

antigen presentation. Engagement of the immune system in this

manner can lead to complete tumor regression and long-term adaptive
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Figure 5.

Depletion of CD8þ T cells abrogates GSK2857916 antitumor activity.A–H, EL4-hBCMA tumorswere established (as in Fig. 4) and animalswere treated on days 1, 3, 6,

9, 13, and 16 with GSK2857916 or hIgG1-MMAF (15 mg/kg; red ticks labeled as “ADC”). T-cell–depleting doses of anti-CD4, anti-CD8, or both (300 mg/mouse) were

administered on days 1, 5, 9, and 16 (blue ticks labeled as “Depletion”). Efficacy data expressed as individual tumor volumes over time (n ¼ 10 mice/group). The

number of tumor free/total mice is indicated in the bottom right corner. I and J, Depletion of CD4þ and/or CD8þ T cells was verified on day 15 by flow cytometry.
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Figure 6.

GSK2857916 enhances intratumor immune cell infiltration and activation. Quantification by flow cytometry of immune cells infiltrating C57BL/6 mice bearing

EL4-hBCMA tumors following treatment with GSK2857916 or isotype control (at 15 mg/kg), or saline vehicle. A, CD8þ, CD4þ, and regulatory (CD4þCD25þFoxP3þ)

T cells, andDC (CD11cþ).B,T-cell activationmarkers CD25, CD69, and ICOSand the exhaustionmarker PD-1.C,Quantification of theDCcostimulatorymolecule CD86,

T-cell proliferation (Ki67) and cytotoxicity (granzyme B, GrzB) in TILs and NK cells (CD49bþ). A one-way ANOVA statistical analysis was performed. ns, not

significant; � , P < 0.05; �� , P <0.01; ��� , P < 0.001; ���� , P ≤0.0001.D, IHC for CD8 reactive cells inmice bearing EL4-hBCMA tumors treated with GSK2857914 (top) or

GSK2857916 (bottom) at 15 mg/kg (as in Fig. 4). Representative images, 20�magnification. E, Quantification of calreticulin cell surface expression (MFI) on tumor

cells in mice. F, Heatmap depicting a type I IFN-related gene signature following treatment with saline, isotype control or GSK2857916 (at 15 mg/kg) from the same

experiment as in (A–C, E). Each column represents an individual mouse and each row an individual gene.
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immunity against the inoculated cancer cells. Furthermore, tumor cells

succumbing in a manner that is immunogenic can elicit a protective

response against a subsequent challenge with live tumor cells (48).

Indeed, GSK2857916 treatment of immune-competent mice bearing

syngeneic EL4-hBCMA tumors resulted in potent antitumor activity

and robust activation of adaptive immune responses, which included

intratumor dendritic, NK- and T-cell infiltration and activation, and

maturation of immune cell subsets. These immune responses were

likely enhanced by the GSK2857916-dependent induced expression

of type I IFN gene signatures, which are known to elicit chemo-

therapy-dependent antitumor immunity by several mechanisms

including promoting cross-priming, supporting CTLs and immune

effector functions, and releasing proinflammatory cytokines. Intra-

tumoral expression of such gene signatures has been correlated

with favorable disease outcomes in patients with cancer (24, 49).

Importantly, CD8þ T cells were indispensable for the potent and

durable GSK2857916 antitumor activity in our immune-competent

mouse model. The requirement for CD8þ, but not CD4þ, T cells

was previously reported for other ADCs such as dolastatins (22),

pyrrolobenzodiazepines, and Tub (43), and underlines the impor-

tance of DCs and subsequently T cells for the full therapeutic

potential of ADCs and of GSK2857916. Notably, the GSK2857916

cytotoxic payload, MMAF, is non-cell permeable, suggesting that

ICD and subsequent DC responses are likely mediated by the

BCMA-expressing EL4 tumor cells and not as a result of bystander

effects on neighboring “non-target” cells. Furthermore, the capacity

of immune-competent mice to reject a rechallenge with EL4 paren-

tal or EL4-hBCMA tumor cells after surviving the initial inocula-

tion, supports the role of the immune system in protecting against

cancer cells and the idea of tumor-specific antigen spreading and

immunologic memory; revealing a novel mechanism of action for

GSK2857916. Recent nonclinical studies showed that therapeutic

approaches that induce ICD, activate DCs, and promote the prim-

ing of tumor antigen-specific T cells can sensitize to immune

checkpoint therapy (50). Concordantly, our in vivo combination

results suggest that the antitumor activity of GSK2857916 may be

further enhanced through combinations with T-cell immune check-

point inhibitors.

Finally, GSK2857916 multiple mechanisms of action provide

advantages over other multiple myeloma therapies. First, the targeted

cytotoxic ADC activity of GSK2857916 offers a unique advantage over

other “ADCC only” agents in multiple myeloma. Second, the ADCC/

ADCP effector activity of GSK2857916 also contributes to the com-

pound’s antitumor activity. The enhanced ADCC activity mediated by

the afucosylated Fc portion of GSK2857916 may target multiple

mediators of the host immune response resulting in potential syner-

gistic antitumor immunity via induction of both innate and adaptive

immune pathways. Third, GSK2857916 enhanced antigen presenta-

tion through ICD and resulting T-cell–mediated durable immunity

may provide added therapeutic benefit alone or in combination with

immune-enhancing agents. Clinically, there is broad interest in com-

bining immune checkpoint modulation with agents that may increase

tumor immunogenicity, potentially expanding the proportion of

patients that respond to therapy and favoring achieving minimal

residual disease.

Here, we describe a novel immune-based mechanism of action for

GSK2857916 and its potential for combining with immune-

therapeutic agents, providing rationale for testing such combinations

in clinical trials; some being evaluated as part of the DREAMM

(DRiving Excellence in Approaches to Multiple Myeloma) clinical

trial program.
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Figure 7.

Therapeutic synergy by combining GSK2857916 and an agonist anti-OX86 antibody. Therapeutic efficacy (left) and survival (right) in C57BL/6 mice bearing

EL4-hBCMA tumors. Animals were treated intraperitoneally when tumors reached approximately 150 to 200 mm3 with GSK2857916 or hIgG1-MMAF at 10 mg/kg

and/or a mouse anti-OX86 IgG2a or IgG2a isotype antibody at 0.2, 1, and 5 mg/kg, plus saline control, all twice a week for 3 weeks, as indicated. Efficacy data

expressed as mean tumor volume� SEM over time. Kaplan–Meier survival in percentage, significant P values by a standard log-rank test (P < 0.05; n¼ 10mice/group)

provided for the combination against the first or second single agent listed, respectively.
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