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ABSTRACT
Background The phase I first- in- human study ENGAGE- 1 
evaluated the humanized IgG1 OX40 agonistic monoclonal 
antibody GSK3174998 alone (Part 1 (P1)) or in combination 
with pembrolizumab (Part 2 (P2)) in patients with advanced 
solid tumors.
Methods GSK3174998 (0.003–10 mg/kg) ± 
pembrolizumab (200 mg) was administered intravenously 
every 3 weeks using a continuous reassessment 
method for dose escalation. Primary objectives were 
safety and tolerability; secondary objectives included 
pharmacokinetics, immunogenicity, pharmacodynamics, 
and clinical activity.
Results 138 patients were enrolled (45 (P1) and 96 (P2, 
including 3 crossovers)). Treatment- related adverse events 
occurred in 51% (P1) and 64% (P2) of patients, fatigue 
being the most common (11% and 24%, respectively). No 
dose- toxicity relationship was observed, and maximum- 
tolerated dose was not reached. Dose- limiting toxicities 
(P2) included Grade 3 (G3) pleural effusion and G1 
myocarditis with G3 increased troponin. GSK3174998 
≥0.3 mg/kg demonstrated pharmacokinetic linearity and 
>80% receptor occupancy on circulating T cells; 0.3 mg/
kg was selected for further evaluation. Limited clinical 
activity was observed for GSK3174998 (P1: disease 
control rate (DCR) ≥24 weeks 9%) and was not greater 
than that expected for pembrolizumab alone (P2: overall 
response rate 8%, DCR ≥24 weeks 28%). Multiplexed 
immunofluorescence data from paired biopsies suggested 
that increased infiltration of natural killer (NK)/natural 
killer T (NKT) cells and decreased regulatory T cells 
(Tregs) in the tumor microenvironment may contribute 
to clinical responses: CD16+CD56–CD134+ NK /NKT 
cells and CD3+CD4+FOXP3+CD134+ Tregs exhibited 
the largest magnitude of change on treatment, whereas 

CD3+CD8+granzyme B+PD- 1+CD134+ cytotoxic T cells 
were the least variable. Tumor gene expression profiling 
revealed an upregulation of inflammatory responses, T- cell 
proliferation, and NK cell function on treatment with some 
inflammatory cytokines upregulated in peripheral blood. 
However, target engagement, evidenced by pharmacologic 
activity in peripheral blood and tumor tissue, did not 
correlate with clinical efficacy. The low number of 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ GSK3174998 is an investigational human-
ized IgG1 OX40 agonistic monoclonal antibody. 
Pembrolizumab (Keytruda) is a marketed human-
ized monoclonal IgG4 programmed death receptor- 1 
(PD- 1)- blocking antibody.

 ⇒ Preclinical data support that activating OX40 signal-
ing may overcome primary or acquired resistance to 
anti- PD- (L)1 antibodies.

 ⇒ This phase I first- in- human study ENGAGE- 1 
(NCT02528357) evaluated the safety and tolerabil-
ity, pharmacokinetics, immunogenicity, pharmaco-
dynamics, and clinical activity of GSK3174998 alone 
and in combination with pembrolizumab in patients 
with advanced solid tumors.

WHAT THIS STUDY ADDS
 ⇒ This study provides important clinical and transla-
tional data showing that even with evidence of tar-
get engagement, combining an OX40 agonist with 
a PD- 1- blocking antibody in an unselected patient 
population did not result in sufficient clinical efficacy 
to support further development.

 ⇒ GSK3174998 up to 10 mg/kg±pembrolizumab 
200 mg was well tolerated.
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responses precluded identifying a robust biomarker signature predictive 
of response.
Conclusions GSK3174998±pembrolizumab was well tolerated 
over the dose range tested and demonstrated target engagement. 
Limited clinical activity does not support further development of 
GSK3174998±pembrolizumab in advanced cancers.
Trial registration number NCT02528357.

INTRODUCTION
The development of immune checkpoint blockers 
(ICBs), such as cytotoxic T- lymphocyte- associated 
antigen 4, programmed cell death 1 protein (PD- 1), and 
programmed cell death 1 ligand (PD- L1) blockers, has 
revolutionized advanced cancer immunotherapy.1 2 ICB 
therapies are currently approved for use in treating a 
number of cancers,1 3–7 with response rates ranging from 
15% to 60% in patients with advanced solid tumors,8 
depending on whether treatment is driven by the presence 
or absence of tumor biomarkers (ie, PD- L1), treatment 
line, and other tumor or immune cell characteristics. The 
effectiveness of ICB can be limited by immune and other 
cells within the tumor that promote tumor proliferation 
and metastases.9 10 Many patients will have disease, that is, 
already primarily resistant to, or becomes resistant during 
or after treatment with ICB, including anti- PD- (L)1 ther-
apies.8 9 A major resistance mechanism is the presence 
of an immunosuppressive tumor microenvironment. 
Consequently, there is a need to develop novel anticancer 
agents and combinations that can overcome the immu-
nosuppressive tumor microenvironment in solid tumors.

One strategy being explored to enhance anticancer 
T- cell responses is to augment the signaling activity of 
costimulatory receptors, such as OX40, with agonists.10 11 
OX40 is a member of the tumor necrosis factor (TNF) 
receptor superfamily and is expressed on activated CD4+ 
and CD8+ T cells.12 13 Engagement of OX40 on T cells 
with OX40 ligand (OX40L) on the surface of antigen- 
presenting cells promotes T- cell survival, proliferation, 
differentiation, and memory.12 13 OX40 is also expressed 
by forkhead box protein 3 (FOXP3)+ regulatory T cells 
(Tregs) and suppresses Treg differentiation and inter-
leukin (IL)- 10 production.12 14 15 OX40 is expressed 
to a lesser extent on natural killer (NK) cells, thus an 
OX40 agonist may enhance Fc gamma receptor (FcγR)- 
dependent NK- mediated tumor cell killing.16 Preclinical 
studies have shown that OX40 agonists increase anti-
tumor immunity and suppress tumor growth.17–20

Because tumors have a variety of mechanisms to 
suppress immune responses,2 combining a PD- 1 blocker 

with a costimulatory OX40 agonist may result in addi-
tive or even synergistic antitumor activity. In preclin-
ical studies of mouse syngeneic tumor models, the 
combination of an OX40 agonist with anti- PD- 1 therapy 
improved antitumor immune responses, reduced tumor 
growth, and prolonged overall survival to a greater 
degree than monotherapy controls.21–23 Furthermore, 
the OX40 agonist GSK3174998 demonstrated increased 
inflammatory and T helper 1 cell cytokine produc-
tion in combination with pembrolizumab in human 
peripheral blood mononuclear cells in vitro.24 Here, we 
report the results of a phase I study of GSK3174998 as 
monotherapy or in combination with the PD- 1 blocker 
pembrolizumab in 138 patients with selected advanced 
solid tumors.

METHODS
Study design and treatment
ENGAGE- 1 was a first- in- human study designed to 
evaluate the safety, pharmacokinetics, immunoge-
nicity, pharmacodynamics, and clinical activity of 
GSK3174998±pembrolizumab in patients with advanced 
solid tumors. ENGAGE- 1 was conducted at eight sites 
in The Netherlands, France, Canada, and USA. The 
study included two parts: GSK3174998 monotherapy 
(Part 1 (P1)) and GSK3174998+pembrolizumab (Part 2 
(P2)), each incorporating dose- escalation and -expan-
sion phases; P2 began once a tolerable and biologically 
active GSK3174998 dose was identified in P125 (online 
supplemental figure 1). In the dose- escalation phases, 
the Fixed and Adaptive Clinical Trial Simulator was used 
to conduct the continual reassessment method informed 
by the dose- limiting toxicity (DLT) assessed over a 4- week 
interval.26 Dose- escalation cohorts could enroll up to 12 
patients to evaluate pharmacodynamic endpoints, but 
the DLT incidence could not exceed 33%. GSK3174998 
was dosed at 0.003, 0.01, 0.03, 0.1, 0.3, 1, 3, or 10 mg/
kg±pembrolizumab 200 mg; each dose was administered 
as 30- min intravenous infusions every 3 weeks (Q3W) for 
up to 2 years.

The primary objective of this study was to assess 
safety and tolerability and identify the maximum toler-
ated dose (MTD) or maximum administered dose of 
GSK3174998±pembrolizumab. All available safety and 
tolerability data were to be considered in the determi-
nation of the MTD. Key secondary endpoints included 
pharmacokinetic parameters of GSK3174998 and 
pembrolizumab, antidrug antibodies (ADAs), overall 
response rate (ORR), and disease control rate (DCR). 
Response endpoints were assessed by Response Eval-
uation Criteria in Solid Tumors (RECIST) v.1.1 and 
immune- related (ir)RECIST, with the latter driving treat-
ment decisions. Exploratory endpoints included OX40 
receptor expression and occupancy by GSK3174998, 
and pharmacodynamic activity in blood and the tumor 
microenvironment.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ This study adds to the body of knowledge in the scientific commu-
nity on the development of agonist monoclonal antibodies, notably 
targeting OX40. This article provides novel data and reviews import-
ant questions on why this study failed, which may be addressed by 
future research in this field.
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Study population
Eligible patients were ≥18 years old with histologically 
confirmed locally advanced, recurrent or metastatic 
cancer (bladder cancer, colorectal carcinoma displaying 
high microsatellite instability (CRC- MSI- H), squamous 
cell carcinoma of the head and neck, melanoma, non- 
small cell lung cancer (NSCLC), renal cell carcinoma, 
soft tissue sarcoma (STS), or triple- negative breast cancer 
whose disease had progressed after standard therapy, were 
intolerant to, or considered inappropriate for standard 
therapy and who had received ≤5 prior lines of therapy. 
Patients were required to have measurable disease per 
RECIST v.1.1, an Eastern Cooperative Oncology Group 
performance status of 0 or 1, life expectancy of ≥12 
weeks, and adequate organ function. Key exclusion 
criteria included prior treatment with a TNF receptor 
agonist, previous bone marrow or solid organ transplant, 
symptomatic central nervous system metastases, or active 
autoimmune disease.

Study assessments
Safety assessments included evaluation of adverse events 
(AEs) graded by National Cancer Institute Common 
Terminology Criteria for Adverse Events v.4.0, laboratory 
parameters, vital signs, ECG, and physical examinations. 
AEs were assessed until 30 days and AEs of special interest 
and serious AEs (SAEs) until 90 days after the last treat-
ment dose.

Blood samples for GSK3174998 pharmacokinetic eval-
uation were collected pre- dose and post- dose for the first 
six doses, then pre- dose only from dose 8 and every four 
dose cycles thereafter, with a final sample drawn 12±1 
weeks post- treatment. Plasma levels of GSK3174998 were 
analyzed by liquid chromatography- tandem mass spec-
trometry. Blood samples for pembrolizumab pharmaco-
kinetic evaluation were collected pre- dose and post- dose 
for the first dose, then pre- dose only for doses 2, 4, 6, 8 
and every four dose cycles thereafter, with a final sample 
drawn 12±1 weeks post- treatment. Serum concentrations 
of pembrolizumab were analyzed using a quantitative 
immunocapture assay.

Blood samples for ADA testing were collected pre- dose 
for the first six doses, then pre- dose only from dose 8 
and every four dose cycles thereafter, with a final sample 
drawn 12±1 weeks post- treatment. Serum samples were 
assayed for ADA using an electrochemiluminescence 
bridging acid dissociation immunoassay with a bioanalyti-
cally validated cut point.

To evaluate the binding of GSK3174998 to the OX40 
receptor on CD3+T cells, the activation and proliferation 
status of T cells, and the enumeration of T cells and their 
subsets, B cells, and NK cells, blood samples were analyzed 
using five flow cytometry panels consisting of 24 markers: 
chemokine (C- C motif) receptor 7, cluster of differenti-
ation (CD) 127, CD16, CD19, CD25, CD3, CD34, CD38, 
CD4, CD45RA, CD45RO, CD56, CD8, FOXP3, gran-
zyme B, human leukocyte antigen- D related (HLA- DR), 
inducible T- cell costimulator (ICOS), interferon (IFN)-γ, 

IL- 17A, IL- 2, IL- 4, Ki- 67, OX40 total, and PD- 1. Blood 
samples were collected pre- dose and post- dose for the first 
three doses, and 30 days and 12±1 weeks post- treatment. 
Receptor occupancy (RO) was calculated for each time 
point from the flow cytometry results by dividing the 
bound OX40 values (percentage of parent population) 
by the corresponding saturation control values.

An additional blood sample was collected for analysis 
of 27 protein biomarkers in patient plasma samples. Data 
generation and quality control analysis was performed at 
Aushon using Aushon Biosystems CiraScan Multiplexed 
Custom Array Testing Service. Analysis of one protein 
biomarker used a separate validated enzyme- linked immu-
noassay. Cytokines to be analyzed included IL- 1α, IL- 1β, 
IL- 2, IL- 4, IL- 5, IL- 6, IL- 8, IL- 10, IL- 12p70, IL- 13, IL- 17A, 
IFN-γ, TNF-α trimer, transforming growth factor-β, gran-
ulocyte colony stimulating factor (G- CSF), intercellular 
adhesion molecule 1 (ICAM- 1), vascular cell adhesion 
molecule 1 (VCAM- 1), vascular endothelial growth factor 
(VEGF), VEGF receptor 1 (VEGFR1), growth- regulated 
oncogene α, monocyte chemoattractant protein 1 (MCP- 
1), macrophage inflammatory protein 1 α/β (MIP- 1α/β), 
regulated on activation normal T expressed and secreted, 
macrophage derived chemokine MIP- 3β (also known 
as chemokine (C- C motif) ligand 19 (CCL19)), IFN-γ–
induced protein 10 (IP- 10), and IL- 27.

Tumor tissue samples were collected at baseline (archival 
or fresh) and on treatment (fresh) at week 6, where 
feasible. Multiplex immunofluorescence was performed 
on 3–5 micron thick formalin- fixed, paraffin- embedded 
sections of tumor biopsy tissue by NeoGenomics to eval-
uate expression of phenotypic and functional immune 
cell markers on tumor infiltrating lymphocytes and 
other immune cells using the MultiOmyx platform. The 
expression of 16 markers (CD3, CD4, CD8, granzyme B, 
FOXP3, Ki- 67, ICOS, PD- 1, PD- L1, OX40, CD16, CD56, 
OX40L, HLA- DR, S100, pan cytokeratin (PanCK)), and 
several combinations of those markers were investigated 
and scored using a proprietary algorithm. The anti- OX40 
BER- Act35 antibody from Santa Cruz (sc20073) was used 
for the detection of OX40 in the MultiOmyx platform. 
Gene expression analysis was also performed by NeoG-
enomics on the same tumor samples using the NanoS-
tring PanCancer Immune Profiling panel (730 genes 
plus 40 housekeeping genes). The assay was run on the 
nCounter Analysis System (NanoString Technologies).

Disease assessments (CT scans and/or MRI) were 
performed at baseline and every 12 weeks thereafter until 
confirmed disease progression per irRECIST or with-
drawal from the study; patients undergoing tumor biop-
sies at week 6 had an additional disease assessment at that 
time.

Statistical analysis
Statistical analyses were descriptive and exploratory in 
P1 and P2 dose escalation. For P2 expansion, the null 
hypothesis (H0) that the ORR of combination therapy is 
equal to the historical ORR of pembrolizumab alone was 
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tested in each cohort. The sample size (10–30 patients 
per cohort) was chosen based on a 20% improvement in 
the ORR for combination therapy over the null hypoth-
esis with power of at least 80% and a type I error rate 
of no more than 10%.25 In the population previously 
treated with pembrolizumab, the goal for the combina-
tion regimen was to observe at least a 30% response rate. 
The H0 for ORR of the PD- (L)1–naive STS expansion 
cohort was p=18%, and the alternative hypothesis (HA) 
was p=38%. The H0 for the ORR of pretreated PD- (L)1 
expansion cohorts in melanoma and NSCLC was p=10%, 
and the HA was p=30%.

Biomarker analysis
For multiplexed immunofluorescence, the responses for 
each patient were transformed into the absolute differ-
ence before and after treatment. For every biomarker, 
we fit a generalized additive model27 to capture the non- 
linear relationship between the absolute differences and 
the dose. Absolute differences and doses were modeled 
on the inverse hyperbolic sine and logarithmic scale, 
respectively. All statistical analyses were conducted in R.28

RESULTS
Patient characteristics and treatment exposure
From September 2015 to April 2019, a total of 138 patients 
received GSK3174998 (0.003–10 mg/kg) alone (P1, 
n=45) or in combination with pembrolizumab 200 mg 
(P2, n=96), with 3 patients participating in P1 and subse-
quently P2 (online supplemental figure 1). The median 
age was 63.0 (P1) and 63.5 (P2) years, and most patients 
were of white Caucasian origin (84% and 85%, respec-
tively), (table 1). Approximately half of the patients (P1 
53%, P2 48%) had received ≥3 prior anticancer therapy 
regimens; in P1, 29% received prior PD- (L)1 therapy 
(11% pembrolizumab) and, in P2, 43% received prior 
PD- (L)1 therapy (16% pembrolizumab) (table 1). Median 
duration of exposure to GSK3174998±pembrolizumab 
was 9.1 weeks (range: 2.7–39) in P1 and 9.1 weeks (range: 
0.1–105.6) in P2, with a median of four infusions admin-
istered in each part (range: 2–14 and 1–35, respectively); 
the most common reason for treatment discontinuation 
was disease progression (89% and 79%, respectively) 
(online supplemental table 1).

Safety
In P1, AEs and treatment- related AEs (TRAEs) were 
reported in 100% and 51% of study patients, respectively 
(table 2). The most common TRAEs were fatigue (11%) 
and diarrhea (11%). Grade (G) 3 TRAEs were reported 
in 3 (7%) patients and included one event each of lymph-
openia, thrombocytopenia, infusion- related reactions 
(IRRs), and asthenia. There were no G4 or G5 TRAEs 
and no DLTs. Treatment- related SAEs were reported in 
2 (4%) patients; both were IRRs that occurred at cycle 
3. No TRAEs leading to treatment discontinuation were 
reported. In P2, AEs and TRAEs were reported in 99% 

and 64% of study patients, respectively (table 2). The most 
common TRAEs were fatigue (24%) and nausea (10%). 
G3 TRAEs were reported in 8 (8%) patients and included 
fatigue (3), anemia (2), and hypoxia, hypotension, diar-
rhea, IRR, and increased troponin (1 each). There were 
no G4 or G5 TRAEs. Two DLTs occurred. One patient 
with triple- negative breast cancer had G3 non- malignant 
pleural effusion after the first dose (GSK3174998 
0.03 mg/kg+pembrolizumab 200 mg); oxygen was admin-
istered, and a thoracentesis was performed with subse-
quent resolution of this event. Pleural effusion recurred 
after the second combination treatment at which time 
the patient was determined to have progressive disease 
(PD). Another patient with bladder cancer had an asymp-
tomatic G1 myocarditis with G3 troponin increase after 
the first dose (GSK3174998 10 mg/kg+pembrolizumab 
200 mg), which resolved after treatment with methylpred-
nisolone 500 mg intravenous one time per day followed 
by a steroid taper. Treatment- related SAEs were reported 
in 4 (4%) patients, including fatigue (2) and increased 
blood creatine kinase, myocarditis, and organizing pneu-
monia (1 each). TRAEs leading to treatment discontinu-
ation were reported in 3 (3%) patients, including G3 IRR 
(at cycle 3), G1 myocarditis with G3 increased troponin 
(DLT), and G2 fatigue (at cycle 1). Overall, an MTD for 
GSK3174998±pembrolizumab was not reached and a 
dose relationship for TRAEs was not observed.

Pharmacokinetics and RO
GSK3174998 demonstrated linearity over the 0.3–10 mg/
kg dose range, remaining present in plasma ≥21 days 
(figure 1A and online supplemental figure 2A,C). At 
doses of 0.1 mg/kg and lower, steeper slopes at lower 
GSK3174998 concentrations were indicative of the 
impact of target- mediated clearance. Median time to 
maximum plasma concentration (tmax) ranged from 
0.0208 to 0.0656 days in P1 and P2 (online supplemental 
table 2). Mean values of maximum serum concentration 
(Cmax) and area under the curve (AUC) (0-τ) indicated 
that exposure increased with increasing dose in P1 and 
P2. At doses ≥0.3 mg/kg, GSK3174998 demonstrated 
>80% RO on circulating T cells over a 3- week interval, 
with limited gains in RO observed at doses from 0.3 to 
10 mg/kg (figure 1B and online supplemental figure 
2B,D). Concomitant administration did not appear to 
alter the pharmacokinetics of GSK3174998 or pembroli-
zumab (online supplemental table 2 and online supple-
mental figure 2A,C,E and F). Based on these data, the 
0.3 mg/kg dose was selected for further clinical evalua-
tion in P2 expansion cohorts.

Clinical activity
The P1 expansion was not initiated due to limited mono-
therapy activity observed during dose escalation. No 
confirmed responses were observed with GSK3174998 
monotherapy; however, an anti- PD- (L)1 treatment- naive 
patient with dedifferentiated liposarcoma who received 
0.3 mg/kg GSK3174998 had an unconfirmed partial 

https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
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https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
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response (PR; figure 2A). PR was maintained in the 
target lesions for this patient, but because a non- target 
lesion progressed, the response could not be confirmed. 
The DCR ≥24 weeks was 9% (online supplemental 
table 3); two patients (melanoma, NSCLC) with stable 
disease (SD) ≥24 weeks had received prior anti- PD- (L)1 
treatment.

The ORR in P2 dose escalation was 8% (two complete 
responses (CRs), four PRs) and DCR ≥24 weeks was 28% 
(online supplemental table 3); of the responders, one male 
patient in his early 60s (melanoma, CR) had progressed 
on prior nivolumab plus ipilimumab treatment, while the 
remainder (one CR: CRC- MSI- H; four PR: two NSCLC; 
one CRC- MSI- H; and one bladder) were anti- PD- (L)1 

Table 1 Patient and disease characteristics

Patient and disease characteristics

Part 1
GSK3174998
(n=45)

Part 2
GSK3174998+pembrolizumab
(n=96)

Age, years; median (range) 63.0 (27–78) 63.5 (25–86)

Sex, n (%)

  Female 27 (60) 44 (46)

  Male 18 (40) 52 (54)

Ethnicity, n (%)

  Hispanic or Latino 6 (13) 3 (3)

  Not Hispanic or Latino 39 (87) 91 (95)

Race, n (%)

  African American/African Heritage 2 (4) 4 (4)

  Asian—Central/South Asian Heritage 1 (2) 0

  Asian—East Asian Heritage 0 3 (3)

  Asian—Southeast Asian Heritage 1 (2) 2 (2)

  White—Arabic/North African Heritage 2 (4) 1 (1)

  White—white/Caucasian/European Heritage 38 (84) 82 (85)

ECOG PS, n (%)

  0 20 (44) 38 (40)

  1 25 (56) 58 (60)

Tumor types, n (%)

  NSCLC 12 (27) 17 (18)

  Melanoma 3 (7) 20 (21)

  STS 10 (22) 8 (8)

  CRC MSI- H 1 (2) 13 (14)

  RCC 8 (18) 9 (9)

  Bladder 2 (4) 11 (11)

  HNSCC 2 (4) 7 (7)

  TNBC 7 (16) 11 (11)

Median time since initial diagnosis, months (range) 21.0 (1–227) 25.0 (2–173)

Prior anticancer therapy regimens, n (%)

  1–2 19 (42) 45 (47)

  ≥3 24 (53) 46 (48)

Prior PD- (L)1 therapy, n (%) 13 (29) 41 (43)

  Nivolumab 7 (16) 30 (31)

  Pembrolizumab 5 (11) 15 (16)

  Other PD- (L)1 blocker 3 (7) 7 (7)

CRC MSI- H, colorectal carcinoma displaying high microsatellite instability; ECOG PS, Eastern Cooperative Oncology Group performance 
status; HNSCC, head and neck squamous cell carcinoma; NSCLC, non- small cell lung cancer; PD- 1, programmed cell death 1 protein; PD- 
L1, programmed cell death 1 ligand; RCC, renal cell carcinoma; STS, soft tissue sarcoma; TNBC, triple- negative breast cancer.

https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
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treatment- naive (online supplemental table 3, figure 2B). 
Nine of 15 patients with SD ≥24 weeks had received 
prior anti- PD- (L)1 treatment. Based on the results from 

the dose- escalation phase, the P2 expansion included 
PD- (L)1–experienced patients with melanoma or NSCLC 
and PD- (L)1–naive patients with STS (dedifferentiated 
liposarcoma). No confirmed responses were observed 
in P2 expansion (figure 2C) of 22 patients enrolled (9 
melanoma, 8 STS, and 5 NSCLC). Based on the lack of 
response and emerging data in the field, a decision was 
made to end enrollment in the P2 expansion cohorts 
early (target enrollment had been ≥10 patients/cohort). 
The DCR ≥24 weeks was 14% (online supplemental table 
3) in P2 expansion, and all three patients with SD ≥24 
weeks had received prior anti- PD- (L)1 treatment.

Immunogenicity
At baseline, 4 (2%) patients had detectable 
anti- GSK3174998 antibodies (1/45 (2%) patients in 
P1 and 3/133 (2%) patients in P2). Anti- GSK3174998 
antibodies were detected in 54 (39%) patients overall, 
typically after the second or third dose of GSK3174998. 
Positivity was detected in 21 (47%) patients in P1, 
including 2 with IRR and 1 with an unconfirmed PR, and 
in 33 (35%) patients in P2, including 3 with IRR and 3 
with confirmed responses (1 CR and 2 PRs). Of note, five 
of six patients who experienced IRR had positive ADA 
tests with high titers (≥8000), suggesting a possible rela-
tionship with immunogenicity at high ADA titer levels. 
Anti- pembrolizumab antibodies were detected in 1 of 59 
(2%) of patients in P2; the single ADA- positive subject 
was positive pre- dose day 1, that is, immunogenicity was 
not treatment emergent.

Peripheral blood biomarkers
A non- parametric analysis of 44 monotherapy (P1) and 
62 combination therapy (P2) plasma samples, comparing 
changes in cytokines from baseline to 24 hours post- 
treatment, identified the following statistically significant 
(p<0.005) increases of plasma cytokines in P1: MIP- 1α/β, 
IP- 10, soluble VCAM1, MCP- 1, and soluble VEGFR1; 
and in P2: MIP- 1α/β, IL- 10, IP- 10, soluble VCAM- 1, 
IL- 6, MIP- 3β (or CCL19), IFN-γ, soluble ICAM1, MCP- 1, 
G- CSF, and IL- 5 (online supplemental table 4A). Overall, 
these data suggest that cytokine changes were generally 
greater for P2 compared with P1; however, while statisti-
cally significant, the changes were modest (up to ≈2- fold) 
and variable during the 24- hour post- dose period (online 
supplemental table 4B and online supplemental figure 
3).

Tumor biomarkers
Baseline tumor tissue samples (archival and/or fresh 
tumor biopsies) were obtained for 48 patients, while 
paired fresh biopsies (baseline and week 6) were 
obtained for 34 patients. Multiplexed immunofluores-
cence revealed 0% to 1.4% of total cells in baseline tumor 
samples were OX40+ (figure 3A); no correlation between 
baseline OX40 expression and response was identified. 
Dose- dependent changes were observed for OX40+im-
mune cells within the paired biopsy samples, with a 

Table 2 Summary of AEs in Parts 1 and 2

AE, n (%)

Part 1 GSK3174998 (n=45)

All grades Grade ≥3*

Any AE, n (%) 45 (100) 18 (40)

Any TRAE, n (%) 23 (51) 3 (7)

TRAE in ≥5% patients

  Diarrhea 5 (11) 0

  Fatigue 5 (11) 0

  Nausea 4 (9) 0

  Decreased appetite 3 (7) 0

  Myalgia 3 (7) 0

Treatment- related SAE 2 (4) 1 (2)

  Infusion- related reaction 2 (4) 1 (2)

TRAE leading to dose delay/
interruption

3 (7) 2 (4)

TRAE leading to discontinuation 0 0

DLT 0 0

AE, n (%) Part 2 
GSK3174998+pembrolizumab 
(n=96)

All grades Grade ≥3*

Any AE, n (%) 95 (99) 33 (34)

Any TRAE, n (%) 61 (64) 8 (8)

TRAE in ≥5% patients

  Fatigue 23 (24) 3 (3)

  Nausea 10 (10) 0

  Pruritus 7 (7) 0

  Arthralgia 6 (6) 0

  Fever 6 (6) 0

  Diarrhea 5 (5) 1 (1)

  Rash 5 (5) 0

  Rash (maculopapular) 5 (5) 0

Treatment- related SAE 4 (4)† 2 (2)

  Fatigue 2 (2) 2 (2)

  Increased blood creatine kinase 1 (1) 0

  Myocarditis 1 (1) 0

  Organizing pneumonia 1 (1) 0

TRAE leading to dose delay/
interruption

10 (10) 2 (2)

TRAE leading to discontinuation 3 (3) 2 (2)

DLT 2 (2) 2 (2)

  G3 pleural effusion 1 (1) 1 (1)

  G1 myocarditis with G3 
increased troponin

1 (1) 1 (1)

*There were no G4 or G5 TRAEs.
†Increased blood creatine kinase and myocarditis occurred in the 
same patient.
AE, adverse event; DLT, dose- limiting toxicity; G, grade; SAE, serious 
adverse event; TRAE, treatment- related adverse event.

https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
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biphasic dose dependence seen across the dose range 
tested. The largest changes were seen at 0.1 and 10 mg/kg 
GSK3174998 (figure 3B). Notably, the greatest changes 
were observed for CD134+ cells, CD16+CD56−CD134+ 
NK/NKT cells, and CD3+CD4+FOXP3+CD134+ Tregs, 
while the least change was observed for cytotoxic T cells 
(CD3+CD8+ granzyme B+PD- 1+CD134+ and CD3+C-
D8+granzyme B+CD134+). CD3+CD8+, CD4+Foxp3+, 
and non- tumor (PanCK- neg) Ki67+ populations were 
reviewed before and after treatment in P1 and P2 (online 
supplemental figure 4); although changes were seen for 
some patients, there was no consistent pattern of change 
observed for all patients combined, or in P1 and P2 
considered independently. No other consistent pattern 
of pharmacodynamic response related to treatment with 
GSK3174998 was observed across these samples. Multi-
plexed immunofluorescence data from paired biopsies 
also indicated increased infiltration of NK/NKT cells 
and decreased Treg cells in the tumor microenviron-
ment in two responding patients. One of the responders 
was a patient with dedifferentiated liposarcoma who 
had an unconfirmed response with monotherapy in P1 
(figure 4A,B), and the other patient with melanoma had a 
CR on study treatment in P2, having previously progressed 
on nivolumab plus ipilimumab treatment (figure 4C,D). 
A different immune profile, indicating activation of 
CD8+ T cells, was observed in a PD- (L)1 treatment- naive 
patient with NSCLC (tumor proportion score 1%) who 
responded to the combination of GSK3174998+pembroli-
zumab (figure 4E,F). Fresh paired tumor biopsies (base-
line and week 6) from 26 patients plus baseline archival 
tissue samples from 48 patients were investigated using 

the NanoString PanCancer Immune Profiling panel. 
Unsupervised hierarchical clustering revealed 15 statisti-
cally significant genes involved in inflammatory response, 
T- cell proliferation, and NK cell function that were signifi-
cantly associated with response or disease control (CR, 
PR, or SD vs PD; online supplemental figure 5A) and 
independent of the dose. Six of these genes (ANP32B, 
XCL2, NOS2A, RELA, RPS6, and ATG16L1) were upreg-
ulated or downregulated >2- fold (online supplemental 
figure 5B).

DISCUSSION
The OX40 agonist monoclonal antibody (mAb) 
GSK3174998 was well tolerated up to the maximum 
administered dose of 10 mg/kg when administered 
alone and in combination with pembrolizumab 200 mg 
Q3W in this phase I first- in- human study. No dose rela-
tionship was observed for the incidence of TRAEs, and 
an MTD was not identified for GSK3174998±pembroli-
zumab. The safety profile observed in this study appears 
similar to reports from other OX40 agonist mAbs,22 29–32 
and when considering the well- established safety profile 
of pembrolizumab,3 no new safety signals were observed 
with the combination.

GSK3174998 demonstrated target engagement in 
the periphery as evidenced by pharmacokinetic and 
RO analyses. The 0.3 mg/kg dose was the threshold for 
linear pharmacokinetic and peripheral RO saturation 
(>80%) over the 3- week dose interval, suggesting suffi-
cient target saturation, and thus was selected for further 
clinical evaluation in the P2 cohort expansion. Observed 

Figure 1 Pharmacokinetics and receptor occupancy of GSK3174998 during the first dosing cycle of GSK3174998 
monotherapy. (A) Median plasma concentration- time profiles of GSK3174998 for cycle 1 displayed on a semi- logarithmic scale 
in Part 1. (B) Median receptor occupancy of GSK3174998 (%) on CD3+ T cells over time in Part 1. The highlighted dose level 
(0.3 mg/kg) was selected for further clinical evaluation in Part 2b expansion cohorts (GSK3174998+pembrolizumab). CD, cluster 
of differentiation; LLQ, lower limit of quantification.

https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
https://dx.doi.org/10.1136/jitc-2022-005301
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Figure 2 Percentage change in sum of target lesion diameters from baseline in (A) Part 1 dose escalation (GSK3174998 alone), 
(B) Part 2 dose escalation (GSK3174998+pembrolizumab), and (C) Part 2 dose expansion (GSK3174998+pembrolizumab; one 
patient with soft tissue sarcoma was not evaluable) assessed using irRECIST. irRECIST, immune- related Response Evaluation 
Criteria in Solid Tumors; PD- 1, programmed cell death 1 protein; PD- L1, programmed cell death 1 ligand.
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Figure 3 Multiplexed immunofluorescence analysis of OX40 expression. (A) OX40 expression in baseline tumor biopsies 
(fresh and archival samples). Baseline tumor expression of OX40 is low (0% to 1.4% across all tested samples). (B) Dose 
dependence of fold changes in OX40+ cell subsets from baseline to on- treatment (week 6) paired fresh tumor biopsies. From 
left to right: Row 1: CD134+, PD- 1+CD134+; Row 2: CD16−CD56+CD134+, CD16+CD56−CD134+, CD16+CD56+CD134+; 
Row 3: CD3+CD4+ FOXP3−CD134+, CD3+CD4+FOXP3+CD134+, CD3+CD4+FOXP3+PD- 1+CD134+, CD3+CD4+FOXP3−PD- 
1+CD134+; Row 4: CD3+CD8+granzyme B−CD134+, CD3+CD8+granzymeB+CD134+, CD3+CD8+granzymeB−PD- 1+CD134+, 
CD3+CD8+granzymeB+PD- 1+CD134+. CD, cluster of differentiation; FOXP3, forkhead box protein 3; PD- 1, programmed cell 
death 1 protein.
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Figure 4 (Continued)
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median pharmacokinetic profiles at dose levels ≥0.3 mg/
kg GSK3174998 exposure appeared to be dose propor-
tional with two- compartment behavior expected for mAbs 
and with target- mediated clearance apparent at lower 
doses, similar to data reported for another OX40 agonist, 
MOXR0916.32 While pharmacodynamic effects were 
observed in the peripheral blood, including upregulation 
of some inflammatory cytokines, none were dose related.

No confirmed response was observed for GSK3174998 
monotherapy. However, there were signs of limited clin-
ical activity with prolonged SD lasting at least 6 months 
in four patients, two of whom were PD- (L)1 experienced 
and one (with dedifferentiated liposarcoma) who had 
an unconfirmed PR and remained on treatment at the 
0.3 mg/kg dose level for 39 weeks. Multiplexed immu-
nofluorescence data from paired biopsies of this patient 
indicated increased infiltration of NK/NKT cells and 
decreased Treg cells in the tumor microenvironment. 
Prior to receiving GSK3174998, this patient had received 
metronomic doxorubicin (15 mg/kg weekly), ending 
1 month before initiating treatment with GSK3174998. 
Low- dose metronomic chemotherapy has been explored 
as a potential immunostimulatory mechanism to improve 
the efficacy of immunotherapies33–36; it is possible that 
this recent treatment was sufficient to prime the tumor 
microenvironment and increase the opportunity for 
GSK3174998 to have an effect.

While significant monotherapy activity was not antic-
ipated for GSK3174998 (as with other OX40 agonist 

mAbs), expectations for efficacy with GSK3174998±pem-
brolizumab were much greater based on data from 
multiple preclinical models.23 24 37 Despite the promising 
preclinical data, the increase in efficacy for OX40 agonist 
and PD- (L)1 blocker combinations did not translate to 
the clinic; responses reported for the GSK3174998+pem-
brolizumab combination were not considered to be 
greater than those expected for pembrolizumab alone.3 38 
Since the majority (5/6) of the responses observed were 
in PD- (L)1–naive patients, one cannot rule out that these 
responses were largely driven by pembrolizumab alone. 
Preliminary responses in dedifferentiated liposarcoma, 
NSCLC, and melanoma in the dose- escalation cohorts 
supported the selection of these tumor types for P2 cohort 
expansion. Disappointingly, no patients treated in these 
expansion cohorts developed an objective response and 
with this, along with data emerging from ongoing OX40 
trials, a decision was made to stop further enrollment in 
the expansion cohorts.

Although anti- GSK3174998 antibodies were present 
in almost half (39%) of the patients treated with 
GSK3174998 in both P1 and P2, the presence of these 
antibodies did not appear to prevent responses. The 
single patient that responded in P1 (an unconfirmed 
PR) exhibited a modest titer of anti- GSK3174998 anti-
bodies during treatment, and 3 (1 CR and 2 PRs) of the 
6 confirmed responders (2 CRs and 4 PRs) in P2 were 
also ADA- positive with high titers (up to 163,840) during 
treatment. Thus, it is unlikely that the presence of ADAs 

Figure 4 CT scans and multiplexed immunofluorescence analysis of immune cell infiltration in paired biopsies from responding 
patients. (A, B) GSK3174998 monotherapy (0.3 mg/kg dose)—dedifferentiated liposarcoma. (A) PD- (L)1- naive female patient 
in her mid- 60s with dedifferentiated liposarcoma who remained on 0.3 mg/kg GSK3174998 monotherapy for 39 weeks. At 
the time her first scan was performed at week 12, her two target lesions (sum of diameters=167 mm) had decreased in size 
by 29% and further decreased by 38% at 24 weeks (baseline and week 24 scans are shown). The target lesion response 
was maintained; however, non- target lesion disease progression resulted in treatment discontinuation at week 39. Prior to 
receiving GSK3174998, the patient’s treatment was surgery, then metronomic doxorubicin (15 mg/kg weekly) ending 1 month 
before initiating treatment with GSK3174998. Multiplexed immunofluorescence analysis of baseline and week 6 paired 
tumor biopsy samples show decreased Treg and increased NK/NKT cell infiltration. (B) Changes in immune cell subsets in 
tumor tissue from baseline to week 6. Immune cells displaying >5- fold changes are highlighted. (C, D) GSK3174998 (0.1 
mg/kg dose) + pembrolizumab (200 mg) – melanoma. (C) A male patient in his early 60s with melanoma treated with prior 
ipilimumab+nivolumab until disease progression after 14 months, ending treatment with nivolumab ≈2 months before initiating 
treatment with 0.1 mg/kg GSK3174998+pembrolizumab 200 mg. At week 4, the patient developed organizing pneumonia and 
treatment was held until week 9, when CT scans showed an 8% reduction in target lesions (sum of diameters=98); 12 weeks 
later, the target lesions had achieved CR, which was maintained for the duration the patient remained on study, completing 
the 2- year treatment period and remaining in follow- up until the study was closed (baseline and week 57 scans are shown). 
Multiplexed immunofluorescence analysis of baseline and week 6 paired tumor biopsy samples show decreased Treg and 
increased NK/NKT cell infiltration. (D) Changes in immune cell subsets in tumor tissue from baseline to week 6. Immune cells 
displaying >5- fold changes are highlighted. (E, F) GSK3174998 (0.3 mg/kg dose) + pembrolizumab (200 mg) – NSCLC. (E) PD- 
(L)1- naive female patient in her mid- 50s with NSCLC (TPS=1%) with no activating mutations and who had received prior 
treatment with carboplatin, pemetrexed, and bevacizumab. She received 0.3 mg/kg GSK3174998+pembrolizumab 200 mg 
treatment for the maximum duration of 2 years. At her week- 6 CT scan, the target lesion (54 mm) had decreased in size by 37% 
and continued to decrease to a maximum of 64%, maintaining a PR for the duration of the study (baseline and week 36 scans 
are shown). Multiplexed immunofluorescence analysis of baseline and week 6 paired tumor biopsy samples show increased 
infiltration of T helper cells, cytotoxic T cells, granzyme B–expressing CD8+ T cells, ICOS+ T cells, and proliferating cytotoxic T 
cells. (F) Changes in immune cell subsets in tumor tissue from baseline to week 6. Immune cells displaying >5- fold changes are 
highlighted. CD, cluster of differentiation; CR, complete response; FOXP3, forkhead box protein 3; H&E, hematoxylin and eosin; 
HLA- DR, human leukocyte antigen D related; ICOS, inducible T- cell costimulatory; NK, natural killer; NKT, natural killer T cell; 
NSCLC, non- small cell lung cancer; PanCK, pan cytokeratin; PD- 1, programmed cell death 1 protein; PD- L1, programmed cell 
death 1 ligand; PR, partial response; Treg, regulatory T cell; TPS, tumor proportion score.
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played a role in failure of the OX40 agonist monoclonal 
antibody GSK3174998 to elicit tumor responses.

The favorable safety profile of GSK3174998 and 
other OX40 agonist antibodies administered both as 
a monotherapy and in various combinations has been 
surprising (online supplemental table 5).20 29–32 39–41 The 
low starting dose selected for dose escalation (0.003 mg/
kg GSK3174998) was based on the anticipation that 
elevated cytokine levels may increase the incidence of 
immune- related AEs and possibly lead to cytokine release 
syndrome. However, changes in plasma cytokines were 
modest, not dose- related, and none of these events mani-
fested. It is notable that some cytokines demonstrated 
statistically significant changes for both P1 and P2 (MIP- 
1α, MIP- 1β, IP- 10, VCAM1, MCP- 1), perhaps suggesting 
a role for GSK3174998, whereas others were only statisti-
cally significant in P2 (MIP- 3β, IL- 10, IFN-γ, IL- 6, soluble 
ICAM1, G- CSF, IL- 5), suggesting they are modulated by 
pembrolizumab or potentially an interaction between 
GSK3174998 and pembrolizumab. However, the modest 
changes observed (up to ≈2- fold during the 24- hour post- 
dose period) did not appear to be sufficient to result 
in antitumor efficacy. These findings, along with the 
absence of a robust efficacy signal, raise important ques-
tions about our understanding of the complex biology of 
this target and the engagement of OX40 agonist mAbs in 
the context of the tumor microenvironment.

Several potential mechanisms of action have been 
described for OX40 agonist antibodies, including stimu-
lation of CD4+ and CD8+ effector T cells, suppression of 
CD4+ Treg cells, increased NK cell activation, and potential 
for depletion of intratumoral Tregs in an activating FcγR- 
dependent manner. This makes interpretation of tumor 
biomarker data somewhat complex, with few responders 
in mixed tumor histologies. Evaluation of paired tumor 
biopsies by multiplexed immunofluorescence analysis in 
the current study suggested a potential role for increased 
infiltration of NK/NKT cells and decreased Treg cells 
in the tumor microenvironment in the responses of two 
patients. The first being the patient with dedifferentiated 
liposarcoma on monotherapy who had an unconfirmed 
PR and the second being the PD- 1–experienced patient 
with melanoma on combination treatment who had a CR. 
In contrast, a different immune profile indicating activa-
tion of CD8+T cells was observed in a PD- (L)1 treatment–
naive patient with NSCLC (tumor proportion score 1%) 
who responded to the combination of GSK3174998+pem-
brolizumab, a durable PR perhaps driven solely by 
pembrolizumab. The immune- focused NanoString panel 
on pretreatment and on- treatment biopsies revealed 15 
statistically significant genes involved in inflammatory 
response, T- cell proliferation, and NK cell function that 
were significantly associated with response or disease 
control. However, the ORR was unfortunately low, and 
paired biopsies were not obtained for all responding 
patients; thus, data informing biomarker- response rela-
tionships remained anecdotal. More samples were avail-
able for the evaluation of pharmacodynamic effects in 

the tumor microenvironment. Dose- dependent changes 
were observed only for selected OX40+ immune cells. 
The greatest changes being observed for NK/NKT cells 
(CD16+CD56−CD134+) and Tregs (CD3+CD4+ FOXP3+ 
CD134+), and the least for cytotoxic T cells (CD3+CD8+ 
granzyme B+PD- 1+ CD134+ and CD3+CD8+ granzyme 
B+CD134+). Thus, a role for Fcγ receptor–dependent 
activity with this IgG1 OX40 mAb is possible but still 
not sufficient to drive increased clinical activity. Since 
no direct competition assays were conducted with the 
anti- OX40 BER- Act35 antibody used in the multiplexed 
immunofluorescence assay, interference cannot be ruled 
out. However, the presence of Act35 staining in samples 
from patients on treatment with GSK3174998, together 
with very different functional activity of GSK3174998 and 
Act35, suggests they bind different epitopes on OX40.15 
Furthermore, the shape of the dose- response curves 
shown in figure 3B peaking at both 0.1 and 10 mg/kg do 
not indicate an exposure- related interference between 
GSK3174998 and Act35.

Baseline OX40 expression in the tumor was low (0% 
to 1.4%) in this study, an observation also reported in 
the BMS- 986178 trial, in which 82% of tumor samples 
tested had <1% expression of OX40.29 Given the tran-
sient expression of the OX40 receptor on activated CD4+ 
and CD8+ T cells, it is possible that, in patients with 
advanced cancer, the T cells in the tumor microenviron-
ment are not in an activated state. An additional priming 
step may be needed before administration of an OX40 
agonist, perhaps, for example, strategies that are currently 
under investigation via CD40 activation, use of toll- like 
receptor agonists, vaccine administration to augment 
OX40 receptor expression42 or perhaps low dose metro-
nomic chemotherapy.33–36 With so few responders in the 
current trial, it was not possible to identify robust markers 
predictive of response. High baseline OX40 expression 
may have been the obvious candidate but, given its induc-
ible expression and limited variability in magnitude of 
expression, it is likely not an ideal selection biomarker.

Beyond expression of the target, the optimal engage-
ment of the OX40 agonist mAbs with the OX40 receptor 
is not well understood. Unlike antagonist mAbs, a 
higher dose and constant engagement of the mAb and 
receptor may not be optimal for agonist mAbs. The ratio-
nale for the Q3W dosing frequency was based on clin-
ical data with MEDI6469, where a key biomarker, Ki- 67 
expression on T cells, exhibited maximal stimulation at 
about 14 days after the first dose.19 The Ki- 67 stimula-
tion declined by about 28 days after the first dose (or 23 
days after the last dose in the cycle).19 Guided by these 
biomarker dynamics and the expectation of standard 
IgG1 mAb pharmacokinetic (ie, terminal elimination 
half- life longer than 2 weeks), a dosing frequency of 
Q3W for GSK3174998 was chosen. With so few patients 
responding to OX40 monotherapy, it was not possible to 
identify exposure- response relationships. Both pharma-
cokinetic and RO data provided a clear framework for 
dose- related changes. Therefore, pharmacokinetics and 

https://dx.doi.org/10.1136/jitc-2022-005301
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RO were used to inform dose selection of the 0.3 mg/kg 
dose. This dose represented the inflection below which 
target- mediated clearance was observed and provided 
≥80% RO in the periphery, which would potentially be 
lower in the tumor tissue. Additionally, the one uncon-
firmed response for monotherapy was observed at the 
0.3 mg/kg dose level. Doses of 0.1–0.3 mg/kg have been 
shown to have more prominent effects on T- cell activa-
tion with other OX40 antibodies, such as ivuxolimab 
and BMS- 986178, although preclinical modeling with 
BMS- 986178 suggested optimal peripheral blood RO of 
20% to 50% for maximal effector T- cell function.43 In 
addition to understanding the dose and schedule for 
the OX40 agonists, questions remain about the optimal 
dosing schedule for combinations.44 45 with a suggestion 
from preclinical data that sequential administration of an 
OX40 agonist followed by PD- 1 therapy may be better.44

Given the need for trimerization of the OX40 receptor 
to activate the signaling pathway,46 it is possible that 
the conventional bivalent mAbs that engage with only 
two OX40 receptors may not induce optimal agonistic 
activity. Additional secondary crosslinking is necessary 
to promote clustering via Fc- FcγR interactions. Thus, 
novel strategies are needed to enhance the Fc region 
of mAbs to boost Fc receptor clustering and enhance 
effector function, including antibody- dependent 
cellular cytotoxicity. Additional strategies include devel-
oping novel drug designs to increase antibody valency, 
for example, a hexavalent OX40 mAb that can bind six 
OX40 receptors per antibody molecule. Furthermore, 
the development of agonists that mimic the OX40L may 
also address the need for trimerization.47 48

Multiple early clinical trials of OX40 agonist mAbs 
have now reported trial outcomes (online supplemental 
table 5).20 29–32 39–41 To date, all have shown limited or no 
monotherapy activity and combination responses that 
do not appear better than the single- agent activity of the 
combination partner. Within these reported trials and 
the current trial of GSK3174998, a total of ≈900 patients 
were treated with OX40 agonist agents. Notably, these 
studies have largely been conducted in patients with 
advanced disease and with treatment schedules similar 
to those developed for checkpoint blockers. Biomarker 
analyses performed in the current study and the afore-
mentioned published studies clearly document target 
engagement and pharmacodynamic effects, yet these 
effects did not translate to clinical benefit, providing 
an important negative result in the evaluation of this 
target. Furthermore, clinical responses and available 
tumor material were too scarce to formally prove 
biological activity of GSK3174998 or robustly identify 
any biomarker predictive of clinical efficacy. Conse-
quently, one may conclude that targeting OX40 alone 
or combined with PD- 1 blockade is not an effective 
treatment strategy for patients with advanced cancer. 
While multiple proposals to optimize OX40 interaction 
might be considered (eg, through multimerization), 
such development should proceed cautiously with an 

emphasis on early futility analyses to protect patients 
who are enrolling in these studies.

In conclusion, this study demonstrated that treatment 
with GSK3174998 up to the maximum planned dose of 
10 mg/kg alone and in combination with pembrolizumab 
200 mg was well tolerated in patients with advanced 
solid tumors. While target engagement was evidenced 
by robust RO with evidence of pharmacologic activity in 
peripheral blood and tumor, these findings did not trans-
late into clinical efficacy for GSK3174998 monotherapy 
or the anticipated increased efficacy when dosed in 
combination with pembrolizumab. Overall, these data are 
consistent with available reports from other OX40 agonist 
antibodies (eg, MOXR0916, BMS- 986178, MEDI0562, and 
PF- 04518600) and do not support the continued devel-
opment of GSK3174998±pembrolizumab in advanced 
solid tumors; thus development of GSK3174998 has been 
discontinued.
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