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Abstract

Background—Fibroblast growth factors (FGFs) have a fundamental role in cancer. Sequestering 

FGFs with GSK3052230 (FP-1039) blocks their ability to activate FGFRs while avoiding 

toxicities associated with small molecule inhibitors of FGFR, including hyperphosphatemia and 

retinal, nail, and skin toxicities.

Methods—A multicenter, open-label, phase Ib study evaluated weekly GSK3052230 added to 

pemetrexed/cisplatin in patients with treatment-naive, unresectable malignant pleural 

mesothelioma. Doses were escalated according to a 3 + 3 design, followed by cohort expansion at 

the maximum tolerated dose (MTD). Endpoints included safety, overall response rate, progression-

free survival, and pharmacokinetics.

Results—36 patients were dosed at 10, 15, and 20 mg/kg doses of GSK3052230. Three dose-

limiting toxicities were observed at 20 mg/kg and one at 15 mg/kg. The MTD was defined as 15 

mg/kg and used for cohort expansion. The most common treatment-related adverse events (AEs) 

were nausea (56%), decreased appetite (36%), infusion reactions (36%), decreased neutrophil 

counts (36%), and fatigue (33%). The confirmed ORR was 39% (95% CI: 23.1–56.5) (14/36 PRs) 

and 47% had stable disease (17/36), giving a disease control rate of 86%. At 15 mg/kg 

GSK3052230 (n = 25), the ORR was 44% (95% CI: 24.4–65.1), and the median PFS was 7.4 

months (95% CI: 6.7–13.4). Four patients had disease control for over 1 year, and three were still 

ongoing.

Conclusion—At 15 mg/kg weekly, GSK3052230 was well tolerated in combination with 

pemetrexed/cisplatin and durable responses were observed. Importantly, AEs associated with 

small molecule inhibitors of FGFR were not observed, as predicted by the unique mechanism of 

action of this drug.
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Introduction

Malignant pleural mesothelioma (MPM) is a lethal cancer caused by malignant growth of 

mesothelial cells aligning the pleura and is strongly related to exposure to asbestos [1]. The 

only established and registered treatment regimen for MPM is combination chemotherapy 

with pemetrexed and cisplatin [2]. Despite this, the prognosis remains poor, its incidence is 

increasing worldwide, and alternative treatment options are scarce [1]. Therefore, 

identification of novel targets and treatment regimens is a medical need.

Preclinical studies have shown that fibroblast growth factor (FGF) signaling is involved in 

MPM based on overexpression of FGF2 protein and FGF2 and FGFR1 mRNA levels [3, 4]. 

The family of FGF proteins consists of 18 different soluble growth factors that activate FGF 

receptors (FGFRs) 1–4 [5]. FGF/FGFR signaling plays an important role in cancer by 

regulating cell growth and differentiation, angiogenesis, and tumor-stroma interactions [5–

7]. Alterations in FGF signaling can occur by FGFR gene amplification, mutation, gene 

fusion, or by FGF/FGFR overexpression. The pathway is also known to be implicated in 

drug resistance to targeted therapies directed at other receptor tyrosine kinases [8]. To date, 

several pan-selective tyrosine kinase inhibitors of FGFR1–4 have been investigated across 

multiple cancers [8–11]. One observed limitation to the long-term clinical application of 

these molecules is on-target toxicities including hyperphosphatemia and tissue calcification 

resulting in retinal, nail and skin toxicities. These are the result of inhibiting hormonal (non-

pathological) FGF signaling by FGF19, −21 and − 23 [8].

GSK3052230 is a soluble fusion protein consisting of the extracellular domains of human 

FGFR1 α-IIIc linked to the modified hinge and native Fc regions of human immunoglobulin 

G1 (IgG1) [12]. The molecule functions as a FGF ‘trap’ by binding to FGFs and reducing 

FGF/FGFR signaling. Because the FGFR1 α-IIIc domain has a relatively low affinity for 

FGF19, FGF21 and FGF23, the potential for toxicities observed with small molecule FGFR 

inhibitors is decreased [12]. This was confirmed in the first-in-human study of FP-1039 

where doses were tolerable up to 20 mg/kg weekly as a monotherapy [13].

The role of FGFR inhibition has been studied extensively in MPM using small-molecule pan 

FGFR kinase inhibitors and with GSK3052230 resulting in suppression of FGF pathway 

signaling and antitumor activity in cell lines and human xenografts [3, 14–16]. Based on the 

efficacy of GSK3052230 observed in MPM preclinical models, a phase Ib study 

(NCT01868022) was initiated to investigate the tolerability, safety, and preliminary signs of 

efficacy in combination with standard therapy pemetrexed and cisplatin in first-line 

treatment of MPM.

Methods

Participants and study oversight

Patients 18 years and older were enrolled after histological or cytological confirmation of 

unresectable, measurable MPM for which no prior systemic therapy was administered or 

after recurrence after local therapy and of which archival material was available for FGF2 
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protein expression analysis. Detailed inclusion and exclusion criteria information can be 

found in Online Resource 1. The study was performed according to Good Clinical Practice. 

All patients signed informed consent according to the Declaration of Helsinki, and no study 

procedure was started before this moment. The study protocol and amendments were 

approved by the investigational review boards at each participating site.

Study design

This was a nonrandomized, open-label, multicenter phase Ib trial (NCT01868022) 

consisting of three arms. Arms A and B investigated GSK3052230 in FGFR1-amplified 

squamous non-small cell lung cancer (sqNSCLC) in combination with first- and second-line 

standard therapies, respectively, and Arm C investigated GSK3052230 with first-line therapy 

in mesothelioma. Results of Arm C are reported here. Doses of GSK3052230 were escalated 

according to a 3 + 3 design up to the maximum tolerated dose (MTD) at ≤1 out of 6 patients 

experiencing a dose-limiting toxicities (DLT) (pre-specified as in Online Resource 2). At the 

MTD, the cohort was to be expanded with 12–30 patients.

GSK3052230 was administered once weekly intravenously over 30 min in each 21-day 

cycle. Pemetrexed 500 mg/m2 and cisplatin 75 mg/m2 were administered per product label 

on day 1 of each cycle. Patients could continue GSK3052230 treatment until disease 

progression or intolerability. Pemetrexed and cisplatin could be continued if deemed safe by 

the investigator. Patients were hydrated and pre-medicated with folic acid and vitamin B12 

as per institutional guidelines. The starting dose of GSK3052230 was 10 mg/kg. Dose-

escalation was planned to 20 mg/kg, and an intermediate dose-level of 15 mg/kg was 

introduced after emerging safety data from Arms A and B of this study, investigating 

GSK3052230 in sqNSCLC patients.

Study procedures

For pharmacokinetic (PK) analyses, venous blood samples were drawn prior to the first 

infusion, at end of the GSK3052230 infusion, and post-infusion at 1 and 2 h and pre-dose on 

days 8 and 15. In cycle 2 on day 1, additional samples were drawn at the end of the 

pemetrexed infusion and 1, 2, and 5 h post-dose. In subsequent cycles, only pre- and end-of-

infusion samples were collected. Plasma concentrations of GSK3052230 were determined 

using a validated FGF2 ligand-binding enzyme-linked immunosorbent assay in accordance 

with FDA’s published recommendations [17].

Samples for anti-GSK3052230 antibody analyses were drawn at baseline, day 15, and every 

two cycles starting from cycle 4 onwards. Detection was done using a tiered approach with 

electrochemiluminescence screening and confirmatory assays. Samples were acidified and 

neutralized with TRIS buffer containing equal concentrations of biotin-conjugate as capture 

agent and sulfo-Tag-drug conjugate as detection agent before transfer to a blocked MSD 

streptavidin coated plate. For both assays, samples were considered positive if the sample 

signal exceeds the background signal. For the confirmatory assay, excess drug was added to 

demonstrate specificity of the assay. Samples with a percent inhibition of the assay response 

due to the presence of excess drug were considered positive.
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On archival tumor material, FGF2 protein expression was retrospectively evaluated by 

immunohistochemistry (IHC) analysis using the mouse anti-human FGF2/BFGF 

monoclonal (3D9) antibody (LifeSpan Biosciences) with UltraView DAB detection kit 

(Ventana Medical Systems Inc.) on the Ventana Benchmark XT instrument followed by 

counterstaining. Results were interpreted by a trained pathologist using light microscopy and 

expressed as H-score (percentage of positive cells (0–100) multiplied by staining intensity 

(0–3)).

Endpoints

Endpoints included safety by common terminology criteria for adverse events (CTCAE) 

version 4.03, overall response rate (ORR) by modified Response Evaluation Criteria in Solid 

Tumors (mRECIST) version 1.1, and progression-free survival (PFS) defined as the time 

from start of study treatment to the first reported disease progression. Tumor response was 

evaluated by computed tomography (CT) every two cycles during the first year and every 

four cycles thereafter. Patients were evaluable for efficacy if at least one on-treatment 

radiological evaluation was performed. Patients were evaluable for safety if they had 

received one dose of GSK3052230.

Statistical analysis

With a minimum of 12 patients at the MTD, the study was designed to demonstrate futility 

(ORR ≤ 40%) or efficacy (ORR ≥ 60%) with a power of 82% based on a previous phase III 

clinical trial in first-line MPM (2). PK, safety, and efficacy data were reported descriptively. 

The relation between FGF2 H-score and treatment outcome was analysed by a linear 

regression model based on the all-treated population.

Results

In total, 36 patients received study treatment as planned. Of these, 31 were evaluable for 

efficacy and 36 for PK and safety. Most patients were male (n = 25, 69%) and 65 years and 

older (n = 19, 53%), with ECOG performance status of 0 (n = 23, 64%) (Table 1). Patients 

did not receive previous systemic therapy for MPM with the exception of one patient who 

had received prior oxaliplatin and pemetrexed in the 15 mg/kg cohort. While this was not in 

line with the inclusion criteria, this patient was considered evaluable because treatment was 

completed 7 years before enrollment into this trial after achieving a complete response. As 

allowed per protocol, 56% of the patients had undergone one or more surgical procedures 

before start of the study.

At the time of data cut-off (17-March-2017) for final analysis, all but three patients had 

discontinued treatment. Reasons for discontinuation of treatment with GSK3052230 were 

disease progression (n = 25, 69%), adverse events (n = 4, 11%), investigators’ discretion 

(surgical intervention was performed) (n = 2, 5.5%), withdrawing of consent (n = 1, 2.8%) 

and site study closure (n = 1, 2.8%).
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Pharmacokinetics and immunogenicity

The PK of GSK3052230 was assessed previously using preclinical models and in the first-

in-human trial [12, 13]. In this study, a range of three doses based on prior data was used to 

identify a safe and efficacious dose that could be combined with standard therapy. Maximum 

concentration (Cmax) and time of maximum concentration (Tmax) after the first dosing day 

in cycle 1 to 6 are summarized for each dose-level in Table 2. A generally dose-proportional 

increase in Cmax was observed. There was no apparent accumulation in exposure between 

cycles. Median Tmax was comparable across all dose cohorts (0.4–1.1 h) and was observed 

at the end of the GSK3052230 infusion. Based on the limited data, there is a trend towards a 

lack of PK drug-drug interaction between GSK3052230 and pemetrexed and/or cisplatin. Of 

the 35 patients tested for anti-GSK3052230 antibodies, 14 (39%) tested positive after two 

administrations of GSK3052230, at cycle 1 day 15, decreasing to 14% at cycle 6 which 

suggests transient immunogenicity (not shown).

Safety

Treatment-related adverse events (AEs) were reported in 97% of patients, with the most 

common being nausea (56%), decreased appetite (36%), infusion-related reactions (IRRs) 

(36%), decreased neutrophil counts (36%), and fatigue (33%) (Table 3). IRRs occurred 

mainly after the second infusion or later and did not lead to dose changes or interruptions in 

most cases. For one patient, treatment was discontinued after having a second grade 3 IRR. 

There was no clear relationship between IRR and anti-drug antibodies. At the highest dose-

level of GSK3052230 (20 mg/kg), three grade 4 events, being neutropenia, respiratory 

failure, and thrombocytopenia (n = 1 each) occurred, of which only thrombocytopenia was 

related to GSK3052230, and one grade 5 event occurred, namely intestinal ischemia/

intestinal perforation with bowel involvement. This grade 5 event was considered possibly 

related to study treatment, considering the potential anti-angiogenic properties of 

GSK3052230. Importantly, no AEs of hyperphosphatemia or any other toxicities associated 

with pan-FGFR kinase inhibitors were reported.

Four patients (11%) discontinued GSK3052230 due to creatinine increase (grade 1), 

intestinal ischemia/perforation (grade 5), IRR (grade 3), or acute kidney injury (grade 3) (n 
= 1 each). DLTs occurred mainly at 20 mg/kg (dose-level 3), in three out of eight patients 

and at 15 mg/kg (dose-level 2) in one out of 25 patients (Fig. 1). These included a grade 3 

creatinine increase, grade 3 IRR, and a grade 5 intestinal ischemia/perforation at 20 mg/kg 

(n = 1 each), and a grade 2 peripheral sensory neuropathy at 15 mg/kg. Nine (25%) patients 

experienced serious adverse events (SAEs). All SAEs apart from IRRs (2 patients) occurred 

in 1 subject each. Six patients had nine SAEs that were considered to be related to study 

treatment (acute kidney injury, blood creatinine increased, diarrhea, infusion-related 

reaction, intestinal ischemia, intestinal perforation, and thrombocytopenia).

Efficacy

Out of 36 patients treated, 14 (39%) achieved a partial response (PR) and 17 (47%) had 

stable disease (SD) for a disease control rate (DCR) of 86% (Table 4). There were no 

complete responses. Four patients had tumor regression of more than 80% (Fig. 2a). Five 

patients (14%) were not evaluable for antitumor activity because they did not reach the first 
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radiological evaluation after 8 weeks of study treatment due to clinical deterioration (n = 1) 

or treatment-related toxicity (n = 4).

At the recommended dose of 15 mg/kg GSK3052230, patients received a median of 11 

treatment cycles with a maximum of 23. The ORR in the 15 mg/kg GSK3052230 group was 

44% (Table 4) and the median PFS was 7.4 months. The median duration of treatment was 

210 days [range: 78–673 days] with four patients receiving GSK3052230 for over 1 year 

(Fig. 2b). At the time of data cut-off, three patients were still ongoing.

FGF2 expression

Overexpression of FGF2 protein has been previously observed in MPM cell lines and tumor 

specimens [3, 15, 18–20]. To assess FGF2 protein expression in patients from this study, 27 

archival formalin-fixed paraffin-embedded (FFPE) specimens were evaluated by IHC 

(Online Resource 3). There was no correlation between FGF2 protein expression and ORR 

observed (Online Resource 4a). However, despite the small sample size (n = 15), a 

statistically significant correlation between PFS and cytoplasmic FGF2 H-score was 

observed for the 15 mg/kg GSK3052230 group, p = 0.0157 (Online Resource 4b).

Discussion

GSK3052230 was designed to trap cancer-related FGFs selectively while sparing hormonal 

FGFs, thereby avoiding toxicities that have been observed with pan-selective small 

molecules that target the FGFR kinase domain [12]. This study confirmed what was 

observed in the GSK3052230 monotherapy study in that this selective binding modality 

indeed lowers the risk for these toxicities, even when combined with chemotherapy, since 

none of the patients reported any FGF-classspecific toxicities. Remarkably, the incidence of 

neutropenia, anemia, and increased blood creatinine levels were higher than expected. Since 

GSK3052230 had not been previously associated with these toxicities from prior preclinical 

and clinical studies, a contribution of pemetrexed and cisplatin seems likely [21].

In this study, we observed relevant and durable clinical activity in treatment-naive MPM 

patients when GSK3052230 was combined with standard first-line therapy. In contrast, the 

prior monotherapy study in all solid tumors did not yield objective responses [13]. The 

rationale to focus on mesothelioma patients was driven by prior data demonstrating high 

expression of FGF2 in MPM samples and reported sensitivity to GSK3052230 in preclinical 

models [3, 12]. Indeed, 100% of the evaluable patients showed response to treatment in 

terms of tumor regression or disease stabilization. In the 15 mg/kg GSK3052230 group, an 

ORR of 44% and a PFS of median 7.4 months was observed. Previously, the combination 

regimen of pemetrexed/cisplatin was reported to confer a 41% response rate, a median time 

to progression of 5.7 months, and a median OS of 12.1 months [2]. In the more recent 

Mesothelioma Avastin Cisplatin Pemetrexed Study (MAPS) trial, which compared the 

addition of bevacizumab to pemetrexed/cisplatin in first-line mesothelioma, the control 

group (pemetrexed/cisplatin) demonstrated a median time to progression of 7.3 months and 

a median OS of 16.1 months [22]. The ORR and PFS data obtained in the current study with 

the addition of GSK3052230 was comparable to these two previous studies. Similarly, the 

MAPS trial reported 62% grade 3–4 toxicities in patients treated with pemetrexed/cisplatin, 
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while this study reported 56%. Thus, it is difficult to ascertain the actual contribution of 

GSK3052230 to the results observed. A randomized trial would be necessary to determine 

the benefits of GSK3052230.

While this study is the first to explore the potential of targeting the FGF/FGFR signaling 

pathway in patients with MPM, inhibition of FGF/FGFR signaling has been shown to be 

effective in several other tumor types using small molecules. For example, the FGFR1–3 

inhibitors, BGJ398 and AZD4547, conferred partial responses in FGFR1-amplified 

squamous NSCLC and FGFR3-mutant bladder/urothelial cancer [10, 23]. Similarly, partial 

responses have been reported using the pan-FGFR inhibitor, erdafitinib, in urothelial cancer, 

glioblastoma, and endometrial cancer with FGFR1–4 or FGF3/4 alterations (amplifications/

translocations/mutations), including FGFR3-TACC3 gene fusions [24]. Response to FGFR 

inhibition has also been observed in advanced cholangiocarcinomas, where FGFR2 gene 

fusions have been observed in 13–17% of patients [25]. This setting was the first to identify 

a genetic mechanism of resistance to FGFR kinase inhibition, as several patients acquired 

secondary FGFR2 mutations that rendered them resistant to BGJ398 treatment [26].

The above-mentioned mechanisms that drive FGF/FGFR signaling are considered to be FGF 

ligand-independent since these genomic alterations render the kinase activity of FGFRs to be 

constitutively active [8]. Alternatively, GSK3052230 targets ligand-dependent signaling in 

tumors where overexpression of FGFs or co-expression of FGFs and FGFRs occur. In this 

study, FGF expression was not used as a selection biomarker because FGFs, specifically 

FGF2, have been shown to be highly expressed in MPM [3, 15, 18–20]. The FGF2 

expression analyses on archival material performed in this study confirmed that FGF2 

protein levels are detectable in all patients. The potential of FGF2 as a biomarker for 

response in MPM may be further clarified in future research, as well as the use of FGFR1 

expression which correlated with response in preclinical experiments in MPM cell lines [3]. 

Another potential biomarker that may help to select patients with optimal benefit may be 

BRCA1 Associated Protein 1 (BAP1). It has been shown that MPM cells with BAP1 protein 

loss are more sensitive to FGFR inhibition, which was related to increased expression of 

receptors FGFR1 and FGFR3 and ligands FGF9 and FGF18 [27].

A consequence of the selectivity of GSK3052230 for targeting FGFs that bind to the 

extracellular domain of FGFR1 α-IIIc could be that other FGFs that are not, or weakly, 

inhibited by GSK3052230 could still induce tumor growth. Preclinical models confirm that 

some signaling through the FGF pathway remains after treatment with GSK3052230, while 

complete suppression may be necessary for a more robust effect [3]. To overcome this, one 

approach could be to combine with other targeted agents that inhibit signaling pathways 

know to cross-talk with FGF/FGFRs, such as inhibitors of vascular endothelial growth factor 

(VEGF), the Ras-Raf-MEK-ERK pathway, or the PI3K-AKT pathway [8]. Another 

approach of potential interest could be to combine with immune checkpoint inhibitors. This 

is based on reported expression of PD-L1 on MPM cells, the observation of immune 

infiltrates in MPM tumor samples, and the preliminary efficacy observed with these agents 

[28–30].
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In conclusion, this study demonstrates that GSK3052230 was well tolerated at a weekly 

dose of 15 mg/kg and that durable responses were achieved when combined with 

pemetrexed/cisplatin. The efficacy and safety profile of this molecule suggests the potential 

for its use in drug combination strategies and strongly supports its further clinical 

investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Overview of GSK3052230 dose-levels and observed dose-limiting toxicities (DLTs). At all 

dose-levels, the backbone chemotherapy was pemetrexed 500 mg/m2 and cisplatin 75 mg/m2 

every 21 days. GSK, GSK3052230; G, grade
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Fig. 2. 
Antitumor activity of GSK3052230 in combination with standard therapy in treatment-naive 

MPM patients. a Maximum percentage decrease from baseline in target lesions according to 

mRECIST 1.1 criteria. *Maximum percentage decrease from baseline = 0%. †Subject 

withdrawn from study for surgical resection. b Swimplot demonstrating duration of 

treatment and best confirmed response. PR, partial response; SD, stable disease; yellow box, 

first occurrence of PR; yellow triangle, ongoing patients as of 17-March-2017. *Subject 

withdrawn from study for surgical resection
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