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Summary

Targeting coinhibitory receptors on dysfunctional T cells may improve response to anti-PD-(L)1 

in the interferon-γ associated T cell-inflamed tumor microenvironment. The bispecific LAG-3 and 

PD-L1 blocking antibody FS118, potentially through LAG-3 shedding, represents a promising 

strategy to improve immune-checkpoint blockade. Soluble LAG-3 is an intriguing biomarker for 

LAG-3 drug activity.

In this issue of Clinical Cancer Research, Yap and colleagues investigated the safety and 

preliminary activity of bispecific antibody FS118 targeting lymphocyte activation gene-3 

(LAG-3) and programmed death ligand 1 (PD-L1) in patients with anti-PD-(L)1 therapy-

resistant advanced solid tumors (Figure 1).(1) LAG-3 is an inhibitory receptor that is 

absent on naïve T cells and is predominantly expressed on stimulated CD4+ and CD8+ 

T cells, leading to decreased T cell activation, function, and memory. LAG-3 expression 

is correlated with interferon (IFN)-γ production by CD4+/CD8+ T cells in a roughly 

similar paradigm as PD1.(2,3) Upregulation of LAG3 after PD1 blockade and the poor 

outcomes to immune checkpoint blockade therapy in patients with increased peripheral 

blood LAG3+CD8+ cells nominate LAG3 as a priority therapeutic target for combination 

immunotherapy. The canonical ligand for LAG3 is MHC class II, however roles for other 

ligands such as Galectin-3, Fibrinogen-like Protein 1, L-sectin as well as direct contact 
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with TCR:CD3 complex have been reported. The relevance of these specific ligand:receptor 

interactions in clinical LAG3 immunotherapy awaits further investigation.(4)

Co-expression of LAG-3 and PD-1 on tumor infiltrating lymphocytes and synergy between 

targeting these two pathways in murine models set the stage for LAG3 clinical development.

(5) Relatlimab, an IgG4 monoclonal antibody targeting LAG-3, was the first drug in 

the LAG-3 pathway to be approved by FDA, when administered with nivolumab. This 

combination, compared against nivolumab alone, improved progression-free survival (PFS; 

HR=0.75) and was deemed well tolerated in patients with advanced melanoma. Median 

PFS was greater across all patients whose tumors had expression of LAG-≥1%, though 

benefit was also observed to a lesser extent in the LAG3 low population.(6) Nivolumab 

plus relatlimab has also demonstrated intriguing data in the neoadjuvant melanoma setting 

with a pathological complete response rate of 57% and associated increases in intra-tumoral 

and peripheral blood CD8+ and CD4+ memory T cells.(7) As of this writing, there are 

26 actively recruiting clinical trials of relatlimab in ClinicalTrials.gov in combination with 

anti-PD1 therapy, with or without chemotherapy for various cancers. Across these studies, 

it is apparent of an intent to replace the indication of single-agent anti-PD1 therapy in both 

metastatic and peri-operative settings. Additionally, there are a large number of other LAG-3 

targeting antagonistic antibodies, bispecific molecules, LAG3-Ig agonists which are being 

studied in early-phase clinical trials.

In the study by Yap et al., FS118 was well tolerated demonstrating 4.7% grade ≥3 treatment-

related adverse events, though preliminary assessment of efficacy remains to be determined. 

Evaluation of clinical activity is difficult in this population of PD-(L)1 refractory patients 

though a disease control rate was described as 46.5% amongst all patients. Notably, less 

clinical benefit was observed in patients who demonstrated primary resistance to immune-

checkpoint blockade therapy. Given the IFN-γ inducible nature of LAG3 expression, LAG3 

targeted therapy would be presumed to have the highest likelihood of clinical benefit 

in tumors with T cell-inflamed tumor microenvironments. As such, patients with tumors 

where anti-PD1 has frontline activity and those that developed acquired resistance may 

represent the most appropriate cohorts for studying the role of LAG-3 immunotherapy. 

The development of relatlimab in melanoma emphasizes this paradigm where the phase 

II clinical trial of nivolumab plus relatlimab in anti-PD1 refractory disease showed only a 

modest suggestion of efficacy and yet the randomized phase III study in the treatment naïve 

setting met the primary endpoint.

In the study of FS118, approximately 60% of evaluable tumors were positive for both 

LAG-3 and PD-L1, and double expression was associated with a longer duration of therapy. 

Patients with stable disease demonstrated increase in CD4+ and CD8+ T cells from baseline 

in comparison to those with progressive disease. FS118 resulted in a dose-dependent 

increase in soluble LAG-3 (sLAG-3) with no significant differences being observed between 

10mg/kg and 20mg/kg doses. The former was declared as the recommended phase 2 dose 

for further evaluation of the efficacy of this compound.

LAG-3 shedding has been described as a mediator of anti-PD1 efficacy with resistance 

to PD1 blockade observed in the absence of metalloprotease activity. Shedding of LAG3 
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is mediated by the ADAM10 and ADAM17 metalloproteinases and high LAG3:ADAM10 

ratio in peripheral blood CD4+ T cells is associated with poor survival and resistance to anti-

PD1 therapy in patients with head and neck squamous cell cancer (HNSCC) and melanoma.

(8) In a preclinical system designed to express a non-cleavable LAG-3 mutant protein, a 

decrease in T cell proliferation and reduced production of interleukin-2 and IFN-γ was 

observed. Serum sLAG-3 had no impact on T-cell activation in the same study.(9) In contrast 

to this finding, sLAG-3 decreased the differentiation of monocytes to dendritic cells and may 

potentially impair T-cell response through reduced antigen presentation.(10) LAG-3 is also 

expressed on plasmacytoid dendritic cells and those served as a major source for sLAG-3 

in vivo.(11) In patients with hepatocellular carcinoma sLAG-3 was significantly elevated 

in comparison to healthy controls. Elevated sLAG-3 is associated with poor prognosis in 

patients with HNSCC though in patients with gastric cancer it has been associated with 

better outcomes.

The emerging data surrounding LAG-3 in activation of antigen presentation and subsequent 

clinical development of sLAG-3 protein analysis is promising yet many questions remain 

outstanding. Particularly, the exact sources of sLAG3 as well as LAG3 expression on 

dendritic cells, and antitumor immune responses when combined with other immune-

checkpoint blockade approaches awaits clarification.(12) Although treatment with FS118 

resulted in sustained elevation of sLAG3, this study does not report correlations between 

response to therapy and levels of sLAG3. Mention is made that sLAG3 levels did not vary at 

baseline between PD1 primary- and acquired-resistant patients, emphasizing an unmet need 

to better understand sLAG-3 as a biomarker of treatment response.

After approximately a decade of development, LAG-3 immunotherapy has become the 

third clinically validated checkpoint molecule and the field is expanding quickly with 

new agents and novel approaches to leverage the pathway. For FS118, a clinical trial of 

FS118 combined with chemotherapy is on-going in patients with HNSCC with acquired 

resistance to anti-PD1 therapy. This study is notably attempting to enrich for LAG-3 positive 

tumors. Another area of potential development for LAG-3 therapies is in lymphoma where 

there is demonstrated expression on malignant B cells and treatment response before and 

after chimeric antigen receptor T cell therapy has been observed.(13,14) The regulatory 

role of LAG-3 cleavage on inhibitory functioning of this pathway makes sLAG-3 an 

interesting biomarker to study as a correlate for drug activity. More broadly however the 

immunologic association of LAG-3 with IFN-γ responses, T cell dysfunction and the T 

cell-inflamed tumor microenvironment remain the primary biology guiding further clinical 

and translational development surrounding this pathway.
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Figure 1. 
Lymphocyte activation gene-3 is expressed on stimulated T cells. ADAM10/17 

metalloproteinases cleave LAG-3 from cell surface and result in increase in soluble LAG-3. 

Bispecific antibody FS118 targets LAG-3 and programmed death ligand 1 (PD-L1) in the T 

cell inflamed tumor microenvironment. The treatment results in increase in soluble LAG3, T 

cell activation and cancer cell death. Created with BioRender.com.
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