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The intracellular serine/threonine interleukin 1 receptor-associated kinase 4 (IRAK4) is necessary for most signaling by activated Toll-like receptors (TLRs). Activation of IRAK4 drives activation of nuclear factor kappa B (NF-κB) and so promotes cell survival, inflammation, and other aspects of the adaptive immune response. However, the IRAK4 pathway can be coopted by cancers and lead to the survival and proliferation of malignant cells. Inappropriate IRAK4 activity has been linked with the progression of myelodysplastic syndrome (MDS), other hematologic malignancies, and some solid tumors, and preclinical cancer models indicate that IRAK4 inhibition has anti-tumor effects. As such, inhibition of IRAK4 is an emerging and attractive target for tumor suppression. The growing interest in IRAK4 motivated the 1st Symposium on IRAK4 in Cancer held in October 2022 to bring together IRAK4 researchers and clinicians to discuss new insights into the biology of IRAK4 and development of IRAK4 inhibitors. Presentations and discussions at the meeting provided updates on the biology of IRAK4 and its links with mutations in the spliceosome, new outcomes from preclinical models that indicate synergy between inhibitors of IRAK4 and FLT3 and BTK inhibitors, and an update on the clinical development of the investigational IRAK4 inhibitor emavusertib, currently being assessed in ongoing phase 1/2 clinical studies in hematologic cancers and several solid tumors.
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Introduction

Innate immune responses mediated through toll-like receptors (TLRs) or interleukin-1 receptors (IL-1R) on sentinel cells such as macrophages and dendritic cells are an important first-line defense against pathogens (1–3). After recognizing generic molecular patterns on these pathogens, TLR/IL-1R activation triggers intracellular inflammatory signaling cascades promoting cell survival, cytokine production, inflammation, and priming of adaptive immune responses (1, 4).

Most innate immune responses downstream of activated TLRs, including response to lipopolysaccharide, require the intracellular serine/threonine interleukin 1 receptor-associated kinase 4 (IRAK4), which signals to the nuclear factor kappa B (NF-κB) and mitogen-activated protein kinase (MAPK) pathways (1, 5, 6). Cooption of the IRAK4 pathway plays a central role in the pathogenesis of specific hematologic malignancies and may also be implicated in certain solid tumors (1, 5, 7). As such, IRAK4 is considered an attractive therapeutic target for multiple cancers.

Recognizing the growing interest in this area of research, the 1st Symposium on IRAK4 in Cancer held virtually on 7 October 2022 brought together IRAK4 researchers and clinicians to discuss new insights into the biology of IRAK4 and development of anti-cancer agents focused on this target. The meeting was co-chaired by Drs Amit Verma (Montefiore Albert Einstein College of Medicine) and Guillermo Garcia-Manero and Hagop Kantarjian (MD Anderson Cancer Center). This article summarizes the topics that were discussed. Key meeting themes were the connections between IRAK4 and multiple processes important in immunity and cancer biology, including dysregulation of inflammation signaling as a key mechanism activating IRAK4 and driving proliferation in MDS and acute myeloid leukemia (AML); the links between spliceosome mutations, dysregulated ribonucleic acid (RNA) splicing, and IRAK4 activity; the clinical potential of IRAK4 inhibition in multiple cancers and its synergy with established treatments such as chemotherapy and targeted inhibitors of Bruton’s tyrosine kinase (BTK) and FMS-like tyrosine kinase 3 (FLT3); and early clinical trial results for the IRAK4 inhibitor emavusertib (CA-4948; Curis, Inc) in patients with AML, high-risk MDS, or non-Hodgkin lymphoma.





IRAK4 biology

Dr Daniel Starczynowski (Cincinnati Children’s Hospital) opened the meeting with a review of IRAK4 biology. Figure 1 illustrates current understanding of the IRAK4 pathway, although much remains to be learned about the specific roles and functions of IRAK4 in different tissues and physiological contexts. TLRs on hematopoietic cells such as macrophages, lymphocytes, and dendritic cells recognize generic molecular patterns on bacteria, fungi, viruses, and cellular debris (1, 7). Activation of TLR or IL-1R cell surface receptors leads to assembly of the myddosome, a large multimeric signaling complex composed of IRAK4, IRAK1/IRAK2, and the cytoplasmic adaptor myeloid differentiation primary response (MyD88) (2, 15, 16). IRAK4 is a core component of the myddosome and associates with MyD88 and IRAK1/2 in a stoichiometric manner to form a helical macromolecular complex (2, 16). Once activated in the context of the myddosome, IRAK1 disassociates and activates E3 ligase tumor necrosis factor receptor-associated factor-6 (TRAF6) (2). This induces downstream NF-κB and MAPK pathways leading to expression of various pro-inflammatory genes, including those encoding cytokines and chemokines, to mediate an inflammatory response (2, 5, 17). IRAK1 activated within the myddosome also leads to rapid activation of the nucleotide binding and oligomerization leucine-rich repeat pyrin domain-containing 3 (NLRP3) inflammasome (18, 19).




Figure 1 | The IRAK4 pathway. Upstream signals from transmembrane receptors such as TLRs drive formation of the myddosome, activation of IRAK4, and activation of downstream intracellular pathways that result in activation of NF-κB and MAPK. Hypermorphic MYD88L265P is associated with BTK activation (8). Mutations in the spliceosome components U2AF1 or SF3B1 drive expression of the hypermorphic IRAK4-L isoform (9, 10). Small molecule inhibitors are shown in red. Multiple BTK and FLT3 inhibitors are approved for the treatment of hematological malignancies (11, 12). The investigational small molecule emavusertib inhibits CLK kinases in vitro and has shown inhibition of TLR/IRAK4 and FLT3 activity in preclinical leukemia models (9, 13, 14). Abbreviations: BCR, B-cell receptor; BTK, Bruton’s tyrosine kinase; CLK, CDC-like kinase; FLT3, FMS-like tyrosine kinase 3; i, inhibitor; IRAK1, interleukin 1 receptor-associated kinase 1; IRAK4, interleukin 1 receptor-associated kinase 4; MAPK, mitogen-activated protein kinase; MyD88, myeloid differentiation primary response; NF-κB, nuclear factor kappa B; TLR, toll-like receptor.






IRAK4 and the dysregulation of innate immune signaling

Dr Starczynowski explained further that in many hematologic and solid malignancies, innate immune signaling becomes dysregulated due to mutation and development of an aberrant inflammatory environment (1, 20). For example, MDS is characterized by defects in hematopoiesis and myelodysplasia due to the dominance of aberrant hematopoietic stem cell clones (1, 20, 21). The pathogenesis of MDS is often driven by a combination of genetic mutations and associated hyperactivation of innate immune signaling pathways (7, 20, 21). Cases of AML that develop from MDS generally maintain similar signaling dependencies to MDS itself (1).

The frequent and aberrant activation of the IRAK4 pathway seen in MDS and various leukemias is likely a function of its position linking signaling from most TLRs to activation of NF-κB and subsequent pro-survival and pro-proliferation consequences (1). MDS cells show increased expression of TLR and signaling of downstream components, especially in lower-risk disease (LR-MDS) (7, 20). In addition, deletion of chromosomal segment 5q (del5q), common in MDS, results in activation of TRAF6 and IRAK1 due to loss of negative regulation through multiple mechanisms (22, 23).

Other leukemias and lymphomas are driven by mutations or perturbations upstream of IRAK4, such as in TLR and MyD88, and these will also mediate their effects through IRAK4 (1, 24). L265P is a common hypermorphic driver mutation in MyD88 that is often found in Waldenström’s macroglobulinemia (WM), activated B-cell-like diffuse large B cell lymphoma (ABC-DLBCL), splenic marginal zone lymphoma, and central nervous system (CNS)/testicular-DLBCL (8, 25–32). L265P drives both activation of IRAK4 and BTK (8, 24).





Key research into aberrant activation of the TLR/IRAK4 pathway in MDS and AML

Dr Garcia-Manero then summarized key findings regarding aberrant activation of the TLR/IRAK4 pathway in MDS and AML. He described how TLRs 1, 2, and 6 are upregulated in CD34+ cells from the bone marrow of patients with MDS, and some patients have an activating TLR2 mutation (33). TLR2 expression levels on CD34+ cells correlate with MDS risk status (33). TLR2 signaling through the IRAK4 pathway induces the histone demethylase JMJD3 that in turn epigenetically regulates expression of genes and cytokines involved in innate immunity (33, 34). Such TLR2 signaling may therefore comprise a positive feedback loop. Additionally, chronic TLR pathway activation impairs normal stem cell repopulation (7).

Dr Ulrich Steidl (Montefiore Einstein Cancer Center) described research exploring the functional role of IL-1 receptor accessory protein (IL1RAP) in MDS and AML. IL1RAP is a component of the IL-1 receptor complex directly upstream of IRAK4, and is frequently upregulated on (pre)leukemic stem cells from patients with MDS and AML (35–41). Preclinical models indicate that upregulation of IL1RAP plays multiple functionally important roles in AML cells (40, 42). Firstly, targeting IL1RAP inhibits the clonogenic capacity of leukemic stem cells and reduces tumor burden but does not impact healthy hematopoietic processes or viability; secondly, upregulation of IL1RAP and subsequent activation of downstream signaling is a cell-intrinsic process in MDS and AML leukemic stem cells; and thirdly, IL1RAP is often upregulated during disease progression (40, 42).

Dr Alan List (Precision BioSciences, Inc) outlined the multiple connections between three key multimeric protein complexes known as signalosomes or supramolecular organizing centers (SMOCs) that assemble within the cell cytoplasm in MDS (43). These comprise the myddosome, NLRP3 inflammasome, and the cyclic guanosine monophosphate-adenosine monophosphate synthase (cGAS)/stimulator of interferon genes (STING) cytosolic deoxyribonucleic acid (DNA) sensor complex (43). These complexes are involved in signaling in the innate immune response and induce inflammatory and lytic cell death responses (43). Assembly of each of these SMOCs is induced by specific stimuli. Formation of the myddosome is induced by the binding of TLRs to their cognate ligands. In LR-MDS, the key ligands are the inflammatory proteins S100A8 and S100A9, which are produced by cells of the myeloid lineage and are abundant in the inflammatory milieu and activate TLR4 (5, 7, 44).

The NLRP3 inflammasome is formed in response to danger signals (45), drives production of IL-1β and IL-18, and promotes caspase activation and a specific form of programmed cell death termed pyroptosis (5, 17, 43, 46). Activation of the inflammasome leads to assembly of apoptosis-associated speck-like protein containing a CARD (ASC) into a large protein complex known as a speck. Assembly of these potentially damaging ASC specks is driven by and serves as a marker of pyroptosis. Formation of and signaling by the NLRP3 inflammasome is induced by two signals: an initial priming signal that can be provided by activated TLR signaling and the myddosome, and a second activation signal that can be provided by cGAS/STING (5, 17, 43).

The third SMOC, cGAS/STING, forms in response to autologous cytosolic DNA. This complex drives production of type I interferon, and serves as an NLRP3 inflammasome activation signal (43). In vitro, inhibition of cGAS suppresses pyroptosis and induces terminal differentiation in primary MDS samples (43).

Dr List described the mechanism by which activation of the myddosome, NLRP3 inflammasome, and cGAS/STING creates an interdependent feed-forward cycle that underlies ineffective hematopoiesis and continued inflammation in LR-MDS. The inflammatory proteins S100A8 and S100A9 drive activation of TLR4, myddosome formation and activation, and then NLRP3 inflammasome priming and activation, which in turn drives further inflammation and production of cell debris that can further activate the innate immune system (5, 7, 17). Pyroptotic cell lysis driven by inflammasome activation releases ASC specks that are catalytically active and propagate inflammation. Various somatic gene mutations further drive activation of the NLRP3 inflammasome, including by exposing genomic DNA for detection by cGAS/STING (43). Together, this research suggests that that effective treatment of LR-MDS is likely to require concurrent suppression of myddosome and inflammasome signals and dissolution of catalytically active ASC specks.






IRAK4 and splicing dysregulation

Mutations in genes controlling the spliceosome – the machinery that creates mature mRNA molecules – are also common in MDS and AML (47). Spliceosome mutations can alter splicing by including or excluding specific exons from the mRNA leading to the creation of alternative protein isoforms (48). Mutations in the splicing factors U2AF1 (leading to retention of exon 4) and SF3B1 (leading to retention of exon 6) are now known to drive the expression of IRAK4-L, an elongated, hypermorphic isoform of IRAK4 (1, 9, 10, 49). This IRAK4-L isoform mediates maximal activation of the downstream NF-κB pathway, supporting leukemic cell survival, and is associated with clinical aggressiveness and a worse prognosis (Figure 2) (9, 10). More than 50% of AML patients preferentially express the IRAK4-L isoform (10). By contrast, the shorter IRAK4-S isoform is preferentially expressed in healthy hematopoietic tissues (10).




Figure 2 | Mutations in the spliceosome components U2AF1 or SF3B1 drive production of IRAK4-L, a long isoform of IRAK4, and maximal activation of NF-κB. (A) Removal of IRAK4 exon 4 from the pre-mRNA by the spliceosome is predicted to result in use of an alternative translational start site and production of a 336 amino acid IRAK4 termed IRAK4-S that lacks the N-terminal death domain. Inclusion of exon 4 in the pre-mRNA is predicted to result in a 460 amino acid IRAK4 termed IRAK4-L that includes the death domain that mediates interaction with MyD88 (10). (B) A model for IRAK4 isoforms and their impacts (9, 10). The pool of IRAK4 isoforms in normal hematologic cells is skewed towards the IRAK4-S isoform that results in limited downstream activation of NF-κB. In malignant hematologic cells with mutations in the spliceosome components U2AF1 (10) or SF3B1 (9) the pool of IRAK4 isoforms is skewed towards the IRAK4-L isoform that results in maximal downstream activation of NF-κB. Abbreviations: DD, death domain; H, hinge domain; IRAK4, interleukin 1 receptor-associated kinase 4; IL-1R, interleukin 1 receptor; IRAK4-L, IRAK4 long isoform; IRAK4-S, IRAK4 short isoform; MAPK, mitogen-activated protein kinase; MyD88, myeloid differentiation primary response 88; NF-κB, nuclear factor kappa B; TLR, toll-like receptor.






Key research into splicing dysregulation in MDS and AML

Dr Amit Verma then added to this topic by reviewing the latest research into the distinct biology of the hypermorphic and hypomorphic IRAK4 isoforms. In healthy hematopoiesis, the IRAK4-S isoform is ubiquitinated and degraded, limiting the downstream effects of signaling through the IRAK4 pathway (9). However, in MDS and AML with spliceosome mutations such as SF3B1 and U2AF1, the stable larger active IRAK4-L isoform that is produced is able to associate with MyD88 and supports maximal downstream signaling to NF-κB, but also confers sensitivity to IRAK4 inhibitors (9, 10). IRAK4 knockdown in primary samples from a patient with SF3B1-mutated MDS led to an increase in myeloid differentiation (9). Treatment with the IRAK4 inhibitor emavusertib blocked TLR signaling in vitro and increased myeloid differentiation in primary SF3B1-mutated MDS samples. Furthermore, in preclinical patient-derived xenograft (PDX) models, emavusertib treatment decreased leukemic engraftment (9).

Dr Omar Abdel-Wahab (Memorial Sloan Kettering Cancer Center) then introduced a separate line of investigation into splicing dysregulation in AML that may help overcome treatment resistance. Studies have identified certain genes regulating RNA processing and metabolism whose loss confers increased sensitivity to AML-directed treatments including the B cell lymphoma 2 (BCL2) inhibitor venetoclax (50). These genes included RNA splicing factors that are substrates for the CDC-like kinase (CLK) and dual-specificity tyrosine-regulated kinase (DYRK) families (50). Inhibition of CLK/DYRK with the small molecule inhibitor SM09419 alongside venetoclax promoted intron retention and synergized with venetoclax treatment in vitro. The specific mechanism involved inclusion of a poison exon that contains a premature stop codon that impacts the FLT3 gene. SM09419 also overcame venetoclax resistance in AML cells and in preclinical PDX models. Together, these findings support administering CLK/DYRK inhibitors alongside BCL2 inhibitors in AML (50). Interestingly, in addition to its action on IRAK4, emavusertib also binds with high affinity to kinases in the CLK and DYRK families, suggesting additional mechanisms and therapeutic possibilities for emavusertib in AML.






Prospects and clinical strategies for targeting IRAK4

The therapeutic potential of IRAK4 inhibition has led to the development of small molecule IRAK4 inhibitors. Key functional residues linked with IRAK4 kinase activity include the Tyr262 gatekeeper, the catalytic Lys213 residue, and the hinge residue Met265 (13, 51). IRAK4 differs structurally from other serine/threonine kinases (reviewed by Wang Z, et al), including a Schellman loop in the N-terminal extension and a longer loop between helices αD and αE, resulting in an extended ATP-binding pocket (51). However, the current investigational small molecule inhibitors of IRAK4 of which we are aware also inhibit additional targets; for example, in addition to inhibition of IRAK4, emavusertib in vitro also inhibits the activity of FLT3 and CLK-family kinases (9, 13, 14), (Figure 1).

Dr Grzegorz Nowakowski (Mayo Clinic Comprehensive Cancer Center) then discussed the growing interest in IRAK4 inhibition in multiple hematologic cancers (1, 52). Pro-oncogenic NF-κB signaling is driven by the activity of both the TLR/IRAK4 and the B-cell receptor (BCR)/BTK pathways (11, 27, 53). These parallel pathways are primary independent activators of NF-κB, and dysregulation of either pathway can drive excessive B-cell proliferation (Figure 1) (1, 11, 27, 52, 53). Inhibition of the BTK pathway has proven effective, leading to the approval of BTK inhibitors for the treatment of multiple B-cell malignancies (11). Indeed, in preclinical studies, IRAK4 inhibition has been shown to have anti-tumor activity in a variety of myeloid and lymphoid cell types (1, 14). Interestingly, inhibition of both IRAK4 and BTK pathways is synergistic (53, 54).

In cancers where inflammatory signaling is believed to play a role assessing the combinatorial effects of IRAK4 inhibition and additional agents that inhibit inflammatory signaling is an exciting area of future investigation.

Research is assessing whether there is a role for the IRAK4 pathway in driving adaptive resistance to targeted therapies. For example, Dr Starczynowski outlined how adaptive resistance in vitro to a FLT3 inhibitor by AML cells with a FLT3 internal tandem duplication (ITD) mutation demonstrates an evolution towards reduced sensitivity without FLT3 or NRAS mutations (55). This adaptive resistance to the FLT3 inhibitor is due to activation of the TLR/IRAK4 pathway and specifically TLR9 activation (55), suggesting that extracellular DNA is driving TLR9 and IRAK4 pathway activation. Subsequent knockdown or inhibition of IRAK4 restored sensitivity to FLT3 inhibitors (55). In addition to inhibiting IRAK4, emavusertib also binds with high affinity to FLT3-ITD proteins (56), suggesting that emavusertib may interact with both a common oncogenic driver and an important potential mechanism of adaptive resistance to FLT3 treatment.

To date, our understanding of the functions of IRAK4 in cancer has largely come from research into hematological malignancies. However, as Dr Kian-Huat Lim (Washington University School of Medicine in St. Louis) explained, more is being learned about the roles of IRAK4 in solid tumors. In particular, research is revealing links between IRAK4 and chemoresistance and poorer outcomes in pancreatic ductal adenocarcinoma (PDAC) and colorectal cancer (1, 3, 57). PDAC is treated primarily with chemotherapy, and immunotherapy has proved largely ineffective (58). Activation of NF-κB driven by KRAS mutations is a common feature in PDAC and is associated with poor prognosis and treatment resistance (58). IRAK4 is constitutively activated in at least two-thirds of PDAC cases, and this has been positively correlated with activation of NF-κB (57) and inversely correlated with CD8+ T-cell abundance (59). Preclinical studies have shown that IRAK4 inhibition reduces NF-κB activation (57). Notably, Dr. Lim and colleagues created the first conditional IRAK knockout PDAC mouse model and showed that loss of tumor-intrinsic IRAK4 leads to adenocarcinomas that are more inflamed and infiltrated with activated CD4 and CD8 T cells, and are sensitive to checkpoint immunotherapy (59). Similarly, emavusertib treatment has been shown to synergize with chemotherapy and immunotherapy (59). These results led to a clinical trial that will be conducted through the NCI Experimental Therapeutics Clinical Trials Network mechanism combining standard chemotherapy and emavusertib for PDAC patients who have progressed through first line chemotherapy (Table 1). Similarly, in colorectal cancer, activation of IRAK4 and thereby NF-κB indicates poor prognosis (3). Chemotherapy further enhances TLR9 expression and subsequent IRAK4 and NF-κB activation (3). In preclinical models, IRAK4 inhibition potentiated the effects of chemotherapy in this setting as well (3) and these outcomes establish the rationale for a future clinical trial combining emavusertib with chemotherapy. Additional preclinical studies are currently underway to better understand the mechanisms of TLR and BCR signaling in cancers and the potential of IRAK4 inhibition with emavusertib.


Table 1 | Key ongoing clinical trials of emavusertib.







Emerging clinical profile of emavusertib

Dr Robert Martell (Curis, Inc) concluded the meeting by summarizing early findings from two key ongoing phase 1/2 clinical studies assessing emavusertib in hematologic cancers involving activation of the IRAK4 pathways (Table 1). These studies are exploring both monotherapy and combination regimens, given the preclinical evidence showing synergy between emavusertib or IRAK4 inhibition and treatments targeting FLT3 (55) and BTK (54, 60).

Early results from these studies are promising. In the dose-escalation portion of the phase 1/2a TakeAim Lymphoma trial evaluating the safety, efficacy, and recommended phase 2 dose of emavusertib in patients with relapsed or refractory non-Hodgkin lymphomas (NCT03328078), emavusertib monotherapy decreased tumor burden across several non-Hodgkin lymphoma subtypes, especially at higher doses (61). Anti-tumor responses were seen in both BTK inhibitor-naïve and -experienced patients. Of note, a heavily pretreated patient with WM showed a clear dose-dependent decrease in M protein levels in response to treatment with emavusertib (61). As of an October 12, 2023, data-cutoff, five of 16 evaluable, heavily pretreated patients showed a complete response (CR, 31%) (62). Three of five evaluable patients (60%) with primary CNS lymphoma (PCNSL), an area of high unmet need, achieved a CR. Accordingly, the ongoing phase 2a portion of the TakeAim Lymphoma trial is evaluating the safety and efficacy of emavusertib in combination with ibrutinib in patients with PCNSL.

There are also early signs of efficacy for single-agent emavusertib in AML and high-risk MDS (HR-MDS) in the ongoing phase 1/2a TakeAim Leukemia trial assessing the safety, efficacy, and recommended phase 2 dose of emavusertib (NCT04278768) (56, 61, 63). During the meeting, Dr. Garcia-Manero presented data from the TakeAim Leukemia trial, which includes patients with AML harboring FLT3 mutations and patients with AML or MDS with spliceosome mutations. In a more recent data cutoff of October 12, 2022, 71 patients with a median of 2 prior lines of therapy had been treated with emavusertib monotherapy. Of the 7 evaluable patients with AML with FLT3 mutations who received emavusertib, 2 achieved a CR (29%), 1 was in morphologic-free leukemia state, and 1 with gilteritinib-refractory disease achieved near-normalization of blast count and complete loss of detectable FLT3 clones. Evaluable patients with AML with a spliceosome mutation (n=9) receiving emavusertib achieved a CR/hematological CR rate of 22%. Finally, evaluable patients with MDS with a spliceosome mutation (n=11) achieved an objective response rate of 45%, with all responses achieving a marrow CR (63). Anti-tumor activity was also observed in patients without specific targeted mutations (56, 63).

At the time of the symposium, 49 patients with AML or MDS had been treated with emavusertib monotherapy and no dose-limiting myelosuppression had been reported, supporting its suitability to combine with other treatments such as chemotherapy (56). The pharmacokinetic profile of emavusertib supports twice-daily dosing and high target suppression at clinically relevant exposures (14, 61). Investigation of the safety and tolerability, pharmacokinetics, and change in measurable residual disease (MRD) status of emavusertib as an add-on therapy with existing first-line azacitidine and venetoclax therapy in patients with AML who achieved CR or CRh with MRD positivity is currently underway in a phase 1b open label study (EU CT Number 2023-505828-58-00).

Emavusertib treatment has also shown efficacy in combination with ibrutinib, including in patients with B-cell malignancies previously exposed to BTK inhibitors (60). Objective responses have been recorded, and preliminary efficacy data suggest that combination treatment with emavusertib may overcome ibrutinib resistance (60).

Further ongoing clinical trials are evaluating treatment outcomes with emavusertib in other therapeutic areas. Ongoing phase 1 clinical trials led by Dr Lim are also exploring the synergistic potential of emavusertib in gastric and esophageal cancer (NCT05187182). Furthermore, the ongoing phase 2 LUCAS trial (NCT05178342) is assessing the impacts of emavusertib treatment on anemia in patients with very low, low, and intermediate risk MDS. A phase 1/2 trial is evaluating the use of emavusertib plus pembrolizumab following stereotactic radiosurgery in patients with melanoma brain metastases (NCT05669352) (Table 1).





Summary

The 1st Symposium on IRAK4 in Cancer provided valuable insights into the biology and therapeutic potential of IRAK4 inhibition in cancers. IRAK4 is a key kinase necessary for intracellular signaling from most TLRs, and the TLR-IRAK4 pathway culminates in activation of NF-κB. Within an innate immune response, this activation is advantageous as it promotes cell survival, cytokine production, inflammation, and priming of adaptive immune responses. But in cancers that coopt the IRAK4 immune signaling pathway, dysregulation of inflammatory signaling leads to survival and proliferation of malignant cells.

IRAK4 activity has been implicated in the progression of multiple cancer types, including both hematologic malignancies and solid tumors. Advances are being made in our understanding of the role of IRAK4 signaling within these cancers and the potential applications of IRAK4 inhibitors. For example, recent research has discovered that U2AF1 and SF3B1 spliceosome mutations induce the expression of therapeutically targetable, hypermorphic IRAK4-L and provide a genetic link to the activation of chronic innate immune signaling in AML.

Preclinical studies have shown IRAK4 inhibition to have anti-cancer effects, synergize with several current treatments including FLT3 inhibitors and BTK inhibitors, overcome adaptive treatment resistance, and potentially unleash anti-tumor T-cell immunity. The IRAK4 inhibitor emavusertib has shown promise in multiple preclinical cancer models with several tumor responses reported in ongoing phase 1/2 clinical trials, as monotherapy and in combination with ibrutinib. Ongoing research and clinical trials into IRAK4 signaling will help further elucidate its role and consequences in cancer and define the opportunities for therapeutic IRAK4 inhibition.
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