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Melanoma brain metastases (MBM) remain the primary driver for melanoma associated mortality and 
morbidity. It is estimated that 40-60% of patients with metastatic melanoma will develop MBM during the 
course of their disease [1]. With treatment, local control of MBM is obtained in many patients but even 
with combination immunotherapy and stereotactic radiosurgery (SRS), 50% of patients will experience 
an intracranial relapse within the first year of their disease [2]. Novel strategies are desperately needed 
for this patient population. An ideal therapeutic would work in concert with current therapy, have strong 
blood brain barrier penetration, and have the potential to work in both BRAF mutated and BRAF wildtype 
patients. Our group has identified IRAK-4 as a novel target in MBM and proposes the oral IRAK-4 
inhibitor CA-4948 as potential treatment in MBM in combination with aPD1 therapy.

Melanoma represents an inflamed and immunologically active tumor with upregulation of multiple 
mechanisms for growth, proliferation, angiogenesis, metastatic seeding, and resistance to therapy [3]. 
One of these mechanisms that utilizes inflammatory signaling to promote progression is the Toll-like 
receptor (TLR) signaling cascade. TLRs are an aspect of the innate immune system designed to 
recognize microorganisms and signals released from dying cells [4]. This innate activation triggers 
downstream adapter proteins like myeloid differentiation primary response protein 88 (MyD88) and 
interleukin (IL)-1 receptor-associated kinase (IRAK-1 and -4) which activates transcription of multiple 
cellular kinases and transcription factors (JNK, AP-1, MAPK, and NF-κB) upregulating production of 
inflammatory chemokines and cytokines like TNF-α, IL-1, IL-6, and IL-8 [4, 5]. IRAK-4 also upregulates 
expression of proteins involved in cell survival and division [4]. These signals work to recruit adaptive 
immune cells to the environment and promotes sterile inflammation [5]. While this is initially a positive 
feature leading to pathogen clearance, unchecked and rampant upregulation of this inflammatory 
cascade leads to tumor growth and proliferation and reflexive suppression of the immune system. 
Studies in melanoma have shown IRAK-4 is upregulated and activated in most cutaneous melanoma 
samples [6, 7]. IRAK-4 is also capable of promoting carcinogenesis regardless of mutation status [8]. In 
previous studies, inhibition of IRAK-4 directly inhibited growth of melanoma in a xenograft mouse model 
of melanoma, and worked synergistically with cytotoxic chemotherapy [4]. Increased expression of 
IRAK-4 in melanoma has also been shown to contribute to increased numbers of phenotypically 
exhausted cytotoxic T cells, myeloid derived suppressor cells (MDSCs), and T regulatory cells [6]. 
MyD88/IRAK-4 has also been implicated in upregulation of PD-1 expression on tumor associated 
macrophages (TAMs) sustaining their immunosuppressive functioning in melanoma [5]. Further, 
inhibition of MyD88/IRAK-4 promoted an increase in CD8+ T cell recruitment to the tumor site, reduced 
expression of suppressive TAMs and improved the efficacy of aPD1 therapy in a mouse model of 
melanoma [5]. For all of these reasons, we propose targeting IRAK-4 may work in combination with 
aPD1 therapy in MBM patients. 

METHODS
To test this hypothesis we first defined the expression of IRAK-4 and its downstream effect in human MBM. Human MBM 

samples (MM3042, MM3712, and MM3088) were subjected to cryosectioning and advanced immunohistochemistry looking for 
IRAK-4, IRAK-1 (co-chaperone molecule), and NF-KB expression (Figure 1). We additionally counter stained for immune cells 
within the tumor microenvironment (CD45) and astrocytes (GFAP). Next, we examined the protein expression of NF-KB pathway 
proteins in human MBM samples (MM202685, MM228917) and normal brain control using a proteomic profiling assay (R&D 
systems) (Figure 2). We next validated the CNS applicability of an oral IRAK-4 inhibitor, CA-4948 (Emavusertib®, Curis Inc) in 
both naïve and tumor bearing mouse models through advanced mass spectroscopy in collaboration with the UF Mass 
Spectroscopy Core. In these experiments, naïve or tumor bearing BALB/c mice were treated with CA-4948 daily and mice were 
euthanized at pre-planned time points. Mouse serum, brain, and CSF were collected at these time points and analyzed via mass 
spectroscopy (Figure 3). Next, we performed in vivo determination of CA-4948 activity in dual tumor implantation models of 
metastatic melanoma. In these experiments, C57BL6 mice were implanted with both subcutaneous (D-3) and intracranial (D0)  
B16.F10 melanoma cells to establish tumors. Dual implantation models were chosen as previous work has shown that in mouse 
models of MBM, the effect of immune checkpoint inhibition is dependent the presence of both intracranial and extracranial disease 
[9]. Tumors were allowed to grow until D5 then treated with single agent CA-4948 (50mg/kg or 100mg/kg) or excipient control for a 
duration of 14 days. Mice were observed for survival and analyzed using a logrank trend for significance. A pre-planned cohort 
was euthanized at day 7 of treatment and intracranial tumor volumes were compared between excipient and CA-4948 100mg/kg 
treatment arms (Figure 4). Next, using the same treatment paradigm we treated C57BL6 mice with CA-4948 or excipient control 
for 5 days following dual tumor implantation. Mice were euthanized and their brains harvested and subjected to tissue clearing via 
CLARITY method. Advanced immunohistochemistry was then performed on cryosectioned tissue looking for changes in 
expression of NF-KB, pERK, and pP38 (MAPK) (Figure 5). Finally, using the same dual tumor implantation model, C57BL6 mice 
were implanted with B16.F10 cells and subjected to treatment with CA-4948, aPD1, CA-4948 + aPD1, or control (IgG + excipient) 
for two weeks. Subcutaneous flank tumor volumes were then measured in 3 dimensions using electronic calipers and tumor 
volume plotted (Figure 6). 
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• IRAK-4 is highly expressed in human MBM and this expression is also seen in the tumor 
microenvironment and reactive astrocytes

• Upregulated IRAK-4 leads to downstream increases in protein expression of NF-KB, JNK1/2, 
IRAK-1, and reflexive suppression of inflammation through IKBα, IKBε, and SOCS6

• CA-4948 reaches rapid BBB penetrance and maintains therapeutically significant concentration 
in the CNS for up to 8 hrs following single oral dose

• CA-4948 significantly reduces intracranial B16.F10 tumor volume in vivo resulting in significant 
increase in survival compared with control

• CA-4948 treatment reduces the expression of important transcription pathways NF-KB, pERK, 
and pMAPK in vivo

• CA-4948 suppresses subcutaneous melanoma tumor growth and has combinatorial benefit to 
growth suppression with aPD1 therapy in aggressive mouse model of melanoma

• Further study on survival benefit to combination CA-4948 in combination with aPD1 is 
underway and will serve as basis for in human phase I/II clinical trial in development
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