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Background

Materials and Methods

IRAK4, a serine/threonine kinase, was identified as a
therapeutic target in hematological malignancies (1). CA-
4948, a first-in-class small molecule inhibitor of IRAK4, has
been tested in Phase 1 clinical trial with evidence of clinical
activity in Non-Hodgkin’s lymphoma (NHL) and acute
myelogenous leukemia (AML) patients. To support the
development of a predictive biomarker assay for CA-4948,
we developed an immunohistochemical (IHC) assay and
explored expression of potential biomarkers of response to
CA-4948 in tumor biopsy samples obtained from NHL
patients. IRAK4-mediated activation of NF-κB could play
an important role in NF-κB-regulated survival and
chemoresistance of cancer cells (1). It has been shown
that phosphorylation of NF-κB p50 at Serine 337 is critical
for DNA binding and transcriptional activity of NF-κB (2).
Our results demonstrate that expression of NF-κB p-p50
S337 in cancer cells could be a potential predictive and
pharmacodynamic marker for CA-4948 in human NHL.
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Immunohistochemical assay has been developed and
used for analysis of NF-κB phospho-p50 S337 expression
in tumor biopsy samples obtained from 14 patients with
NHL before CA-4948 treatment. Patients were defined
according to their clinical response to CA-4948 treatment:
stable disease (SD), 7 cases and progressive disease
(PD), 7 cases. Positive staining was defined as nuclear
and/or cytoplasmic expression of NF-κB p-p50 S337 in
more than 50% of cancer cells throughout the tumor
specimen.

Although the cohort size is small, our findings suggest that expression of
NF-κB p-p50 could serve as a potential biomarker to predict SD in
response to the treatment with IRAK4 inhibitor CA-4948 in NHL patients
whereas negative staining could be an exclusion marker for CA-4948
therapy. NF-κB p-p50 selection strategy might be used in future clinical
trials to identify NHL patients which are most likely to respond to CA-4948
in combination with chemotherapy or targeted therapeutics.

We found nuclear and/or cytoplasmic expression of NF-κB p-p50 in 6 of 7 SD cases (Fig.1, 2) treated with 50
mg QD (3 cases, 2 cases of tumor regression), 50 mg BID (1 case), 200 mg BID (1 case, tumor regression) and
400 mg BID (2 cases). Expression of NF-κB p-p50 was not detected in 6 of 7 cases with PD (Fig. 1, 2) including
patients treated with 50 mg QD (1 case), 100 mg QD (1 case), 100 mg BID (3 cases), 200 mg BID (1 case) and
400 mg BID (1 case). We found statistically significant correlation between expression of NF-κB p-p50 in tumor
biopsy and SD in NHL patients treated with CA-4948 (p<0.05). Analysis of NF-κB p-p50 expression in paired
tumor biopsy samples (3 cases) collected before and after the treatment with CA-4948 revealed a significant
downregulation of NF-κB p-p50 expression in tumors obtained from CA-4948-treated NHL patients (Fig. 3). In
support of our in vivo findings, our in vitro experiments demonstrated that expression of NF-κB p-p50 was
depleted in 3D lymphoma organoids treated with a clinically relevant concentration of CA-4948 (Fig. 4). Our
results support further development of NF-κB p-p50 as a potential predictive and pharmacodynamic biomarker
of IRAK4 inhibitor CA-4948.
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Figure 4. CA-4948 downregulates expression of NF-κB p-p50 in OCl-
LY19 NHL cell line. OCl-LY19 lymphoma cells were grown in Matrigel as
3D tumor organoids and treated with clinically relevant concentration of
CA-4948 (10 µM) for 48 hours. Tumor organoids were fixed in 10%
formalin at the end of the treatment and processed to FFPE sections.
Expression of NF-κB p-p50 S337 was analyzed by IHC staining.

Patient Best Response

12-1002 +86% PD
18-2004 +156% PD
02-4004 +75% PD
12-4004 +125% PD
12-5006 +190% PD
13-6001 +98% PD
01-4002 +7% SD

Patient Best Response

19-1001 -35% SD
02-1001 -24% SD
02-3003 +22% SD
12-5007 -35% SD
02-6007 +25% SD
02-6008 +16% SD
15-1001 +65% PD

Figure 1. Representative 
pictures of NF-κB p-p50 
S337 expression in NHL 
biopsy samples. A, 
negative staining. B and 
C, positive staining, 
nuclear/cytoplasmic 
staining of more than 50% 
of cancer cells.
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Figure 3. Expression of NF-κB p-p50 is
downregulated in tumor sample obtained from
CA-4948-treated NHL patient. Representative
pictures of NF-κB p-p50 S337 expression in
lymphoma sample obtained from NHL patient (case
02-6007, stable disease) before (A) and after (B) the
treatment with CA-4948.

Figure 2. Positive staining of NF-κB p-p50 is
correlated with stable disease in NHL patients
treated with CA-4948. Response is shown as a
percentage of tumor growth or regression. PD,
progressive disease, SD, stable disease.
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