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WA48:  Ibrutinib  decreases the apoptotic threshold of Waldenstrom
macroglobulinemia (WM) cells rendering them vulnerable to venetoclax.
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Background: We and others have previously shown that Waldenstrom macroglobulinemia
(WM) cells are unable to trigger and effectuate apoptosis due to an imbalance in pro vs. anti-
apoptotic Bcl-2 family proteins. Approaches to disrupt Bcl-2 have evolved from anti-sense-
based therapy (Oblimersen sodium; Advani, Paulus et al Expert Opin Drug Metab Toxicol.
2011) towards highly specific small molecule inhibitors of Bcl-2 such as venetoclax (Fig.1A).
Indeed, venetoclax induces apoptosis in WM cells and early stage clinical results suggest its
potential as an effective treatment for WM patients. In parallel to this, it is well established that
WM cells preferentially utilize BCR signaling and this has been clinically exploited with ibrutinib.
Mechanistically, the anti-tumor activity of ibrutinib is multifaceted and recently it has been shown
to increase pro-apoptotic Bcl-2 protein expression. Thus, we surmised that exposing WM cells
to ibrutinib would result in enhanced susceptibility to venetoclax and increased lethality, in vitro

and in vivo.

Methods: WM cell lines (BCWM.1, MWCL-1 RPCI-WM1) and isogenic ibrutinib resistant
subclones as well as primary tumor cells from an in vivo ibrutinib-relapsed WM patient were
used. Cell viability and drug 1Cs, was measured using CellTiter Glo 2.0. Mode of cell death was
measured by Annexin V/PI dual staining and mitochondrial transmembrane potential (A¥m) by
DilC(1)s; data were analyzed on a flow-cytometer. In vitro drug synergy analysis was carried out
using the Chou-Talalay method. The combination of venetoclax and ibrutinib was investigated in
vivo in NSG mice xenografted with Luc-RPCI-WM1 (2x10° cells/mice. After establishment of
tumor (day 10), treatment was initiated and terminated by day 34. Tumor burden was assessed
by bioluminescent imaging and caliper measurements. Statistical analysis was performed with

the nonparametric Mann-Whitney test or nonparametric Kruskal-Wallis multiple comparison test.
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Results: Venetoclax was first tested in vitro; with ICsg ranging from 3.5 to 5.3uM in wildtype and
ibrutinib-resistant WM cells alike. Increased caspase 3/9 and PARP-1 cleavage was noted in all
WM cells treated with venetoclax. In ibrutinib-resistant WM patient cells, venetoclax 1Cs, was
8.39uM and ibrutinib ICso was ~38uM. Next, we tested various concentrations of each drug in
combination with each other in checkerboard fashion and found several
concentration/combinations to be synergistic (Cl<1) in wildtype and ibrutinib-resistant WM cells,
respectively (Fig.1B, C). Ibrutinib + venetoclax combination treatment of WM cells induced
robust apoptosis (68%, p<0.001), with a significant decrease in AWYm (72%, p<0.001), relative to
untreated cells. Next, we tested combination the in vivo anti-WM activity of ibrutinib +
venetoclax. In control mice, tumors reached an average of 769mm? by Day 34, whereas tumor
volume in ibrutinib and venetoclax-treated mice reached ~ 498mm? and 391mm?, respectively.
In mice treated with combination therapy, mean tumor volume was ~289.4 mm?® (p<0.01)

(Fig.1D). No significant decrease in weight or other unforeseen toxicities were noted.

Summary: Our pre-clinical data provide substantial evidence for targeting Bcl-2 and BCR
signaling concurrently. Indeed, this combination shows significant anti-tumor activity and may be
effective in patients who become ibrutinib-resistant or hit a response plateau on BTK inhibitor
therapy.

Fig.1. In vitro and in vivo anti-WM efficacy of venetoclax combined with ibrutinib.
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