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Mechanisms of ibrutinib resistance in Waldenstrom macroglobulinemia

Lian Xu, Dana Farber Cancer Institute, USA

Despite high efficacy of ibrutinib in patients with Waldenstrom macroglobulinemia (WM),
disease progression can occur on active treatment. The progressing patients may respond
poorly to subsequent therapies and tend to have poor outcomes. Therefore, it is important to
understand mechanisms of ibrutinib resistance. We hypothesized that ibrutinib-resistance in
WM was caused by acquired mutations. DNA from CD19" selected lymphoplasmacytic cells
from 6 WM patients who progressed after achieving major responses on ibrutinib was analyzed
by Sanger sequencing and allele-specific polymerase chain reaction (AS-PCR) for
BTK®**¥! mutations, and targeted deep sequencing for the genes involved in B-cell receptor
(BCR) and MYDS88 signaling. Of the 6 progressing patients, 3 (50%) had BTK®¥***! mutations
including BTK®**®15¢" and BTK®Y***'49, Two of these patients had multiple BTK mutations. AS-
PCR screening of 38 additional patients on ibrutinib without clinical progression identified small
clones with BTK®**! mutations in 2 (5.3%) individuals, both of whom subsequently
progressed. BTK®***! mutations were not detected in the baseline samples or the 100 ibrutinib-
naive WM patients. Using mutated MYD88 as a tumor marker, BTK®***! mutations were
subclonal, with a highly variable clonal distribution. Targeted deep sequencing identified an
additional BTK®***'™" mutation in the 2 patients with other BTK®**! mutations, as well
as CARD11""878P"¢ and PLCy2™%Hs mutations.

Of the 3 patients who progressed on ibrutinib and had BTK®***! mutations, 2 had peripheral
blood (PB) collection paired with bone marrow (BM) specimen. DNA from CD19" selected PB
was analyzed by Sanger sequencing and AS-PCR for BTK®**! mutations. Paired samples
were analyzed on same plate. Interestingly, the same BTK®**®! mutations detected in BM DNA
were detected in PB DNA, and the BTK®***!mutation levels were similar between the paired
samples at the time of disease progression. Moreover, MYD88 L265P mutation levels were also
similar between BM and PB. The results suggest that there were significant amount of
circulating tumor cells at the time of disease progression. Monitoring BTK®**'mutation in PB
during ibrutinib therapy can identify patients who are at early phase of relapse and improve

treatment strategy.
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To better understand mechanisms of ibrutinib-resistance in WM, we further evaluated the
impact of circulating tumor cells on the treatment response. It is well known that ibrutinib may
not directly eliminate tumor cells but rather cause mobilization of tumor cells from the protective
niches in the lymphoid organs into the circulation, resulting in meaningful regression of the
disease. Lymphocytosis is common in response to ibrutinib treatment in WM and CLL. Paired
samples from BM and PB were collected from 52 ibrutinib treated and 199 untreated WM
patients. DNA was extracted from CD19-selected cells. MYD88, CXCR4, and BTK genotypes
were determined by AS-PCR and Sanger sequencing. MYD88 L265P was used as a biomarker
for WM cells. Of the 52 patients treated with ibrutinib, 15 showed disease progression on
ibrutinib treatment up to 45.1 months. interestingly, 14/15 (93.3%) of the progressing patients
had significant amount of circulating WM cells at baseline or during ibrutinib treatment if no
baseline sample was collected. In contrast, 27/199 (13.6%) of untreated patients had significant
amount of circulating WM cells. 10/15 (66.7%) of the progressing patients were positive for
CXCR4"“"™ mutations. Most of the CXCR4""™ mutations was CXCR4%%®* (90.9%). Of the 15
progressing patients, 11 had DNA collection at or near the time-point of progression. 5/11
(45.5%) were positive for the BTK C481 mutations. The results suggest that presence of
significant amount of circulating WM cells is associated with high risk of developing ibrutinib
resistance or relapse. Hence, circulating WM cells and acquired mutations can serve as

biomarkers to improve the strategy of ibrutinib therapy.
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