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• Chronic lymphocytic leukemia (CLL) is the most common type of leukemias in adults in western countries with a heterogenous

clinical course. CLL’s diverse prognosis is associated with a distinct genomic, epigenomic and transcriptomic background.

• Patients with adverse disease prognosis can be offered novel targeted therapies. Small molecule drugs, such as the Bruton’s

tyrosine kinase (BTK) inhibitor ibrutinib have revolutionized the therapeutic landscape of CLL among patients with

relapsed/refractory disease (R/R CLL). (Figure 1)

INTRODUCTION

METHODS

• Serial peripheral blood samples from 89 R/R CLL patients

receiving ibrutinib as a single-agent treatment for minimum

12 months were collected from 11 Hungarian

oncohematological centres.

• An average of 5 samples per patients were tested for BTK

p.C481S mutation associated with ibrutinib resistance.

• Genomic DNA was extracted from peripheral mononuclear

cells; leukemic cell purity was assessed by flow cytometry

(CD5/CD19 positivity).

• Fractional abundance (FA) values were corrected for

CD5/CD19 positive CLL cell ratios for each sample.

• FA of the BTK p.C481S variant was quantified using a

highly sensitive QX200 ddPCR system (BioRad

Laboratories, California, USA) with a specifically designed

custom assay. (Figure 2) FA was calculated as follows:

• In the study cohort median follow-up time was 37 months (range: 12-67 months), with patients receiving ibrutinib as a single-

agent treatment for a median of 32 months (range: 12-69 months).

• BTK p.C481S mutation was detected in 42.7% of the cases (38/89) with 78.9% of them (30/38) experiencing relapse/disease

progression during the follow-up period.

• BTK p.C481S mutation was first detected after a median of 36 months (range: 13-65 months) of ibrutinib therapy.

• Emergence of the resistance mutation predated the first signs of clinical progression (RES-BTK time) with a median of 8

months (range: 0-29 months). (Figure 3A)

RESULTS

AIMS

CONCLUSIONS

• We identified BTK p.C481S, a mutation located at the ibrutinib binding site of the BTK protein, in 73.2% of patients with

treatment-resistant CLL as an underlying mechanism for ibrutinib resistance.

• Quantitative assessment of the resistance mutation by digital droplet PCR revealed that ultra-sensitive and time-

resolved screening for this variant allows us the prediction of an impending relapse months before the first clinical signs

of disease progression.

• Screening for the BTK p.C481S mutation in a real-life patient cohort provided evidence for the clinical value of sensitive

monitoring for this variant in CLL as approximately 3/4 of the patients progressing on ibrutinib could be identified with

the analysis of this single mutational hotspot.

• In the remaining cases with no mutations affecting the BTK p.C481 hotspot, more comprehensive mutation screening

approaches are required to unveil the alternative molecular pathways leading to ibrutinib resistance.

Our aim was to develop a sensitive droplet digital PCR (ddPCR) based assay for the detection of the most common BTK

resistance mutation p.C481S. We have also aimed to scrutinize the correlation between disease progression and the

emergence of the mutation with an ultimate goal to assess the real-life clinical value of ultra-sensitive screening for this

alteration during ibrutinib therapy.
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Hungary

Sensitive Screening and Monitoring of BTK C481S Mutations in Chronic

Lymphocytic Leukemia Using Droplet Digital PCR 

PLCG2

Syk
Lyn

BCR

P

P

BTK

PI3K� P

DAG IP3

Proliferation, cell survival 
(NF-kB)

venetoclax
idelalisib

Anti-apoptosis

ibru nib
acalabru nib

• Despite the remarkable response rates, a subset of CLL patients receiving ibrutinib treatment experience disease progression

and develop resistance to ibrutinib therapy. The majority of patients experiencing ibrutinib resistance harbors the BTK p.C481S

resistance mutation at the time of relapse.

• Although longitudinal studies have shed some light on the significance of early detection of this genetic aberration, international

recommendations for the timing and frequency of resistance mutation monitoring have not been established to date.

Figure 1. Constitutive and increased activation of the

BCR pathway in CLL cells results in excessive

proliferation, inhibition of apoptosis and uncontrolled

survival of leukemic cells. New targeted therapies,

such as ibrutinib, efficiently inhibit the function of BTK,

leading to the reduced activation of the intracellular

BCR pathway.

BCR = B-cell receptor

Figure 2. The BTK p.C481S mutation was quantified by ddPCR using a

custom-designed assay. Blue dots represent droplets carrying mutant BTK,

while green dots indicate droplets with wild type DNA. The sensitivity of

ddPCR was assessed individually for each sample and the quantitative limit

of detection was set to be as low as 0.01%.
𝐹𝐴 =

𝑚𝑢𝑡𝑎𝑛𝑡 𝐷𝑁𝐴 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠

𝑚𝑢𝑡𝑎𝑛𝑡 + 𝑤𝑖𝑙𝑑 𝑡𝑦𝑝𝑒 𝐷𝑁𝐴 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠
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Figure 3. A) Representative timeline of 9 patients with the longest RES-BTK times. Emergence of the resistance mutation was detectable months prior

to disease progression as indicated by the red boxes. B) Serial samples of Patient #6 were analysed using ddPCR. Emergence of BTK p.C481S with

0.27% FA predated the first clinical sings of progression by 12 months. After the start of clinical progression, the patient received venetoclax, which has

successfully eliminated the mutant subclone represented by the drastically decreased FA of BTK p.C481S.

FA = fractional abundance; RES-BTK = time from the first detection of BTK p.C481S to the first clinical signs of progression; VTX = venetoclax

• BTK p.C481S mutation was detected in 73.2% of the patients experiencing relapse/disease progression (30/41).

• Novel BCL2 inhibitor venetoclax therapy was administered in 63.2% of patients harboring BTK p.C481S mutation and

progressing on ibrutinib (24/38), successfully eliminating the resistance mutation in the majority of the cases. (Figure 3B)
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