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Background

Chronic lymphocytic leukemia (CLL) is characterized 
by a highly heterogeneous clinical course, ranging from 
indolent disease with prolonged survival without treat-
ment to aggressive forms with rapid progression and poor 
prognosis.1–3 This variability is partly attributed to ge-
netic abnormalities in CLL cells, most notably disrup-
tions of the TP53 gene through deletion of the chromo-
some 17p13.1 region (del(17p)), leading to loss of one TP53 
allele, and/or mutations within the TP53 coding region.

TP53 aberrations are the strongest prognostic and pre-
dictive markers in CLL and are associated with poor treat-
ment response and markedly shorter survival in patients 
treated with chemoimmunotherapy (CIT).4–6 Recent ad-
vances in CLL therapy have markedly improved outcomes, 
offering patients with TP53 abnormalities access to ef-
fective targeted agents, B-cell receptor (BCR) and BCL2 
inhibitors.7–11 Therefore, assessment of TP53 abnormali-
ties significantly influences therapeutic decision-making 
in CLL.12–14

Historically, TP53 mutations in CLL were primarily 
investigated using conventional Sanger sequencing, which 
has a detection sensitivity limited to mutations with a vari-
ant allele frequency (VAF) of at least 10%. Currently, next-
generation sequencing (NGS) is  increasingly employed, 
enabling the detection of  low-burden TP53 mutations, 
even at a VAF below 1%. Studies have shown that among 
isolated TP53 mutations, low-burden mutations are more 
common.15–17 According to the recently updated guide-
lines from the TP53 network of ERIC (European Research 
Initiative on CLL), a  fixed VAF threshold is no longer 
recommended for reporting TP53 mutations. It remains 
essential to thoroughly validate or verify testing methods, 
particularly when identifying mutations present at  low 
allele frequencies.15 Reporting all TP53 variants above 
the laboratory-defined detection limit is recommended. 
The preferred method is NGS, but Sanger sequencing 
can still be used if NGS is unavailable.15 Furthermore, 
ERIC highlights the importance of accurate classifica-
tion of  TP53 abnormalities –  distinguishing between 
del(17p) and TP53 mutations, and between monoallelic 

Highlights
	• Ibrutinib is effective in relapsed/refractory chronic lymphocytic leukemia (CLL) with isolated TP53 mutations. 
Patients with TP53 mutations without del(17p) achieved a high overall response rate (ORR) of 84%, supporting 
BTK inhibitor use in this high-risk genetic subgroup.

	• TP53 mutational burden does not affect ibrutinib outcomes. Progression-free survival (PFS) and overall survival 
(OR) were comparable between patients with low-burden (variant allele frequency (VAF) <10%) and high-burden 
(VAF ≥ 10%) TP53 mutations.

	• Next-generation sequencing (NGS) enables refined TP53 risk stratification. NGS-based detection of low- and 
high-burden TP53 mutations helps identify patients who may still benefit from targeted therapy despite adverse 
molecular features.

	• BTK inhibition may overcome TP53-associated treatment resistance. These findings suggest that ibrutinib efficacy 
is preserved regardless of TP53 mutation load, reinforcing its role as a key therapeutic option in TP53-mutated CLL.

Abstract
Background. TP53 gene aberrations, including deletions (del(17p)) and mutations, are the strongest predictors of shorter response duration and survival with most 
therapies for chronic lymphocytic leukemia (CLL). However, the impact of isolated TP53 mutations (without concomitant deletion of the 2nd allele) on outcomes 
of treatment with Bruton tyrosine kinase inhibitors remains less clear, especially in the context of low-burden mutations.

Objectives. This retrospective analysis aimed to assess the efficacy of ibrutinib in patients with relapsed/refractory CLL and TP53 mutations.

Materials and methods. Patients were selected from a large observational study conducted by the Polish Adult Leukemia Group (PALG) based on the following 
criteria: the presence of a low- or high-burden TP53 mutation detected by next-generation sequencing (NGS), the absence of del(17p), and treatment with ibrutinib.

Results. Of the 468 patients tested using NGS, isolated TP53 mutations were identified in 76 patients, 25 of whom received ibrutinib. This cohort included 13 patients 
with high-burden mutations (variant allele frequency (VAF) ≥10%) and 12 with low-burden mutations (VAF < 10%). After a median follow-up of 19 months (range: 
1–40 months), the best overall response rate (ORR) in the entire study cohort was 84%, with a median progression-free survival (PFS) of 21 months and a median 
overall survival (OS) of 21 months. There were no statistically significant differences in PFS or OS between the high- and low-burden groups (hazard ratio (HR) = 0.74 
(95% confidence interval (95% CI): 0.28–2.01); p = 0.559 and HR = 0.75 (95% CI: 0.28–2.01), respectively).

Conclusions. In patients with isolated TP53 mutations, the efficacy of ibrutinib did not appear to differ according to mutational burden.
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and biallelic events. Inclusion of low-VAF TP53 variants 
in clinical trial designs is encouraged to generate robust 
evidence for personalized treatment approaches.15

In previous studies, isolated low-burden TP53 muta-
tions have been observed in approx. 15–18% of patients 
with CLL.18,19 While biallelic TP53 disruption, typically 
a TP53 mutation accompanied by del(17p), is clearly asso-
ciated with inferior survival, the prognostic and predic-
tive significance of isolated high-burden TP53 mutations 
remains less well defined. Inconsistent data from studies 
evaluating low-level TP53 mutations in patients receiv-
ing CIT suggest that these alterations may not clearly 
correspond to either high- or  low-risk categories, but 
may instead indicate an  intermediate-risk profile.20–24 
Recently, results of an ERIC-coordinated multicenter 
study involving our laboratory on the role of  low-VAF 
variants confirmed that such variants affected outcomes 
in  patients receiving CIT.25 However, additional evi-
dence is needed regarding the clinical impact of minor-
clone TP53 mutations in the context of novel targeted 
therapies.

Objectives

The aim of the study was to assess the clinical signifi-
cance of TP53 mutations in patients with relapsed/refrac-
tory CLL without del(17p) who were treated with ibrutinib.

Materials and methods

Study population

This retrospective analysis included a  cohort of  pa-
tients selected from a large observational study conducted 
by the Polish Adult Leukemia Study Group (PALG), en-
titled “Assessment of genetic and immunologic prognostic 
and predictive factors in relapsed and refractory chronic 
lymphocytic leukemia patients treated with B-cell receptor 
inhibitors: an observational study of the PALG”.26 Central-
ized data collection and peripheral blood biobanking were 
performed in accordance with the Declaration of Helsinki 
and with approval from the Ethics Committee of the Insti-
tute of Hematology and Transfusion Medicine in Warsaw, 
Poland (approval No. 47/2018). The inclusion criteria for 
the original PALG observational study, the NGS methodol-
ogy, and a subset of the TP53 sequencing results have been 
described previously.26

For the present analysis, patients were selected based 
on the following criteria: 1) the presence of a TP53 mu-
tation detected using NGS and the absence of del(17p); 
and 2) initiation of ibrutinib treatment immediately after 
identification of a TP53 mutation. TP53 mutations were 
categorized as high-burden or high-VAF (VAF ≥ 10%) and 
low-burden or low-VAF (VAF < 10%).

Assessment of the treatment response 
and adverse events

Clinical data for the selected patients were retrospectively 
collected from PALG centers through a review of medi-
cal records. Treatment responses were assessed according 
to the 2018 International Workshop on Chronic Lymphocytic 
Leukemia (iwCLL) criteria, and the clinical response was de-
fined as the best response achieved during the treatment pe-
riod.27 Adverse events (AEs) occurring during ibrutinib treat-
ment were graded according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events, v. 5.0.28

Statistical analyses

Time-to-event endpoints were progression-free survival (PFS) 
and overall survival (OS), measured from treatment initiation 
(time zero) to the corresponding event, with censoring at the last 
contact. Medians and 95% confidence intervals (95% CIs) were 
estimated using the Kaplan–Meier method, with numbers 
at risk reported. The proportional hazards assumption was 
assessed using Schoenfeld residuals. Group comparisons in-
cluded: 1) the log-rank test and weighted Fleming–Harrington 
tests (ρ = 0, γ = 1 for late differences; ρ = 1, γ = 0 for early dif-
ferences); 2) restricted mean survival time (RMST) analyses, 
which do not require proportional hazards, up to τ = 24 months 
as the primary horizon, with 36 months used for a sensitivity 
analysis, and between-group differences estimated with 95% 
bootstrap CIs based on 1,000 replicates (B = 1,000; seed = 123); 
and 3) univariable Cox proportional hazards models (using 
the Efron method to handle ties). Analyses were performed 
in R v. 4.5.1 (R Foundation for Statistical Computing, Vienna, 
Austria), using the survival v. 3.8-3 (https://CRAN.R-project.
org/package=survival) and survRM2 v. 1.0-4 (https://CRAN.R-
project.org/package=survRM2) packages, and verified using cus-
tom scripts. A p < 0.05 was considered statistically significant.

Results

Patients

Between November 2018 and February 2023, as part 
of the PALG observational study, TP53 sequencing using 
NGS was performed in 468 patients with relapse/refrac-
tory CLL, all of whom tested negative for del(17p) (fluo-
rescence in situ hybridization (FISH) was used). Patho-
genic or likely pathogenic TP53 mutations were identified 
in 76 patients (16.2%). Of these, subsequent treatment data 
were retrospectively available for 29 patients, of whom 25, 
from 11 hematology centers, received ibrutinib. The ana-
lyzed cohort included 15 men and 10 women, with a me-
dian age of 67 years (range: 58–83 years).

In the high-burden TP53 mutation cohort, unmutated 
IGHV (umIGHV) was observed in 7 patients (53.8%) and 
mutated IGHV (mIGHV ) in  2  patients (15.4%), while 

https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survival
https://CRAN.R-project.org/package=survRM2
https://CRAN.R-project.org/package=survRM2
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4 patients (30.8%) had borderline or nonproductive IGHV. 
Similarly, in the low-burden cohort, umIGHV was found 
in 6 patients (50.0%) and mIGHV in 2 patients (16.7%), with 
4 patients (33.3%) also having borderline or nonproductive 
IGHV. Patient characteristics are summarized in Table 1.

The TP53 NGS analysis identified 13 patients with high-
burden mutations and 12 patients with low-burden variants. 
All mutations were located within exons 2–11. Point muta-
tions were the most common, although frameshift mutations 
were detected in 4 patients. Seven patients carried 2 distinct 
mutations. Detailed NGS results are provided in Table 2.

Treatment results

The median follow-up was 19 months (range: 1–40 months). 
The overall response rate (ORR) in the entire study cohort 
was 84%, and median PFS and OS were both 21 months. 
The 12-month PFS rate was 75.2% (95% CI: 52.7–88.0%), 
and the 12-month OS rate was 75.2% (95% CI: 52.7–88.0%).

Due to the small sample size, only univariable analyses 
were conducted to compare treatment outcomes in pa-
tients stratified by high- and low-burden TP53 mutations. 
The ORR was similar in both subgroups (84.6% and 83.3% 
in the high- and low-burden groups, respectively) (Fig. 1). 
The ORR was compared between the TP53-high and TP53-
low groups. Effect sizes are reported as the absolute risk 
difference (RD), risk ratio (RR), and odds ratio (OR) with 
95% CIs. The ORR was 85% (11/13) in the TP53-high group 
vs 83% (10/12) in the TP53-low group. The RD was +1% 
(95% CI: −28% to +31%), the RR was 1.02 (95% CI: 0.72–
1.45), and the OR was 1.10 (95% CI: 0.14–8.35). Fisher’s 
exact test did not show a significant difference (group sizes: 
13 and 12; OR = 1.10, 95% CI: 0.14–8.35; p = 1.000) (Table 3).

The  median PFS in  the  high-burden group was 
20 months, compared with 21 months in the low-burden 
group (hazard ratio (HR) = 0.87, 95% CI: 0.31–2.49). There 
were no statistically significant differences in PFS between 
the groups (HR = 0.74, 95% CI: 0.28–2.01; p = 0.559) (Fig. 2, 
Table 4).

Ibrutinib therapy was discontinued in 15 patients (60%). 
The reasons for discontinuation were AEs in 7 patients 
(28%), progressive disease in 7 patients (28%), and an un-
known reason in 1 patient (4%). Two patients experienced 
Richter transformation, with diffuse large B-cell lym-
phoma (DLBCL) diagnosed in both cases. Adverse events 
leading to ibrutinib discontinuation included infections, 

Table 1. Baseline characteristics of 25 patients with RR CLL and TP53 
mutations treated with ibrutinib

Characteristics Value

Median age (range) [years] 67 (58–83)

Male/female 15/10

Binet stage 
at CLL 
diagnosis

A 12

B 6

C 6

not reported 1

Number of previous therapies 3 (range: 1–7)

Previous 
treatments

chemotherapy 9

CIT with rituximab 24

obinutuzumab + chlorambucil 2

venetoclax-based regimen 1

ublituximab with umbralisib 
(clinical trial)

1

Autoimmune complications 
before ibrutinib therapy

AIHA 7

ITP 4

ECOG performance status
0–1 18

2–3 7

CIRS score

≤6 12

>6 11

not reported 2

del(17p) 0

TP53 mutation

high-burden TP53 
mutation

13 (52%)

low-burden TP53 
mutation

12 (48%)

IGHV 
mutational 
status

high-
burden 
TP53 

mutation 
cohort

umIGHV 7 (53.8%)

mIGHV 2 (15.4%)

borderline/
nonproductive IGHV

4 (30.8%)

low-
burden 
TP53 

mutation 
cohort

umIGHV 6 (50%)

mIGHV 2 (16.7%)

borderline/
nonproductive IGHV

4 (33.3%)

AIHA – autoimmune hemolytic anemia; CIRS – Cumulative Illness Rating 
Scale; CIT – chemoimmunotherapy; CLL – chronic lymphocytic leukemia; 
del(17p) – deletion of the short arm of chromosome 17; ECOG – Eastern 
Cooperative Oncology Group; IGHV – immunoglobulin heavy chain 
variable; ITP – immune thrombocytopenia; mIGHV – mutated IGHV; 
umIGHV – unmutated IGHV.

Fig. 1. Response rates to ibrutinib monotherapy in patients with CLL and 
high- or low-burden TP53 mutations

CLL – chronic lymphocytic leukemia; SD – stable disease; PR+L – partial 
response with lymphocytosis; PR – partial response; CR – complete 
response.
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mainly pneumonia (in 5 patients, 20%), including 3 cases 
related to COVID-19. 

The median OS in the high-burden TP53 mutation group 
was 22 months, compared with 21 months in the low-bur-
den group (HR = 0.78, 95% CI: 0.28–2.19). Overall survival 
did not differ significantly between the groups (HR = 0.75, 
95% CI: 0.28–2.01; p = 0.562) (Fig. 2). The most frequent 
causes of death among the 15 patients who died were in-
fections (6 patients, 40%) and CLL progression (6 patients, 
40%). Among infection-related deaths, COVID-19 was 
the confirmed cause in 4 patients (27%). The cause of death 
was either unknown or not reported for 3 patients (20%).

The  Schoenfeld residuals test did not demonstrate 
a violation of the proportional hazards assumption (PFS: 
p = 0.730; OS: p = 0.860). However, as the Kaplan–Meier 
curves appeared to cross, we also report RMST estimates 
as summary measures that do not require proportional 
hazards. RMST analysis up to τ = 24 months showed a re-
stricted mean PFS of 16.7 months for TP53 = 0 (low-burden 
TP53-mutation) vs 18.1 months for TP53 = 1 (high-burden 
TP53 mutation), with a difference of +1.4 months (95% CI: 
−4.8 to 10.5 months). For OS, RMST was 17.3 months vs 
18.9 months, with a difference of 1.6 months (95% CI: −4.6 
to 7.8 months). Sensitivity analyses at τ = 36 months yielded 

consistent results (PFS difference: +6.3 months; 95% CI: 
−8.2 to 23.3 months; OS difference: +6.5 months; 95% CI: 
−7.2 to 22.5 months). The RMST analysis up to 24 months 
did not demonstrate significant differences between TP53 
groups. The restricted mean PFS and OS were approx. 
1–2 months longer in the TP53 = 1 (high-burden TP53 
mutation) group; however, the 95% CIs included differences 
favoring either group as well as no difference. In the sensi-
tivity analysis at 36 months, differences increased to about 
6 months yet remained statistically nonsignificant, with 
wide CIs. Additionally, Fleming–Harrington weighted tests 
were consistent with the log-rank test, showing no signifi-
cant differences between groups (PFS: FH(0.1) p = 0.392; 
FH(1.0) p = 0.701; OS: FH(0.1) p = 0.399; FH(1.0) p = 0.701). 
These results support the finding that no statistically signif-
icant differences between the survival curves were detected.

The observed toxicity profile of ibrutinib was consistent 
with previous reports. The most frequent AEs observed 
during ibrutinib therapy included infections (mainly pneu-
monia and COVID-19) and diarrhea. Overall, 12 patients 
(48%) experienced at least 1 grade 3 or 4 AE. Infections 
of any grade were reported in 21 patients (84%), includ-
ing 4 cases of COVID-19 (16%). Diarrhea was observed 
in  5  patients (20%), all with grade  2 events. Rash was 

Table 2. Next generation sequencing (NGS) results

Patient No. High-burden TP53 mutation (n = 13) Patient No. Low-burden TP53 mutation (n = 12)

1c Cys242AlafsTer5 (87%) 1sc Arg175His (8%) / His193Arg (6%)

2c Glu271Ter (81%) / Arg273His (5%) 2sc c.560-2A>C, p.? (7%)

3c Arg175His (73%) 3sc Arg175Cys (7%)

4c Met246Val (52%) 4sc Pro278Leu (6%)

5c Arg282GlyfsTer63 (51%) / Gly360Ala (37%) 5sc Arg248Trp (6%)

6c Arg248Gln (45%) 6sc Lys164Arg (5%)

7c Gly245Ser (30%) 7sc Arg273Cys (5%)

8c Thr211Ile (26%) / Gly245Arg (7%) 8sc Arg273Ser (5%)

9c Arg249Ser (18%) / Gln317Ter (13%) 9sc Gly266Arg (4%) / Asp281Gly (3%)

10c Cys176Tyr (11%) 10sc wt/P190L (4%)

11c Asp281Asn (11%) 11sc Phe328SerfsTer17 (3%) / Ser241Cys (3%)

12c Pro151Ala (11%) 12sc Thr125= (3%)

13c Arg175His (11%) – –

Table 3. Comparison of ORR between high- and low-burden TP53 mutation groups

Group Responders/total Proportion RD (95% CI) RR (95% CI) OR (95% CI)

TP53-high 11/13 0.85 +0.01 (−0.28 to +0.31) 1.02 (0.72–1.45) 1.10 (0.14–8.35)

TP53-low 10/12 0.83 reference reference reference

ORR – overall response rate; OR – odds ratio; 95% CI – 95% confidence interval; RR – risk ratio; RD – risk difference.

Table 4. Univariable Cox proportional hazards model results comparing high-burden TP53 mutations (TP53 = 1) with low-burden TP53 mutations (TP53 = 0)

Endpoint Variable HR (95% CI) p-value Concordance (C) AIC

PFS TP53 (1 vs 0) 0.74 (0.28–2.01) 0.559 0.54 83.2

OS TP53 (1 vs 0) 0.75 (0.28–2.01) 0.562 0.54 82.9

PFS – progression-free survival; OS – overall survival; HR – hazard ratio; 95% CI – 95% confidence interval; AIC – Akaike information criterion. 
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reported in 2 patients (8%), and bleeding-related AEs oc-
curred in 2 patients (8%), one of whom experienced severe 
epistaxis (grade 3). Atrial fibrillation occurred in 2 pa-
tients (8%), with both events classified as grade 2. Most 
AEs resolved without the need for treatment interrup-
tion. However, 7 patients (28%) required ibrutinib dose 
reductions, primarily due to  recurrent infections and 
thrombocytopenia. 

Discussion

Given the uncertain significance of isolated minor-clone 
TP53 mutations in the context of targeted therapies in CLL, 
our study aimed to compare the impact of isolated low-bur-
den and high-burden TP53 mutations on the efficacy of ibru-
tinib in patients with relapse/refractory CLL treated in rou-
tine clinical practice. We found that in heavily pretreated 

Fig. 2. Kaplan–Meier curves showing PFS (A) and OS (B) in patients with CLL and high-burden (variant allele frequency (VAF) ≥10%) or low-burden 
(VAF < 10%) TP53 mutations

CLL – chronic lymphocytic leukemia; OS – overall survival; PFS – progression-free survival.
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patients with relapse/refractory CLL and an isolated TP53 
mutation, PFS was unsatisfactory despite a relatively high 
response rate to ibrutinib. Our results did not identify statis-
tically significant associations between TP53 mutant clone 
burden and the likelihood of response to ibrutinib or sur-
vival in this patient population.

TP53 abnormalities, including both deletions (del(17p)) 
and mutations at the TP53 locus, are associated with an ad-
verse prognosis and predict chemoresistance in CLL.29 
Ibrutinib has demonstrated the ability to induce apoptosis 
and disrupt BCR signaling independently of p53 function.30 
This suggests that its antitumor effect may not rely on in-
tact p53 pathways. Preclinical studies support the notion 
that ibrutinib can bypass p53-dependent apoptotic signal-
ing, which could explain its activity in CLL with TP53 mu-
tations or deletions.30,31 Nevertheless, the precise mecha-
nisms remain under investigation, and further research 
is warranted to determine whether these agents modulate 
p53 function or act through entirely alternative pathways.

The  most recent guidelines from the  TP53 network 
of ERIC recommend precise classification of TP53 aber-
rations (del(17p) vs TP53 mutation, monoallelic vs biallelic 
aberrations), although a specific VAF cutoff for report-
ing TP53 mutations is no longer recommended. Instead, 
the guidelines emphasize the need for thorough method 
validation or verification, especially for detecting low-VAF 
TP53 mutations.15 In many published studies examining 
new therapies in CLL, del(17p) and TP53 mutations were 
not distinguished,32–34 while in others, only del(17p) was 
considered.35 In the context of targeted treatments, pa-
tients harboring both TP53 mutations and del(17p) tend 
to have less favorable prognoses, indicating an independent 
negative prognostic impact.36

In contrast, the clinical significance of single-hit TP53 
aberrations (isolated del(17p) or TP53 mutation only) re-
mains less clear.36–39 Studies have shown that treatment-
naïve (TN) patients with CLL and del(17p) or high-burden 
TP53 mutations who receive ibrutinib have shorter OS than 
patients without these aberrations.37,40 However, recent 
analyses have indicated that single-hit TP53 aberrations 
(either a single TP53 mutation or del(17p) alone) in patients 
with CLL treated with ibrutinib are associated with better 
outcomes than multi-hit TP53 aberrations.36,41 Further-
more, evidence regarding the significance of isolated low-
burden TP53 mutations in the context of targeted therapies 
remains limited, and the results are inconsistent.36,40,42

Our results are consistent with the findings of Bomben 
et al.,37 who analyzed a larger cohort of patients with TN 
or relapse/refractory CLL, including 60 patients with iso-
lated TP53 mutations (28 with low-burden mutations) 
treated with ibrutinib. As in our study, no differences in OS 
or PFS were observed between the low- and high-VAF TP53 
mutation groups. Importantly, patients with TP53 muta-
tions, regardless of whether VAF was <10% or ≥10%, had 
shorter OS than those with TP53 wild-type disease. Cherng 
et al.40 presented a retrospective analysis of 130 patients 

with CLL and baseline TP53 alterations who received first-
line Bruton tyrosine kinase inhibitor (BTKi)-based therapy. 
This analysis showed favorable 4-year PFS and OS rates 
of 72.9% and 83.6%, respectively, with no significant dif-
ference in PFS among patients with both del(17p) and TP53 
mutations, del(17p) only, or TP53 mutation only. The clone 
size (VAF) of TP53 mutations was not associated with PFS 
(HR = 1.0, 95% CI: 0.34–2.88). However, this study did 
not report a comparison of isolated low-burden and high-
burden TP53 mutations.40 In another study, Brieghel et al.36 
analyzed TP53 alterations in 51 patients with TN or re-
lapse/refractory CLL treated with ibrutinib. They found 
that a VAF cutoff of 1% was an appropriate threshold for 
TP53 mutation “positivity,” maintaining the predictive 
value of TP53 mutations. Patients with a single TP53 ab-
erration (either del(17p) or a TP53 mutation) had superior 
PFS and OS to those with multiple TP53 alterations. How-
ever, a limitation of the study was the lack of stratification 
by TP53 clone size, along with the inclusion of both newly 
diagnosed and previously treated individuals.36

Importantly, our results can also be contrasted with 
the findings of Pula et al.,43 who reported the outcomes 
of a large, real-world cohort of patients with relapsed/re-
fractory CLL treated with ibrutinib from the PALG. In that 
multicenter observational study, which included 171 pa-
tients, the median PFS and OS in the entire cohort were 
not reached, and the estimated 4-year PFS and OS rates 
were 60.9% and 65.4%, respectively – substantially more 
favorable than in our population, in which median PFS and 
OS were both 21 months.

In the subgroup of 42 patients with del(17p), Pula et al. 
reported a median PFS of 38.9 months and a median OS 
of 52.9 months – still more favorable than those observed 
in our group (PFS: 21 months; OS: 21 months). Several fac-
tors may have contributed to these differences, including 
variations in baseline characteristics, such as greater prior 
treatment exposure and a higher comorbidity burden in our 
cohort. Importantly, the study by Pula et al. was conducted 
before the COVID-19 pandemic, whereas our analysis in-
cludes patients treated during the pandemic period, which 
may have adversely affected clinical outcomes. In our co-
hort, COVID-19-related complications were a leading cause 
of death and a major reason for treatment discontinuation. 
This factor may have contributed substantially to the shorter 
survival observed, particularly in a patient population al-
ready characterized by immunosuppression and frailty.

In addition to TP53 mutations, other factors may have 
contributed to the unfavorable prognosis in our study. 
These include extensive prior treatment exposure (a me-
dian of 3 previous lines of therapy), poor performance 
status (28% of patients had an ECOG performance status 
score >1), and a substantial burden of comorbidities (a me-
dian Cumulative Illness Rating Scale (CIRS) score of 6). 
Furthermore, treatment occurred during the COVID-19 
pandemic, which may have adversely affected outcomes. 
Infections, potentially exacerbated by both disease-related 
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and treatment-related immunosuppression, were a joint 
leading cause of  death in  this cohort (6  of  15  deaths, 
40%), with COVID-19-related pneumonia confirmed 
in 4 patients (27% of deaths). Importantly, pneumonia 
was also the  most frequent AE leading to  permanent 
discontinuation of ibrutinib (5 patients, 20%), including 
3 COVID-19-related cases. Ibrutinib itself may also con-
tribute to increased susceptibility to infections through 
its immunomodulatory and immunosuppressive effects. 
Several studies have reported an  increased incidence 
of both opportunistic infections and severe bacterial, fun-
gal, or viral infections – including respiratory tract infec-
tions – during ibrutinib therapy, particularly in previously 
treated patients or those with comorbidities.44,45

Limitations of the study

This study highlights an important aspect of the prog-
nostic relevance of isolated TP53 mutations in patients 
with CLL treated with ibrutinib. Despite its strengths, 
several limitations must be acknowledged. Most notably, 
the relatively small sample size reduces statistical power, 
widens the CIs for HR estimates, and precludes robust 
conclusions regarding subgroup differences. The absence 
of  multivariable adjustment further limits the  ability 
to distinguish the association between TP53 mutation 
burden and survival outcomes from the effects of potential 
confounders, such as IGHV mutation status, comorbidi-
ties, and patient performance status. Additionally, the ret-
rospective design introduces the potential for bias, and 
the influence of treatment timing during the COVID-19 
pandemic cannot be ruled out. Despite these limitations, 
our study adds to the growing body of evidence suggesting 
that TP53 clone size may not be a decisive factor in pre-
dicting outcomes during ibrutinib treatment, at  least 
in relapse/refractory CLL.

Conclusions

The results of our analysis did not reveal statistically 
significant differences in ibrutinib outcomes between pa-
tients with isolated low- and high-burden TP53 mutations. 
However, given the retrospective nature of the study and 
the limited sample size, these observations should be inter-
preted with caution. Further prospective studies involving 
larger patient cohorts are warranted to assess the associa-
tion between mutation burden and treatment outcomes and 
to clarify the prognostic and predictive significance of TP53 
mutation burden in the context of BTKi therapy in CLL.
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