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Abstract
TP53 aberrations predict chemoresistance and represent a contraindication for the use of standard
chemoimmunotherapy in chronic lymphocytic leukaemia (CLL). Recent next-generation sequencing (NGS)-based
studies have identified frequent low-burden TP53 mutations with variant allele frequencies below 10%, but the
clinical impact of these low-burden TP53 mutations is still a matter of debate. In this study, we aimed to
scrutinise the subclonal architecture and clinical impact of TP53 mutations using a sensitive, NGS-based muta-
tion analysis in a ‘real-world’ cohort of 901 patients with CLL. In total, 225 TP53 mutations were identified in
17.5% (158/901) of the patients; 48% of these alterations represented high-burden mutations, while 52% were
low-burden TP53 mutations. Low-burden mutations as sole alterations were identified in 39% (62/158) of all
mutated cases with 82% (51/62) of these being represented by a single low-burden TP53 mutation. Patients
harbouring low-burden TP53 mutations had significantly lower time to first treatment compared to patients with
wild-type TP53. Our study has expanded the knowledge on the frequency, clonal architecture, and clinical impact
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of low-burden TP53 mutations. By demonstrating that patients with sole low-burden TP53 variants represent
more than one-third of patients with TP53 mutations and have an increased risk for treatment initiation, our
findings strengthen the need to redefine the threshold of TP53 variant reporting to below 10% in the routine
diagnostic setting.
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Introduction

Chronic lymphocytic leukaemia (CLL), the most
frequent type of leukaemias in adults, is characterised
by significant clinical heterogeneity, with some
patients pursuing an indolent disease course and
others presenting with progressive disease requiring
treatment [1]. Disruptions of the TP53 gene including
TP53 mutations and deletions of the chromosomal
region 17p (del(17p)) represent well-established prog-
nostic and predictive biomarkers of resistance to stan-
dard chemoimmunotherapy (CIT) and poor survival
in CLL [2].
Identification of TP53 disruptions plays a pivotal

role in molecular characterisation and clinical manage-
ment of CLL as patients harbouring these alterations
should be treated with novel targeted therapies [1,3].
Traditionally, TP53 disruptions have routinely been
analysed using standard technologies including fluo-
rescence in situ hybridisation (FISH) and Sanger
sequencing with a sensitivity of approximately
10–15% [4–6]. However, the recent introduction of
next-generation sequencing (NGS) technologies has
provided a novel opportunity to perform in-depth
genomic analysis of the disease and led to the identi-
fication of a profound subclonal heterogeneity in
CLL affecting the majority of driver genes including
TP53 [7,8]. In recent NGS studies of various CLL
cohorts, subclonal (also referred to as ‘low-burden’)
TP53 mutations were identified in 5–35% of CLL
patients [7,9–14]. These low-burden TP53 mutations
are restricted to a subpopulation of the tumour cells
with variant allele frequencies (VAFs) far below
(down to 0.1–1%) the sensitivity of Sanger sequenc-
ing. Although the first study reported that patients with
subclonal TP53 mutations showed similar outcomes to
patients with clonal TP53 mutations [9], these findings
were not confirmed by others and the clinical implica-
tions of the low-burden TP53 mutations remain still
controversial [10,12,13]. The two most recent studies
reported adverse effects of the low-burden TP53

mutations on overall survival (OS) [11,12], but it is
becoming apparent that these findings need to be
interpreted in the context of disease stage and type of
therapy [12]. Given the strong benefit derived by
TP53 mutant patients from targeted therapies including
the BTK inhibitor ibrutinib and BCL2 inhibitor
venetoclax, defining a clinically relevant threshold for
TP53 variant reporting is of paramount importance.
In this study, we aimed to scrutinise the subclonal

architecture and clinical impact of TP53 mutations using
a sensitive, NGS-based mutation analysis approach in a
large, multi-centric, ‘real-world’ cohort of CLL patients.

Materials and methods

Patients and samples
Peripheral blood samples from 901 patients with CLL
were collected from 20 oncohaematological units in
Hungary within the framework of a real-world
study composed of clinically heterogenous CLL
populations (Table 1 and supplementary material,
Table S1). Patients were diagnosed according to the
International Workshop on CLL-National Cancer
Institute (iwCLL-NCI) criteria between 1985 and
2022 [15]. Median age at diagnosis was 64 years
(range: 27–92) with a female:male ratio of 1:1.35.
Twenty-one percent (189/901) of the samples were
obtained at the time of diagnosis, 38.3% (345/901)
before treatment initiation (excluding samples at
diagnosis), and 29% (261/901) post-treatment.
Treatment details reflect every treatment modality dur-
ing the course of the disease of a patient, irrespective of
the time when the patient was enrolled in the study. Of
all patients, 55.3% (498/901) required treatment
during the course of the disease while in 267 cases
no treatment was needed. No information was avail-
able regarding treatment in 136 cases. Among
patients requiring treatment, 33.1% (165/498) were
treated with CIT regimens while targeted therapy
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(BTK inhibitor, PIK3 inhibitor, BCL2 inhibitor
monotherapy, or in combination) was the treatment
of choice in 24.1% (120/498) of the patients.
42.8% (213/498) of treated patients received both CIT
and targeted therapy during the course of the disease.
Fifty-one % (379/743) of patients with wild-type
TP53 required treatment, of whom 38.8% (147/379)
were treated exclusively with CIT, 21.9% (83/379)
with targeted therapy, whereas 39.9% (149/379) received
both CIT and targeted treatment. In comparison,
79% (49/62) of patients harbouring solely low-burden
TP53 mutations required therapeutic intervention. The
majority of these patients (59.2%, 29/49) were also
treated with CIT and targeted treatment, whereas
24.5% (12/49) and 16.3% (8/49) were treated only
with targeted therapy or CIT, respectively. Similarly,
50% (35/70) of patients harbouring at least one high-
burden TP53 mutation were treated with both CIT
and targeted therapy while 35.7% (25/70) and
14.3% (10/70) were exclusively treated with targeted
therapy or with CIT, respectively. Clinical outcome data
were available in 797 cases with median follow-up of
12 months (0–43 months). Written informed consent
was obtained from all participants, the study was
approved by the Hungarian Medical Research Council

(ID: TUKEB: IV/5495-3/2021/EKU) and it was
conducted in accordance with the Declaration of
Helsinki.

Analysis methods
Genomic DNA was extracted from PBMCs isolated
after Ficoll/Histopaque density-gradient centrifugation
in all 901 patients. The proportion of CLL cells in the
samples was assessed by flow cytometry using
CD5/CD19/CD23/CD45 staining. Deletions of chromo-
somal region 17p were screened as part of the routine
diagnostic characterisation by interphase FISH using
dual-colour Vysis probe sets (Abbott Molecular, Des
Plaines, IL, USA). Samples above the 5% detection
limit were considered positive for del(17p) evaluating
at least 100 cells according to our institutional policy.
Targeted NGS was performed using the Multiplicom

SureMASTR TP53 Panel (Agilent, Santa Clara,
CA, USA) covering the whole coding sequence of
the TP53 gene. Libraries were prepared according to
the manufacturer’s recommendations and sequenced on a
MiSeq platform (Illumina, San Diego, CA, USA) with
150 bp paired-end chemistry with a mean read depth
of 16,395 reads (range: 4,356–39,131). Data processing
and analysis were performed using the Sequence Pilot
5.1.0 (JSI Medical Systems, New York, NY, USA)
workflow. Variants in the TP53 coding region were
annotated using the TP53-specific UMD_TP53
(Universal Mutation_Database, Seshat), the TP53
Database (formerly known as IARC database), and
COSMIC databases [16–19]. Functional and supertrans
missense variants were excluded based on the overall
transcriptional activity on eight promoters according to
the TP53 Database [19]. TP53 mutations with <10%
VAF were defined as low burden, with ≥10% VAF
variants defined as high burden as published
recently [12]. TP53 mutations were analysed and
reported according to the most recent ERIC
recommendations [20].

Data validation
All TP53 variants below the 10% cut-off value, along
with 33.6% (37/110) of the clonal mutations were con-
firmed by either NGS or droplet digital polymerase
chain reaction (ddPCR).
TP53 variants previously detected by NGS were

confirmed using an alternative TP53 NGS panel
(CleanPlex, Paragon Genomics, Fremont, CA, USA)
allowing for the detection of somatic mutations with
a frequency as low as 1%. Libraries were prepared
according to the manufacturer’s instructions and

Table 1. Patient characteristics
Parameter Category Result

Sex %Male/female 57/43 (n = 901)
Age at diagnosis Median (range) 64 (range: 27–92 years)
Age at sample
collection

Median (range) 69 (range: 28–95 years)

Follow-up from
diagnosis (months)

Median (range) 51 (range: 0–434 months)

Follow-up from
sample collection
(months)

Median (range) 12 (range: 0–43 months)

IGHV status Unmutated 55% (439/792)
Mutated 39% (311/792)
Borderline 5% (42/792)

Copy number
alterations

del(17p) 9% (73/795)
del(11q) 22% (116/537)
Trisomy 12 60% (15/25)*
del(13q) 66% (44/67)

No. of TP53
mutations

No TP53 mutation 82% (743/901)
1 13% (113/901)
2 3% (30/901)
>2 2% (15/901)

No. of patients
treated

% 65% (498/765)

Treatment category No treatment 35% (267/765)
C(I)T 22% (165/765)
C(I)T + targeted 28% (213/765)
Targeted 16% (120/765)

No. of therapy lines Median (range) 1 (range: 1–7)

*Plausible bias due to lack of adequate information regarding the frequency of
negative cases.
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sequenced on a Miseq platform using V2 chemistry
(macro 300 cycle). Data analysis was carried out as
detailed above.
Ultrasensitive validation of certain TP53 variants

(R196*, Y220C, R248W, R248Q, Y234C) previously
detected by NGS was performed by ddPCR using
custom assays (dHsaCP2000121, dHsaCP2500536,
dHsaCP2000107, dHsaCP2000127, and dHsaCP2506900
respectively) designed for the sensitive discrimination
of mutant and wild-type alleles. The ddPCR was
performed according to the manufacturer’s recommen-
dations on a QX200 Droplet Digital PCR system
(Bio-Rad Laboratories, Hercules, CA, USA) using
100 ng of input DNA. Fractional abundance (FA) was
calculated from the ratio of the droplets containing
mutant DNA molecules (a) and the total number of
mutant (a) plus wild-type (b) DNA molecules detected
(FA = a/(a + b)).

Statistical analysis
Various measures were considered relative to the time
of sample collection. Only samples collected prior to first
treatment initiation were considered for the survival

analysis. OS was derived from death or last follow-up,
treatment-free survival (TFS) obtained from the time of
first treatment, death of any cause or last follow-up,
whereas time to first treatment (TTFT) was calculated
based on the time of treatment initiation or last
follow-up. Kaplan–Meier survival curves and log-
rank tests were performed to compare survival times
between groups using the GraphPad Prism 8.0.2 software
(GraphPad Software, San Diego, CA, USA). Categorical
variables were compared by Fisher’s exact test. p values
equal to 0.05 or below were considered statistically
significant.

Results

TP53 mutation status and subclonal architecture
In total, we identified 225 TP53 mutations in
17.5% (158/901) of the patients using NGS with an
average VAF of 22.99% (range: 1.0–92.0%) (Figure 1
and supplementary material, Figure S1 and Table S2).
Forty-eight percent (48%; n = 109) of these alterations
were high-burden mutations, while 52% (n = 116)

Figure 1. Frequency and distribution of TP53 mutations. (A) TP53 mutation was identified in 17.5% of the patients with the illustrated
frequency and distribution of low-burden and high-burden mutations. (B–D) The frequency and distribution of TP53 mutations in
samples collected at the time of diagnosis, before treatment initiation, and post-treatment respectively. The first pie chart of each pair
(on the left) includes the total number of patients analysed in the respective subgroup, whereas the second pie chart (on the right)
includes only patients carrying TP53 mutations in the respective subgroup. M, mutation.
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represented low-burden mutations (Figure 2C). Multiple
TP53 mutations were detected in 28.5% (45/158) of all
mutated cases with an average of 2.5 mutations (2–5)
per patient (supplementary material, Table S2).
Low-burden TP53 mutations as sole alterations were
identified in 39% (n = 62) of all mutated cases with
82.3% (51/62) of these being represented by a single
low-burden TP53 mutation. The frequency of patients
harbouring solely low-burden TP53 mutations was
4%, 6%, and 13% considering samples collected at
diagnosis, before treatment initiation, and post-treatment,
respectively (Figure 1). Solely high-burden TP53
mutations were detected in 44% (69/158) of the
mutant patients, while in 17% (27/158) of the TP53
mutant cohort, the high-burden mutations coexisted
with low-burden mutations (Figure 1). Regarding
mutated patients, the frequency of high-burden TP53
mutations was 59% of samples collected at the time of
diagnosis compared with only 39% in both pre-treatment
and post-treatment samples.
While both high-burden and low-burden mutations

appeared in most cases (71.5%) as sole alterations
[39.2% (62/158) and 32.3% (51/158), respectively],
we detected multiple mutations in 28.5% (45/158) of
TP53 mutated cases with heterogenous subclonal
architecture. The co-occurrence of multiple high-
burden mutations was relatively rare; however, they
were frequently accompanied by 1–4 low-burden
mutations with or without additional 1 or 2 high-
burden mutations. Multiple low-burden TP53 variants
with 2–4 concurrent low-burden mutations occurred
less frequently.

Types and distribution of TP53 mutations
TP53 mutations were mainly missense substitutions
(74.7%; 168/225), followed by indel mutations
(15.6%; 35/225), nonsense (6.2%; 14/225) alterations,
and splice site (3.6%; 8/225) (Figure 2B). Splice-site
variants were detected exclusively in samples collected
after treatment-initiation of any kind. Missense mutations
recurrently affected classical hot-spot codons for single
base substitutions either resulting in ‘DNA-contact
mutants’ (residues 248 and 273; 29/225, 12.9%
of all TP53 variants) or ‘conformational mutants’
(residues 175, 245, 249, and 282; 20/225, 8.9% of
all variants). In 25.7% (9/35) of indel mutations,
codon 209 was affected by the deletion of two
nucleotides (c.626_627del) highly specific for CLL [21].
Comparing the molecular characteristics of low-burden
and high-burden alterations, we noticed no significant
differences in the type of TP53 mutations regardless of
the interval of sample collection (data not shown).

With regard to the localisation, 93.8% (211/225) of
the mutations occurred in the DNA-binding domain
(residues 94–292) (Figure 2A). A small proportion
(6.2%; 14/225) of mutations occurred outside the
DNA-binding domain, affecting other important parts
of the p53 protein, including the oligomerisation
domain (residues 319–357) located in the C-terminus
of the protein and the transactivation domain
(residues 1–64) located in the N-terminus [17,22].
Another critical element of the p53 protein, the
nuclear localisation signal (residues 305–322), was
almost entirely affected by nonsense mutations.
Interestingly the transactivation domain was involved
exclusively in post-treatment samples. Comparing the
domain distribution of high-burden and low-burden
TP53 mutations, the oligomerisation domain was
solely affected by low-burden alterations, while every
other domain was affected by high-burden and
low-burden variants as well (Figure 2A).

Deletion of 17p region (del(17p)) and TP53
mutations
The del(17p) status as determined by FISH was avail-
able in 795 patients with this alteration present in
9.2% (73/795) of the cases (Figure 3B). Of these
patients, 75.3% (55/73) carried a concurrent TP53
mutation (12 low burden and 43 high burden) indicating
a biallelic TP53 disruption (Figure 3C). Among the
TP53-mutated cases, 39.9% (55/138) carried concomitant
del(17p) (Figure 3D). Notably, 16 patients carried
multiple (n = 2–5) TP53 mutations with concomitant
del(17p), suggesting a heterogenous subclonal
architecture. 17p deletion was more frequent among
patients carrying high-burden TP53 mutations than
among patients with low-burden mutations (52% versus
22%, p = 0.0007) (Figure 3A). The vast majority
(78.2%, 43/55) of patients with sole low-burden TP53
mutations presented without del(17p) (Figure 3A).
Altogether, we identified at least one form of
TP53 disruption in 19.6% (156/795) of the cases
(supplementary material, Figure S2).

Immunoglobulin heavy-chain variable region gene
(IGHV) mutational status
The IGHV mutational status was available in
792 patients with the following distribution: mutated
(IGHV-M) 39.3% (311/792), borderline (IGHV-B)
5.3% (42/792), and unmutated (IGHV-U) in
55.4% (439/792) of the cases. Low-burden TP53 muta-
tions were present in 8.2% (36/439), 3.9% (12/311), and
7.1% (3/42), whereas high-burden TP53 mutations
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Figure 2. Legend on next page.
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occurred in 13.2% (58/439), 8% (25/311), and
7.1% (3/42) of IGHV-U, IGHV-M, and IGHV-B cases,
respectively (Figure 3F–H). TP53 mutation frequency was
significantly higher among patients with IGHV-U com-
pared with the IGHV-M subgroup (p = 0.0009). The
majority of patients with low-burden and high-burden
TP53 mutations had IGHV-U status (70.6% and 67.4%,
respectively), while IGHV-U was less common (52.7%)
in the subgroup with no TP53 mutations (Figure 3E).

Clinical outcome
Considering samples collected exclusively prior to first
treatment initiation (n = 522), we found no significant
differences in OS between the TP53 mutant and
wild-type cohorts (supplementary material, Figure S3A).
Regarding TFS, patients with high-burden (n = 46), as
well as patients with low-burden (n = 28) TP53
mutations had significantly shorter TFS than patients
with wild-type (n = 431) TP53 gene (high burden ver-
sus wt TP53: p < 0.0001; low burden versus wt TP53:
p = 0.0012) (Figure 4A). We observed no significant
differences in TFS between patients harbouring
high-burden and low-burden mutations (p = 0.9778).
Considering TTFT, patients with high-burden
mutations (n = 43), along with patients harbouring low-
burden TP53 variants (n = 26) had significantly higher
rates of treatment initiation (high burden versus wt TP53:
p < 0.0001; low burden versus wt TP53: p = 0.0031)
compared to patients harbouring wild-type TP53
(n = 407) (Figure 4B). Similarly to TFS, we detected
no significant differences between patients with high-
burden and low-burden mutations (p = 0.6993).
By extending the analysis with IGHV mutational

data, regarding OS we only found significant differ-
ences between patients harbouring wild-type TP53 with
IGHV-U (n = 197) and IGHV-M (n = 180) status
(p = 0.0086) (supplementary material, Figure S3B).
Patients with IGHV-U status and TP53 mutation
showed significantly lower TFS and TTFT compared to
patients with wt TP53 regardless of the IGHV muta-
tional status (Figure 4C,D). Along with these findings,
the above-mentioned cases had significantly lower
TFS and TTFT compared to patients harbouring
high-burden TP53 mutations and IGHV-M status;

however, we found no significant differences com-
pared to patients with low-burden TP53 and IGHV-M
(Figure 4C,D).

Discussion

TP53 mutations represent well-established adverse
prognostic biomarkers in CLL [23]. According to
international guidelines, in patients with TP53 muta-
tions treatment with CIT should be avoided and they
should instead be treated with targeted therapies includ-
ing BTK and BCL2 inhibitors [2]. The most recent
ERIC recommendations on TP53 mutation analysis and
interpretation propose NGS as the gold standard for
mutation detection with a threshold of 10% VAF for
clinical reporting [20]. However, the clinical impact of
the low-burden TP53 mutations with <10% VAF is still
a matter of debate with some studies suggesting lower-
ing the VAF reporting threshold below 10% [11,12].
In this study, we performed a comprehensive

analysis of TP53 alterations in a large, multi-centric,
‘real-world’ cohort of CLL patients using a sensitive
NGS-based mutation analysis approach. All variants
below the 10% cut-off value were confirmed by using
either a highly sensitive ddPCR approach or an alter-
native NGS panel (supplementary material, Table S2).
Considering the entire patient cohort, 68% (153/225)
of the detected TP53 variants were subjected to inde-
pendent confirmation (all low-burden (n = 116) and
33.9% (37/109) of the high-burden variants). Overall,
85.0% (153/180) of the re-tested mutations were suc-
cessfully verified. All re-evaluated high-burden TP53
mutations were confirmed (n = 37), while low-burden
alterations could be verified in 81.1% (116/143) of the
cases examined. In line with recently published data
by Pandzic et al, all low-burden TP53 mutations
between 5% and 10% VAF range were confirmed
(n = 38), whereas 74.3% (78/105) of TP53 variants
with lower than 5% VAF could be validated [14].
Considering TP53 variants with VAF values between
2% and 5% (≥2% and <5%; n = 47), 96% (45/47) of
the detected variants were confirmed using NGS
(n = 39) or ddPCR (n = 6), whereas only 57% (33/58)

Figure 2. Distribution and type of TP53 mutations along the TP53 gene and protein in the high-VAF and low-VAF TP53 mutation
context. (A) Mutational distributions along the p53 protein. Each triangle represents an individual TP53 mutation with a colour referring
to mutation type. (B) Mutational distributions along the coding sequence of the TP53 gene with pie charts showing the frequency of
each mutational type. (C) VAFs of TP53 mutations. Each column represents the VAF of an individual TP53 mutation. DBD, DNA-binding
domain; M, mutation; OD, oligomerisation domain; PRD, proline-rich domain; TAD, transactivation domain. *Pre-treatment samples
include samples collected at the time of diagnosis.
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of TP53 variants with VAF values below 2% were
successfully confirmed by validation experiments
(supplementary material, Figure S4). Our data strengthen
the supposition that TP53 variants in the 5–10% VAF

range can be reliably detected by NGS, in the routine
diagnostic setting. Based on our results, the 10% cut-off
value for TP53 variant reporting in routine diagnostics
might be worth reconsidering.

Figure 3. Frequency and distribution of del(17p) as well as IGHV status in the cohort. (A) Frequency of del(17p) in the high-VAF and
low-VAF TP53 mutation context. (B) Frequency of del(17p) in the cohort, and in patients harbouring TP53 mutation (D). (C) Frequency of
TP53 mutations in patients harbouring del(17p). (E) Distribution of IGHV status among TP53 subgroups. (F–H) The frequency of TP53
mutations among IGHV subgroups.

8 of 12 T L�aszl�o et al

© 2023 The Authors. The Journal of Pathology: Clinical Research published by The Pathological Society
of Great Britain and Ireland and John Wiley & Sons Ltd.

J Pathol Clin Res 2024; 10: e351

 20564538, 2024, 1, D
ow

nloaded from
 https://pathsocjournals.onlinelibrary.w

iley.com
/doi/10.1002/cjp2.351 by C

ochraneA
ustria, W

iley O
nline L

ibrary on [12/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



We identified TP53 mutations in 17.5% of the
cohort with increasing frequency along the disease
progression (14.3% at diagnosis, 14.2% before
treatment initiation, and 28.7% post-treatment) in
accordance with previously published data (Figure 1)
[9,13,24–26]. Sole low-burden TP53 mutations were
identified in 7% of the patients, accounting for 39% of
the TP53 mutant patient cohort. Since 78% of the
cases with sole low-burden mutations presented with-
out concurrent del(17p), these patients would have

been misinterpreted as TP53 wild-type according to
the currently recommended 10% VAF cut-off [20].
Considering the recent evidence on clonal expansion
of the low-burden TP53 mutations leading to relapse
under the selective pressure of standard CITs with no
clonal expansion observed upon targeted treatment,
identification of these subclonal TP53 variants might
have important clinical implications [11,12]. Comparing
the molecular characteristics and distribution of TP53
mutations across the gene, no significant differences

Figure 4. TFS (A and C) and TTFT (B and D) computed as time (months) from sample collection. p values are represented in the tables
below the panels. M, mutated IGHV status; TP53M, TP53 mutation; U, unmutated IGHV status.
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were observed between the high-burden and low-burden
mutations, supporting the genuine nature of the
subclonal TP53 variants identified. Of note, splice-site
mutations occurred exclusively in post-treatment sam-
ples. Similarly, the TAD domain was solely affected
in samples collected after treatment initiation.
Although these findings may be of interest, given the
fact that a relatively high number of splice variants has
already been described in the literature in samples
collected prior to treatment initiation, and the rela-
tive low frequency of these alterations in our cohort,
the biological relevance of these findings remains
unknown [21].
With regard to the clinical impact of TP53 muta-

tions, we demonstrated no significant impact of TP53
variants on the OS of patients. This may be explained
by the short follow-up time, or the preferential use of
novel targeted agents such as BTK or BCL2 inhibitors.
However, we noticed significant differences in TFS,
regarding both TP53-mutated cohorts compared with
TP53 wild-type patients. To eliminate the possible bias
caused by the CLL-unrelated death of the patients, we
have calculated TTFT, which also showed significant
differences between patients harbouring low-burden or
high-burden TP53 mutations compared to cases with
wt TP53. Since, according to the most recent iwCLL
guideline, treatment initiation is only indicated at pro-
gression or at the emergence of novel symptoms, this
finding suggests that low-burden TP53 variants have
the same unfavourable clinical impact on CLL as
high-burden mutations. Indeed, contradictory results
on the clinical impact of the low burden TP53 variants
in terms of their effect on OS have been published in
the literature. While the studies by Brieghel et al [13]
and Blakemore et al [10] failed to demonstrate the
inferior impact of the subclonal TP53 mutations,
other studies including the most recent findings by
Bomben et al [11] and Malcikova et al [12] reported
that the low-burden TP53 mutations have similar
effect on survival to that of the high-burden TP53
mutations. It is becoming apparent that these seem-
ingly contrasting findings are largely influenced by
the different patient cohort composition, immunoge-
netic characteristics i.e. the IGHV status, and the
types of therapies applied [27]. Considering both
TP53 and IGHV status we demonstrated significant
differences between patients harbouring wild-type
TP53 with unmutated and mutated IGHV. Regarding
TFS and TTFT, synergy was detected between
unmutated IGHV status and the presence of TP53
mutations, with patients harbouring both markers
having significantly lower TFS and TTFT. Our data
are in line with the most recent publication by ERIC,

where the authors observed a significant difference in
TTFT between patients harbouring TP53 aberration
with IGHV-U status and patients with IGHV-U with-
out associated TP53 deficiency [28]. To the best of
our knowledge, our study provides the largest real-
world dataset regarding the clinical impact of low-
burden TP53 mutations with adjustment to the IGHV
status in CLL. The fact that, in the real-world
setting, TP53 mutation analysis is mostly done at the
time of treatment initiation may lead to some
possible bias in survival analysis relative to the date
of sample collection. To overcome this potential
bias, we have reanalysed the cohort considering TFS,
OS, and TTFT relative to the time of diagnosis
restricting the analysis to samples obtained within
6 months from diagnosis leading to the same
correlations, suggesting that low-burden variants
indeed have an important clinical significance
(supplementary material, Figure S5).
Recent reports clearly indicate that switching to

targeted therapies in patients with TP53 aberrations
prolongs their survival [12,29], which also represents a
confounding effect for these types of survival analyses.
More importantly, as demonstrated by several lon-
gitudinal studies [7,11,12,30] analysing the clonal
dynamics of TP53 mutations under the selective pres-
sure of CIT, low-burden TP53 mutations are positively
selected and eventually undergo clonal expansion and
become dominant clones leading to chemoresistance.
This observation provides a strong argument for the
routine screening of TP53 mutations using sensitive
technologies below the currently recommended
10% VAF cut-off value. Although some studies
have reported TP53 variants with VAFs as low as
0.1% [8,9,12,13], considering the need for advanced
bioinformatic algorithms and other pre-analytical
factors, reporting cut-offs lower than 1% may not
be feasible in the routine diagnostic setting.
Indeed, Malcikova et al reported that the risk of
rapid expansion to a dominant clone was higher in
patients with >1% VAF compared to patients with a
VAF of <1% [12] suggesting that a cut-off >1% may
be of biological/clinical relevance. In summary, our
study expands the knowledge on frequency, clonal
architecture, and clinical impact of low-burden TP53
mutations. By demonstrating that patients with sole
low-burden TP53 variants represent more than one-
third of patients with TP53 mutations, having
increased risk for treatment initiation compared to
cases with wild-type TP53, our findings strengthen
the need to redefine the threshold of TP53 variant
reporting to below 10% in the routine diagnostic
setting.
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