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Abstract: Chronic lymphocytic leukemia (CLL) is a common type of adult leukemia that occurs in Western countries,
and its incidence has gradually increased in China in recent years. The characteristics of CLL are highly heterogene-
ous. Despite promising response rates achieved with targeted therapy, new targets still need to be expanded due
to the heterogeneous of disease. Bruton’s tyrosine kinase inhibitor (BTKi) has been used in the treatment of TP53
mutation. In this report, we present a case with myeloid differentiation primary response 88 (MYD88) mutation who
developed a TP53 mutation after application of BTKi. Here, the patient was CLL unmutated (U-CLL) with MYD88
(L265P) mutation before initial treatment. After traditional treatment, the effect was not good, and BTKi was used
for treatment, then TP53 mutation appeared. It is well known that immunoglobulin heavy chain unmutated (IGHV-U)
and TP53 mutation in CLL indicate poor prognosis. The case suggests that whenever TP53 mutation occurs, BTKi is
the best choice. This result is considered to be related to signal pathways. We aim to add to the collective knowledge
by highlighting this rare cases of CLL with MYD88 (L265P) mutation in an Asian patient.
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Introduction

Chronic lymphocytic leukemia, which is a clonal
proliferative tumour of mature B lymphocytes
that occurs mainly in middle-aged and elderly
people, is characterised by the aggregation of
lymphocytes in the peripheral blood, bone mar-
row, spleen, and lymph nodes [1]. Because high
frequencies of the hotspot MYD88 (L265P)
mutation is observed in B-cell tumors such as
extranodal diffuse large B-cell lymphoma and
Waldenstréom macroglobulinaemia (WM), this
mutation can potentially serve as a marker of
these diseases [2]. In the last decade, substan-
tial advances have been made in the field of
CLL research, including the identification of
recurrent mutations [3]. Although the MYD88
mutation is helpful for identifying WM [4], it is
not specific to this disease and in fact plays an
important role in the pathogenesis of CLL.

MYDS8S8 is a typical junction protein that con-
nects the downstream inflammatory signalling
pathway to members of the toll-like receptor
(TLR) and interleukin-1 (IL-1) receptor families
[5, 6]. It activates nuclear factor-kappa B (NF-
KB) and its related signalling pathway, promot-
ing the proliferation and survival of B cells [2].
The NF-kB pathway is one of the main pathways
in the pathogenesis of CLL. Sequencing studies
have identified mutations in the MYD88 as
being important oncogenic drivers in B-cell lym-
phomas [2]. Mutations in different signalling
pathways have been identified in CLL, some of
which are associated with the disease progno-
sis [7]. For example, mutations in tumour pro-
tein 53 (TP53), ataxia telangiectasia mutated
(ATM), neurogenic locus notch homolog protein
1 (NOTCH1), splicing factor 3B subunit 1
(SF3B1), and baculoviral IAP repeat containing
3 (BIRC3) are associated with a poor outcome
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[7, 8]. MYD88 mutations in CLL have not been
commonly described, and their prognostic im-
pact is not clearly defined [7, 8].

Genetic lesions in CLL can be categorised
according to several biological pathways, such
as those related to inflammation and B-cell
receptor (BCR), NOTCH1 signalling, and NF-kB
signalling [3]. The coordination of these deregu-
lated biological pathways drive CLL leukaemo-
genesis in humans [9]. MYD88 not only acts as
a signal transducer in the typical NF-kB path-
way but also affects the signal transduction of
the BCR pathway [2]. The TP53 pathway is a
complex cellular stress response network. So-
me researchers have elucidated many other
pathways that TP53 participates in, including
DNA damage, cell metabolism, autophagy, fer-
roptosis, and pathways that involve the genera-
tion of reactive oxygen species, with the first
two receiving more attention [10]. BTKi, which
inhibits BCR-initiated signalling pathways, whi-
ch promotes cell apoptosis, helps overcome
patients with TP53 mutation [11].

In the patient reported herein, the monoclonal
B lymphocytosis in the peripheral blood was
less than 5 x 10°%L, the lymph nodes were
enlarged in many places, and there was no
hepatosplenomegaly [1]. Gene hotspot detec-
tion revealed a MYD88 (L265P) mutation which
was unique to this patient. This case report
mainly focuses on the pathogenesis of CLL with
MYD88 mutations and the prognosis of this
patient who acquired a TP53 mutation after
BTK inhibitor treatment. There are not many
reports on the prognosis of patients who
acquire a TP53 mutation after BTK inhibitor
treatment.

Case presentation

A 65-year-old woman who was diagnosed with
a bilateral shoulder mass more than seven
months prior was admitted to our hospital on
16 July 2020. The following detailed medical
history was obtained: body temperature,
36.5°C; pulse, 70 bpm; respiration, 18 bpm;
blood pressure, 104/68 mmHg; conscious;
and no yellow staining of the skin and mucosa.
Multiple enlarged lymph nodes could be pal-
pated in the bilateral neck, the right supraclav-
icular region, the submandibular area, both
armpits, and the groin. The largest node, which
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measured approximately 5 cm in size, was
located in the right armpit region. The liver and
spleen were not palpable.

The laboratory findings at the time of admission
are presented in Table 1. Her serum levels of
vascular endothelial growth factor (VEGF) and
IgM were elevated. The lymph node pathology,
bone marrow cytology, and biopsy results are
shown in Figure 1 and the positron emission
tomography (PET)/computed tomography (CT)
scans in Figure 2. Flow cytometric analysis
showed positivity for the cell markers CD19,
CD20, CD22, and FMCT. Peripheral blood test-
ed negative for IGHV mutation. Fluorescence in
situ hybridization (FISH) analysis performed on
the left cervical lymph node revealed cell posi-
tivity for CEP12 and negativity for D13S319,
AT-rich interaction domain 2 (ATM; gene symbol
ARID2), and TP53 (Figure 3). Her karyotype was
normal. We also found an MYD88 (L265P)
mutation frequency of 35% and B-cell lympho-
ma 6 protein (BCL-6), forkhead box protein 1
(FOX01), and F-box and WD repeat domain con-
taining 7 (FBXW7) mutations. On the basis of
these findings, the patient was diagnosed with
CLL (Binet B, Rai ).

The patient received four cycles of bendamus-
tine (100 mg, days 1-2), followed by four cycles
of a BR regimen (bendamustine 100 mg, days
1-2; rituximab 500 mg, day 0). After these eight
cycles of treatment, the follow-up CT scan indi-
cated that the lymph nodes had not decreased
obviously (Figure 2). Therefore, the patient was
treated with the BTKi zanubrutinib for over 6
months (Figures 2-4). Subsequent analysis
revealed obviously decreased bone marrow
cells to the MYD88 (L265P) mutation, but
mutations in the TP53 and ARID2 genes had
been acquired. After 5 months of zanubrutinib
treatment, TP53 gene and MYD88 (L265P)
mutation showed a downward trend. Abnor-
mally mature monoclonal B cells are still visible
on the detection of tiny residual cells in the
bone marrow. The patient was followed up
recently, the results showed 2-MG and VEGF
were negative. Complete blood count and bio-
chemistry were normal. Echocardiography sh-
owed no obvious abnormality. Ultrasound indi-
cated that there was little change in lymph
node size from the last review. At the time of
this report, the patient was stable.
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Table 1. The laboratory findings

CRP
CBC

ESR
Coagulation

Coombs test

32 Microglobulin
Biochemistry

VEGF

Lymphocyte immune analysis

Immunoglobulin

Serum protein electrophoresis

CRP 9.23 mg/Lt
WBC 3.36 x 10%/L|
LY 1.42 x 10%/L
RBC 3.43 x 10*%/L|
HB 109.00 g/L|
PLT 224.00 x 10%/L
ESR 44 mm/ht
Fbg 246 g/L
DD 0.39 mg/L FEU
Direct Coombs test Negative
Indirect Coombs test Negative
B2-MG 2.41 yg/mL
TP 72 g/L
Alb 374 g/L|
Glob 29.9¢g/L
ALP 57.3 U/L
LDH 134.7 U/L
Mb 24 ng/mL
FBG 5.6 mmol/L
K 4.4 mmol/L
Mg 0.9 mmol/L
TG 0.92 mmol/L
HDL 1.03 mmol/L|
Apo Al 1.00g/L|
VEGF 247.8 pg/mLt
CD3+ 72.59%
CD3+CD4+ 29.33%)
CD3+CD8+ 40.77%1
CD4/CD8 0.72]
NK cells 12.49%|
B cells 14.01%1
IgM 11.2 g/t
GAMMA 16.3%

Notes: tDenotes above the upper limit of the reference range; |denotes below
the lower limit of the reference range. Abbreviations: CBC, complete blood
count; CRP, C-reactive protein; WBC, white blood cell; LY, lymphocyte; RBC, red
blood cell; Hb, haemoglobin; PLT, platelet; ESR, erythrocyte sedimentation rate;
Fbg, fibrinogen; DD, D-dimer; TP, total protein; Alb, albumin; Glob, globulin;
ALP, alkaline phosphatase; LDH, lactate dehydrogenase; Mb, myoglobin; FBG,
fasting blood glucose; TG, triglyceride; HDL, high-density lipoprotein; Apo A1,
Apolipoprotein A1l; VEGF, vascular endothelial growth factor; NK, natural killer

cell.

Discussion

CLL represents a heterogeneous disease with a
highly variable clinical course [7]. MYD88 muta-
tions in CLL are not well characterized. Earlier
reports yielded conflicting results in terms of
clinicopathologic presentation and prognostic
impact of MYD88 mutations in CLL patients [8].
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MYDS8S8 is a key molecule in in-
nate immunity [5], which is locat-
ed on chromosome 3p22.2 [7],
where it not only acts as a sig-
nalling adaptor in the canonical
NF-kB pathway but also plays an
important role in BCR signalling
[2]. In normal physiology, stimu-
lation of the BCR activates NF-kB
as well as the phosphoinositide
3-kinase (PI3K)/protein kinase B
(AKT)/mammalian target of rapa-
mycin (MTOR) and nuclear factor
of activated T cells (NFAT) path-
ways [2, 9]. Subsequently, BTK is
activated through its phosphoryl-
ation, whereupon it activates ph-
ospholipase Cy2 (PLCy2), there-
by initiating activation of the
NF-kB pathway [2]. As the MYD88
(L265P) mutant constitutively ac-
tivates the NF-kB pathway, it is
regarded as an important onco-
genic driver in B-cell non-Hodgkin
lymphoma [9]. Previous studies
on the prognostic impact of MYD-
88 mutations in CLL also have
been discordant [7, 8].

Michele et al. [12] found that
Bcl-6 expression was limited ma-
inly to follicle center lymphomas
(FCL), whereas the great majority
of CLL lacked immunoreactivity
for Bcl-6. In CLL, a fragment of
the first intron of BCL6 is a target
of the somatic hypermutation pro-
cess [13]. In early-stage patients
with CLL, Jantus Lewintre et al.
[13] found no correlation between
expression and the mutations or
polymorphism in BCL6, but high
levels of BCL6 can discriminate
patients with a worse prognosis.
FOXO0L1 is highly expressed in nor-
mal B cells of the germinal centre
as well as in non-Hodgkin lym-

phomas [14]. The main regulator of germinal
center (GC) formation BCL6 is also a FOXO tar-

get [15]. The mutation of FOXOL1 is caused by
the FOXO01-Grb2-associated binder 1 (GAB1)-
protein activator of interferon-induced protein
kinase (PACT) axis induced by CLL cells [16].
Additionally, FOXO1 was reported to be a regu-
lator of B-cell death, and its inactivation via
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Figure 1. Immunostaining of specimen and bone marrow (BM) morphology. A: x100. The immunostaining of left
cervical lymph node. Heteromorphic lymphoid cells are diffused and infiltrated, with medium to small cells, sparse
cytoplasm, slightly irregular round and oval nuclei, granular chromatin, inconspicuous nucleoli and hard to find
mitosis. Bar = 100 ym. B: x40. The immunostaining of BM biopsy specimen. Patchy atypical small lymphocyte
infiltration is common in bone marrow stroma. Bar = 160 pm. C: x1000. Morphology of BM. This kind of cells are
small in size, mostly quasi-round or irregular, less cytoplasm, and pseudopod-like protuberance can be seen at the
edge. Bar = 10 ym.

Figure 2. Images of computed tomography and PET/CT (Blue arrow: After treatment of zanubrutinib. Red arrow:
Before treatment of zanubrutinib). A-C: Images of computed tomography. It can be seen that the lymph nodes are
obviously reduced, and some tend to be normal. D-F: Images of PET/CT. Extensive lymph node enlargement signifi-
cantly reduced and metabolism of lymph node decreased after chemotherapy.

B-cell receptor signalling to AKT was found to tonic AKT phosphorylation, thereby inhibiting
be critical to the survival of mature B cells [14]. cell proliferation [16].

There is an interdependent balance between

AKT activity and the FOXO1-GAB1 axis [16]. BTK In the case of this patient, genetic screening of
inhibitors affect this balance and inhibit cata- the bone marrow lymphoma cells after zanu-
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Figure 3. FISH specimen. A: Normal. B: Initial diagnosis of lymph node FISH (before treatment): CEP12 (+

). C: After

eight cycles chemotherapy and zanubrutinib for over 6 months of treatment, bone marrow FISH: CEP12 () Bar =

10 pm.

serum level

Figure 4. The changes of WBC, B2-MG, IgM, GAMMA, Hb, PLT, LDH, ESR,
VEGF. The series of WBC, 2-MG, IgM, GAMMA are drawn on the primary
axis (on left axis), and the series of Hb, PLT, LDH, ESR, VEGF are drawn on

the secondary axis (on right axis).

brutinib treatment revealed that the expre-
ssion of MYD88 (L265P) mutation decreased
but was positive for TP53 and ARID2 muta-
tions. It is known that zanubrutinib can inhibit
BTK and NF-kB signal transduction and is an
effective molecular targeted therapy for chron-
ic lymphoblastic leukaemia [1]. BTKi potently
inhibits BCR signalling, downregulate NF-«kB
signalling, and rapidly reduce tumour burdens
through a combination of tumour proliferation
inhibition and increased apoptosis [17-19].
However, they also increase the expression of
miRNA targets, including tumour suppressors,
and cause decreased cell proliferation [19].
Among the miRNAs that have been tested,
miR-22, miR-34a, miR-146b, and miR-181b
were found to be significantly downregulated in
patient CLL cells following ibrutinib treatment
[19]. This leads to increased expression of mul-
tiple tumour suppressors, including ARID1B,
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ARID2, ATM, CYLD lysine 63 deu-
biquitinase (CYLD), FOXP1, his-
tone deacetylase 1 (HDAC1),
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B2 MG inhibitor of Bruton’s tyrosine
——IgM kinase (IBTK), phosphatase and
—e—GAMMA tensin homologue (PTEN), and
===Hb suppressor of mothers against
:::"I'm decapentaplegic 4 (SMAD4)
—e—ESR [19]. TP53 mutated is the most

important biomarker of CLL.
miR-34a, of which TP53 is a
direct target, has been reported
to be altered in CLL and is asso-
ciated with the disease progres-
sion and outcomes [20, 21].
TP53 modulates gene products
through the induction of miRNAs
that are controlled by p53 at the
transcriptional level. The activation process of
TP53 is regulated by modifications such as
phosphorylation and acetylation, which medi-
ate a variety of cellular functions of p53, in-
cluding apoptosis, ferroptosis, cell cycle arrest,
metabolism, autophagy, stem cell differentia-
tion, DNA repair, and senescence. All these cel-
lular pathways are thought to contribute to the
tumor suppressor function of p53 [22]. Recent
studies have reduced the TP53 mutation cutoff
to at least 5% VAF, but this must be evaluated
in prospective clinical trial cohorts [23]. Clonal
expansion of low-burden TP53 mutations in
CLL is associated with intense chemoimmuno-
therapy but not with targeted therapy [24]. With
regard to the TP53 gene mutation, regardless
of whether it is a mutation or deletion, it is the
most important marker of poor prognosis for
CLL [24]. It is also a reliable marker for chemo-
therapy-resistant diseases [24]. At present, the

VEGF
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patient was still positive for serum immunos-
tasis electrophoresis. Bone marrow minimal
residual disease (MRD) was positive, but the
MYDS88 (L265P) mutation rate was still decre-
asing. After relevant examination evaluation,
BTKi non-target events, such as hypertension
and atrial fibrillation, did not occur. Although
the TP53 mutation appeared after the applica-
tion of BTK inhibitors, its mutation rate also
descended. The patient was diagnosed with
U-CLL. U-CLL patients show a significantly poor-
er outcome [25]. Whether there is a link
between the patient’s current status and the
absence of IGHV genes mutation. There is still
no relevant report. We found that the emer-
gence of the new mutations post BTK inhibitor
therapy had no adverse effect on our patient.
Further confirmation of the specific targets of
the CLL pathogenesis pathway corresponding
to each mutated gene would help toward the
development of future therapeutic strategies
for this malignant disease.
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