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Abstract
Chronic lymphocytic leukaemia (CLL) is an incurable lymphoid malignancy with a heterogeneous 
clinical course varying from relatively indolent cases characterized by long survival to more ag-
gressive and treatment-resistant ones. Findings from randomized clinical trials and long-lasting 
retrospective observations have shown that somatic hypermutation (SHM) status of the immuno-
globulin heavy chain variable gene (IGHV) comprising the B cell receptor (BCR) plays a significant 
prognostic and predictive role in patients with CLL. According to the current international and 
Polish guidelines, assessment of IGHV mutational status should be mandatory at first-line treat-
ment initiation in addition to p53 pathway defects and comorbidities for therapy allocation.
This review describes the rationale for IGHV mutational status assessment as well as discusses its 
prognostic role in patients with CLL in the first-line setting.
Key words: chronic lymphocytic leukaemia, ibrutinib, acalabrutinib, idelalisib, monoclonal  
antibodies, venetoclax, treatment, immunoglobulin heavy chain variable gene
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Introduction

Chronic lymphocytic leukaemia (CLL) is an 
incurable lymphoid malignancy characterized by 
clonal proliferation of small CD5/CD19-positive 
lymphocytes [1]. The median age at diagnosis is 
72 years with an annual age-adjusted incidence 
rate of 3–5 per 100 000 persons [1, 2]. CLL is 
the most diagnosed leukaemia in the US and 
Europe [1, 2]. The clinical course of CLL is very 

heterogeneous varying from relatively indolent 
cases characterized by long survival to more ag-
gressive and treatment-resistant ones [3]. During 
the past decade, the treatment armamentarium 
for CLL has been based on alkylating agents and 
purine analogues. However, significant progress 
in the recent years has led to the development 
of more selective and more efficient treatment 
options including anti-CD20 monoclonal antibod-
ies (rituximab, obinutuzumab), Bruton’s tyrosine 
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kinase (BTK) inhibitors (ibrutinib, acalabrutinib 
and zanubrutinib), selective phosphatidylinositol-
-3-kinase (PI3K) inhibitors (idelalisib, duvelisib, 
umbralisib) and the first-in-class BCL-2 antagonist 
venetoclax [1, 4].

At first, the chemotherapy options were en-
riched by the approval of anti-CD20 antibodies  
[5, 6]. Nevertheless, in numerous clinical trials and 
retrospective studies poor efficacy of anti-CD20-
-based immunochemotherapy in patients with p53 
pathway defects, e.g. 17p deletion and/or TP53 
mutation was demonstrated [7, 8]. A significant 
breakthrough in the treatment of this aggressive 
CLL subset was made with the introduction of 
ibrutinib in monotherapy and idelalisib combined 
with rituximab, which both have shown remarkable 
efficacy [9–11]. Venetoclax was the next signifi-
cant milestone in CLL treatment due to its high 
efficacy in high-risk patients and the possibility of 
time-limited therapy as opposed to BTK and PI3K 
inhibitors [12, 13].

In line with the development of novel thera-
peutic options, significant progress in the un-
derstanding of CLL biology has been also made 
in terms of the identification of new prognostic 
and therapy predictive factors. Besides the clini-
cal importance of Rai and Binet staging systems 
which have been used for risk stratification since 
the early 1980s, the importance of molecular 
targets in CLL biology and progression is increas-
ing [14–17]. Next-generation sequencing (NGS) 
identified several recurrent mutations in genes 
which may be grouped by biological function e.g. 
response to DNA damage and cell cycle control 
(TP53, ATM, RB1, BIRC3), Notch signalling 
(NOTCH1, NOTCH2, FBXW7), inflammatory path-
ways (MYD88, DDX3X, MAPK1), RNA processing 
(SF3B1), and cytokine signalling (NRAS, KRAS, 
BRAF) [15–20]. From the above-mentioned list, 
only the p53 pathway status is currently reflected 
in the international guidelines [1, 21, 22].

Findings from randomized clinical trials and 
long-lasting observations showed that the somatic 
hypermutation (SHM) status of the immunoglobu-
lin heavy chain variable gene (IGHV) comprising 
the BCR receptor has significant prognostic sig-
nificance [1, 21, 22]. Somatic hypermutation is  
a physiological process occurring in B cells during 
their passage through lymph nodes. Malignant 
transformation might occur in the B cells before 
or after the SHM of the genes encoding the IGHV 
region of the leukemic BCR. Therefore, in CLL two 
types of varying B-cell clones may be distinguished 
based on the difference in IGHV mutational status 

compared to germline sequence [23]. Patients with 
mutated CLL (M-CLL) denote patients with a CLL 
clone whose IGHV is mutated ≥ 2% from the refer-
ence germline sequence, while the patients with 
unmutated IGHV (U-CLL) clones are characterized 
by sequences mutated < 2% from the germline se-
quence [23]. According to the current guidelines, the 
IGHV mutational status and designation of patients 
to M-CLL and U-CLL have both significant prognos-
tic values. The U-CLL cases are characterized by 
a shorter response to classical chemotherapy and 
anti-CD20 based immunotherapy [7, 24, 25]. The 
U-CLL cases differ also in the biological features 
compared to M-CLL cases, with the accumulation 
of adverse prognostic mutations and increased BCR 
signalling activity [7, 24, 25].

The IGHV mutational status is determined rou-
tinely by Sanger sequencing. Due to its prognostic 
value, information should be determined at the time 
of the first-line treatment initiation. Mutational status 
does not change with time as opposed to mutational 
load due to clonal evolution [26]. Therefore, the as-
sessment of IGHV status does not require repeated 
testing unlike the assessment of deletion 17p or TP53 
mutation. So far NGS based determination of IGHV 
mutational status has not been approved for clinical 
routine testing due to lack of standardization and 
ambiguous results, however, intensive efforts are 
being made to utilize implement this methodology 
in the CLL diagnosis and response monitoring by 
assessing the minimal residual disease (MRD) status 
and clonal evolution. At diagnosis and in early-stage 
disease, the U-CLL cases comprise around 50–60% 
of patients, however, this increases up to over 80% 
in the relapsed and refractory setting [26].

Considering the increasing significance of 
IGHV determination and its prognostic role re-
garding CLL treatment allocation, this review 
summarizes the current findings of phase II and 
III clinical trials in the context of IGHV mutational 
status in the treatment-naïve patients with CLL.

Outcomes of the therapies used  
in the treatment-naïve patients

Patients with CLL may be treated in the first- 
-line setting with various agents ranging from anti-
-CD20 based immunotherapy, to BTK inhibitors, 
PI3K inhibitors and venetoclax in combination with 
anti-CD20 antibodies. Depending on the patient’s 
age, eligibility for fludarabine treatment and co-
morbidities the above-mentioned treatments are 
implemented according to Polish and international 
guidelines [1, 21, 22]. Outcomes depending on ap-
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plied treatment in CLL patients with M-CLL and 
U-CLL are summarized in Table 1.

Immunochemotherapy
As it was shown independently in clinical trials 

and confirmed in a meta-analytical approach, the 
use of fludarabine, cyclophosphamide and rituximab 
(FCR) in patients with M-CLL results in durable 
remissions as opposed to patients with U-CLL 
[7, 27, 43]. In the study of Thompson et al. [44] 
performed in the MD Anderson Cancer Centre, 
patients with M-CLL were characterized by dura-
ble remissions with a median PFS not reached and  
a median OS of 153.6 months. PFS and OS values 
in the U-CLL group were 50.4 and 112.8 months, 
respectively [44]. Similar results were reported in 
the CLL8 trial, where the median PFS and OS of 
patients with M-CLL were not reached, whereas 
in patients with U-CLL median PFS was 41.9 
months and median OS was 84 months [7]. Also, 
in the CLL10 trial patients with M-CLL had longer 
median PFS after FCR immunochemotherapy as 
compared to U-CLL (not reached vs. 42.7 months, 
respectively) [32]. The effectivity of the FCR 
regimen in patients with M-CLL was also recently 
underlined by the results of the ECOG-1912 study 
which compared rituximab-ibrutinib with the FCR 
regimen [33]. At a median follow-up of 33.6 months, 
BTK inhibitor-treated cohort achieved significantly 
superior results in the terms of the 3-year PFS 
(89.4% vs. 72.9%) and OS rates (98.8% vs. 91.5%). 
Nevertheless, the subgroup analysis did not show  
a significant difference in the 3-year PFS in patients 
with M-CLL (87.7% in the ibrutinib-rituximab 
cohort vs. 88.0% in the FCR cohort) [33]. The 
worse outcome of patients with U-CLL was also 
observed in patients treated with other immuno-
chemotherapy regimens. In the CLL10 trial in the 
subgroup receiving bendamustine-rituximab (BR), 
the median PFS was not reached in the patients 
with M-CLL, whereas in the U-CLL group median 
PFS was 33.6 months [32]. The superior outcome 
of patients with M-CLL compared to U-CLL was 
also observed in the ALLIANCE 041202 trial in 
patients treated with BR (median PFS 51 months 
vs. 39 months) [34]. A similar tendency of worse 
outcomes in response to obinutuzumab based im-
munochemotherapy in patients with U-CLL was 
also observed in the CLL14, ELEVATE-TN and 
GREEN trials (Table 1) [13, 37–39].

Bruton’s tyrosine kinase inhibitors
BTK inhibitors show high and durable activity 

in the first-line treatment of CLL patients both in 

monotherapy or in combination with anti-CD20 
MoAbs, especially in patients unfit for FCR and BR 
immunochemotherapy [36, 37, 45, 46]. Therefore, 
the BTK inhibitors are the cornerstone in the treat-
ment of unfit patients with CLL regardless of IGHV 
mutational status. BTK inhibitors’ activity is simi-
lar in U-CLL and M-CLL. Ibrutinib monotherapy in 
the RESONATE-2 study resulted in high response 
rates in the patients with U-CLL (95%) and M-CLL 
(88%) and in both cohorts, the median PFS was not 
reached [41]. A similar observation was made in the 
PCYC-1102 study where patients with U-CLL had  
a similar response rate to patients with M-CLL 
(87% vs. 81%, respectively). Ibrutinib combined 
with rituximab (ALLIANCE 041202 study and 
ECOG-1912 study) or with obinutuzumab (iLLU-
MINATE study) is characterized by durable remis-
sions. In the long-term follow-up, the median PFS 
was not reached so far in both U-CLL and M-CLL 
cohorts [33, 34, 36]. Similar high response rates 
and durable responses were observed for acala-
brutinib in the ELEVATE-TN trial [37, 46]. The 
updated results of the ELEVATE-TN trial showed 
the superiority of acalabrutinib in monotherapy or 
combined with obinutuzumab over chlorambucil 
combined with obinutuzumab (O-Clb) in patients 
with mutated and unmutated IGHV status. The 
above-mentioned combinations were characterized 
by 81%, 89% and 62% 4-year PFS rates in M-CLL 
cases. In the U-CLL group, it was slightly lower for 
acalabrutinib (77%) and acalabrutinib-obinutuzmab 
(86%), significantly lower in the patients treated 
with O-Clb (4%; with a median PFS of 22.2 months) 
[37]. Based on the results of the randomized clini-
cal trials performed in the first-line setting, BTK 
inhibitors are a treatment of choice in patients with 
U-CLL. In unfit patients, BTKi is preferred over 
less intensive immunochemotherapy (BR and chlo-
rambucil in monotherapy and combinations with 
anti-CD20 antibodies) both in patients with U-CLL 
and M-CLL due to significantly better outcomes. 

Venetoclax
The CLL14 trial compared venetoclax-obinu-

tuzumab to the previous standard O-Clb immuno-
chemotherapy in unfit patients with CLL. After  
a median follow-up of 28.1 months, the percent-
age of patients with a 2-year PFS rate was sig-
nificantly higher in the venetoclax-obinutuzumab 
group than in the O-Clb group (88.2% vs. 64.1%) 
[13]. At a median follow-up of 52.4 months even 
higher differences were reported by Al-Sawaf et al. 
[35]. Significant PFS improvement was observed 
in the venetoclax-obinutuzumab arm compared 
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with O-Clb (median not reached vs. 36.4 months) 
with an estimated 4-year PFS rate of 74.0% in the 
venetoclax-obinutuzumab and 35.4% in the O-Clb 
arm [35]. Outcome analysis regarding IGHV muta-
tional status showed a significantly longer PFS in 
venetoclax-obinutuzumab than with O-Clb treated 
patients in both groups. In the M-CLL cohort, the 
median PFS was not reached with venetoclax-
obinutuzumab and was 54.5 months with O-Clb. 
In the U-CLL group, the median PFS was 57.3 
months compared to 26.9 months. In both arms, 
PFS was significantly longer for patients with mu-
tated IGHV compared with unmutated IGHV [35]. 
Based on the results of this clinical trial the com-
bination of venetoclax and obinutuzumab should be 
considered over the O-Clb immunochemotherapy 
for treatment of U-CLL and M-CLL patients with 
coexisting comorbidities. 

Selection of first-line treatment

In the choice of the first-line therapy three 
major elements should be taken into considera-
tion i.e. patient’s age and comorbidities, p53 path-
way aberration and IGHV mutational status. The 
above-mentioned traits are the main basis for a 
proper treatment allocation according to Polish and 
international guidelines [1, 21, 22]. Assessment of 
p53 status and IGHV mutational status is of utmost 
importance as patients with del17p, TP53 mutation 
or unmutated IGHV gene (U-CLL) should not be 
treated with immunochemotherapy but should be 
qualified for the therapy with BTK inhibitors or 
BCL2 antagonist. The role of PI3K inhibitors due 
to their toxicity profile, especially in the first-line 
setting, should be reserved for cases where treat-
ment with BTK inhibitors and venetoclax is not 
available and should be restricted rather to older 
patients due to their poor tolerability in younger 
patients with CLL [47, 48].

Based on the observations of phase II and III 
clinical trials the FCR regimen should be restricted 
to young patients (< 65 years old) eligible for 
fludarabine treatment, lacking p53 pathway aber-
rations and with a mutated IGHV status. In these 
patients, time-limited therapy with 6 cycles of 
FCR may result in long-term remissions, however, 
the use of BTK inhibitors remains an equivocal 
treatment option for this group. The BR protocol, 
according to international guidelines, loses its im-
portance since it does not result in such long remis-
sions as FCR, and results in a significantly worse 
outcome than ibrutinib in the first-line therapy of 
unfit patients with CLL [34]. Nevertheless, the use 

of the BR regimen in patients older than 65 years 
without significant comorbidities in the context 
of limited access to BTK inhibitors (ibrutinib and 
acalabrutinib) poses a viable treatment option in 
the first-line setting in Poland [22].

In the case of comorbid patients, regardless 
of p53 or IGHV mutational status BTK inhibitors 
or venetoclax combined with obinutuzumab are 
preferred over immunochemotherapy due to their 
better tolerability in older patients and clinical 
efficiency in high-risk diseases [1, 21, 22]. Based 
on the long-term observation of the CLL14 study, 
time-limited venetoclax-obinutuzumab therapy 
is slightly more efficient in patients with M-CLL 
compared to patients with U-CLL. A similar obser-
vation, but more prominent, was noted regarding 
p53 aberrations, as patients with p53 pathway 
defects lose response much faster as compared to 
patients without 17p deletion or TP53 mutation 
[35]. Although venetoclax-obinutuzumab treatment 
enables the achievement of deep responses with 
undetectable minimal residual disease (MRD), the 
indefinite therapy with BTK inhibitors (ibrutinib 
and acalabrutinib) and their constant pressure on 
leukemic cells enable more durable disease con-
trol [37, 41, 49]. Although U-CLL cases should be 
treated with targeted therapies, current know
ledge based on clinical trials does not point to  
a specific regimen, which should be preferred in 
the treatment-naïve patients [1, 21, 22].

In most comorbid patients, the use of targeted 
agents is warranted, as BTK inhibitors, as well 
as venetoclax-obinutuzumab, showed remarkable 
activity and tolerability compared to the so far 
used standard treatment with chlorambucil-obi-
nutuzumab [1, 21, 22]. Venetoclax-obinutuzumab 
is reimbursed in Poland since 2021 for comorbid 
patients with CLL.

Considering the current clinical guidelines, 
fit patients with CLL with poor prognostic factors 
(p53 aberrations and/or unmutated IGHV status) 
cannot be treated properly as BTK inhibitors are 
not reimbursed in Poland in the treatment-naïve 
patients and venetoclax use is restricted within 
the therapeutic program of Ministry of Health 
only for unfit patients. The so far published clinical 
trials (Table 1) underline the importance of BTK 
inhibitors and venetoclax in patients with CLL with 
high-risk features [1, 21, 22].

Ibrutinib, acalabrutinib, zanubrutinib and 
venetoclax have not been compared head-to-head 
in a randomized clinical trial. Such a trial would be 
interesting in the view of proper patient treatment 
allocation due to different compound mechanisms 
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of action and specific adverse events profiles. More 
selective BTK inhibitors (acalabrutinib and zanu-
brutinib) maintain their efficiency while minimizing 
the occurrence of adverse event profiles [37, 50]. 
The pros and cons of novel agent therapies in the 
first-line setting are summarized in Table 2.

Summary

The low response rate and short remission 
duration following immunochemotherapy in pa-
tients with high-risk CLL defined as patients with 
TP53 deletion/mutation or/and unmutated IGHV 
status underlie the necessity of the use of novel 
and selective agents in this population. The BTK 
inhibitors and venetoclax-based treatment are the 
most viable therapy options in such patients based 
on the so-far published clinical trial results.
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