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Abstract

The treatment of chronic lymphocytic leukemia (CLL) has shifted from chemoimmunother-
apy to targeted therapy, resulting in improved outcomes and patient survival. The aim of
this study was to evaluate the efficacy and safety of venetoclax-based regimens in patients
with relapsed/refractory CLL, as well as their effectiveness in patients previously treated
with ibrutinib. We retrospectively analyzed 98 patients with CLL who received venetoclax
in the second or later lines of therapy in Slovakia between 2018 and 2024. The median age
was 68 years, and treatment was administered either as monotherapy or in combination
with rituximab. Response to treatment was assessed according to the iwCLL 2018 criteria
and clinical practice. Patients who achieved complete hematologic and clinical remission
but did not undergo confirmatory bone marrow examination were classified as having
unconfirmed complete remission (uCR). An overall response was achieved in the majority
of patients (in 99%), with 2% achieving complete remission, 65% incomplete complete
remission and 32% partial remission. At a median follow-up of 34 months, median overall
survival was not reached (mean 52.5 months), and median progression-free survival was
45 months. Survival outcomes were evaluated using Kaplan–Meier analysis. Patients
previously treated with ibrutinib had significantly worse outcomes (p = 0.022). Adverse
events were predominantly hematological (64%), with 19% being grade 3–4. In line with
the conclusions of clinical trials and retrospective analysis from real-life practice, we can
say that venetoclax-based treatment regimens are highly effective in patients with CLL in
higher lines of treatment, with acceptable and well-manageable toxicity.
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1. Introduction
Chronic lymphocytic leukemia (CLL) is among the most frequently diagnosed hema-

tologic malignancies in adults in Western countries, with a median age at diagnosis of
around 70 years. The disease incidence is estimated at 4.2 cases per 100,000 individuals
annually and increases significantly with advancing age. Despite its relatively high preva-
lence, routine population screening is not currently recommended [1–3]. CLL exhibits
considerable clinical heterogeneity, and the growing number of diagnosed cases is partly
related to improvements in diagnostic techniques. Enhanced understanding of the biologi-
cal mechanisms underlying the disease has substantially influenced the development of
modern therapeutic strategies [4,5]. Treatment is recommended for patients with active,
symptomatic disease or advanced-stage CLL as defined by the Binet or Rai classification
systems. Over recent years, traditional chemoimmunotherapy has been progressively
replaced by targeted therapies, particularly Bruton’s tyrosine kinase inhibitors and BCL-2
inhibitors [6]. Venetoclax, a selective BCL-2 inhibitor and BH3 mimetic, promotes apoptosis
through inhibition of antiapoptotic signaling pathways and has become an important com-
ponent of modern CLL therapy [7–10]. Initially approved in 2016 for patients harboring
del(17p)/TP53 abnormalities, venetoclax was later approved in combination with ritux-
imab for use in a wider patient population [11]. Although clinical trials have demonstrated
the efficacy and safety of venetoclax, they have mainly involved carefully selected patient
populations. Consequently, real-world evidence is needed to provide a more accurate
representation of everyday clinical practice. The treatment sequence plan for patients with
CLL remains an open question, taking into account disease risk, overall patient status, and
patient selection for a specific treatment. The aim of this retrospective study was to assess
the efficacy and safety of venetoclax in unselected patients with CLL treated in second and
subsequent lines of therapy, including patients previously treated with a Bruton’s kinase
inhibitor, in hematology centers throughout the Slovak Republic.

2. Results
A total of 98 patients with CLL treated with venetoclax were included in the

study. Of these, 47 (48%) received venetoclax in combination with rituximab (VR), while
51 (52%) received venetoclax monotherapy (V) (Figure 1). Venetoclax was administered be-
tween the second and eighth lines of therapy; the VR regimen was used from the second to
seventh line, whereas V monotherapy was used from the second to eighth line (Figure 2).

52%
48% Treatment regimen

Ven mono Ven/R

Figure 1. Treatment regimens. Venetoclax was given in combination with rituximab (VR) in
47 patients (48%) and as monotherapy in 51 patients (52%).
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Figure 2. Treatment regimens vs line of treatment. Distribution of venetoclax-based treatment
regimens by line of therapy.

The risk of tumor lysis syndrome (TLS) was classified as high in 17 (17%) patients
and intermediate in 53 (54%) patients. Prior to venetoclax initiation, tumor debulking
was performed in 22 (21%) patients using either rituximab–bendamustine or chlorambucil
monotherapy, while the remaining 77 (79%) patients proceeded directly to treatment
according to the standard protocol.

Infusion-related reactions occurred in 4 (4%) patients and manifested as fever and
chills; all cases were managed on an outpatient basis. Treatment efficacy was evaluated
after at least two months according to the iwCLL criteria and clinical practice. Patients who
achieved complete hematologic and clinical remission but did not undergo confirmatory
bone marrow examination were classified as having unconfirmed complete remission
(uCR). The overall response rate (ORR) in the evaluated population was 99%, including
complete remission (CR) in 2% of patients, unconfirmed complete remission (uCR) in
65%, and partial remission (PR) in 32%. In the VR subgroup, 2% of patients achieved CR,
81% achieved uCR, and 17% achieved PR. In the V subgroup, CR was observed in 2% of
patients, uCR in 51%, and PR in 45% (Figure 3).

Patients previously exposed to ibrutinib (n = 48) also responded to venetoclax therapy,
although their outcomes were significantly worse compared with those of ibrutinib-naïve
patients (p = 0.022), with CR/uCR achieved in 56% versus 78% and PR in 42% versus 22%.

Notably, patients with a 17p deletion also achieved complete or partial remission
following venetoclax therapy. The median follow-up was 34 months (range, 2–66 months).
Median progression-free survival (PFS) for the entire cohort was 45 months (95% CI,
37.2–57.8). Median PFS was not reached in the VR group, whereas it was 43 months
(95% CI, 34.8–51.1) in the V group (Figure 4). Overall survival (OS) at 24 and 36 months
was 84% and 80%, respectively, in the VR group, compared with 78% and 70%, respectively,
in the V group (Figure 5).

Hematologic adverse events of any grade occurred in 64% of VR-treated patients and
67% of V-treated patients. Grade 3–4 neutropenia was observed in 17% of patients in the
VR group and 22% in the V group. Grade 3–4 anemia occurred in 2% of VR-treated patients,
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while grade 3–4 thrombocytopenia was reported in 2% of V-treated patients. No grade
3–4 non-hematologic adverse events were reported. The most common complications
were infections, all of which were managed on an outpatient basis without the need for
parenteral antibiotics.
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51%
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Figure 3. Assessment of treatment response. Distribution of treatment responses according to
individual treatment regimens.

Figure 4. Progression-free survival. Progression-free survival according to individual treatment
regimens.
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Figure 5. Overall survival. Overall survival of patients according to individual treatment regimens.

3. Discussion
Our findings confirmed the efficacy and safety of venetoclax both in combination with

rituximab (VR) and as monotherapy (V) in patients with chronic lymphocytic leukemia
(CLL) treated in second and subsequent lines of therapy. The patient populations were
numerically comparable, but the venetoclax monotherapy group had a higher proportion
of patients in higher-line therapies. Although the study was limited by a relatively small
sample size and a median follow-up of 34 months, the results further support the high
effectiveness of venetoclax-based regimens and their manageable toxicity profile. The
median age of patients in our cohort was 68 years, which is comparable to findings from
other real-world studies. In the multicenter analysis conducted by the UK CLL Working
Group [12], the median age was 67 years, while in the French non-interventional VERONE
study, the median age was 74 years [13], both of which were higher than the median age
reported in the MURANO trial (64 years) [14]. Treatment efficacy was evaluated based on
the best response achieved after at least 2 months of therapy. Response assessment was per-
formed according to the iwCLL criteria, irrespective of response duration, as patients were
evaluated after only 2 months of treatment. Patients who achieved complete hematologic
and clinical remission but did not undergo confirmatory bone marrow examination were
classified as having unconfirmed complete remission (uCR). Our findings confirmed the
rapid onset of action of venetoclax in patients with CLL. The overall response rate (ORR) in
our study was 99% for both the VR and V regimens, exceeding the rates reported in the
MURANO trial (VR, 92.3%) [14], the UK CLL Working Group analysis (V, 88%) [12], and the
VERONE study (VR and V, 94.1%) [13]. The rate of complete remission (CR), including un-
confirmed complete remission (uCR), was 83% in the VR group and 53% in the venetoclax
monotherapy group. In comparison, the UK CLL Working Group analysis [12] reported a
complete remission (CR) rate of 38% for venetoclax monotherapy in patients previously
treated with Bruton’s tyrosine kinase inhibitors. In the VERONE study [13], CR rates were
80.4% for the VR regimen and 71.3% for venetoclax monotherapy. The slightly lower CR
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rate observed in our monotherapy cohort compared with the VERONE study likely reflects
the smaller sample size (51 vs. 225 patients) and the higher proportion of heavily pretreated
patients in our cohort (56% treated in the third or later line vs. 35.6% in VERONE). In
the MURANO study, undetectable minimal residual disease (MRD) was evaluated as the
deepest treatment response in patients receiving the VR regimen, with MRD negativity
achieved in 70.3% of patients [14]. In our cohort, patients previously treated with ibrutinib
also responded to venetoclax therapy, with significantly worse outcomes (p = 0.022): with
CR/uCR achieved in 56% versus 78% and PR in 42% versus 22%. Notably, patients with
a 17p deletion also achieved complete or partial remission following venetoclax therapy.
Given the small sample size, statistical comparison between the groups was not considered
meaningful. With a median follow-up of 34 months, median progression-free survival (PFS)
was 43 months in the V group, while it had not been reached in the VR group. Median
overall survival (OS) was not reached in either treatment group. The 2-year PFS rates were
75% for the V group and 82% for the VR group. Overall survival at 24, 36, and 48 months
was 78%, 70%, and 62%, respectively, in the V group, compared with 82%, 80%, and 80%,
respectively, in the VR group. Patients previously treated with ibrutinib demonstrated
a shorter median overall survival (OS) and progression-free survival (PFS) compared
with ibrutinib-naïve patients, with median OS of 46 versus 56 months and median PFS of
40.6 versus 48.8 months, respectively. These patients had a higher median number of prior
treatment lines (3 vs. 1.8) and were older (70 vs. 66 years). These outcomes are consistent
with those reported in the VERONE study (2-year PFS: 71.7% for V and 77.9% for VR;
2-year OS: 79.6% for V and 80.6% for VR) [13] and appear superior to the results of the
UK CLL Working Group analysis [12], likely due to differences in patient risk profiles and
prior treatment exposure. Overall, adverse events of any grade occurred in 64% of patients
treated with VR and in 67% of those receiving venetoclax monotherapy. The most common
grade 3–4 hematologic adverse event was neutropenia, occurring in 17% of patients in the
VR group and 22% in the V group. Grade 3–4 anemia and thrombocytopenia were rare.
Compared with the VERONE study [13], the incidence of grade 3–4 neutropenia was lower
in our cohort (VR: 17% vs. 40.4%; V: 22% vs. 28.2%). In the MURANO study [14], which
evaluated patients with relapsed/refractory CLL treated with VR, neutropenia was the
most frequently reported adverse event, occurring in 60.8% of patients overall, with grade
≥3 neutropenia observed in 57.7% of patients. Non-hematologic adverse events in our co-
hort were predominantly low-grade infections that were manageable on an outpatient basis
without the need for parenteral therapy. In contrast to the VERONE study [13], gastroin-
testinal toxicities were not observed in our study, which may reflect the smaller sample size
and possible underreporting of mild adverse events. In conclusion, our findings support
the high efficacy and favorable safety profile of venetoclax in real-world patients with CLL,
including those previously exposed to targeted therapies and those with high-risk cytoge-
netic abnormalities. These results further support the use of venetoclax-based regimens in
routine clinical practice, while emphasizing the importance of continued monitoring for
adverse events, particularly in heavily pretreated patient populations.

4. Materials and Methods
In this retrospective analysis, 98 patients with chronic lymphocytic leukemia (CLL)

treated with venetoclax in the second or later lines of therapy at hematology centers in
Slovakia between 2018 and 2024 were evaluated. Patient characteristics are summarized in
Table 1.
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Table 1. Patient characteristics.

Baseline Characteristics All Patients n = 98

Sex n (%)
Male 65 (66%)
Female 33 (34%)

Age/median, range 68 (49–83)

CIRS score, median (±SD) 7 (4–18)
≥7 (n (%)) 56 (57%)

Number of prior lines, median (min–max) 2 (1–7)

Absolute lymphocyte count at treatment start, mean ± SD 43 ± 54

Prior ibrutinib treatment, n (%) 48 (49%)

RAI stage, n (%)
I 20 (20%)
II 32 (33%)
III 16 (16%)
IV 30 (31%)

CLL-IPI, n (%)
Low risk (0–1) 6 (6%)
Intermediate risk (2–3) 27 (28%)
High risk (4–6) 39 (40%)
Very high risk (7–10) 24 (24%)

Performance status n (%)
0 37 (38%)
1 44 (45%)
2 16 (16%)
3 1 (1%)

17p deletion, n (%)
Positive 29 (30%)
Negative 67 (68%)

IGHV status, n (%)
Mutated 38 (39%)
Unmutated 53 (54%)
Unknown 7 (7%)

The median age at venetoclax initiation was 68 years (range, 49–83 years), and the
cohort included 65 (66%) men and 33 (34%) women. Venetoclax was administered either as
monotherapy or in combination with rituximab, depending on the treatment line. Most
patients were in good clinical condition, with an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 in 37 (38%) patients and 1 in 44 (45%) patients.

Comorbidities were assessed using the Cumulative Illness Rating Scale (CIRS), with a
median score of 7. A total of 56 (57%) patients had a CIRS score > 7, while 42 (43%) had a
score ≤7. Renal function, evaluated by estimated glomerular filtration rate (eGFR), had a
mean value of 1.22 ± 0.27 mL/s/1.73 m2.

The baseline absolute lymphocyte count, an important predictor of tumor lysis syn-
drome, averaged 43 ± 54 × 106/L. Nearly half of the cohort, 48 (49%) patients, had previ-
ously been treated with ibrutinib. According to Rai staging, 32 (33%) patients had stage
II disease, and 30 (31%) had stage IV disease. According to the CLL-IPI prognostic index,
6 (6%) patients were classified as low risk, 27 (28%) as intermediate risk, 39 (40%) as high
risk, and 24 (24%) as very high risk. Cytogenetic and molecular characteristics included
deletion 17p in 29 (30%) patients and unmutated IgVH status in 53 (54%) patients.
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Treatment indications and response assessment were based on the 2018 International
Workshop on Chronic Lymphocytic Leukemia (iwCLL) criteria [15] and clinical practice.
Bone marrow examination was not routinely performed in patients to confirm response to
treatment, mainly due to the invasive nature of the examination. Most physicians assessed
response to treatment in the evaluated patients based on objective patient examination,
imaging studies, and blood parameters.

Treatment regimens were selected according to prior therapy: venetoclax in combina-
tion with rituximab (VR) was used primarily in the second-line setting, whereas venetoclax
monotherapy (V) was administered in both second- and later-line treatment settings.

Venetoclax was administered orally at a dose of 400 mg once daily in 28-day cycles
following a 5-week dose ramp-up phase. In the VR regimen, rituximab was introduced
after completion of the ramp-up phase, starting on day 8 of cycle 2, at an initial dose
of 375 mg/m2, followed by 500 mg/m2 in subsequent cycles, for a total of six cycles.
Venetoclax treatment was continued for up to 24 months. Venetoclax monotherapy was
continued until disease progression or treatment intolerance.

Standard premedication consisting of paracetamol 1000 mg orally, hydrocortisone
100 mg intravenously, and bisulepin 1 mg intravenously was administered prior to anti-
CD20 therapy to minimize infusion-related reactions. Patients were monitored at least every
two months, and treatment response was assessed using clinical examination, imaging stud-
ies (ultrasound or CT), and laboratory parameters. Adverse events were graded according
to the Common Terminology Criteria for Adverse Events (CTCAE), version 5.0. Venetoclax
treatment was discontinued upon disease progression. Patient consent was waived since it
was a retrospective, anonymous data evaluation, based on Slovak legislation.

4.1. Statistical Methodology

Quantitative variables (e.g., age, laboratory values) were processed using descriptive
statistics, using the number of measurements, mean, standard deviation, or median. Quali-
tative variables (e.g., gender, disease stage, response to treatment) were processed using
absolute and relative frequencies. Data on overall patient survival and progression-free
survival were processed using the Kaplan–Meier curve. The difference between groups in
the qualitative variable was tested by the Chi-square test of independence. The difference
between groups in the quantitative variable was tested by the t-test or the Mann–Whitney
U test. The difference in survival between groups was tested by the Log-Rank test. The
level of significance was chosen as α = 0.05.

4.2. Limitations of Our Review

This study has several limitations. As a retrospective analysis of routine clinical
practice, it is subject to inherent methodological constraints, including non-randomized
treatment allocation and the potential for selection bias. Another limitation is the lack of
information regarding the reasons for ibrutinib discontinuation, such as treatment resistance
or toxicity. Furthermore, bone marrow confirmation was not routinely performed, minimal
residual disease (MRD) was not systematically assessed, and adverse events may have
been underreported. These limitations should be considered when interpreting the study
results and assessing their generalizability.

5. Conclusions
Our results are consistent with findings from clinical trials; however, differences in

patient selection, supportive care, and treatment adherence in real-world settings should be
considered when making direct comparisons. In line with both prospective clinical studies
and retrospective real-world analyses, venetoclax-based regimens, whether administered in
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combination with anti-CD20 antibodies or as monotherapy, demonstrate substantial efficacy
in patients with CLL receiving second-line or later therapy. Our data suggest that venetoclax
is effective even in patients with high-risk genetic characteristics, although longer follow-up
is required to confirm outcomes comparable to those reported in clinical trials. Treatment-
related toxicities were manageable in the outpatient setting, with excellent patient tolerance
and adherence, and complications were resolved without the need for hospitalization.

These advances in CLL therapy contribute to improved quality of life, as patients can
avoid the systemic toxicities associated with conventional chemotherapy, which—unlike
targeted therapies—affects all dividing cells and may exert mutagenic effects.
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