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ABSTRACT
Introduction: Chronic lymphocytic leukemia (CLL) management has witnessed a transformative shift
with the advent of time-limited venetoclax and anti-CD20 monoclonal antibody (mAb) regimens, as
exemplified by the groundbreaking MURANO and CLL14 trials.
Area covered: This article delves into the long-term follow-up data of fixed duration (FD) venetoclax
combined with anti-CD20 mAb across various lines of CLL therapy. The data discussed here, not yet
available in current literature, was unveiled at the 23" European Hematological Association (EHA) congress
held in Frankfurt in June 2023.
Expert opinion: Combinations of venetoclax with anti-CD20 mAbs represent a compelling therapeutic
option due to their finite treatment duration and remarkable achievement of undetectable minimal residual
disease (UMRD). This not only ensures more enduring responses but also presents a manageable toxicity
profile that suits a broad spectrum of CLL patients, including those who are elderly or less medically fit.
Importantly, the integration of venetoclax/anti-CD20 mAb FD regimens may diminish the likelihood
of CLL patients developing target mutations. This, in turn, enhances the potential for eliciting secondary
clinical responses upon retreatment with venetoclax. Additionally, from an economic perspective, the
cost-effectiveness of targeted therapy may further advocate for the selection of FD therapy as
a frontrunner in CLL treatment.
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1. Introduction (rituximab or obinutuzumab) were studied, have now
reported long-term outcome data that further support the
broad usage of these combinations in clinical practice
(Figure 1) [17,18].

This concise review highlights the long-term results of the
MURANO and CLL14 studies, recently presented at the 23rd
European Hematology Association (EHA) meeting [17,18].
Notably, these updated results provide evidence to support
retreatment with venetoclax-based therapies for selected CLL

patients

In recent years, there has been a significant shift in the
treatment paradigm for chronic lymphocytic leukemia
(CLL), moving away from chemo-immunotherapy (CIT)
toward targeted therapies [1-7]. The earliest clinical trial
results demonstrated that Ibrutinib, a first-in-class Bruton’s
tyrosine kinase inhibitor (BTKi), outperforms both che-
motherapy and CIT in terms of progression-free survival
(PFS) [1-7]. Subsequently, next-generation BTKis, such as
acalabrutinib and zanubrutinib, have shown efficacy at
least equivalent to that of ibrutinib with the added advan-
tage of improved toxicity profiles [8-11]. BTKis are admi-
nistered until disease progression or the occurrence of
toxicity. However, despite their outstanding efficacy,
some patients experience cardiovascular toxicities and
acquire BTK mutations associated with resistance to BTKi

2. Long-term benefits of fixed-duration
venetoclax-rituximab (VR) in R/R CLL and evidence
for retreatment efficacy

The original design of the MURANO study involved 389

therapy [12,13].

In the initial clinical trials demonstrating the efficacy of
venetoclax, a BCL2 (B-cell lymphoma 2) inhibitor, the drug
was administered continuously until disease progression
[14]. Subsequent studies investigated the efficacy of vene-
toclax in combination with an anti-CD20 monoclonal anti-
body (mAb) as a time-limited therapy [15,16]. The MURANO
and CLL14 trials, two innovative phase 3 studies in which
the combinations of venetoclax and an anti-CD20 mAb

patients with relapsed/refractory (R/R) CLL who were ran-
domly assigned to one of two treatment groups [15]:

(1) The first patient group received 400 mg of venetoclax
daily for 2years in combination with rituximab (VR),
with the latter administered monthly for the initial 6
months.

(2) The second group received the combination of bend-
amustine and rituximab (BR) for 6 months.
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Article highlights

o Fixed-duration venetoclax combined with an anti-CD20 monoclonal
antibody (mAb) therapy has demonstrated efficacy and safety, as
indicated by the long-term follow-up results from the MURANO and
CLL14 trials.

o Updated findings from the MURANO trial provide additional support
for the effectiveness of retreatment with venetoclax-based therapies
in selected CLL patients.

o The combination of venetoclax and an anti-CD20 mAb presents an
attractive treatment option for both treatment-naive (TN) and
relapsed/refractory (R/R) CLL patients. This is due to its time-limited
administration, high rates of achieving undetectable minimal residual
disease (UMRD), which is predictive of long-lasting responses,
a manageable toxicity profile, and a controlled economic burden.

Remarkably, in both treatment groups, fewer than 3% of
patients had prior exposure to a B-cell receptor inhibitor [15].

The final analysis of the MURANO trial, conducted at
a median follow-up of 7years, primarily focuses on the
updated PFS and overall survival (OS) outcome data.
Additionally, the evaluation of minimal residual disease
(MRD) has been reported for both patient groups: those
initially treated in the main study and those who experi-
enced relapse and subsequently underwent retreatment
with VR [17]

In this long-term analysis, the 194 patients treated with
VR experienced a median PFS of 54.7 months, compared to
17.0 months for the 195 BR-treated patients. The hazard
ratio (HR) for PFS was 0.23 (95% confidence interval [Cl],
0.18-0.29), indicating a significant benefit for VR. The 7-year
0OS was 69.6% for patients treated with VR and 51.0% for
those treated with BR (HR 0.53; 95% Cl, 0.37-0.74). Notably,
there was a substantial benefit in terms of time to next
treatment (TTNT) favoring VR over BR-treated patients. VR-
treated patients had a median TTNT of 63.0 months, while

MURANO TRIAL: 7-year follow-up*

BR-treated patients had a median TTNT of 24.0 months, with
an HR of 0.30 (95% Cl, 0.23-0.39).

The long-term follow-up data also emphasizes the impor-
tance of undetectable MRD (uMRD) as a surrogate endpoint
for PFS. Among the patients who received VR treatment and
achieved uMRD at the end of treatment (EOT) (83 out of 118;
70.3%), the PFS was 52.5 months, in contrast to 18.0 months
(P<.0001) for patients who were tested positive for MRD at
the EOT (35 out of 118; 29.7% [17].

Among the patients who achieved uMRD at EOT with VR
(n=283), 14 (16.9%) remained free from either progressive
disease (PD) or conversion to detectable MRD at the seven-
year follow-up. For the 63 patients (75.9%) who underwent
MRD conversion, the median time to detectable MRD was
19.4 months. Among this patient cohort, 39 individuals
(62%) subsequently experienced either PD or death. The
median time from MRD conversion to PD was 28.3 months.
This translates into a highly clinically significant four-year
treatment-free interval (TFl) before patients require new
treatment, demonstrating not only the efficacy of VR but
also confirming the highly predictive value of uMRD with
the VR combination.

Of note, in this extended follow-up no new safety signals
were identified. Rates of Richter’s transformation remained
balanced between treatment arms (7 or 3.6% cases in the VR
arm and 6 or 3.2% in the BR arm) [17].

A sub-study was opened in 2018 within the original
MURANO trial protocol to allow patients who developed pro-
gressive disease following treatment with either regimen to
receive VR.

Upon disease progression 34 patients were enrolled in this
MURANO sub-study. Out of these 34 patients, 25 (73.5%) were
re-treated with VR. Notably, the majority (92.0%) of these
patients exhibited at least one high-risk feature, such as IGHV-
unmutated disease, genomic complexity, or deletion of chro-
mosome 17p and/or TP53 mutations. Despite these high-risk

CLL14 TRIAL: 6-year follow-up”?
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Figure 1. Long-term survival outcomes of MURANO and CLL14 trials.
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factors, 56.0% (14 out of 25) of patients achieved uMRD at the
EOT [17].

Overall, in this final analysis of MURANO, sustained survi-
val benefits are shown with VR over BR. This survival advan-
tage is maintained for up to 5 years after the completion of
FD VR treatment with all the patients off-therapy. uMRD at
EOT with VR is associated with an improvement in both PFS
and OS while re-treatment with VR seems to be a feasible
option open to a significant number of patients with recur-
rent CLL [17].

3. Breaking down the CLL14 trial: sustained efficacy
of the venetoclax-obinutuzumab (VO) combination

The CLL14 trial included 432 TN CLL patients, with a median
age of 72 years, who were deemed unfit for intensive CIT due
to a Cumulative lliness Rating Scale (CIRS) score exceeding six
points or presence of impaired renal function, indicated by
a creatine clearance below 70 mL/min. The trial studied two
groups of 216 patients TN CLL who received either venetoclax
in combination with obinutuzumab (VO) (oral venetoclax
initiated on day 22 of a 28-day cycle, with a 5-week dose
ramp-up [20 mg, 50 mg, 100 mg, and 200 mg, then 400 mg
daily for 1 week], followed by 400 mg daily until the comple-
tion of cycle 12) combined with intravenous obinutuzumab for
six cycles or chlorambucil in combination with obinutuzumab
(CO) for 6 cycles followed by oral chlorambucil as monother-
apy for an additional 6 cycles [16].

At a median follow-up of 76.4 months, the VO group exhib-
ited a median PFS of 76.2 months, compared to 36.4 months
of the CO cohort. In a six-year landmark analysis, 53.1% of
patients treated in the VO arm remained progression-free as
compared with 21.7% in the control arm with a hazard ratio
(HR) of 0.40 (95% Cl, [0.31-0.52)(P < 0.0001) [18].

The median TTNT, defined as death from any cause or
initiation of another line of treatment, was not reached for
the VO group, whereas the PFS was 52.9 months for the CO
group (HR 0.44, 95% Cl 0.33-0.58; P < 0.0001). After six years
follow-up 65.2% of patients in the VO cohort had not
initiated another treatment in comparison to 37.1% in the
control arm. These differences were observed across all risk
groups, including those with TP53 mutations or gene
deletions.

Although the initial CLL14 study results did not show
a difference in OS, the now mature data indicates a trend
toward a survival benefit for VO with a six-year OS of 78.7%
as compared to 69.2% in the CO group (HR 0.69, 95% Cl, 0.48-
1.01; P=0.052).

At the EOT 74.% in the VO arm and 32.8% in the CO arm
had uMRD (<10 ~* by NGS in peripheral blood) [19]. Five years
after the EOT, 1.9% and 7.9% of patients had sustained uMRD
in the CO and VO arms, respectively. In the VO arm, the EOT
MRD status significantly correlated with both PFS and OS, with
a shorter PFS observed in patients with MRD = 107 (i.e. >1 CLL
cell per 10,000 leukocytes) [18].

No new safety signals were observed in this six-year
analysis of the CLL14 clinical trial. The most frequently
occurring Grade 3 (=2%) adverse events (AEs) in patients
receiving the VO was neutropenia, often successfully
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managed with dose interruptions, intermittent use of col-
ony-stimulating factor and dose reductions, if required.
Notably, the reported rates of grade > 3 febrile neutropenia
was low following VO with an incidence of 5.2% in VO
treated trial participants.

Second primary malignancies were reported in 30 patients
in the VO and 18 in the CO arm; cumulative incidences 6 years
after randomization were 14.2% and 8.5%, respectively (p=
0.071). Two Richter transformations were reported in the VO
arm and four in the CO arm. No new safety signals were
observed [18].

The 6-year follow-up results of CLL14 has demonstrated the
significant long-term PFS benefit of FD VO across all sub-
groups of patients with previously untreated CLL in the pre-
sence of medical comorbidities. These survival benefits of VO
were consistently observed in high-risk patient groups, such as
those with TP53 deletions/mutations or IGHV unmutated dis-
ease. In addition, more than 60% of VO-treated patients did
not require second-line treatment [18]. This study also high-
lights the prognostic value of EOT MRD status with respect to
PFS and OS, emphasizing the need for MRD-guided
approaches [19-22]. It is worth noting that the ongoing
study continues to monitor the secondary malignancy rate,
with anticipated further follow-up results to be presented later
this year.

4. Expert opinion

The long-term results of the MURANO and CLL14 trials,
recently presented at the 23rd EHA meeting, have definitively
established the role of FD venetoclax/anti-CD20 mAb combi-
nations as a breakthrough in the treatment of both TN and R/R
CLL (Figure 1). Venetoclax-anti-CD20 mAb combination is an
appealing treatment option due to time-limited administra-
tion, associated high rate of uMRD which is predictive of
durable responses, and the acceptable toxicity profile, espe-
cially in older or medically less fit patients. Notably, the use of
venetoclax-anti CD20 mAb FD regimens may reduce the like-
lihood of patients developing new CLL targeting mutations,
thus increasing the potential for eliciting secondary clinical
responses upon retreatment with venetoclax [23]. The acquisi-
tion of the recurrent Gly101Val mutation in the BCL2 gene,
which confers resistance to venetoclax, is a well-described
mechanism of secondary resistance seen only with continuous
venetoclax therapy and which has never been reported fol-
lowing 12 to 24 months of FD therapy [24].

Results of MURANO trial show that venetoclax retreatment
is promising, however, additional data are required, and the
optimal anti-CD20 mAb to combine with venetoclax may not
be rituximab. Moreover, prospective studies should be con-
ducted to better define the TFI needed to consider a patient
eligible for retreatment. The ReVenG trial (NCT04895436) is
a phase 2 study designed to assess whether patients with
CLL who have completed first-line VO treatment can derive
clinical benefit from VO retreatment. The primary objective of
this trial is to evaluate the ORR of VO retreatment in patients
who have progressed more than 24 months after their initial
VO treatment.
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Some practical considerations accompany venetoclax ther-
apy. These include the need for clinical and laboratory mon-
itoring during the initial venetoclax dose ramp-up phase with
the attendant possibility of hospital admissions and the need
to implement prophylactic strategies to mitigate the risk of
tumor lysis syndrome (TLS), particularly in patients with
a higher tumor burden [25]. It is worth noting that the phase
three trials of VO and VR have demonstrated a low incidence
of TLS events [15-18].

Some logistical challenges around the delivery of veneto-
clax may arise for patients who face difficulties with transpor-
tation, live in location which is remote from the hematology
unit or who lack caregiver support with such factors poten-
tially impeding the access to venetoclax-based therapies [23].
However, after the ramp-up phase and the intravenous admin-
istration of anti CD20 mADb, the frequency of clinical monitor-
ing decreases for the remainder of venetoclax therapy [15-18].

Neutropenia, which is the most common adverse event
observed with venetoclax, can be effectively managed
through various strategies, including discontinuation, intermit-
tent use of granulocyte colony-stimulating growth factors, and
adjusting the venetoclax dose as required. Based on data from
the CLL14 and CLL13 trial, the incidence of grade = 3 febrile
neutropenia in the VO arm is relatively low (5.2% and 3.1%,
respectively) [18,26].

An important aspect to consider is how potential immune
recovery with FD therapy aligns with the risk of infection.
A recent meta-analysis assessed the prevalence of infections
in CLL patients treated with targeted agents. The pooled
cumulative incidence of severe infections across patients trea-
ted with BTKi was 19.8%, compared to 17.4% in patients
treated with venetoclax-based therapies [27]. Notably, both

based treatments, namely the MURANO and CLL14 trials,
included regimens that incorporated anti-CD20 mAbs [15,16]].

Following FD treatment, patients demonstrated immune
recovery. In a post hoc analysis of the MURANO trial, post-
treatment recovery of IgG, IgA, and IgM levels, as well as
normalization of CD3+ T cells, was observed, irrespective of
EOT MRD status. The overall infection rate was low, with non-
statistically significant differences in grade >3 infections
occurring during treatment between patients who achieved
uMRD at EOT and those who did not [28]. In the CAPTIVATE
MRD cohort, infection rates generally decreased over time.
Notably, a trend emerged indicating lower infection rates in
patients who achieved confirmed uMRD [29]. | The GLOW
study provided compelling evidence of restoration of normal
B cells in patients receiving a FD treatment of ibrutinib plus
venetoclax [30]. These findings offer promising indications of
the restoration of a normal blood immune composition when
utilizing FD venetoclax-based regimens.

One of the advantages of using venetoclax-anti CD20 mAb
combinations is the absence of cardiovascular (CV) toxicities
[15-18]. This characteristic makes such an approach particu-
larly suitable for individuals over 70 years of age, as they often
have a high prevalence of CV comorbidities, reported in up to
60% of persons in this age range [31]. However, the decision
between FD venetoclax-anti-CD20 mAb combinations and
a BTKi agent given continuously becomes more complex in
patients without CV comorbidities [23].

While limited compelling data supports the efficacy of
BTKis over venetoclax-based regimens, it is crucial to indivi-
dualize treatment selection. Figure 2 illustrates the advan-
tages and disadvantages of continuous vs. FD therapy
based on specific disease-related factors (e.g. TP53 and

randomized controlled trials (RCTs) evaluating venetoclax- IGHV mutational status, the presence of a complex
Continuous Cpntinuous Continuous
(=] | |

Fixed-Duration

%

Fixed-Duration

Fixed-Duration

Retreatment

Fixed-Duration Continuous Fixed-Duration

Continuous
Continuous

Fixed-Duration

Fixed-Duration
Fixed-Duration

Continuous

5

Continuous
Continuous

Fixed-Duration

+ Mutation of target

Figure 2. Visual representation of potential advantages and disadvantages of continuous versus fixed-duration therapy based on specific disease-related (IGVH
mutational status, TP53 mutational status, presence of complex karyotype [KC]) or treatment-related (infection risk, high cardiovascular [CV] risk, potential for
retreatment, potential for achieving undetectable minimal residual disease [UMRD], costs, risk of developing targeting mutations) features. The sign (+) indicates

a potential advantage while the sign (-) a potential disadvantage.



karyotype) and treatment-related features (e.g. cardiovascu-
lar risk, infection risk, the likelihood of developing target
mutations, costs, challenges of re-treatment with FD ther-
apy, or achieving uMRD). However, this is a generalized
representation, clinical decisions should be made in consul-
tation with a healthcare professional, taking into account
the the burden of patients’ comorbidities, logistical aspects,
and individual patients’ needs [23].

In the context of FD CLL therapy, a significant development has
emerged with the recent approval by the European Commission
of the all-oral combination of ibrutinib and venetoclax for the
frontline treatment of patients with CLL [32]. This approval is
based on the results of the phase 3 GLOW trial, which enrolled
unfit CLL patients, and the CAPTIVATE clinical trial, a phase 2 study
that evaluated both MRD-guided treatment discontinuation and
FD therapy in untreated patients with CLL/SLL [21,30]. The results
of the ongoing CLL17 (NCT04608318) phase 3 trial, a prospective,
multicentre, open-label randomized study comparing the efficacy
and safety of continuous ibrutinib monotherapy versus fixed-
duration VO or fixed-duration ibrutinib plus venetoclax in pre-
viously untreated CLL is therefore eagerly awaited. When these
results become available, they will provide valuable assistance to
clinicians in selecting the most suitable therapeutic approach. This
guidance extends beyond the choice between continuous BTK
inhibitors and a venetoclax-based FD approach; it also encom-
passes the decision between an all-oral FD regimen and an FD
regimen that includes an anti-CD20 mAb.

It is crucial to recognize that the conventional method for
assessing adverse events, primarily reliant on the Common
Terminology Criteria for Adverse Events (CTCAE), often hinges
solely on basic incidence rates. However, this approach fails to
consider a critical aspect: the duration of exposure to targeted
agent treatments. To enable meaningful comparisons of
adverse event profiles across clinical trials for CLL involving
targeted agents, it is crucial to establish a comprehensive
measure of adverse event burden. Such a measure should
encompass both the severity and the number of reported
adverse events during a trial, while also accounting for the
duration of administered medication [33,34]

Finally, the economic burden of continuous BTKi therapy
may favor the choice of FD therapy. The increased benefits
and costs associated with oral targeted therapies are projected
to improve CLL survivorship but can impose a substantial
financial burden on both patients and payers, particularly for
those treated with a continuously administered BTKi [35].
A recent study conducted in Canada on the costs associated
with CLL management for both continuous- and FD treatment
which included drug acquisition, follow-up/monitoring,
adverse event, and palliative care suggests that FD therapy is
expected to result in major reductions in cost burden over the
5-year projection, compared to continuous therapy. Changes
in pricing, improved management of AEs, and tailored treat-
ment plans based on genetic and patient profiling can help to
reduce the financial burden of managing CLL [36].
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