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C u r r e n t  D e v e l o p m e n t s  i n  t h e  M a n a g e m e n t  o f  C h r o n i c  L y m p h o c y t i c  L e u k e m i a

H&O  What study data led the US Food and Drug 
Administration (FDA) to approve venetoclax for 
chronic lymphocytic leukemia (CLL)?

SO  In CLL, venetoclax (Venclexta, AbbVie/Genentech) 
is approved for both treatment-naive and relapsed/refrac-
tory patients on the basis of 3 main trials. Results from 
phase 1 and 1b trials led to approval for patients with 
the 17p deletion and patients with relapsed disease.1,2 The 
phase 3 MURANO trial resulted in the approval of fixed-
duration therapy (2 years) with venetoclax and rituximab 
for relapsed/refractory patients.3 Approval in the frontline 
setting was based on the CLL-14 trial.4 Each trial helped 
to evolve the treatment and/or broaden the treatable 
patient population.

The original phase 1, dose-escalation trial evaluated 
doses ranging from 150 mg/day to 1200 mg/day in 56 
patients.1 In an expansion cohort, 60 additional patients 
were treated with a weekly stepwise ramp-up regimen, 
with doses that reached 400 mg/day. The trial enrolled a 
very refractory group of patients with CLL.1 The patients 
had received a median of 4 prior regimens, so they were 
heavily pretreated. Treatment with venetoclax was con-
tinued until the patient developed progressive disease or 
intolerable adverse events, which is the same strategy used 
with the Bruton’s tyrosine kinase (BTK) inhibitors. 

The trial did not identify a maximum tolerated 
dose. Among the 116 patients who received venetoclax, 
a response was seen in 79%. A complete response was 
reported in 16%. Undetectable levels of minimal residual 
disease (MRD) were reported in 5%. Responses were 
seen in patients with high-risk characteristics. The overall 
response rate was 71% among patients with the deletion 
17p, which included a complete response in 16%. Among 
patients with unmutated immunoglobulin heavy-chain 

variable region gene (IGHV), the overall response rate was 
76%, with a complete response rate of 17%. At 15 months, 
the estimated rate of progression-free survival (PFS) was 
69% among patients in the 400-mg dose groups. Based 
on the results of this trial, venetoclax received an initial 
approval in CLL for patients with 17p-deleted disease. 
The approval was then expanded to include all patients 
with relapsed CLL.

The phase 1b trial combined venetoclax with ritux-
imab in patients with relapsed CLL.2 Venetoclax was 
administered in a stepwise escalation to the target doses 
of 200 mg/day to 600 mg/day. Monthly rituximab was 
then added, at 375 mg/m2 in month 1 and 500 mg/
m2 in months 2 to 6. The maximum tolerated dose of 
venetoclax was not identified. For the combination regi-
men with rituximab, the recommended phase 2 dose of 
venetoclax was 400 mg. 

The overall response rate was 86%, which included 
complete responses in 51%. At 2 years, the estimated rate 
of PFS was 82%. Ongoing responses were reported in 
89%. Treatment led to a high rate of undetectable MRD 
of 57%, so investigators chose to move forward with this 
combination rather than single-agent venetoclax.

The randomized phase 3 MURANO trial compared 
venetoclax plus rituximab vs standard chemoimmuno-
therapy with bendamustine (Bendeka, Teva) plus ritux-
imab.3 The dose of venetoclax began at 20 mg/day and 
increased to 400 mg/day throughout the first 5 weeks. In 
this trial design, the antibody was front-loaded, meaning 
that it was given with venetoclax (after the venetoclax dose 
ramp-up was complete), but only for the first 6 months. 
Treatment with venetoclax was stopped after 2 years. 

At 2 years, the rate of PFS was 84.9% with vene-
toclax plus rituximab vs 36.3% with bendamustine 
plus rituximab. The median PFS was not reached vs 17 
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months, respectively (Figure 1). Among patients with 
deletion 17p, the 2-year PFS rate was 81.5% with vene-
toclax plus rituximab vs 27.8% with bendamustine plus 
rituximab. Based on the results of this study, the com-
bination of venetoclax plus rituximab was approved as a 
fixed-duration regimen. (As a single agent, venetoclax can 
be administered indefinitely.)

The CLL-14 trial compared venetoclax plus obinu-
tuzumab (Gazyva, Genentech) vs chlorambucil plus 
obinutuzumab in the frontline setting.4 This trial was 
spearheaded by investigators in Germany. Rather than 
combining venetoclax with rituximab, the investigators 
chose to use obinutuzumab because it is more potent than 
rituximab.5 As in the MURANO trial, the antibody was 
front-loaded and given for only 6 months, whereas vene-
toclax was given for 12 months and then discontinued. 
In the CLL-14 trial, obinutuzumab was initiated before 
venetoclax, whereas in the MURANO trial, rituximab 
was started after completion of the venetoclax ramp-up.

In the CLL-14 trial, the primary endpoint of PFS was 
significantly longer with venetoclax plus obinutuzumab.5 
At a median follow-up of 39.6 months, the median PFS 
was not reached with venetoclax plus obinutuzumab vs 
35.6 months with chlorambucil plus obinutuzumab. 
These data led to the approval of this regimen in the 
frontline setting. Venetoclax plus obinutuzumab was 
administered in a fixed duration of 1 year, rather than the 
2-year schedule given in the MURANO trial. The shorter 
duration was chosen based on the premise that previously 
untreated patients would be able to achieve undetectable 
MRD more quickly than relapsed patients.

H&O  What are the other treatments used in CLL?

SO  Frontline treatments for CLL can be classified into 

2 main types: chemoimmunotherapy and newer targeted 
therapies. The newer targeted therapies include BCL-2 
inhibitors and BTK inhibitors. BCL-2 is a proapoptotic 
protein that helps cells to survive.6 Venetoclax is a highly 
selective inhibitor of BCL-2.1

In the United States, there are 2 BTK inhibitors 
approved for CLL. Ibrutinib (Imbruvica, Pharmacy-
clics/Janssen) was the first, followed by acalabrutinib 
(Calquence, AstraZeneca).7-10 The BTK inhibitor zanu-
brutinib (Brukinsa, BeiGene) is approved for mantle 
cell lymphoma, and it received accelerated approval for 
Waldenström macroglobulinemia and marginal zone lym-
phoma.11-13 Zanubrutinib is not yet approved for CLL. 
Results from a randomized head-to-head comparison of 
zanubrutinib vs ibrutinib in the relapsed setting were 
presented at the 2021 European Hematology Association 
meeting.14 The interim analysis was based on assessment 
by the investigators, rather than an independent review 
committee, and had a limited follow-up of only a year. 
The patients treated with zanubrutinib had a somewhat 
higher response rate and longer PFS. Zanubrutinib will 
likely be the third BTK inhibitor approved for CLL in the 
United States.

Drug classes other than chemoimmunotherapy are 
also approved for CLL. There are 2 phosphoinositide 
3-kinase (PI3K) inhibitors: idelalisib (Zydelig, Gilead), 
which is approved in combination with rituximab, and 
single-agent duvelisib (Copiktra, Secura Bio).15,16 These 
treatments are approved only in the relapsed setting. 
Another PI3K inhibitor, umbralisib, is currently under 
investigation.17

Noncovalent BTK inhibitors appear promising, but 
are not yet approved in the United States. The approved 
BTK inhibitors—ibrutinib, acalabrutinib, and zanubru-
tinib—all bind at the same site: C481S.18 A common 
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Figure 1. Progression-
free survival in the 
phase 3 MURANO 
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venetoclax plus 
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mechanism of clinical resistance to these drugs is a muta-
tion at the binding site. A patient who is resistant to one 
of the approved BTK inhibitors is highly likely to be 
resistant to the others.19 An advantage of the noncovalent 
inhibitors is that they bind at a different site. These novel 
agents have shown good efficacy, even in patients who are 
resistant to the approved BTK inhibitors. 

Two noncovalent BTK inhibitors are in develop-
ment: nemtabrutinib (formerly known as ARQ 531) 
and pirtobrutinib (formerly known as LOXO-305). Pre-
liminary data for these agents have been presented.20,21 
These noncovalent BTK inhibitors are exciting because 
they would allow continued use of this mechanism of 
action in patients who are resistant to one of the other 
drugs. Currently, the only option for patients who are 
resistant to a BTK inhibitor is a switch to venetoclax-
based therapy.

H&O  What are some differences between 
venetoclax and the BTK inhibitors?

SO  Venetoclax and the BTK inhibitors are both targeted 
therapies. They differ in their mechanisms of action and 
durations of administration.

Venetoclax is usually administered as fixed-duration 
therapy. Treatment lasts for 12 months with the combination 
of venetoclax plus obinutuzumab in patients with previously 
untreated CLL. In patients with previously treated CLL, 
venetoclax plus rituximab is administered for 24 months. 
The BTK inhibitors are administered until the patient devel-
ops disease progression or unacceptable toxicity.

Venetoclax inhibits a different kinase from the BTK 
inhibitors.6 The BTK inhibitors and the PI3K inhibi-
tors are known as B-cell receptor inhibitors. These drugs 
interact in the B-cell receptor pathway, albeit on differ-
ent kinases. This is important because ligating the B-cell 
receptor sends a strong proliferative and survival signal to 
the cell.22 Inhibiting that signaling would be beneficial.

There are now some data from studies combining a 
B-cell receptor inhibitor with venetoclax (Figure 2).23,24 
There may be some synergy in vitro. Not only do these 
treatments target different pathways, but the B-cell recep-
tor inhibitors drive the cells out of the microenvironment. 
When BTK inhibitors are used as single agents, they 
initially cause lymphocytosis before the patient achieves 
a partial response. BTK inhibitors drive the cells out of 
their protective niches within the lymph nodes and the 
bone marrow, and into the blood. Venetoclax is particu-
larly effective at killing circulating cells. Early data from 
the combination trials look promising, with high rates of 
undetectable MRD.

H&O  What are the benefits of a fixed-treatment 
duration?

SO  There are numerous benefits to a fixed-treatment 
duration. Adherence is improved. Venetoclax is generally 
very well-tolerated. Any adverse events that do arise will 
resolve after treatment ends. There are potential financial 
benefits to a fixed-treatment duration, both to society as 
a whole and to the patients, who often have a copay for 
these expensive drugs.
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H&O  Which patient characteristics guide 
selection between venetoclax and the BTK 
inhibitors?

SO  Venetoclax and the BTK inhibitors are both excel-
lent treatments in general. Some prognostic differences 
are emerging. With the BTK inhibitors, PFS does not 
differ based on whether the patient has a mutated or 
unmutated IGHV.7 A patient’s IGHV mutation status 
does appear to impact response to venetoclax plus 
obinutuzumab in the frontline setting. In a 4-year 
follow-up analysis of the CLL14 study, treatment with 
venetoclax plus obinutuzumab led to a median PFS of 
approximately 5 years among patients with the unmu-
tated IGHV gene vs not reached among those with 
mutated IGHV.25 However, even for patients with the 
unmutated IGHV gene, it is not clear if a BTK inhibitor 
is preferred. The patients in the venetoclax/obinutu-
zumab group had stopped receiving this treatment an 
average of 4 years before they relapsed. Patients who 
relapse after treatment ends will not necessarily develop 
a resistant clone. It might be possible to re-treat these 
patients with venetoclax, either continuously or with a 
second course of finite duration.

The BTK inhibitors and venetoclax are both gener-
ally well-tolerated drugs. Another distinction, however, 
is that cardiovascular toxicity, notably hypertension and 
atrial fibrillation, may occur with BTK inhibitors but is 
not seen with venetoclax. This might mean that physi-
cians would prefer venetoclax in a patient population 
with significant cardiac comorbidities.

I prefer to use a BTK inhibitor in one specific 
population: patients with a 17p or TP53 mutation. Data 
for the largest cohort of frontline 17p-deleted patients 
with CLL treated with ibrutinib, drawn from a pooled 
analysis of 4 randomized trials, were recently published.26 
The 4-year PFS was 78%, analogous to the PFS seen in 
all-comers treated with ibrutinib in the RESONATE-2 
trial (which compared ibrutinib vs chlorambucil).8,26 
In the CLL-14 trial, venetoclax plus obinutuzumab 
was associated with a median PFS of approximately 3 
to 4 years in these patients.4 However, it is not known 
whether venetoclax is a less effective agent in patients 
with a TP53 aberration or whether it was the finite 
duration of therapy that decreased remission durability. 
Patients may need continuous exposure to venetoclax to 
achieve a longer response. Currently, there are no data 
to address these questions. The trial of venetoclax plus 
obinutuzumab was designed to evaluate a fixed dura-
tion of therapy, and no subset of patients continued 
treatment beyond 1 year. Without data to address these 
questions, my preference is to treat patients with a 17p 
deletion or TP53 mutation with a BTK inhibitor, which 

is given continuously. Other than this high-risk subset, 
it is possible to make a case for either a BTK inhibitor 
or venetoclax in most patients, with the noted caveat 
of patients with cardiovascular comorbidities, in whom 
venetoclax-based therapy might be more desirable.

H&O  What is known about resistance to BTK 
inhibitors?

SO  After long-term use of the BTK inhibitors, many 
patients develop a point mutation at the C481S binding 
site that renders them resistant to treatment.18 There are 
other mechanisms of resistance as well, since not all resis-
tant patients have mutations in BTK. In contrast, inher-
ent resistance is not expected in patients who develop 
progressive disease many years after treatment with fixed-
duration venetoclax.

There is a possibility that a finite duration of BTK 
inhibitors might also allow these agents to be used again 
after several years. No clinical trials have evaluated single-
agent BTK inhibitors in a finite duration, but this strategy 
might be worth investigating. Treatment for 3 or 4 years 
usually leads to a good remission. What if treatment were 
stopped at this point? If the patient then relapses after a 
certain amount of years off treatment, perhaps the drug 
could be initiated again. This strategy could extend the 
shelf life of BTK inhibitors. Trials evaluating the combi-
nation of ibrutinib and venetoclax tend to administer a 
fixed-duration regimen, or at least provide the opportu-
nity for patients to stop therapy at different time points, 
depending on when they achieve undetectable MRD.23,24 
Other than that, all of the trials of BTK inhibitors have 
evaluated continuous therapy.

H&O  Are there data supporting the use of BTK 
inhibitors after venetoclax?

SO  There are emerging data for this approach. There are 
clinical trials and real-world data for patients treated with 
ibrutinib followed by venetoclax.27-29 The FDA approved 
ibrutinib long before venetoclax. A clinical trial evaluated 
the response to venetoclax in patients previously treated 
with either a BTK inhibitor or a PI3K inhibitor.30,31 The 
trial was for patients treated unsuccessfully with ibrutinib 
or idelalisib, and the data for each of these cohorts were 
published separately. 

Data are more limited for patients treated with 
venetoclax followed by a BTK inhibitor. The MURANO 
trial of venetoclax plus rituximab enrolled patients with 
relapsed disease.3 However, the median number of prior 
regimens was 1, and the prior treatment was chemoim-
munotherapy in nearly all cases. Almost no patients in 
the MURANO trial had received a BTK inhibitor. Data 
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from the MURANO trial are generally updated annually. 
In addition to the long-term follow-up of the primary 
cohort, we are now beginning to see data for subsequent 
treatment with a BTK inhibitor and even retreatment 
with venetoclax.32 The number of patients who have 
received retreatment is relatively small. Approximately 50 
patients have received treatment with a BTK inhibitor, 
and they had a very high response rate.

In 2020, Dr Anthony Mato and colleagues pub-
lished real-world data for 44 patients who received a BTK 
inhibitor after venetoclax.33 At a median follow-up of 
7.7 months, the estimated median PFS was 32 months 
in BTK inhibitor–naive patients (Figure 3), not reached 
in BTK inhibitor–intolerant patients, and 4 months in 
patients who were resistant to BTK inhibitors. The overall 
response rate was 84% in BTK inhibitor–naive patients 
and 54% in BTK inhibitor–exposed patients. Therefore, 
it appears possible to achieve good responses when mov-
ing from a B-cell receptor inhibitor to venetoclax or vice 
versa.

H&O  What do data suggest regarding the use of 
MRD in the management of patients with CLL?

SO  There is no question that patients who reach an 
MRD-negative state have deeper responses and very dura-
ble remissions. The MURANO trial of venetoclax plus 
rituximab in relapsed or refractory CLL evaluated out-
comes according to MRD levels that were undetectable, 
low-detectable, or high-detectable. All of the PFS curves 
were dramatically different. PFS was best in patients with 
undetectable MRD, followed by those with low-grade 
detectable levels.3 Patients with the worst PFS were those 
in the high-detectable group.

Measurement of MRD can also help conduct a trial 

of finite therapy. High rates of MRD undetectability can 
provide confidence that the remissions will last years. 
Some patients might even be cured.

Any of the regimens that produce high rates of 
MRD undetectability have the potential for use in a finite 
duration. Among the small molecules, venetoclax-based 
therapy is the only therapy associated with MRD unde-
tectability. There is the possibility that venetoclax could be 
used again after the patient relapses while off of therapy. 
In contrast, BTK inhibitors can lead to durable remis-
sions, but when the patient relapses, that class of drugs is 
no longer effective. (This may change with the approval of 
the noncovalent BTK inhibitors.)

H&O  Do you have any recommendations 
regarding the use of MRD to monitor patients 
with CLL?

SO  The premise behind these fixed-duration trials is the 
knowledge that the treatment led to high rates of MRD 
undetectability. However, treatment was stopped after 
1 year in the frontline setting and after 2 years in the 
relapsed setting, regardless of the patient’s MRD status.3,4 
Therefore, based on these trials, clinicians do not have to 
monitor MRD.

MRD is monitored in clinical trials, and I anticipate 
that assessment will reach a deeper level. The standard 
measure of MRD undetectability uses 104, but there 
are assays that can measure MRD levels at 105 or 106. 
Some combination trials of small molecules have added 
an antibody, namely obinutuzumab. Combination regi-
mens will lead to high rates of MRD undetectability, but 
how will we know in a timely fashion if one combination 
small-molecule regimen is better than another? Since we 
already achieve high rates of MRD undetectability with 
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small molecules, how will we determine whether the 
antibody is needed? An early clue might be provided by 
rates of MRD undetectability that are much deeper. In 
other words, say there are 2 regimens that produce MRD 
undetectability at 104 in 75% of patients. However, one 
of the regimens produces MRD undetectability at 106 
in 50% of patients, whereas the other regimen does not 
produce any patients with MRD undetectability at 106. 
Hypothetically, this type of difference between regimens 
might help guide selection of the best treatment to study 
in a large randomized trial.

H&O  What have these drugs added to the 
treatment armamentarium?

SO  Compared with 10 years ago, these small molecules 
have revolutionized the treatment of CLL. They clearly 
prolong survival compared with chemoimmunotherapy, 
the previous standard of care. Both classes of drugs are 
excellent agents to have available. 
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