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Abstract

Purpose of Review There have been significant advances in the treatment of relapsed/refractory chronic lymphocytic leu-
kemia (CLL) over the past two decades. However, the intention of treatment remains control of the disease and delay of
progression rather than a cure which remains largely elusive. Considering that CLL is mostly seen in older patients, there
are multiple factors that play a role in the selection of CLL beyond the frontline treatment. Here, we review the concept of
relapsed CLL, factors that predispose to relapse, and therapeutic options available to this patient population. We also review
investigational therapies and provide a framework for selection of therapies in this setting.

Recent Findings Please check if the affiliations are presented correctly. Targeted therapies with continuous BTK inhibi-
tors (BTKi) or fixed duration venetoclax plus anti-CD20 monoclonal antibody therapy have established superiority over
chemoimmunotherapy in relapsed CLL and have become the preferred standard of care treatment. The second-generation
more selective BTK inhibitors (acalabrutinib and zanubrutinib) have shown improved safety profile compared to ibrutinib.
However, resistance to the covalent BTK inhibitors may emerge and is commonly associated with mutations in BTK or other
downstream enzymes. The novel non-covalent BTK inhibitors such as pirtobrutinib (Loxo-305) and nemtabrutinib (ARQ 531)
are showing promising activities for relapsed CLL refractory to prior covalent BTKi. Other novel therapies such as chimeric
antigen receptor (CAR) T cell therapy have also shown significant activities for relapsed and refractory CLL. Measurable
residual disease (MRD) assessment has a growing importance in venetoclax-based limited-duration therapy and there is
mounting evidence that MRD negativity improves outcomes. However, it remains to be seen if this will become an estab-
lished clinically significant endpoint. Further, the optimal sequence of various treatment options remains to be determined.
Summary Patients with relapsed CLL now have more options for the treatment of the disease. The choice of therapy is best
individualized especially in the absence of direct comparisons of targeted therapies, and the coming years will bring more
data on the best sequence of use of the therapeutic agents.
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Introduction (BTKi, including ibrutinib, acalabrutinib, and zanubrutinib),

BCL-2 inhibitor (BCL-2i, including venetoclax), and phos-

The last decade has seen a significant increase in the thera-
peutic options available to patients with chronic lympho-
cytic leukemia (CLL). The treatment armamentarium has
expanded beyond traditional chemoimmunotherapy (CIT)
with the introduction of novel small molecule kinase/path-
way inhibitors such as Bruton tyrosine kinase inhibitors
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phatidylinositol 3-kinase inhibitors (PI3Ki, including idela-
lisib and duvelisib). These treatments may be fixed-duration
(for CIT or venetoclax-based therapy), or continuous indefi-
nitely (for BTKi or PI3Ki). Present-day treatments have sig-
nificantly improved the progression-free survival (PFS) and
overall survival (OS) in patients with CLL requiring therapy.

Although current frontline treatment is highly effec-
tive in achieving a remission, CLL remains incurable. The
disease will likely relapse and progress requiring further
line(s) of therapy.

Relapse is defined as progression of CLL after achiev-
ing partial or complete remission for at least 6 months.
This is different from refractoriness which represents
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non-response to therapy, progression while on treatment,
or progression within 6 months of completion of a time-
limited therapy. In this review, we will be discussing treat-
ments for both relapsed and refractory CLL. Patients with
progressive disease does not necessarily require treatment
unless they are meeting one of the treatment indications
based on the International Workshop on Chronic Lympho-
cytic Leukemia (iwCLL) criteria for progressive disease
and indication for treatment [1].

While the use of approved agents in the frontline setting
is well established, the sequence of deploying the available
therapeutic agents in the relapsed/refractory setting is still
evolving and remains the subject of investigation. There-
fore, the selection of therapies for patients with relapsed/
refractory CLL requires consideration of several factors
including previous therapy, disease characteristics, the
patient’s clinical status (including co-morbidities, concur-
rent medications etc.), access to clinical trials, and cost
implications [2]. Here we review the available clinical
trial data and propose a treatment algorithm for relapsed/
refractory CLL.

Frontline Treatment of CLL

The options for the initial treatment of patients with active
CLL have expanded significantly in the last two decades
with targeted agents gradually replacing traditional CIT as
the new standard of care, which is further accelerated by
the onset of the COVID-19 pandemic.

Currently available targeted therapies in the upfront
setting include BTK inhibitors as continuous treatment
(with or without anti-CD20 monoclonal antibody), and
venetoclax combined with anti-CD20 monoclonal anti-
body (mAb). These agents are highly efficacious and have
demonstrated PFS and OS benefits when compared with
traditional CITs in multiple large randomized phase III
studies [2—-8]. The initial results from the ECOG 1912
clinical trial suggested that there was no PFS difference
in patients with IgHV-mutated CLL without del(17p) or
TP53 mutation treated with ibrutinib compared to those
treated with the CIT regimen, fludarabine-cyclophospha-
mide-rituximab [9]. However, the 5-year follow-up results
from the study, which demonstrated a PFS benefit with
ibrutinib in all subgroups, have shown that targeted thera-
pies, when available, are the best initial treatment modality
in patients with CLL [10].

The choice of treatment is determined by patient’s pref-
erence (including time-limited versus continuous treat-
ment), patient characteristics (including functional status
and comorbidities), disease characteristics (standard versus
high risk), and costs.
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Predictors of Relapse/Prognosis in CLL

Certain unfavorable prognostic factors have been iden-
tified in CLL. These include an unmutated IGHV gene;
cytogenetic abnormalities such as complex karyotype,
del(17p) or TP53 mutation, etc. which have all been dem-
onstrated to be strong predictors of treatment-free interval
and overall survival. In particular, del(17p) and/or TP53
mutation portend a shorter treatment-free interval, poor
response to standard chemotherapy, and shorter survival
[11-19]. Importantly, the timing of progression of disease
is an important prognostic factor in patients with relapsed
CLL. Early progression of disease — defined as within 24
months of frontline therapy — is an established indicator
of inferior response rate to subsequent therapy and sur-
vival [20]. Several prognostic models have been developed
to predict outcomes in patients with CLL. These include
the International Prognostic Index for CLL (CLL-IPI), the
Integrated Scoring System (ICSS), the more recent prog-
nostic models that predict outcomes in patients treated
with targeted therapy [21-23].

The setting of relapse is also important as patients who
relapse or progress while on continuous therapy typically
indicate refractory disease, warranting a switch to another
drug class due the development of resistance (mecha-
nisms discussed under each targeted therapy class below).
Relapsed disease after finite-limited therapy can be treated
with the same regimen provided the duration of response
to the initial therapy is adequate.

Relapse of CLL or Richter’s Transformation?

When CLL patients are presenting with rapidly progres-
sive disease, it is important to consider the possibility of
Richter transformation (RT), which represents the emer-
gence of an aggressive lymphoma, most commonly diffuse
large B cell lymphoma, and less commonly Hodgkin lym-
phoma [24]. It is important to make a distinction between
relapsed CLL and RT as the treatments are quite different
and the latter portends a dismal prognosis [25]. The clini-
cal presentation of RT often overlaps with that of relapsed
CLL with the exception that the symptomatology of RT is
usually more pronounced, resulting in greater morbidity.
The findings that often draws attention to the possibility
of RT include elevated serum LDH, asymmetrical rapid
increase of lymph node size, and hypercalcemia as seen
in about eighty-two percent of patients in a retrospective
review study [26]. The diagnosis of Richter’s transforma-
tion always requires tissue biopsy of the suspected site of
transformation, which can be selected based on markedly
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increased FDG uptake on positron emission tomogra-
phy (PET) with computed tomography [27]. Notably, the
phenomenon of pseudo-Richter transformation has been
described by us and others in patients in whom a tem-
porary hold of BTKi resulted in clinical progression (as
evidenced by progressive lymphadenopathy, cytopenia,
lymphocytosis) with histopathologic evidence of large cell
lymphoma but subsequent resolution of clinical and histo-
pathologic changes upon resumption of therapy with the
BTKi [28]. Therefore, this pitfall should be recognized.

RT is typically treated with aggressive chemoimmuno-
therapy although the response tends to be short-lasting, and
prognosis is poor. In younger and fit patients, allogeneic
stem cell transplant should be considered once response is
achieved with CIT as it improves the chance of long-term
survival.

Treatment for Relapsed/Refractory CLL

BTK Inhibitors

The B cell receptor signaling pathways are key to the patho-
genesis of CLL by the way of antigen-independent cell-
autonomous activation, and one of the core proteins involved
is the Bruton’s tyrosine kinase (BTK) — effects lead to sus-
tained inhibition of the B cell receptor and promotion of
tumor proliferation [29, 30].

BTK inhibitors have revolutionized the treatment of CLL
— including in the relapsed setting — since the in approval
of the first-in-class agent, ibrutinib, in 2014. Ibrutinib was
first studied in relapsed CLL on the phase Ib/Il PCYC-1102
study and efficacy was confirmed by a multicenter rand-
omized control trial (RCT), RESONATE comparing single
agent ibrutinib to ofatumumab [31, 32]. After 6-years of
follow-up, ibrutinib demonstrated superior outcomes with
a significantly longer median PFS (44.1 vs. 8.1 months;
hazard ratio [HR]: 0.148; 95% confidence interval [CI]:
0.113-0.196; P<.001) and median OS (HR: 0.639; 95% CI:
0.418-0.975) after the latter parameter was censored for the
extensive cross-over which occurred from the ofatumumab
arm to the ibrutinib arm upon progression [33]. Importantly,
the superiority of ibrutinib was maintained in the patients
with high risk molecular/cytogenetic abnormalities such
as unmutated IGHV status, TP53 mutation, del(17p), and
del(11q) as the median PFS was 44.1 vs. 8.0 months (HR:
0.110; 95% CI: 0.080-0.152) [33].

In the data obtained from long term of patients in the
RESONATE study, the most frequently reported grade >3
toxicities related to ibrutinib include neutropenia (25%),
pneumonia (21%), major hemorrhage (10%), hyperten-
sion (9%), thrombocytopenia (10%), anemia (9%), urinary
tract infection (7%), diarrhea (7%), and atrial fibrillation

(6%) [33]. While, the study authors demonstrated that the
prevalence of any ibrutinib-related grade >3 adverse event
decreased after the first year, it is unclear if this is due to dis-
continuation of the medication in affected patients. Disease
progression and adverse events (particularly atrial fibrilla-
tion, infections, hemorrhage, and diarrhea) are the major
reasons for discontinuation of ibrutinib in patients with CLL
with a discontinuation rate of 72% within 5 years in the fol-
low-up data from the study by Byrd et al. and approximately
50% in a real-world analysis of use of ibrutinib in the USA
by Mato et al. [34, 35].

Acalabrutinib is the second-generation, highly selec-
tive BTK inhibitor that is approved for use in patients with
CLL. The approval was based on a global, multicenter,
randomized, open-label, phase III study, ASCEND, which
established its efficacy of single acalabrutinib compared
with investigator’s choice of stand of care treatment with
either rituximab combined bendamustine, or idelalisib in
patients with relapsed/refractory CLL [36]. The authors
reported a relative reduction in the risk of progression or
death was 69% with acalabrutinib monotherapy (HR, 0.31;
95% CI, 0.20 to 0.49; P < .0001) with median PFS not
reached with acalabrutinib monotherapy compared with
investigator’s choice (16.5 months [95% CI, 14.0 to 17.1
months) with no different across all disease risk groups [36].
Grade >3 adverse events were seen in 45% of patients who
received single agent acalabrutinib (most commonly neu-
tropenia, anemia, pneumonia, and atrial fibrillation in 16%,
12%, 5%, and 5% of the patients respectively) versus 86%
and 43% of patients who received idelalisib-rituximab and
bendamustine-rituximab respectively [36]. The discontinua-
tion rate of acalabrutinib on the ASCEND trial is about 16%
but it should be noted that data has only been reported for a
22-month follow-up period [36].

As acalabrutinib is more selective for BTK with fewer
off-target kinase inhibition, it was speculated that this might
translate into less adverse effects compared to ibrutinib. This
was supported by the ELEVATE-RR (ACE-CL-006), an
open-label, randomized, non-inferiority, phase 3 trial com-
paring acalabrutinib with ibrutinib in patients with high-risk
relapsed/refractory CLL [37]. In this first direct comparison
of less vs. more selective BTKi in CLL, the PFS and OS
of patients treated with acalabrutinib were non-inferior to
that of patients treated with ibrutinib with a median PFS of
38.4 months (HR 1.00; 95% CI 0.79-1.27) in both groups
after a median follow-up of 40.9 months, and the median OS
not reached in either group (HR 0.82 [95% CI 0.59-1.15]),
with recorded deaths reported at 23.5% and 27.5% in the
acalabrutinib and ibrutinib arms respectively [37]. Acala-
brutinib also appears to be better tolerated with the study
reporting a lower discontinuation rate due to adverse events
(14.7 versus 21.3%) compared with ibrutinib [37]. Acala-
brutinib was associated with fewer adverse events compared
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with ibrutinib at any grade including hemorrhage, cardiac
arrhythmias, and hypertension [37]. The incidence of any-
grade diarrhea (34.6 versus 46.0%), arthralgia (15.8 versus
22.8%), atrial fibrillation (9.4 vs. 16.0%), and hypertension
(9.4 versus 23.2%) were lower with acalabrutinib) [37].
However, treatment with acalabrutinib was associated with a
higher incidence of headache (34.6 versus 20.2%) and cough
(28.9 versus 21.3%) [37].

Thus, acalabrutinib has emerged as a suitable alterna-
tive to ibrutinib in patients with CLL, including those who
are intolerant to the latter. This was affirmed by the multi-
center, single-agent, phase II study, ACE-CL-208, which
evaluated the use if acalabrutinib in patients with active
relapsed/refractory CLL and intolerance to ibrutinib. In the
sixty patients treated with acalabrutinib, overall response
rate (ORR) was 73% with 5% of the patients achieving com-
plete remission (CR) [38, 39¢]. While the median PFS and
OS were not reached at the median follow-up of 35 months,
their 24-month estimates were reported as 72% and 81%
respectively [39¢]. The reported discontinuation rates for
disease progression and adverse events were 23% and 17%
respectively [39¢]. Reported adverse events were similar to
those seen in other studies. Eighteen percent of the patients
treated with acalabrutinib following intolerance to ibrutinib
had recurrence of the same AE experienced while on ibru-
tinib with diarrhea and bleeding being the most common
recurrent AEs. However, only one patient had acalabrutinib
discontinued for the same AE, diarrhea albeit lower grade,
which had necessitated the discontinuation of ibrutinib
[39e¢]. In a study including 33 patients with ibrutinib intol-
erance, Awan et al. treated CLL with single agent acalabru-
tinib and demonstrated that 72 % of the AEs reported with
ibrutinib did not recur with acalabrutinib while 24% recurred
at the same or lower grade with only 3% of AEs recurring
at a higher grade [38].

Zanubrutinib is another highly selective irreversible BTK
inhibitor, which is currently in advanced stages of clinical
trials. Its efficacy and safety were first demonstrated by
an international, open-label, multicenter phase I/II study
evaluated the use of zanubrutinib in 122 patients with BTK
inhibitor-naive CLL — 82% had received prior therapy
for CLL [40]. The overall response rate was 97% with a
composite complete response rate of 14% after a medial
follow-up of 25.1 months [40, 41]. While the median PFS
was not reached, it was estimated at 97% and 89% at 12 and
24 months respectively [41]. In patients with del(17p), there
was no major difference in ORR (94 vs. 97%) but del(17p),
but the complete response rate was 6% while PFS rate was
75% at 24 months, consistent with preservation of efficacy
in high-risk disease [41]. The most common grade >3 AEs
in >5% of patients were neutropenia (14%), pneumonia
(6%), and anemia (6%) but contusion (46%), upper respira-
tory tract infection (39%), diarrhea (30%), cough (28%), and
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headache (23%) were the most common any-grade adverse
events. Notably, the incidence of atrial fibrillation was 3%
with grade >3 seen in only 2 of the 122 patients [41]. The
overall treatment discontinuation rate was 17% with 13 of
the 122 (11%) patients discontinuing zanubrutinib due to
disease progression while discontinuation due to adverse
events was only reported in only 4 patients (3%) [41]. Xu
et al. conducted a single-arm, phase 2 study to evaluate the
efficacy and safety of zanubrutinib in 91 Chinese patients
with relapsed/refractory CLL. The reported ORR was 84.6%
with 3% achieving complete response after a median fol-
low-up of 15.1 months [42]. The 12-month event-free rate
and overall survival rate were estimated at 92.9% and 96%
respectively [42]. Cytopenias (neutropenia, 44%; thrombo-
cytopenia, 15.4%; anemia, 8.8%) and infections (pneumonia,
13.2%; upper respiratory infection, 9.9%) were the most fre-
quently seen grade > 3 adverse events. No atrial fibrillation
or flutter was observed. Adverse events were responsible for
the discontinuation of zanubrutinib in 9% of patients [42].

These findings formed the basis of the global, rand-
omized, phase III trial, ALPINE, which compared zan-
ubrutinib head-to-head with ibrutinib in patients with
relapsed/refractory CLL. Published data demonstrated
that zanubrutinib is superior to ibrutinib in terms of effi-
cacy and safety. The rate of adverse events leading to
discontinuation of the BTK inhibitor was lower for zanu-
brutinib compared with ibrutinib (16.2 vs. 22.8%). Atrial
fibrillation/flutter, a key concern with ibrutinib, was also
significantly lower with zanubrutinib vs ibrutinib (5.2 vs.
13.3%); there were fewer discontinuations due to cardiac
disorders [43¢]. While the rate of neutropenia was higher
with zanubrutinib (29.3 vs. 24.4%), grade >3 infections
were seen less frequently with zanubrutinib (26.5 vs.
28.1%) [43e]. At 24 months, the reported ORR was sig-
nificantly higher with zanubrutinib versus ibrutinib (83.5
vs. 74.2%) and this superiority was sustained across all
risk groups [43e]. Interesting, the zanubrutinib arm had
an improved PFS versus ibrutinib, a finding that was not
present in the aforementioned acalabrutinib study. Zan-
ubrutinib had a higher 24-month PFS (78.4 vs. 65.9%;
hazard ratio for disease progression or death, 0.65; 95%
confidence interval 0.49 to 0.86; P = 0.002); this benefit
was maintained across major subgroups including among
patients with del(17p) and/or TP53 mutation (72.6 vs.
54.6%; HR for disease progression or death, 0.53; 95%
CI, 0.31 to 0.88) [43e]. Fewer deaths were also seen in the
zanubrutinib arm (HR for death was 0.76, 95% CI, 0.51 to
1.11) [43e]. These results have led to regulatory approval
for the use of zanubrutinib in R/R CLL.

Also, the studies of zanubrutinib have allowed the use of
anticoagulant and antiplatelet medications and its absorption
has not been shown to be affected by gastric acid-reducing
medications such as proton pump inhibitors [41].
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Considering that BTK inhibitors are used continu-
ously, drug resistance is inevitable with consequence loss
of response or progression of disease. While the mecha-
nisms of resistance to BTK inhibitors remain a subject of
investigation, the impaired binding of the drug to its target
protein caused by acquired mutations has been described
as the most common basis of resistance to BTK inhibi-
tors. Secondary BTK mutations involving most commonly
Cys481 and rarely Leu528Trp, or mutations in phospholi-
pase C-y2 have been identified in patients with resistance to
covalent BTK inhibitors, i.e., ibrutinib, acalabrutinib, and
zanubrutinib. In one institutional study of several clinical
trials treatment-naive and relapsed/refractory CLL treated
with ibrutinib, these acquired mutations were identified in
85% of patients suffered progression of disease on the BTKi
[44]. Another study found the BTK Cys481 mutation in 30%
of patients with relapsed/refractory disease who developed
Richter transformation on ibrutinib [45]. The BTK Cys481
mutation, particularly Cys481Ser, directly alters the covalent
BTK:i binding site whereas the PLC-y2 mutations alters the
downstream signaling [44, 46—48].

BCL-2 Inhibitor

The process of programmed cell death is majorly regulated
by pro-apoptotic proteins in the B cell CLL/lymphoma 2
(BCL-2) family [49]. Venetoclax (formerly known as ABT-
199, a re-engineered drug from navitoclax) is the first and
only inhibitor of the anti-apoptotic protein BCL-2-mediated
anti-apoptotic intrinsic cellular apoptosis pathway in clini-
cal use [49]. A highly potent oral agent, venetoclax, selec-
tively inhibits BCL-2 and is approved for use in patients with
CLL. The initial approval for venetoclax in for CLL was
for patients with relapsed disease with del(17p) [50]. The
updated results from this phase II, open-label clinical trial
with venetoclax monotherapy showed an ORR of 77%, with
20% of the patients achieving CR after a median follow-up
of 26.1 months [50]. It was estimated from the intention-
to-treat analysis that 30% of the patients achieved MRD
with a cutoff of 10-4 cells in the blood while the 24-month
estimated PFS was 54% [51]. Cytopenia were the most fre-
quently reported grade >3 adverse events, with neutropenia
(40%) being the most common reason for dose adjustments
and any-grade infection rate of 81% (25% of patients had
grade >3 infection) [51].

Venetoclax has also been studied and approved in fixed-
duration regimens with anti-CD20 monoclonal antibodies.
The first of such regimens to be approved was rituximab-
venetoclax for relapsed /refractory CLL. The efficacy
of combination rituximab-venetoclax in the relapsed/
refractory setting was first demonstrated by the phase 1b
M13-365 which included 49 patients and showed an ORR
of 86%, with 51% of patients achieving a CR [52]. The

response was also durable with two-year estimates for the
PFS and sustained response of 82% and 89% respectively
[52]. The results of long-term follow-up also established
the non-inferiority of discontinuation of venetoclax after
achieving an undetectable measurable residual disease
status versus continuous therapy [53ee]. The approval for
rituximab-venetoclax was based on the results of a ran-
domized, open-label, phase 3 trial, MURANO, in which
389 patients were assigned to receive either venetoclax-
rituximab (venetoclax for up to 2 years and rituximab
for the first 6 months) or bendamustine-rituximab (ben-
damustine and rituximab for 6 months) [54]. The most
recently updated results from the MURANO study after
a S-year follow-up period established the superiority of
venetoclax-rituximab with a significantly higher 5-year
PFS (53.6 versus 17.0 months, hazard ratio [HR], 0.19;
95% CI, 0.15-0.26; p<0.0001) rate and OS (82.1 versus
62.2%. HR, 0.40; 95% CI: 0.26-0.62; p<0.0001) rates
[55]. There was an 100% response rate with venetoclax-
rituximab (10 of 10 patients) who had been previously
treated with ibrutinib although refractoriness to BTK
inhibitor and/or PI3K inhibitor therapy, exposure with >4
lines of therapy, and lymphadenopathy >5 cm were associ-
ated with lower complete response rate and a shorter dura-
tion of response [56, 57¢]. While the presence of del(17p)
— with or without TP53 mutation — and NOTCH1 muta-
tion did not negatively impact the probability of response,
they appeared to confer a shorter duration of response
[58, 59]. Patients who achieved a negative measurable
residual disease (MRD) status at the end of combination
therapy (i.e., 6 months) had a superior PFS compared with
those who did not at the end of the period, suggesting
the importance of MRD negativity as a beneficial clinical
endpoint [56, 58]. Genomic complexity conferred lower
MRD negativity and PFS rates. BIRC3 and BRAF muta-
tions were associated with lower MRD negativity rates
at 6 months while TP53, NOTCHI1, XPO1, and BRAF
mutations were associated with lower MRD negativity
rates at the end of therapy (i.e., 2 years) [58]. Grade >3
adverse events were seen more frequently in patients who
received venetoclax-rituximab (82 versus 70%) with the
most common being neutropenia [54]. While patients
who received venetoclax-rituximab had more grade >3
neutropenia (57.7 vs. 38.8%), the incidence of grade >3
febrile neutropenia and infection was higher in patients
treated with bendamustine-rituximab [54]. Tumor lysis
syndrome (TLS) is a feared complication of treatment of
venetoclax and the rate of grade >3 TLS in was higher
in the venetoclax-rituximab arm (3.1 versus 1.1%) [54].
With treatment now commonly initiated in the hospital, a
ramp-up dosing schedule (over 5 weeks) and standard TLS
prophylaxis (with fluids and xanthine oxidase inhibitors)
have effective in lowering the risk of TLS especially in
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patients with bulky disease (defined as lymphadenopathy
>5 cm with an absolute lymphocyte count of >25 x 10%/L
or lymphadenopathy >10 cm alone) [2].

The above data is evidence that time-limited therapy with
venetoclax is effective — especially in combination regi-
mens — and safe in patients with relapsed CLL. The rate
of disease progression at 24 months after discontinuation of
venetoclax is estimated at 32% with a higher incidence in
patients with high-risk disease especially those harboring
TP53 mutation [59]. For patients who achieved response to
fixed duration venetoclax-based therapy and later develop
disease relapse, re-treatment with venetoclax-based therapy
might be potentially feasible as demonstrated by the M 13-
365 clinical trial [52]. Thompson et al. recently published
their finding of the efficacity of retreatment of R/R CLL
with venetoclax-based regimens [57¢]. Preliminary results
of a pooled analysis presented by Cramer et al. at the 2022
European Hematology Association meeting also suggest that
patients who suffer a relapse after fixed duration venetoclax-
based regimen can be successfully re-treated with venetoclax
with significant rates of regaining MRD negativity [60]. Pro-
spective studies are ongoing to further investigate venetoclax
re-treatment strategy.

Relapsed CLL may become refractory to venetoclax-
based therapy and the mechanism of venetoclax resist-
ance is poorly understood. There is data suggesting that an
acquired point mutation in BCL-2, Gly101Val, results in
impaired interaction between venetoclax and its binding site
on BCL-2, leading to resistance [61]. However, this is not
the universal mechanism of resistance to venetoclax as it
has only been identified in some of the patients, suggesting
alternative mechanisms of resistance, including mutually
exclusive or co-existing non- Gly101Val BCL-2 mutations,
upregulation of other anti-apoptotic proteins such as MCL-1
and BCL-xL, and reprogramming of mitochondrial oxidative
processes via the ID3, AMPK, and PKA pathways in this
patient population [62, 63].

Phosphatidylinositol 3-Kinase & Inhibitors

The delta isoform of phosphatidylinositol 3-kinase is essen-
tial in the functioning of the B cell-receptor signaling path-
way which is important in the pathogenesis of CLL [64,
65]. Abundantly expressed on the surface of lymphoid cells,
phosphatidylinositol 3-kinase & is the most vital isoform of
phosphatidylinositol 3-kinase 6 (PI3K) in the most impor-
tant isoform of development of CLL and plays a key role in
key cellular functions such as survival, metabolism, migra-
tion, and proliferation, which are promote survival [65-67].

Idelalisib, previously known as CAL-101 and GS-1101, is
the first PI3K inhibitor approved for use in relapsed/refrac-
tory CLL after clinically activity and safety were demon-
strated, as single agent and in combination regimens, in
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phase I trials [68, 69]. The approval was based on an inter-
national, multicenter, randomized, double-blind, placebo-
controlled phase III trial which compared a combination
regimen of idelalisib-rituximab with rituximab-placebo in
220 patients with relapsed/refractory CLL [70]. The pri-
mary end point, PFS, was reported as 5.5 months in the
rituximab-placebo arm but not reached in patients treated
with idelalisib-rituximab (HR: 0.15; P<0.001). The OS at
12 months was higher in the idelalisib-rituximab arm (92
versus 80%; HR: 0.28; P=0.02). The ORR was also higher
in patients treated with idelalisib ((81 versus 13%; odds
ratio: 29.92; P<0.001). The presence of high-risk features,
such as complex karyotype, del(17p), TP53 mutation and/
or del(11q) did not have significant effect on OS in the arm
with idelalisib-rituximab [71]. Forty and thirty-five percent
of patients in the idelalisib-rituximab and rituximab-placebo
arms respectively experienced at least one serious adverse
event with the most frequent being pneumonia, pyrexia, and
febrile neutropenia [70].

Duvelisib, the second PI3K inhibitor to be approved in
patients with relapsed/refractory CLL who have received
at least two prior lines of therapy, is an oral dual PI3K &
and y inhibitor. The approval was based on the results of
the global phase III randomized trial, DUO, which com-
pared monotherapy with duvelisib with ofatumumab, with
demonstration of significant PFS benefit in the duvelusib
arm (13.3 months versus 9.9 months), and this was main-
tained in patients with progressive disease while on the
ofatumumab arm [72].

Toxicity (especially immune-mediated hepatitis and coli-
tis) is a major concern with the first generation PI3K inhibi-
tors and has limited their use to beyond the second line of
therapy [73, 74].

A second-generation PI3K inhibitor, umbralisib, has
been demonstrated to have clinical efficacy but with a bet-
ter toxicity profile compared with the first-generation PI3K
inhibitors. There were ongoing clinical trials evaluating its
combination with other targeted therapies [75, 76]. How-
ever, the approval application to the Food and Drug Admin-
istration (FDA) for the combination of umbralisib with the
novel anti-CD20 monoclonal antibody, ublituximab, was
voluntarily withdrawn by the manufacturer in April, 2022
after there was demonstration of survival benefit in the
control arm (obinutuzumab-chlorambucil) despite initially
promising data[77].

Recently, the first-generation PI3K inhibitors have seen
their safety called into doubt with recent reviews of addi-
tional data by the FDA raising safety concerns for their use
in indolent non-Hodgkin lymphoma including R/R CLL/
SLL. The withdrawals (voluntary and involuntary) have been
based on results of clinical trials (including several halted
trials due to increased risk of death, e.g., NCT01732913)
which showed an increased risk of harm (including fatal
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infections) related to the use idelalisib and duvelisib in stud-
ies including patients with CLL and other R/R non-Hodgkin
lymphoma [72].

Chemoimmunotherapy

The use of traditional chemotherapy agents such as alkylat-
ing agents (such as bendamustine and chlorambucil), and
purine analogs (such as fludarabine and pentostatin) in
combination with the anti-CD20 monoclonal antibodies
was previously the mainstay of the treatment of CLL but
has significant decreased since the introduction of pathway
inhibitors, especially with the COVID-19 pandemic during
which there has been increased concern for increased risk of
infections and therapy-related mortality. Prior to the intro-
duction of pathway inhibitors, the combination of anti-CD20
monoclonal antibodies with chemotherapy was the mainstay
of treatment of relapsed/refractory immunotherapy. Combi-
nation regimens using traditional chemotherapy agents such
as alkylating agents (such as bendamustine and chlorambu-
cil), and purine analogs (such as fludarabine and pentostatin)
have been shown to provide significant PFS benefit and is
viable options in patients who cannot receive or have access
to pathway inhibitors [78-80].

While there are no prospective studies that have evaluated
the use of conventional chemoimmunotherapy (CIT) after
frontline targeted therapy, it appears that CIT is inferior to
targeted therapy in the relapsed/refractory setting. A retro-
spective study found that the use of a kinase inhibitor (KI)
or venetoclax after initial treated with targeted therapy led to
better outcomes compared with CIT with ORRs reported as
58.5%, 73.6%, and 49.9% for KI-based therapy, venetoclax,
and CIT respectively with corresponding CR rates of 4.1%,
31.5%, and 2.1% respectively [81]. In patients whose disease
(non-high risk, i.e., IGHV-mutated and without 17p deletion
or TP53 mutation) relapse after a long period of remission
following initial treatment with chemoimmunotherapy, re-
treatment with chemoimmunotherapy is an alternative to
pathway inhibitors albeit less preferred.

Hemopoietic Stem Cell Transplantation

Hemopoietic stem cell transplantation (HSCT), usually
allogeneic for the purpose of durable graft-versus-leukemia
effect, is an option for patients for relapsed CLL. Consider-
ing that most patients with CLL are older than 70 years and
there are now more effective options for treatment of the
disease, HSCT is not widely used due to the intensity of the
treatment and the associated risk of morbidity and mortality.
The data for the use of HSCT is largely retrospective with a
few prospective trials but no randomized study comparing
it other therapies [82—84].

The timing of HSCT in the sequence of treatment of
relapsed disease remains unknown. The European Research
Initiative on CLL and European Society for Blood and
Marrow Transplantation have proposed a framework that
suggests that the patients suitable for HSCT are those with
relapsed high-risk CLL resistant to both chemoimmuno-
therapy and targeted therapies (BTK inhibitor and/or BCL2
inhibitor) [85]. Preferably, the use of HSCT should be
reserved for younger patients, with progression after targeted
therapies, in the setting of a clinical trial.

Promising Novel Experimental Therapies
Non-covalent BTK Inhibitors

Due to eventual emergence of resistance to covalent BTK
inhibitors, there have been efforts at developing noncovalent
BTK inhibitors which exert their effect on BTK by bring to
sites other than C481 site targeted by covalent BTK inhibi-
tors. Two such agents, pirtobrutinib (formerly LOXO-305)
and nemtabrutinib (formerly ARQ-531), have been demon-
strated to be safe and efficacious in early phase clinical trials.
In the BRUIN study, a multicenter, open-label, phase I/II
study to evaluate pirtobrutinib in R/R B cell malignancies
including CLL/SLL and previous exposure to BTK inhibi-
tors, the ORR was 62% [86ee]. Resistance to covalent BTK
inhibitor does not appear to make a difference as the ORR
was similar in patients with no BTK resistance and those
who had developed resistance to BTK inhibitors (66% in the
patients with wild-type BTK and 71% in those with C481-
mutant BTK) [86ee]. The most common AE were fatigue
(20%) and diarrhea (17%) while neutropenia was the most
common grade >3 AE. There was no report of grade >3
atrial fibrillation/flutter [86ee].

Nemtabrutinib, another novel non-covalent BTK inhibi-
tor, has shown promise in both wild-type and C481-mutated
R/R CLL with publication and recently presented conference
abstract being awaited [87ee].

While these non-covalent BTK inhibitors have the poten-
tial to change the landscape of treatment of CLL especially
in the setting of BTK resistance, resistance to this subclass
has been described, namely via BTK domain mutations
(including A428D, L528W, M437R, T4741, and V416L)
and mutation involving a downstream substrate of BTK,
PLCy2 [88e].

CART Cell Therapy
Chimeric antigen receptor (CAR) T cell therapy has revo-

lutionized the care of patients with B cell malignancies but
remains an investigational therapy in CLL.

@ Springer
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Porter et al. reported the treatment of three patients with
relapsed/refractory CLL with a CD19 CAR T cells with
demonstrable tumor response with one patient’s response
lasting greater than 10 months [89].

Subsequently, there have been less stellar results from
large prospective trials of CAR T cell therapy in patients
with relapsed CLL [90-94]. Long-term results from a rand-
omized dose optimization study of CD19 CAR-T cells dem-
onstrated ORR and CR rate of 44% and 28% respectively
with a median OS of 64 months (not reached in patients
with CR) and PFS of 40.2 months in patients who achieved
a CR (1 month in those without a CR) [94]. Results from
the recently published phase 1 TRANSCEND CLL 004 trial
evaluating the use of lisocabtagene maraleucel, an autolo-
gous CD19-directed CAR T cell, in patients with relapsed/
refractory CLL who had received >2 lines of therapy showed
that 82% and 45% of the evaluable twenty-two patients
achieved overall and complete responses, completely [95e].

Adverse events associated with CAR T cell therapy
include cytokine release syndrome, neurotoxicity, cytopenia,
and hypogammaglobulinemia [95¢]. A limitation to the use
of autologous CAR T cell therapy is timely access especially
with the logistic and timeline issues associated with the col-
lection and production of the cells.

Selection of Treatment Options

Patients with active relapsed CLL following frontline ther-
apy have several options for further treatment of the disease.
Factors that influence the selection of therapeutic regimen
in the relapsed setting include the following:

Patient’s functional status and comorbidities
Patient’s preferences (including duration of therapy)
Disease characteristics and risk profile

Type of frontline therapy

Response to frontline therapy

Tolerance to frontline therapy

Access to targeted therapies

Availability and eligibility for a clinical trial

Sequence of Therapies in Relapsed CLL

There is no established sequence of therapy in relapsed CLL
and the choice of the next line of therapy depends on factors
described above.

Besides patient and disease characteristics, the duration
of response to prior therapy is important in the selection of
the next line of therapy. Early relapse is generally considered
to be disease progression within 2-3 years of initial FCR, 1
year of other chemoimmunotherapeutic regimens, and 5-6
years of initial targeted therapy [2].

@ Springer

In patients who progress on a BTK inhibitor, a switch
to a venetoclax-based therapy is appropriate. Consid-
ering that venetoclax-based regimens are time-limited,
retreatment with the same regimen can be done in
patients with late first relapse. Otherwise, a BTK inhibi-
tor is appropriate [96].

In patients previously treated with chemoimmunother-
apy — a modality which is no longer recommended in the
frontline setting, regardless of IgHV and/or del(17p)/TP53
status, and should be reserved for patients with no access
to targeted therapies — the next line of therapy should be a
pathway inhibitor. However, there is no data to support the
choice of a BTK inhibitor or venetoclax-based regimen in
the relapsed setting as there is no head-to-head comparison
of the two classes. A meta-analysis compared treatment of
relapsed CLL with ibrutinib or venetoclax and reported no
difference in PFS or OS between the two groups [97]. In
contrast, a comparative “real world” analysis suggested
that treatment venetoclax as first targeted agent provided
a longer PFS compared with ibrutinib [98]. Also, there is
the suggestion that ibrutinib may offer better outcomes
compared with venetoclax-based regimens in patients with
del(17p) or TP53 mutation [7, 99].

Therefore, there have been arguments for the use of
single agent BTK inhibitors in patients with first relapse
of targeted therapy naive patients with CLL based on the
established efficacy, convenience, low concern for tumor
lysis syndrome, and avoidance of further suppression of
immunotherapy, by the anti-CD20 monoclonal antibody
component of venetoclax-based regimens, especially the
ongoing COVID-19 pandemic is taken into consideration
[100e]. In contrast, venetoclax-based regimens are time-
limited, better tolerated especially with a better cardiovas-
cular side effect profile, and offer opportunities for retreat-
ment in patients who suffer a late relapse [101e].

Based on these, below are some general principles that
could guide the sequence of therapy [81, 102ee]:

e Patients treated with frontline chemoimmunotherapy
should be offered targeted therapy especially if high-
risk disease and/or a short duration of response.

e Patients who progress of BTK inhibitor should be
treated with a non-BTK inhibitor-based regimen such
as venetoclax in combination with an anti-CD20 mono-
clonal antibody.

e Patients with intolerance to Ibrutinib can be treated
with another BTK inhibitor (acalabrutinib or Zanubru-
tinib.

e The use of PI3K inhibitors should be reserved for patients
with progressive disease after >2 lines of therapy.

e The use of allogeneic HSCT can be considered in
younger patients (<70 years) with prior exposure to >2
targeted therapies and high-risk disease.
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Initial Therapy

BTK inhibitor

H Progression

Initial Therapy

Subsequent Therapy

Venetoclax-based therapy

ﬁ Intolerance — A different BTK inhibitor
— Venetoclax-based therapy ‘ Clinical trial

Progression/Relapse

Venetoclax-based therapy
OR

Clinical trial (if exposed to venetoclax)

OR

Subsequent Therapy Progression/Relapse

ﬁ Early Relapse — BTK Inhibitor s Clinical trial

Venetoclax-based Therapy

Late Relapse —

Fig. 1 A schema for sequencing of therapies in relapsed/refractory CLL

e Enrolment in a CAR T cell therapy clinical trial is rea-
sonable for patients with progressive disease after several
lines of targeted therapies.

A general schema for selection of therapies in the relapsed
setting is illustrated in Fig. 1.

Measurable Residual Disease Assessment

Major trials of therapeutic agents in relapsed CLL have
evaluated the impact of peripheral blood measurable resid-
ual disease (also referred to as minimal residual disease)
negativity on outcomes with some suggestion of a positive
impact of MRD negativity on survival outcomes even in
patients treated in chemoimmunotherapy as demonstrated in
the CLL111 study which showed that patients who achieved
MRD negativity with chlorambucil-obinutuzumab had a
significantly longer PFS compared with those who were
positive for MRD (median OS not reached versus 19.4
months) [103].

Venetoclax-based regimens have been shown to yield
high rates of MRD negativity in patients with relapsed CLL
as illustrated by the follow-up results from the MURANO
study where 62% patients treated with venetoclax-rituximab
achieved MRD negativity after treatment discontinuation
and this translated into a significantly longer PFS [56].

Venetoclax-based therapy
BTK Inhibitor sss==== (if no BCL-2 resistance)

OR OR
Venetoclax-based Clinical trial

therapy (if no
BCL-2 resistance)
BTK Inhibitor

OR
Clinical trial

However, peripheral blood MRD negativity is often
not achieved with ibrutinib monotherapy. Ahn et al.
reported an MRD negativity rate of approximately 10%
in patients treated with single agent ibrutinib and this
did not significantly impact outcomes compared with the
control arm [104].

It is important to exercise caution with the applica-
tion of MRD status as a clinical endpoint in patients
with relapsed CLL for several reasons. The sensitivity
of current methods of assessing MRD remains subopti-
mal, and the determination of the best method remains
a subject of investigations. Notably, the current MRD
assessment in CLL is done using peripheral blood. This
represents a major pitfall as CLL is a multifocal dis-
ease with sites of disease involvement including lymph
nodes, bone marrow, spleen, and liver. Therefore, MRD
negativity in the peripheral blood does not necessarily
mean same in other disease sights. Also, the biology
of the disease — especially cytogenetic and molecular
aberrations — exerts significant influence on disease
outcomes and could modulate the impact of MRD status
[105, 106e].

In clinical practice, the success of ibrutinib monother-
apy, despite a low MRD negative rate, suggests that MRD
negative may not have the same impact in patients with
CLL as seen in patients with other hematologic diseases
such as acute lymphoblastic leukemia.

@ Springer
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Conclusion

Relapsed CLL can be treated with a variety of options
depending on patient, disease, and access factors. The
options are efficacious and improve outcomes in this patient
population. However, more studies are needed to determine
the best sequence of use of the various therapeutic options.
Also, better understanding of the mechanisms of resistance
to the agents will help guide the development of novel thera-
pies in a bid to improve on the available treatment options.
The coming years will also bring more data for various novel
combinations of different classes of targeted therapy which
hopefully will reduce the incidence of drug resistance and
allow for more time-limited treatment options. The jury is
still out on use of measurable residual disease in CLL, and
it is expected that ongoing and future studies will provide
clarity on its clinical benefit.
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