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rituximab in the treatment of
relapsed or refractory CLL
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Abstract: For the treatment of mature B cell malignancies including chronic lymphocytic
leukemia (CLL), the last 5years has brought major advances in the application of targeted
therapies. Whilst monoclonal anti-CD20 agents such as rituximab have a central role in
combination with traditional cytotoxic therapy, their combination with novel agents that
target the B cell receptor signaling pathway and other intracellular mechanisms of B cell
proliferation is a new approach to treatment. Venetoclax is a highly specific novel agent
inhibiting the bcl-2 anti-apoptotic pathway and has potent activity in CLL. Its combination with
rituximab results in deeper and more durable responses and this regimen is a valuable option
in the treatment of relapsed or refractory CLL including adverse prognostic variants such as
cases that are fludarabine refractory or harbor the 17p chromosomal deletion. This review
centers on the use of venetoclax and rituximab in relapsed or refractory CLL.
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Introduction

Chronic lymphocytic leukemia (CLL) is the most
common form of leukemia worldwide with an
estimated 21,000 new cases in the USA in 2018.
CLL is principally a disorder of older persons
with a median age of diagnosis of 70 although it
can occur in patients decades younger.! It is an
incurable, indolent disease characterized by a
neoplastic expansion of mature B lymphocytes
resulting in bone marrow infiltration and periph-
eral blood lymphocytosis. The disorder is associ-
ated with autoimmune cytopenias and often
lymph node enlargement and hepatosplenomeg-
aly where it is biologically indistinguishable from
small lymphocytic lymphoma.?

The diagnosis is based on the demonstration of a
clonal (light chain restricted) B lymphocytosis in
the peripheral blood expressing a characteristic
immunophenotypic profile (CD5+/ CD19+/
CD20+/ CD23+/ CD10-).2 Most persons with
CLL are diagnosed in the early stage of the disor-
der when asymptomatic and have a lymphocyto-
sis as the only manifestation. Persons progressing

to the later stages of the disorder have concurrent
cytopenia, extensive lymphadenopathy, and/or
hepatosplenomegaly and are eligible for specific
treatment.?

Frontline therapy consists of combination of
cytotoxics and immunotherapy with the anti-
CD20 monoclonal agent rituximab. For younger,
relatively fit patients lacking comorbidities, the
combination of fludarabine, cyclophosphamide,
and rituximab has become standard.*> In older
patients or those with significant comorbidities,
bendamustine and rituximab® or chlorambucil
with either obinutuzumab or ofatumumab repre-
sent feasible and effective first-line approaches to
therapy.” Until recently, treatment for relapsed
disease had consisted of retreatment with the
original first line protocol especially where the ini-
tial remission was durable,® or where feasible, the
use of alemtuzumab, the anti-CD 52 antibody®1°
or a combinations of cytotoxics and antibodies.!!
The results of second-line treatment with such
approaches have generally been disappointing
with the outcome of treatment highly dependent
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on clonal acquired genetic changes. Deletion of
the short arm of chromosome 17 (17p-) and the
long arm of chromosome 11 (11g-) are particu-
larly adverse anomalies as are mutations of the
TP53 tumor suppressor gene located on 17p.12
Similarly unmutated immunoglobulin heavy
chain (IgHV) loci appear to portend poorer out-
comes with standard therapies.!3

In the last 5years, the treatment of CLL has
advanced rapidly with the advent of new classes
of agents targeting the aberrant signaling and
intracellular regulatory pathways seen in the dis-
order, entering clinical practice. These new
classes of drug have significantly more sophisti-
cated, targeted mechanisms of action and bring
the promise of less toxicity and easier delivera-
bility in both younger and older patients.!4
Indeed one agent ibrutinib, a member of the new
class of Bruton tyrosine kinase (BTK) inhibitors,
has undergone rapid preclinical and clinical
development with demonstrably superior effi-
cacy and improved deliverability in one major
phase III trial in older patients requiring first-
line treatment.!> Furthermore, ibrutinib, partic-
ularly when administered as monotherapy, in
patients with relapsed or refractory CLL is now
established as the standard of care for patients
requiring second-line or subsequent treatment
options. Having entered the treatment landscape
before other agents belonging to novel classes,
there remains no direct comparison in a clinical
trial context, amongst agents of these newer
classes.!4

Venetoclax (ABT-199), another of these new
agents, is a highly selective oral inhibitor of the
bcl-2 anti-apoptotic pathway, which is constitu-
tively overexpressed in CLL clones.1® It has
highly significant activity as a single agent in CLL
as demonstrated in preclinical and early phase I
studies.!?

Rituximab is a humanized murine monoclonal
antibody targeting CD20 on mature B lympho-
cytes. It has well-established therapeutic efficacy
in a variety of B cell lymphoproliferative disorders
including CLL.!8 The therapeutic combination of
rituximab and venetoclax is both feasible and syn-
ergistic in its effect and the combination was des-
ignated a ‘break-through therapy’ by the US FDA
in 2016. Here we review the current use of this
combination in the treatment of relapsed or
refractory (r/r) CLL.

Mechanisms of action and pharmacology of
venetoclax and rituximab

The bcl-2 signaling protein is a key component of
the apoptotic pathway of human B lymphocytes.
In CLL cells it is constitutively overexpressed
resulting in inappropriate cell survival and prolif-
eration.!® The normal physiological role of bcl-2
in expiring cells involves an interaction with pro-
apoptotic proteins known as BH3 peptides and
include BIM, BBC3, and BAD. The interaction
involves antagonistic binding of the bcl-2 protein
group by these BH3 peptides and thus initiation
of the apoptotic pathway.2? The binding of bcl-2
proteins result in increased intracellular activity of
BAK and BAX proteins, subsequent mitochon-
drial injury and cell death (Figure 1).

The elucidation of this pathway has led to the devel-
opment of small molecule inhibitors with BH3
mimetic activity.?! The most active of these is vene-
toclax (ABT-199 or GDC-0199). Venetoclax, or its
chemical name 4-(4-{[2-(4-chloro-phenyl)-4,-4-
dimethylcyclohex-1-en-1y]methyl} piperazin-1-y1)-
N-({3-nitor-4-{(tetrahydro-2Hpyrrolo[2,3-b] pyri-
dine-5-yloxy)benzamide, is a second-generation
BH3 mimetic with much greater selectivity for bcl-2
and less binding of BCIL.xI..21:22 Because CLL cells
harbor particularly high levels of bcl-2, inhibition of
pro-survival signaling molecules by venetoclax is
amplified by the intracellular accumulation of acti-
vated BAK and BAX and bound naturally occur-
ring BH3 proteins (e.g. BIM). Their extracellular
release and subsequent facilitation of further pro-
survival inhibition is through inactivation of pep-
tides such as MCL1.23

Venetoclax is administered orally in a highly bio-
available form with a mean half-life of about 18h.
With once-daily dosing, steady state is achieved at
about 6days.2* Ingestion on an empty stomach
appears to enhance rate of gastrointestinal (GI)
tract absorption, with peak serum concentration
seen at 4-5 h after ingestion but when taken with a
fatty meal, area under the receiver operating char-
acteristic curve (AUC) and C_,, are increased.?
As such, for clinical dosing schedules, it is recom-
mended venetoclax be taken once daily with food,
preferably of low fat content.26

Venetoclax is a substrate of the CYP3A4/5 enzy-
matic system and the p-glycoprotein trans
-membrane pump. Consequently, concomitant
therapy with strong CYP3A inhibitors is best
avoided. Where necessary dose reduction should
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Figure 1. The mechanism of action of venetoclax and its anti-apoptotic effect.
llustration courtesy of Alessandro Baliani (Managing Editor, SAGE Publications Ltd). Copyright © 2019

be considered if there is concurrent administra-
tion of agents such as imidazole antifungals, cal-
cineurin inhibitors, and macrolide antibiotics, all
of which may saturate binding of the CYP3A or
p-glycoprotein systems.2¢ Inactivation of veneto-
clax appears to be by hepatic degradation with
renal excretion of inactive metabolites. Mild
hepatic or renal impairment has no discernible
pharmacological effect although the pharmacoki-
netics have not been studied in advanced hepatic
or renal injury.??

There are currently no laboratory assays of serum
concentration of venetoclax that reliably predict
optimum intracellular accumulation and BH3

mimetic activity. Based on initial dose-finding
studies, there is no established maximal tolerable
dose and for CLL, the recommended dose is 400
mg/day.26

Rituximab is a humanized murine chimeric mono-
clonal antibody with CD20 specificity. CD20
binding causes cell death by a variety of mecha-
nisms including complement activation and rituxi-
mab coated tumor cells adhering to the Fc receptor
of cells of the monocyte—-macrophage system with
subsequent cell-mediated cytotoxicity.!® The spe-
cific moiety of the CD20 molecule targeted by
rituximab is a relatively small amino acid sequence
which when bound, induces redistribution of the
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Figure 2. The three major mechanisms of action of rituximab resulting in B cell cytotoxicity.
llustration courtesy of Alessandro Baliani (Managing Editor, SAGE Publications Ltd). Copyright © 2019

CD20 molecule within the bi-lipid cell membrane
and induction of the antibody-dependent, cell-
mediated cytotoxicity and complement activation
(Figure 2).

Following intravenous infusion, rituximab appears
to exhibit a two-compartment model of distribu-
tion and elimination. Volume of distribution is
large and elimination half-life long at 21 days.
Concentrations of rituximab can be found in
serum at up to 6 months after last administration.28
Distribution results in widespread organ infiltra-
tion including lung, liver, kidney, and heart
although where the blood-brain barrier is intact,
central nervous system (CNS) penetration is less.2°

Rituximab metabolism is by nonspecific proteolytic
degradation in liver macrophages and FcyR-
independent endocytosis with subsequent renal
elimination of metabolites.?? Rituximab appears to
be safe in patients with either severe renal or hepatic

injury with no observed heightened toxicity and
therefore no necessity to modify dose in these situ-
ations. For CLL, dosing of rituximab is slightly dif-
ferent to that used in other B cell ymphoproliferative
disease. An initial infusional dose of 375 mg/m? is
usually followed by five other doses at 500 mg/m?2.
This dosing schedule arose out of dose escalation
and response studies performed early on during
the era of its clinical use in the context of single-
agent therapy in a relatively small cohort of CLL
patients.3! Further studies appear to indicate that
circulating CD20+ B cells are greater in CLL com-
pared with other forms of B cell lymphoma and
result in a rapid decline of C,,, particularly with the
first dose, which in part explains the relative ‘rituxi-
mab resistance’ seen in CLL.32

More recently the pharmacokinetics and clinical
efficacy of subcutaneously administered rituxi-
mab in combination with fludarabine and cyclo-
phosphamide have been evaluated in a phase Ib

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

J D’'Rozario and SK Bennett

open-label, randomized, noninferiority trial. Here
a flat dose of 1600 mg administered subcutane-
ously resulted in comparable serum levels and
noninferior toxicity and efficacy when compared
with intravenous dosing in the conventional
schedule.?? Rituximab was the first anti-CD20
monoclonal antibody approved for the treatment
of B cell lymphomas including CLL and there is
now over 20 years of experience in its clinical use.
All studies so far that have evaluated its use in
combination with venetoclax have utilized intra-
venous administration.

Use in relapsed or refractory CLL and

current evidence base

Initial phase I trials of venetoclax monotherapy
confirmed its potent antitumor activity i vivo in
patients with relapsed/refractory CLL. Single
doses resulted in the appearance of apoptotic cells
and chemical features of tumor lysis. In 56 patients
with relapsed or refractory CLL or small lympho-
cytic lymphoma receiving between 150 and 1200
mg daily of venetoclax, tumor lysis was observed in
5 during the dose escalation phase, which resulted
in two deaths and one case of renal failure. This
lead to a protocol revision with a new dose ramp-
up schedule up to 400 mg/day in the dose expan-
sion cohort of 60 patients. Of the 116 patients who
received venetoclax, the investigators observed an
overall response rate of 79%. In patients with
adverse prognostic factors including 17p-, unmu-
tated IGHV and fludarabine resistance, response
rates were, in fact, similar ranging between 71%
and 79% depending on prognostic subgroup. A
complete remission (CR) was observed in 20% of
study participants. No maximal tolerable dose was
identified during the dose escalation phase with
doses up to 1200 mg daily.3* Owing to the prior
occurrence of tumor lysis, the expansion phase uti-
lized a dose ramp-up protocol with the aim of esca-
lating to a single daily dose of 400 mg. With this
dosing schedule, the same overall and complete
response rates were seen in the patients on the
modified dose expansion protocol.!” Of note, was
the unheralded efficacy of venetoclax monother-
apy in cases with mutated 7P53 confirming its
TP53 independent mechanism of action and its
ability to override this otherwise adverse prognos-
tic factor3* (Figure 1).

These results were subsequently confirmed with
the results of a phase II trial enrolling only patients
with 17p deletion. Final long-term results of 152

patients with relapsed or refractory CLL with a
median of two prior therapies and including six
previously untreated patients, have been published.
All were given 400 mg/day of venetoclax after an
initial dose ramp up, a dosing protocol established
in the previous studies. Overall response rate was
77% with a CR rate of 20%. minimal residual dis-
ease (MRD) negativity was seen in 30%. Sixteen
patients had received prior therapy with a BTK
inhibitor and of these, the objective response rate
was still 63%. For the entire cohort, progression-
free survival (PFS) at 24 months was 54% indica-
tive of the durability of response in an otherwise
prognostically adverse group.3>

The CLL-8 trial and other studies had established
the efficacy of rituximab in combination with
fludarabine and cyclophosphamide in the first-line
setting. The addition of rituximab to the cytotoxic
combination of fludarabine and cyclophospha-
mide was clearly associated with superior results.*>
Moreover, retreatment with the fludrabine, cyclo-
phosphamide and rituximab (FCR) regimen has
demonstrable efficacy in relapsed patients espe-
cially where the duration of the first remission is of
the order of several years.8

Subsequently, the combination of bendamustine
and rituximab was shown to be effective also in
the relapsed and refractory setting with notable
activity in patients having previously been exposed
to fludarabine. In one pivotal phase II study, over-
all response rate was 59% with a CR rate of 9%.
At 24 months, the median PFS was 14 months.
Significantly shorter PFS was associated with 17p
deletion and unmutated immunoglobulin heavy
chain.?¢ As such, at the end of the last decade,
there was no standard regimen for relapsed or
refractory CLL with patients requiring retreat-
ment receiving FCR, bendamustine and rituxi-
mab or alemtuzumab depending on the physician’s
familiarity with a specific treatment, patient pref-
erence and toxicity profile of each regimen.3?

The combination of rituximab and venetoclax as a
cytotoxic-free regimen was shown to be feasible and
effective. In 49 patients with relapsed/refractory
CLL enrolled in an open-label phase Ib study an
overall risk ratio (ORR) of 86% was seen with a cor-
responding CR rate of 51%. Of the 20 patients
achieving a CR or complete remission with incom-
plete marrow recovery (CRi), 50% were shown to be
MRD negative. A detailed safety analysis found the
regimen to be well tolerated with transient,
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Figure 3. Progression-free survival in the investigational (venetoclax-rituximab) versus control
(bendamustine-rituximab) arms of the MURANO phase Il trial.

(From Seymour et al.3? Copyright © 2018 Massachusetts Medical Society. Reprinted with permission.)
llustration courtesy of Alessandro Baliani (Managing Editor, SAGE Publications Ltd). Copyright © 2019

manageable neutropenia being the most frequent
adverse effect and seen in 55%. Mild diarrhea and
nausea were seen in half of patients.
Thrombocytopenia was seen in 22% but was not
generally associated with clinically significant
bleeding.38

The pivotal MURANO phase III trial is the larg-
est to compare venetoclax and rituximab with
bendamustine and rituximab (BR). Of note is the
fact that the trial was designed and began recruit-
ing sometime before the wide availability of ibru-
tinib. As such, the efficacy of ibrutinib in relapsed/
refractory CLL had not been clearly established
in the clinical trial setting and BR was considered
the appropriate control arm.

The primary analysis of its results have recently
been published.?®* With a multicenter, interna-
tional open-label design, 389 patients were rand-
omized to receive either venetoclax for 2 years with
concurrent rituximab for the first 6 months (VR),
or BR for 6 months. Patients enrolled to the VR
arm were administered a slowly increasing dose of
venetoclax (ramp up phase) during which there
was close monitoring for tumor lysis. Once the
optimal 400 mg/day dose was reached, rituximab
was introduced. Initially at 375 mg/m?2 for cycle
one, the dose was increased to 500 mg/m? for the
subsequent five cycles. Patients were not permitted

to cross over to the VR arm in the event of disease
progression whilst being treated with BR.

In MURANQO, 2 year PFS was 85% for the VR
arm and 36% for the BR arm (Figure 3). The
superiority of VR was maintained across all prog-
nostic and biologic subgroups including patients
harboring the 17p deletion in whom 2 year PFS
was 81% in those treated with VR. Clinically
meaningful benefit in overall survival (OS) was
also demonstrated in the VR group compared
with the BR group with 2 year rates of 92% and
87%, respectively. This corresponds with a haz-
ard ratio of 0.48 for the VR combination although
the difference was not statistically significant and
neither arm reached a median after 24 months.

Overall response rates as assessed by investigators
were 93% in the VR group compared with 68% in
the BR group. CR/CRIi rate was 27% in the VR
group and 8% in the BR group. MRD assessment
of peripheral blood was undertaken in 366
patients and of bone marrow in 115 patients.
Here, the superiority of the VR combination was
confirmed with a MRD negativity rate at 9 months
of 62% wersus 13% in the BR group. This was
maintained over time with assays undertaken at
12, 15, and 18 month time points (Figure 4). Of
note is that this rate of clearance of MRD observed
with the VR combination appears higher than
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rates observed with other agents and combina-
tions in relapsed/refractory CLL. The longer-
term durability of this observation remains to be
confirmed, especially as to whether it can be
maintained with treatment discontinuation after
2years. Encouragingly, previous studies suggest
MRD clearances with VR are long lasting.38

An updated analysis presented at the ASH meet-
ing in San Diego in December 2018 in which all
patients still enrolled on study had under gone at
least 3years of follow up and all those in the VR
arm had completed at least 2years of venetoclax
treatment revealed similarly impressive results for
PFS and OS: 71.4% (VR) versus 15.2% (BR) and
87.9% (VR) and 79.5% (BR) respectively.4°
Again, the updated analysis of patients in
MURANO who had progressed after venetoclax
therapy showed 14 of the 16 patients had been
MRD + at 24 months. Its value as a very power-
ful prognosis predictive tool was further con-
firmed with the first prospective analysis of the
MURANO dataset in patients undergoing time
limited treatment.*!

Safety of the venetoclax-rituximab

combination

With increasing experience and data accruing
from patients enrolled in clinical trials, the VR

combination appears to be safe with acceptable
toxicity. Neutropenia is the most commonly
observed adverse effect with severe (grade 3 or
4) neutropenia occurring in up to 58%.16-34:39
The onset of neutropenia is much more likely
during the combination period of treatment
than with venetoclax monotherapy with new
onset neutropenia occurring during combina-
tion therapy at a rate of 54% compared with
11% during the 18 month period of venetoclax
monotherapy.3® Despite the regular occurrence
of neutropenia, the incidence of infection and
febrile neutropenia is lower however at 17% and
4%, respectively. Thrombocytopenia is seen in
6-36% but has not been associated with clini-
cally significant bleeding.3%%2 Infusion-related
reactions with rituximab are low when specific
premedication is employed.

When venetoclax dosing employs a ramp-up
phase with appropriately close clinical and labora-
tory monitoring as in clinical trial subjects, the
incidence of tumor lysis syndrome is low at
2.1%.3° In a recently published retrospective
analysis of 141 real-world patients treated with
either venetoclax monotherapy or a variety of dif-
ferent combinations, across different settings in
the USA, the incidence of tumor lysis syndrome
(TLS) was seen to be substantially higher overall
at 13%. Of these, about a third developed
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demonstrable clinical TLS with the remaining
two-thirds having laboratory abnormalities only.42

Updated safety analysis of the MURANO trial
patients after a longer follow-up period revealed
no new safety signals and confirmed the greater
probability of serious adverse events occurring in
the combination therapy phase specifically neu-
tropenia, infection, and fever. The incidence of
tumor lysis remained similar to the primary anal-
ysis at 3.1%. The incidence of Richter’s transfor-
mation was comparable in both the VR and BR
arms at 3% each. Second primary malignancies
were seen in 12% of patients treated with VR and
8% treated with BR; however, when nonmelano-
matous skin cancers are excluded the rate of sec-
ond primary malignancy in the VR-treated group
is only 5%. With the longer follow-up period,
fatal adverse events remain a relatively uncom-
mon event occurring in 7% of patients treated
with VR.¥3 The longer-term MURANO safety
data presented in oral abstract form revealed a
similar pattern although fatal AEs in both arms
were pleasingly low at 4% each.40

Future directions

Having established the unprecedented clinical
benefit of the VR combination in relapsed/
refractory CLL with the results of the trials out-
lined above, there remains a small proportion of
patients in the range of 15-25%, who develop
venetoclax failure with either venetoclax mono-
therapy or the VR combination.3? Furthermore,
whether time limited therapy is successful in all
or most patients, as against indefinite mainte-
nance as employed with BTK inhibitor treat-
ment, remains an unanswered question. In
addition, the use of MRD negativity as a predic-
tor of successful long-term remission with time-
limited treatment with venetoclax awaits
confirmation but early prospective data looks
promising.4!

Whilst some reports suggest patients can be sal-
vaged following venetoclax failure,** studies are
ongoing with novel agents combined with veneto-
clax seeking to improve upon the success of the
VR combination. ‘BH3 profiling’ is an area of
active preclinical research and have thus far iden-
tified mediators of resistance amongst the bcl-2
anti-apoptotic protein family including MCL-1
and BCLX.%5 Inhibition of MCL-1 transcription
via CDKO9 blockade is one approach and may be

synergistic with venetoclax.4> Increased synthesis
of BCL-XL in cultures systems mimicking nodal
CLL, mediates resistance to the related bcl-2
antagonist, ABT-737. Evidence from mantle cell
lymphoma cell lines suggests that obinutuzumab
may overcome BCL-XL induction through
nuclear factor (NF)-«kB inhibition and it is thus
possible that venetoclax-resistant CLL may be
similarly sensitive although this has not yet been
proven in vitro.*>

As suggested, alternative combination therapies
with venetoclax as a ‘backbone’ may be able
to circumvent these resistance mechanisms.
Ongoing areas of active clinical research include
the use of venetoclax with other monoclonal anti-
bodies that may have a more potent B cell deplet-
ing effect than rituximab, and the combination of
venetoclax with BTK inhibitors *= anti-CD20
monoclonals.

Preliminary phase Ib data (GP28331, ClinicalTrials.
gov identifier: NCT01685892) published in abstract
form by Flinn ez al., suggest that the combination of
venetoclax with another anti-CD20 monoclonal
antibody (glycoengineered to have greater FCyRIII
binding and direct program cell death induction
capacity) obinutuzumab, is also safe and efficacious
in setting of relapsed/refractory CLL.

Over a median time on study of 5months, with
the highest venetoclax dose level administered
400 mg daily, 100% of the 17 assessable patients
demonstrated a complete response (CR/CRi) rate
of 23.5%. However of the 76.5% achieving only a
partial response after three cycles, further therapy
resulted in a CR/CRIi in up to a quarter of these
study participants. Laboratory tumor lysis
occurred in 12.5% of patients but all continued
treatment and only one disease progression and
one death occurred on study. The most common
grade 3 adverse event was neutropenia (34.4%),
but the consequent rate of febrile neutropenia
was reassuringly low at 6.4%.4°

Following on from this promising study preliminary
data from the German CLL study group CLL14
trial (ClinicalTrials.gov identifier: NCT02242942)
show favorable results with the same obinutuzumab/
venetoclax combination.#> This open-label rand-
omized control trial in patients with a Cumulative
Illness Rating Score (CIRS) >6 will assess PFS with
obinutuzumab/chlorambucil (an ‘old standard’ pro-
tocol for frailer/older CLL patients albeit in the
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‘upfront’ setting) compared with obinutuzumab/
venetoclax.

Data from the safety run-in phase of this study
were presented in abstract form at the 2015 and
2016 ASH meeting.> Thirteen participants
with a median age of 75 and CIRS score of 8
were randomized to receive the obinutuzumab/
venetoclax combination. Half of these patients
had high-risk karyotypic changes (dell7p or
delllq). Only two failed to complete the
12 months of study.

Mirroring the findings of Flinn ez al., laboratory
tumor lysis occurred in 16.7% and grade 3/4 neu-
tropenia was frequent (58.4%) but a higher rate of
febrile neutropenia was noted (25%). The adverse
event rate in the comparator arm is as yet unpub-
lished but expected to be lower noting the grade
3/4 neutropenia rate in the CLL11 study was 35%
(infections 11%).7 Duration of therapy was shorter,
compared with CLL14, where treatment contin-
ued in both study arms for a further 6 months of
chlorambucil and venetoclax respectively after the
obinutuzumab ceased. Obinutuzumab/chloram-
bucil as a comparator is of less clinical relevance in
the relapse/refractory setting, and the more perti-
nent comparison is the rate of serious neutropenia
in the MURANO trial (57.7% with 3.6% febrile
neutropenia), which is roughly equivalent. In spite
of these adverse events, impressive responses were
seen with 100% of patients achieving a response
3 months after completion of therapy (of which
58% were CR, with one Cri). In those seven
patients with available marrow MRD at the con-
clusion of treatment, five were MRD negative.4”

Without question these two studies confirm that
combination therapy with venetoclax and obinu-
tuzumab can achieve not only meaningful clinical
responses but also deep molecular responses.
However, until the long-term results of CLL14
are published the durability of these responses
remains unknown. Presuming these impressive
MRD results are replicated in the CLL14 cohort
at large, projected PFS will also be of the order of
years if the MURANO data are any guide (where
MRD responses predicted longer-term PFS in
both arms).38:41

Whether the notion that preclinical data antici-
pating a more potent anti-CLL effect of obinu-
tuzumab when combined with venetoclax will
lead to better clinical outcomes remains to be

seen, noting that studies in other low-grade
lymphoma, for example GALLIUM,*® have
only shown marginal (albeit statistically signifi-
cant) differences in PFS when obinutuzumab is
substituted for rituximab, and only when pro-
longed ‘maintenance’ administration of the obi-
nutuzumab occurs. Furthermore it is unclear
whether the apparent risk of increased inci-
dence of some adverse events, in particular the
rate of infusion related reactions of 8.3% with
obinutuzumab, is sufficiently low relative to
any advantage in PFS to warrant obinutuzumab
supplanting rituximab as the monoclonal anti-
body of choice to use with venetoclax for
relapsed/refractory CLL.

Perhaps even more promising than the combina-
tion of venetoclax with other anti-CD20 antibod-
ies is the prospect of pairing it with a BTK inhibitor.
BTK inhibitors appear to downregulate MCL-14°
making the rationale for their addition to a veneto-
clax-based regimen a compelling one. This combi-
nation is currently being investigated in two
actively recruiting clinical trials (ClinicalTrials.gov
identifiers: NCT03422393 and NCT02756897).

NCTO02756897 is a phase II trial exploring the
effect on complete response of sequential addi-
tion of venetoclax to relapsed/refractory patients
after three initial monthly cycles of ibrutinib over
27 months, whereas the phase I NCT03422393
study is exploring the safety and optimal dosing of
ibrutinib (in particular, high-dose ibrutinib) when
venetoclax is added for patients experiencing dis-
ease progression on single-agent ibrutinib. The
study is predicated on the conceptual notion that
progression represents growth of a subclone
(which may be sensitive to a new agent such as
venetoclax) but that continued therapy with the
current agent may remain worthwhile in order to
maintain suppression of the previously dominant
clone.

Notably a phase IB/ II study of the sequential
combination of obinutuzumab with ibrutinib
and venetoclax, in the upfront setting showed
acceptable tolerability with the phase I compo-
nent of the study is ongoing.’° Following on
from this initial experience it is highly likely
that the combination of venetoclax + anti-
CD20 antibody + BTK inhibitor for relapsed/
refractory patients will in turn form the basis of
multiple future trials in relapsed/refractory
CLL.
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Conclusion

With the therapeutic armamentarium for relapsed/
refractory CLL expanding rapidly, venetoclax—
rituximab is now clearly established as a key treat-
ment option that is both safe and efficacious
across all prognostic subgroups. It is clear that in
the coming years, venetoclax is likely to form the
basis of other highly active combinations, which
represent a true paradigm shift in the treatment of
a disease that is both highly prevalent and had
previously been difficult to treat when relapsed/
refractory.

These combination studies of novel agents are at
the vanguard of experimental clinical medicine in
CLL and represent an unparalleled opportunity to
establish the safest and most efficacious means of
achieving optimal patient outcomes. In contrast to
prior single-agent studies in the relapsed/refrac-
tory space, the expectation is that they may offer
the very real possibility of not only meaningful dis-
ease control but MRD negative responses in some,
and thus even the tantalizing possibility that a
minority of relapsed/refractory CLL patients may
be effectively ‘cured’ of their disease.

Authorship and contribution
SB and JD’R contributed equally to the content
of this article.

Funding

This work received no specific grant nor funding
from any agency in the public, commercial or
not-for-profit sector.

Conflict of interest statement

JD’R has received consultancy fees from Roche
pharmaceuticals for participation on advisory
boards.

ORCID iD
James D’Rozario
-5983-753X

https://orcid.org/0000-0002

References
1. NIH. Cancer stat facts: leukemia - chronic
lymphocytic leukemia (CLL), http://seer.cancer
.gov/statfacts/html/clyl.html (2016, accessed 21
September 2018).

2. Hallek M, Cheson B, Catovsky D, et al. iwCLL
guidelines for the diagnosis, indications for

10.

11.

12.

treatment, response assessment and supportive
management of CLL. Blood 2018; 131: 2745-2760.

Ghielmini M, Vitolo U, Kimby E, ez al. ESMO
Guidelines consensus conference on malignant
lymphoma 2011 part 1: diffuse large B-cell
lymphoma (DLCBL), follicular lymphoma (FL)
and chronic lymphocytic leukemia (CLL). Ann
Oncol 20135 24: 561-576.

Keating M, O’Brien S, Albitar M, et al. Early
results of a chemoimmunotherapy regimen of
fludarabine, cyclophosphamide and rituximab as
initial therapy for chronic lymphocytic leukemia.
J Clin Oncol 2005; 23: 4079-4088.

Hallek M, Fischer K, Fingerle-Rowson G,

et al. Addition of rituximab to fludarabine and
cyclophosphamide in patients with chronic
lymphocytic leukemia: a randomised, open label,
phase 3 trial. Lancer 2010; 376: 1164-1174.

Eichorst B, Fink B, Bahlo J, ez al. First line
chemoimmunotherapy with bendamustine and
rituximab versus fludarabine cyclophosphamide
and rituximab in patients with advanced

chronic lymphocytic leukaemia (CLL 10): an
international open label randomised phase 3 non-
inferiority trial. Lancet Oncol 20165 17: 928-942.

Goede V, Fischer K, Busch R, ez al.
Obinutuzumab plus chlorambucil in patients
with CLL and coexisiting conditions. N Engl Med
2014; 370: 1101-1110.

Badoux XC, Keating M, Wang X, ez al.
Fludarabine, cyclophosphamide and rituximab
chemoimmunotherapy is highly effective
treatment for relapsed patients with CLL. Blood
2011; 117: 3016-3024.

Fiegl M, Stauder R, Steurer M, ez al.
Alemtuzumab in chronic lymphocytic leukemia:
final results of a large observational multicentre
study in mostly pretreated patients. Ann Hematol
2014; 93: 267-2717.

Warner JL. and Arnason JE. Alemtuzumab use

in relapsed and refractory chronic lymphocytic
leukemia: a history and discussion of future
rational use. Ther Adv Hematol 2012; 3: 375-389.

Cramer P, Fink AM, Busch R, et al. Second-

line therapies of patients initially treated with
fludarabine and cyclophosphamide or fludarabine
cyclophosphamide and rituximab for chronic
lymphocytic leukemia within the CLLS8 protocol
of the German CLL study Group. Leuk
Lymphoma 2013; 54: 1821-1822.

Puiggros A, Blanco G, Espinet B, ez al. Genetic
abnormalities in chronic lymphocytic leukemia:

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://orcid.org/0000-0002-5983-753X
https://orcid.org/0000-0002-5983-753X
http://seer.cancer.gov/statfacts/html/clyl.html
http://seer.cancer.gov/statfacts/html/clyl.html

J D’'Rozario and SK Bennett

where we are and where we go. Biomed Res Int
2014; 2014: 435983.

13. Rozovski U, Keating M and Estrov Z. Why
is the immunoglobulin heavy chain gene
mutation status a prognostic indicator in chronic
lymphocytic leukemia? Acta Haematol 2018; 140:
51-54.

14. Burger JA and O’Brien S. Evolution of CLL
treatment — from chemoimmunotherapy to
targeted and individualized therapy. Nar Rev Clin
Oncol 2018; 15: 510-527.

15. Burger JA, Tedeschi A, Barr PM, ez al. Ibrutininb
as initial therapy for patients with chronic
lymphocytic leukemia. N Engl ¥ Med 2015; 373:
2425-2437.

16. Robertson LE, Plunkett W, McConnell K, ez al.
Bcl-2 expression in chronic lymphocytic leukemia
and its correlation with the induction of apoptosis
and clinical outcome. Leukemia 1996; 10:
456-459.

17. Roberts AW, Davids MS, Pagel JM, et al.
Targeting BCL-2 with venetoclax in relapsed
chronic lymphocytic leukemia. N Engl ¥ Med
2016; 374: 311-322.

18. Cheson BD and Leonard JP. Monoclonal
antibody therapy for B-cell non-Hodgkin
lymphoma. N Engl ¥ Med 2008; 359: 611-626.

19. Vaux DL, Cory S, Adams JM, ez al. Bcl-2
promotes haematopoietic cell survival and
cooperates with c-myc to immortalize pre-B cells.
Nature 1988; 335: 440-442.

20. Chen L, Willis SN, Wei A, ez al. Differential
targeting of prosurvival Bcl-2 proteins by
the BH3 only ligands allows complementary
apoptotic function. Mol Cell 2005; 17: 393—-403.

21. Tse C, Shoenmaker AR, Adickes ], et al. ABT
263, a potent and orally bioavailable Bcl-2 family
inhibitor. Cancer Res 2008; 68: 3421-3428.

22. Souers AJ, Leverson JD, Boghaert ER, ez al.
ABT-199, a potent and selective Bcl-2 inhibitor
achieves antitumour activity while sparing
platelets. Nar Med 2013; 19: 202-208.

23. Vogler M, Dinsdale D, Dyer M], et al. ABT-
199 selectively inhibits Bcl-2 but not Bcl-2LL1
and efficiently induces apoptosis of chronic
lymphocytic leukaemic cells but not platelets. Br
F Haematol 2013; 163: 139-142.

24. Salem AH, Agarwal SK, Dunbar M, ez al.
Pharmacokinetics of venetoclax, a novel BCL-2
inhibitor, in patients with relapsed or refractory
chronic lymphocytic leukemia or non-Hodgkin
lymphoma. ¥ Clin Pharmacol 2017; 57: 484—492.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Salem AH, Agarwal SK, Dunbar M, ez al.

Effect of low and high fat meals on the
pharmacokinetics of venetoclax, a selective, first-
in-class Bc¢l-2 inhibitor. ¥ Clin Pharmacol 2016;
56: 1355-1361.

U.S. Food and Drug Administration. Venetoclax

tablets prescribing information. Silver Spring, MD:

U.S. Food and Drug Administration. http:/www
.accessdata.fda.drugsatfda_docs/label/2016/2085
73s0001bl.pdf(accessed 21 September 2018).

Freise KJ, Jones AK, Eckert D, ez al. Impact of
venetoclax exposure on clinical efficacy and safety
in patients with relapsed or refractory chronic
lymphocytic leukemia. ¥ Clin Pharmacokiner 2017,
56: 515-523.

Regazzi MB, lacona I, Avanzini MA, et al.
Pharmacokinetic behaviour of rituximab: a
study of different schedules of administration for
heterogenous clinical settings. Ther Drug Monit
2005; 27: 785-792.

Lampson LLA. Monoclonal antibodies in neuro-
oncology: getting past the blood-brain barrier.
MAbs 2011; 3: 153-160.

Golay J, Semenzato G, Rambaldi A, ez al.
Lessons for the clinic from rituximab
pharmacokinetics and pharmacodynamics.
MAbs 20135 5: 826-837.

Tam CS and Keating M]J. Selection of rituximab
dosage in chronic lymphocytic leukemia:

where is the evidence? Leuk Lymphoma 2013; 54:
934-939.

Tedeschi A, Vismara E, Ricci F, et al. The
spectrum of use of rituximab in chronic
lymphcytic leukemia. Onco Targets Ther 20105 3:
227-248.

Assouline S, Buccheri V, Delmer A, et al.
Pharmacokinetics and safety of subcutaneous
rituximab plus fludarabine and cyclophosphamide
for patients with chronic lymphocytic leukaemia.
Br ¥ Clinical Pharmacol 2015; 80: 1001-1009.

Anderson MA, Deng J, Seymour JF, ez al. The
BCL-2 inhibitor venetoclax indices rapid onset
apoptosis of CLL cells in patients via a TP53-
independent mechanism. Blood 2016; 127:
3215-3224.

Stilgenbauer S, Eichorst B, Schetelig J, ez al.
Venetoclax for patients with chronic lymphocytic
leukemia with 17p deletion: results from the full
population of a phase II pivotal trial. ¥ Clin Oncol
2018; 36: 1973-1980.

Fischer K, Cramer P, Busch R, er al.
Bendamustine combined with rituximab in

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
http://www.accessdata.fda.drugsatfda_docs/label/2016/208573s0001bl.pdf
http://www.accessdata.fda.drugsatfda_docs/label/2016/208573s0001bl.pdf
http://www.accessdata.fda.drugsatfda_docs/label/2016/208573s0001bl.pdf

Therapeutic Advances in Hematology 10

Visit SAGE journals online
journals.sagepub.com/
home/tah

®SAGE journals

37.

38.

39.

40.

41.

42.

43.

patients with relapsed and/or refractory chronic
lymphocytic leukemia: a multicenter phase II trial
of the German Chronic Lymphocytic Leukemia
Study Group. ¥ Clin Oncol 20115 29: 3559-3566.

Montserrat E, Moreni C, Esteve ], er al. How I
treat refractory CLL. Blood 20065 107: 1276—
1283.

Seymour JF, Ma S, Brander DM, ez al.
Venetoclax plus rituximab in relapsed or
refractory chronic lymphocytic leukemia: a phase
1b study. Lancet Oncol 2017; 18: 230-240.

Seymour JF, Kipps TJ, Eichorst B, ez al.
Venetoclax- rituximab in relapsed or refractory
chronic lymphocytic leukemia. N Engl ¥ Med
2018; 358: 1107-1120.

Seymour JF, Kipps TJ, Eichorst B, ez al.
MURANO trial establishes feasibility of time-Limited
venetoclax-rituximab (VenR) combination therapy
n relapsed/refractory (R/IR) chronic lymphocytic
leukemia (CLL). Presented at the 2018 American
Society of Hematology Annual Meeting &
Exposition, 1 December 2018, San Diego.

Kater AP, Hillmen P, Eichorst B, ez al. First
prospective data on the impact of minimal residual
disease on long-term clinical outcomes after venetoclax
plus rituximab versus bendamustine plus rituximab:
phase III MURANO study. Presented at the 2018
American Society of Hematology Annual Meeting
& Exposition, 4-8 December 2018, San Diego.

Mato AR, Thompson M, Allan JN, ez al. Real
world outcomes and management strategies for
venetoclax-treated chronic lymphocytic leukemia
patients in the United States. Haematologica
2018; 103(10): e462—e465.

Kater AP, Kipps T, Owen C, et al. Venetoclax
is well tolerated in patients with relapsed

44.

45.

46.

47.

48.

49.

50.

and refractory CLL: updated safety analysis
with longer follow up of phase 3 MURANO
study. Poster abstract presented at Pan Pacific
Lymphoma Conference, 1620 July 2018.

Tam C, Anderson MA, Ritchie DS, ez al.
Favorable patient survival after failure of
venetoclax (ABT-199/GDCO0199) therapy for
relapsed or refractory chronic lymphocytic
leukaemia. Blood 2015; 126: 2939.

Bose P, Gandhi V and Konopleva MY. Pathways
and mechanisms of venetoclax resistance. Leuk
Lymphoma 2017; 58: 2026-2039.

Flinn IW, Brunvand M, Choi MY, er al. Safety
and efficacy of a combination of venetoclax
(GDC-0199/ABT-199) and obinutuzumab in
patients with relapsed/refractory or previously
untreated chronic lymphocytic leukemia - results
from a phase 1b study (GP28331). Blood 2015;
126: 494.

Fischer K, Al-Sawaf O, Fink AM, et al.
Venetoclax and obinutuzumab in chronic
lymphocytic leukaemia. Blood 2017; 129:
2702-2705.

Marcus R, Davies A, Ando K, ez al.
Obinutuzumab for the first line treatment of
follicular lymphoma. N Engl ¥ Med 2017; 377:
1331-1344.

Bojarczuk K, Sasi Bk, Gobessi S, er al. BCR
signaling inhibitors differ in their ability to
overcome Mcl-1-mediated resistance of
CLL B cells to ABT-199. Blood 2016;

127: 3192-3201.

Rogers KA, Huang Y, Ruppert AS, er al.
Phase 1b study of obinutuzumab/iburitnib and
venetoclax in relapsed /refractory CLL. Blood
2018; 132: 1568-1572.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah



