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Chemoimmunotherapy has been the standard of care for patients
with chronic lymphocytic leukemia for a long time. However, over
the last few years, novel agents have produced unprecedented out-

comes in treatment-naïve and relapsed/refractory chronic lymphocytic
leukemia. With the advent of these targeted agents, treatment options have
diversified very considerably and new questions have emerged. For exam-
ple, it is unclear whether these novel agents should be used as sequential
monotherapies until disease progression or whether they should preferably
be combined in time-limited treatment regimens aimed at achieving deep
and durable remissions. While both approaches yield high response rates
and long progression-free and overall survival, it remains challenging to
identify patients individually for the optimal concept. This review provides
guidance in this decision process by presenting evidence on sequential and
combined use of novel agents and discussing the advantages and draw-
backs of these two approaches. 
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ABSTRACT

Introduction

Chemoimmunotherapy has been the standard first-line treatment of choice for
patients with chronic lymphocytic leukemia (CLL) for many years.1,2 However,
with the advent of novel, targeted agents, the survival of CLL patients has
improved markedly and treatment options have diversified, especially for patients
with high-risk CLL.3-7 Recently published studies directly comparing standard
chemoimmunotherapy against novel agents have demonstrated the superiority of
the latter in various groups of patients.8-10 Chemoimmunotherapy still plays a role
in the treatment of patients with mutated IGHV genes, in whom the combination
of fludarabine, cyclophosphamide and rituximab produces a remarkably long pro-
gression-free survival (PFS) in nearly half of the patients, with the possibility of cure
in those who have not relapsed beyond 10 years.11,12

With ibrutinib pushing into first-line treatment algorithms and other novel agents
such as venetoclax and idelalisib proving their efficacy as monotherapy as well as
in various combinations, new challenges are emerging. Information is needed to
determine whether novel agents should be used in combination or as sequential
monotherapies. Another burning issue is how to manage patients who are refrac-
tory to or relapse after treatment with novel agents. 
In this review, we discuss currently approved treatment options as well as new

approaches using novel agents and address optimal sequencing of single agents and
the most promising combination treatments. Furthermore, we debate the concepts
of time-limited versus indefinite treatment and offer guidance for treatment deci-
sions in routine care of patients.

Approved targeted agents in chronic lymphocytic leukemia

BTK inhibitors
Ibrutinib is an inhibitor of Bruton tyrosine kinase (BTK), which is an intracellular

protein downstream of the B-cell receptor. Ibrutinib has been approved for and
implemented in the treatment of previously untreated and relapsed/refractory (r/r)



CLL patients following the impressive results of the piv-
otal RESONATE-2 trial.3,13,14 The phase III trial demonstrat-
ed markedly prolonged PFS and overall survival (OS) in
ibrutinib-treated patients compared to patients treated
with chlorambucil monotherapy. The superiority of ibru-
tinib was shown independently of genetic subgroups and
a recent follow-up documented an overall response rate
(ORR) of 92% and a 2-year PFS of 89% in the ibrutinib
arm.15 Data from the first trial investigating indefinite ibru-
tinib treatment in young, fit CLL patients versus the stan-
dard of care in these patients (fludarabine, cyclophos-
phamide and rituximab) were published recently.9 The
ECOG-ACRIN E1912 intergroup trial showed significant
PFS and OS advantages for patients treated with ibrutinib
plus rituximab (Table 1). Improved survival was observed
across all analyzed subgroups except for IGHV-mutated
patients. In another recently published study, Woyach and
colleagues evaluated the efficacy of ibrutinib alone or in
combination with rituximab in CLL patients ≥65 years
and compared it to that of bendamustine plus rituximab.10
The study showed a clear PFS advantage for both ibrutinib
and ibrutinib plus rituximab compared with bendamus-
tine plus rituximab. Due to the planned cross-over no sig-
nificant survival differences were seen in the IGHV-mutat-
ed group or with regards to OS. The addition of rituximab
to ibrutinib did not result in an improved survival. 
Consequently, the place of ibrutinib in the first-line

treatment of most groups of patients with CLL has been
consolidated and the responses seem to be durable as
well. A 5-year follow-up of a phase II trial initiated by the
National Institutes of Health evaluating ibrutinib as first-
line therapy in CLL showed a 5-year PFS of 74.4% in treat-
ment-naïve patients with TP53mutations or deletions and
100% in treatment-naïve patients without TP53 muta-
tions.16 Although ibrutinib monotherapy is currently the
most and best evaluated novel substance and indisputably
yields impressive outcomes, its continued administration
is associated with several problems. In the above-men-
tioned study in patients with high-risk CLL, the cumula-
tive incidence of resistance-conferring BTK or PLCγ2
mutations at 5 years ranged between 22.6% and 66.7%
depending on the risk group.16,17 Similar rates were
observed in a French real world cohort: after a median of
3.5 years of ibrutinib treatment, BTK mutations were
found in 57% of the patients.18 The same study showed
that 3 years after initiation of ibrutinib treatment, only
31% of the patients remained on the drug. The incidence
of ibrutinib-related toxicities and associated treatment dis-
continuation vary significantly between clinical trials and
so-called real world experiences. A retrospective analysis
reported toxicity-related treatment discontinuations in
128 of 616 patients (21%) with a median follow-up of 17
months in their comprehensive real-world analysis while
the toxicity-related treatment discontinuation rate in the
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Table 1. Trials using chemotherapy-free combination treatments in chronic lymphocytic leukemia
Treatment                                                TN, r/r           Ageᶧ      ORR       CR %      PR %    uMRD %    PFS*       2 y-PFS              2 y-OS            Reference
Novel agents + anti-CD20 antibodies

Ibrutinib + rituximab                                  TN (n=354)             58           96%          17%          NA             8%            NA           3 y: 89%               3 y: 99%             Shanafelt et al. 20199

FCR                                                                  TN (n=175)            57          81%          30%          NA            59%           NA           3 y: 73%               3 y: 92%
Ibrutinib                                                         TN (n=182)             71           93%           7%           NA             1%            NR              87%                      90%                 Woyach et al. 201810

Ibrutinib + rituximab                                  TN (n=182)             71           94%          12%          NA             4%            NR              88%                      94%
Bendamustine + rituximab                       TN (n=183)             70           81%          26%          NA             8%           41.0             74%                      95%                 
Ibrutinib + obinutuzumab                         TN (n=113)             70           88%          19%         69%           35%           NR         30 m: 79%        30 m-OS: 86%        Moreno et al. 20188

Chlorambucil + obinutuzumab                 TN (n=116)             72           73%           8%          66%           25%          19.0        30 m: 31%        30 m-OS: 85%        
Idelalisib + rituximab                                 r/r (n=110)             71           81%             0            81%            NA            NR          6 m: 93%           1 y-OS: 92%          Furman et al. 20144

Rituximab                                                       r/r (n=110)             71           13%             0            13%            NA            5.5          6 m: 46%           1 y-OS: 80%          
Acalabrutinib + obinutuzumab                  TN (n=19)             61        TN: 95%   TN: 16%  TN: 79%        NA            NR               NA                         NA                  Woyach et al. 201764

                                                                            r/r (n=26)                          r/r: 92%    r/r: 8%   r/r: 85%
Venetoclax + rituximab                              r/r (n=194)             65           92%           8%          84%           62%           NR              85%                      92%                 Seymour et al. 201831

Bendamustine + rituximab                       r/r (n=195)             65           72%           4%          69%           13%          17.0             63%                      87%                 
Venetoclax + obinutuzumab                      TN (n=216)             72           85%          50%         35%           76%           NR              88%                      92%                 Fischer et al. 201969

CLB + obinutuzumab                                   TN (n=216)             71           71%          23%         48%           35%           NR              64%                      93%
Venetoclax + obinutuzumab                       TN (n=32)              63       TN: 100%  TN:78%   TN:22%    TN: 91%       NR          TN: 91%                    NA                  Flinn et al. 201970

                                                                            r/r (n=50)              61        r/r: 95%    r/r:37%    r/r:58%     r/r: 64%        NR           r/r: 85%                    NA                  
Novel-novel combinations

Venetoclax + ibrutinib                                 r/r (n=50)             NA          100%         58%         42%           58%           NR               NA                         NA                  Hillmen et al. 201871

Venetoclax + ibrutinib                                 TN (n=80)              65          100%         96%          4%            69%           NR          1 y: 98%               1 y: 99%             Jain et al. 201872

Venetoclax + ibrutinib + obinutuzumabTN (n=25)              59          100%         50%         50%           70%           NR               NA                         NA                  Rogers et al. 201873

Umbralisib + ibrutinib                                 r/r (n=21)              67           90%          29%         62%            NA            NR              90%                      95%                 Davids et al. 201974

Umbralisib + ibrutinib + ublituximab     r/r (n=22)              62          100%         36%         64%           78%           NR               NA                         NA                  Nastoupil et al. 201975

ᶧmedian, years;  *median, months; TN: treatment-naïve; r/r: relapsed or refractory; ORR: overall response rate; CR %: complete response rate; PR %: partial response rate; uMRD %: rate of patients
with undetectable minimal residual disease (<10-4) in peripheral blood; PFS: progression-free survival; y: year; m: month; OS: overall survival; FCR: fludarabine, cyclophosphamide, rituximab; NR: not
reached, NA: not available..



above-mentioned phase II trial in high-risk CLL was only
6%.16,19 Atrial fibrillation has been reported in several trials
as a cause of treatment interruption. In a retrospective
analysis, the 5-year incidence of atrial fibrillation was
21%.16 Another pooled analysis of multiple clinical trials
estimated a 3-year cumulative incidence of atrial fibrilla-
tion of 13.8% among ibrutinib-treated patients.20
Other BTK inhibitors have been developed to overcome

these commonly encountered difficulties, such as the
development of resistance mutations and the discontinua-
tion of treatment due to adverse drug effects. While sec-
ond-generation inhibitors such as substance ARQ 531
promise efficacy in the context of BTK C481S mutations,
more specific inhibitors, including acalabrutinib and
zanubrutinib, appear to cause fewer adverse off-target
effects.21-24 Direct, randomized comparisons of acalabruti-
nib (NCT02477696) and zanubrutinib (NCT03734016)
against ibrutinib are currently ongoing. 

PI3K inhibitors
Phosphoinositide 3-kinase (PI3K)γ is the target of the

kinase inhibitor idelalisib and a downstream kinase of the
B-cell receptor that stimulates the proliferation and sur-
vival of CLL cells (Figure 1). The combination of idelalisib
with rituximab is approved for the treatment of r/r CLL as
well as for the first-line treatment of patients with del(17p)

and/or TP53 mutations for whom no other therapies are
appropriate. Idelalisib has shown some activity as a single
agent in r/r CLL and was combined with rituximab in a
prospective randomized study against rituximab
monotherapy.4,25 The median PFS in the placebo group
was 5.5 months and was not reached in the rituximab-ide-
lalisib arm [hazard ratio (HR) for disease progression or
death 0.15, P<0.001]; the ORR was 81% with idelalisib,
but only 13% in the rituximab arm. Following these
encouraging results, the combination was investigated in
the first-line setting. In a phase II study, 64 patients were
treated with rituximab and idelalisib with a median treat-
ment duration of 22.4 months.26 The ORR was 97%,
including 19% complete responses (CR) and the estimated
3-year PFS was 83%. However, significant severe adverse
events of this regimen were reported. Diarrhea and colitis
occurred in 61% of patients, skin rash in 58%, fever in
42%, nausea in 38% and transaminitis in 67%.27 In large
phase III trials, an increased mortality was observed in the
idelalisib-containing arms which led to premature discon-
tinuation of other trials and a re-evaluation of the sub-
stance by regulatory authorities.28
Other kinase inhibitors targeting the PI3K pathway are

umbralisib and the dual PI3K inhibitor duvelisib. While
umbralisisb treatment is not yet approved, the use of
duvelisib has been approved by the Food and Drug
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Figure 1. Targets of currently approved (black) and investigated (gray) novel agents. CLL: chronic lymphocytic leukemia; BCR: B-cell receptor. This figure was pro-
duced by M. Fürstenau using servier medical art (smart.servier.com).



Administration (FDA). The efficacy of duvelisib, an oral
inhibitor of PI3Kd and PI3Kγ, was demonstrated in a phase
I study that included 55 r/r CLL patients of whom 56%
responded to treatment.29 The results of the phase III DUO
study, which tested the efficacy and safety of duvelisib
versus ofatumumab, were recently published: duvelisib
was associated with a significantly prolonged PFS com-
pared to ofatumumab (13.3 vs. 9.9 months, HR=0.52,
P<0.0001) and a superior ORR (74 % vs. 45 %, P<0.0001).
The PI3Kd inhibitor umbralisib demonstrated promising
activity in an initial phase I trial while showing a more
favorable safety profile than other PI3K inhibitors with a
lower incidence of autoimmune-like adverse events.30

BCL2 inhibitors
Venetoclax is an oral B-cell lymphoma 2 (BCL2)

inhibitor and was recently approved for the treatment of
patients with r/r CLL in combination with rituximab.31
Before the approval of the combination therapy, veneto-
clax was used as an indefinite monotherapy in patients
who relapsed after ibrutinib treatment and patients with
TP53 aberrations.7 With the universal approval of veneto-
clax plus rituximab as second-line therapy, indefinite
venetoclax monotherapy will be less relevant in the near
future. Nonetheless, it is worthwhile looking at extended
follow-up data of venetoclax monotherapy trials.
The results of a phase II study evaluating venetoclax in

158 mostly r/r CLL patients with 17p deletions was
recently published.32 The median duration of venetoclax
treatment was 23.1 months (range, 0-44.2 months) and
the ORR was 77% (122 of 158 patients; 20% CR) while
the 2-year PFS was 54% [95% confidence interval (95%
CI): 45% to 62%]. Forty-eight (30%) of the 158 patients
achieved a minimal residual disease (MRD) status below
10-4 at least once in the course of the study. More detailed
MRD data showed that, in patients receiving venetoclax
monotherapy, MRD status was closely associated with
PFS. Patients who achieved undetectable MRD during
treatment had significantly longer PFS than patients with
intermediate or high MRD levels.33 This association had
previously only been reported for chemoimmunotherapy

regimens.34 While these results demonstrate the relevance
of venetoclax for patients with 17p deletions, venetoclax
monotherapy is still only approved in the first-line setting
in patients ineligible for ibrutinib treatment.
In relapsed CLL, venetoclax was approved in combina-

tion with rituximab based on the data from the MURA-
NO study that tested this 24-month long combination
treatment against bendamustine plus rituximab in a popu-
lation of 389 CLL patients.31 With a median follow-up of
23.8 months, PFS among the patients treated with veneto-
clax plus rituximab was clearly superior to that of patients
treated with bendamustine plus rituximab (HR=0.17; 95%
CI: 0.11-0.25; P<0.0001): the estimated 2-year PFS was
84.9% for patients treated with venetoclax plus rituximab
and 36.3% for those treated with bendamustine plus rit-
uximab. Venetoclax plus rituximab also produced a signif-
icantly prolonged OS (HR=0.48; 95% CI: 0.25-0.90) and
an impressive ORR of 93.3% compared to 67.7% with
bendamustine plus rituximab (difference= 25.6%; 95%
CI: 17.9-33.3%). Venetoclax plus rituximab also led to
higher rates of undetectable MRD in peripheral blood
(62.4% vs. 13.3% after 9 months). Most importantly, the
MURANO study established the feasibility of a time-lim-
ited chemotherapy-free treatment regimen by demon-
strating that the majority of MRD-negative remissions
were sustained after the end of the study treatment.35
With an extended median follow-up of 36 months, 130
(67%) of 194 patients completed the 2-year treatment and
with a median observation time of 9.9 months after com-
pletion of treatment with venetoclax plus rituximab, only
16 of 130 patients (12%) showed disease progression.
While the occurrence of clinical tumor lysis syndromes

was a dreaded and common event in the early experiences
with venetoclax, the risk of these syndromes has now
been successfully mitigated by introducing a ramp-up
schedule and repeated testing of tumor lysis syndrome
parameters within the first 24 h after each ramp-up.7 A
recent comprehensive safety analysis of three trials using
venetoclax monotherapy showed an incidence of labora-
tory tumor lysis syndrome of only 1.4% while no clinical
tumor lysis syndrome occurred.36 Most adverse events

Table 2. Trials using novel agents in combination with chemoimmunotherapy as first or further line therapy for CLL.
Treatment                                      TN, r/r         Ageᶧ      ORR       CR %      PR %      uMRD %      PFS*      2 y-PFS          2 y-OS         Reference
BR + ibrutinib                                  r/r (n=289)          64          83%          10%         72%             26%             NR        18 m: 79%     3 y-OS: 82%
BR                                                        r/r (n=289)          63          68%           3%          65%              6%              13.3       18 m: 24%     3 y-OS: 73%       Chanan-Khan et al. 201656

BR + idelalisib                                 r/r (n=207)          62          70%           1%          69%              NA              20.8             NA                    NA               Zelenetz et al. 201758

BR                                                        r/r (n=209)          64          45%            0            44%              NA              11.1             NA                    NA               
Ibrutinib + FCR                                TN (n=85)          55          96%          36%         61%             78%             NR            100%                100%             Davids et al. 201959

Duvelisib + FCR                               TN (n=32)          55          97%          28%         69%             67%             NR             97%                  97%              Davids et al. 201862

Ibrutinib + FCG                                TN (n=42)          60         100%         40%         60%            100%            NR              NA                    NA               Jain et al. 201860

Bendamustine + ibrutinib          TN (n=40),         60          93%          31%         62%              7%              NR              NA                    NA               Cramer et al. 201765

+ ofatumumab                                  r/r (n=25)
Bendamustine + ibrutinib            TN (n=30),         67         100%         46%         54%             48%             NR        15 m: 96%              NA               Von Tresckow et al. 201866

+ obinutuzumab                               r/r (n=31)
Bendamustine + venetoclax       TN (n=35),         59          95%          38%         56%             87%             NR        15 m: 92%       15 m: 95%        Cramer et al. 201867

+ obinutuzumab                               r/r (n=31)
ᶧmedian, years;  *median, months; TN: treatment-naïve; r/r: relapsed or refractory; ORR: overall response rate; CR %:  complete response rate; PR %: partial response rate; uMRD %: rate of
patients with undetectable minimal residual disease (<10-4) in peripheral blood; PFS: progression-free survival; y: year; m: month; OS: overall survival; BR: bendamustine, rituximab; FCR:
fludarabine, cyclophosphamide, rituximab; FCG: fludarabine, cyclophosphamide, obinutuzumab; NR: not reached; NA: not available.
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were hematologic toxicities such as neutropenia (40% of
all patients) and thrombocytopenia (21%), gastrointestinal
disorders including diarrhea (41%) and nausea (39%) as
well as upper respiratory tract infections (25%). 
As previously reported for ibrutinib, continued drug

exposure may result in the development of specific resist-
ance mutations in the context of indefinite venetoclax
treatment. A venetoclax-specific resistance mutation in
the BCL2 gene was recently reported.37 Of 15 patients
whose disease progressed during venetoclax treatment,
seven showed a heterozygous nucleotide variant
(Gly101Val) in BCL2 that impaired binding of venetoclax
to the protein. The mutation was detected as early as 25
months before clinically apparent CLL progression.
Another study showed various other molecular aberra-
tions in patients who developed resistance upon BCL2-
inhibition by venetoclax, including cancer-related genes
such as TP53, BRAF and CD274.38

Sequential use of novel agents

Despite the long PFS that novel agents have produced,
most patients will probably require a second-line treat-
ment after the first novel agent either because of disease
progression or because of toxicity-related treatment dis-
continuation. As novel agents have only been approved
recently, there is limited evidence on how best to
sequence these agents and how to treat patients who
relapse after these therapies. Available data are largely
based on retrospective cohort studies and registry data.
Mato et al. systematically assessed treatment sequences

in a large cohort of patients treated with ibrutinib or vene-
toclax.39 Ibrutinib given as a first kinase inhibitor yielded
better outcomes than idelalisib, while in the setting of
ibrutinib failure, venetoclax produced superior survival
compared with idelalisib and chemoimmunotherapy.
Jones and colleagues confirmed this observation in their
analysis of 127 patients who received venetoclax after
kinase inhibtor failure with a median PFS of 24.7 months
for venetoclax treatment after ibrutinib and an estimated
1-year PFS of 79% for venetoclax after idelalisib failure.40
Within another analysis, Mato and colleagues assessed
outcomes in patients who had previously been treated
with idelalisib or ibrutinib with regard to the reason of
prior treatment discontinuation.19 The main reason for dis-
continuation of treatment with a kinase inhibitor was tox-
icity (51%), followed by disease progression (29%) and
Richter transformation. Patients who were retreated due
to intolerance of the previously used kinase inhibitor had
significantly better outcomes than patients whose disease
had progressed during the kinase inhibitor treatment. 
Patients in whom venetoclax treatment fails have not

yet been extensively analyzed. In a recently published
analysis, 204 venetoclax-treated patients were evaluated
of whom about 47% discontinued treatment due to pro-
gressive disease, 21% due to Richter transformation and
11% because of mostly hematologic adverse events.41
Nineteen patients who were subsequently treated with a
kinase inhibitor showed a good ORR of 69% and a medi-
an PFS that was not reached after a median follow-up of 7
months. First data from patients progressing on the
MURANO trial who were subsequently treated with ibru-
tinib indicate that this kinase inhibitor can be successfully
used after venetoclax.42 Of eight patients who were

included in this analysis, seven responded to ibrutinib (6
partial responses, 1 complete response). 
Furthermore, alternate kinase inhibitors were investigat-

ed in patients who were intolerant to either ibrutinib or
idelalisib.43,44 Thirty-three patients who discontinued ibru-
tinib treatment due to toxicities were treated with acal-
abrutinib and showed an ORR of 76%. The median PFS
had not been reached after a median follow-up of 9.5
months. During this time only 6% of the ibrutinib-intoler-
ant patients discontinued treatment with acalabrutinib
due to adverse events.43 In a similar study, 36 BTK
inhibitor-intolerant and four PI3K inhibitor-intolerant
patients were treated with umbralisib; four of these
patients discontinued treatment due to an adverse event
within a median follow-up of 7 months.44
Prospective clinical trials including long-term follow-ups

are urgently needed to establish an optimal sequencing
strategy. Nonetheless, some conclusions on the sequence
of therapy can be drawn based on the limited, existing
data. Venetoclax-containing regimens appear to be superi-
or after ibrutinib failure while ibrutinib seems the best
option after venetoclax.39-41 Patients in whom idelalisib
fails can be treated equally with either ibrutinib or veneto-
clax. When ibrutinib treatment is discontinued due to tox-
icities, changing to an alternative BTK inhibitor, such as
acalabrutinib, can be considered, where available.
However, other factors must also be taken into account
when deciding on a treatment sequence. These factors
include the genetic risk profile, specific co-morbidities and
co-medications as well as the expected compliance and
personal treatment preference of the patient. Figures 2 and
3 show proposed treatment algorithms based on the avail-
able evidence and current approval status of the drugs. 

Limitations of monotherapy with novel agents
Optimal sequencing of single agents ideally leads to

durable remissions with each new substance while other
effective substances are saved for the next line of treat-
ment. In reality, however, this is often not the case.
Retrospective and registry data show markedly higher

discontinuation rates of monotherapy with ibrutinib or
venetoclax than those documented in the pivotal clinical
trials, either due to disease progression, toxicities or other
long-term adherence issues.3,15,16,19,45 After several years of
exposure to ibrutinib, the incidence of BTK and PLCγ2
mutations appears to increase drastically and certain toxi-
cities, such as cardiac arrhythmias, seem to occur at a con-
stant frequency during ibrutinib treatment.16,18-20,37,46,47 In the
long-term follow-up of the RESONATE trial, atrial fibrilla-
tion occurred in 11% of the ibrutinib-treated patients with
a median follow-up of 44 months. While hematologic tox-
icities and infections occurred mostly in the first year of
ibrutinib treatment and decreased afterwards, hyperten-
sion and rare major hemorrhages were seen constantly
during the following years.48
Another crucial drawback of indefinite monotherapy is

the financial burden, as all novel agents approved for use
in CLL are extremely costly compared to established treat-
ment options such as chemoimmunotherapy.49
Furthermore, kinase inhibitor monotherapy rarely leads to
complete and deep molecular remissions due to various
mechanisms of adaptation that have recently been
described.50
For these reasons, efforts have been made to design

time-limited combination treatments that, despite their

M. Fürstenau et al.
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limited duration, achieve deep and long-lasting remis-
sions. The only approved treatment concepts that meet
these criteria and show a favorable safety profile are the
24-month fixed-duration combination of venetoclax and
rituximab and the 12-month fixed-duration combination
of venetoclax and obinutuzumab.31 A multitude of differ-
ent combination treatments containing novel agents are
currently being investigated.

Undetectable minimal residual disease as a treatment
goal of new combination therapies
In 2016, the European Medicines Agency accepted the

use of undetectable MRD as a surrogate for PFS and as an
intermediate endpoint in CLL trials. This decision was
based on large analyses of chemoimmunotherapy studies
that demonstrated a strong association between MRD sta-
tus and PFS and established undetectable MRD as an inde-
pendent prognostic factor for PFS and OS.34,51-55 Recently
the predictive value of undetectable MRD was confirmed
in the context of treatment with several new substances. 
An analysis of venetoclax monotherapy showed that 2-

year PFS rates were significantly higher in patients who
achieved undetectable (<10-4) or intermediate MRD (≥10-4
to <10-2) than in patients who never achieved MRD <10-2
(92.8%, 84.3%, and 63.2%, respectively).33 Similarly, the
recently published follow-up of the MURANO study
underscored the predictive value of MRD status in the
context of venetoclax plus rituximab treatment.35 In con-

trast, the complete remission rate with ibrutinib
monotherapy increased with a significant delay over time
and reached 28% after a median time of 60 months.
Undetectable MRD is still rarely achieved and in clinical
trials evaluating ibrutinib therapy no correlation between
MRD status and survival has been established so far.16
Since low MRD levels promise longer PFS and, presum-

ably, treatment-free survival, the achievement of the low-
est possible MRD level represents a desirable treatment
goal. With chemoimmunotherapy the eradication of MRD
below the detection limit of one CLL cell per 10,000 nor-
mal leukocytes (<10-4) could only be reliably achieved by
intensive treatment regimens (e.g. fludarabine, cyclophos-
phamide and rituximab), which were not tolerable for the
majority of elderly CLL patients with comorbidities.1,2
With the increasing availability of new substances, high
rates of MRD-negative CR can also be achieved in older
patients with comorbidities (Table 1). 

Combinations

Chemoimmunotherapy plus novel agents
As undetectable MRD and CR are not commonly

achieved with ibrutinib alone, several studies have com-
bined the BTK inhibitor with chemoimmunotherapy to
increase efficacy (Table 2). In the recently published fol-
low-up of the HELIOS trial evaluating ibrutinib together
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Figure 2. Proposed algorithm for first-line treat-
ment using approved options in clinical practice.
y: years; R: rituximab; FCR: fluradabine,
cyclophosphamide, rituximab; BR: bendamustine,
rituximab; Clb-G: chlorambucil, obinutuzumab.



with bendamustine plus rituximab versus bendamustine
plus rituximab only, the reported rate of undetectable
MRD at 36 months was 26.3% in the ibrutinib, ben-
damustine and rituximab arm and increased over time.56,57
Undetectable MRD status was associated with significant-
ly improved PFS (3-year PFS rate: 88.6% for patients with
undetectable MRD vs. 60.1% for patients with MRD 
≥10-4). However, no termination of ibrutinib therapy was
planned according to the study protocol, even when MRD
was no longer detectable.
A similar concept was tested with the PI3Kd inhibitor

idelalisib in combination with bendamustine plus ritux-
imab.58 While idelalisib together with bendamustine plus
rituximab produced a significantly improved PFS com-
pared with bendamustine plus rituximab only (median
PFS 20.8 vs. 11.1 months), the triple combination was
associated with an increased risk of severe infections, lim-
iting its use in clinical practice. 
Various phase II studies have evaluated the addition of

kinase inhibitors to chemoimmunotherapy in young and
fit, treatment-naïve CLL patients. Davids and colleagues
reported an impressive rate of undetectable MRD in bone
marrow of 78% and a CR rate of 36% after six cycles of
fludarabine, cyclophosphamide and rituximab and 2 years
of continuous ibrutinib.59 Another trial evaluated the
MRD-guided use of frontline therapy with ibrutinib, flu-
darabine, cyclophosphamide and obinutuzumab in
patients with a favourable genetic risk profile (IGHV-
mutated, no TP53 aberrations).60 After three courses of the
quadruple combination, treatment was continued with

either nine cycles of ibrutinib plus obinutuzumab or three
cycles of ibrutinib plus obinutuzumab and six cycles of
ibrutinib only, depending on post-chemoimmunotherapy
MRD status. Undetectable MRD at 1 year led to the dis-
continuation of all therapy. All 28 patients who completed
12 months of treatment had undetectable MRD and
stopped therapy per protocol: the CR rate was 86% at that
time point. Michallet et al. evaluated a similar scheme in a
larger study including previously untreated CLL patients
with mutated or unmutated IGHV. Induction treatment
consisted of 6 months of ibrutinib plus obinutuzumab fol-
lowed by 3 months of ibrutinib.61 After this treatment,
MRD was tested and patients with MRD-negative CR or
CR with incomplete hematologic recovery (CRi) contin-
ued treatment with ibrutinib for another 6 months while
all other patients received an intensified regimen with four
cycles of the quadruple combination (ibrutinib, fludara-
bine, cyclophosphamide and obinutuzumab) and ibrutinib
until month 16. With this approach, only 12% of the
patients were in MRD-negative CR or CRi: after 9 months
and could avoid intensive chemoimmunotherapy.
The dual PI3K inhibitor duvelisib was also evaluated in

combination with fludarabine, cyclophosphamide and rit-
uximab therapy. However, this regimen induced a slightly
lower CR rate of 26% and a rate of undetectable MRD in
bone marrow of 67%.62 Although the most frequent
adverse events were hematologic toxicities, several
immune-mediated toxicities, including transaminitis
(grade 3: 34%), arthritis (9%), colitis (6%), pericarditis and
pancreatitis (both 3%), were also reported.
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Figure 3. Proposed sequencing of therapy according to first-line treatment; approved options.  CT: chemotherapy; CIT: chemoimmunotherapy; y: years; M: mutat-
ed; UM: unmutated; R: rituximab; BTKi: Bruton tyrosine kinase inhibitor. 



Although the addition of kinase inhibitors to conven-
tional chemoimmunotherapy regimens yields significant
undetectable MRD and CR rates in selected populations of
patients, these combinations have not yet been tested
against kinase inhibitor monotherapy. This limits the
practical relevance of these observations in the light of the
impressive outcomes of single agent ibrutinib. In addition,
toxicity rates with these more intensive combinations
cannot be neglected. Treatment of elderly patients with
comorbid conditions, in particular, is probably more diffi-
cult due to the toxicity rates. 

Novel agents plus anti-CD20 antibodies
While idelalisib is specifically approved in combination

with anti-CD20 antibodies, ibrutinib has so far not been
approved as part of a combination treatment due to
ambiguous study results.4,10,63 The combination of ibrutinib
plus rituximab has been tested in randomized settings in
phase II and phase III trials.10,63 Burger and colleagues con-
ducted a randomized trial of ibrutinib versus ibrutinib plus
rituximab in 208 CLL patients of whom 181 had r/r CLL.63
The other 27 patients included were treatment-naïve, but
had high-risk, unfavorable genetics, defined by del(17p) or
TP53mutation. The study showed no difference between
ibrutinib plus rituximab and ibrutinib in either PFS (3-year
PFS: 86.9% vs. 86%), ORR (92.3% for both) or CR rate
(26% vs. 20.2%). However, patients treated with ibrutinib
plus rituximab showed higher rates of undetectable MRD
and achieved their remissions faster than patients treated
with ibrutinib only. A phase III trial (ALLIANCE) that test-
ed ibrutinib and ibrutinib plus rituximab against ben-
damustine plus rituximab in older patients showed almost
identical efficacy data for both ibrutinib-containing arms.10
While these data support the conclusion that there is no
clear benefit of adding rituximab to ibrutinib, no random-
ized comparison has been performed so far comparing
obinutuzumab plus ibrutinib versus ibrutinib monothera-
py. The iLLUMINATE trial evaluated ibrutinib plus obinu-
tuzumab in comparison to chlorambucil plus obinu-
tuzumab. The combination of ibrutinib plus obinutuzum-
ab was significantly superior to the chemoimmunothera-
py regimen with a PFS at 30 months of 79% versus 31%
(P<0.0001), but unfortunately a third arm with ibrutinib
monotherapy was missing. Hence the benefit of the addi-
tion of obinutuzumab is not clear, particularly because no
treatment stop was planned in the case of CR, which was
achieved in 19% of the patients receiving ibrutinib plus
obinutuzmab. First data from a phase Ib/II study combin-
ing acalabrutinib and obinutuzumab were impressive
with an ORR of 93%, but also in this trial there was no
direct comparison to acalabrutinib monotherapy.64
Two identically designed phase II trials evaluated the

use of ibrutinib plus obinutuzumab and ibrutinib plus ofa-
tumumab after an optional debulking with bendamustine
including a planned termination of treatment if peripheral
blood samples showed undetectable MRD at two consec-
utive time-points. While 48% of all ibrutinib plus obinu-
tuzumab-treated patients had undetectable MRD at the
final restaging, only 14% achieved this status after ibruti-
nib plus ofatumumab treatment.65,66 
In contrast to ibrutinib, the addition of rituximab to

venetoclax has produced unprecedented MRD-negative
response rates in r/r CLL leading to its broad approval in
the r/r setting.31 In the pivotal MURANO trial comparing
bendamustine plus rituximab versus 24 months of veneto-

clax plus rituximab 64% of the patients treated with the
latter combination had no detectable MRD after 24
months of treatment and this status was sustained in the
majority, with a median follow-up of approximately 10
months.35 This study was the first to establish a
chemotherapy-free time-limited treatment regimen in
CLL. 
Even higher response rates were observed when veneto-

clax was combined with obinutuzumab. The CLL2-BAG
trial combined an optional upfront debulking with ben-
damustine with an 8-month induction treatment and a
MRD-guided maintenance phase, both consisting of vene-
toclax and obinutuzumab.67 At the end of induction treat-
ment, 60 of 63 patients (95%) had responded to treatment
and 87% of the patients had no detectable MRD below 
10-4. The remissions seem durable after undetectable
MRD-triggered end of treatment even in patients with
high-risk genetic features.68 The recently published phase
III CLL14 trial confirmed the efficacy of this combination
treatment in a comorbid patient collective when tested
against chlorambucil plus obinutuzumab. A 12 month
fixed-duration treatment with venetoclax and obinu-
tuzumab produced an unprecedented uMRD rate of 76%
and an estimated 2-year PFS of 88%.69 In a recent phase Ib
study, venetoclax and obinutuzumab were combined for 6
months and followed by venetoclax treatment for either 1
year in the first-line cohort or until disease progression in
the r/r cohort.70 The overall best response rate was 95% in
r/r CLL patients and 100% in those treated first-line.
Undetectable MRD rates in the peripheral blood were
64% and 91%, respectively, ≥3 months after the last dose
of obinutuzumab. 

Inhibitors in combination, including triple 
combinations

Considering the impressive single agent activity of
kinase inhibitors and venetoclax in CLL and their ability to
induce deep and durable remissions when combined with
an anti-CD20 antibody, it seems obvious to test novel-
novel combinations to further increase efficacy by syner-
gistically tackling the CLL cell in different vital pathways
(Figure 1). 
The phase II CLARITY trial tested a time-limited and

MRD-guided oral combination treatment of ibrutinib and
venetoclax in 40 patients with r/r CLL.71 After 8 weeks of
ibrutinib treatment, venetoclax was added with the estab-
lished 5-week dose escalation scheme. All patients
responded to treatment (CR/CRi rate: 58%) and 23 of 40
patients (58%) had no detectable MRD in peripheral
blood after 12 months of combined therapy. The same
combination in a fixed-duration 24-month strategy was
investigated in 80 treatment-naïve patients with CLL.72
After 12 months of combined venetoclax and ibrutinib the
CR/CRi rate was 96% and 69% of the patients had no
detectable MRD in the bone marrow. In both trials, the
rates of undetectable MRD increased during the course of
treatment, promising higher rates with longer follow-up.
Rogers and colleagues recently reported the preliminary

outcomes of their phase II trial investigating the triple
combination of obinutuzumab, ibrutinib and venetoclax
in treatment-naïve and r/r CLL.73 In the first month of
treatment, only obinutuzumab was administered.
Ibrutinib was added in month 2 and venetoclax was added
in month 3. After 12 months of combined treatment, the

Novel agents in CLL

haematologica | 2019; 104(11) 2151



ORR was 88% in the r/r patients and 84% in the treat-
ment-naïve cohort while 67% of treatment-naïve patients
and 50% of all r/r patients had no detectable MRD in bone
marrow and peripheral blood. 
The first study successfully using two novel agents that

directly target the B-cell receptor pathway combined
umbralisib with ibrutinib and produced an ORR of 90%
(CR: 29%) and a 2-year PFS of 90%.74 In contrast to prior
studies that combined multiple kinase inhibitors, this
combination was well-tolerated and no dose-limiting tox-
icities were observed. The same combination plus ublitux-
imab was assessed safe and active in a phase I study in
which the ORR was 100% among 22 previously treated
patients with CLL or small lymphocytic lymphoma. The
median duration of response was 22.7 months.75
Checkpoint inhibitor monotherapy has shown limited

efficacy in CLL but promising activity in Richter transfor-
mation.76 A phase II study investigated the combination of
ibrutinib and nivolumab in patients with high-risk CLL or
Richter transformation.77 While the combination showed
promising efficacy in Richter transformation, it produced
an ORR of 61% in the high-risk CLL group, which is com-
parable to that achieved with single-agent ibrutinib.

Discussion

Ibrutinib monotherapy has produced unprecedented
PFS and OS in various groups of CLL patients.3,9,10,13,14 Being
the only novel agent that has been broadly approved in
the first-line setting, it remains the most widely used
novel agent in clinical routine. For the consequently
increasing number of patients relapsing after ibrutinib,
current evidence indicates that optimal sequencing of
novel agents can lead to long PFS and OS with an overall
favorable safety profile.39-41,78 The bar in terms of PFS has
been raised high by the sequence of frontline ibrutinib fol-
lowed by venetoclax.
However, continued monotherapy is associated with

some drawbacks including the development of resistance
mutations, an increased financial burden, cumulative toxic-
ities, and long-term adherence issues.18,19,36,38,45,47,50,79 These fac-
tors underscore the need for further development of time-
limited treatment concepts that lead to deep and durable
remissions, ideally with long treatment-free intervals. 
With the broad approval of venetoclax plus rituximab

for r/r CLL, a first chemotherapy-free fixed-duration regi-
men has pushed into clinical practice and the even shorter
combination treatment of venetoclax and obinutuzumab
that has proven its striking efficacy in treatment-naïve
patients has just followed. Based on the CLL14 data com-
paring chlorambucil plus obinutuzumab versus fixed-dura-
tion venetoclax plus obinutuzumab for 12 months another
venetoclax combination therapy has been approved by
the FDA for the frontline treatment of patients with CLL.
The essential question of how durable achieved remis-

sions are after stopping combination treatment was in part
answered by two recently published long-term follow-
ups. In the MURANO trial, the majority of MRD-negative
remissions were sustained with a median follow-up of 9.9
months after the end of study treatment.35 Furthermore,
Cramer et al. documented that 13 of 17 high-risk CLL
patients (17p deletion/TP53 mutation) who achieved
undetectable MRD after a time-limited treatment with
either venetoclax plus obinutuzumab or ibrutinib plus

obinutuzumab had ongoing remissions after a median
observation time of 16 months after the end of study
treatment.68
While these treatment-free phases are certainly desir-

able from a patient’s point of view, their effect on clonal
evolution of CLL remains largely unknown. It is conceiv-
able though that shorter exposure to ibrutinib and veneto-
clax might be associated with a lower incidence of drug-
specific resistance mutations as most of these seem to
appear later in the course of monotherapy.16,18,37,38,47,80,81 The
absence of resistance mutations and treatment-free inter-
vals could allow for re-exposure of patients to the same
combination treatment, potentially with a similar efficacy
as before. 
Comprehensive safety analyses are much needed, par-

ticularly in the context of novel-novel combinations to
detect treatment-specific toxicities that might not be
detected in smaller phase II trials.27,36,82 As ibrutinib alone
seems to be associated with an increased incidence of cer-
tain opportunistic infections, it is conceivable that this
specific risk might be even higher when this drug is com-
bined with additional substances that influence the
immune system.83,84
Detailed pharmacokinetic analyses are also warranted

to optimize combination treatments as kinase inhibitors
and venetoclax might interact due to their CYP-dependent
metabolism.85 A recent study found that even reduced
doses of ibrutinib lead to complete BTK occupancy, possi-
bly clearing the way for lower dosed treatment with
fewer off-target effects.17
Results from the currently recruiting phase III FLAIR

(2013-001944-76) and GAIA/CLL13 (NCT02950051) trials
are eagerly awaited to see whether time-limited combina-
tions of novel agents prove themselves superior in a direct
comparison with standard first-line regimens. While the
GAIA/CLL13 trial is investigating various venetoclax-
based combinations in young and fit patients, the FLAIR
study will show, in a similar group of patients, whether
the promising oral combination of ibrutinib plus veneto-
clax is superior to the current standards, ibrutinib
monotherapy and fludarabine, cyclophosphamide and rit-
uximab. 
However, it will probably take more well-designed, ran-

domized trials and particularly long-term follow-up data
as well as detailed analyses of PFS2 or 3 after combination
treatments in order to determine conclusively whether
sequential single-agent therapy or novel combination ther-
apy is superior to the other.  
With upcoming combination therapies in contrast to

continuous monotherapies, the optimal selection of indi-
vidual treatment for each patient is challenging. For
instance, patients with a complex karyotype who might
be more susceptible to the development of resistance
mutations under single-agent monotherapy could be eligi-
ble for novel combinations.86 Ahn and colleagues recently
presented a risk score that predicts survival and the occur-
rence of resistance mutations in the context of ibrutinib
monotherapy, whereas Visentin and colleagues developed
a score that predicts atrial fibrillation during ibrutinib
treatment.17,87 These are just two examples of how more
available information will lead to a further diversification
and personalization of treatment options. It is, therefore,
crucial to work on identifying additional risk factors and
understanding disease biology and clonal evolution of CLL
in the context of novel agents.
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