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ABSTRACT

A major revolution in the treatment of chronic lymphocytic leukemia (CLL) began with the approval
of ibrutinib, a first-in-class oral inhibitor of Bruton tyrosine kinase (BTK), for the treatment of
relapsed/refractory (R/R) and/or TP53 mutated patients with CLL. However, 5 years later,some
issues relating to this disorder still remain including the fact that with ibrutinib only a relatively small
proportion of patients achieve complete remission and that ibrutinib-resistant CLL clones can
develop in about 20% of patients. In addition, therapy must still be given continuously, and toxicities
leading to drug discontinuation occur in about 30% of patients. In the meantime second-generation
BTK inhibitors have already aroused considerable interest and gathered momentum. A possible
strategy to overcome some of these obstacles is to combine ibrutinib with other targeted agents
especially in high-risk disease, such as previously treated refractory patients or those with TP53
aberrations or complex karyotypes, in whom rapid eradication of disease is most desirable. Therapy
with single agent ibrutinib should be part of a sequential approach for patients with low risk disease,
especially in older patients (aged >70 years) with a higher burden of comorbidities. Long-term
results of ongoing studies combining lbrutinib with (chemo)- immunotherapy or other targeted
agents are eagerly awaited. Future clinical trials are indeed still needed to provide answers to these

open questions.
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Background

The landscape of treatment of chronic lymphocytic leukemia (CLL) has changed dramatically with
the introduction of several targeted therapeutic strategies (1-5). In this paradigm shift ibrutinib, the
first-in-class oral inhibitor of Bruton tyrosine kinase (BTK), has played a pioneering role. The
history of ibrutinib in CLL started with publication of the results of the pivotal PCYC-1102/1103
phase 2 study (1). Later results of RESONATE phase 3 clinical trial enabled the Food and Drug
Administration (FDA), in February 2014, to approve ibrutinib for the treatment of patients with
CLL who had received at least one prior therapy (1-2). A few months later, ibrutinib also
received breakthrough therapy designation for its use in CLL patients with del 17p. Thereafter,in
2016, on the basis of results of the RESONATE-2 clinical trial ibrutinib was approved by FDA
as first-line therapy for older patients with CLL or small lymphocytic lymphoma (SLL), regardless
of their cytogenetic profile and risk status (6).

Three recent landmark trials have suggested in turn, that ibrutinib alone or in combination with an
anti-CD20 monoclonal antibody would become the new standards of care for upfront therapy of
CLL (7-12). However, while many issues still remain unsolved with ibrutinib, (including the fact that
only a relatively small proportion of patients achieve complete remission [CR], emergence of
resistant clones, the need for continuous therapy and drug toxicities), second-generation BTK
inhibitors have already aroused considerable interest and have gathered momentum

(13-15).

This review focuses on the effectiveness of ibrutinib in relapsed /refractory (R/R) patients as well
as in the frontline setting and takes into account the fact that the therapeutic landscape of CLL is
rapidly changing under the pressure of recent progress in the understanding of the biology of

this disease.
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Early trials of ibrutinib single agent in the setting of R/R CLL

When results of early studies of ibrutinib were published clinical benefits were impressive for
patients with CLL/SLL, with an acceptable safety profile (1). The overall response rate (ORR) was
71% with an additional 20% achieving partial response (PR) with lymphocytosis (PR-L).
Responses were observed in patients with poor prognostic features including those with dell17p.
Of note, estimated PFS was 75% and OS 83% at 26 months. There were 15% grade 3—4
neutropenia events but these did not lead to any treatment discontinuations (1). The follow-up
data at up to 7-years of this phase Ib/Il trial ibrutinib trial continues to look promising (16-17).
Similarly to results reported after 5-year follow-up, the median PFS and OS were shortest (26 and
57 months), in R/R patients with del(17p) when compared with those obtained in lower-risk
cytogenetic groups (16-17). The most common grade =3 AEs, included hypertension (32% TN,
25% R/R), pneumonia (10% TN, 27% R/R), neutropenia (3% TN, 21% R/R), thrombocytopenia
(3% TN, 11% R/R), and AF (6% TN, 9% R/R)(17).

The phase 3 RESONATE trial compared ibrutinib to ofatumumab in R/R CLL or SLL patients who
had received one or more previous therapies. Median PFS was not reached in the ibrutinib
group while it was 8.1 months in the ofatumumab group (p <.0001). Adverse events of grade 3 or
higher occurred more frequently in the ibrutinib group and included diarrhea (4%) and atrial
fibrillation (3%). An additional four patients in the ibrutinib group and one patient in the
ofatumumab group had grade 1 or 2 atrial fibrillation. Also bleeding-related adverse events of
any grade (most commonly, petechiae, and including ecchymoses) were more common in the
ibrutinib group than in the ofatumumab group (44% vs. 12%). Major hemorrhage (any
hemorrhagic event of grade 3 or higher or resulting in transfusion of red cells or in
hospitalization) was reported in two patients (1%) in the ibrutinib group (including one patient

with a subdural hematoma) and three patients (2%) in the ofatumumab group (2). An integrated
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safety analysis of the RESONATE and RESONATE-2 trials based on ibrutinib treatment

duration of up to 43 months suggests that the most common adverse events (AEs) encountered
were diarrhea (52% any-grade; 5% grade 3) and fatigue ( 36% any-grade; 3% grade 3) while the
most common grade 3/4 AEs were neutropenia (18%) and pneumonia (12%). Prevalence of

AEs (diarrhea, fatigue, grade 3 infection, bleeding, and neutropenia) tended to decrease over time
while the rate of hypertension eventually increased despite an early initial decrease seen after the
first year . The most common AEs contributing to drug discontinuation were pneumonia (n =4),
anemia (n=3), and atrial fibrillation (n=3)(18). Of note, PFS benefit with ibrutinib remained in
the final analysis after 6-year of follow-up (20). Patients with =2 prior therapies a and those with
TP53 or SF3B1 mutations had shorter PFS (18-20).

Several reports have described the efficacy and toxicity of ibrutinib in patients in a real-world
setting (21-23). In this respect Mato et al (23) found that the median PFS was 35 months which is
shorter than that reported in the final 6-year follow-up analysis of the RESONATE study (median
PFS 44.1 months)(20). An indirect comparison between 2908 patients with CLL from 30 countries
enrolled in the named patient program (NPP) and patients enrolled in the RESONATE trial,
suggests that PFS of R/R patients receiving ibrutinib in clinical practice is similar to that seen in the

randomized controlled trial setting (i.e., 12-month PFS 77.3% in the NPP and 81.5% in the

RESONATE trial) (24). NPP enrollment criteria were similar to those used in RESONATE™

which could explain the similarity in outcome.

Resistance to ibrutinib
Despite durable responses in the majority of cases, approximately 20% of CLL patients who
receive ibrutinib, still develop disease progression on current follow-up (25-26). In the majority of

patients progressing on ibrutinib, BTK or phospholipase Cg2 (PLCG2) resistance mutations
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predate clinical progression by up to 15 months (25). Resistance to ibrutinib generally correlates
with progressive CLL or Richter transformation(RT). Early progression (i.e., < 12 months) is
generally due to RT while beyond 12 months RT is less frequent and progression is more likely
to be determined by BTK or PLCG2 mutations (25). These observations have important and
relevant clinical implications. In absence of RT the logical approach is to shift to a BCL2 inhibitor
(eg, venetoclax) because several patients can be rescued with this therapy (27). In contrast,
treatment of RT remains largely ineffective and prognosis is dismal (28).

Data from 4 sequential trials of ibrutinib in CLL at Ohio State University suggest that in patients
who relapsed on ibrutinib, 85% had acquired BTK or PLCG2 mutations at a median time of 9.3
months prior to relapse (29). Ahn et al (30) recently reported updated results of a phase 2 trial
enrolling 85 CLL patients (52 treatment naive and 33 R/R) treated with ibrutinib as single-agent.
RT occurred in 6% and was limited to the first 15 months on ibrutinib while progression due to CLL

occurred in 10 patients
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(11.9%) at a median of 38 months on study. At the time of progression, BTK (Cys481) and/or
PLCG2 mutations were found in 8 of 10 patients with progressive CLL, and in 1 patient with
prolymphocytic transformation (30).

BTK-and PLCG2-mutations in a real-life setting, evaluated by next-generation sequencing

(NGS), have been reported by the French Innovative Leukemia Organization (FILO),
respectively in 57% and 13% patients who received ibrutinib (31). This finding was significantly
associated with subsequent CLL progression at a median of 8.5 months after sample collection.
In the light of the above observations it would be important to consider future clinical trials aimed
at evaluating the clinical impact of an early switch to another treatment in patients carrying BTK
mutations and trials of agents capable of overcoming ibrutinib resistance caused by acquired
BTK or PLCG2 mutations are already in progress (35-37). A phase 1 dose escalation study
provided compelling clinical proof-of- concept for ARQ-531, a novel class of reversible BTK
inhibitors and similart rials have also been conducted with GDC-0853 and SNS-510, both
reversible BTK inhibitors (32-34). Also agents that do not target BTK are of interest and include
newer heat shock protein 90 (HSP9O0) inhibitors, histone deacetylase (HDAC) inhibitors, and
XPOL1 inhibitors (35-37). However, despite the availability of robust data supporting clinical
implications of ibrutinib resistance, mutation testing still essentially remains a research issue,
since many major academic centers still do not have facilities to carry out the test in-house as

yet.

Adherence to ibrutinib: still an open issue
Sustained adherence to TKI has been shown to be an important factor in achieving efficacy of
treatment in chronic myeloid leukemia (CML)(38). In CLL, however, it is still unclear whether

intermittent interruption of ibrutinib therapy influences clinical outcomes (39-43). In the
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RESONATE trial a mean ibrutinib dose intensity <95% was associated with inferior PFS, but had

no effect on OS (39). A real life study by the UK CLL Forum reported thattreatment
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interruptions >14 days within the first year of ibrutinib therapy were associated with inferior OS
(40). Among 84 CLL patients (52 treatment-naive and 32 R/R) enrolled in a phase Il study
(NCT01500733), there was no evidence that clinically-justified ibrutinib dose reductions or
interruptions impacted on long-term outcome (41). A retrospective analysis of patients with CLL
receiving ibrutinib at the Roswell Park Comprehensive Cancer Center showed that there was no
statistically significant difference in ORR, PFS, and OS between dose-reduced and standard-
dose groups (42). In a real-world experience of reduced dose ibrutinib in CLL (n=197pts ) Mato
et (43) demonstrated that ibrutinib dose reduction does not affect clinical outcomes. Given that
ibrutinib irreversibly binds to its target, the rate of BTK saturation might have minimal effect on
drug efficacy; this is of particular interest during the period of treatment when the amount of
ibrutinib required to achieve the same target occupancy may be less (44). Ina pilot study of
ibrutinib dose reduction performed by Chen and co-workers (45) showed that lower doses of
ibrutinib given after one full dose cycle are enough to maintain biological activity. However, until
prospective studies demonstrating equivalent clinical outcomes for patients receiving lower or

standard doses of ibrutinib are reported, sustained adherence is recommended.

Ibrutinib versus chemo-immunotherapy as first-line therapy

The study that led to approval of ibrutinib for previously untreated patients with CLL was the phase
11 RESONATE-2 trial, randomizing 269 patients aged 65 years or older to ibrutinib or chlorambucil
(6). Patients with del17p were excluded, since chlorambucil was not considered an appropriate
alternative in this subgroup. After long-term follow-up of a median of 5 years, PFS continued to

favor ibrutinib over chlorambucil (HR, 0.15; 95% CI, 0.10-0.22). This was also evident in CLL
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patients with unmutated IGHV ( HR, 0.11; 95% CI, 0.06-0.19) and 11q deletion (HR, 0.03; 95% CI,
0.01-0.11). OS also favored ibrutinib (HR 0.45; 95% ClI, 0.266-0.761), with crossover to ibrutinib
after clinical progression on chlorambucil (in 57% of patients). No new safety indications have
emerged during long-term ibrutinib treatment. The most commonly reported grade =3 AEs were
neutropenia (13%), pneumonia (12%), hypertension (8%), anemia (7%), hyponatremia (6%), atrial
fibrillation (5%), and cataract (5%). The above findings provide the longest follow-up observation

period of a phase Il study of BTK-inhibitors given as frontline therapy for CLL (46).

In the large ECOG-ACRIN Cancer Research Group study, the combination of ibrutinib and
rituximab (IR) was shown to be superior to the current gold standard therapy of fludarabine,
cyclophosphamide and rituximab (FCR) used for young, fit patients with untreated CLL in terms
of PFS ( P<0.0001) and OS (P=0.0003)(7). A subset analysis dealing with mutational IGHV
status showed that patients with mutated IGHV had a trend towards improved outcome with IR
(P=0.07), while those with unmutated IGHV status experienced a significantly improved PFS
with IR (P< <.00001) (7). Treatment-related grade 3 and 4 adverse events occurred in 58% of
patients receiving IR therapy and in 72% who received FCR (P = 0.0042). In particular, both
neutropenia (23% vs 44%, P < 0.0001) and infectious complications (7.1% vs 17.7%, P <
0.0001) were significantly less common in patients receiving IR , than in those treated with FCR
(7). According to the results of ALLIANCE study, ibrutinib monotherapy or IR were both
superior to the combination of bendamustine-rituximab (BR) in elderly patients = 65 years with
CLL (8-9). The rate of grade 3,4 or 5 hematological AEs was statistically higher in the BR group
(61%) than in the IR (39%) or ibrutinib alone arm (41%). In contrast, the rate of grade 3,4 or 5
non-hematological AEs was lower in the BR arm (63%) than with the ibrutinib-containing
regimens (74% for IR or ibrutinib alone). An industry-sponsored study, the phase 3

iLLUMINATE trial, indicated that the combination of ibrutinib and obinutuzumab provided a 77%
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reduction in the risk of progression or death compared to chlorambucil and obinutuzumab (10-

11) (Table 1).

Although the results of the above studies are most informative, practical problems exist and some
questions still remain unanswered . It is unclear whether the data of non-inferiority of ibrutinib
versus combined IR in older patients is applicable to the entire population of CLL patients. In a
single center study comparing ibrutinib monotherapy versus IR , mostly in patients with R/R CLL,
estimates of PFS were 86% for those receiving ibrutinib and 86.9% for patients receiving IR (47).
What we can perhaps forecast is that FCR will probably be used less in the future, despite the fact
that it is still the more appropriate choice for patients with mutated IGVH disease. In contrast, in
patients with unmutated IGHV, ibrutinib (+/- Rituximab) seems to be a reasonable choice (Fig 1).
Elderly/unfit patients with mutated IGHV should be considered for upfront ibrutinib or chemo-
immunotherapy and the choice between these approaches should be based on the potential
toxicities that a given patient may develop to either CIT or ibrutinib. An indirect comparative
analysis of ibrutinib-related toxicity in patients enrolled in the ECOG-ACRIN and ALLIANCE trials
suggests that there is a difference in the rate of the commonest side effects of ibrutinib in younger
and older CLL patients, respectively (Table 2), and this should be taken into consideration when

decisions on therapy are taken.

Can we improve the depth of response using ibrutinib in combination with chemo-

immunotherapy?

The combination of ibrutinib with chemo-immunotherapy regimens has been safely tested in early

phase 1b trials (48). In the pivotal HELIOS study R/R CLL/SLL patients were randomized to

receive ibrutinib or placebo, in combination with 6 cycles of BR, followed by ibrutinib or placebo
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alone (49). After a median follow-up of 34.8 months median PFS was not reached for
ibrutinib+BR, versus 14.3 months for placebo+BR. Of note, minimal residual disease (MRD)-
negative response rates were 26.3% for ibrutinib+BR and 6.2% for placebo+BR (P < 0.0001)(50).
Currently the interest in combinations of ibrutinib with chemotherapy has focused on previously
untreated young fit patients. In this subgroup three different studies have reported that FCR can
achieve long-term PFS in more than 50% of patients with mutated IGHV, suggesting that many of
these patients could perhaps eventually be cured (51-53).

In the phase Il MD Anderson Cancer Center (MDACC) trial 42 younger fit patients with mutated
IGHV were treated with a combination of 3 cycles of FC, ibrutinib and obinutuzumab (GA101) .
When the chemotherapy was stopped these patients continued to receive ibrutinib and
obinutuzumab for a variable number of cycles depending on their MRD status. Overall, 17 of 42
(40.4%) patients achieved CR/CRIi with undetectable MRD (UMRD) at 3 months.

All 28 patients who reached the 12 month time-point had uMRD and stopped ibrutinib according
to protocol design. These patients maintained uMRD status at a median follow-up of 10.1 months
after stopping ibrutinib (54). Interestingly, an indirect comparison with FCR suggests that the
association of ibrutinib,FC and obinutuzumab significantly improved the depth of response in
patients with mutated IGHV (Table 3).

A similar multicenter phase 2 study of ibrutinib plus FCR (iFCR) as frontline treatment for 85
young, fit CLL patients was reported by Davids et al. (55). At median follow-up of 16-5 months a
CR rate (with BM uMRD 2 months after the last cycle of ibrutinib plus FCR) was achieved in 33%
of patients which is higher than the CR rate of historical FCR (20%; P=0.0035). The most
common all-grade toxic effects were hematological, including thrombocytopenia in 63 (74%)
patients, neutropenia in 53 (62%), and anemia in 41 (49%). Grade 3 or 4 non-hematological

serious adverse events included grade 3 atrial fibrillation in three (4%) patients and grade 3
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Pneumocystis jirovecii pneumonia in two (2%)(54).
In conclusion, this strategy designed to increase the cure rate should be retained for small

number of CLL patients.

Can we improve the efficacy of ibrutinib through combination using time-limited targeted

therapy?

CR is only achieved in 9-26% of patients with CLL treated with ibrutinib (56). Recent results of
combinations of ibrutinib with other targeted agents, especially venetoclax, suggest that deeper
response can be achieved (14,57)(Table 4). CLARITY is a phase Il trial that combines ibrutinib
with venetoclax in patients with R/R CLL with primary end point the eradication of MRD after 12
months of combined therapy (57). Ibrutinib plus venetoclax led to uMRD condition in the blood of
28 (53%) and the marrow of 19 (36%). Of note, the combination was well tolerated and only a
single case of biochemical tumor lysis syndrome (TLS)was recorded (57). Recently, Jain et al. (14)
reported results of an investigator-initiated study on the combination of ibrutinib and venetoclax
given as first line therapy in 80 patients with CLL. After 12 cycles of combined treatment, 88% of
patients had CR or CRi and 61% achieved remission with uMRD. The adverse-event profile was
similar to that reported for ibrutinib and venetoclax administered as single agents. Accordingly,
after 24 cycles, therapy in patients with uMRD was stopped, while those who still had detectable
MRD continued on ibrutinib. More recently, fixed-duration, targeted treatment with venetoclax—
obinutuzumab has also been shown to be effective in previously untreated patients with CLL and
coexisting morbidities (median age, 72 years; median Cumulative lllness Rating Scale [CIRS]
score, 8; median creatinine clearance, 66.4 ml per minute). In this pioneering phase 3 trial
venetoclax—obinutuzumab achieved longer PFS than chlorambucil-obinutuzumab (2-year PFS

88.2 versus 64.1%)(58).

This article is protected by copyright. All rights reserved.



This progress in CLL therapy has encouraged additional efforts to use more than two highly
effective targeted agents, thereby testing the concept that a deeper response might allow
discontinuation of all treatment (59). A recent phase 1b study demonstrates that combination
therapy with obinutuzumab, ibrutinib, and venetoclax is feasible in patients with CLL (15).

Other active agents such as phosphoinositide-3-kinase (PI3K) inhibitors have also been used in
combination with ibrutinib and novel anti-CD20 monoclonal antibodies (60).

On the basis of these preliminary reports, it is indeed tempting to hypothesize that combining
ibrutinib with other targeted agents could be very useful in selected patients with high-risk disease
(eqg, pretreated patients , those with TP53 aberrations or complex karyotypes) in whom rapid
eradication of disease is essential in order to prevent the emergence of resistant clones (61).
Finally, the appropriate duration of treatment with targeted agents such as venetoclax combined
with ibrutinib or obinotuzumab has not yet been defined and ongoing trials have been
specifically designed to address the issue (ClinicalTrials.gov numbers,NCT02910583 and

NCT03462719; and EudraCT number, 2013 -001944-76)

Can we Improve safety of ibrutinib by using a different BTK inhibitor?
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AEs which has led to discontinuation of ibrutinib in 9% -149% of patients in clinical studies and
about 22% of patients in routine clinical practice (22). In this respect it is of interest to note that
with acalabrutinib , a potent, highly selective covalent BTK inhibitor, toxicities which are
associated with ibrutinib, were not observed (62). In this study including 33 R/R CLL patients who
had discontinued ibrutinib because of intolerance no acalabrutinib dose reductions were needed,
although treatment grade 3/4 AEs occurred, most commonly neutropenia (12%) and
thrombocytopenia (9%)(62).

The phase lll ASCEND trial compared acalabrutinib monotherapy in patients with previously-
treated CLL to the physician’s choice which consisted of rituximab in combination with either
idelalisib or bendamustine (63). Acalabrutinib significantly prolonged PFS (P <.0001), with a 69%
reduction in risk of progression or death. Discontinuation due to AEs occurred in 11% of patients in
the acalabrutinib arm versus 49% of patients in the physician’s choice arms. Typical AEs of BTK
inhibition were encountered less frequently (e.g bleeding in 25% of patients receiving
acalabrutinib and atrial fibrillation in about 5%) (63). A prospective phase 2 study of acalabrutinib
in patients with CLL intolerant to ibrutinib is still ongoing (NCT02717611) to confirm safety and
assess efficacy of acalabrutinib in this patient population, while another randomized safety study
comparing acalabrutinib with ibrutinib ( NCT02477696), will probably provide final answers to the
above questions. Other second-generation irreversible BTK inhibitors (i.e., zanubrutinib,
tirabrutinib) are also being studied now, in particular, a phase 3 study comparing zanubrutinib to
ibrutinib (NCT03734016), which will further assess the safety and efficacy of this novel second
generation irreversible BTK inhibitor in R/R CLL Results of the above studies are eagerly awaited

in this exciting time of new therapeutic options in CLL .
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Conclusions

Despite headway made in CLL treatment in the last few years, many questions remain. CLL is
mostly a disease of the elderly, so if we have therapies that provide durable control of the disease
for many years, such as ibrutinib, a large number of patients will not succumb to CLL.
Venetoclax allows the achievement of uUMRD status in a substantial proportion of patients and
this condition may translate into durable remissions even after stopping therapy (64). This
suggests that venetoclax should be part of next-generation fixed duration combination therapy
possibly MRD-driven. Since ibrutinib and venetoclax have a complementary compartmental
activity in CLL (ibrutinib on lymph node and venetoclax on peripheral blood and bone marrow)
association of these agents appears particularly useful for younger patients and those with high-
risk molecular characteristics (65-66). However, also using the association of ibrutinib and
venetoclax we do not know as yet if any of these patients are cured. In this population, we are
hopeful that using novel agents in combination and continued improvements in CAR T-cell
therapy approaches will provide better results (67).

Finally, ibrutinib has been the first targeted treatment tested in early stage CLL patients at risk to
progress towards an active form of disease requiring treatment. Results of the placebo-controlled
double-blinded CLL12 trial allow to conclude that ibrutinib significantly improves event-free survival
(EFS), PFS, and time to next treatment (TNT) in patients with treatment-naive early-stage CLL
when compared to placebo (68). However, while waiting for survival analysis, a watch and wait

strategy for early stage patients with increased risk of progression is recommended.
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Legend of figure 1
Suggested approach to the upfront therapy of chronic lymphocytic leukemia (CLL) patients which
takes into account results of ALLIANCE, ECOG-ACRIN Cancer Research Group (E1912),

iLLUMINATE and CLL14 trials.
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Table 1
Inclusion criteria and progression-free survival (PFS) in trials of ibrutinib given in upfront.

Clinical trial Inclusion criteria Ibrutinib arm CIT arm 3-year PFS | 3-year PFS
(Ibrutinib arm) | (CIT arm)

ECOG-ACRIN 8 « Able to tolerate FCR Ibrutinib + FCR 92% 73%

¢ Notincluded 17pdeleted Rituximab

e Patient age < 70years

ALLIANCE &9 « Patient age > 65 years Ibrutinib + BR 85% 60%

e Included 17pdeleted Rituximab

85%

Ibrutinib

ILLUMINATE (01D « Patient age > 65yrs Ibrutinib + CLB + 70% 32%
e <65 yrs unfit Obinotuzumab Obinotuzumab
* Included 17p deleted orTP53
mutated

FCR= Fludarabine, Cyclophosphamide,Rituximab; BR= Bendamustine,Rituximab; CLB=Chlorambucil
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Table 2

Grade 3-5 Treatment Related Adverse Events ECOG-ACRIN E1912 & Alliance

041202

Adverse event IR Arm ECOG- IR Arm Ibrutinib Arm
ACRIN Alliance® Alliance®9
E1912(9) 9 n=181 n=180
N=352

Median Age (range) 57 yrs (31- 71 yrs (65-86) 71yrs (65-89)

70)

Infection 5% 20% 21%

Atrial fibrillation 3% 6% 9%

Bleeding 1% 3% 2%
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Hypertension 7% 34% 29%

Deaths during active treatment +30 1% 7% 7%
days
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IR, Ibrutinib + Rituximab
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Table 3
Responses in terms of complete remission (CR) and undetectable minimal residual disease (U-MRD) in mutated M- IGHV patients after 6 cycles of
FCR. Results obtained with ibrutinib, FC, and GA101 (iFCG) in the same setting of patients are also presented.

Trial Regimen N. pts [*CT scan CR/CRI BM U-
(%) MRD(%)

MDACC® FCR x 6 88 No 83 51
1
MDACC® FCR x 6 82 No 66 56
1)
CLL8®?) FCR x 6 113 |No 50 50
CLL10¢® FCR x 6 123 |Yes 39 62
MDACC® Ibrutinib + FC+GA101 x| 42 Yes 74% *100%
2 3 followed by ibrutinib +

GA101 x3
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*Patients who reached the 12 month time-point were undetectable MRD (U-MRD) and stopped ibrutinib
** CT scan, Computed Tomography scan
8 Eichhorst B, et al Lancet Oncol. 2016 Jul;17(7):928-942

This article is protected by copyright. All rights reserved.



Trials of ibrutinib in combination with other targeted agents

Table 4

Regimen Study Disease No. patients CR U-MRD rate
phase setting
Ibrutinib + venetoclax 2 R/R 50 (25 completed 6 mo.) 60 BM, 28%
(CLARITY)®? % PB, 93% (after 12
mo.)

Ibrutinib + venetoclax 2 TN 163 (14 completed 12 36 BM,36% (after 12

(CAPTIVATE)®® mo.) % mo.)

Ibrutinib + venetoclax (MDACC)142 TN 80 (25 completed 12 92 BM,68% (after 12
mo.) % mo.)

Obinotuzumab + ibrutinib + 1b/2 TN 25 (24 completed 8 mo.) 50 PB,58%

venetoclax %) % BM,58%

Ublituximab, umbralisib, and 1 R/R 23 36 NA

ibrutinib €9 %
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