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o To identify the key clinical challenges of BTKi molecules in CLL

o To define a possible «starting grid» for BTKi in 1L and R/R CLL patients

o To define the potential advantages of prioritizing the use of one molecule over another, taking into account the
impact of CLL biological characteristics, mechanisms of resistance to cBTKi, and AEs (i.e.: off-target)

o To give the floor to my colleague, to discuss the topic of safety

ROADMAP



DATA SOURCE:
o Symphony Integrated Dataverse (open-claims database, integrated with electronic medical record data)
o Study period: from January 1, 2013, to March 31, 2023,
o Patients included : with index date (date of treatment initiation) between January 1, 2020, and December 31, 2022 (index period)

OBJECTIVES
o to examine real-world outcomes among patients with CLL/SLL

INCLUSION CRITERIA
o Age ≥18 years with ≥1 diagnosis of CLL or SLL
o Initiated a 1L or 2L treatment during the index period
o Continuous enrollment in the database for 365 days prior to or 90 days after the index date

COHORTS
Cohorts were developed based on treatment regimens and stratified by line of therapy (1L and 2L)
o Chemotherapy (including bendamustine-based)
o Anti-CD20–based
o BTK inhibitor (ibrutinib- and acalabrutinib-based; zanubrutinib use was not captured)
o Venetoclax-based

REAL-WORLD EVALUATION OF TREATMENT DISCONTINUATION AND HEALTHCARE RESOURCE UTILIZATION
IN PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA OR SMALL LYMPHOCYTIC LYMPHOMA

Chanan-Khan AA et al. ASH 2023, abstr #5144.



ü Across 1L and 2L, 90-day discontinuation rates were lowest for BTK inhibitor-based regimens (16.6% and 15.3%), followed by
venetoclax-based regimens (18.6% and 17.6%), chemotherapy-based regimens (29.1% and 30.1%), and anti-CD20–based regimens
(47.5% and 41.1%)

ü Discontinuation rates reported in 1L and 2L treatments were statistically significant (p<.0001)

90-Day Discontinuation Rates Across Treatment Regimens by 1L and 2L 

RWE AND DISCONTINUATION RATES ACROSS 1L AND 2L

Chanan-Khan AA et al. ASH 2023, abstr #5144.



TTNT for 1L Treatment Regimens 

Chanan-Khan AA et al. ASH 2023, abstr #5144.

Within 1L, anti-CD20–based and chemo-based regimens had significantly (p<.0001) shorter TTNT compared with BTKi-based regimens,
in both the univariate and multivariate models,

suggesting patients on anti-CD20 and chemotherapy-based regimens moved onto subsequent treatment sooner.

Log-rank: p<.0001

RWE: REGRESSION OF TREATMENT REGIMEN AND TTNT FOR 1L TREATMENT



Similar results were found in 2L, but significantly longer TTNT was also identified with venetoclax-based regimens

TTNT for 2L Treatment Regimens 

Regression of Treatment Regimen and Discontinuation:

In both 1L and 2L settings and across both univariate and multivariate models, the risk of discontinuation was significantly higher for 
anti-CD20–based, chemotherapy-based, and venetoclax-based regimens compared with BTK inhibitor-based regimens

RWE: REGRESSION OF TREATMENT REGIMEN AND TTNT FOR 2L TREATMENT

Log-rank: p<.0001

Chanan-Khan AA et al. ASH 2023, abstr #5144.



o BTKi therapy emerges as the leading treatment strategy for both initial and subsequent lines of therapy

o BTKi therapy, the primary treatment regimen across first-line and second-line therapies, has significantly lower
discontinuation rates and healthcare resource utilization, and longer TTNT, compared with other treatment
regimens

o The majority of patients in the study had CLL; those patients with SLL had poorer outcomes

o Findings from this study may not be generalizable to other populations or settings outside of this specific data
source

o Further studies are needed to evaluate real-world clinical outcomes of CLL/SLL regimens to support evidence-
based treatment decisions

Chanan-Khan AA et al. ASH 2023, abstr #5144.

RWE AND EMERGING CONCLUSIONS



BTKi REGULATORY STATUS IN CLL/SLL

1. Imbruvica® (ibrutinib) FDA prescribing information.
2. Imbruvica® (ibrutinib) EMA prescribing information. 
3. Calquence® (acalabrutinib) FDA prescribing information.
4. Calquence® (acalabrutinib) EMA prescribing information.

5. Brukinsa®(zanubrutinib) FDA prescribing information.
6. Brukinsa®(zanubrutinib) EMA prescribing information.

7. Japirca® (pirtobrutinib) FDA prescribing information.
8. www.clinicaltrials.gov

NEXT STEP:
fixed-duration BTKi-venetoclax combinations



STEP 1: Select best front-
line CT-free approach

OBSERVATIONS:

No prospective comparative 
data

for BTKi vs Ven 

CLL17 will be the most 
informative study to answer this 

question (1st line…)

STEP 2: 
1.Frontline BTK-exposed
2.Frontline Ven-exposed

Upon relapse or progression,
3 major considerations in 

selecting next therapy

STEP 3: CONSIDERATIONS 
FOR STEP 1 & 2: 

Consideration 1: Levels of evidence 
Prospective data/interventional study 

(randomized data, single arm) 
Prospective registry data 

Retrospective “real-world” data

Consideration 2: Available options 
What frontline therapy

Consequence of the order of approval 
rather than tumor biology

Consideration 3: Reasons for 
discontinuation 

Completion of planned therapy with 
subsequent PD
Intolerance/AEs

PD (known or unknown resistance 
mechanisms)

BOX PLOT FOR PLANNING THERAPEUTIC OPTIONS IN CLL



HOW TO BEST ORGANIZE CLL THERAPY?



residual disease (MRD)-driven [that produced prolonged
benefit but is not European Medicines Agency (EMA) or
Food and Drug Administration (FDA) approved].

Time-limited chemoimmunotherapy (CIT) such as fludar-
abineecyclophosphamideerituximab (FCR) should only be
considered for patients with a good genetic risk profile
[defined as mutated immunoglobulin heavy chain variable
(IGHV) status and no TP53 aberrations] and, in addition, a
non-complex karyotype (defined by less than five aberra-
tions if complex karyotype was evaluated5) and if targeted
therapies are not reimbursed. Progression-free survival
(PFS) of other CIT regimens (bendamustineerituximab,
chlorambucileobinutuzumab or chlorambucilerituximab) is
shorter when compared with time-limited targeted agents;
but this has not yet been shown for OS in most studies.6,7

Optimal patient counselling (including information on the
related risk of developing myeloid neoplasias8) with respect
to short- and long-term toxicities is strongly recommended.

Pre-treatment evaluation when choosing one of the
recommended therapies should include assessment of IGHV
and TP53 statusddeletions in chromosome 17p [del(17p)]
and/or TP53mutationsdand patient-related factors such as
comedication, comorbidities (particularly cardiac assess-
ment when planning to use a BTKi), preference, drug
availability and expected treatment adherence.

Subgroup analyses of the E1912 trial (w6-year follow-up)
that stratified patients with CLL according to their IGHV
mutational status showed a longer PFS for continuous
ibrutiniberituximab compared with FCR regardless of IGHV

mutational status [hazard ratio (HR) 0.27, 95% confidence
interval (CI) 0.11-0.62, P ¼ 0.001 in patients with mutated
IGHV status and HR 0.27, 95% CI 0.18-0.41, P < 0.0001 in
those with unmutated IGHV].9 In the FLAIR trial, however,
after 44 months of median observation time, PFS was not
significantly different for patients with mutated IGHV when
comparing the two treatments (HR 0.64, 95% CI 0.35-1.16,
P ¼ 0.15).10

In the 5-year follow-up analysis of ELEVATE-TN, superior
efficacy was shown for acalabrutinibeobinutuzumab versus
chlorambucileobinutuzumab (PFS: HR 0.11, 95% CI 0.07-
0.67, P < 0.0001; OS: HR 0.55, 95% CI 0.30-0.99,
P ¼ 0.474).11 PFS (HR 0.21, 95% CI 0.15-0.30), but not OS,
was superior in acalabrutinib alone versus CIT.11 The study,
however, was not powered to show a difference in efficacy
between acalabrutinib and acalabrutinibeobinutuzumab.
Therefore, the impact of adding obinutuzumab to acalab-
rutinib is still unclear, although the combination shows a
consistent observational benefit, with the exception of pa-
tients with TP53-aberrant CLL.

A third BTKi, zanubrutinib, has been approved by the
EMA and the FDA in first-line therapy of CLL based on the
results of the SEQUOIA trial, which compared continuous
zanubrutinib with bendamustineerituximab CIT in
older patients (PFS: HR 0.42, 95% CI 0.28-0.63, two-sided
P < 0.0001).12-14

Phase III trials (in the relapsed or refractory setting) with
a head-to-head comparison of acalabrutinib with ibrutinib15

and zanubrutinib with ibrutinib16 have shown an improved

Figure 1. First-line therapy.
The order of the recommended treatments for each subgroup is based on the authors’ expert opinion, which considers time-limited therapy as more valuable, if there is
equal evidence for different treatment options.
Purple: algorithm title; blue: systemic anticancer therapy or their combination; white: other aspects of management and non-treatment aspects.
CIT, chemoimmunotherapy; CLL, chronic lymphocytic leukaemia; del, deletion; FCR, fludarabineecyclophosphamideerituximab; IGHV, immunoglobulin heavy chain
variable; MRD, minimal residual disease.
aIbrutinibevenetoclax with a 15-month fixed duration or with an MRD-guided duration.
bIbrutinib or ibrutinibevenetoclax should be considered carefully in older patients with cardiac comorbidities.

B. Eichhorst et al. Annals of Oncology

Volume 35 - Issue 9 - 2024 https://doi.org/10.1016/j.annonc.2024.06.016 763

ESMO 1L GUIDELINES, 2024

Eichhorst B et al. ESMO Clinical Practice Guideline interim update on new targeted therapies in the first line and at relapse
of chronic lymphocytic leukaemia. Ann Oncol 2024; 35(9): 762-768.



OTHER EU GUIDELINES: ONKOPEDIA 1L, 2023Other EU Guidelines Also Support the Use
Of Modern Targeted Strategies in TN and R/R CLL1

a Waiting behavior. b Active disease according to iwCLL 2018 criteria. c The ranking of the following therapies presents one possibility. Due to the current data 
situation, it is not binding. The individual comorbidity profile, aspects of adherence, application effort/logistics of the therapeutic intervention, and patient preference for 
the final therapy determination should be taken into account. d If A or Z is contraindicated or not available, I (± G) remains a therapy option, taking into account 
increased cardiac adverse events. A and Z were not systematically evaluated in younger/fit patients in first-line therapy. 
1. https://www.onkopedia.com/de/onkopedia/guidelines/chronische-lymphatische-leukaemie-cll/@@guideline/html/index.html.
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Other EU Guidelines Also Support the Use
Of Modern Targeted Strategies in TN and R/R CLL1

a Waiting behavior. b Active disease according to iwCLL 2018 criteria. c The ranking of the following therapies presents one possibility. Due to the current data 
situation, it is not binding. The individual comorbidity profile, aspects of adherence, application effort/logistics of the therapeutic intervention, and patient preference for 
the final therapy determination should be taken into account. d If A or Z is contraindicated or not available, I (± G) remains a therapy option, taking into account 
increased cardiac adverse events. A and Z were not systematically evaluated in younger/fit patients in first-line therapy. 
1. https://www.onkopedia.com/de/onkopedia/guidelines/chronische-lymphatische-leukaemie-cll/@@guideline/html/index.html.
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NCCN 1L GUIDELINES, 2024

NCCN Clinical Practice Guidelines in Oncology.
Chronic Lymphocytic leukemia/Small Lymphocytic Lymphoma. Version 3.2024. 



IN THE EVERYDAY CLINICAL SETTING…
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IN THE EVERYDAY CLINICAL SETTING…

VENETOCLAX

ACALABRUTINIB

IBRUTINIB
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I + V
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1. Shanafelt TD et al. N Engl J Med 2019; 381 (5): 432–443. 2. Shanafelt TD et al. Blood 2022; 140 (2): 112–120. 3. Woyach J et al. Blood 2021; 138 (Suppl_1): 639. 4. Moreno C 
et al. Haematologica 2022; 107 (9): 2108–2120. 5. Hillmen P et al. Oral presentation at ASH 2021; Georgia, USA, December 11–14, 2021 (Session 642).

6 Barr PM et al. Blood Adv 2022; 6 (11): 3440–3450.

RESONATE-26
8-year follow-up

IBRUTINIB IN TN CLL PATIENTS: FROM YOUNG FIT TO ELDERLY UNFIT



1. Shanafelt T et al. Blood 2022; 140: 112.
2. Hillmen P et al. Blood 2021: 138: 642. 

FIRST-GENERATION COVALENT BTKi: EARLIER ROLE AS 1L THERAPY FOR CLL

Outcomes with ibrutinib in combination with rituximab in CLL: 
ü Superior to CIT in younger and older patients

ü Superior to FCR in patients ≤ 65 yrs in PFS and OS 

clinicaloptions.comclinicaloptions.comSlide credit: clinicaloptions.com

First-Generation Covalent BTK Inhibitor (cBTKi): 
Earlier Role as 1L Therapy for CLL
� Outcomes with ibrutinib in combination with rituximab in CLL

‒ Superior to CIT in younger and older patients 

‒ SƵperior ƚo FCR in paƚienƚs чϲϱ Ǉr in PFS and OS

HR: 0.37 (95% CI: 0.27-0.51;

P <.0001)

Phase III NCRI FLAIR Trial: Overall2

1. Shanafelt. Blood. 2022;140:112. 2. Hillmen. Blood. 2021;138:642.
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� 6-yr PFS: 73%

� Median age: 58 yr (8% >65 yr)

� Cardiac deaths: n = 1

� Median age: 63 yr (54% >65 yr)

� Cardiac deaths: n = 9
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mPFS: NR
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HR: 0.44 (95% CI: 0.32-0.60;
P <.001)
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First-Generation Covalent BTK Inhibitor (cBTKi): 
Earlier Role as 1L Therapy for CLL
� Outcomes with ibrutinib alone or in combination with rituximab in CLL

‒ Superior to chlorambucil in patients ≥65 yr in PFS and OS (RESONATE-2)
‒ Superior to BR in patients ≥65 yr in PFS 
‒ Associated with a-fib, bleeding, bruising, hypertension, myalgias, arthralgias, and diarrhea 

� Treatment was discontinued in 41% of patients in the RESONATE-2 trial, mostly due to AEs

1. Barr. Blood Adv. 2022;6:3440. 2. Burger. Leukemia. 2020;34:787. 3. Woyach. Blood. 2024;143:1616.

RESONATE-2 Trial: Overall1,2
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FIRST-GENERATION COVALENT BTKi: EARLIER ROLE AS 1L THERAPY FOR CLL

Outcomes with ibrutinib alone or in combination with rituximab in CLL: 
ü Superior to chlorambucil in patients ≥ 65 yrs in PFS and OS (RESONATE-2)

ü Superior to BR in patients ≥ 65 yrs in PFS 
ü Associated with AF, bleeding, bruising, hypertension, myalgias, arthralgias, and diarrhea

(treatment was discontinued in 41% of patients in the RESONATE-2 trial, mostly due to AEs) 
1. Barr PM et al. Blood Adv 2022; 6: 3440. 2. Burger JA et al. Leukemia 2020; 34: 787.

3. Woyach J et al. Blood 2024; 143: 1616.



RESONATE-2: UP TO 8 yr OF FOLLOW-UP

Barr PM et al. Up to 8-year follow-up from RESONATE-2: first-line ibrutinib treatment for patients with chronic lymphocytic leukemia.
Blood Advances 2022; 6 (11): 3440-3450.

FINAL ANALYSIS OF THE RESONATE-2 STUDY:
UP TO 10 YEARS OF FOLLOW-UP OF FIRST-LINE IBRUTINIB 
TREATMENT IN PATIENTS WITH CHRONIC LYMPHOCYTIC 

LEUKEMIA/SMALL LYMPHOCYTIC LYMPHOMA 

….Final analysis, representing up to 10 years of 
follow-up (median 9.6 years for the Ibr arm and 
5.6 years for the Clb arm).

Patients treated with Ibr demonstrated a 
significant and sustained PFS benefit versus 
patient treated with Clb. 
Median PFS:
Ibr arm: 8.9 years
Clb arm: 1.3 years

PFS rate at 9 years of FU:
Ibr arm: 49.7%
Clb arm 4.4%

Burger J et al. Final analysis of the RESONATE-2 study: up to 10 years of follow-up of first-line ibrutinib treatment in patients
with chronic lymphocytic leukemia/small lymphocytic lymphoma. EHA 2024, abstr #670.



clinicaloptions.comclinicaloptions.comSlide credit: clinicaloptions.com

Next-Generation Covalent BTK Inhibitor (cBTKi): 
Fewer AEs and Superior to CIT
� Acalabrutinib ± obinutuzumab is superior to CIT in PFS

� Zanubrutinib is superior to CIT in PFS

� Lower rates of atrial fibrillation, hypertension, serious bleeding

� Discontinuation due to AEs was approximately 10%
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Sharman. ASH 2023. Abstr 636. Ramakrishnan. ASH 2023. Abstr 1902. 
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NEXT-GENERATION COVALENT BTKi: FEWER AEs AND SUPERIOR TO CIT

1. Sharman JP et al. ASH 2023, abstr #636.
2. Ramakrishnan V et al. ASH 2023, abstr# 1902.

ü Acalabrutinib +/- obinutuzumab is superior to CIT in PFS
ü Zanubrutinib is superior to CIT in PFS

ü Lower rates of AF, hypertension, serious bleeding
üDiscontinuation due to AEs was approximately 10%



3 clinical studies in TN CLL: CL-001 (TN cohort), CL-003 (TN cohort) and ELEVATE-TN (n=321)

WHAT HAPPENS WITH SECOND GENERATION COVALENT BTKi? ACALABRUTINIB

Davids MS et al. Long-term efficacy of Acalabrutinib-based regimens in patients with chronic lymphocytic leukemia and higher-risk genomic
features: pooled analysis of clinical trial data. EHA 2022, abstr #667.  



PFS result in A-treated patients with uIGHV was consistent with overall result
Median PFS was NR in patients with uIGHV treated with A+O and A vs. 22.2 months in O+Clb arm

aHazard ratio was based on unstratified Cox-Proportional-Hazards model.
A = acalabrutinib; CI = confidence interval; Clb = chlorambucil; HR = hazard ratio; IGHV = immunoglobulin heavy chain variable; mIGHV = mutated IGHV; NR = not reached; O = Obinutuzumab; PFS = progression 
free survival; uIGHV = unmutated IGHV; vs = versus.
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ELEVATE TN: INVESTIGATOR-ASSESSED PFS IN PATIENTS WITH uIGHV

Sharman JP et al. ASH 2023, abstr #636.



24
aHazard ratio based on unstratified Cox proportional-hazards model.
A = acalabrutinib; CI = confidence interval; Clb = chlorambucil; HR = hazard ratio; NR = not reached; O = Obinutuzumab; PFS = progression free survival; TP53 = tumour protein p53; vs = versus.
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Sharman JP et al. ASH 2023, abstr #636.



^Defined as Cumulative illness rating
score> 6, CrCl < 70 mL/min, or a
history of previous severe infection or
multiple infections within the last 2
years; †6 cycles. FISH, fluorescence in
situ hybridization.

§ Untreated CLL/SLL
§ ≥ 65 y of age OR unsuitable for 

treatment with FCR^
§ Without del(17p) by central FISH
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Zanubrutinib

Bendamustine* + rituximab*

Cohort 1

* 6 cycles

Tam CS, et al. Lancet Oncol 2022.

ZANUBRUTINIB IN TN CLL: SEQUOIA STUDY

Median Follow-up 26.2 m

*

**

***



ALPINE: IRC-ASSESSED PFS IN PATIENTS WITH del(17p) AND/OR TP53MUT

Nominal, 2-sided P = .0134

PF
S 

(%
)

Mo From Randomization

10
0

8
0

6
0

4
0

2
0

0
0 3 6 9 1

2
1
5

1
8

2
1

2
4

2
7

3
0

3
3

3
6

3
9

Zanubrutinib 23 (30.7)
Ibrutinib 34 (45.3)

PFS Events,
n (%)

HR: 0.52 (95% CI: 0.30-0.88)

77.6%

55.7
%

Patients at Risk, n

Zanubrutinib 75 71 68 67 64 62 58 49 35 30 21 19 3 0
Ibrutinib 75 70 66 60 44 49 45 34 18 16 10 10 2 0

Brown J et al. NEJM  2023; 26;388(4): 319-332.



Shadman M et al. Similar efficacy of Ibrutinib arms across ALPINE and ELEVATE-RR trials in Relapsed/Refractory Chronic
Lymphocytic Leukemia: A Matching-Adjusted Indirect Comparison.
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Background: Bruton tyrosine kinase inhibitors (BTKi) are currently widely used for the treatment of patients with chronic
lymphocytic leukemia (CLL). Ibrutinib, the Srst BTKi approved for the treatment of CLL, was followed by the second-generation
BTKi, acalabrutinib, and recently the next-generation BTKi, zanubrutinib. Both zanubrutinib and acalabrutinib were compared
to ibrutinib in phase 3 randomized controlled trials in relapsed/refractory (R/R) CLL. In the ALPINE trial (NCT03734016),
zanubrutinib demonstrated a superior progression-free survival (PFS) when compared with ibrutinib in the all-comer R/R CLL
population with hazard ratio (HR)=0.65, whereas the ELEVATE-RR trial (NCT02477696) showed noninferior PFS of
acalabrutinib vs ibrutinib in R/R CLL patients with the presence of del(17p) or del(11q) with HR=1. Recent attempts to
compare the eacacy results of the ibrutinib arm across trials omitted some patient characteristics that are critical for
appropriate cross-trial comparisons. This study aimed to compare the eacacy of the ibrutinib control arm across ALPINE and
ELEVATE-RR trials using a comprehensive matching-adjusted indirect comparison (MAIC).

Methods: Individual patient data from the ibrutinib arm of ALPINE were adjusted to match the published population-level
proSle from the ibrutinib arm of ELEVATE-RR. To obtain comparable populations for MAIC, a subgroup of patients from
ALPINE was included in the analysis. An unanchored MAIC was conducted to adjust for all relevant treatment effect modiSers
(EM). The following were considered for population adjustment: IGHV status, del17p, del11q, TP53 status, serum β2-
microglobulin, number of prior therapies, and Binet stage. Additional prognostic factors (PF) were also adjusted in sensitivity
analyses. ALPINE data cutoff of August 2022 was used given the availability of both independent review committee (IRC) and
investigator (INV) assessed data, and the possibility of a comparison vs other recently published MAICs (median follow-up:
29.6 months). Eacacy of ibrutinib in ALPINE was compared with eacacy of ibrutinib in ELEVATE-RR (median follow-up: 40.9
months). After population adjustment, HR obtained by weighted Cox proportional hazard model was applied to assess PFS
and overall survival (OS) outcomes. PFS was analyzed as per IRC and INV. As the ALPINE trial was conducted during the
COVID-19 pandemic and ELEVATE-RR was not, sensitivity analysis was conducted by adjusting the ALPINE PFS and OS for
COVID-19 impact by censoring the patients who died due to COVID-19 at the most recent disease assessment prior to death
or at the death due to COVID-19.

Results: The high-risk population in ALPINE included 123 patients in the ibrutinib arm, which were matched against 265
patients in the ibrutinib arm of the ELEVATE-RR trial. After population adjustment, no statistically signiScant differences were
observed in ALPINE-ibrutinib vs ELEVATE-ibrutinib with regards to PFS-IRC (HR=0.80 [0.49-1.28], P=0.3485) (Figure 1), PFS-
INV (HR=1.18 [0.75-1.86], P=0.4827) (Figure 2), and OS (HR=0.91 [0.50-1.65], P=0.7539). Sensitivity analysis with COVID-19
adjustment yielded similar results as the main analysis. Scenarios matching for both EM and PF also generated results
consistent with the main analysis.

Conclusion: Using a comprehensive list of matching variables, this MAIC compares the performance of ibrutinib across
ALPINE and ELEVATE-RR trials and demonstrates no evidence of a difference. Comparing the common comparator arms of 2
trials (ibrutinib vs ibrutinib) instead of the different investigational arms (zanubrutinib vs acalabrutinib) allows for eliminating
some of the residual confounding that is inherent in MAICs. Despite decreased estimated sample size due to considering a
comprehensive list of variables in the adjustment, results were consistent across multiple scenarios tested. While MAIC
provides a basis for testing hypotheses with regards to treatment eacacy across trials, the ultimate evidence of relative
eacacy must be sought within randomized controlled trials.
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Background: Bruton tyrosine kinase inhibitors (BTKi) are currently widely used for the treatment of patients with chronic
lymphocytic leukemia (CLL). Ibrutinib, the Srst BTKi approved for the treatment of CLL, was followed by the second-generation
BTKi, acalabrutinib, and recently the next-generation BTKi, zanubrutinib. Both zanubrutinib and acalabrutinib were compared
to ibrutinib in phase 3 randomized controlled trials in relapsed/refractory (R/R) CLL. In the ALPINE trial (NCT03734016),
zanubrutinib demonstrated a superior progression-free survival (PFS) when compared with ibrutinib in the all-comer R/R CLL
population with hazard ratio (HR)=0.65, whereas the ELEVATE-RR trial (NCT02477696) showed noninferior PFS of
acalabrutinib vs ibrutinib in R/R CLL patients with the presence of del(17p) or del(11q) with HR=1. Recent attempts to
compare the eacacy results of the ibrutinib arm across trials omitted some patient characteristics that are critical for
appropriate cross-trial comparisons. This study aimed to compare the eacacy of the ibrutinib control arm across ALPINE and
ELEVATE-RR trials using a comprehensive matching-adjusted indirect comparison (MAIC).

Methods: Individual patient data from the ibrutinib arm of ALPINE were adjusted to match the published population-level
proSle from the ibrutinib arm of ELEVATE-RR. To obtain comparable populations for MAIC, a subgroup of patients from
ALPINE was included in the analysis. An unanchored MAIC was conducted to adjust for all relevant treatment effect modiSers
(EM). The following were considered for population adjustment: IGHV status, del17p, del11q, TP53 status, serum β2-
microglobulin, number of prior therapies, and Binet stage. Additional prognostic factors (PF) were also adjusted in sensitivity
analyses. ALPINE data cutoff of August 2022 was used given the availability of both independent review committee (IRC) and
investigator (INV) assessed data, and the possibility of a comparison vs other recently published MAICs (median follow-up:
29.6 months). Eacacy of ibrutinib in ALPINE was compared with eacacy of ibrutinib in ELEVATE-RR (median follow-up: 40.9
months). After population adjustment, HR obtained by weighted Cox proportional hazard model was applied to assess PFS
and overall survival (OS) outcomes. PFS was analyzed as per IRC and INV. As the ALPINE trial was conducted during the
COVID-19 pandemic and ELEVATE-RR was not, sensitivity analysis was conducted by adjusting the ALPINE PFS and OS for
COVID-19 impact by censoring the patients who died due to COVID-19 at the most recent disease assessment prior to death
or at the death due to COVID-19.

Results: The high-risk population in ALPINE included 123 patients in the ibrutinib arm, which were matched against 265
patients in the ibrutinib arm of the ELEVATE-RR trial. After population adjustment, no statistically signiScant differences were
observed in ALPINE-ibrutinib vs ELEVATE-ibrutinib with regards to PFS-IRC (HR=0.80 [0.49-1.28], P=0.3485) (Figure 1), PFS-
INV (HR=1.18 [0.75-1.86], P=0.4827) (Figure 2), and OS (HR=0.91 [0.50-1.65], P=0.7539). Sensitivity analysis with COVID-19
adjustment yielded similar results as the main analysis. Scenarios matching for both EM and PF also generated results
consistent with the main analysis.

Conclusion: Using a comprehensive list of matching variables, this MAIC compares the performance of ibrutinib across
ALPINE and ELEVATE-RR trials and demonstrates no evidence of a difference. Comparing the common comparator arms of 2
trials (ibrutinib vs ibrutinib) instead of the different investigational arms (zanubrutinib vs acalabrutinib) allows for eliminating
some of the residual confounding that is inherent in MAICs. Despite decreased estimated sample size due to considering a
comprehensive list of variables in the adjustment, results were consistent across multiple scenarios tested. While MAIC
provides a basis for testing hypotheses with regards to treatment eacacy across trials, the ultimate evidence of relative
eacacy must be sought within randomized controlled trials.
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EFFICACY COMPARISON IN PREVIOUSLY TREATED PATIENTS: FIRST AND SECOND GENERATION BTKi

Brown JR et al. Zanubrutinib or Ibrutinib in Relapsed or Refractory Chronic Lymphocytic Leukemia.
N Engl J Med 2023; 388: 319-332.

Byrd JC et al. Acalabrutinib versus Ibrutinib in  previously treated chronic lymphocytic leukemia:
results of the first randomized phase III trial. J Clin Oncol 2021; 39(31): 3441-3452.



With median time on study of 56 months (range, 1–61), 54-month PFS and OS rates were 70% and 97%, respectively.
PFS promising across most high-risk features; numerically lower in those with del(17p)/mutated TP53

aExcluding patients with del(17p)/mutated TP53 or complex karyotype. bDefined as ≥3 abnormalities by conventional CpG-stimulated cytogenetics.

Best response rates remain: CR/CRi, 58%; ORR, 96%
In patients who achieved CR/CRi (n=92), median duration of 
CR/CRi was not reached

54-Month PFS 
Rate, % (95% CI)

All treated patients (n=159)
Unmutated IGHV (n=40)a

del(11q) (n=11)a

Complex karyotype (n=31)b

del(17p)/mutated TP53 (n=27)

70 (62–77)
68 (50–80)
64 (30–85)
60 (41–75)
45 (25–64)

CAPTIVATE: 4-yr FU ANALYSIS FROM FD COHORT – IGHV, CK, del11q, del17p/TP53MUT

Barr PM et al. J Clin Oncol 2023;41(suppl 16). Abstr #7535.
Ghia P et al. ASH 2023, abstr #633. ICML 2023, abstr #155. 

Wierda W et al. ASCO 2024, abstr #7009.

a Defined as ≥3 abnormalities by conventional CpG-stimulated cytogenetics. b Excluding patients with del(17p)/TP53m or complex karyotype.
1. Wierda W, et al. ASCO 2024. Abstract 7009.

CAPTIVATE: FD I + V Continues to Show 
Robust Activity Against TN CLL1

With median time on study of 
61.2 mo, 5-y PFS was 67%

PFS was promising across most 
high-risk features; numerically 

lower in those with 
del(17p)/TP53m

5-y OS rates were ≥90%, 
regardless of genomic features

With Feature Without Feature
High-Risk Feature n 5-y PFS, % (95% CI) n 5-y PFS, % (95% CI)
Del(17)p/TP53m 27 41 (21-59) 129 73 (64-80)
CKa 31 57 (37-72) 102 72 (61-80)
Del(11q)b 11 41 (30-85) 74 79 (67-87)

PFS in All Treated Patients and by Del(17p), TP53m, or Complex Karyotype (CK)



LEARNING ABOUT RESISTANCE FROM THE MONOTHERAPY EXPERIENCE WITH BTKi

Woyach C et al. ICML 2023, abstr #163.
Brown JR et al. ASH 2023, abstr #1890.  

treatment initiation), and was associated with major cardiovascular
events including Afib (96). Emergence of Afib during treatment
with BTKi poses a particular challenge to clinicians. The complexity
of care increases with the diagnosis of Afib as it requires cardiology
consultation, assessment of the need for anticoagulation, and rate-
and/or rhythm-controlling interventions. Reported incidences of
Afib range from 7-13% in studies of ibrutinib (48, 93, 96) and 3-7%
for acalabrutinib (49, 51, 97). This difference in incidences of Afib
can be explained by the fact that ibrutinib, but not acalabrutinib,
inhibits C-terminal Src kinase (CSK) expressed in cardiac tissue
(28). In support of this hypothesis, CSK knock-out mice, as well as
ibrutinib-treated mice with wild-type CSK, developed increased
Afib, recapitulating observations from patients treated with
ibrutinib. Results from ongoing randomized studies are eagerly
awaited to determine the safety of second-generation BTKis in
comparison with ibrutinib (NCT02477696, NCT03734016).

Opportunistic infection (OI) is an uncommon, yet important
side effect of BTKis. Although variations in the use of
antimicrobial prophylaxis make it difficult to determine the
true risk of infection, a study by Rogers et al. reported the OI
incidence rate of 1.9 per 100 person-years in a retrospective
analysis of over 500 patients treated with BTKis (98). Invasive
aspergillosis was the most common pathogen identified from this
study (2% of the cohort), while others reported Pneumocystis
jirovecii pneumonia in up to 3% of patients not on prophylaxis
during BTKi therapy (99, 100). Other rare pathogens observed
during BTKi therapy include atypical Mycobacterium spp., JC
virus, and toxoplasmosis (98). Impaired immune surveillance
during treatment with a BTKi is linked to the known role of BTK
in macrophage toll-like receptor 9 activation (101). BTK
deficient mice are unable to mount an immune response to
fungus, indicating that BTKis control innate immunity (102).

DRUG RESISTANCE

Disease progression remains among the most common reasons for
BTKi discontinuation in CLL. Long-term follow-up of patients
treated with ibrutinib monotherapy reported 5-year PFS of 70-
92% for first-line treatment with ibrutinib (40, 103), and 40-44% for
relapsed CLL (43, 103). In addition to prior treatment status, risk of
progression increases in the presence of high-risk genetic or
biochemical markers at pre-treatment such as TP53 aberrations
(56, 59), complex karyotype (104), increased ß-2 microglobulin, and
elevated lactate dehydrogenase (105).

There are two types of disease progression on BTKis. First,
CLL can histologically transform into a more aggressive type of
lymphoma, a phenomenon termed Richter’s transformation
(RT). Atypical B cells found in RT commonly have DLBCL-
like immunophenotypes and less often present as Hodgkin-like
lesions with Reed-Sternberg cells (106). Although mechanisms of
histologic transformation are unclear, studies have identified
enrichment of several notable molecular events in RT. There
is a high prevalence of stereotyped BCR (70%) and biased usage
of IGHV4-39 in patients with RT (107). Mutations of known
driver genes in CLL (TP53, NOTCH1) and the CDKN2A/B cell

cycle regulator are found more frequently in RT than CLL (108).
RT is further characterized by complex copy number changes
including 17p loss leading to TP53 aberration, gain/amplification
of MYC on 8q, 9q loss resulting in haploinsufficiency of
CDKN2A/2B, and 18p loss without a candidate gene (109).
However, these genetic lesions are not unique to RT, raising
the possibility of an additional non-genetic inducer of aggressive
transformation. Akt-mediated transcriptional control and
subsequent NOTCH activation have been recently proposed
to have a role in RT, which is supported by increased
AKT activation in primary RT samples and an accelerated
lymphoma phenotype observed in the Eµ-TCL1 mouse model
with constitutive Akt activation (110). Once RT develops
during treatment with BTKis, most patients relapse shortly
after or become refractory to alternative therapy including
immune checkpoint inhibitors (111) and anthracycline-based
chemoimmunotherapy (112, 113). Allogeneic stem cell
transplant (114) and CD19 chimeric antigen receptor modified
T-cell infusion (CAR T) (115) can offer durable remission in a
minority of patients. Unfortunately, many patients with RT are
deemed unsuitable for cell therapy because of comorbidities, low
rates of remission after initial therapy, lack of stem cell donors, or
limited access to cellular products.

The second and more commonly observed type of progression
is CLL with secondary resistance to BTKis. Up to 80% of the
patients with BTKi-resistant CLL carry BTK and/or PLCG2
mutations at the time of progression (Figure 2) (116–118).
BTK mutations substitute the C481 residue with an alternative
amino acid, most commonly serine, leading to the loss of a
covalent bond between the drug and the kinase. The vast
majority of PLCG2 mutations identified to date affect the
N-terminal SH2 domain with an autoinhibitory function.
Functional studies in CLL and autoimmune diseases
demonstrated that a mutation or deletion of the SH2 domain

FIGURE 2 | BTK and PLCG2 mutations in BTKi-resistant CLL.
Approximately 20% of patients do not have detectable BTK or PLCG2
mutation at progression. BTK mutation is the most common mutation, found
in half the patients as BTK mutation alone and in an additional 20-30% with
coexisting PLCG2 mutation. Less than 10% of the patients have PLCG2
mutation alone. BTKi, Bruton’s tyrosine kinase inhibitor; mut, mutation.
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Adapted from: Ahn I, Brown JR. Targeting Bruton’s Tyrosine Kinase in CLL.
Front Immunol 2021; 12: 687458.  



WILL FIXED DURATION BTKi/BCL-2i MITIGATE DOWNSTREAM RESISTANCE?

Jain N et al. Clin Cancer Res 2024; 30: 498-505.

CAPTIVATE: after first-line 
treatment with FD ibrutinib
+ venetoclax, no BTK, BCL2, 
and PLCG2 mutations
detected

Assessment in 25 of 29 
patients with progressive 
disease



TO CONCLUDE…

NOT ALL AEs ARE LESS FREQUENT WITH NEWER AGENTS
ü Bleeding event reduction is unclear
ü Headache more frequent with acalabrutinib
ü Neutropenia more frequent with zanubrutinib

SECOND GENERATION BTKi HAVE FEWER CV AEs
ü Lower rates of AF compared to ibrutinib for both
ü Acalabrutinib likely has less hypertension

CHOICE OF BTKi & STARTING GRID:
ü Efficacy
ü Sequencing
ü Resistance (covalent BTKi vs non covalent BTKi)
ü Toxicity

SWITCH BTKi FOR INTOLERANCE: POSSIBLE



o To identify the key clinical challenges of BTKi molecules in CLL

o To define a possible «starting grid» for BTKi in 1L and R/R CLL patients

o To define the potential advantages of prioritizing the use of one molecule over another, taking into account the
impact of CLL biological characteristics, mechanisms of resistance to cBTKi, and AEs (i.e.: off-target)

o To give the floor to my colleague, to discuss the topic of safety

ROADMAP
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