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BTKi (single agent) persistent frontline therapies in CLL



With Ibrutinib, everything changed….

1. Burger JA et al. N Engl J Med 2015;373:2425-37
2. Burger  JA. et al. Leukemia 2019 Oct 18.
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Geographic region
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Rai stage
≤II
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ECOG performance-status score
0 or 1
2

Bulky disease
<5 cm
≥5 cm

Lactate dehydrogenase
≤ULN
>ULN

Cytopenia
Yes
No

 Chromosome 11q22.3 deletion 
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β2 Microglobulin
≤3.5 mg/liter
>3.5 mg/liter
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serious or grade 3 or higher hemorrhage or cen-
tral nervous system hemorrhage of any grade) 
occurred in 4% of the patients in the ibrutinib 
group (six patients, with one having grade 2 
hemorrhage, four having grade 3, and one hav-

ing grade 4) (Table S8 in the Supplementary 
Appendix). Hemorrhage led to the discontinua-
tion of treatment in three of these patients; three 
of the six patients were receiving concomitant 
low-molecular-weight heparin, aspirin, or vita-
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RESONATE-2 clinical trial
Fig. 1 Progression-free survival
with single-agent ibrutinib
versus chlorambucil in first-line
treatment for CLL/SLL.
Survival analyses are from
randomization until event or
censored at last evidence of non-
PD; vertical tick marks indicate
censored patients. CI confidence
interval, CLL chronic
lymphocytic leukemia, NE not
estimable, PD progressive
disease, SLL small lymphocytic
lymphoma

Fig. 2 Progression-free survival according to baseline factor subgroups
of interest. CI confidence interval, del(11q) chromosome 11q deletion,

ECOG Eastern Cooperative Oncology Group, HR hazard ratio, IGHV
immunoglobulin heavy chain variable region

J. A. Burger et al.

• 5 yo OS: 83% for Ibrutinib vs. 68% for chlorambucil.
• 5 yo OS in high risk CLL (TP53 mut, del11q and/or unmut IGHV):    

84% for I Vs. 62% for Chl.

RESONATE-2: 5-year f/up 
OSPFS PFS



RESONATE-2: 7-Year Follow-Up of Frontline Ibrutinib in Older 
CLL/SLL patients
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Barr P et al. ASCO 2021. Abstr 7523. 



PFS With Mutated vs Unmutated IGHV
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CLL/SLL patients

Mutated IGHV

Barr P et al. ASCO 2021. Abstr 7523. 



Study design Arm A – Ibrutinib + Rituximab
Cycles 1: 
Ibrutinib 420 mg PO daily, days 1-28 

Cycle 2:
Ibrutinib 420 mg PO daily, days 1-28 
Rituximab 50 mg/m2 IV, day 1
Rituximab 325 mg/m2 IV, day 2

Cycles 3-7: 
Ibrutinib 420 mg PO daily, days 1-28 
Rituximab 500 mg/m2 IV, day 1

Arm B - FCR
Cycles 1-6:
Fludarabine 25 mg/m2 IV, days 1-3
Cyclophosphamide 250 mg/m2 IV, days 1-
3 

Cycle 1:
Rituximab 50 mg/m2 IV, day 1, cycle 1
Rituximab 325 mg/m2 IV, day 2, cycle 1

Cycle 2-6:
Rituximab 500 mg/m2 IV, day 1, cycles 2-6

Cycle 8 until 
progression: 
Ibrutinib 420 mg PO 
daily, days 1-28 

E1912
Eligibility:
-Previously untreated CLL 
-Requires treatment (IWCLL 2008)
-Age < 70
-ECOG 0-2
-CrCL>40 
-Able to tolerate FCR
-No deletion 17p by FISH
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Shanafelt TD et al. N Engl J Med 2019;381:432-43.

Primary endpoint: PFS
Secondary endpoints: OS, safety
Median follow-up: 33.6 mo (0.5-51.1)

N=350

N=175



Progression Free Survival

Intent to Treat

Shanafelt TD et al. N Engl J Med 2019;381:432-43.

n engl j med 381;5 nejm.org August 1, 2019438
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(40 events)
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Chemoimmunotherapy
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46
31
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36
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29
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16
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22
10
18
19

14
41

0.35 (0.22–0.56)
0.32 (0.20–0.51)

0.30 (0.12–0.77)
0.40 (0.23–0.67)

0.32 (0.18–0.56)
0.44 (0.20–0.97)

0.26 (0.14–0.47)
0.61 (0.29–1.27)

0.35 (0.18–0.65)
0.38 (0.19–0.74)

0.26 (0.14–0.48)
0.56 (0.26–1.20)

0.36 (0.19–0.70)
0.32 (0.17–0.63)

0.44 (0.14–1.42)
0.35 (0.21–0.59)

0.24 (0.10–0.62)
0.73 (0.19–2.89)
0.78 (0.29–2.04)
0.22 (0.08–0.60)

0.44 (0.14–1.36)
0.26 (0.14–0.50)
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IR  (20 events/ 210 cases)
FCR  (21 events/ 71 cases)

Number at risk
210 203 177 90 12
71 64 43 14 0

HR = 0.26 (95% CI 0.14−0.50)
One−sided p = 7.51 × 10−6
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IR  (8 events/ 70 cases)
FCR  (6 events/ 44 cases)

Number at risk
70 67 59 25 2
44 38 31 18 0

HR = 0.44 (95% CI 0.14−1.36)
One−sided p = 7.08 × 10−2



Overall Survival
Intent to Treat Eligible
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HR = 0.17 (95% CI 0.05−0.54)
One−sided p = 3.22 × 10−4
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IR  (3 events/ 332 cases)
FCR  (10 events/ 166 cases)

Number at risk
332 327 298 154 18
166 149 125 54 1

HR = 0.13 (95% CI 0.03−0.46)
One−sided p = 9.86 × 10−5

HR = 0.17 (95% CI 0.05-0.54)
One sided p<0.0003

HR = 0.13 (95% CI 0.03-0.46)
One sided p<0.0001

Grade 3-5 AEs IR (n=352) FCR (n=158) P Value
Grade 3-5 AEs 58.5% 72.1% 0.004
Neutropenia, % 22.7 43.7 < 0.001
Any infection, % 7.1 19.0 < 0.001

Summary- Phase 3 study of FCR vs. Ibrutinib + rituximab in treatment naïve CLL patients 
Superior PFS and OS with better toxicity for IR over FCR in TN CLL patients age ≤ 70 yo

Shanafelt TD et al. N Engl J Med 2019;381:432-43.



E1912 Update: PFS and OS

Shanafelt. ASH 2019. Abstr 33.

Outcome I+R (N=354) FCR (N=175) HR (95% CI) P Value

PFS (all patients)
§ Events 58 52 0.39 (0.26-0.57) < .0001
§ 3-yr PFS, % 89 71

PFS (IGHV mutated)
§ Events/cases, n 10/70 8/44 0.42 (0.16-1.16) .086
§ 3-yr PFS, % 88 82

PFS (IGHV unmutated)
§ Events/cases, n 36/210 29/71 0.28 (0.17-0.48) < .0001
§ 3-yr PFS, % 89 65

OS (all patients)
§ Events 11 12 0.34 (0.15-0.79) .009
§ 3-yr OS, % 99 93

ü Median follow-up 48 months
ü TP53 mutation present in 9% of patients receiving ibrutinib + rituximab vs 3% of patients 

receiving FCR



UK Flair Study: IR vs FCR

Hillmen P et al.  ASH 2021



UK Flair Study: IR vs FCR

Hillmen P et al.  ASH 2021



Phase 3 Study of Ibrutinib ± Rituximab vs BR in TN CLL.    
(ALLIANCE A041202)

Key eligibility criteria
• Age ≥ 65 y and ECOG PS 0-2
• Treatment naive, symptomatic CLL
• CrCl ≥ 40 mL/min; AST/ALT ≤2.5xULN
• Include 17p/TP53 

Patient Characteristics All Patients
(N = 547)

Median age, y (range) 71 (65-89)

ECOG PS 0-1 97%

FISH characteristics

del(17p) 6%
del(11q)a 19%

TP53 mutation 10%
Complex karyotype 29%
Zap-70 unmethylated 53%
IGVH unmutated (n=360) 61%Primary endpoints: PFS

Secondary endpoints: OS, TTP, DOR. Proportion achieving 
MRD negativity, Biopsy proven CR, Toxicity 

Patients stratified by:

• High vs intermediate 
risk Rai stage

• <20% vs ≥20% Zap-70 
methylation (centrally 
performed)

• Presence vs absence 
del(17p) or del(11q) by 
FISH

Randomization: 1:1:1

Arm 1: BR 
(n=183)

Arm 2: Ibrutinib 
(n=182)

Arm 3: Ibrutinib + 
Rituximab (n=182)

n=30 crossover 
from BR to Ibr



Phase 3 Study of Ibrutinib ± Rituximab vs BR in TN CLL 

Pairwise comparisons

Ibrutinib vs BR
HR: 0.39 (95% CI: 0.26-0.58)
(1-sided p value <0.001)

IbruRitux vs BR
HR: 0.38 (95% CI: 0.25-0.59)
(1-sided p value <0.001)

IbruRitux vs Ibrutinib
HR: 1.00 (95% CI: 0.62-1.62)
(1-sided p value 0.49)
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32/170Arm C (IR)
34/178Arm B (I)
68/176Arm A (BR)

Events/TotalArm

Patients-at-Risk
176 140 129 122 103 88 57 26 11 0
178 165 154 147 136 120 78 45 22 0
170 159 145 138 132 115 74 40 20 0

Woyach JA et al. N Engl J Med 2018;379:2517-28.

PFS
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Phase 3 Study of Ibrutinib ± Rituximab vs BR in TN CLL:
Long term follow up 

4-year PFS 2-year OS
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Table 2. Reasons for Ibrutinib Discontinuation 
Reason for ibrutinib discontinuation Ibrutinib in front-line n=19 Ibrutinib in relapse 

n=231 
Toxicity 63.1% (n=12) 50.2% (n=116) 
CLL progression 15.8% (n=3) 20.9% (n=49) 
Other/unrelated death 5.3% (n=1) 12.1% (n=28) 
Physician or patient preference 10.5% (n=2) 6.7% (n=15) 
RT DLBCL 5.3% (n=1) 4.6% (n=10) 
Stem cell transplantation/CAR T-cell 0 3.3% (n=8) 
Financial concerns 0 0.8% (n=2) 
Secondary malignancy 0 0.8% (n=2) 
RT Hodgkin Lymphoma 0 0.4% (n=1) 
 
Table 2 Abbreviations: CLL (Chronic Lymphocytic Leukemia); RT DLBCL (Richter’s Transformation Diffuse Large B Cell 
Lymphoma); CAR T-cell (Chimeric Antigen Receptor T-cell); RT (Richter’s Transformation) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

! 1 

Supplementary Figure 1 
 

 
Time to ibrutinib discontinuation stratified by discontinuation reason 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*mTTD: 6 months

mTTD: 10 months

*mTTD: median time to discontinuation

Median follow up time: 17 months
ü 42% of pts discontinued ibrutinib.
ü mTTD: 7 months.
ü Discontinuation in 1L ibrutinib:

• Arthralgias (41.6%)
• A. fib (25%)
• Rash (16.5%)

ü Discontinuation rate in PIII trials: 10%

Mato A et al. Haematologica May 2018 103: 874-879

Concerns with long term treatment with Ibrutinib:
üArterial hypertension (increases overtime) 
üImportant cardiovascular adverse events (elderly pts)
üLow grade but ongoing mild to moderate AEs:

• Myalgias and arthralgias
• Diarrhea
• Skin rashes, nail changes.

ü Increase bleeding
ü Financial toxicity (ongoing costly therapy)



BTKi Kinome Screens

Ibrutinib Acalabrutinib Zanubrutinib

Kaptein A. Blood 2018. 

Alternate BTK Inhibitors (options for ibrutinib intolerance)

Kaptein et al, 2018

BTKi Kinome profiling 
(Kinase selectivity profiling at 1 µM)

BTK Inhibitor IC50s

Kinase Ibrutinib Acalabrutinib Zanubrutinib
BTK 1.5 5.1 0.3
TEC 10 126 2.0
ITK 4.9 >1,000 56
BMX 0.8 46 0.6
TXK 2.0 368 3.0
EGFR 5.3 >1,000 2.6
ERBB2 6.4 ~1,000 530
ERBB4 3.4 16 1.6
BLK 0.1 >1,000 1.1
JAK3 32 >1,000 580

Approved Bruton tyrosine kinase inhibitors (BTKi) for the treatment CLL

Kinase Inhibition IC50 (nM)2

Brown J. Hematology Am Soc Hematol Educ Program 2018 Nov 30;2018(1).



• Primary endpoint: PFS

Phase 3 ELEVATE-TN:
Acalabrutinib in Treatment-Naïve CLL

Obinutuzumab + chlorambucil

N = 535 randomized

• Patients with treatment-
naïve CLL per iwCLL 
FULWHULD��DJHG�����\�RU�
<65 y with coexisting 
conditions (CIRS score 
>6, creatinine clearance 
<70 mL/min)

Acalabrutinib + obinutuzumab

Acalabrutinib monotherapy

R

• Acalabrutinib: 100 mg twice daily continuously

• Obinutuzumab: 1,000 mg on d 1, 2, 8, and 15 of 
cycle 2, and d 1 of subsequent cycles

• Chlorambucil: 0.5 mg/kg on d 1 and 15 of each 
cycle

• Patient demographics and 
typical of other initial Rx 
studies

Sharman J and Byrd JC Lancet 395:1278-1291, 2020

• Primary endpoint: PFS

Phase 3 ELEVATE-TN:
Acalabrutinib in Treatment-Naïve CLL

Obinutuzumab + chlorambucil

N = 535 randomized

• Patients with treatment-
naïve CLL per iwCLL 
FULWHULD��DJHG�����\�RU�
<65 y with coexisting 
conditions (CIRS score 
>6, creatinine clearance 
<70 mL/min)

Acalabrutinib + obinutuzumab

Acalabrutinib monotherapy

R

• Acalabrutinib: 100 mg twice daily continuously

• Obinutuzumab: 1,000 mg on d 1, 2, 8, and 15 of 
cycle 2, and d 1 of subsequent cycles

• Chlorambucil: 0.5 mg/kg on d 1 and 15 of each 
cycle

• Patient demographics and 
typical of other initial Rx 
studies

Sharman J and Byrd JC Lancet 395:1278-1291, 2020Sharman JP et al. Lancet 2020; 395: 1278-91 

(N= 179)

(N= 179)

(N= 177)
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Patient Outcome: Elevate Trial 

Progression Free Survival Overall Survival

Phase 3 ELEVATE TN trial: Outcomes 

Sharman JP et al. Lancet 2020; 395: 1278-91 



nine patients (39.0%) in the obinutuzumab-chlorambucil arm had
crossed over to acalabrutinib. Overall, 25.1% of acalabrutinib-
obinutuzumab patients and 30.7% of acalabrutinib patients
discontinued treatment; 22.6% of obinutuzumab-chlorambucil
patients did not complete therapy. The most common reason
for treatment discontinuation (acalabrutinib-obinutuzumab, aca-
labrutinib, and obinutuzumab-chlorambucil) was adverse events
(AEs; 12.8%, 12.3%, and 14.7%, respectively).
Median investigator-assessed PFS was not reached (acalabruti-

nib-containing arms) versus 27.8 months for obinutuzumab-
chlorambucil (both P < 0.0001; Fig. 1A). In a post hoc analysis,
prolonged PFS also was observed with acalabrutinib-
obinutuzumab versus acalabrutinib (P= 0.0296; Fig. 1A); however,
the study was not sufficiently powered for this comparison. The
PFS benefit of acalabrutinib-containing regimens was consistent in
high-risk genomic subgroups. In patients with del(17)(p13.1) and/
or mutated TP53, median PFS was not reached (acalabrutinib-
containing arms) versus 17.5 months for obinutuzumab-
chlorambucil (both P < 0.0001; Fig. 1B); similar results were seen
in patients with only del(17)(p13.1) (Supplementary Fig. 1). In
patients with unmutated IGHV, median PFS was not reached
(acalabrutinib-containing arms) versus 22.2 months for
obinutuzumab-chlorambucil (both P < 0.0001); median PFS was

not reached in any treatment arm in patients with mutated IGHV
(Fig. 1C). Estimated 48-month PFS rates overall were 87.0% for
acalabrutinib-obinutuzumab, 77.9% for acalabrutinib, and 25.1%
for obinutuzumab-chlorambucil. In the acalabrutinib-
obinutuzumab and acalabrutinib monotherapy arms, 48-month
PFS rates were 74.8% and 76.2%, respectively, for patients with del
(17)(p13.1) and/or mutated TP53, and 85.7% and 77.1% for
patients with unmutated IGHV.
Median OS was not reached in any treatment arm. Fewer deaths

occurred in patients receiving acalabrutinib-obinutuzumab versus
obinutuzumab-chlorambucil, but the difference was not statisti-
cally significant (HR: 0.50; 95% CI, 0.25, 1.02; P= 0.0604;
Supplementary Fig. 2). While the OS HR for acalabrutinib-
obinutuzumab versus acalabrutinib in a post hoc analysis was
noteworthy (HR: 0.53; 95% CI, 0.26, 1.06), the difference between
the two acalabrutinib-containing arms was not statistically
significant (P= 0.0836). Estimated 48-month OS rates were
92.9% for acalabrutinib-obinutuzumab, 87.6% for acalabrutinib,
and 88.0% for obinutuzumab-chlorambucil.
The ORR was significantly higher with acalabrutinib-

obinutuzumab (96.1% [n= 172/179]; 95% CI, 92.1, 98.1) versus
obinutuzumab-chlorambucil (82.5% [n= 146/177]; 95% CI, 76.2,
87.4; P < 0.0001; Supplementary Fig. 3A). The ORR with
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Fig. 1 Investigator-assessed progression-free survival (A) overall, (B) by del(17)(p13.1) and/or mutated TP53 status, and (C) by IGHV
mutation status. aHazard ratio was based on stratified Cox-Proportional-Hazards model; bP value was based on stratified log-rank test; cHazard
ratio was based on unstratified Cox-Proportional-Hazards model. dP value was based on unstratified log-rank test. A acalabrutinib, CI
confidence interval, Clb chlorambucil, HR hazard ratio, IGHV immunoglobulin heavy chain variable region, mTP53 mutated TP53, NR not
reached, O obinutuzumab, PFS progression-free survival, w/o without.
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nine patients (39.0%) in the obinutuzumab-chlorambucil arm had
crossed over to acalabrutinib. Overall, 25.1% of acalabrutinib-
obinutuzumab patients and 30.7% of acalabrutinib patients
discontinued treatment; 22.6% of obinutuzumab-chlorambucil
patients did not complete therapy. The most common reason
for treatment discontinuation (acalabrutinib-obinutuzumab, aca-
labrutinib, and obinutuzumab-chlorambucil) was adverse events
(AEs; 12.8%, 12.3%, and 14.7%, respectively).
Median investigator-assessed PFS was not reached (acalabruti-

nib-containing arms) versus 27.8 months for obinutuzumab-
chlorambucil (both P < 0.0001; Fig. 1A). In a post hoc analysis,
prolonged PFS also was observed with acalabrutinib-
obinutuzumab versus acalabrutinib (P= 0.0296; Fig. 1A); however,
the study was not sufficiently powered for this comparison. The
PFS benefit of acalabrutinib-containing regimens was consistent in
high-risk genomic subgroups. In patients with del(17)(p13.1) and/
or mutated TP53, median PFS was not reached (acalabrutinib-
containing arms) versus 17.5 months for obinutuzumab-
chlorambucil (both P < 0.0001; Fig. 1B); similar results were seen
in patients with only del(17)(p13.1) (Supplementary Fig. 1). In
patients with unmutated IGHV, median PFS was not reached
(acalabrutinib-containing arms) versus 22.2 months for
obinutuzumab-chlorambucil (both P < 0.0001); median PFS was

not reached in any treatment arm in patients with mutated IGHV
(Fig. 1C). Estimated 48-month PFS rates overall were 87.0% for
acalabrutinib-obinutuzumab, 77.9% for acalabrutinib, and 25.1%
for obinutuzumab-chlorambucil. In the acalabrutinib-
obinutuzumab and acalabrutinib monotherapy arms, 48-month
PFS rates were 74.8% and 76.2%, respectively, for patients with del
(17)(p13.1) and/or mutated TP53, and 85.7% and 77.1% for
patients with unmutated IGHV.
Median OS was not reached in any treatment arm. Fewer deaths

occurred in patients receiving acalabrutinib-obinutuzumab versus
obinutuzumab-chlorambucil, but the difference was not statisti-
cally significant (HR: 0.50; 95% CI, 0.25, 1.02; P= 0.0604;
Supplementary Fig. 2). While the OS HR for acalabrutinib-
obinutuzumab versus acalabrutinib in a post hoc analysis was
noteworthy (HR: 0.53; 95% CI, 0.26, 1.06), the difference between
the two acalabrutinib-containing arms was not statistically
significant (P= 0.0836). Estimated 48-month OS rates were
92.9% for acalabrutinib-obinutuzumab, 87.6% for acalabrutinib,
and 88.0% for obinutuzumab-chlorambucil.
The ORR was significantly higher with acalabrutinib-

obinutuzumab (96.1% [n= 172/179]; 95% CI, 92.1, 98.1) versus
obinutuzumab-chlorambucil (82.5% [n= 146/177]; 95% CI, 76.2,
87.4; P < 0.0001; Supplementary Fig. 3A). The ORR with
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Fig. 1 Investigator-assessed progression-free survival (A) overall, (B) by del(17)(p13.1) and/or mutated TP53 status, and (C) by IGHV
mutation status. aHazard ratio was based on stratified Cox-Proportional-Hazards model; bP value was based on stratified log-rank test; cHazard
ratio was based on unstratified Cox-Proportional-Hazards model. dP value was based on unstratified log-rank test. A acalabrutinib, CI
confidence interval, Clb chlorambucil, HR hazard ratio, IGHV immunoglobulin heavy chain variable region, mTP53 mutated TP53, NR not
reached, O obinutuzumab, PFS progression-free survival, w/o without.

J.P. Sharman et al.

2

Leukemia

Phase 3 ELEVATE TN trial
Efficacy and safety 4-year-follow up

Sharman JP et a. Leukemia. 2022 Jan 1.doi: 10.1038/s41375-021-01485



acalabrutinib (89.9% [n= 161/179]; 95% CI, 84.7, 93.5) also was
significantly higher versus obinutuzumab-chlorambucil (P=
0.035). The complete response (CR) rate, including CR with
incomplete hematologic recovery (CRi), was higher with
acalabrutinib-obinutuzumab (30.7% [n= 55/179]) versus
obinutuzumab-chlorambucil (13.0% [n= 23/177]) and versus
acalabrutinib (post hoc; 11.2% [n= 20/179]). Comparing the
acalabrutinib-obinutuzumab and acalabrutinib monotherapy
arms, CR+ CRi rates were 32.0% and 13.0%, respectively, for
patients with del(17)(p13.1) and/or mutated TP53, and 28.2% and
12.6% for patients with unmutated IGHV. Sustained uMRD rates
based on the last two MRD assessments are shown in
Supplementary Fig. 3B.
Median treatment exposure was 46.6 months for acalabrutinib-

obinutuzumab and 45.7 months for acalabrutinib monotherapy
(Table 1); no new safety signals were observed. The most common
any-grade AEs (≥30%) were diarrhea, headache, and neutropenia
for acalabrutinib-obinutuzumab; diarrhea and headache for
acalabrutinib monotherapy; and neutropenia, infusion-related
reaction, and nausea for obinutuzumab-chlorambucil (Table 1).
AEs occurring more frequently in the acalabrutinib-containing
arms included headache, diarrhea, fatigue, arthralgia, cough, and
upper respiratory tract infection. Headaches, while common, were
typically low grade; none led to treatment discontinuation. Among
patients receiving acalabrutinib-obinutuzumab, neutropenia, fati-
gue, and arthralgia were more frequent relative to acalabrutinib

alone. The obinutuzumab-chlorambucil arm had more frequent
neutropenia, nausea, and infusion-related reactions relative to
both acalabrutinib-containing arms, though differences in AE
reporting could be due to the longer treatment exposure in the
acalabrutinib-containing arms versus the comparator arm. In the
acalabrutinib-containing arms, most of the common AEs
decreased in incidence over time, and most events occurred
more predominantly during the first year of treatment (Supple-
mentary Table 3). Incidence and time to onset of AEs leading to
discontinuation of acalabrutinib-containing treatment are
described in Supplementary Table 4.
Events of clinical interest (ECIs), including cardiovascular events,

were similar in both acalabrutinib arms (Table 1). In addition, the
cumulative incidences of atrial fibrillation and hypertension over
time were low and similar across treatment groups (Supplemen-
tary Fig. 4).
With a median follow-up of 46.9 months, the efficacy and safety

of acalabrutinib plus obinutuzumab and acalabrutinib monother-
apy were maintained with low rates of treatment discontinuation.
Median PFS was not reached for either acalabrutinib-containing
arm, and PFS continued to be significantly longer for both
acalabrutinib-containing arms versus obinutuzumab-chlorambucil.
Consistent with the primary report [9], the acalabrutinib-
containing arms continued to demonstrate significantly greater
PFS benefits versus obinutuzumab-chlorambucil in high-risk
genomic subgroups, including del(17)(p13.1) and/or mutated

Table 1. Common adverse events (AEs) and selected AEs of interest.

A+O (n= 178) A (n= 179) O+ Clb (n= 169)

Treatment exposure, median (range), months 46.6 (2.3–58.6) 45.7 (0.3–59.3) 5.6 (0.9–7.4)

Common AEs (in ≥ 25% of patients [any grade] in any group), n (%)

Any grade Grade ≥3 Any grade Grade ≥3 Any grade Grade ≥3

Diarrhea 73 (41.0) 9 (5.1) 72 (40.2) 1 (0.6) 36 (21.3) 3 (1.8)

Headache 71 (39.9) 2 (1.1) 68 (38.0) 2 (1.1) 20 (11.8) 0

Neutropenia 60 (33.7) 55 (30.9) 22 (12.3) 20 (11.2) 76 (45.0) 70 (41.4)

Fatigue 50 (28.1) 4 (2.2) 39 (21.8) 2 (1.1) 30 (17.8) 2 (1.2)

Arthralgia 47 (26.4) 2 (1.1) 35 (19.6) 2 (1.1) 8 (4.7) 2 (1.2)

Cough 46 (25.8) 1 (0.6) 40 (22.3) 1 (0.6) 15 (8.9) 0

URTI 44 (24.7) 4 (2.2) 46 (25.7) 0 16 (9.5) 1 (0.6)

Nausea 41 (23.0) 0 41 (22.9) 0 53 (31.4) 0

IRR 25 (14.0) 5 (2.8) 0 0 68 (40.2) 10 (5.9)

Selected events of clinical interest, n (%)

Cardiac eventsa 37 (20.8) 14 (7.9)b 34 (19.0) 15 (8.4)c 13 (7.7) 3 (1.8)

Atrial fibrillation/flutter 7 (3.9) 1 (0.6) 11 (6.1) 2 (1.1) 1 (0.6) 0

Bleeding 84 (47.2) 5 (2.8) 75 (41.9) 5 (2.8) 20 (11.8) 0

Major bleedingd 7 (3.9) 5 (2.8) 7 (3.9) 5 (2.8) 2 (1.2) 0

Hypertension 14 (7.9) 6 (3.4) 13 (7.3) 5 (2.8) 7 (4.1) 6 (3.6)

Infections 134 (75.3) 42 (23.6) 132 (73.7) 29 (16.2) 75 (44.4) 14 (8.3)

SPMs 28 (15.7) 13 (7.3) 24 (13.4) 5 (2.8) 7 (4.1) 3 (1.8)

Excluding NMS 15 (8.4) 10 (5.6) 11 (6.1) 4 (2.2) 3 (1.8) 2 (1.2)

A acalabrutinib, AE adverse event, Clb chlorambucil, IRR infusion-related reaction, NMS non-melanoma skin, O obinutuzumab, SPMs secondary primary
malignancies, URTI upper respiratory tract infection.
aCardiac events that occurred in >1 patient (any grade; other than atrial fibrillation) in any group include angina pectoris, palpitations, atrioventricular block
complete, myocardial ischemia, tachycardia, bradycardia, cardiac failure, left ventricular failure, myocardial infarction, pericardial effusion, acute myocardial
infarction, and supraventricular tachycardia.
bCardiac events (grade ≥3) that occurred in >1 patient (other than atrial fibrillation) include atrioventricular block complete (n= 3), angina pectoris (n= 2),
myocardial ischemia (n= 2), and myocardial infarction (n= 2).
cCardiac events (grade ≥3) that occurred in >1 patient (other than atrial fibrillation) include acute myocardial infarction (n= 3), cardiac failure (n= 2), and
myocardial infarction (n= 2).
dDefined as any serious or grade ≥3 hemorrhagic event, or any-grade hemorrhagic event in the central nervous system.
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Phase 3 Randomized Study of Zanubrutinib vs Bendamustine + Rituximab 
in Patients With Treatment-Naive CLL/SLL

SEQUOIA Trial 

Patients with 
untreated CLL/SLL 

meeting iwCLL criteria 
for treatment; aged 
≥65 yr or unsuitable 
for FCR treatment; 
anticoagulation and 

CYP3A inhibitors 
permitted

Zanubrutinib 160 mg BID until PD, 
intolerable toxicity, or study end

(n = 241)

Bendamustine 90 mg/m2 on Days 1 and 2
+ Rituximab 375 mg/m2 in cycle 1, 

then 500 mg/m2 in cycles 2-6
(n = 238)

Stratification by age, Binet stage, IGHV status, and geographic region

Cohort 1
without del(17p)
by central FISH

(planned n ~450)

Cohort 2*
with del(17p)

(planned n ~100)

Cohort 3*
with del(17p)

(planned n ~80)

*Cohort 2 patients received zanubrutinib monotherapy; cohort 
3 patients received zanubrutinib + venetoclax; treatment 
allocation without randomization in cohorts 2 and 3.

Prespecified interim analysis planned at ~86 events.

• Multicenter, multicohort, open-label, part-randomized phase III trial.
• Primary endpoint (cohort 1): IRC-assessed PFS
• Secondary endpoints (cohort 1): investigator-assessed PFS, ORR, OS, safety 

Tam C et al. Blood. 2021;138, Abstr 396 (suppl 1). 



Characteristic Zanubrutinib
(n = 241)

Bendamustine + 
Rituximab
(n = 238)

Median age, yr (IQR) 70 (66-75) 70 (66-74)

Aged ≥65 yr, n (%) 196 (81.3) 192 (80.7)

Male, n (%) 154 (63.9) 144 (60.5)

ECOG PS 2, n (%) 15 (6.2) 20 (8.4)

Region, n (%)
§ North America
§ Europe
§ Asia/Pacific

34 (14.1)
174 (72.2)
33 (13.7)

28 (11.8)
172 (72.3)
38 (16.0)

Binet stage C* 70 (29.0) 70 (29.4)

Bulky disease ≥5 cm 69 (28.6) 73 (30.7)

Cytopenia† 102 (42.3) 109 (45.8)

del(11q) 43 (17.8) 46 (19.3)

TP53 mutation 15/232 (6.5) 13/223 (5.8)

Unmutated IGHV gene 125/234 
(53.4)

121/231 
(52.4)

HR: 0.42 (95% CI: 0.27-0.63); 2-sided P <.0001

80

60

40

20

0

PF
S 

Pr
ob

ab
ili

ty
 (%

)

Mo
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42

241
238

237
218

230
210

224
200

222
187

214
176

208
164

195
150

123
89

79
54

31
20

17
8

2
1

1
0

0

Zanubrutinib
BR
Censored

24-mo PFS
85.5% (95% CI, 80.1-89.6)
69.5% (95% CI, 62.4-75.5)

Zanubrutinib
BR
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Baseline characteristics 

SEQUOIA Trial (Cohort 1)

IRC-PFS (Primary endpoint) 



Tam. ASH 2021. Abstr 396. Reproduced with permission.
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IRC-PFS based on IGHV mutational status  

SEQUOIA Trial (Cohort 1)

• Median f/up: 26 months
• Median PFS was better  with Zanu vs. BR in nearly all 

subgroups: 
ü Bulky disease (HR, 0.52; 95% CI, 0.27-0.97)
ü Unmutated IGHV (HR, 0.24; 95% CI, 0.24-0.43)
ü Del(11q) (HR, 0.21; 95% CI, 0.09- 0.50)

• OS is the same for both groups 

• Zanu had a more favorable safety profile vs. BR: 
ü Fewer grade ≥ 3 AEs: 53% vs 80%. 
ü Fewer serious AEs: 37% vs 50%. 
ü Fewer dose reductions due to AEs: 8% vs 37%
ü Fewer Tx discontinuations: 8% vs 14%

Tam C et al. Blood. 2021;138, Abstr 396 (suppl 1). 



SEQUOIA Trial (Cohort 1)
Common Adverse Events (AEs)

AEs in ≥12% of Patients, n (%)
Zanubrutinib (n = 240)* Bendamustine + Rituximab (n = 227)*

Any Grade Grade ≥3 Any Grade Grade ≥3
Contusion 46 (19.2) 0 (0.0) 8 (3.5) 0 (0.0)
Upper respiratory tract infection 41 (17.1) 2 (0.8) 27 (11.9) 2 (0.9)
Neutropenia 37 (15.4) 27 (11.3) 129 (56.8) 116 (51.1)
Diarrhea 33 (13.8) 0 (0.0) 30 (13.2) 4 (1.8)
Arthralgia 32 (13.3) 2 (0.8) 20 (8.8) 1 (0.4)
Fatigue 28 (11.7) 3 (1.3) 36 (15.9) 2 (0.9)
Rash 26 (10.8) 0 (0.0) 44 (19.4) 6 (2.6)
Constipation 24 (10.0) 1 (0.4) 43 (18.9) 0 (0.0)
Nausea 24 (10.0) 0 (0.0) 74 (32.6) 3 (1.3)
Pyrexia 17 (7.1) 0 (0.0) 60 (26.4) 8 (3.5)
Vomiting 17 (7.1) 0 (0.0) 33 (14.5) 3 (1.3)
Anemia 11 (4.6) 1 (0.4) 43 (18.9) 4 (1.8)
Thrombocytopenia 9 (3.8) 4 (1.7) 31 (13.7) 16 (7.0)

Tam C et al. Blood. 2021;138, Abstr 396 (suppl 1). 



SEQUOIA Trial (Cohort 1)
AEs of interest  

AEs, n (%)
Zanubrutinib (n = 240)* Bendamustine + Rituximab (n = 227)*

Any Grade Grade ≥3 Any Grade Grade ≥3
Anemia 11 (4.6) 1 (0.4) 44 (19.4) 4 (1.8)
Neutropenia 38 (15.8) 28 (11.7) 129 (56.8) 116 (51.1)
Thrombocytopenia 11 (4.6) 5 (2.1) 40 (17.6) 18 (7.9)
Arthralgia 32 (13.3) 2 (0.8) 20 (8.8) 1 (0.4)
Atrial fibrillation 8 (3.3) 1 (0.4) 6 (2.6) 3 (1.3)
Bleeding
§ Major bleeding

108 (45.0)
12 (5.0)

9 (3.8)
9 (3.8)

25 (11.0)
4 (1.8)

4 (1.8)
4 (1.8)

Diarrhea 33 (13.8) 2 (0.8) 31 (13.7) 5 (2.2)
Hypertension 34 (14.2) 15 (6.3) 24 (10.6) 11 (4.8)
Infections 149 (62.1) 39 (16.3) 127 (55.9) 43 (18.9)
Myalgia 9 (3.8) 0 (0.0) 3 (1.3) 0 (0.0)
Other cancers 
§ Dermatologic

31 (12.9)
16 (6.7)

17 (7.1)
2 (0.8)

20 (8.8)
10 (4.4)

7 (3.1)
2 (0.9)

Tam C et al. Blood. 2021;138, Abstr 396 (suppl 1). 



SEQUOIA (Cohort 2): 
IRC-Assessed PFS in Patients With del(17p)

Tam C et al. Blood. 2021;138, Abstr 396 (suppl 1). 



Combined (time limited frontline therapies) in CLL
Venetoclax plus Obinutuzumab
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BACKGROUND
The BCL2 inhibitor venetoclax has shown activity in patients with chronic lympho-
cytic leukemia (CLL), but its efficacy in combination with other agents in patients 
with CLL and coexisting conditions is not known.
METHODS
In this open-label, phase 3 trial, we investigated fixed-duration treatment with vene-
toclax and obinutuzumab in patients with previously untreated CLL and coexisting 
conditions. Patients with a score of greater than 6 on the Cumulative Illness Rat-
ing Scale (scores range from 0 to 56, with higher scores indicating more impaired 
function of organ systems) or a calculated creatinine clearance of less than 70 ml 
per minute were randomly assigned to receive venetoclax–obinutuzumab or chlo-
rambucil–obinutuzumab. The primary end point was investigator-assessed progres-
sion-free survival. The safety of each regimen was also evaluated.
RESULTS
In total, 432 patients (median age, 72 years; median Cumulative Illness Rating Scale 
score, 8; median creatinine clearance, 66.4 ml per minute) underwent randomiza-
tion, with 216 assigned to each group. After a median follow-up of 28.1 months, 
30 primary end-point events (disease progression or death) had occurred in the 
venetoclax–obinutuzumab group and 77 had occurred in the chlorambucil–obinu-
tuzumab group (hazard ratio, 0.35; 95% confidence interval [CI], 0.23 to 0.53; 
P<0.001). The Kaplan–Meier estimate of the percentage of patients with progres-
sion-free survival at 24 months was significantly higher in the venetoclax–obinu-
tuzumab group than in the chlorambucil–obinutuzumab group: 88.2% (95% CI, 
83.7 to 92.6) as compared with 64.1% (95% CI, 57.4 to 70.8). This benefit was also 
observed in patients with TP53 deletion, mutation, or both and in patients with 
unmutated immunoglobulin heavy-chain genes. Grade 3 or 4 neutropenia occurred 
in 52.8% of patients in the venetoclax–obinutuzumab group and in 48.1% of patients 
in the chlorambucil–obinutuzumab group, and grade 3 or 4 infections occurred in 
17.5% and 15.0%, respectively. All-cause mortality was 9.3% in the venetoclax–
obinutuzumab group and 7.9% in the chlorambucil–obinutuzumab group. These 
differences were not significant.
CONCLUSIONS
Among patients with untreated CLL and coexisting conditions, venetoclax–obinu-
tuzumab was associated with longer progression-free survival than chlorambucil–
obinutuzumab. (Funded by F. Hoffmann–La Roche and AbbVie; ClinicalTrials.gov 
number, NCT02242942.)

A BS TR AC T

Venetoclax and Obinutuzumab in Patients 
with CLL and Coexisting Conditions
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Patients with previously 
untreated CLL and 
coexisting medical 

conditions (CIRS > 6 
and/or CrCl < 70 mL/min)

(N = 432)

Venetoclax PO 5-wk ramp up from 20 to 400 mg/day starting 
on Day 22 of cycle 1, then 400 mg/day until end of cycle 12

+ Obinutuzumab IV 1000 mg Days 1, 8, 15 of cycle 1,*
then 1000 mg Day 1 of cycles 2-6

(n = 216)

Chlorambucil PO 0.5 mg/kg Days 1, 15 of cycles 1-12
+ Obinutuzumab IV 1000 mg Days 1-2, 8, 15 of cycle 1,*

then 1000 mg Day 1 in cycles 2-6
(n = 216)

§ Open-label, multicenter, randomized phase III trial

§ Primary endpoint: investigator-assessed PFS

§ Secondary endpoints: IRC-assessed PFS, ORR, MRD negativity, OS, safety

Total 28-day cycles

§ Venetoclax: 12

§ Chlorambucil: 12

§ Obinutuzumab: 6

*Obinutuzumab could also be administered at 100 mg on Day 1, 900 mg on Day 2, and then 1000 mg on Days 8 and 15 of cycle 1.

Fischer. K et al. NEJM. 2019;380:2225-36



CLL14: Patient Demographics
Characteristic Venetoclax + Obinutuzumab

(n = 216)
Chlorambucil + Obinutuzumab

(n = 216)

Median age, yrs 72 72

Binet stage A/B/C, % 21/36/43 20/37/43

Median total CIRS score 9 8

Median CrCl, mL/min 65.2 67.5

TLS risk category low/int/high, % 13/64/22 12/68/20

IGHV unmutated, % 61 59

TP53 deleted and/or mutated, % 12 12

Cytogenetics, %

§ del(17p) 9 7

§ del(11q) 18 20

§ Trisomy 12 18 21

§ No abnormalities 25 22

§ del(13q) alone 31 31

Fischer. K et al. NEJM. 2019;380:2225-36

• There were no significant differences between the groups at baseline.
• Scores on the Cumulative Illness Rating Scale (CIRS) range from 0 to 56, with higher scores indicating more 

impaired function of organ systems. 



ORR and measurable residual disease (MRD) in CLL14
Updated follow up

and 75 of 169 (44.4%) patients had an increase to high
(H)-MRD ($ 1022; Data Supplement).

The difference in MRD conversion time between Ven-Obi
and Clb-Obi was also observed in patients with BM uMRD
in both arms: in the Ven-Obi arm, patients with BM uMRD

had a median MRD conversion time of 21.7 months,
compared with 9.2 months in the Clb-Obi arm (Fig 3E).
However, patients with detectable BM MRD had a similarly
short MRD conversion time in both arms (6.0 months and
5.5 months). This was also reflected in PFS, where patients
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FIG 2. (A) Sankey plot for MRD levels by NGS between cycle 7 and FUm3 (ie, 2 months after treatment completion)
in the Ven-Obi arm (patients during Ven-Obi treatment). (B) Waterfall plot for the 14 patients with detectable MRD
($ 1024) at FUm3 in the Ven-Obi arm and available MRD assessment at cycle 7 by NGS, with each bar representing
absolute log changes from cycle 7 to FUm3 per patient. FUm3, follow-up month 3; H-MRD, high minimal residual
disease; L-MRD, low minimal residual disease; MRD, minimal residual disease; NGS, next-generation sequencing;
PD, progressive disease; Ven-Obi, venetoclax-obinutuzumab.
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and 75 of 169 (44.4%) patients had an increase to high
(H)-MRD ($ 1022; Data Supplement).

The difference in MRD conversion time between Ven-Obi
and Clb-Obi was also observed in patients with BM uMRD
in both arms: in the Ven-Obi arm, patients with BM uMRD

had a median MRD conversion time of 21.7 months,
compared with 9.2 months in the Clb-Obi arm (Fig 3E).
However, patients with detectable BM MRD had a similarly
short MRD conversion time in both arms (6.0 months and
5.5 months). This was also reflected in PFS, where patients
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($ 1024) at FUm3 in the Ven-Obi arm and available MRD assessment at cycle 7 by NGS, with each bar representing
absolute log changes from cycle 7 to FUm3 per patient. FUm3, follow-up month 3; H-MRD, high minimal residual
disease; L-MRD, low minimal residual disease; MRD, minimal residual disease; NGS, next-generation sequencing;
PD, progressive disease; Ven-Obi, venetoclax-obinutuzumab.
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(23 because of missing samples, 99 because of PD or
death, and seven because of study withdrawal). Baseline
characteristics for patients with sustained uMRD levels
at FU month 30 are presented in the Data Supplement.

In multivariate analysis, independent prognostic factors for
MRD conversion were treatment arm, disease burden
(definition in the Data Supplement), CLL-IPI, and BM MRD
status at EoT (Data Supplement).

Clinical Outcomes

At a median observation time of 52.4 months (interquartile
range 49.5-56.2), patients in the Ven-Obi arm had a sig-
nificantly longer PFS than patients in the Clb-Obi arm. The

median PFS was not reached in the Ven-Obi arm and was
36.4 months in the Clb-Obi arm (hazard ratio [HR] 0.33;
95% CI, 0.25 to 0.45; P, .0001). Four years after random
assignment, the PFS rate was 74.0% in the Ven-Obi arm
and 35.4% in the Clb-Obi arm (Fig 5A).

The PFS benefit with Ven-Obi was observed across all
clinical and biologic risk groups (Data Supplement). Pa-
tients with TP53 aberrations, that is, deletion and/or mu-
tation, had a significantly longer PFS in the Ven-Obi arm
than in the Clb-Obi arm (median 49.0 months v
20.8 months; HR 0.44; 95% CI, 0.21 to 0.91; P 5 .03; Fig
5B). PFS was shorter for patients with TP53 aberrations
in both arms compared with patients without TP53
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Time-Limited Therapy:  
Venetoclax + Obinutuzumab CLL14

Fischer et al., N Engl J Med 2019; 380:2225-36; Al-Sawaf et al., EHA 2020; S155 (oral presentation)

Median PFS
Ven-Obi: not reached
Clb-Obi: 36.4 months

4-year PFS rate
Ven-Obi: 74.0%
Clb-Obi: 35.4%

HR 0.33, 95% CI [0.25-0.45] 
P<0.0001

Median follow-up
52.4 mos

PFS

60544842

Time to Event [TTNT] (months)
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Ven-Obi: not reached 

Clb-Obi: not reached

4-year TTNT rate

Ven-Obi: 81.08%

Clb-Obi: 59.9%

Next anti-leukemic therapy:

Ven-Obi: 35 PDs – 17 NLT

Clb-Obi: 122 PDs – 70 NLT

HR 0.46, 95% CI [0.32-0.65] 

P<0.0001

24 30 36

Time to Next Treatment
Median observation time 52.4 months

Al-Sawaf et al, EHA 2021, Abstract S146

Time to next treatment (TTNT)

CLL14 (time limited therapy):
Venetoclax + Obi Vs. Obi + Chlorambucil  

Updated follow up 

Al-Sawaf O et al. J Clin Oncol. 2021 39:4049-4060 

Median f/up 52.4 months
All patients have been off study treatment for at least 3 years 



CLL14 (time limited therapy):
Venetoclax + Obi Vs. Obi + Chlorambucil  

Updated follow up 

Al-Sawaf, O. et. al. 2021. Hematological Oncology, 39: S146.

Progression-Free Survival – IGHV Status
Median Observation Time 52.4 Months

Venetoclax–obinutuzumab & IGHV unmutated 
Venetoclax–obinutuzumab & IGHVmutated 
Chlorambucil–obinutuzumab & IGHV unmutated 
Chlorambucil–obinutuzumab & IGHV mutated

Median PFS
Ven-Obi & IGHVmut: NR
Ven-Obi & IGHVunmut: 57.3 m

Clb-Obi & IGHVmut: 54.5 m 
Clb-Obi & IGHVunmut: 26.9 m

PFS by IgHV status

Progression-Free Survival – TP53 Status
Median Observation Time 52.4 Months

Al-Sawaf, O. et. al. 2021. Hematological Oncology, 39: S146.

Venetoclax–obinutuzumab & none 
Venetoclax–obinutuzumab & TP53 deletion and/or mutation 
Chlorambucil–obinutuzumab & none
Chlorambucil–obinutuzumab & TP53 deletion and/or mutation

Median PFS
Ven-Obi & no TP53del/mut: NR Ven-Obi & TP53del/mut: 49.0 m

Clb-Obi & no TP53del/mut: 38.9 m Clb-Obi & TP53del/mut: 20.8 m

PFS by TP53 status 

Median f/up 52.4 months
All patients have been off study treatment for at least 3 years 

Al-Sawaf O et al. J Clin Oncol. 2021 39:4049-4060 



Al Sawaf et al, Blood 2020

Complex Karyotype is Not Prognostic with VenG
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Randomized Phase 3 Study of Venetoclax-Based Time-Limited Combination Treatments 
vs Standard Chemoimmunotherapy in Frontline CLL Fit Patients 

GAIA (CLL13) trial

Eichhorst B et al. ASH abstract 71. Blood. 2021;138(suppl 1) 

• CIT (Arm 1): Chemoimmunotherapy (FCR and BR)
• RVe (Arm 2): Rituximab + Venetoclax
• GVe (Arm 3): Obinutuzumab + Venetoclax
• GIVe (Arm 4): Obinutuzumab + Ibrutinib + Venetoclax

CLL13 Coprimary Endpoint: MRD by Flow on
peripheral blood

16  Clinical Advances in Hematology & Oncology  Volume 20, Issue 1, Supplement 2  January 2022

S P E C I A L  M E E T I N G  R E V I E W  E D I T I O N

A Randomized Phase 3 Study of Venetoclax-Based Time-Limited 
Combination Treatments vs Standard Chemoimmunotherapy in Frontline 
Chronic Lymphocytic Leukemia of Fit Patients: First Co–Primary 
Endpoint Analysis of the International Intergroup GAIA (CLL13) Trial

The phase 3 CLL13 trial com-
pared 3 time-limited veneto-
clax combination regimens 

vs chemoimmunotherapy as !rst-line 
treatment in !t patients with CLL.1 
Enrolled patients had a Cumulative 
Illness Rating Scale (CIRS) score of at 
least 6 and a normal creatinine clear-
ance rate. "e trial excluded patients 
with a TP53 mutation or del(17p) 
according to central screening. Strati-
!cation factors included age, disease 
stage, and geographic region. "e 
chemoimmunotherapy regimen con-
sisted of #udarabine, cyclophospha-
mide, and rituximab or bendamustine 
plus rituximab (arm 1; n=229). Vene-
toclax was combined with rituximab 
(arm 2; n=237), obinutuzumab (arm 
3; n=229), or obinutuzumab and 
ibrutinib (arm 4; n=231). Undetect-
able MRD was de!ned as less than 
10-4 based on 4-color #ow cytometry.

"e 926 patients were a median 
age of 61 years (range, 27-84 years) and 
had a median CIRS score of 2 (range, 
0-7). More than half of patients (56%) 

had unmutated IGHV and 18% had 
del(11q). "e median follow-up was 
27.9 months. "e rate of undetect-
able MRD at month 15 was 52.0% 
in arm 1, 57.0% in arm 2, 86.5% in 
arm 3, and 92.2% in arm 4 (Figure 
10). "e rate of undetectable MRD 
was signi!cantly di$erent in arm 3 vs 
arm 1 (P<.001), meeting the co–pri-
mary endpoint of undetectable MRD 
with obinutuzumab plus venetoclax 
vs chemoimmunotherapy. Rates of 
undetectable MRD in the peripheral 
blood were 37.1% in arm 1, 43.0% in 
arm 2, 72.5% in arm 3, and 77.9% in 
arm 4. "e ORRs were similar across 

the 4 arms. However, the CR rate 
ranged from a low of 31% in arm 1 
to a high of 61.9% in arm 4. Interim 
analysis of PFS was postponed owing 
to a low number of events.

In arms 1 to 4, AEs of grade 3 or 
higher of particular interest included 
febrile neutropenia, infections, and 
tumor lysis syndrome (Table 3). 
Grade 5 AEs occurred in 27 patients: 
12 during treatment or through day 
84 of the study, and 15 during the 
follow-up period. "e most common 
grade 5 AEs occurring prior to day 
84 were non–COVID-19 infection 
(n=4), secondary neoplasia other than 
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Rituximab plus 
venetoclax

n=237

Obinutuzumab plus 
venetoclax

n=229

Obinutuzumab, 
ibrutinib, and venetoclax 

n=231

Peripheral Blood uMRD

Figure 10.  uMRD in 
the peripheral blood 
in the phase 3 CLL13 
trial, which compared 
time-limited venetoclax 
combination regimens vs 
chemoimmunotherapy 
as !rst-line treatment in 
!t patients with chronic 
lymphocytic leukemia. ITT, 
intention to treat; uMRD, 
undetectable minimal 
residual disease. Adapted 
from Eichhorst B et al. 
ASH abstract 71. Blood. 
2021;138(suppl 1).1

Table 3.  Grade 3 or Higher Adverse Events of Special Interest

Adverse Event Arm 1 (%) Arm 2 (%) Arm 3 (%) Arm 4 (%)

Febrile Neutropenia 11.1 4.2 3.1 7.8

Infections 19.9 11.4 14.0 22.1

Tumor Lysis Syndrome 4.2 10.1 8.8 6.5

Adapted from Eichhorst B et al. ASH abstract 71. Blood. 2021;138(suppl 1).1
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Combined (time limited frontline therapies) in CLL
Ibrutinib plus Venetoclax (Ibru+Ven)

Why Ibru + Ven?
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BACKGROUND
Ibrutinib, an inhibitor of Bruton’s tyrosine kinase, and venetoclax, an inhibitor of B-cell 
lymphoma 2 protein, have been approved for patients with chronic lymphocytic leukemia 
(CLL). Preclinical investigations have indicated potential synergistic interaction of their 
combination.

METHODS
We conducted an investigator-initiated phase 2 study of combined ibrutinib and veneto-
clax involving previously untreated high-risk and older patients with CLL. All patients had 
at least one of the following features: chromosome 17p deletion, mutated TP53, chromo-
some 11q deletion, unmutated IGHV, or an age of 65 years or older. Patients received 
ibrutinib monotherapy (420 mg once daily) for 3 cycles, followed by the addition of 
venetoclax (weekly dose escalation to 400 mg once daily). Combined therapy was admin-
istered for 24 cycles. Response assessments were performed according to International 
Workshop on Chronic Lymphocytic Leukemia 2008 criteria. Minimal residual disease was 
assessed by means of multicolor flow cytometry in bone marrow (sensitivity, 10−4).

RESULTS
A total of 80 patients were treated. The median age was 65 years (range, 26 to 83). A total 
of 30% of the patients were 70 years of age or older. Overall, 92% of the patients had un-
mutated IGHV, TP53 aberration, or chromosome 11q deletion. With combined treatment, 
the proportions of patients who had complete remission (with or without normal blood 
count recovery) and remission with undetectable minimal residual disease increased over 
time. After 12 cycles of combined treatment, 88% of the patients had complete remission 
or complete remission with incomplete count recovery, and 61% had remission with unde-
tectable minimal residual disease. Responses were noted in older adults and across all 
high-risk subgroups. Three patients had laboratory evidence of tumor lysis syndrome. The 
adverse-event profile was similar to what has been reported with ibrutinib and venetoclax.

CONCLUSIONS
In this study, combined venetoclax and ibrutinib was an effective oral regimen for high-
risk and older patients with CLL. (Funded by AbbVie and others; ClinicalTrials.gov number, 
NCT02756897.)
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Ibrutinib and Venetoclax for CLL

therapy was intended to reduce the risk of veneto-
clax-associated tumor lysis syndrome. Weekly 
dose escalation of venetoclax to a target dose 
of 400 mg once daily and strategies for mitiga-
tion of tumor lysis syndrome were in accordance 
with recommendations in the prescribing infor-
mation for venetoclax. Combined ibrutinib and 
venetoclax was administered for 24 cycles. Patients 
who remained positive for minimal residual dis-
ease in bone marrow at the end of combined 
treatment could continue ibrutinib alone until 
disease progression or unacceptable toxic effects.

All patients received antiviral prophylaxis with 
valacyclovir or acyclovir. Prophylaxis for pneumo-
cystis pneumonia was not mandated.

The occurrence of tumor lysis syndrome was 

assessed according to the Cairo–Bishop defini-
tion (see the Supplementary Appendix).16 All 
patients were assessed for risk of tumor lysis 
syndrome (according to lymph-node tumor bur-
den on CT imaging and the absolute lymphocyte 
count) before starting ibrutinib and before start-
ing venetoclax. (For details on risk categoriza-
tion, see the Supplementary Appendix.)

Study Assessments
Response assessments were performed according 
to IWCLL 2008 criteria (see the Supplementary 
Appendix).15 Response assessment, including as-
sessment of minimal residual disease in bone 
marrow, was done after cycle 3 (before the start 
of venetoclax) and then after cycles 3, 6, 9, 12, 

Figure 1. Study Schema and Response to Treatment.

Panel A shows the study schema. Patients received ibrutinib monotherapy (420 mg once daily) for 3 cycles (each 
 cycle was 28 days), and then venetoclax was added. The dose of venetoclax was escalated weekly to a target dose  
of 400 mg once daily. Combined ibrutinib and venetoclax were administered for a total of 24 cycles. Patients who 
 remained positive for minimal residual disease (MRD) in bone marrow at the end of combined treatment could con-
tinue ibrutinib alone until disease progression or unacceptable toxic effects. Clinical responses and MRD were mea-
sured after 3 cycles of ibrutinib monotherapy and then after every 3 cycles for the first 12 cycles of the combination 
and every 6 cycles for cycles 13 to 24 of the combination. Panel B shows response to treatment over time. Responses 
(complete remission, with or without normal blood count recovery; partial remission; and undetectable MRD in 
bone marrow) are shown for patients after 3 cycles of ibrutinib monotherapy and at different time points for the 
combination therapy.
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Treatment Naïve CLL + High Risk:
At least 1 of: del(17p), TP53 mut, del(11q), 

unmutated IGHV, age > 65 yrs (N=80)

Timofeeva N, Gandhi V. Blood Cancer J. 2021 Apr 29;11(4):79
Jain N et al. N Engl J Med 2019;380:2095-103.



Phase 3 RCT of fixed duration ibrutinib + venetoclax vs G-Clb
in previously untreated CLL

GLOW study

Munir T et al. Blood.2021;138 Abstr 396 (suppl 1). 

(n = 106)

(n = 105)

- Primary endpoint: PFS by IRC

-Secondary endpoints: 

uMRD in BM, CR per IRC, OS, safety
- Current MRD analysis: uMRD at <10-4 and <10-5 by  NGS 
- PB/BM concordance calculated for patients with evaluable data at EOT+3

Median follow-up: 34.1 months



Phase 3 RCT of fixed duration ibrutinib + venetoclax vs G-Clb
in previously untreated CLL

GLOW study
30-month PFS

Munir T et al. Blood.2021;138 Abstr 396 (suppl 1). 

uMRD at EOT+3, % Ibr + Ven
(n = 106)

Clb + O
(n = 105) P Value

<10-4

§ BM
§ PB
§ BM/PB 

concordance

51.9
54.7
92.9

17.1
39.0
43.6

<.0001
.0259

uMRD rates (<10-4) on BM and PB



Characteristic, % Ibr + Ven Clb + O RR

Bulky disease (≥5 cm)

No
Yes

50.0
56.1

19.4
13.2

2.58
4.26

Elevated BL LDH

No
Yes

53.5
48.6

13.0
21.6

4.13
2.25

IGHV

Mutated
Unmutated

44.4
58.2

18.5
14.8

2.40
3.93

Del11q

No
Yes

50.0
60.0

18.4
11.1

2.72
5.40

uMRD Dynamics From EOT+3 to 
EOT+12 Ibr + Ven Clb + O

Sustained uMRD <10-4, % (n/N) 84.5 (49/58) 29.3 (12/41)

Sustained uMRD <10-5, % (n/N) 80.4 (37/46) 26.3 (5/19)

Decrease in uMRD <10-4 rate, % 6 27

MRD Dynamics Posttreatment

uMRD rates (<10-4) on BM for                         
Ibru+Ven vs. Clb+O across 

prespecified subgroups

Munir T et al. Blood.2021;138 Abstr 396 (suppl 1). 

§ 5 of 7 patients (71.4%) with mutated TP53 achieved 
uMRD <10-5 in both BM and PB with Ibr + Ven.

§ uMRD in PB better sustained with Ibr + Ven vs Clb + O from EOT+3 
to EOT+12.

§ Patients treated with Ibr+Ven with detectable MRD ≥10-4 at EOT+3 
less likely to:
ü Convert to PD at EOT+12 vs patients treated with Clb+O
ü Have increasing levels of detectable MRD at EOD+12 vs 

patients treated with Clb+O



Phase 3 RCT of fixed duration ibrutinib + venetoclax vs G-Clb
in previously untreated CLL

GLOW study

Munir T et al. Blood.2021;138 Abstr 396 (suppl 1). 



CLL 17

Hallek M, SOHO meeting 2020



Relapse/Refractory (R/R) CLL
Ibrutinib Discontinuation from 

4 Sequential Studies[1]
Ibrutinib Acquired Resistance in Patients 

With Progressive CLL[2]

§ Frontline ibrutinib d/c rate at 5 yrs: 41%[1]

§ R/R predicted ibrutinib d/c rate at 5 yrs: 53.7% (4 sequential studies)[7]

§ Appearance of BTK C481 mutations dominant reason for progressive 
CLL after covalent BTKi[1-8]

§ BTK C481 mutations prevent covalent BTKi from effective target inhibition[1-6]

Yrs

Cu
m

ul
at

iv
e 

In
cid

en
ce

 o
f 

Di
sc

on
tin

ua
tio

n 
of

 Ib
ru

tin
ib

 T
he

ra
py Other event

Transformation
CLL progression

Patients at 
Risk, n 308  274  247   226   206   179  118     90    64    40     24       5       0

0.4

0.3

0.2

0.1

0
0 1 2 3 4 5 6

56% BTK
mutants

8% PLCg2 
mutants

16% BTK 
& PLCg2 
mutants

20% BTK 
& PLCg2 not 

identified

1. Woyach. JCO. 2017;35:1437. 2. Lampson. Expert Rev Hematol. 2018;11:185. 3. Woyach. NEJM. 2016;374:323. 
4. Byrd. NEJM. 2016;374:323. 5. Xu. Blood. 2017;129:2519. 6. Hershkovitz-Rokah. Br. J. Haematol. 2018;181;306. 

7. Burger. Leukemia. 2020;34:787. 8. Woyach. ASH 2019. Abstr 642.



ELEVATE-RR (Acalabrutinib vs. Ibrutinib in R/R CLL)
Phase 3, Randomized, Non-Inferiority Open-Label trial 

Stratification:
• del (17p) status (yes or no)
• ECOG PS (2 vs ≤1)
• Number of prior therapies (1-3 vs ≥4) 

Acalabrutinib 
(100 mg PO Q12hrs)aPreviously treated CLL 

patients (N=533)

Must have ≥1 of the following: 
del(17p) or del(11q) by central 
laboratory testing

Ibrutinib 
(420 mg PO Q24hrs)a

R 
(1:1)

Non-inferiority on 
IRC assessed PFSb

Primary
endpoint

• Incidence of any grade atrial 
fibrillation/flutter

• Incidence of grade ≥3 infections
• Incidence of Richter’s transformation
• OS

Secondary endpoints
(hierarchical order)

Key exclusion criteria: Known CNS lymphoma or leukemia, significant cardiovascular disease ≤6 months before screening, Hx of bleeding 
diathesis, requiring or receiving anticoagulation with warfarin or equivalent vitamin K antagonists within 7 days of first dose of study drug, 
History of stroke or intracranial hemorrhage, Prior exposure to ibrutinib, BCR inhibitor or a BCL-2 inhibitor.

Byrd JC et al. ASCO Virtual Annual Meeting; June 4-8, 2021.

(n=268)

(n=265)
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Acalabrutinib
Ibrutinib

Hazard ratio (95% Cl)

1.00 (0.79, 1.27)

Events, n (%)

143 (53.4)
136 (51.3)

Median (95% Cl)

38.4 (33.0, 38.6)
38.4 (33.0, 41.6)

Months

Ø At a median follow-up of 40.9 months (range 0.0–59.1), acalabrutinib was non-inferior to ibrutinib 
with a median PFS of 38.4 months in both arms (HR: 1.00; 95% CI 0.79–1.27)

Primary Endpoint: 
IRC-Assessed PFS

Acalabrutinib
(n = 268)

Ibrutinib
(n = 265)

Events, n (%)
Death
PD

143 (53.4)
22 (8.2)

121 (45.1)

136 (51.3)
28 (10.6)
108 (40.8)

Censored, n (%) 125 (46.6) 129 (48.7)

PFS (95% CI), %
12 months
24 months
36 months

86.7 (81.8-90.3)
70.9 (64.8-76.1)
51.4 (44.7-57.8)

78.8 (73.1-83.4)
64.5 (58.1-70.2)
53.8 (47.0-60.1)



Safety: Atrial fibrillation/flutter and Hypertension 
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Acalabrutinib:Ibrutinib
HR (95% Cl): 0.34 (0.21, 0.54)

Acalabrutinib

Ibrutinib

Lower cumulative incidences of any grade atrial fibrillation/flutter and hypertension with 
acalabrutinib

Atrial fibrillation/flutter Arterial Hypertension

Byrd JC et al.ASCO Virtual Annual Meeting; June 4-8, 2021.

Any grade Grade ≥3

Events, n (%) 
Acalabrutinib

(n=266)
Ibrutinib
(n=263)

Acalabrutinib
(n=266)

Ibrutinib
(n=263)

Cardiac events 64 (24.1) 79 (30.0) 23 (8.6) 25 (9.5)

Atrial fibrillationa* 25 (9.4) 42 (16.0) 13 (4.9) 10 (3.8)

Ventricular arrythmiasb 0 3 (1.1) 0 1 (0.4)

Bleeding events* 101 (38.0) 135 (51.3) 10 (3.8) 12 (4.6)

Major bleeding eventsc 12 (4.5) 14 (5.3) 10 (3.8) 12 (4.6)

Hypertensiond* 25 (9.4) 61 (23.2) 11 (4.1) 24 (9.1)

Infectionse 208 (78.2) 214 (81.4) 82 (30.8) 79 (30.0)

ILD/pneumonitis* 7 (2.6) 17 (6.5) 1 (0.4) 2 (0.8)

SPMs excluding NMSC 24 (9.0) 20 (7.6) 16 (6.0) 14 (5.3)



Ibrutinib 420 mg PO QD

Zanubrutinib 160 mg PO BID

Patients with CLL that meets 2008 
iwCLL criteria for treatment; relapsed 

or refractory to ≥ 1 previous line of 
treatment; ECOG PS 0-2; adequate 

organ function; no clinically 
significant cardiac disease

(planned N = 400)

Until PD or 
unacceptable AE 

• Ongoing randomized, multicenter phase III trial
• Primary endpoint: ORR (Not by IRC)
• Secondary endpoints: PFS, DoR, OS; safety, patient-assessed QoL 

Hillmen. EHA 2021. Abstr LB1900. NCT02477696.

Phase 3 Randomized Study of Zanubrutinib vs. Ibrutinib in Patients with R/R 
CLL/SLL

ALPINE study



Outcome, % (95% CI) Zanubrutinib            
(n = 207)

Ibrutinib                     
(n = 208)

P Value

Efficacy

ORR (Invest.-
Assessed)

78.3                           
(72.0-83.7)

62.5                            
(55.5-69.1)

.0006

ORR (IRC- assessed) 76.3 64.4 .0121

ORR in del(17p) 83.3 53.8 NR

12-mo PFS 94.9                                  84.0
HR = 0.40 (0.23 – 0.69)

.0007

ALPINE Study: Response rates and Investigator assessed PFS
(Interim results)

Hillmen. EHA 2021. Abstr LB1900. NCT02477696.



Select AEs, any grade % Zanubrutinib            (n = 
207)

Ibrutinib                                    
(n = 208)

Afib or flutter (key secondary 
point p=.0014)

2.5 10.1

Cardiac disorders 13.7 25.1

Hemorrhage 35.8 36.2

Major hemorrhage 2.9 3.9

Hypertension 16.7 16.4

Infections 59.8 63.3

Neutropenia 28.4 21.7

Secondary primary 
malignancies

8.3 6.3

Skin cancers 3.4 4.8

Thrombocytopenia 9.3 12.6

ALPINE Study: Adverse events of special interest
(Interim results)

ALPINE: Atrial Fibrillation / Flutter

Hillmen. EHA 2021. Abstr LB1900. 

Hillmen. EHA 2021. Abstr LB1900. NCT02477696.



• Pts with R/R CLL in need of therapy that were intolerant to 
Ibrutinib  patients with disease activity received acalabrutinib; 
med 2 prior tx (range 1-10)

At median follow-up of 34.6 mo,          
48% of patients remain on acalabrutinib

Rogers K et al. Hematologica 2021;106(9):2364-2373 

Phase II study of acalabrutinib in ibrutinib-intolerant patients with 
relapsed/refractory chronic lymphocytic leukemia

of 35 months, 48% of patients remained on acalabrutinib. 
The most common reason for discontinuation was dis-
ease progression (23%) and the rate of acalabrutinib dis-
continuation due to adverse events was 17%. This rate of 
discontinuation due to adverse events is low considering 
that 100% of patients had discontinued ibrutinib due to 
adverse events, suggesting that acalabrutinib is tolerable 
in a large proportion of patients who are intolerant of 
ibrutinib. 

Comparing the full spectrum of adverse events 
between ibrutinib and acalabrutinib in this study is diffi-
cult because the ibrutinib experience was not captured 
prospectively. The study was not intended to compare 
toxicity between two drugs, but rather to determine acal-
abrutinib tolerability in patients who discontinued ibruti-
nib due to toxicity. When reviewing events of arthralgia, 
atrial fibrillation, bleeding, diarrhea, and rash leading to 
ibrutinib intolerance, 24/41 patients experienced recur-
rence during acalabrutinib treatment, and recurrence was 
at a similar (25%) or lower (75%) grade of severity in all 
patients. Most adverse events (64%) limiting ibrutinib 
treatment were not experienced during acalabrutinib 
treatment. Additionally, all adverse events causing ibruti-
nib intolerance and recurring with acalabrutinib treat-
ment (27 events in total) were reviewed to determine dif-

ferences in maximal severity grade experienced. Of these 
adverse events, only one occurred at a higher grade, while 
18 occurred at a lower grade with acalabrutinib, demon-
strating that the severity of intolerance adverse events 
during acalabrutinib treatment may be decreased. This 
reduction in rate includes hemorrhage events, which have 
previously been observed to be a class effect of BTK 
inhibitors,26 but in this study were observed to occur at a 
lower grade with acalabrutinib than with ibrutinib. Only 
one patient discontinued acalabrutinib for the same 
adverse event (diarrhea) that was also the cause reported 
for ibrutinib discontinuation. 

Clinical strategies for patients with ibrutinib intoler-
ance, such as switching to alternative kinase inhibitors or 
combining different therapeutic agents, have been evalu-
ated. Real-world data have suggested that ibrutinib-intol-
erant patients could be treated successfully with an alter-
native kinase inhibitor.27 Early phase clinical trial data 
have also demonstrated the efficacy and safety of an 
alternative kinase inhibitor, umbralisib, in ibrutinib-intol-
erant patients. There is a potential clinical benefit in 
switching patients with ibrutinib intolerance to another 
BTK inhibitor so that venetoclax remains a future treat-
ment option. However, depending on the type and sever-
ity of the adverse events and their potential for harm of 

K.A. Rogers et al.

2370 haematologica | 2021; 106(9)

Figure 4. Progression-free survival 
and overall survival with acalabruti-
nib. (A, B) The medians were not 
reached for progression-free survival 
(A) or overall survival (B). CI: confi-
dence interval; OS: overall survival; 
PFS: progression-free survival.

A

B

of 35 months, 48% of patients remained on acalabrutinib. 
The most common reason for discontinuation was dis-
ease progression (23%) and the rate of acalabrutinib dis-
continuation due to adverse events was 17%. This rate of 
discontinuation due to adverse events is low considering 
that 100% of patients had discontinued ibrutinib due to 
adverse events, suggesting that acalabrutinib is tolerable 
in a large proportion of patients who are intolerant of 
ibrutinib. 

Comparing the full spectrum of adverse events 
between ibrutinib and acalabrutinib in this study is diffi-
cult because the ibrutinib experience was not captured 
prospectively. The study was not intended to compare 
toxicity between two drugs, but rather to determine acal-
abrutinib tolerability in patients who discontinued ibruti-
nib due to toxicity. When reviewing events of arthralgia, 
atrial fibrillation, bleeding, diarrhea, and rash leading to 
ibrutinib intolerance, 24/41 patients experienced recur-
rence during acalabrutinib treatment, and recurrence was 
at a similar (25%) or lower (75%) grade of severity in all 
patients. Most adverse events (64%) limiting ibrutinib 
treatment were not experienced during acalabrutinib 
treatment. Additionally, all adverse events causing ibruti-
nib intolerance and recurring with acalabrutinib treat-
ment (27 events in total) were reviewed to determine dif-

ferences in maximal severity grade experienced. Of these 
adverse events, only one occurred at a higher grade, while 
18 occurred at a lower grade with acalabrutinib, demon-
strating that the severity of intolerance adverse events 
during acalabrutinib treatment may be decreased. This 
reduction in rate includes hemorrhage events, which have 
previously been observed to be a class effect of BTK 
inhibitors,26 but in this study were observed to occur at a 
lower grade with acalabrutinib than with ibrutinib. Only 
one patient discontinued acalabrutinib for the same 
adverse event (diarrhea) that was also the cause reported 
for ibrutinib discontinuation. 

Clinical strategies for patients with ibrutinib intoler-
ance, such as switching to alternative kinase inhibitors or 
combining different therapeutic agents, have been evalu-
ated. Real-world data have suggested that ibrutinib-intol-
erant patients could be treated successfully with an alter-
native kinase inhibitor.27 Early phase clinical trial data 
have also demonstrated the efficacy and safety of an 
alternative kinase inhibitor, umbralisib, in ibrutinib-intol-
erant patients. There is a potential clinical benefit in 
switching patients with ibrutinib intolerance to another 
BTK inhibitor so that venetoclax remains a future treat-
ment option. However, depending on the type and sever-
ity of the adverse events and their potential for harm of 
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Figure 4. Progression-free survival 
and overall survival with acalabruti-
nib. (A, B) The medians were not 
reached for progression-free survival 
(A) or overall survival (B). CI: confi-
dence interval; OS: overall survival; 
PFS: progression-free survival.

A

B

Details of the statistical analysis can be found in the Online 
Supplementary Methods. 

 
 

Results 

Patients, treatment, and disposition 
In total, 60 patients were enrolled between March 23, 

2016, and August 2, 2017. Their median age was 69.5 
years (range, 43-88 years) and the median time from diag-
nosis to first dose of study drug was 103.2 months (range, 
10.3-307.9 months). Seventeen (28%) patients had 
del(17p) and 31 (52%) had Rai stage III or IV disease. The 
baseline patient and disease characteristics are shown in 
Table 1. 

The median number of prior therapies was two (range, 
1-10). All patients had taken ibrutinib previously, with 50 
(83%) having received ibrutinib as monotherapy and ten 
(17%) having received ibrutinib in combination with 
another agent (Online Supplementary Table S1). Forty-three 
(72%) patients had been exposed to an anti-CD20 mono-
clonal antibody and 36 (60%) had received prior systemic 
chemotherapy (Online Supplementary Table S1). 

The median duration of ibrutinib treatment was 5.7 
months (range, <1-55.5). Out of total of 60  patients, 15 
(25%) received ibrutinib for <2 months. Of these 15 
patients, only two discontinued acalabrutinib (due to 
squamous cell carcinoma of the lung and endometrial can-
cer [n=1 each]). As ibrutinib treatment occurred before 
study entry, treatment response to ibrutinib was not fully 
captured for the entire patient population (safety, howev-
er, was captured). The most common adverse events lead-
ing to ibrutinib discontinuation were atrial fibrillation 
(23%), diarrhea (12%), arthralgia (10%), and rash (10%) 
(Online Supplementary Table S2). After ibrutinib discontinu-
ation, the median time from taking the last dose of ibruti-
nib to starting acalabrutinib was 7.5 months (range, 0.8-
31.1).  

At a median follow-up of 34.6 months (range, 1.1-47.4), 
29 (48%) patients remained on acalabrutinib; 45 patients 
(75%) had at least 1 year of treatment. The median time 
exposed to acalabrutinib was 32 months (range, 0.3-47.4). 
Of the 31 patients who discontinued acalabrutinib, the 
most common reason for discontinuation was disease pro-
gression (n=14, 23%) followed by adverse events (n=10, 
17%); other reasons were patient or physician decision 
(n=3 and n=3, respectively), and comorbid anorexia (n=1) 
(Figure 1). For the 14 patients who discontinued due to 
disease progression, 11 patients had an Eastern 
Cooperative Oncology Group performance status of 1, 
seven had Rai stage III-IV disease, and their median age 
was 72 years. Four of these 15 patients had del(17p), four 
had del(11q), and 12 had unmutated IGHV.  

Efficacy 
The ORR to acalabrutinib treatment was 73% (n=44/60; 

95% confidence interval [95% CI]: 60-84%) (Figure 2). 
The ORR in patients with del(17p) was similar (71% 
[n=12/17]; 95% CI: 44-90%). The ORR including patients 
with PR with lymphocytosis (PRL) was 78% (n=47/60; 
95% CI: 66-88%), comprising three (5%) patients with a 
CR, two (3%) with CRi, 39 (65%) with a PR, and three 
(5%) with a PRL. Of the 13 patients not achieving a 
response, four (7%) had stable disease (SD), one (2%) had 
PD; six (10%) patients were not evaluable for response 

due to discontinuing treatment before the first response 
assessment at 3 months, and two (3%) were not available 
for response assessment. For the six patients who were 
not evaluable, three discontinued due to adverse events 
and three discontinued due to patient or physician deci-
sion (1 and 2 patients, respectively) (Figure 1). The median 
DOR was not reached; the estimated 24-month DOR was 
81% (n=44, 95% CI: 66-90%) and 78% (n=47, 95% CI: 
63-88%) when patients with PRL were included, and the 
estimated 36-month DOR was 65% (95% CI: 46-79%) 
and 64% (95% CI: 45-77%) when patients with PRL were 
included (Figure 3A and B, respectively).  

The median PFS was not reached; estimated 24-month 
and 36-month PFS rates were 72% (95% CI: 58-82%) and 
58% (95% CI: 42-71%), respectively (Figure 4). The medi-
an OS was not reached. Estimated 24-month and 36-
month OS rates were 81% (95% CI: 68-89%) and 78% 
(95% CI: 65-87%), respectively (Figure 4). Sixteen (27%) 
patients started a subsequent treatment for CLL, and the 
median TTNT was 44 months (95% CI: 27-not estimable) 
(Online Supplementary Figure S1).  

The efficacy (ORR, DOR, PFS) of acalabrutinib was also 
assessed by duration of previous ibrutinib treatment and 
by duration of treatment hold (time from ibrutinib discon-
tinuation to start of acalabrutinib). These assessments 
were exploratory, and no statistical analyses were per-
formed. The ORR was 64% (n=20/31; 95% CI: 45-81%) 
in patients who received prior ibrutinib treatment for ≥6 
months and 83% (n=24/29; 95% CI: 64-94%) in those 
who received ibrutinib for <6 months. DOR and PFS on 
acalabrutinib in patients who received prior ibrutinib 
treatment for ≥6 months trended towards being shorter 
(no statistical analyses were performed) (Online 
Supplementary Figure S2 A, C, and E). Duration of treat-
ment hold did not appear to affect ORR, DOR, or PFS dur-
ing acalabrutinib treatment (Online Supplementary Figure S2 
B, D, and F).    
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Table 1. Patient’s baseline. 
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• Acalabrutinib is well tolerated in patients with Ibrutinib intolerance14.29 months. One patient had low levels of the BTK 
C481S and the T4741 gatekeeper resistance mutation at 
baseline as well as the PLCG2 D1140N C2 domain muta-
tion detected at progression. The PLCG2 D1140N muta-
tion was predominant (indicating many CLL cells in the 
sample were without a BTK mutation), whereas with 
ibrutinib, treatment resistance mutations in this PLCG2 
domain were more commonly secondary mutations after 
BTK C481X development.19 

This study was designed to determine whether acal-
abrutinib is effective in patients intolerant to ibrutinib or 
unable to continue ibrutinib treatment due to adverse 
events. However, it is acknowledged that the study had a 
few limitations, the most significant being that the ibruti-
nib experience was not prospectively or rigorously cap-
tured. This not only means that a significant portion of 
these patients’ responses to ibrutinib were unknown, but 
also that not all of the details were captured for the 
adverse events on ibrutinib. In addition, subjective report-
ing of adverse events by patients prior to enrollment who 
sought to have access to the study drug could have influ-
enced the patients’ enrollment. It is therefore possible 
that some adverse events occurring at a low grade with 
ibrutinib may have occurred at a greater severity with 
acalabrutinib. To partially overcome this limitation, we 
applied two different approaches to assessing the occur-
rence of known adverse events with ibrutinib during acal-
abrutinib treatment. However, only a prospective or ran-
domized study could fully capture differences in toxici-
ties between the two drugs. The other important limita-
tion is in understanding differential CLL resistance to 
acalabrutinib. PD was the most common reason for acal-
abrutinib discontinuation, with a relatively high rate of 
23%. The direct comparison of acalabrutinib with ibruti-
nib is ongoing via a phase III randomized non-inferiority 
clinical trial in patients with previously treated, high-risk 
CLL (NCT02477696). 

In summary, the results of this study demonstrate that 
acalabrutinib is a safe and effective option for patients 
with relapsed/refractory CLL who are not able to tolerate 
ibrutinib. Acalabrutinib is an important therapeutic 
option in this population and will allow more CLL 
patients to benefit from BTK inhibitor treatment.  
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Table 3. Ibrutinib-intolerance adverse events and recurrence after acalabrutinib treatment. 
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Ibrutinib-tolerance adverse events and recurrence after 
acalabrutinib treatment  



Tackling BTK resistance = 3rd generation BTK 
inhibitors 

Effect of C481S Mutation of Bruton's Tyrosine 
Kinase (BTK) on Ibrutinib Binding
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BRUIN Study is a multicenter SKDVH�����WULDO��1&7�����������HQUROOLQJ�SWV�with 
advanced B-cell malignancies including CLL/SLL

• Reversible inhibition of BTK
• Occupies the ATP binding pocket – non C481.
• Orally bioavailable DUAL INHIBITORS of both 

wild type and C481S mutated BTK
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Pirtobrutinib in relapsed or refractory B-cell malignancies 
(BRUIN): a phase 1/2 study
Anthony R Mato, Nirav N Shah, Wojciech Jurczak, Chan Y Cheah, John M Pagel, Jennifer A Woyach, Bita Fakhri, Toby A Eyre, Nicole Lamanna, 
Manish R Patel, Alvaro Alencar, Ewa Lech-Maranda, William G Wierda, Catherine C Coombs, James N Gerson, Paolo Ghia, Steven Le Gouill, 
David John Lewis, Suchitra Sundaram, Jonathon B Cohen, Ian W Flinn, Constantine S Tam, Minal A Barve, Bryone Kuss, Justin Taylor, 
Omar Abdel-Wahab, Stephen J Schuster, M Lia Palomba, Katharine L Lewis, Lindsey E Roeker, Matthew S Davids, Xuan Ni Tan, Timothy S Fenske, 
Johan Wallin, Donald E Tsai, Nora C Ku, Edward Zhu, Jessica Chen, Ming Yin, Binoj Nair, Kevin Ebata, Narasimha Marella, Jennifer R Brown, 
Michael Wang

Summary
Background Covalent Bruton’s tyrosine kinase (BTK) inhibitors are efficacious in multiple B-cell malignancies, but 
patients discontinue these agents due to resistance and intolerance. We evaluated the safety and efficacy of pirtobrutinib 
(working name; formerly known as LOXO-305), a highly selective, reversible BTK inhibitor, in these patients.

Methods Patients with previously treated B-cell malignancies were enrolled in a first-in-human, multicentre, open-
label, phase 1/2 trial of the BTK inhibitor pirtobrutinib. The primary endpoint was the maximum tolerated dose 
(phase 1) and overall response rate (ORR; phase 2). This trial is registered with ClinicalTrials.gov, NCT03740529.

Findings 323 patients were treated with pirtobrutinib across seven dose levels (25 mg, 50 mg, 100 mg, 150 mg, 
200 mg, 250 mg, and 300 mg once per day) with linear dose-proportional exposures. No dose-limiting toxicities were 
observed and the maximum tolerated dose was not reached. The recommended phase 2 dose was 200 mg daily. 
Adverse events in at least 10% of 323 patients were fatigue (65 [20%]), diarrhoea (55 [17%]), and contusion (42 [13%]). 
The most common adverse event of grade 3 or higher was neutropenia (32 [10%]). There was no correlation between 
pirtobrutinib exposure and the frequency of grade 3 treatment-related adverse events. Grade 3 atrial fibrillation or 
flutter was not observed, and grade 3 haemorrhage was observed in one patient in the setting of mechanical trauma. 
Five (1%) patients discontinued treatment due to a treatment-related adverse event. In 121 efficacy evaluable patients 
with chronic lymphocytic leukaemia (CLL) or small lymphocytic lymphoma (SLL) treated with a previous covalent 
BTK inhibitor (median previous lines of treatment 4), the ORR with pirtobrutinib was 62% (95% CI 53–71). The 
ORR was similar in CLL patients with previous covalent BTK inhibitor resistance (53 [67%] of 79), covalent BTK 
inhibitor intolerance (22 [52%] of 42), BTK C481-mutant (17 [71%] of 24) and BTK wild-type (43 [66%] of 65) disease. 
In 52 efficacy evaluable patients with mantle cell lymphoma (MCL) previously treated with covalent BTK inhibitors, 
the ORR was 52% (95% CI 38–66). Of 117 patients with CLL, SLL, or MCL who responded, all but eight remain 
progression-free to date.

Interpretation Pirtobrutinib was safe and active in multiple B-cell malignancies, including patients previously treated 
with covalent BTK inhibitors. Pirtobrutinib might address a growing unmet need for alternative therapies for these 
patients.

Funding Loxo Oncology.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Covalent Bruton’s tyrosine kinase (BTK) inhibitors have 
transformed the management of B-cell malignancies, 
including chronic lymphocytic leukaemia (CLL), mantle 
cell lymphoma (MCL), Waldenström macroglobulinaemia, 
and marginal zone lymphoma.1–4 Despite their efficacy, 
treatment failure often occurs through development of 
resistance or intolerance, with long-term follow-up showing 
cumulative discontinuation rates as high as 40%.5

Mechanisms of resistance to covalent BTK inhib-
itors vary by malignancy and remain incompletely 
understood. BTK C481 mutations appear to be the most 
common reason for covalent BTK inhibitor resistance in 

CLL and have also been observed more rarely in 
other B-cell malignancies.1,6,7 In addition, genomic and 
epigenetic activation of parallel or downstream signalling 
pathways are implicated as resistance mechanisms in 
CLL and B-cell lymphomas.8 Covalent BTK inhibitors 
also have low oral bioavailability, short half-lives, and 
high protein binding resulting in brief periods of 
exposure required to bind and inactivate BTK.9,10 We 
postulated that in more proliferative tumours with 
higher rates of BTK turnover, covalent BTK inhibition 
might be limited by incomplete target inhibition towards 
the end of the dosing interval, potentially driving drug 
resistance.
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period (cycle 1), intrapatient dose escalation was 
permitted to higher dose levels previously deemed safe.

Tumour evaluations were done every 8 weeks for the 
first year, every 12 weeks for the second year, and every 

6 months thereafter. The overall response rate (ORR) was 
assessed according to established criteria for each 
histological subtype: International Workshop on Chronic 
Lymphocytic Leukemia 2018, International Workshop on 

Figure 1: Patient flow diagram (A) and CONSORT diagram (B)
CLL=chronic lymphocytic leukaemia. SLL=small lymphocytic lymphoma. MCL=mantle cell lymphoma. WM=Waldenström macroglobulinaemia. DLBCL=diffuse large 
B-cell lymphoma. FL=follicular lymphoma. MZL=marginal zone lymphoma. B-PLL=B-cell prolymphocytic leukaemia. *Includes DLBCL, FL, MZL, Richter’s 
transformation, B-PLL, hairy cell leukaemia, and other transformation. †Patients who had at least one post-baseline response assessment or had discontinued 
treatment before first post-baseline response assessment.

Efficacy
population†

Safety
population

25 patients with 
DLBCL

8 patients with FL 9 patients with 
MZL

8 patients with 
Richter’s
transformation

2 patients with 
B-PLL

3 patients with 
other
transformation

55 patients with 
other

139 patients with 
CLL or SLL

56 patients with 
MCL

19 patients with
WM

66 patients with 
other*

170 patients with 
CLL or SLL

61 patients with 
MCL

26 patients with
WM

Phase 2
120 patients assigned to pirtobrutinib 

(200 mg once per day)

Phase 1
203 patients assigned to pirtobrutinib 

(25–300 mg once per day)

A

B

382 patients assessed for eligibility 

323 enrolled
 203 pirtobrutinib (25–300 mg 

once per day; phase 1)
 120 pirtobrutinib (200 mg once 

per day; phase 2)

59 ineligible

269 included in efficacy evaluable 
population

 139 CLL or SLL
 56 MCL
 19 WM
 55 other

54 ongoing before first restaging
 31 CLL or SLL
 5 MCL
 7 WM
 11 other 

323 included in safety population
 170 CLL or SLL
 61 MCL
 26 WM
 66 Other

183 continued treatment
 119 CLL or SLL
 30 MCL
 11 WM
 23 other

86 discontinued treatment
 66 progressive disease
 8 adverse events
 6 died
 4 electively discontinued to 

undergo transplant
 2 withdrew

Mato AR et al. Lancet 2021;397(10277):892-901. . 
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Moreover, reduction in tumor volume 
was observed in patients who had 
discontinued prior BTK inhibitor 
therapy, whether because of disease 
progression or poor tolerance, and 
in patients who had been previously 
treated with venetoclax. !e median 
PFS was not estimable (95% CI, 17.0 
months to not estimable). Among 
patients with prior exposure to a BTK 
inhibitor and venetoclax, the median 
PFS was 18 months (95% CI, 10.7 
months to not estimable). Subgroup 
analysis showed favorable response 
rates, regardless of the prior therapy, 

the reason for prior discontinuation 
of BTK-inhibitor therapy, or the pres-
ence of unfavorable genetics. BTK 
C481 mutation status did not predict 
bene"t from pirtobrutinib.

Pirtobrutinib was generally well 
tolerated. No dose-limiting toxicities 
were reported, and the maximum tol-
erated dose was not reached. !e daily 
dose of pirtobrutinib was 200 mg or 
higher in 96% of patients. Only 1% 
of patients permanently discontinued 
pirtobrutinib therapy owing to treat-
ment-related AEs. !e most common 
grade 3/4 treatment-related AEs were 

neutropenia (8%) and fatigue (1%). 
Other grade 3/4 treatment-related 
AEs, each observed in less than 1% of 
patients, included diarrhea, rash, hem-
orrhage, and hypertension. Treatment-
emergent atrial "brillation/#utter of 
any grade was noted in 2% of patients.
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Matching-Adjusted Indirect Treatment Comparison of Acalabrutinib 
Alone or in Combination With Obinutuzumab vs Ibrutinib or 
Venetoclax Plus Obinutuzumab in Patients With Treatment-Naive 
Chronic Lymphocytic Leukemia

The ELEVATE-RR study com-
pared acalabrutinib vs ibruti-
nib in previously treated CLL 

patients.1 To estimate the e$cacy and 
safety of acalabrutinib with or without 
obinutuzumab vs other therapies in 
treatment-naive patients with CLL, an 
unanchored, matching-adjusted, indi-
rect treatment comparison (MAIC) 

analysis was performed based on 
patient data from the ELEVATE-TN, 
Alliance, and CLL-14 trials.2-6 

Among patients treated with "rst-
line acalabrutinib vs ibrutinib mono-
therapy, the PFS was similar (HR, 
0.83; 95% CI, 0.50-1.37; P=.454), as 
was the median OS (HR, 0.69; 95% 
CI, 0.37-1.29; P=.247). In contrast, 

the MAIC analysis yielded a signi"-
cant improvement with acalabrutinib 
plus obinutuzumab compared with 
ibrutinib monotherapy for the median 
PFS (HR, 0.48; 95% CI, 0.27-0.88; 
P=.017) and OS (HR, 0.41; 95% CI, 
0.18-0.91; P=.029). Based on MAIC 
analysis, there was no signi"cant di%er-
ence with acalabrutinib monotherapy 
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Figure 8.  Best responses in an updated 
analysis of the phase 1/2 BRUIN 
study, which evaluated pirtobrutinib 
in patients with previously treated 
chronic lymphocytic leukemia or small 
lymphocytic lymphoma. CR, complete 
response; NE, not evaluable; ORR, 
objective response rate; PD, progressive 
disease; PR, partial response; PR-L, 
partial response with lymphocytosis; 
SD, stable disease. Adapted from Mato 
AR et al. ASH abstract 391. Blood. 
2021;138(suppl 1).2
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• No DLTs reported and MTD not reached 
• 96% of patients received ≥1 pirtobrutinib dose at or above RP2D of 200 mg daily
• 1% (n=6) of patients permanently discontinued due to treatment-related AEs

All doses and patients (n=618)
Treatment-emergent AEs, (≥15%), % Treatment-related AEs, %

Adverse Event Grade 1 Grade 2 Grade 3 Grade 4 Any Grade Grades 3/4 Any Grade

Fatigue 13% 8% 1% - 23% 1% 9%

Diarrhea 15% 4% <1% <1% 19% <1% 8%

Neutropeniaa 1% 2% 8% 6% 18% 8% 10%

Contusion 15% 2% - - 17% - 12%

AEs of special interestb

Bruisingc 20% 2% - - 22% - 15%

Rashd 9% 2% <1% - 11% <1% 5%

Arthralgia 8% 3% <1% - 11% - 3%

Hemorrhagee 5% 2% 1%g - 8% <1% 2%

Hypertension 1% 4% 2% - 7% <1% 2%

Atrial fibrillation/flutterf - 1% <1% <1% 2%h - <1%

Pirtobrutinib Efficacy in BTK Pre-treated CLL/SLL Patients



Adult patients with R/R CLL, 
1-3 prior tx lines (with ≥ 1 CT-

containing regimen), prior 
bendamustine permitted if 

DoR ≥ 24 mos
(N = 389) 

Venetoclax monotherapy 
until PD, unacceptable 
toxicity, or maximum of 
2 yrs from Day 1 of C1

Venetoclax dose ramp-up 20-400 mg PO 
QD for 5 wks then 400 mg PO QD for C1-6 +

Rituximab 375 mg/m2 on Day 1 of C1, 
then 500 mg/m2 Day 1 of C2-6

(n = 194)

Bendamustine 70 mg/m2 on Days 1, 2 of 
C1-6 + Rituximab 375 mg/m2 on Day 1 of 

C1, then 500 mg/m2 Day 1 of C2-6
(n = 195)

Stratified by del(17p), prior tx
response*, geographic region

*High-risk CLL defined as: del(17p); no 
response to first-line CT-containing tx; 
or relapsed in ≤ 12 mos after CT or in 
≤ 24 mos after chemoimmunotherapy.

Primary endpoint: 

- Investigator-assessed PFS

Secondary endpoints: 

- IRC-assessed PFS and MRD negativity, 

- IRC-assessed CR → ORR → OS (hierarchical testing), 
safety

28-day cycles

• Multicenter, randomized, open-label phase III trial

Venetoclax + Rituximab vs BR in previously treated CLL/SLL patients 
MURANO Study 

Seymour JF et al. . NEJM 2018; 378:1107. 
Kater A et al. J Clin Oncol 2020; 38:4042-4054. 



ibrutinib therapy, and three patients had PD (two of three
patients died as a result of PD; Table 1; Data Supplement).
Among patients treated with a venetoclax-based regimen
after venetoclax therapy (n 5 14), the response rate was
55% (six of 11 evaluable patients; all PRs); two patients
achieved stable disease, one was considered a non-
responder, and three had PD (Table 1).

MRD

Patients achieving uMRD at EOCT had the most favorable
outcome in both treatment arms, with HRs for PFS in the
VenR arm of 0.50 (95% CI, 0.28 to 0.89) versus low MRD
positivity and 0.15 (95% CI, 0.06 to 0.36) versus high MRD
positivity (Fig 2A). During post-venetoclax follow-up in the
VenR arm, with a median of 22 months off therapy,

73.1% of patients (95 of 130 patients) who completed
2 years of venetoclax without PD remained progression free
(Data Supplement). PFS rates at 18 months after EOT were
90.3% (95% CI, 83.5% to 97.2%) in patients with uMRD,
64.4% (95% CI, 42.1% to 86.6%) in patients with lowMRD
positivity, and 8.3% (95% CI, 0.0% to 24.0%) in patients
with high MRD positivity (MRD status at EOT; Fig 2B). Few
patients with high MRD positivity at EOT ever achieved
uMRD (three of 14 patients); most patients in this group
demonstrated increasing PB MRD before venetoclax
cessation (13 of 14 patients; Data Supplement).

VenR-treated patients who achieved a best response of PR
solely as a result of residual lymph node enlargement but
who achieved uMRD in PB at EOCT had PFS similar to that

No. at risk:
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BR
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FIG 1. Kaplan-Meier assessments of
(A) progression-free survival (PFS)
and (B) overall survival (OS). BR,
bendamustine plus rituximab; EOCT,
end of combination therapy; EOT, end
of treatment; HR, hazard ratio; ITT,
intent-to-treat; VenR, venetoclax plus
rituximab.
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MURANO trial: 4 year follow up 
(Includes impact of genomic complexity and mutations)

ibrutinib therapy, and three patients had PD (two of three
patients died as a result of PD; Table 1; Data Supplement).
Among patients treated with a venetoclax-based regimen
after venetoclax therapy (n 5 14), the response rate was
55% (six of 11 evaluable patients; all PRs); two patients
achieved stable disease, one was considered a non-
responder, and three had PD (Table 1).

MRD

Patients achieving uMRD at EOCT had the most favorable
outcome in both treatment arms, with HRs for PFS in the
VenR arm of 0.50 (95% CI, 0.28 to 0.89) versus low MRD
positivity and 0.15 (95% CI, 0.06 to 0.36) versus high MRD
positivity (Fig 2A). During post-venetoclax follow-up in the
VenR arm, with a median of 22 months off therapy,

73.1% of patients (95 of 130 patients) who completed
2 years of venetoclax without PD remained progression free
(Data Supplement). PFS rates at 18 months after EOT were
90.3% (95% CI, 83.5% to 97.2%) in patients with uMRD,
64.4% (95% CI, 42.1% to 86.6%) in patients with lowMRD
positivity, and 8.3% (95% CI, 0.0% to 24.0%) in patients
with high MRD positivity (MRD status at EOT; Fig 2B). Few
patients with high MRD positivity at EOT ever achieved
uMRD (three of 14 patients); most patients in this group
demonstrated increasing PB MRD before venetoclax
cessation (13 of 14 patients; Data Supplement).

VenR-treated patients who achieved a best response of PR
solely as a result of residual lymph node enlargement but
who achieved uMRD in PB at EOCT had PFS similar to that
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FIG 1. Kaplan-Meier assessments of
(A) progression-free survival (PFS)
and (B) overall survival (OS). BR,
bendamustine plus rituximab; EOCT,
end of combination therapy; EOT, end
of treatment; HR, hazard ratio; ITT,
intent-to-treat; VenR, venetoclax plus
rituximab.
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PFS OS
4 yo PFS: 57.3%

4 yo PFS: 4.6%

4 yo OS: 85.3%

4 yo OS: 66.8%
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MURANO trial: 4 year follow up 
Impact of cytogenetics in CLL outcomes 

Here, aCGH was used to assess genomic aberrations in
preference over FISH; there was moderate agreement
between aCGH and FISH detection of del(17p). Previously,
del(17p) was considered overrepresented and clinically
overperformed in the BR arm, in comparison with other
published data sets,33-35 when detected by FISH with the
standard cutoff value of 7%. Increasing the cutoff value to

20% rectified these anomalous findings, which were at-
tributable to a high proportion of patients with low-clone
del(17p), a subgroup who had similar outcomes to patients
with normal 17p. Similar outcomes were seen in the aCGH
del(17p) and FISH high-clone del(17p) populations; we
consider aCGH to be the more robust and clinically in-
formative determinant of 17p status in this cohort.
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FIG 4. (A) Oncoprint of most frequently mutated genes ($ 5%) in the venetoclax plus rituximab (VenR) arm. Progression-free survival (PFS) in patients with
cytogenetic alterations, using Döhner hierarchical classification, in the (B) VenR arm and (C) bendamustine plus rituximab (BR) arm. HR, hazard ratio.
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PFS on the VenR based on cytogenetics PFS on the BR based on cytogenetics 

Here, aCGH was used to assess genomic aberrations in
preference over FISH; there was moderate agreement
between aCGH and FISH detection of del(17p). Previously,
del(17p) was considered overrepresented and clinically
overperformed in the BR arm, in comparison with other
published data sets,33-35 when detected by FISH with the
standard cutoff value of 7%. Increasing the cutoff value to

20% rectified these anomalous findings, which were at-
tributable to a high proportion of patients with low-clone
del(17p), a subgroup who had similar outcomes to patients
with normal 17p. Similar outcomes were seen in the aCGH
del(17p) and FISH high-clone del(17p) populations; we
consider aCGH to be the more robust and clinically in-
formative determinant of 17p status in this cohort.
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FIG 4. (A) Oncoprint of most frequently mutated genes ($ 5%) in the venetoclax plus rituximab (VenR) arm. Progression-free survival (PFS) in patients with
cytogenetic alterations, using Döhner hierarchical classification, in the (B) VenR arm and (C) bendamustine plus rituximab (BR) arm. HR, hazard ratio.
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MURANO trial: 5 year follow up 

Outcome VenR
(n = 194)

BR          
(n = 195)

Median PFS, mos 53.6 17.0

5-yr PFS, % 37.8 Not 
evaluable

§ HR (95% CI) 0.19 (0.15-0.26)

§ P value < 0.0001

Median OS, mos Not 
evaluable

Not 
evaluable

5-yr OS, % 82.1 62.2

§ HR (95% CI) 0.40 (0.26-0.62)

§ P value < 0.0001

Category
PFS Since EOT, % (95% CI)

HR (95% CI)
24 Mos 36 Mos

uMRD 
(< 10-4)
(n = 83)

85.4 
(77.4-93.4)

61.3 
(47.3-75.2)

vs low-MRD+: 
0.40 

(0.18-0.91); 
P = .0246

vs high-MRD+: 
0.02 

(< 0.01-0.18); 
P < .0001

Category
OS Since EOT, % (95% CI)

HR
24 Mos 36 Mos

uMRD (< 10-4) 
(n = 83)

98.8 
(96.4-100.0)

95.3 
(90.0-100.0) HR: NS

P = NSMRD (≥ 10-4)
(n = 35)

88.6 
(78.0-99.1)

85.0 
(72.8-97.2)

PFS & OS

PFS and OS according to 
uMRD status at EOT with VenR
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MRD Status at EOT (n = 130)

Missing
High MRD+ (³ 10–2)

Low MRD+ (10–4 to < 10–2)
uMRD (< 10–4)

83

10

14
23

Among 83 patients with uMRD at EOT:
§ 32 (38.6%) sustained uMRD.

§ 28 (33.7%) had MRD conversion without. 
PD

§ 19 (22.9%) had MRD conversion with PD.

§ Median time from MRD conversion to PD: 
25.2 mos (95% CI: 19.4-30.4).

MURANO trial: 5 year follow up 

Kater A et al.  ASH 2021. Abstr 125.
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Summ a r y

We designed a lentiviral vector expressing a chimeric antigen receptor with speci-
ficity for the B-cell antigen CD19, coupled with CD137 (a costimulatory receptor in 
T cells [4-1BB]) and CD3-zeta (a signal-transduction component of the T-cell antigen 
receptor) signaling domains. A low dose (approximately 1.5×105 cells per kilogram 
of body weight) of autologous chimeric antigen receptor–modified T cells reinfused 
into a patient with refractory chronic lymphocytic leukemia (CLL) expanded to a 
level that was more than 1000 times as high as the initial engraftment level in vivo, 
with delayed development of the tumor lysis syndrome and with complete remission. 
Apart from the tumor lysis syndrome, the only other grade 3/4 toxic effect related 
to chimeric antigen receptor T cells was lymphopenia. Engineered cells persisted at 
high levels for 6 months in the blood and bone marrow and continued to express the 
chimeric antigen receptor. A specific immune response was detected in the bone mar-
row, accompanied by loss of normal B cells and leukemia cells that express CD19. 
Remission was ongoing 10 months after treatment. Hypogammaglobulinemia was 
an expected chronic toxic effect.

With the use of gene-transfer techniques, T cells can be genet-
ically modified to stably express antibodies on their surface, conferring 
new antigen specificity. Chimeric antigen receptors combine an antigen-

recognition domain of a specific antibody with an intracellular domain of the CD3-
zeta chain or FcγRI protein into a single chimeric protein.1,2 Although chimeric 
antigen receptors can trigger T-cell activation in a manner similar to that of endogenous 
T-cell receptors, a major impediment to the clinical application of this technique to 
date has been limited in vivo expansion of chimeric antigen receptor T cells and dis-
appointing clinical activity.3,4 Chimeric antigen receptor–mediated T-cell responses 
can be further enhanced with the addition of a costimulatory domain. In preclinical 
models, we found that inclusion of the CD137 (4-1BB) signaling domain significantly 
increases antitumor activity and in vivo persistence of chimeric antigen receptors as 
compared with inclusion of the CD3-zeta chain alone.5,6

In most cancers, tumor-specific antigens for targeting are not well defined, but in 
B-cell neoplasms, CD19 is an attractive target. Expression of CD19 is restricted to 
normal and malignant B cells and B-cell precursors.7 We have initiated a pilot clinical 
trial of treatment with autologous T cells expressing an anti-CD19 chimeric antigen 
receptor (CART19); three patients have been treated. Here we report on the immuno-
logic and clinical effects of in vivo T-cell treatment with chimeric antigen receptors 
in one of the patients, who had advanced, p53-deficient CLL.
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Cancer First patients of pioneering CAR T2cell
therapy ‘cured of cancer’
Cancer'killing cells still present 10 years on, with results
suggesting therapy is a cure for certain blood cancers

Doug Olson still has cancer-killing cells 10 years after infusion. Photograph: AP

Linda Geddes Science
correspondent
Wed 2 Feb 2022 11.00 EST

Advertisement

Two of the first human patients to be treated with a revolutionary therapy

that engineers immune cells to target specific types of cancer still possess

cancer-killing cells a decade later with no sign of their illness returning.

The finding suggests CAR T-cell therapy constitutes a “cure” for certain blood

cancers, although adapting it to treat solid tumours is proving more

challenging.

CAR – chimeric antigen receptor – T-cell therapy works by genetically

engineering an individual’s T-cells to recognise and destroy cancer cells.

T-cells are a type of white blood cell that can recognise and destroy foreign

cells, including cancer cells, but because cancer is very good at evading

immune detection, they often miss their mark. CAR T-cells are engineered to

make them better at detecting cancer cells.

In the UK the therapy is approved for use in children and young adults with

B-cell acute lymphoblastic leukaemia (ALL) and adults with certain types of

lymphoma – both are blood cancers.
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Durable Molecular Remissions in Chronic Lymphocytic
Leukemia Treated With CD19-Specific Chimeric Antigen
Receptor–Modified T Cells After Failure of Ibrutinib
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A B S T R A C T

Purpose
We evaluated the safety and feasibility of anti-CD19 chimeric antigen receptor–modified T (CAR-T) cell
therapy in patients with chronic lymphocytic leukemia (CLL) who had previously received ibrutinib.

Methods
Twenty-four patients with CLL received lymphodepleting chemotherapy and anti-CD19 CAR-T cells
at one of three dose levels (2 3 105, 2 3 106, or 2 3 107 CAR-T cells/kg). Nineteen patients ex-
perienced disease progression while receiving ibrutinib, three were ibrutinib intolerant, and two did
not experience progression while receiving ibrutinib. Six patients were venetoclax refractory, and 23
had a complex karyotype and/or 17p deletion.

Results
Four weeks after CAR-T cell infusion, the overall response rate (complete response [CR] and/or
partial response [PR]) by International Workshop on Chronic Lymphocytic Leukemia (IWCLL) criteria
was 71% (17 of 24). Twenty patients (83%) developed cytokine release syndrome, and eight (33%)
developed neurotoxicity, which was reversible in all but one patient with a fatal outcome. Twenty of
24 patients received cyclophosphamide and fludarabine lymphodepletion and CD19 CAR-T cells at
or below the maximum tolerated dose (# 23 106 CAR-T cells/kg). In 19 of these patients who were
restaged, the overall response rate by IWCLL imaging criteria 4 weeks after infusion was 74% (CR,
4/19, 21%; PR, 10/19, 53%), and 15/17 patients (88%) with marrow disease before CAR-T cells had
no disease by flow cytometry after CAR-T cells. Twelve of these patients underwent deep IGH
sequencing, and seven (58%) had nomalignant IGH sequences detected in marrow. Absence of the
malignant IGH clone in marrow of patients with CLL who responded by IWCLL criteria was as-
sociated with 100% progression-free survival and overall survival (median 6.6 months follow-up)
after CAR-T cell immunotherapy. The progression-free survival was similar in patients with lymph
node PR or CR by IWCLL criteria.

Conclusion
CD19 CAR-T cells are highly effective in high-risk patients with CLL after they experience treatment
failure with ibrutinib therapy.

J Clin Oncol 35:3010-3020. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Chronic lymphocytic leukemia (CLL) is the most
common adult leukemia. Patients with high-risk
disease manifest by del17(p13.1), p53 mutation,
complex karyotype, or unmutated immuno-
globulin variable regions require earlier therapy
and have shorter survival.1-3 For patients able to
tolerate aggressive therapy, chemo-immunotherapy
has been the preferred approach4; however, recently,
the Bruton’s tyrosine kinase (BTK) inhibitor,

ibrutinib, was approved, initially for relapsed
and refractory disease and subsequently for first-
line therapy.5,6 Although the overall response rate
(ORR) to ibrutinib is high, the complete response
(CR) rate is low, and survival of patients who
experienced progression while receiving ibrutinib
is short, with one study reporting median overall
survival (OS) of only 3 months.7,8 The BCL2
inhibitor, venetoclax, has shown activity in some
patients who experienced treatment failure with
ibrutinib therapy, but CR is rare and durability
not reported.9
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Fig 3. Factors correlatingwith the response to chimeric antigen receptor-modified T (CAR-T) cell therapy. (A) progression-free survival (PFS) and (B) overall survival (OS) in
patients with complete remission (CR), partial remission (PR), or no response (stable disease [SD] and/or progressive disease [PD]) by International Workshop on Chronic
Lymphocytic Leukemia (IWCLL; 2008) after cyclophosphamide plus fludarabine lymphodepletion and CAR-T cell infusion at or below the maximum tolerated dose (dose
level 1 or dose level 2). The median PFS and OS follow-up for patients in CR/PR was 12.3 and 12.4 months, respectively. (C) The peak CD4+/truncated human epidermal
growth factor receptor (EGFRt+; left) and CD8+/EGFRt+ (right) CAR-T cell counts in blood are shown in patients who did or did not clear disease from the bonemarrow (BM)
by high-resolution flow cytometry. (D) The peak CD4+/EGFRt+ (left) and CD8+/EGFRt+ (right) CAR-T cell counts in blood are shown in patientswho cleared disease fromBM
by high-resolution flow cytometry and did or did not have detectable malignant IGH sequences in marrow. Curves depict the probability estimated by logistic regression of
clinical outcomes associated with (E) peak CD4+/EGFRt+ and (F) CD8+/EGFRt+ CAR-T cell counts in blood. (G) Waterfall plot showing the change in cross-sectional area of
the six largest lymph nodes on computed tomography scan by IWCLL (2008) imaging criteria at best response in high-risk patients with CLL after CAR-T cell immu-
notherapy. Four patients (two CR, one SD, one died) without high-resolution imaging to enable tumor measurement are not shown. (H) CD19-negative progression in
a patient with robust CAR-T cell expansion in blood. BM, bone marrow; CRS, cytokine release syndrome; flow-neg, flow-negative; gr, grade; mOS, median OS; mPFS,
median PFS; NR, not reached; NT, neurotoxicity.
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Fig 3. Factors correlatingwith the response to chimeric antigen receptor-modified T (CAR-T) cell therapy. (A) progression-free survival (PFS) and (B) overall survival (OS) in
patients with complete remission (CR), partial remission (PR), or no response (stable disease [SD] and/or progressive disease [PD]) by International Workshop on Chronic
Lymphocytic Leukemia (IWCLL; 2008) after cyclophosphamide plus fludarabine lymphodepletion and CAR-T cell infusion at or below the maximum tolerated dose (dose
level 1 or dose level 2). The median PFS and OS follow-up for patients in CR/PR was 12.3 and 12.4 months, respectively. (C) The peak CD4+/truncated human epidermal
growth factor receptor (EGFRt+; left) and CD8+/EGFRt+ (right) CAR-T cell counts in blood are shown in patients who did or did not clear disease from the bonemarrow (BM)
by high-resolution flow cytometry. (D) The peak CD4+/EGFRt+ (left) and CD8+/EGFRt+ (right) CAR-T cell counts in blood are shown in patientswho cleared disease fromBM
by high-resolution flow cytometry and did or did not have detectable malignant IGH sequences in marrow. Curves depict the probability estimated by logistic regression of
clinical outcomes associated with (E) peak CD4+/EGFRt+ and (F) CD8+/EGFRt+ CAR-T cell counts in blood. (G) Waterfall plot showing the change in cross-sectional area of
the six largest lymph nodes on computed tomography scan by IWCLL (2008) imaging criteria at best response in high-risk patients with CLL after CAR-T cell immu-
notherapy. Four patients (two CR, one SD, one died) without high-resolution imaging to enable tumor measurement are not shown. (H) CD19-negative progression in
a patient with robust CAR-T cell expansion in blood. BM, bone marrow; CRS, cytokine release syndrome; flow-neg, flow-negative; gr, grade; mOS, median OS; mPFS,
median PFS; NR, not reached; NT, neurotoxicity.
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Table 1. Patient Characteristics

No. Histology
Age

(years)
Prior Therapies

(No.)
Progression on

Ibrutinib
Intolerant to
Ibrutinib

Time on Ibrutinib
(months) Venetoclax

Complex
Karyotype

Del
17p

Marrow
Abnormal
B Cells

(% leukocytes)

Blood
Abnormal
B Cells

(% leukocytes)

Absolute
Lymphocyte

Count
(3 1,000 cells/mL)

Tumor
Cross-

sectional
area (mm2)

Maximum
SUV

1 CLL/Richter’s 65 9 Yes No 12 No No Yes 0.0 0.0 0.70 NE 12.9
2 CLL/PLL 54 3 No No 0.75 No Yes Yes 21.9 10.6 0.88 1,223 3.4
3 CLL/Richter’s 64 9 Yes No 10 No No Yes 77.0 29.0 6.59 2,018 NA
4 CLL 59 7 No Yes 1 No Yes No 78.8 75.1 0.41 4,276 NA
5 CLL 55 7 Yes No 17 Refractory Yes No 89.8 23.0 0.81 20,406 9.1
6 CLL 61 6 Yes No 11 No No Yes 77.7 92.0 66.63 NE NA
7 CLL 63 7 No No 3 Refractory No Yes 32.2 31.2 6.24 1,140 NA
8 CLL 62 5 Yes No 14 No Yes Yes 66.4 39.7 8.93 3,867 NA
9 CLL 53 5 Yes No 13 No Yes Yes 79.3 22.3 0.62 2,909 4.3
10 CLL/Richter’s 68 4 Yes No 16 No Yes No 3.5 0.2 0.66 1,683 27.5
11 CLL 53 5 Yes No 34 No Yes Yes 64.5 26.1 1.04 4,753 10.9
12 CLL 70 5 No Yes 5 No No Yes 55.4 62 5.08 1,490 NA
13 CLL/Richter’s 47 3 Yes No 13 No No Yes 6.7 0.1 1.28 11,057 10.1
14 CLL/IPCs 40 4 Yes No 14 No Yes Yes 84.2 67.0 30.11 5,833 4.9
15 CLL 73 3 Yes No 4 No No Yes 0.4 0.0 1.11 3,229 3.7
16 CLL 61 4 No Yes 0.75 No Yes No 31.8 2.3 1.13 8,223 NA
17 SLL/Richter’s 70 6 Yes No 8 No No No 0.0 0.0 0.88 546 17.8
18 CLL 58 7 Yes No 26 Refractory Yes No 96.0 84.9 10.68 2,482 NA
19 CLL 50 6 Yes No 22 Refractory Yes Yes 90.0 79.0 22.62 3,223 NA
20 CLL 64 5 Yes No 19 No Yes No 78.0 28.9 3.19 4,349 NA
21 CLL/IPCs 53 5 Yes No 39 No Yes No 41.1 21.7 3.29 1,235 5.1
22 CLL 62 7 Yes No 9 Refractory Yes No 40.0 0.03 1.02 3,093 11.5
23 CLL 66 4 Yes No 26 No Yes No 58.6 13.1 2.49 2,400 3.8
24 CLL 58 7 Yes No 19 Refractory Yes Yes 81.0 90.1 31.79 6,071 5.0

Abbreviations: CLL, chronic lymphocytic leukemia; IPCs, increased proliferation centers; NA, not applicable; NE, not evaluated (pretherapy imaging did not permit high-resolution tumor measurement); PLL, pro-
lymphocytic leukemia; Richter’s, Richter’s transformation; SLL, small lymphocytic lymphoma; SUV, standardized uptake value.
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Patient characteristics

RT/PLL =6 (25%) N=19 (79%) N=6 (25%) N=16 
(66%)

N=14 
(58%)

Turtle C et al. J Clin Oncol 35:3010-3020. 



Phase 1 TRANSCEND CLL 004 study of lisocabtagene maraleucel in pts with R/R CLL/SLL

Siddiqi T et al. Blood 2021; blood.2021011895 [Online ahead of print].

Characteristic All patients (n = 23)

Age, y 66 (50-80)

High-risk features, any 19 (83)

del17p 8 (35)

mutated TP53 14 (61)

unmutated IGHV 8 (35)

complex karyotype 11 (48)

Lines of prior therapy 4 (2 – 11)

prior CIT 20 (87)

prior ibrutinib 23 (100)

prior venetoclax 15 (65)
5% (n=1) 8% (n=1)
14% (n=3) 22%

(n=2)
8% (n=1)

36%
(n=8)

22%
(n=2)

46%
(n=6)

45%
(n=10) 56%
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(n=5)
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A B78% (n = 7/9)
(95% CI, 40 0–97 2)

85% (n = 11/13)
(95% CI, 54 6–98 1)

Total
(N=22)
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Table 3. Treatment-emergent adverse events of special interest 632 

 All patients  
(N = 23) 

Dose level 1  
(n = 9) 

Dose level 2  
(n = 14) 

Patients with CRS    

Any grade 17 (74) 7 (78) 10 (71) 

Grade 1 7 (30) 3 (33) 4 (29) 

Grade 2 8 (35) 4 (44) 4 (29) 

Grade 3  2 (9) 0 2 (14) 

Grade 4 0 0 0 

Grade 5 0 0 0 

Time to CRS onset, days 3 (1‒10) 7 (1‒10) 2 (1‒10) 

Time to CRS resolution, days 12 (2‒50) 6 (2‒30) 12.5 (2‒50) 

Patients with NEs*    
Any grade 9 (39) 2 (22) 7 (50) 
Grade 1 0 0 0 

Grade 2 4 (17) 0 4 (29) 

Grade 3† 4 (17) 2 (22) 2 (14) 

Grade 4† 1 (4) 0 1 (7) 

Grade 5 0 0 0 

Time to NE onset, days 4 (2‒21) 16 (11‒21) 4 (2‒11) 

Time to NE resolution, days 20.5 (6‒50) 8.5 (6‒11) 29.5 (9‒50) 

Patients with CRS and/or NE 18 (78) 7 (78) 11 (79) 

Patients with CRS only 9 (39) 5 (56) 4 (29) 

Patients with NE only 1 (4) 0 1 (7) 
Tocilizumab and/or corticosteroid 
use    

Tocilizumab only 6 (26) 3 (33) 3 (21) 

Corticosteroids only 1 (4) 0 1 (7) 
Both tocilizumab and 
corticosteroids 8 (35) 2 (22) 6 (43) 

Tocilizumab and/or corticosteroids 15 (65) 5 (56) 10 (71) 

Data are expressed as n (%) or median (range). CRS, cytokine release syndrome. 633 
*NEs were liso-cel–related neurological adverse events defined by the investigator. 634 
†NEs were not mutually exclusive (encephalopathy [n = 3], aphasia [n = 1], confusional state [n 635 
= 1], muscular weakness [n = 1], somnolence [n = 1]). 636 
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Treatment naïve CLL patient 
requiring therapy 

Without del(17p) or TP53 
mutation (FISH and NGS)

IGHV mutated, 
unfit or high 

CIRS

IGHV mutated, fit, age 
<65 years,  and GFR 
>70 ml/min; CIRS <6

With del(17p) and/or TP53
mutation (high risk)

1. Ibrutinib, VenObi
acalabrutinib ±
obinutuzumab, 
Zanubrutinib.

2. May consider FCR

1. Ibrutinib, 
VenObi, 

acalabrutinib ±
obinutuzumab, 
Zanubrutinib.

2. May consider 
BR

1. Ibrutinib, acalabrutinib ± Obinutuzumab, 
Zanubrutinib

2.May consider VenObi followed by ongoing Ven
IGHV unmutated

Ibrutinib, VenObi
acalabrutinib ±
abinutuzumab, 
Zanubrutinib.

TP53
status 

IGHV 
status

and 
fitness  

Comorbidity considerations:
§ History of cardiac arrhythmias, anticoagulation 

therapy, or difficult to control hypertension: 
consider acalabrutinib or venetoclax before 
ibrutinib

§ Bulky disease, diminished CrCl, high-risk tumor 
burden: consider ibrutinib or acalabrutinib 
before venetoclax.

§ Used of PPI (avoid acalabrutinib….for now).



Treatment of R/R CLL 
patient requiring therapy 

Patient’s factors: 

• Co-morbidities,
• Medications (e.g., anticoagulants, 

anti-arrhytmics, PPIs, etc), 
• Tx preferences.   

Frontline therapy:

• BTKi (intolerance vs. progression)
• BCL2i (intolerance vs. progression)
• CIT
• Duration of response 

Disease factors: 

• Cytogenetics (Karyotype/FISH)

• Molecular (NGS)

ü Resistance mutations (BTKi vs. Ven)

BTKi +/-
Anti-CD20 Mab

1. Ven+Rituximab.
2. Venetoclax monoTx
Consider Clinical trial.

1.Consider clinical trial 
2. PI3K inh +/-
Anti-CD20 Mab

3. CAR-T Vs. AlloHCT

1. Different covalent  BTKi
2. Non-covalent BTKi if 

known mut. 
Consider Clinical trial.

1. Ven+Rituximab.
2. Venetoclax monoTx
Consider Clinical trial.

1. Ven+Rituximab.
2. Venetoclax monoTx
Consider Clinical trial.

1. Different covalent  BTKi
2. Non-covalent BTKi if 

known mut.
Consider Clinical trial.

1.Consider clinical trial 
2. PI3K inh +/- Anti-CD20 Mab

3. CAR-T Vs. AlloHCT

Progression 
on BTKi

Intolerance  
to BTKi

Ven+Obi

Progression 
on Tx

BTKi

Progression 
s/p Tx

• Ven-based Tx.
• Consider
Clinical trial.

BTKi
• Ven-based Tx.

• Consider
Clinical trial.

1.Consider clinical trial 
2. PI3K inh +/- Anti-CD20 Mab

3. CAR-T Vs. AlloHCT

Intolerance

BTKi

Consider Ven-based  
re-treatment 
• Consider
Clinical trial.



Thank you very much to:
• All the patients and caregivers.
• All our RN, ARNPs, PharmD and others. 
• All my mentors. 

Email: jose.sandoval@moffiitt.org;  jsandovalsus@mhs.net
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