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Chemoimmunotherapy

(FCR, BR)

Alemtuzumab
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- Chlorambucil 
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Treatments for CLL

2010-2024
BTK inhibitors (Ibrutinib, Acalabrutinib, Zanubrutinib,Pirtobrutiniob)

PI3K inhibitors (Idelalisib, Duvelisib)

BCL-2 inhibitors (Venetoclax)

Novel CD20 mAb (Obinutuzumab)



CLL lymph nodes: sites of CLL cell 

proliferation and BCR activation

From: Burger JA; N Engl J Med 383: 460-73, 2020

Figure 1. CLL Cells Proliferating in the 

Lymph-Node Microenvironment

Ki67 stain



CLL and their microenvironment:
pathways and targets

Burger & O’Brien, NRCO 2018



CIT for CLL salvage

BR in R/R CLL1

• ORR 59.0%, CR 9.0%, PR 

47.4%, nPR 2.6%, median 

event-free survival 14.7 

months. 

• Severe infections in 12.8% of 

patients. Grade 3/4 

neutropenia 23.1%, 

thrombocytopenia in 28.2%, 

and anemia in 16.6%

FCR in R/R CLL2

• ORR 73%, CR 25%, PR 32%, 

nPR 16%, median TTP 28 

months

• Grade 3/4 neutropenia 62%, 

thrombocytopenia in 17%

1 K Fischer JCO 29 :3559-3566, 2011 2Wierda W, JCO 23:4070-4078, 2005 
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Ofatumumab in Refractory CLL 

Survival Outcomes

*Time from start of treatment to progression (assessed by IRC) or death. 

**Time from start of treatment to death.

Median progression-free 

survival*

Median overall survival**

5.7 mo

5.9 mo

13.7 mo

15.4 mo



JSLTR 2017, 1102-03 5-year Update; Coutre et al.

PCYC-1102/1103 Phase 2 Study Design

Patients with CLL/SLL 
treated with 

oral, once-daily ibrutinib 
(420 or 840 mg/day)

Long-Term 
Follow-Up

≥Stable 
Disease

*R/R includes patients with high-risk CLL/SLL, defined as progression of disease <24 months after initiation of a 
chemoimmunotherapy regimen or failure to respond

Relapsed/Refractory* 
(R/R)
n=101

Treatment Naïve (TN) 
≥65 years

n=31

Phase 2 (PCYC-1102)
N=132 

Extension Study 
(PCYC-1103)

▪ Ibrutinib is a first-in-class, once-daily Bruton’s tyrosine kinase 
inhibitor 

– Approved by the US FDA for treatment of patients with CLL/SLL both as 
first-line treatment and for relapsed/refractory (R/R) disease 

– Allows for treatment without chemotherapy

Byrd et al. 2019, Clin Cancer Res (2020) 26 (15): 3918–3927



JSLTR 2017, 1102-03 5-year Update; Coutre et al.

Baseline Characteristics

Characteristic
TN

(n=31)
R/R

(n=101)

Cytogenetic abnormalities
  Del17p
  Del11q
  Trisomy 12
  Del13q
  Complex karyotype

Unmutated IGHV

6%
3%

26%
55%
13%

48%

34%
35%
12%
47%
37%

78%

Median lines of prior therapies, n (range)
  1–2
  3
  ≥4

—
—
—

4 (1–12)
27%
14%
59%

• The median time on study was 62 months (range, 1–67) for TN patients and 
49 months (range, 1–67) for R/R patients.

Byrd et al. 2019, Clin Cancer Res (2020) 26 (15): 3918–3927



ASH 2014, PCYC-1117, O’Brien S et al.

7-Year Experience With Ibrutinib Monotherapy
PFS (PCYC 1102/1103)

Median PFS 7-year PFS

TN (n=31) NR 83%
R/R (n=101) 52 mo 36%

Progression-Free Survival: TN vs RR PFS in RR CLL: FISH subgroups

Median PFS 7-year PFS

Del17p (n=34) 26 22%
Del 11q (n=28) 51 23%
Trisomy 12 (n=5) NR 53%
Del 13q (n=13) NR 73%
No abnormailty NR 66%

Byrd et al. 2019, Clin Cancer Res (2020) 26 (15): 3918–3927



RESONATE trial:

Ibrutinib vs. 

ofatumumab

All patients

PFS 44.1 vs 8.1, months

PFS by lines of prior Tx

PFS by complex

cyto

PFS by TP53 mut

PFS by 

del17p/del11q

PFS by 

IGHV

PFS by 

TP53

Munir T: Am J Hematol 94:1353–63, 2019



ELEVATE-RR: Ibrutinib vs Acalabrutinib in Patients 

With High-Risk Relapsed/Refractory CLL 

▪ Final analysis of randomized, multicenter, open-label, noninferiority phase III trial

Ibrutinib

(n = 268)

Acalabrutinib

(n = 265)

Patients with del(17p) or 

del(11q) CLL with active 

disease; ≥ 1 previous line of 

treatment; ECOG PS 0-2

(planned N = 533)

Until PD or 

unacceptable 

AE 

▪ Primary endpoint: PFS

▪ Secondary endpoints: OS; 
incidence of treatment-emergent 
AEs, atrial fibrillation; Richter’s 
transformation; grade ≥3 infections 

▪ FPI October 2015 – LPI November 2017 
(25 mo)

▪ Final analysis: 279 IRC PFS events, data 
cutoff 9/2020

Byrd, JC, et al. J. Clin Oncol. 39:3441-52, 2021



ELEVATE-RR: Noninferiority on IRC-Assessed PFS

▪ Noninferiority met on IRC-assessed PFS

HR: 1.00 (95% CI: 0.79-1.27)

Number at Risk
Acalabrutinib
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Median PFS, mo
(95% CI)

Acalabrutinib (n = 268)
Ibrutinib (n = 265)

38.4 (33.0-38.6)
38.4 (33.0-41.6) + Censored

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)

Median follow-up: 41 months

Noninferiority achieved if upper bound of 
the 95% CI of HR is less than the 
prespecified NI margin of 1.429 

Byrd, JC, et al. J. Clin Oncol. 39:3441-52, 2021



Byrd, JC, et al. J. Clin Oncol. 39:3441-52, 2021

Adverse Events: ELEVATE – R/R

TARGETED WEBINAR ON

CHRONIC LYMPHOCYTIC LEUKEMIA



Data to be presented Hillmen et al, EHA 2021

ELEVATE-RR: AEs of clinical interest

AE, n (%)
Acalabrutinib (n = 266) Ibrutinib (n = 263)

Any Grade Grade ≥3 Any Grade Grade ≥3

Cardiac events

▪ Atrial fibrillation/flutter

▪ Ventricular arrhythmias

64 (24.1)

25 (9.4)

0

23 (8.6)

13 (4.9)

0

79 (30.0)

42 (16.0)

3 (1.1)

25 (9.5)

10 (3.8)

1 (0.4)

Bleeding events

▪ Major bleeding events

101 (38.0)

12 (4.5)

10 (3.8)

10 (3.8)

135 (51.3)

14 (5.3)

12 (4.6)

12 (4.6)

Hypertension 25 (9.4) 11 (4.1) 61 (23.2) 24 (9.1)

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

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

SPMs, excluding NMSC 24 (9.0) 16 (6.0) 20 (7.6) 14 (5.3)
TARGETED WEBINAR ON

CHRONIC LYMPHOCYTIC LEUKEMIA

Byrd, JC, et al. J. Clin Oncol. 39:3441-52, 2021





ALPINE Study Design

Zanubrutinib 160 mg BID 

Ibrutinib 420 mg QD 
Stratification factors: 

age, geographic region, 

refractoriness, 

del(17p)/TP53 

R
1:1

R/R CLL/SLL with ≥ 1 prior treatment 
(Planned N=600, Actual N=652)

Key Inclusion Criteria
• R/R to ≥1 prior systemic therapy for 

CLL/SLL
• Measurable lymphadenopathy by 

CT or MRI

Key Exclusion Criteria 
• Prior BTK inhibitor therapy
• Treatment with warfarin or other 

vitamin K antagonists

Treatment until disease progression 
or unacceptable toxicity

Brown J et al. NEJM 388:319-332 2023



Zanubrutinib PFS by IRC Significantly Superior to Ibrutinib

Median study follow-up of 29.6 months

Brown J et al. NEJM 388:319-332 2023



Lower rate of cardiac events, 

treatment discontinuation, and deaths with 

Zanubrutinib

Zanubrutinib
(n=324)

Ibrutinib
(n=324)

Cardiac adverse events 69 (21.3%) 96 (29.6%)

Serious cardiac adverse events 6 (1.9%) 25 (7.7%)
Cardiac adverse events leading 
to treatment discontinuation 1 (0.3) 14 (4.3)

Ventricular extrasystoles 1 (0.3) 0
Atrial fibrillation 0 5 (1.5)
Cardiac arrest 0 2 (0.6)*
Cardiac failure 0 2 (0.6)
Cardiac failure acute 0 1 (0.3)*
Congestive cardiomyopathy 0 1 (0.3)*
Myocardial infarction 0 1 (0.3)*
Palpitations 0 1 (0.3)
Ventricular fibrillation 0 1 (0.3)

*Cardiac deaths. One death not listed due to myocardial infarction with ibrutinib discontinuation due to 
diarrhea 14 days prior to the fatal event. 

Lower rate of serious cardiac adverse 
events reported with zanubrutinib

– A fib/flutter (n=2)

– MI/ACS (n=2)

– CHF (n=2)

Fatal cardiac events:

– Zanubrutinib, n=0 (0%)

– Ibrutinib, n=6 (1.9%)

Data cutoff: 8 Aug 2022

Brown J et al. NEJM 388:319-332 2023





MURANO: Ven+R vs. BR: PFS and OS

AP Kater, JCO 38, 4042-4054, 2020.

Seymour J, et al. NEJM. 2018;378:1107-20

EOCT, end of combination 

therapy; EOT, end of 

treatment; HR



MURANO: Ven+R vs. BR: 
long-term PFS

Harrup RA ASH 2023 Abstract 1898



Venetoclax for CLL progressing 

after ibrutinib

Jones JA et al. Lancet Oncology 2: 200-211

PFS

OS





Strategies for treating Relapsed CLL

Woyach JA. Am J Hematol. 2022;97:S11–S18 25



Thank you!
Jan Burger, MD PhD

jaburger@mdanderson.org


	Slide 1
	Slide 2
	Slide 3: Treatments for CLL
	Slide 4: CLL lymph nodes: sites of CLL cell proliferation and BCR activation
	Slide 5: CLL and their microenvironment: pathways and targets
	Slide 6: CIT for CLL salvage
	Slide 7: Ofatumumab in Refractory CLL  Survival Outcomes
	Slide 8: PCYC-1102/1103 Phase 2 Study Design
	Slide 9:  Baseline Characteristics
	Slide 10: 7-Year Experience With Ibrutinib Monotherapy PFS (PCYC 1102/1103)
	Slide 11
	Slide 12: ELEVATE-RR: Ibrutinib vs Acalabrutinib in Patients With High-Risk Relapsed/Refractory CLL 
	Slide 13: ELEVATE-RR: Noninferiority on IRC-Assessed PFS
	Slide 14: Adverse Events: ELEVATE – R/R
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: MURANO Study Design
	Slide 21: MURANO: Ven+R vs. BR: PFS and OS
	Slide 22: MURANO: Ven+R vs. BR:  long-term PFS
	Slide 23: Venetoclax for CLL progressing  after ibrutinib
	Slide 24
	Slide 25: Strategies for treating Relapsed CLL
	Slide 26

