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Outline

1. High-risk CLLs respond poorly to 
CIT

2. New targeted therapies are 
active in (almost) all high-risk CLL

3. Need for predictive biomarkers
for the newer therapies





ENORMOUS PROGRESS IN THE 
TREATMENT OF CLL
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Frontline Therapy of CLL

• Current standard of care:

– FCR / BR

– Chlorambucil with obinutuzumab

• FCR produces 1 yr longer PFS than BR (at the 
expense of more toxicity)

• So why use FCR?



IgHV unmutated or
del(11q)

del(17p)

Eichhorst, Lancet Oncology 2016. Rossi, Blood 2015. 

IGHV mutated

Favorable long-term PFS with 

Firstline FCR in IGHV-M Subgroup

IGHV mutated

Eichhorst et al Lancet Oncol 2016 Rossi et al, Blood 2015



Favorable long-term PFS with 

Firstline FCR in IGHV-M Subgroup

Thompson, Blood 2016.

Thompson et al, Blood 2015



NO NEEED FOR TREATMENT (30%)

AGE > 65 yrs & COMORBIDITIES (60%)

IgHV UNMUTATED (+/- gene abnormalities) (60%)

MRD + 
(40%)

Who can benefit from FCR?

7%



IgHV-UM & 11q- have a poor
response to CIT but not to BCRi



Del11q or unmutated IgHV have por PFS 
after chemoimmunotherapy

Median PFS IgHV-UM

Thompson et al, Blood 2016 FCR300 48 m

Eichhorst et al, Lancet Oncol, 2016 CLL10 FCR: 38 m
BR: 25 m

Rossi et al, Blood 2015 Italian study 50 m

Rossi et al, Blood 2015

IgHV-UM or 11q-

IgHV-M

TP53mut

Eichhorst et al., Lancet Oncol 2015 Thompson et al., Blood 2016



Ibrutinib is equally active in IgHV-UM

All Treated R/R Subjects - Study 1102 + 1103 Long Term Follow-up

Figure 2.2.5.2 Kaplan-Meier Plot of Progression-Free Survival (PFS) by IgVH Status

Number At Risk
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O’Brien SM, et al; ASH 2016

RESONATE trial

Byrd et al, ASCO 2017

PCY 1102/1103 trials

Barr et al., ASH 2016 (abstract 234)

RESONATE-2 trial



Del11q is not a prognostic factor for adverse 
outcomes in CLL/SLL patients treated with 

ibrutinib 

Kipps et al., ASH 2016 (abstract 2042)

Progression-free survival

(n=101)
(n=29)

(n=96)
(n=25)

(n=101)

(n=29)

(n=96)

(n=25)

ibrutinib
del11q yes (n=29)

del11q yes (n=25)

chlorambucil 
del11q no (n=96)

del11q no (n=101)

Barr et al., ASH 2016 (abstract 234)

RESONATE-2 trial



CLL patients with TP53 dysruptions
should not be treated with CIT



Pressure on TP53 pathway in Cancer

• Most mutated gene in cancer
• 90% Missense mutants
• Tp53mut

 gain of function
• Two types of mutants

• Structural
• DNA contact

• Most mutants are overexpressed!

Adapted from Bykov V. et al, Nature Review Cancer, 2018

Oncogene activation
DNA replication stress

ROS
Chemotherapy

ATM/ATR ESF CREBBP

ARF

P
MDM2

AC
p53

P

CHK1 / CHK2

Apoptosis
• BAX
• PUMA
• NOXA

Senescence
• CDKN1A

Ferroptosis
• SLC7A11

Selection of TP53 mutants
Evasion of cell death
Tumor Progression



TP53 gene and elephants

Abegglen et al, JAMA 2015

Seluanov et al, Nat Rev Cancer 2018



Rossi D, Gerber B, Stüssi G. Predictive and prognostic biomarkers in the era of new targeted therapies for chronic lymphocytic leukemia. Leuk Lymphoma. 
2017 Jul;58(7):1548-1560

TP53 mutations and treatment in CLL





Suboptimal activity of target therapies in 
del17p

Relapsed/Refractory Subjects - Study 1102 + 1103 Long Term Follow-up

Figure 2.2.2 Progression Free Survival (PFS) by Del 17p/Del11q/Trisomy12/Del 13q Status

Number At Risk
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28 26 22 19 19 19 18 13 12 7 3 1 0
5 5 4 4 4 4 4 4 3 3 2 0
13 12 11 11 9 9 9 8 8 6 5 1 0
16 12 12 11 10 9 9 8 7 5 1 1 0

1
2
3
4
5

0 6 12 18 24 30 36 42 48 54 60 66 72

Months from Initiation of Study Treatment

0.0

0.2

0.4

0.6

0.8

1.0

P
r
o
g
r
e
s
s
io

n
 F

r
e
e
 S

u
r
v
iv

a
l 
(
P

r
o
p
o
r
ti
o
n
)

5: No abnormality4: Del13q+3: Trisomy 12+2: Del11q+1: Del17p+

Group:

+ Censored

0 6 12 18 24 30 36 42 48 54 60 66 72

Months from Initiation of Study Treatment

0.0

0.2

0.4

0.6

0.8

1.0

P
r
o
g
r
e
s
s
io

n
 F

r
e
e
 S

u
r
v
iv

a
l 
(
P

r
o
p
o
r
ti
o
n
)

5: No abnormality4: Del13q+3: Trisomy 12+2: Del11q+1: Del17p+

Group:

+ Censored

Del17p

Del11q

No abnormality

Trisomy 12+

Del13q+

O’Brien SM, et al; ASH 2016, abstract #233

RESONATE trialPYC 1102/1103

Byrd et al, ASCO 2017

Furman et al, NEJM 2014

IDELALISIB + RITUXIMAB VENETOCLAX

Roberts et al, NEJM 2016

MULTIVARIATE ANALYSIS
- TP53 abnormalities
- Nr of prior lines



Ibrutinib is active in CLL with additional
genomic abnormalities

NOTCH1

IGHV ATM

BIRC3

SF3B1

TP53

Stilgenbauer et al, ASH 2016 – Resonate 17p

Mutated
Unmutated

Variant
Wild Type

Variant
Wild Type

Variant
Wild Type

Variant
Wild Type

Variant
Wild Type



Prognostic & Predictive value of genetic
lesions in CLL

PROGNOSTIC PREDICTIVE VALUE

FREQ TTFT OS
5 yrs

Response to
CIT

Response to
Target treatment

del13q14 55% + 90% = =

NOTCH-1 15% + ~55% * =

17p / TP53 8% + ~40% PFS / OS PFS

ATM / 11q- 9% + 60% PFS / OS =

SF3B1 8% + ~55% PFS =

BIRC-3 4% + ~60% = =

MYD88 4% + 100% = =

* No differences with or without rituximab

Bosch & Dalla-Favera, (in press)



Treatment of early relapse (<36 m) 
or refractoriness to CIT 



Survival from First Salvage by Duration of Initial 

FCR Response 
P

ro
p

o
rt

io
n

0 12 24 36 48 60 72

Months

0.0

0.2

0.4

0.6

0.8

1.0

        Pts.     Died    Duration of FCR Remission
   7          5         Resistant
 34         23        <36 months
 56         15        >36 months

Courtesy Susan O’Brien



High activity of ibrutinib in R/R CLL

Median PFS 5-year PFS

TN (n=31) NR 92%

R/R (n=101) 51 mo 43%

S. O’Brien et al., Blood 2018

Brown J et al. Leukemia 2018



HELIOS: PFS by Treatment-Free Interval From 
Last Therapy (≥ 36 Months Vs < 36 Months)

Chanan-Khan et al. Lancet Oncol 2015; [epub] (Suppl Info)



Pooled Multi-Trial Analysis of Venetoclax 
Efficacy in R/R CLL

• ORR 76%

• CR/CRi 22%; median time to CR/CRi was 8.3 months 

• MRD-negativity (BM) in 15%

.

Courtesy J. Brown, Boston

Patient Disposition N=387
Venetoclax 400 
mg/day

305

Median duration of 
venetoclax, months

16.3 (0.03-54)

Discontinuation, %
Due to PD 
Due to AEs
Due to SCT
Withdrew consent

50
34
10
3
3



Investigator-Assessed PFS Superior 
for VenR vs. BR (Murano Trial)

Venetoclax + Rituximab (N=194) Bendamustine + Rituximab (N=195)

J Seymour et al, NEJM 2018



Contending with Progression to 
Ibrutinib



Ibrutinib in CLL: Real-World experience

1Parikh SA et al, Blood 2015
2Iskierka-Jażdżewska et al, L&L 2017
3UK CLL Forum. Haematologica, 2016
4Ysebaert et al, Am J Hematol 2017
5Mato et al, Haematologica 2018

Mayo1 Poland2 UK3 France4 USA5

N 124 224 315 428 621

Median age 65 63 69 70 62

Previous Tx NR 3 (1-10) 2(1-14) 3 (0-10) NR

Median FU (months) 6 10 16 3 17

PFS NR 79% at 12 m NR NR 35 m (median)

OS NR 82% at 12 m 77% at 16m NR 75% at 30 m

Discontinuation 22% 19%
AEs 50%
PD 38%

26%
AE52%
PD37%

13%
AE37%
PD28%

37%
AEs 50%
PD 21%

Dose reduction NR 15% 26% NR 20%

Predictive variables Age, ECOG, CK



Risk factors
TP53

Adv. Stage

TP53 > 50%
NOTCH1 ~ 40%

CDKN2A/B ~ 30%

del9p21 ~ 30%
MYC ~ 30%

MBL
CLL

Early Stage

CLL
Advanced

Stage

RS (5-10%)

CIT

Del13q14 
60%

TP53 2%
SF3B1 4%

NOTCH1 6%
ATM 5%

BIRC3 4%

Del13q14 
60%

TP53 5%
SF3B1 8%

NOTCH1 12%
ATM 10%
BIRC3 8%

Del13q14 50%
TP53 7%

SF3B1 21%
NOTCH1 10%

ATM 15%
BIRC3 6%

TP53 > 40 %
BIRC3 ~ 24%
SF3B1 ~ 17%
ATM ~ 20% 

BTKmut

PLCG2mut

Del(8p)
ITPKBmut

MYC gains

CLL Resistant
to CIT 

BCR signaling
Microenvironment

Risk factors
TP53 mut
NOTCH1 

mut
IgHV 4-39

CLL Resistant
to Ibrutinib (15%)

Ibrutinib
(>24 months)

Bone marrow
Clonally related

MYC gains

RS under
Ibrutinib (5%)

Ibrutinib
(<24 months)

Bosch & Dalla-Favera, NRCO 2018 (in press)

Risk factors
TP53 dysruptions

Adv. Stage
Complex Karyotype



Venetoclax after Ibrutinib or idelalisib
After Ibrutinib1 After Idelalisib2

N= 91 31

ORR 65% 67%

CR 9% 6%

Neutropenia G3-4 52% 50%

TTP (median) 24 months NR

1. Jones et al, Lancet Oncology, 2018; 2. Coutré et al, Blood 2018

Venetoclax after ibrutinib Venetoclax after idelalisib



What happened to allogeneic HCT?

Gribben et al, Blood 2018



Summary of clinical outcome with 
2nd generation (CD28, 41BBz) CAR T cells 

for CLL 

CR ~20-35%

Site Ref N
Gene 

Transfer

Costim

Domain
Conditioning CAR T cell Dose ORR CR

MSKCC
Brentjens,

Blood, 2011
8

Gamma-

retrovirus
CD28

None or Cy 1.5-3 

g/m2

Cohort receiving no CCT: 

1.2-3.0x107 CAR+ T cells/kg

Cy cohort: 0.4-1.0x107 CAR+

T cells/kg

0/8 (↓LN short of PR, 1/8; 

SD x ≥2 months, 2/8)
0%

MSKCC
Geyer,

ASCO, 2016
8

Gamma-

retrovirus
CD28 Cy 600 mg/m2

3x106, 1x107, or 3x107 CAR+

T cells/kg

4/8 (clinical CR, n=2; PR, 

n=2; SD, n=1)
25%

NCI
Kochenderfer, 

Blood, 2012
4

Gamma-

retrovirus
CD28

Cy 60 mg/kg x 2d 

+ Flu 25 mg/m2 x 

5d

0.3-2.8x107 CAR+ T cells/kg
3/4 (CR, n=1; PR, n=2; SD, 

n=1)
25%

NCI

Kochenderfer, 

J Clin Oncol, 

2014

4
Gamma-

retrovirus
CD28

Cy 60 mg/kg x 1-

2d + Flu 25 mg/m2

x 5d

1–4x106 CAR+ T cells/kg 4/4 (CR, n=3; PR, n=1) 75%

NCI
Brudno, J Clin 

Oncol, 2016
5

Gamma-

retrovirus
CD28

None (post-

AlloHSCT)

0.4-8.2x106

CAR+ T cells/kg

2/5 (CR, n=1; PR, n=1; SD, 

n=1)
20%

FHCRC
Turtle, ASH,

2016
18 Lentivirus 4-1BB

Cy 30-60 mg/kg 

x1 + Flu 25 mg/m2

x 3d (n=15)

2x105, 2x106, and 2x107

CAR+ T cells/kg;1:1 

CD4+:CD8+

13/17 (CR, n=5; PR, n=8) 29%

UPenn

Porter, Sci

Trans Med,

2015

14 Lentivirus 4-1BB
Investigator’s 

choice 
0.14–11x108 CAR+ T cells

8/14 (MRD negative CR, 

n=4; PR, n=4)
29%

UPenn
Porter, 

ASCO, 2016
35 Lentivirus 4-1BB

Investigator’s 

choice

Stage 1: 5x107 vs. 5x108

CAR+ T cells

Stage 2: 5x108 CAR+ T cells

9/17 (CR, n=6; PR, n=3) 

among pts treated w/stage 

2 CAR T cell dose: 

35%

Courtesy of J Park
Park J et al. Blood 2016;127(26):3312-20



TP53ATM

DNA damage
Chemotherapy

AKT

mTOR

BCR signaling

BLNK

ZAP70

BTKPI3K

NF-B

PI3K
PLC 2

PUMA BIMBCL-2 APOPTOSIS

CELL
SURVIVAL

SYK Idelalisib

Ibrutinib

X
Bosch & Hallek, Blood, Apr 2018

Venetoclax

CD20



CT mAB Targeted Study Line n CR(%) MRD(%)

FC B R Ob Ibru Idela V

❋ ❋ ❋ Davids et al. TN 35 21 20

❋ ❋ ❋ Helios R/R 289 40 25

❋ ❋ ❋ TN 32 87*

❋ ❋ ❋ Barrientos R/R 207 PFS 23 months

❋ ❋ Murano R/R 194 60 60

❋ ❋ ILLUMINATE TN 212

❋ ❋ Burger et al. TN 104 28 5 pts

❋ ❋ Bosch et al. TN 83

❋ ❋ G-CLL14 TN 13 58% 100%

❋ ❋ Flinn et al TN 32 72 78

❋ ❋ ❋ ❋ G-CLL13 TN

❋ ❋ Jain et al TN
R/R

40
37

100
80

100
40

❋ ❋ Hillmen et al R/R 38 49 30

❋ ❋ Rogers et al TN 24 20 46

30 pts reported ❋ ❋ CAPTIVATE TN 164 36 100



LYN

AKT

mTOR

BCR

BCR signaling

BLNK

PLC2

Pi3K

SYK

BTK

MAPKs

KRAS

NRAS

BRAF

Cell cycle
Apoptosis

DNA damage

SF3B1

Del13q14
(miR15A/16-1 Leu2)

XPO1

RNA processing

TLRs

BIRC3

NF-κB 

NF-κB
activation 

Target genes
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1

BCL2

Bak

Bax

PUMA BIM

H2B H2A

H3H4

-secretase

MYD88

IL-1R

H3B-8800

Selinexor
Eltanexor
SL-801

IMO-8400
CA-4948

Ibrutinib
Acalabrutinib
BGB-3111
CT1530
GS-4059

SNS-062
M7583
DTRMWXHS-12
CC-292

Idelalisib
Duvelisib
Umbralisib
INCB050465

Fostamatinib
Entospletinib
TAK659
Cerdulatinib

Venetoclax
Navitoclax
MIK665 (MCL1)
AMG176 (MCL1)

RO4949097
LY3039478
PF03084014

Brontictuzumab

CB-103

AZD6378
BAY1895344
Olaparib

DS303-2B
APG-115

MDM2

TP53ATM

Dasatinib
Bosutinib
Saracatinib

APR-246
COTI-2

BCL2

Bosch & Dalla-Favera, NRCO 2018 (in press)



How do I treat High-Risk CLL?

• CLL patients should be tested for biomarkers predicting 
response

• High-risk CLL usually do not respond to CIT  Use Novel 
agents

• Three classes of highly effective oral targeted inhibitors, 
mostly approved as single agents given continuously  
about to change

• Combine best agents

– To maximize number of MRD-negative remissions

– To limit treatment duration  less toxicity and cost

• Test Immunotherapies (checkpoint inhibitors, Allo-SCT, 
CAR-T cells) in high-risk / Richter syndrome



CLL
Active disease

del(17p)
TP53mut

Normal
TP53 gene

IGHV-M
Del13q, +12

IGHV-UM
del11q

Fit
FCR

BR (>65 yrs)

Unfit
Ibrutinib

Chl + Anti-CD20 mAb

Ibrutinib
CIT

Ibrutinib
Venetoclax

(if not candidate to ibrutinib)

R/R to CIT

Ibrutinib
(Venetoclax + Rituximab)  FDA

Idelalisib + Rituximab

Relapsed / Refractory

Intolerant to
Ibrutinib

Venetoclax
Idelalisib + Rituximab

R/R to ibrutinib

Venetoclax
Idelalisib + rituximab

Clinical Trial

Cell Therapy
Allogeneic-SCT

CAR-T cells

How do I treat (high-risk) CLL
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