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Prognostic score for early stage CLL patients

Variable Point

ALC >15 109/l 1

Palpable LN 1

UM-IGHV 1

A

171 145 95 66 47 30 12 3 2 0 -
109 92 63 35 22 11 6 4 1 1 0
53 36 15 13 10 3 2 1 1 0 -
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Cohen et al., Haematologica. 2019

Binet A CLL patients
Variable Point(s)

UM-IGHV 2

Del 17p 2

Del 11q 1

Tris 12 1

WBC >32 109/l 1

Risk group Score

Low-risk 0 

Intermediate-risk 1

High-risk 2-3

Risk group Score

Low-risk 0 

Intermediate-risk 1-2

High-risk 3-5

Rai 0 CLL patients

c-index=0.74

Condoluci et al., Blood. 2020

These models did not take into 
account mutations with potential 

prognostic impact
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2) Risk-adapted BTKi therapies 
overcoming the W&W phase

1) Information on W&W phase

Results of CLL12 do not justify 
any change to the current 

standard of “watch and wait.”



Clinical impact of XPO1 mutations in early stage CLL

XPO1 WT (N=268)
XPO1 Mut (N=8)

p<0.0001

N. at risk
268 71 10 2 0
8 0 0 0 0

XPO1 WT (N=274)
XPO1 Mut (N=12)

p=0.025

N. at risk
274 33 7 2 0
12 0 0 0 0

125
3

3
0

XPO1 WT (N=387)
XPO1 Mut (N=8)

p<0.0001

N. at risk
387 67 16 2 0
8 0 0 0 0

216
1

11

XPO1 E571 (N=25)
XPO1 D624 (N=3)
XPO1 WT (N=929)

N. at risk
929 171 15 2 0
3 0 0 0 0
25 0 0 0 0

D624E571WTP
0.001<0.0001-WT
0.594-<0.0001E571
-0.5940.001D624 p=0.007

XPO1 WT (N=258)
XPO1 Mut  (N=24)

N. at risk
258 23 4 1 0
24 0 0 0 0

96
2

p< 0.001

XPO1 WT (N=658)
XPO1 Mut  (N=4)

N. at risk
658 13 2 0
4 0 0 0

144
0

Training cohort 1st validation cohort 2nd validation cohort 

All patients IGHV unmutated IGHV mutated

Moia et al., BJH 2023

28/297
2.9%
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XPO1 mutations integrate early stage CLL prognostic scores

Variable HR 95% C.I. p value
WBC > 32,000/µL 2.96 1.98-4.30 <0.001
Unmutated IGHV 2.67 1.75-4.07 <0.001
Del 17p 1.97 1.06-3.67 0.032
Tris 12 1.76 1.11-2.78 0.016
Del 11q 2.31 1.36-3.39 0.002
XPO1 mutations 4.08 1.55-10.71 0.004

Rai 0 prognostic model2
N=395 patients 

1Condoluci et al., Blood. 2020; 2Cohen et al., Haematologica. 2020

Variable HR 95% C.I. p value
Unmutated IGHV 3.85 2.44-6.06 <0.0001
Palpable lymph nodes 2.49 1.57-3.97 <0.001
Lymphocyte >15,000/µL 1.98 1.23-3.20 0.005
XPO1 mutations 2.74 1.11-6.74 0.028

Binet A prognostic model1
N=295 patients 

XPO1HRIRLRP
<0.001<0.001<0.001-LR
<0.001<0.001-<0.001IR
0.405-<0.001<0.001HR
-0.405<0.001<0.001XPO1

Low-Risk (LR)

XPO1 mutated

High-Risk (HR)
Intermediate Risk (IR)

Low-Risk (LR)

XPO1 mutated
High-Risk (HR)
Intermediate Risk (IR)

XPO1HRIRLRP
<0.001<0.001<0.001-LR
<0.001<0.001-<0.001IR
0.096-<0.001<0.001HR
-0.096<0.001<0.001XPO1
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Moia et al., BJH 2023
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TP53 mutational status and OS – CIT

Rossi et al, Blood, 2014
Bomben et al.,et al, Clin Cancer Res 2021
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Eichhorst et al.,et al, Ann Oncol 2021

Front-line therapeutic algorithm – ESMO guidelines (2021)
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Ahn et al., NEJM. 2020; Woyach et al., ASH 2021

Ibrutinib allows to obtain prolong survival rates 
also in high risk TP53 disrupted CLL

Phase 2 trial dedicated to 
TP53 disrupted cases 

i) TP53

Phase 3 Alliance trial

TP53 mut and/or 17p del



Acalabrutinib and zanubrutinib
are active in TP53 disrupted patients

Byrd et al., JCO. 2021; Ghia et al., JCO. 2020; Sharman et al., Lancet. 2020; Tam et al., Haematologica. 2021. 

18-month PFS: 88.6%

ZANUBRUTINIB
ARM-C SEQUOIA TRIAL

ACALABRUTINIB
ELEVATE-TN

ACALABRUTINIB
ELEVATE-RR

ACALABRUTINIB
ASCEND

i) TP53TP53 mut and/or 17p del



Italian multicentre cohort Phase 2 trial and Danish cohort 

Clinical impact of different types of TP53 abnormalities

Phase 2 CLL2-GIVe trial

TP53 mutation only

17p del and/or TP53 mutations

Morabito et al., Am J Hematol. 2021; Brieghel et al., Clin Cancer Res. 2021; 
Huber at al., Blood. 2023

i) TP53



Brieghel et al, Clin Cancer Res, 2021
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Ibrutinib start date

6 months

Included pts.

Bomben et al.,et al, Leukemia 2023
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CLL retrospective multicenter cohort (n=229)

TP53 mutations by NGS FISH analysis for 17p deletion

Purified CD5+/CD19+ CLL



CLL retrospective multicenter cohort (n=229)

Bomben et al.,et al, Leukemia 2023
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TP53 aberrations

8 pts 
del17p

66 pts 
del17p/TP53mut

60 pts 
TP53mut

Bomben et al.,et al, Leukemia 2023

CRO
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95 TP53 WT pts

TP53 mutations = VAF ≥1%



TP53 aberrations and OS/PFS

Bomben et al.,et al, Leukemia 2023
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Multivariable analysis

OS and PFS were computed from date of ibrutinib treatment to date of death or progression/suspension or last follow-up

Bomben et al.,et al, Leukemia 2023
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Clinical impact of different types of TP53 abnormalities i) TP53

Bomben et al.,et al, Clin Cancer Res 2021

CK proxy?

CRO
AVIANO

BTKi are active in 
most of  TP53 

disrupted patients 



Clinical impact of TP53 in the CLL14 trial

Ven-Obi mitigates, but does not abolish, the negative prognostic impact of TP53 disruption

Al-Sawaf et al., iwCLL 2023

i) TP53TP53 mut and/or 17p del

CRO
AVIANO
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Impact of IGHV mutation status on outcome after FCR

2 4 6 8 10 12 140 16

p<0.0001
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IGHV mutated 
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IGHV mutated, FCR

IGHV mutated, FC

p<0.001

MDACC Phase II study (N=300)1 CLL8 study vs. FC (N=817)2100

0
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75

0 2 4 6 8
IGHV unmutated, FC

IGHV unmutated, FCR

Matched general 
population

High-risk (del[17p])

Intermediate-risk 
(IGHV unmutated 
and/or del[11q])

Low-risk (IGHV 
mutated)

Italian retrospective 
analysis (N=404)3
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p<0.0001a

p<0.0001a

p=0.227a

1. Thompson PA, et al. Blood 2016; 127:303–309. 2. Fischer K, et al. 
Blood 2016; 127:208–215. 3. Rossi D et al. Blood 2015; 126 1921–1924.
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Eichhorst et al.,et al, Ann Oncol 2021

Front-line therapeutic algorithm – ESMO guidelines (2021)
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BTKi overcome the prognostic value of IGHV mutational status

Barr et al., Blood Adv. 2022; Shanafelt et al., Blood. 2022; Hillmen et al., Lancet Oncol. 2023

RESONATE 2 trial

ii) IGHV

E1912 trial

FLAIR trial



Venetoclax + antiCD20 mitigates but not completely overcome 
the negative prognostic impact of unmutated IGHV genes

Al-Sawaf et al., iwCLL 2023

ii) IGHV



Al-Sawaf et al., iwCLL 2023

ii) IGHV
The poor outcome of unmutated IGHV in Venetoclax + antiCD20
treated patients is reinforced by TP53 disruption



Eichhorst et al.,et al, Ann Oncol 2021

Front-line therapeutic algorithm – from 2021 ESMO guidelines to….
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Eichhorst et al, Ann Oncol 2024
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Front-line therapeutic algorithm – ESMO guidelines (2024)

1) FCR no longer present
2) Same drugs but swopped
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Biomarkers vs. Patient-characteristics and Risk Stratification in CLL Therapy

IGHV status 
TP53 status
Biomarkers:

Patient characteristics:
 Co-morbidities
 Co-therapies
 Logistics
 Preference
Bulky disease
Intolerance/Resistance

Relative 
Importance

H
ea
vi
er

Li
gh
te
r

Courtesy of Davide Rossi, Bellinzona, CH
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Complex karyotype predicts PFS in ibrutinib-treated patients:
Results from the GIMEMA1114 trial

Rigolin et al., Blood 2021

iii) CK

CK>3 lesions = Borderline 
significance when devoid of TP53 

disruption



Molecular predictors of PFS in CLL with venetoclax-based 
combinations in the CLL13/GAIA trial

Furstenau et al., Blood 2023

iii) CK

hCKT poor PFS +12, +18, +19 excellent PFS 



Multivariate analysis from the CLL14 trial

Real-life italian cohort

Al-Sawaf et al., Nat Comm 2023; Autore et al., Hematol Oncol. 2023

Large lymph nodes predict outcomes in venetoclax-treated patients iv) Lymph Node
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VLA-4 (CD49d/CD29)
Ø heterodimeric integrin formed by non-covalent 
association of α₄ (CD49d; 155kDa) and β₁ (CD29; 150kDa) 
subunits

Ø It functions as a matrix and cell receptor

Ø It is expressed on:
─ eosinophils
─ basophils
─ NK cells
─ monocytes
─ T cells
─ B cells
─ thymocytes
─ myeloma cells

 

α₄
(CD49d) β₁ 

(CD29)

β1 chain (CD29) = common chain                       

α4 chain (CD49d) = binding specificity                               CRO
AVIANO



VCAM-1

Fibronectin

Emilin-1
(Wayner et al., 1989)

(Elices et al., 1990)

LIGANDS OF CD49d
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In vivo: CD49d ligands expression in CLL-involved area

VCAM-1

Fibronectin

Emilin-1Zucchetto et al. Cancer Res, 2009
Tissino et al., Hematol Oncol, 2022 
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Extremely variable expression among CLL

CD49d

CD19
%
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49
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on ++++
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-
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CD49d expression in CLL



CD49d expression and prognosis

Predictor of shorter progression-free 
survival in the context of FCR/FCR-like 
regimens (ARCTIC/ADMIRE clinical trials)

Prognosticator of shorter overall survival 
and treatment-free survival in the context 
of chemoimmunotherapy

Prognosticator of shorter progression-free 
survival in the context of BTKi therapy

Tissino E. et al. 2020, Blood; 135:1244-54
Tissino E. et al. 2018, J Exp Med; 215:681-97

Alsadhan A. et al. 2023, Clin Cancer Res

Pepper AGS. et al. 2022, Leukemia; 36:271-74

Bulian P. et al. 2014 JCO; 32:897-904
Shanafelt TD. et al. 2008 Br J Haematol; 140:537-46

Gattei V. et al. 2008 Blood; 111:865-73

Tissino E. et al. 2020, Blood; 135:1244-54

CRO
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40% of CLL cases CD49d+

60% of CLL cases CD49d-

30% 
cutoff

CD49d expression



Reduced redistribution lymphocytosis Reduced lymph node shrinkage

CD49d+ CLL

CD49d- CLL

CRO
AVIANO

Tissino E. et al. J Exp Med, 2018
Alsadhan A. et al. Clin Cancer Res, 2023

CD49d expression: clinical consequences in ibrutinib-treated CLL



Tissino E. et al. 2020, Blood; 135:1244-54
Tissino E. et al. 2018, J Exp Med; 215:681-97

Alsadhan A. et al. 2023, Clin Cancer Res

CD49d expression

Ahn et al, JCO 2021

4-Factor model

- TP53 mut and/or 17p del
- B2M >5.0 mg/dl
- LDH>250 U/L
- Previous lines >0

CD49d expression and the 4-factor prediction model for ibrutinib-treated CLL

Morabito et al., Am J Hematol. 2021 
CRO
AVIANO

0+1 pts (low risk)

2 pts  (int. risk)

3+4 pts (high risk)



«real-world» multicenter 
italian cohort n=410 cases

Bomben et al, HemaSphere 2024

CD49d expression and the 4-factor prediction model for ibrutinib-treated CLL

CRO
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Revision of the canonical 4-factor

TP53 disrupted = TP53 mut and 17p del

Previous lines >1

TP53 mut and/or 17p del
B2M >5.0 mg/dl
LDH>250 U/L
Previous lines>0

C-index 0.616

Bomben et al, HemaSphere 2024

Morabito et al., Am J Hematol. 2021 
Bomben et al, Leukemia 2023
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Modified 4-factor

The modified 4-factor outperformed the canonical 4-factor score (C-indices 0.616 vs 0.639; P<0.0001).

TP53 mut and 17p del
B2M >5.0 mg/dl
LDH>250 U/L
Previous lines>1

C-index 0.639

Bomben et al, HemaSphere 2024
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Modified 4-factor and CD49d
Bomben et al, HemaSphere 2024

CRO
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MVA 1

MVA 2



- 0+1 (low risk)
- 2     (int. risk)
- 3+4 (high risk)

Stratification (points):

Novel 4-factor-CD49d

1 - TP53 disruption (mutation & deletion)
2 – High B2M serum levels (>5.0 mg/dl)
3 – >1 previous line of therapy
4 – High CD49d expression 

Bomben et al, HemaSphere 2024

The 4-factor-CD49d outperformed the 
modified 4-factor score 

(C-indices 0.663 vs 0.639; P<0.0001)

CRO
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Antigen
BCR

CD79 Extracellular

IntracellularP

P

P

P

P P

P
P

P

BTK
LYN LYN

S
Y
K

A B
PI3Kδ

AKT
mTOR

PLCγ2

PKCβ

IKK

NF-ĸB

PIP2 PIP3

Ibrutinib

P

S
Y
K

BTK C481S mutation
PLCG2 mutation
Absent in ibrutinib naïve patientsWiestner, JCO 2013

Woyach, NEJM 2014
Famà, Blood 2014

CRO
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BTK mutations can be responsible for BTKi resistance 

2/3 of refractory/relapsing patients



BTK mutations are not the sole responsible for BTKi resistance

Bonfiglio et al., Blood Adv 2023

• One-third of patients with CLL
relapsing on ibrutinib do not carry
BTK/PLCG2 mutations, even with a
0.1% sensitivity

• Additional mechanisms, such as
del(8p), EGR2 and NF-κB pathway
mutations, may be cooperating in
determining progression on ibrutinib

CRO
AVIANO



Non-covalent BTK-Inhibitors in CLL inhibit both wildtype and C481-mutant BTK

Non-covalent BTK-Inhibitors in CLL inhibit both wildtype and C481-mutant BTK

00. Monat 2018 45

Zain R, et al. Front. Immunol. 2021; 12:694853.

Pirtobrutinib

Nemtabrutinib

Relative Binding Affinities of BTK Inhibitors to Different BTK Mutations

42

Bonfiglio S et al. Blood Advances 2023:
Retrospective multicenter observational study on 98 patients with CLL on Ibrutinib:

- One-third of patients with CLL relapsing on ibrutinib do not carry 
BTK/PLCG2mutations, even with a 0.1% sensitivity.

- Additional mechanisms, such as del(8p), EGR2 and NF-κB pathway mutations, may 
be cooperating in determining progression on ibrutinib.

Blombery et al., Blood Adv. 2022
CRO
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Gain-of-function PLCg2 mutations bypass BTK targeting and constitutively 
activate BCR signalling

Maher et al, Int J Mol Sci 2023

covalent

non-covalent

CRO
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Response to the non-covalent BTK inhibitor pirtobrutinib according to biomarkers 
in the Bruin phase 1-2 trial for CLL previously treated with covalent BTKi

Mato et al, NEJM 2023

Response was 70-80% across clinical and molecular subgroups, with the exception of patients 
expressing PLCG2 mutations, for which additional data are needed

CRO
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Venetoclax3

1. Plati J, et al. Integr Biol (Camb) 2011; 3:279–296; 2. Czabotar PE, et al. Nat Rev Mol Cell Biol 2014; 15:49–63;
3. Souers AJ, et al. Nat Med 2013; 19:202–208 (incl. suppl.); 4. Oltersdorf T, et al. Nature 2005; 435:677–681; 5. Tse C, et al. Cancer Res 2008; 68:3421–3428.

BCL-2 BCL-2BIM BAXBCL-2 BIM

Pro-survival proteins (e.g. BCL-2) 
sequester pro-death proteins by 

binding to their BH3 motifs1,2

Venetoclax competes for binding 
to pro-survival proteins, freeing 

pro-death proteins3–5

Venetoclax
BH3 motif

Venetoclax

BCL-2 BCL-2

BIM BAX

BCL-2

BIM

Venetoclax Is a Highly Selective, Potent, Oral BCL-2 Inhibitor Designed to Induce 
Apoptosis in Malignant Cells

CRO
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Blombery, P., et al., Cancer discovery, 2018.  Blombery P., et al., ASH 2018, oral abstract LBA-7  

Prognosticators/Predictors in the context of  BCL2 inhibitors

Gly101Val was the first identified = reduced 
the ability of VEN to displace BIM

CRO
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BM PBLN

LN LN

CD15 CD30

CLL

DLBCL

HL

Müller-Hermelink HK, et al, WHO Classification 2008

95-99%

1-5%

Definition of Richter syndrome

CRO
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NOTCH1 wt
NOTCH1 M

p<.001

No. at Risk
NOTCH1 wt 531 279 92 31 11 3 1 0 0
NOTCH1 M 74 28 8 1 0 0 0 0 0

Events Total 5-year risk 95% CI
NOTCH1 wt 18 531 3.9% 2.0-5.8
NOTCH1 M 12 74 18.6% 7.3-29.9

No. at Risk
NOTCH1 wt & no IGHV4-39 519 273 90 30 11 3 1 0 0
NOTCH1 wt & IGHV4-39 12 12 12 12 0 0 0 0 0
NOTCH1 M & no IGHV4-39 67 27 8 1 0 0 0 0 0
NOTCH1 M & IGHV4-39 7 1 0 0 0 0 0 0 0

Events Total 5-year risk 95% CI
NOTCH1 wt & no IGHV4-39 18 519 4.0% 2.1-5.9
NOTCH1 wt & IGHV4-39 0 12 0
NOTCH1 M & no IGHV4-39 8 67 12.5% 2.9-22.1
NOTCH1 M & IGHV4-39 4 7 75.0% 32.5-100

NOTCH1 wt & no IGHV4-39

NOTCH1 M & no IGHV4-39
NOTCH1 M & IGHV4-39

NOTCH1 wt & IGHV4-39

p<.001

p<.001

Risk of Richter transformation according to NOTCH1
mutation status and IGHV usage at CLL diagnosis 

Rossi et al., Blood. 2013
CRO
AVIANO

Trisomy 12

Trisomy 12

NOTCH1 mutations

BCR Subset #8



Clinical management of RS
Clinical suspicion of RS
• Bulky

• Extranodal 
• B symptoms
• HIGH LDH

PET
PET tailored biopsyManage as a CLL

CLL 
or 
“accelerated” CLL

DLBCL Second cancer

Clonal 
relationship

Clonally related RS Clonally unrelated RS

Manage as a de novo DLBCL 
(i.e. R-CHOP)

Clinical trial or R-CHOP 
or OFAR or
R-Hyper-CVAD

Adopt a biopsy policy
Close monitoring of CLL with

• IGHV4-39 with stereotyped HCDR3 (subset 8)
• NOTCH1 mutations
• trisomy12

Allo SCT

Fit
Donor

Auto SCT
Clinical trial
Follow-up

- +

+ -

+ -Molecular diagnostics

CRO
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Clonal relationship represents the most important prognostic/predictive factor
in Richter transformation 

DLBCL Richter 
Transformation

De novo/clonally 
unrelated (~20%)

Clonally related or 
unknown status (~80%)

Manage as DLBCL

Clinical trial
or

Intensified regimen 
and allo-SCT

NCCN Guidelines Version 2.2023, Histologic Transformation (Richter's) and Progression; 
Rossi et al., Blood. 2011; Parikh et al., Blood. 2014; Abrisqueta et al., Blood. 2017

Open issues on clonal relashionship in Richter syndrome
• Hurdles to collect tissue biopsy
• IGHV analysis not performed in all centers
• Hurdles in the evaluation of IGHV sequences especially in cases with 

concomitant presence of CLL and RS cells
• Need to confirm the prognostic role of clonal relashionship in large datasets 
• Need to define the best treatment regimen for each molecular group
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Biomarkers in CLL in the era of pathway inhibitors

Diagnosis/First 
presentation Before therapy Richter 

transformation
Progression 

under therapy

TP53
+ 

FISH
IGHV

BTK BCL2

CRO
AVIANO

IGHV

Tris12 NOTCH1

The CLL patient journey

«careful follow-up»
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