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CLL is genetically heterogeneous and lacks
disease defining genetic lesions
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* One of the tumor with the lowest background mutation load (0.6 per Mb)
* No unifying gene mutations
« TP53NOTCHASF3B,JATM mutated in >5% CLL

Thewordcloudshows the genes that are reported as mutated in CLL by the v77 of the Catalogue of Somatic Mutations in Cancer (COSI
size of the font is proportional to the mutatidrequency
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Genetic-based models of CLL prognosis
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CLL-IPI

Adverse factor Coeff.

Variable

IGHV status Unmutated 0.941
B2M, mg/L >3.5 0.665
Clinical stage Binet B/C or Rai l-IV | 0.499
Age > 65 years 0.555
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Clinical applications of predictive and prognostic biomarkers in CLL

Predictive biomarkers

Treatment tailoring

Prognostic biomarkers

Patient counseling

Frequency of follow-up

Identify those apropriate for
early intervention trials
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|GHVmutated patients gain the greatest benefit from FCR

100~- MDACC Phase Il study (N=300)! 100 CLL8 study vs. FC (N=817)>2

757 IGHVmutated 754
< = IGHVimutated, FCR
s_— ] O\
) 50+ ;; 50+
a a IGHVmutated, FC

257 IGHVunmutated 257 Vunmutated, FCR

0.0001
0= p< 0 p<0.001 nmutated, FC
0 2 4 6 8 10 12 14 16 E) é :‘r ;3 é
Time (years) _ _ _ Time (years)
Italian retrospective analysis (N=404)3
100=- 100=
- Matched general

— - population
< _ = Lowe-risk (IGHV
S S
2 50- 2 50 mutated)
a o — Intermediate-risk

o5 A (IGHV unmutated

25 and/or del[11q])
0= 0=
0 2 4 6 8 10 0 2 4 6 8 10
Time (years) Time (years)

ap-value vs. matched general population 1. Thompson PAet al. Blood2016; 127:303309. 2. Fischer It al.

FCR: fludarabine, cyclophosphamide, rituximab; MDACC: MD Andersomlood2016; 127:208215. 3.Rossi [t al. Blood2015; 126 19231924
Cancer Center; OS: overall survilRtS: progressiefnee survival



Guideline recommendations for IGHVanalysis in clinical practice

Recommendation When
: Not generally
Iess indicated ]
BCSH Not recommended -
Not generally
lgg indicated -
ESMO Desirable Beforetreatment

Halleket al. Blood. 2008;

Oscieret al. Br Haematol 2013
Zelenetzet al J Natl Cancer Inst 2015
Eichhortset al, AnnOncol2015.



BCRi are efficacious regardless of IGHVstatus

Analysis of idelalisib-treated patients with
R/R CLL from Phase Il Study 116/117
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Major stereotyped subsets represent distinct CLL variants

E 12%
u

very aggressive
EECE DOI PAT OEOL
transformation

the paradigmatic
indolent subset

Tobin et al. Blood 200&hiotto et al. JClinInvest 2004; Stamatopoulos et al. Blood 2007; Chu et al. Blood 2af&aet al. Mol Med 2008; Rossi et aClinCancer Res 2009; Sutton et
al. Blood 2009; Chu et al. Blood 20M&rincevicet al. Haematologic2010; Maura et alPLosOn011;Ntoufaet al. Mol Med 2012;:Agathangelidi®t al. Blood 2012Streffordet al.
Leukemia 2013; Rossi et al. Blood 2@&pakonstantinoet alMol Med 2013;Vardiet al. ClinCancer Res 2013; Sutton etibl Med 2014;Mansouriet al. ExpMed 2015

Courtesyof KStamatopoulos



Patients untreated (%)

BcR stereotypy refines prognostication in CLL

Distinct clinical outcomes for subsets #1, #2 and #4,

independently of genomic aberrations or SHM status
Baliakast al. LanceHaematol 2014

100 —— Subset 1
— Subset 2
—— Subset 4
del(17p)
754 1 — del(11q)
— Trisomy 12
—— del(13q)
All negative
50
25+
¥’ (df 7)=421-59
Log-rank test: p<0-0001 I
0 T T T 1
0 4 8 12 16

Time to first treatment (years)

All express IGHV234, all concern IG mutated CLL,
yet the outcome is different
Xochelliet al. ClinCancer Res 2017

—— Subset 4
1007 —— Subset 16
— Subset 201

T

Patients untreated (%)
Ul
[=]
1

X' (df2)
Log-rank test: p=0-08

T T T 1
0 4 8 12 16

Time to first treatment (years)

Subset #2 is as bad as CLL with TP53 aberrations thougF
essentially devoid of such lesions

% untreated

Subset #8: t he

Baliakast al.Blood 2015
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TP53abnormalities in CLL
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TP53abnormalities in CLL
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Chemoimmunotherapy (CIT) vs novel agents in TP53disrupted CLL

Relapsed/Refractory CLL
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TP53disruption is a prognostic biomarker in CLL

treated with novel agents

Ibrutinib in trials
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Guideline recommendations for TP53analysis in clinical practice

When What
iwCLL Beforetreatment 17pdeletion
ERIC Beforetreatment TP53mutation
BCSH Beforetreatment  17pdeletionand TP53mutation
NCCN Beforetreatment  17pdeletionand TP53mutation
ESMO Beforetreatment  17pdeletionand TP53mutation

Halleket al. Blood. 2008;

Oscieret al. Br Haematol 2013
Pospisilovat al. Leukemia. 2012
Zelenetzet al J Natl Cancer Inst 2015
Eichhortset al, AnnOncol2015.



Harmonization of TP53mutation analysis
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Biomarkers may inform first line treatment

Mutated

TP53 and/or d ":rll.‘t.'g'f Ra
deleted elallsi
[ Wild type ]
l N f N
IGHV Unmutated > lbrutinib
J . J
[ Mutated ] BR
1\ FCR
s Age;
Chemo + anti-CD20 CIRS; Chl + anti-CD20

Cr clearance

a|n patients who are not eligible for an?/ other therapies o .
Cht chlorambucil; CIRS: Cumulative lllness Rating Scale; Cr: creatinine Personaliew
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Clinical clues of Richter transformation

Clinical suspicion of RS

. Bulky disease
Extranodal involvement
. B symptoms

«  High LDH
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Risk of Richter transformation according to NOTCH hutation status
and IGHV usage at CLL diagnosis
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TP53disruption, MY Cactivation and CDKN2Aoss contribute to UP
CLL transformation to Richter syndrome

MYC
translocation NOTCH1
amplification mutations

\N 7/

MYC TP53
activation disruption

MGA
mutations

CLL CDKNZ2A DLB_CL

Fabbri, et al. J Exp Med 2011
Rossi, et al. Blood 2011 IOSS

Rossi, et al. Blood 2012 I 2 -
Rossi, et al. Leuk Lymphoma 2012 ( I C h t e r)

Chigrinova et al, Blood, in press



Clonal relationship of Richter syndrome

Clonally related
Richter

| V439 D6 J4

Clonally unrelated
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The genetic profile of clonally unrelated RS
differs from that of clonally related RS

100% -
90% -
0% - - — Clonally unrelated
= — Clonally related
70% - p=.018 =
— 2 807
60% p=.009 S
-
50% ~ ..E
50
40% £
=
30% S
D —
20% s 40
@
10% =
[i=]
0% 3
£
§ Jel =
N & 3]
S ES - p=.017
038? G?S:r | I | | I I I | I I
P N 0 12 24 38 48 60 72 84 95 108
A3 O
L Months
&

m Unrelated m Related

Rossi et al, Blood 2011; Rossi and Gaidano, 2018



Outline

Thegeneticlandscapeof CLL

Molecularprognosticatorsof CLL

Molecularpredictorsof CLL

Richtersyndromebiomarkers

Novel biomarkers



Complex Karyotype in the novel agent era
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Molecular mechanisms of resistance to ibrutinib

BCR pathway Non-canonical

| NF-kB pathway
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Clonal architecture of TP53mutated CLL

Scenario 1l

Case no. 474 390 73-2 i 1461 701
. c.G524A c.G329T c.A488G i c.Ge07C c.G743A
Mutation H

p.R175H p.R110L p.Y163C i p.V203L p.R248Q

Sanger seq

VAF by NGS 3.30% 9.11% 11.71% 17.34%

Nadeu F et al Blood 2016




Small TP53mutated subclones in untreated CLL

Sanger sequencing
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TP53subclone evolution in CLL treated within the CLLS trial

INCREASING CCF

TP53 17
del (17p) 14
IKZF3 4

del (18p) 4

Pre-treatment Relapse

Landau, Nature 2015



Diagnosis Chemotherapy Progression Chemotherapy Refractoriness
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« CLUscharacterizedoy a markeddegreeof molecularheterogeneity,
sincefew mutationsrecur patientsat a frequency>5%

« T3 disruption identifies a genetic category of high risk CLL,
predictschemoimmunotherapyailure and mandatestreatment with
iInnovativedrugs,includingibrutinib, idelalisibor venetoclax

« Mutated IGHVgenerepresenta predictive biomarkerfor identifying
patientsthat maybenefit the mostfrom chemoimmunotherapyvith
FCR

 Novel molecularprognosticatorsand predictors are under scrutiny,
but their applicationin the clinicalpracticeis premature



UNIVERSITA DEL PIEMONTE ORIENTALE

Fary Diop

Riccardo Moia

Lorenzo De Paoli

Gloria Margiotta Casaluci
Clara Deambrogi

Chiara Favini

Ahad Ahmed Kodipad
Sruthi Sagiraju

Nawwar Maher

Simone Favini

N

[stituto Oncolog
delln Svirzzera luhm

Lodovico Terzi di Bergamo
Valeria Spina
Davide Rossi

SAPIENZA

UNIVERSITA DI ROMA

IIaria Del Giudice
Sabina Chiaretti

Monica Messina
Anna Guarini

Luca Laurenti

Giovanni Del Poeta

UNNERSITA'degi STUDI di ROMA
TOR VERGATA

-0 Silvia Deaglio

University Hospital Southampton m

dation Trust

Francesco Forconi

@ _Institute For Cancer Genetics
Robin Foa

Laura Pasqualucci
Giulia Fabbri

Riccardo Dalla Favera

\ OSPEDALE
SAN RAFFAELE
CRO
AVIANO

Paolo Ghia Michele Da Bo
Valter Gattei

Grant support:

NOVARATT

ASSOCIAZIONE ITALANA
‘CONTRO LE LEUCEMIE-LINFOMI € MIELOMA

MINISTERO DELLISTRUZIONE,
DELL'UNIVERSITA E DELLA RICERCA




NOTCH1 mutations in CLL
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NOTCHutations as predictive marker for no benefit
from addition of rituximab to chemotherapy
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