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From immunology to target therapy
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A long path to CLL
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Genetic aberrations in the pathogenesis of CLL
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LC-MBL, HC-MBL, Ultrastable CLL have similar genetic complexity
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Recurrent chromosomal aberrations by FISH
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del(13qg) in CLL natural history
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CLL: a disease of B cells dependent on the microenvironment
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Several signals for one B cell

[ B cell proliferation and differentiation ]

Modified from Lanzavecchia and Sallusto 2007, Cur Op Immunol




T cells in CLL tissues
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Is CD40:CD40L interaction inducing CLL survival?
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Role of CD4* T cells in CLL development in vivo
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Role of CD40/CD40L interactions in CLL In vivo
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Role of CD40/CD40L interactions in CLL In vivo
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B-T cooperation in proliferation centers
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Proliferating CLL cells in vivo

Granziero et al, Blood, 2001



P27 1s modulated by CpG
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Several signals for one B cell

[ B cell proliferation and differentiation ]

Modified from Lanzavecchia and Sallusto 2007, Cur Op Immunol




TLRs stimulation protects from apoptosis and triggers cell cycle entry
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Stroma interactions protect from apoptosis
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Need of 3D structure to reproduce in vivo conditions
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3D multi-organ model to follow the dissemination of CLL cells
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Several signals for one B cell

[ B cell proliferation and differentiation ]

Modified from Lanzavecchia and Sallusto 2007, Cur Op Immunol




The B cell receptor i1s Key
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BCR signalling in CLL is heterogeneous
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ERK constitutive phosphorylation as a sign of anrgy
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BCR reactivity in CLL: self and foreign antigens

Bacteria e.g.
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Autonomous signalling in CLL
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Back to basic immunology
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Clinical relevance of major stereotyped receptors
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4 major stereotyped subsets; ~7% of all CLL distinct clinical outcomes for subsets #2 and #4,

independently of genomic aberrations or SHM status
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Subset 4
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Subset 4 CLL is anergic to BCR stimulation
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Subset 4: self recognition of CLL Fab

CLL240 CLL183

Interaction with the V-C hinge (VH FR1 and CH1 domains)

Minici C, Gounari M et al, Natture Comm 2017



Subset 4: self recognition

of CLL Fab
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Stereotyped subsets have a distinct clinical course
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Subset 2
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1A

V gene N J gene

Subset 2 express BcR IGM with: - heavy chains with IGHV3-21/IGHJ6 genes
- light chains with IGLV3-21 gene
- 9 amino-acid-long VH CDR3
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Poor clinical course is independent of genomics
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Gene mutations and |G stereotypy
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Aggressive subsets respond avidly via the BcR
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Self-association of subset 2 BCR in the crystals

P11475

The epitope is composed of: - residues in the FR1 region of the VL domain,
- residues in the VL-CL linker region

Minici C, Gounari M et al, Natture Comm 2017



Interactions is light chain mediated, mainly by LCDR2
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Only IGLV3-21 has a CDR2 sequence that contains the crucial residues

Minici C, Gounari M et al, Nature Commn 2017



Subset #2: weak Iinteraction in solution
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BCR signalling in CLL Is heterogeneous
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weak, transient _
binding i tight, stable
binding
0000000
0000000

4

Survival Anergy
Proliferation

Minici C, Gounari M et al, Nature Commn 2017



CLL: From biology to therapies
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Burger, Ghia et al, Blood, 2009



Target therapies in CLL
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BTK inhibitors BCL2 inhibitors
15t generation: Ibrutinib (NEJM 2015) 15t generation: Venetoclax (NEJM 2016, 2018, 2019)

2"d generation: Acalabrutinib (NEJM 2016; Lancet 2020), Zanubrutinib (Lancet Oncol 2022)
3rd generation: Pirtobrutinib (Lancet 2021, NEJM 2023), Nemtabrutinib _
Cartoon adapted from Byrd J, et al. J Clin Oncol 2014



Overall Survival similar to an Age-Matched Population 2 65yy

S —

— OS estimate (8-year) was comparable for the lbr-treated pts 265 years (201 cases) vs age-matched general population (Figure A)

— OS estimate (12-year) was also comparable for the overall Ibr-treated 603 cases) vs age-matched general population (Figure B).

A B
1.0 4 _
T e 1.0 ——
g Ve T . . .
=2 i == PP T
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.g Age-matched general population 265 y Ej Age-matched general population
>
€ 06- £ os]
= &
©
!5 0.4 - % 0.4-
> -
]
° 3
0.2 - — - 0.2
Ihnnrllglzbﬂﬁss v Genersl D::;;hm =y Ibrutinik General population
B-year OS-estimates (35% Cl) 78(71-84) 77 (70-82) 12-year OS-estimate (95% CI) B;;::i.l?} a;_(:ziss)
0.0 EE;IEE%CI} 0'9”%33‘1'5“ 0.0 |HrR(95% ) 0.87 (0.63-1.19)
- P-value 0.38
T T T T T T T L) T T T L} T T L] T T L LI L L T
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 108 120 132 144
Time (Months) Since Initial Diagnosis Patients at risk Time (Months) Since Initial Diagnosis
Patients at risk L
T Pooled ibrutinib 603 598 586 519 436 356 291 234 183 136 111 84 63
Pooled ibrutinib 265y~ 201 199 192 177 157 135 118 9 71 Age-matched
Age-matched SMaltheC 603 603 596 588 579 570 561 551 540 529 518 506 493
general population 265y 20! 201 196 191 186 180 174 168 161 general population
median follow-up of 6.8 years median follow-up of 5.9 years.

2Data after 96 months is not represented in the KM curve; ®Data after 144 months is not represented in the KM curve Ghia et al., ASH 2022; P1809 (poster P resentatio n)



CLL 14: Venetoclax + obinutuzumab - MRD rates and PFS

Venetoclax- Chlorambucil-
Obinutuzumab Obinutuzumab
100% 100%
80% 0%
60% 60%
40% 40%
20% 20%
0% 0%
\‘\\ :V\ il \"\"\ \Q'ST \\“*\ \\"“‘) \\\“\‘J .\\\}\(.‘ \\‘\\c .\\\“ﬂ" & . \"\\\ c"‘\\\ & \'\‘\}H i‘{.\‘. \.\*-.'\‘\ \«‘\‘.’ \\\6 .\\\“‘\“‘ \\\'"\'\
F o ‘ < < < < | o - | < < < < |
Patients off treatment Patients off treatment

O uMRD (<10%) B MRD+ MPD/Death W Withdrawn @ Missing

Venetoclax- Chlorambucil-
Undetectable MRD by NGS Obinutuzumab Obinutuzumab

Number of patients, N 216 216

Minimal residual disease level

>10%and <10° 26 % 13 %
>10%and <10 11 % 14 %
> 10 and <102 6 % 23 %
>107? 5% 29 %
No sample/not evaluable 12 % 14 %

By NGS in peripheral blood 3 months after completion of treatment

Adaptive Clonoseq assay, cut-off: 104, 105 and 106

Landmark Progression-free

survival (%)

100
o Venetoclax—Obinutuzumab
30 uMRD (n=163)
. Chlorambucil-Obinutuzumab
uMRD (n=746)
60
Venetoclax—Obinutuzumab
40 MRD + (n=23)
20 4
: Chlorambucil-Obinutuzumab
o | PFS by MRD status at EOT — b 00
6 12 18 24 30 36 42 48

Time on study after last treatment in months

Fischer et al. N Engl J Med 2019;380:2225-36



Phase 2 CAPTIVATE: study design

CAPTIVATE (PCYC-1142) is an international, multicenter phase 2 study evaluating first-line treatment with 3 cycles of
ibrutinib followed by 12 cycles of combined ibrutinib + venetoclax that comprises 2 cohorts: MRD and FD

3 cycles
ibrutinib
lead-in

12 cycles
ibrutinib +
venetoclax

~

~
Confirmed UMRD
LRandomize 1:1 (double-blind) Ibrutinib )
r — N
uMRD Not Confirmed Ibrutinib

LRandomize 1:1 (open-label) J

3 cycles
ibrutinib
lead-in

12 cycles
ibrutinib +
venetoclax

FD: fixed duration

Moreno et al, EHA 2022, P669 (poster presentation); Ghia et al. ASCO 2021, CAPTIVATE-FD; Wierda et al., ASH 2020; 123



Phase 2 CAPTIVATE: 3-years PFS in the FD cohort

Best overall response 100 —pp— 5 All treatad
105 - L patients
90
R L
4 50 - del(17p)/TP53
80 = Treatment mutated Urmnuktatecl
E"s 70 period DS
. ! 50
3’: 60 g
] B 50 4
§ - PFS
o 40 k=] 40
g del(17Fp)/TEsS Unmutated Al Treated
a 30— mutated | G Fatients
5, n=27 n=89 FI=155
20 2 20 —
o F5-month 80 86 B8
10 Y e (58-97) (77-92) (82-92)
. del(17p)/ TP53 mutated Unmutated IGHV All treated patients ] 1 - I T T T - 1 1 - I T
n=27 n=ee N=158 O 3 &6 9 12 15 18 21 24 27 30 33 36
Best uMRD Rates With del(17p)/TP53Mut or Unmutated IGHV? Months
Patients
at Risk

100 1 83 90

All treated

90 1 80 patients 159 155 193 152 152 151 144 144 143 142 131 130 117
80 - H With del(17p)/ = With unmutated IGHV Unrrmutated
70 TP53 mutated n=100 IGHYW 8289 86 85 85 25 g4 79 79 79 /9 T2 T2 B3
n=29 del(17pl/
60 1 =
27 2¥F 26 26 26 26 2 21 21 21 1= 1= 15
50 - mutated

40 -

Patients (%)

" Estimated 36-month PFS rates

20 A1
10 A1

Unmutated IGHV: 86% (95% CI 77, 92)
Del(17p)/TP53mut: 80% (80% CI 58, 91)

0 4

Bone marrow

Peripheral blood

Cl, confidence interval; CR, complete response; CRi, CR with incomplete bone marrow recovery; DOCR, duration of CR; FD, fixed duration; IGHV,
immunoglobulin heavy chain; MRD, minimal residual disease; uMRD, undetectable MRD; PFS, progression-free survival; PR, partial response

Moreno et al, EHA 2022, P669 (poster presentation); Ghia et al. ASCO 2021, CAPTIVATE-FD; Wierda et al., ASH 2020; 123




Refractory CLL/
Normal B cell MBL overt CLL Richter Syndrome
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Stereotyped HCDR3: a novel therapeutic target?

These unique and shared sequences can be exploited as candidate antigens for

CDR3 Consensus Sequence
Subset
1 CARVOWLIHENFDYW
CARAQWLVLLAFDYW
2 CARDANGMDVW
CATIDRNGMDVW
6 CARGGQYDYVWGSYRPNDAFDIW

CARGGDYDYVWGSYRPMMLFDIW

CARVLNYDYTWGSYRPINWFDPW

8 CARQTGYSSSWYGHNWFDPW

CARHVGYSSSWYGINWEFDPW

CARIIGYSSSWYGPINWFDPW

10 CARHRLGYCSSTSCYYYYYGMDVW

#: HLA-DRb1;

MHC class 11 7 binding
Peptide
(I5-mer)
CARYQWLIHENFDYW

ARAQWLVLL (HLA-
A¥0201)

TAVYYCARDRDANGMDY
VYYCARDANGMDVWG

AVYYCAIDRNGMDVW
TAVYYCAIDRNGMDWY

YDYVWGSYRPNDAFD

YDYVWGSYRPMMLED

ARVLNYDYIWGSYRP
CARQTGYSSSWYGHN

QTGYSSSWYGHNWFD
ARHVGYSSSWYGINW

HNGYSSSWYGPINWE
CARIIGYSSSWYGPIL

ARIGYSSSWYGPIN

RLGYCSSTSCYYYYY

DRBI1

=0301
0701

=701
0301

0701
0701

*0301;
0701
*0301;
#0701
=0301

*0301;
0701
#0701
*0701:
0301
0701
*0301:
0701
*0301:
0701

*0301;
0701

Binding
Score*

19
14
20

22

24
22

1714
1622
20
10; 14
16
22:11
24
20522

11;22

11: 30

*: binding score calculated by the SYFPEITHI software (www.syfpeithi.de);

IFN-g (N.spot/5000 cells

200+

150+

100+

50+

immunotherapy approaches

ITO1-0320-H1

@8 T cell allone
T2 alone
0 T2 +CDR3.1 (9-mer)
El \W6/32
—_ [ L243
B PHA

Q (4 Q) NS
& & AN &
o e P
&£ ¥
O
<
Target cells

CDR3-derived epitopes can elicit T cell specific responses in patients with CLL in vitro

Rovida A, Macalli C et al, 2020 submitted



Stereotyped receptors in Ep-TCL1 mice
Design of synthetic peptides

N=35 Epu-TCL1 derived leukemic clones
Identity analysis of CDR3 sequences

T

= Monoclonal HCDR3 sequence (n=6):
C GDYDGYWYFNV

EZ8ECE

http://www.syfpeithi.de/

H
mum
ggoge ¥ §5§ g

Tl

: Peptide design and synthesis
B 8¥BTITIEEICIBEYETFHARYERESITINEE G D Y D G Y W Y F

No similarity . High similarity

Rovida A, Macalli C et al, 2020 submitted



Experimental scheme

*  In vitro immunogenicity

Day 18
Splenocytes isolation Test
In vitro restimulation
and culture ©
Day 0 Day 8
BM cells Incubation of DCs . T TR T B >
extraction from with peptides and Day 22
C57BL/6 WT mice Injection into WT ek
mice T cells purification
@ @ and culture with rhiL2
+ 10 days IR Yivo experiments
| 1 1 1 1 1 1 | —_—
Days 0- 8

in vitro DCs
differentiation

Rovida A, Macalli C et al, 2020 submitted



Experimental scheme

Day 0 Day 8
BM cells Incubation of DCs
extraction from with peptides and
C57BL/6 WT mice Injection into WT
mice
I:IEI I:I:: +10days .  |n vivo experiments
I [ | [ | [ | [ | [ | [ | I — —
Day 18
Days 0- 8 l.p. injection of leukemia
in vitro DCs ”\ in vaccinated mice N
. . .- Monitoring
differentiation .
disease course
@ and survival
— — I [ | 3 3 2 o )

Rovida A, Macalli C et al, 2020 submitted
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Stereotyped receptors in Epu-TCL1 mice

Immunogenicity of synthetic peptides

L Mouse # HCDR3 Sequence Peptide
BoES : \ Sequence
e ;
: #445 CAGDYDGYWYFNVW pdd5 GD YDGYWYF

#115 CAGDRWGYWYFDVW - GDRWGYWYF

IN
o
o
——r

w
o
o

C Bfrom #445

H @ B from #115

T : Target B cells ratio

IFNg pg/ml

[ N

o o

o o o
~ 11

 The response of T cells is analogous for 2 leukemic clones belonging to
the same subset (similar HCDR3)

Rovida A, Macalli C et al, 2020 submitted



Qﬁvivo prophylactic vaccine against murine CLL

Leukemia #350

100+ * (n=5)
1004=— == DC pulsed (P350)  (n=5)
) 80+ -== DC NP (n=5)
L = =~ Not vaccinated mice
O 601 =2
2 S 5o
8 40+ n
X 23 .
20 'l :
041 ¢ r r r r r ' O T r r r r r r r
020 40 60 80 100 120 140 050 60 80 100 120 140 160 180 200 220 240
Days after leukemia injection Days after leukemia injection
~e- DCs P (P350) Median survival (days): DCs P: 127; DC NP: 102; NV: 98
- DCs NP

=+ Not vaccinated

The prophylactic vaccine inhibited the growth of leukemic CD19*/CD5* clone in
the PB of En-TCL1 transplanted mice and increased the overall survival

Rovida A, Macalli C et al, 2020 submitted



Qﬂ\vivo prophylactic vaccine against murine CLL

% CD19*/CD5"

% CD19*/CD5"*

1004

— DCs NP (n=16)
— DCs P (P350) (n=18)

oo
?

o)
e

401

204

40 B0 80 100 120 140 160

Days a:ter leukemia injection
1

1001

80+

60+

404

20+

T T T T T T 1
40 0 80 100 120 140 160

Days after leukemia injection

% survival

1004
504
Kk ok
O 1 1 T ] 1
0 50 100 150 200 250
Time

Median survival (days):
DCs P (P350) 139; DCs NP 84

Leukemia #350

Rovida A, Macalli C et al, 2020 submitted



IMPROVE: Intensification in Eatients CLL who need it
Study design

« Phase 2 single-arm interventional study

 Relapsed/refractory patients with CLL, naive to BTK and BCL2 inhibitors (previous
treatment with PI3K® inhibitors allowed)

 Primary objective: efficacy of the addition of ibrutinib to venetoclax in terms of MRD

PR/CR and MRD >10+*
Ibrutinib 420 mg daily

II*

Venetoclax 400 mg daily
“ Treatment discontinuation if both PB and BM

y MRD levels <10 at any timepoints

>

[
»

CiD1 C4D1 C7D1 C10D1 C13D1 C16D1 C19D1 C22D1 C24D1

& & & & VA S o VA

6-color flow cytometry ERIC panel including CD5/CD81/CD43/CD19/CD20/CD79b Scarfo etal, iwCLL 2019



Confocal microscopy

Target CLL cells in the 3D model with Ibrutinib
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Barbaglio F, Belloni D [...] Scielzo. Submitted



What about non-stereotyped BcR? The case of IGHV1-69

The most frequent gene (90% IG-unmutated) Aggressive outcome

100%

V1-69

— nonlGHV1-69, n=6277

75% ——IGHV1-69, n=916

50%

% Alive

25%
p<0.0001
IlIIIIIll l‘ IIl IIIII I.ll ‘IIIIIIII
® PN N

4"'.&‘\\1.\"“"‘" .\"’h" RO ”J" “"’ﬁﬁ“u""ﬂ 45;.\":\}04&‘\"\1{"‘?.\"1:\:"?:;;-'?hﬁ»‘:“'ﬂi’fb o Q-P'@S'?? -\"’PSV“ wﬁ:ﬂ-l"ﬁ:.«f;ﬁ“)-\é’:‘?}.\" Rty ""A“'ﬁ\“q'“‘&:(\;
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521 )
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sedimentation coefficient (S)

Johnson et al. J Immunol 1997 | Fais et al. J Clin Invest 1998 )
Widhopf et al. Blood 2004 | Agathangelidis et al. Blood 2012 Baliakas et al. Lancet Haematol 2014 Minici, Gounari et al, unpublished



A non-stereotyped CLL BcR

 Homotypic interactions mediated by HCDR1 and FR3

Minici, Gounari et al, unpublished
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BcR anergy is modulated by TLR signalling

TLR triggering elicits
responses

miR-17

miR-15a

miR-17, 20a

miR-19a, 19b

miR-17, 18a, 193, 19b, 20a

miR-17, 19a, 19b,

—

—
—

—b
—>

—»

TLR1/2

BTK.
CA PG
COE0
COES
ELK1
HMEB1
IERKR
ILzs
L3
IRAK1
IRF1

CTL

204, 92a, 15a

TLRs triggering induces
a distinctive gene

expression program
miR-17~92 involvement

Ntoufa et al, J. Immunol 2016



—BTK: essential effector of multiple B-cell processes

TLR BAFF-R BCR CXCR4/5

OO 000000 NNNNNNE INY

”””” Lyn PIP3 PI3K
| L265P
- MyD8g | - BTK CD7B/ Ga GBV
, mutation | 4 = SYK i
CinWM 1S ES %
BTK
' Y

w W NTB NFAT \

| l |

Proliferation/ Proliferation/ Proliferation/ Actin
survival survival survival remodeling

Chemokine-controlled
B-cell migration/
adhesion + homing



The phosphorylation status of MAP kinases (pERK, pJNK, pp38),
pIKK, STATs, BTK and PLCy2 decreased at 1 month of treatment.

OD pJNK/OD positive CTL

0.8

o
N
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N
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e
I
1
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o
N
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.‘
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Gounari et al. Leukemia 2019



Significant decrease in BcR sighaling capacity under treatment

40+
2 304 ek * &k
Reduction of calcium £*1 -
flux upon BcR cross- e
linking s i
10 M pa = :
Inability to increase 5 o] o°
o po - .
phosphorylation of : -
s .. O &> u
signaling molecules R S S
ég:l—q& &Uf é&&m ég,-.'d? d g&.g»dl&{bdf é_t-“ém &E*'Q@

Gounari et al. Leukemia 2019



Differential responses to TLR stimulation

16- ' ' 3 I:TLR inducers
12- T’ B NI: TLR non-inducers
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& 3
¥
»
b

Gounari et al. Leukemia 2019



TLR-inducers

TLR-non inducers

TLR signaling capacity under ibrutinib associates

»

P>

®
-3
®
A
—>
@
@
@
@ 3
A —>
+
A X
A X
L
A X
@
A

- — A PRily

—_ .PR

a2 /\ Progression/RT

® —3 ® Cr
e =+ ClLrelated death
-4 Non-CLLrelated death
4 —> Discontinuation due to
e ClLrelated reasons

Discontinuation due to
Other reasons

A A X
X @

3

Ll 4 Y Y T T T a T T Y Y Y Ll

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

maonths

Gounari et al. Leukemia 2019



Subset 8

Subset 8:

- expresses IGHV4-39/IGKV1(D)-39 BcR IG

- is G-switched

- carry long and positively charged VH CDR3s

- AGGRESSIVE/BCR RESPONSIVE-> RICHTER SYNDROME

73



Subset 8 CLL are at higher risk of RS

Sample Diagnosis Subset IGHV IGHD IGHJ % homology HCDR3 aa sequence
3542 RS Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02 100 CAASRGYSSGWYEGVNWEDPW
5675 RS Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02 100 CARIYGYSSSWYGGSNWEDPW
7342 RS Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02  99.10 CARSMGYSSSWYGGGNWEDPW
7599 RS Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02 100 CARRSGYSSSWYALKNWEDPW
7842 RS Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02 100 CARMTGYSSSWYKRD-WEDPW
5889 Non-transformed CLL Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02 100 CARRVGYSSSWYGQKNWEDPW
VG 770 Non-transformed CLL Murray 8 IGHV4-39*01 IGHD6-13*01 IGHJ5*02 100 CARITGYSSSWFAS-NWEDPW
\ —————
\ _———
AY -
\ _—‘———
\ -
-
—‘——
-
—————
\ -
\ S HR and 95% CI
\ _—‘——‘
[N - -
> =" 0.1 1 10 100

100 \Nm—"
= ——
& Subset 8 |
@ Subset 1
o 80 _
p Subset 6 =
=) —— IGHV4-39/stereotyped HCDR3 )
" Subset 7 =
g 607 IGHV4-39/no stereotyped HCDR3 8
=] Other subsets _—
@ —— No IGHV4-39/stereotyped HCDR3 .
S Subset 2 =
5 40 No IGHV4-39/no stereotyped HCDR[3 _
'S Subset4 . ——
Q -
= Subset 3 _—
3 . i Sub i

———
2 ubset 9
e J
n- I 4 +
O_
I I | | I | | I ] I I I I I ] | |
24 48 72 96 120 144 168 192 216 240 264 288 312 336 360 384 408

months

Rossi et al, Clin Cancer Res 2009




Subset #8 respond avidly via the BcR
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Subset #8 CLL mADbs bind microbial epitopes

(] subset #1 n=11

[ subset #2 n=6 Bl subset #8 n=10

dkk dkk ®k

1 1 1
* ¥ * ¥ * %
1 1 1

a_ 0_a

* EE 23 EE £ 0
2.5 * %k
- 1
2.0
o -
B 1.5
(]
O 1.0
0.5
OIU_I__f__%_'—_l__——F— |
MPD

CpG

MALPZ ' ' poly{U} . PAM3C5K4

Gounari et al, Blood, 2015



#8 reacts against autoantigens and neoepitopes

subset #1 subset #2 subset #8
g mm U i
A n=11 n=6 n=10
* *
1 1
Ll L] #kk EE
|| | —| 1

0D 450

,%% I.T. . %;

Jo-1 L U1-RNP s SS-A/Ro

subset #1 [ subset #2 B subset #8

]
2.5 * * *%k
|| * 1 1 ** 1 ] ** 1

2.0- ' : ' ' '
R 1.5-
L~}
(]
O 1.0

0.5_ ﬁ ﬁ

0.0 ,'i'. - %‘ : —— : —

AOPP-HSA HNE-BSA MDA-BSA

Gounari et al, Blood, 2015



Subset #8: self recognition of CLL Fab

01615

Interaction with the CL and C,;, domain of the “antigen” molecule

Minici, Gounari et al, unpublished, 2016



c(s) (AU/S)

signal (AU)

residuals

Subset #8: CLL p1615 sedimentation velocity

0.20 F

2.0

1.54

0.5+

6.6 6.8
radius (cm)

p1615

0.0

N -

4 5
sed coeff (S)

signal (AU)

residuals

035 F B 0.7 4
0.30 = - 0.6 4
0.25 - B =) 0.5 B
0.20 - R g, 04+ |
0.15 1 S o3l .
0.10 - E B ool _
0.05 [ 475% 1 01k _
0.00 | EEesmyssre 1 0.0L i
00217 i § 002¢ paiied |
02| T . .' , | %—0:02j L RN AR
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radius (cm) radius (cm)
Single species at s=3.4
Appearance of a second species at s=5.1
— 04 mghm Suggests fast and intermittent interactions
= 0.2 mg/mi
= 0.4 mg/ml

Minici, Gounari et al, unpublished, 2016



Anergic features in CLL
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LPS Lipopeptides
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Figure 1. CD23.CAR* T cells can be efficiently generated from samples obtained from CLL patients. (A) CD23.CAR expression in CLL-derived T cells (gray) and control not-transduced (NT) T

cells (white). (B) Phenotype of NT (white bars), and CD23.CAR* (gray bars) T lymphocytes generated from CLL samples. T cells have been identified as described in the Methods. The data
represent means (* SEM) from six different differentiations.
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Figure 2. Lenalidomide improves IS formation and exerts a costimulatory effect on CD23.CAR* T cells against MEC1 cells. (A) For FACS-based synapse analysis, CellTracker PE-labeled
MEC1 cells were cocultured with CellTracker FITC-labeled CD23.CAR* T cells (E:T ratio, 1:2) for 48 hours in presence or absence of lenalidomide. PE and FITC double-positive cells were
quantified by flow cytometry (n=3, *** p<0.001). (B) Gating strategy of PE/FITC double-positive cells in one representative experiment. (C-F) In vitro functional characterization of NT and
CD23.CAR* T cells (untreated control or pretreated with lenalidomide) (n=4). The data represent means * SEM, and unpaired t-test was used to compare NT and CD23.CAR*T cells. (C)
Short-term cytotoxic assay, E:T ratio, 5:1. **p< 0.01 (D) Intracellular staining for Ki67 after 72h. E:T, 1:1. (E-F) Intracellular staining for IFN-y and IL-2 after 5h. E:T, 1:3. The data represent
means * SEM, and unpaired t-test was used to compare NT and CD23.CAR*T cells.
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Figure 3
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Figure 3. Anti-leukemic effect and survival benefit of lenalidomide in CLL
xenotransplanted mice

(A) Tumor growth curves obtained in Rag2’y. female mice that received in the left flank a
subcutaneous transplant of MEC1 cells (10 x 10°). Twenty days later, when the tumors had
reached a mean volume of 95 mms3, lenalidomide was injected daily (arrow) following the
dose schedule used in human clinical trials. Mice were randomly assigned to one of the
following intraperitoneal treatments (4 mice/group): untreated (black squares),
lenalidomide 15mg/day (0.214 mg/kg, red rhombi); lenalidomide 25mg/day (0.357mg/kg,
violet triangles); lenalidomide 50mg/day (0.714 mg/kg, blue crosses); lenalidomide
100mg/day (1.43 mg/kg, purple stars). Each treatment was repeated daily from day 20 to
day 47 and animals were monitored for tumor growth, by caliper measurements of
perpendicular tumor diameters.

Animals were killed when the tumor volume reached 1000 mms3. Measurements were
stopped when 75% of originally treated mice were still surviving. *Statistically significant
differences were calculated using the Student t-test: *P < 0.05. Black asterisk refers to
Lena 0.357mg/kg, 0.714 mg/kg and 1.43 mg/kg compared to untreated control. Red asterisk
refers to Lena 0.214 mg/Kg and untreated control comparison. Data are from one
representative experiment of two.

(B) Kaplan-Meier survival curves for female Rag2’y,” mice challenged subcutaneously in
the left flank with MECL1 cells. Twenty days after MEC1 injections, mice bearing MEC1
tumors were randomly assigned to one of the following intraperitoneal treatments (4
mice/group): untreated (black squares), lenalidomide 0.214 mg/kg (red rhombi);
lenalidomide 0.357mg/kg (violet triangles); lenalidomide 0.714 mg/kg (blue crosses);
lenalidomide 1.43 mg/Kg (1.43 mg/kg, purple stars). Each treatment was repeated daily
from day 20 to day 47. Tumor size was evaluated by caliper measurements of
perpendicular tumor diameters. Animals were killed when the tumor volume reached 1000
mm3, Data are from one representative experiment of two.



Figure 4
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Figure 4. Lenalidomide improves the in vivo therapeutic efficacy of CD23.CAR* T lymphocytes from CLL
patients.

(A-B-C-D-E-F-G) Rag2’y, mice transplanted i.v. with MECL1 cells on day 11 of the leukemic challenge were left
untreated (Unt, black circles), injected with lenalidomide (Lena) as monotherapy (red rhombi), or adoptively
transferred with NT T cells (empty circles), NT T cells with lenalidomide (black triangles), CD23.CAR* T cells
(blue rhombi), CD23.CAR* T cells with lenalidomide (empty red rhombi). Mice received 0.214 mg/kg of
intraperitoneal lenalidomide daily starting at day 8, except for the day of the adoptive transfer. NT and
CD23.CAR* T lymphocytes were obtained from CLL donor #1. At day 23 after the transplantation, mice were
evaluated by flow cytometry analysis for the presence of human CD19* CD23*MECL1 cells in the lymphoid
tissues. The graphs show: (A) spleen weight, (B) the mean value (*x SD) of the relative contribution of hCD19*
CD23*cells (gated on CD19* cells) in SP, (C) the mean value (¥ SD) of the percentage of hCD19* CD23*cells
(gated on CD19* cells) in PB, (D) the mean value (* SD) of the relative contribution of hCD19* CD23*cells (gated
on CD19* cells) in BM, (E-F) the mean value (* SD) of the relative contributions of hCD4* Ty, Tgy, and T¢y in SP
and BM, (G) Representative flow cytometry plots of human CD8* and CD4*T lymphocytes expressing CD45RO
CD62L in the BM of mice adoptively transferred with NT or CD23.CAR* T cells (alone or in combination with
lenalidomide) from CLL patient #1. *P < 0.05, **P < 0.01, Student’s t-test .

(H) Expression of anti-CD23.CAR on the surface of T lymphocytes purified from the BM of xenotransplanted
mice_(day 30) treated with CD23.CAR* T cells in combination with lenalidomide (treatment schedule described
in panel A) evaluated by flow cytometry with a Cy5-conjugated-anti-human-Fc antibody (CAR). NT and
CD23.CAR* T lymphocytes were obtained from CLL donor #2.



Figure 5. Lenalidomide impacts immune cells of the microenvironment.

(A-B-C-D-E-F-G) Rag2'y. mice were transplanted with MEC1 cells and treated as described in Figure 4A-G. NT and CD23.CAR* T lymphocytes were obtained from CLL donor #1. At day 23 after the
transplantation, murine neutrophils, monocytes and macrophages were evaluated by flow cytometry analysis in the PB and lymphoid tissues. The graphs show: (A) the mean value (* SD) of the
relative contribution of CD11b* CSF1R- SSChigh neutrophils gated on CD45* in PB, (B) the mean value (* SD) of the absolute number of CD11b* CSF1R SSChigh neutrophils gated on CD45* in SP, (C)
the mean value (* SD) of the absolute number of CD11b* CSF1R- SSChigh |L-6* neutrophils gated on CD45* in SP, (D) the mean value (* SD) of the absolute number of CD11b* CSF1R* monocytes
gated on CD45* in SP, (E) the mean value (* SD) of the absolute number of CD11b* CSF1R* IL-6* monocytes gated on CD45* in SP, (F) the mean value (* SD) of the absolute number of CD11b* F4/80*
macrophages gated on CD45*in SP, (G) the mean value (* SD) of the absolute number of CD11b* F4/80* IL-6* macrophages gated on CD45*in SP. *P < 0.05, **P < 0.01, ***P < 0.001, Student’s t-test.
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Figure 6. Combination therapy with lenalidomide and CD23.CAR T cells impacts the survival of CLL xenotransplanted mice.

(A) Expression of CD23.CAR on the surface of T lymphocytes derived from CLL patient #3 evaluated by flow cytometry with a Cy5-conjugated-anti-human-Fc antibody (CAR).

(B) Rag2’y." mice who received MEC1 cells intravenously on day O were left untreated (black circles) or given NT T lymphocytes (days 11 and 18) with rhiL-2 every other day, starting at day 12 (six
administrations, empty rhombi); NT T lymphocytes (days 11 and 18) with daily lenalidomide from day 8 (black triangles); CD23.CAR* T lymphocytes (at days 11 and 18) with rhIL-2 every other day
starting at day 12 (six administrations, full blue rhombi); or CD23.CAR* T lymphocytes (at days 11 and 18) with daily lenalidomide from day 8 (full red rhombi) and monitored for survival. NT and
CD23.CAR* T lymphocytes were from CLL donor #3. mNT and mCAR refers to multiple adoptive transfer (days 11 and 18). Kaplan-Meier survival curve is represented; statistical analysis was

performed using Log-Rank test and is indicated in Figure.
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Figure 7. Lenalidomide elicits a tumor-specific cytotoxic activity of CD23.CAR* T lymphocytes in CLL xenotransplanted mice.

(A) Expression of CD23.CAR on the surface of T lymphocytes derived from CLL patient #4 evaluated by flow cytometry with a Cy5-conjugated-anti-human-Fc antibody (CAR).

(B-C-D) Rag2’y.mice who received MECL1 cells intravenously (day 0) were left untreated (black circles) or adoptively transferred with NT T lymphocytes (day 11, white circles), NT T lymphocytes
(day 11, black triangles) with daily lenalidomide starting at day 8, NT T lymphocytes (day 11) with rhIL-2 every other day starting at day 12 (six administrations, empty rhombi), CD23.CAR* T
lymphocytes (day 11) with rhIL-2 every other day starting at day 12 (six administrations, blue rhombi), CD23.CAR* T lymphocytes (day 11) with daily lenalidomide starting at day 8 (red rhombi). NT
and CD23.CAR* T lymphocytes were obtained from CLL donor #4. (B) BM cells were flushed from mice femurs and tibiae; using MACS-microbeads for human CD3 positive selection NT and
CD23.CAR* T cells were isolated via magnetic separation. After 12h of in vitro culture without restimulation, NT (white bar) and CD23.CAR* (black bar) T cell cytotoxic activity (from IL-2- and
lenalidomide-treated mice, respectively) was evaluated against CD23* MECL target, in a 4-hour assay at an E:T ratio of 3:1. The graphs show (C) the mean value (* SD) of the relative contribution of
hCD19* cells in BM, and (D) the mean value ( SD) of the relative contribution of hCD19*CD23* cells in BM. *P < 0.05, **P < 0.01, Student’s t-test.
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