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Systemic amyloidoses: protein misfolding diseases
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The main types of systemic amyloidosis have overlapping clinical presentations

Major organ involvement

Amyloid Type Precursor protein Heart
g ol - Kidney Liver PNS ANS ST
(bone tracers uptake)
| lobulin light T
mmunoglobulin li
AL amyloidosis (acquired) chain 2 & (usually absent, +++ ++ + + TR
can be intense)
+++
ATTRv amyloidosis . .
Mutated transthyretin (usually intense, can be - - +++ +H+ 2

(hereditary) . .
absent in some variants)

ATTRwt amyloidosis . . +++

. Wild type transthyretin ) = - - - -+
(acquired) (usually intense)
ApoAl amyloidosis ) ) +

. Mutated apolipoprotein Al + +++ - = =
(hereditary) (present)
AV S ET TR B Serum amyloid A protein + +++ + - + -
. Leukocyte chemotactic
ALECT2 (acquired) - +++ + - - -
factor 2

Palladini, et al. Blood 2020
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Cardiac

Heart failure

Musculoskeletal

Carpal tunnel

Polyneuropathy

Painful neuropathy in
hands and feet

AL amyloidosis manifests with signs and symptoms of organ involvement ...

Autonomic
Dysfunction

Orthostatic hypotension/
intolerance to blood

syndrome pressure meds

Back pain/lumbar
spinal stenosis

Chronic diarrhea/
Ruptured distal constipation/weight loss

biceps tendon/

Muscle weakness,
Popeye sign

difficulty walking, and falls

Shoulder, knee and
hip pain or surgery

Bradyarrhythmia
conductigah aby:om:a ities/

Erectile dysfunction

Trigger finger

Nativi-nicolau et al. Heart Failure Rev 2022
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A Diagnostic Algorithm for Cardiac Amyloidosis

Clues from history, ECG, echocardiogram, CMR
(see text and Table 1)

[ * SPEP/UPEP not as sensitive as IFE }

Monoclonal protein?
¢ Serum kappa/lambda free light chain (abnormal if ratio is <0.26 or >1.65)
* Serum/urine IFE (abnormal if monoclonal protein detected)

[ Surrogate site (fat pad) J

7~

e Cardiac scintigraphy could be
ordered simultaneously for
efficiency but must be interpreted
in the context of the negative
monoclonal protein screen

lacke itivi * Avoid false positives:
e Yes No SPECT imaging to exclude
+ ! blood pool uptake
* Avoid false negatives: consider
Consultation with hematologist Tc-99m -PYP/DPD/HMDP biopsy if scan is negative/equivocal
Biopsy (affected organ/surrogate site) Grade 2/3 uptake but clinical suspicion is high
¢ Positive Congo red
* Tissue typing by mass spectrometry ~
No Yes
( Cardiac amyloidosis unlikely ) ( ATTR-CM )
!

Genetic testing

Modified from Kittleson et al. JACC 2023



The Italian Amyloid Referral Center of Pavia approach
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Congo red staining

B ———> Amyloid typing <
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Immuno-electron microscopy = o
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Tissue biopsy for the diagnosis of amyloidosis: experience from some centres
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Amyloid typing

Typing — light microscopy immunohistochemistry
X unreliable with commercial antibodies
X  correctly classifies 94% of patients with custom-made antibodies
X not allowed by Italian Medicines Agency (AIFA) for prescriptions

Typing — electron microscopy immunohistochemistry
v' correctly classifies >99% of patients with commercial antibodies

Typing — mass spectrometry
v' laser capture microdissection, MudPIT
v"  not antibody dependent

- ..z | Adequate technology and experience (high number of samples examined)
e = B 1 LE are mandatory

Amyloid type assignment

Satoskar, et al. Am J Surgical Pathol 2011 Fernandez de Larrea, et al. Blood 2015 Brambilla, et al. Blood 2012
Schénland, et al. Blood 2012 Vrana, et al. Blood 2009 Benson, et al. Amyloid 2021



Diagnosis of systemic amyloidosis

Pre-symptomatic screening

in patients with MGUS

Signs and symptoms of
amyloid organ involvement

Tissue diagnosis
* Abdominal fat (sensitivity ~80% at referral
centers), bone marrow (sensitivity ~70%),

Is a monoclonal
component present?

Serum & urine IFE + FLC

(Diagnostic workup for non-AL
amyloidosis:
* cardiac scintigraphy with bone tracers in
patients with heart involvement
* DNA testing

\_* tissue diagnosis and typing

~N

J

\ 4

minor salivary gland (sensitivity ~80%).
* Biopsy of organ involved.

and tissue typing with adequate technology
* mass spectrometry

* immuno-electron microscopy

* light microscopy IHC with custom-made

antibodies

A 4

~N

(Assessment of clonal disease, organ

involvement, staging and risk stratification

* s&u IFE, FLC, BMPC iFISH, skeletal survey;

* NT-proBNP (or BNP), cardiac troponin, ECG,
Holter ECG, echocardiography, cardiac MRI;

* 24h proteinuria, creatinine (with eGFR);

* liver function tests

k evaluation of comorbidities

J




Pre-symptomatic diagnosis of systemic AL amyloidosis by biomarker based screening in patients

with MGUS

1375 pts
MC with abnormal FLCR

1315 pts

Normal biomarkers
Follow-up with no need for
further investigations

60 pts (4.3%)

Alteration of 21 biomarkers
38 pts

No AL amyloidosis
Diagnosis after further investigations
—)* 12 Diabetic nephropathy
* 8 Hypertensive nephrosclerosis
* 9 Hypertensive cardiomyopathy
* 7 Arrhythmias of new onset
* 2 Nonalcoholic fatty liver disease

22 pts (1.6%)

2.5 per 1000 person-year
Presymptomatic AL cases

Mangiacavalli et al. ISA2022

Additional tests in negative patients

* Renal biopsy: 20 patients
* Cardiac MRI: 9 patients




Biomarkers in cardiac staging

Mayo Clinic / European staging system
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ng/mL) with stage |, I, and Ill patients having 0, 1, or 2 markers

above the cutoffs.

Very high (>700 ng/L) BNP identifies patients with advanced

cardiac dysfunction (Stage lllb)

Dispenzieri, et al. JCO 2004
Wechalekar, et al. Blood 2013
Palladini, et al. Blood 2015

Lilleness, et al. Blood 2019
Kumar, et al. JCO 2012

Revised Mayo Clinic staging system
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Biomarkers in renal staging
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Palladini, et al. Blood 2014 Basset et al. CCLM 2022



iIFISH cytogenetics in AL amyloidosis

Associations with clinical characteristics

* Translocation t(11;14) in 50%
—  Light chain only / Bence Jones type

Translocation t(11;14) 39%

* Hyperdiploidy in 11%

Any Trisomy in 26%
—  Kappa light chain restriction — Kappa isotype more frequent
— Higher plasma cell infiltration of the bone marrow — Highest dFLC and BMPC at diagnosis

—  Higher age at diagnosis and heavy chain type —  Higher age at diagnosis

] . C o
. Overlap between t(11;14) and hyperdiploidy (2%) Overlap between t(11;14) and trisomies in (4%)

* Gainof 1g21in 20%

— Higher plasma cell infiltration of the bone marrow
—  Lambda light chain restriction

Bochtler, et al. Blood 2008 Bryce, et al. Haematologica 2009

Bochtler, et al. Blood 2011 Warsame, et al. Blood Cancer J 2015
Muchtar, et al. Leukemia 2017



AL amyloidosis: hematologic disease + organ damage

JALP !

Peripheral Nervous System

Bone marrow plasma cells o H‘-—H ?
usually less than 10% L
YFLC . I
. o verr D
10‘ s > 0 %] “
O 1 1 1 1 1
0 20 40 60 80 100
Chemothera Novel anti-MM drugs . .
Alkylati ngaggz ts P raitinaieil g Patients with organ response (%)
S id CR, VGPR, and PR data from 1065 patients at Pavia ARTC
'te"°' * W MRD data by NGF on 69 patients at Pavia ARTC
mmunomodulatory durgs

Proteasome-inhibitors

J«NT—proBNP

AL, amyloid light-chain; ALP, alkaline phosphatase; ARTC, Amyloidosis Research and Treatment Centre; CR, complete response; FLC, free-light chains; MRD, minimal
residual disease; NGF, next-generation flow; NT-proBNP, N-terminal-pro-hormone brain natriuretic peptide; PR, partial response; VGPR, very good partial response Adapted from Nuvolone & Merlini. NDT 2016,;32(5):770-80
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Mario Boccadoro’ and Efstathios Kastritis® (®



Treatment selection in AL amyloidosis

1. Assess eligibility for ASCT



ISA/EHA guidelines for ASCT eligible patients: eligibility criteria

.
Performance status )

Blood pressure .

Heart assessment °

Respiratory function °
[ ]

Hemorrhagic risk
assessment

<65 years (patients aged 66-69 years can be considered at referral
centers after careful multidisciplinary discussion).

Performance status (ECOG) 0-2 (unless caused by peripheral
neuropathy).

Supine systolic blood pressure 290 mmHg °
NYHA class | or |l (if heart involvement is present).

Ejection fraction by echocardiography >240%.

Cardiac stage | or |l (cardiac stage lll patients can be considered at
referral centers after careful multidisciplinary discussion).
NT-proBNP <5000 ng/L.

Troponin | <100 ng/L or troponin T <60 ng/L or hs-troponin T <75
ng/L

Direct bilirubin <2 mg/dL

eGFR >50 mL/min per 1.73 m? (patients whose eGFR is between 50
and 30 mL/min can be considered at referral centers after careful
multidisciplinary discussion).

Patients on chronic and stable schedule of dialysis should not be
excluded.

Oxygen saturation 295% on room air. °
DLCO >50%.

Clinical evaluation Inclusion criteria Exclusion criteria

Orthostatic hypotension refractory to medical therapy.
Symptomatic and/or medically refractory ventricular and
atrial arrhythmias.

Uncompensated heart failure.

Symptomatic and/or medically refractory pleural effusions.

Factor X deficiency with factor X level of <25% or/and
evidence of active bleeding.

Extensive Gl involvement with evidence of active Gl
bleeding or risk of bleeding.

Sanchorawala, et al. Amyloid 2022



ISA/EHA guidelines for ASCT eligible patients

Should be considered if
bone marrow plamacytosis >10%

Induction

Bortezomib based regimen = daratumumab

2—4 cycles

CR

A

y

Stem cell

collection

A

y

[If CrCl< 30 Melphalan 140 mg/mZJ —»[

Mel200 ASCT

A

>Hematologic VGPR

\ 4

Option to observe
without ASCT

[ Follow-up ]=

, Relapsed/refractory
algorithm

Sanchorawala, et al. Amyloid 2022



Treatment selection in AL amyloidosis

1. Assess eligibility for ASCT

2. Assess specific comorbidities in subjects who are not transplant candidates



ISA/EHA guidelines for non-transplant chemotherapy

[ Neuropathy }

No

[ Cardiac stage | - llla ]

l

First option:
Dara-CyBorD

If first option is not available:
CyBorD, BMDex

~

)

[ Cardiac stage lllb ]

/ First option: \

Dose modified Dara-CyBorD
Daratumumab single agent

If first option is not available:

[ All cardiac stages ]

/ First option: \

Single agent daratumumab

If first option is not available:
Lenalidomide and dexamethasone

Dose modified CyBorD or BMDex

N /

QADex, Carfilzomib — Dex, Venetoclax/

Wechalekar, et al. Amyloid 2022



ANDROMEDA: a randomized, open-label, active-controlled, phase 3 study of DARA SC plus CyBorD vs CyBorD

alone in newly diagnosed AL amyloidosis

Key eligibility criteria:

* AL amyloidosis with >1 organ
impacted

* No prior therapy for AL amyloidosis
or MM

* Cardiacstage I-Il1A (Mayo 2004)
* eGFR >20 mL/min

Hematologic response

CyBorD

92%

Dara-CyBorD

Post-treatment Phase

Treatment Phase

- DARA SC 1,800 mg DARA SC 1,800 mg
— c QW Cycles 1-2, Q2W Q4W until
$ S Cycles 3-6 + CyBorD® MOD-PFS or
> © = weekly x 6 cycles maximum of
=} Eg00 n=195 24 total cycles
= > -8 n
c S22
b5 S = CyBorD?
o -
5 weekly x 6 cycles
) -l

L n=193

Stratification criteria:

Cardiac stage (I vs Il vs Il1A)
Transplant typically offered in local country (yes vs no)
Creatinine clearance (=60 mL/min vs <60 mL/min)

100
90
80
70
60
50
40
30
20

Cardiac response

42%
CyBorD Dara-CyBorD

Observationuntil MOD-PFS
(if DARA SC discontinued

prior to MOD-PFS)

Observation until MOD-PFS

100
90
80
70
60
50
40
30
20
10

Renal response

53%
24%

CyBorD Dara-CyBorD

Kastritis, et al. NEJM 2021



Daratumumab combinations in stage Illb patients

Figure. Overall Survival 120 = - Heme CR
B seme verr 100%

Overall Survival & B seme PR
° 60
1.0 + Censored 'IS. % Patients Alive at Latest
{; Follow-up
0.8 s 30
3
g 0.6 a2 ° -
g % a0 Cardiac
° 04 + - -'=| ’E: 3 Response
e ? 60 — * Cardiac
g VGPR
0.2 - pedian (95% Cl) OS: 10.3 (4.1-32.1) g
6-month OS rate: 65.0% &
00 * %
0.0 ok Ty Tk
0 6 12 18 24 30 =120
Months
Patients at risk 40 26 16 12 10 4

In high-risk (stage 3B) AL amyloidosis pts, dara
monotherapy induced early and profound hematologic
responses over 6 months with 77.5% of pts achieving
more than PR and 50% VGPR/CR, and cardiac responses 0.0 N

were seen in 27.5% of pts. 0 12 24 36 48 6
OS from treatment

bt Daratumumab group (n = 27)
p=0.028 — Bortezomib group (n = 63)
— Other (n = 8)

Probability of survival
o
T

Chakraborty Br J Haematol 2023

Kastritis, et al. ASH 2023 — oral abstract Oubari, et al, Haematologica 2023



Tentative monitoring schedule during (and after) treatment

Upfront treatment .
: . Monitoring
continue until response plateaus (+2 cycles)
CR or VGPR plus .
>PR after 1 cycle | 2VGPR after 2 cycles > | Deepening |
) > ) organ response > Rameieg Relapse
(2 cycles if no Dara) (4 cycles if no Dara) 6-12 months organ response

Rescue therapy

CR, complete response; dara, daratumumab; PR, partial response; VGPR, very good response Adapted from Palladini & Milani. Curr Opinion Oncol 2022



ISA/EHA guidelines for non-transplant chemotherapy

Second-line option if Pl-naive or Second-line option refractory Second-line option refractory
prolonged response to Pl to PI to lenalidomide
[ 1
[IMiDs naive ] [ Daratumumab naive ]
\ \l, \L A\

CyBorD LD (xcyclophosphamide) Daratumumab PomaD

BMDex IxazomibLD Dara-CyBorD Bendamustine
IxazomibDex Dara-LD
Dara(Cy)BorD Isatuximab

Second-line option if t(11;14) is
present

Venetoclax
Venetoclax-BD
MDex

BD, bortezomib, dexamethasone; BMDex, bortezomib, melphalan, dexamethasone; CyBorD, cyclophosphamide, bortezomib, dexamethasone; Wechalekar et al. Am ylo id 202 2,. 1-15
Dara, daratumumab; IMiDs, immunomodulatory drug; P, proteasome inhibitor; PomaD, pomalidomide, dexamethasone




Novel anti plasma cell agents in AL

Venetoclax in patients with t(11;14)

VGPR/CR: 78%
Effective after daratumumab

PFS

S - No t(11;14)

HR 1(11,14) positive vs negative = 0.14, (0.04, 0.53)

Number at risk
HI114) reganve " 7 3 3 0 0 0
H11,34) posisve 30 23 15 10 8 4 0

Premkumar, et al. Blood Cancer J 2021

The overall hematologic response rate was 88%,
35% achieved a CR, and 35% achieved VGPR.

Lebel et al. Cancer 2023

Belantamab mafodotin

100

80

I CR/VGPR 55%
I ORR 64%

<))
o

Response, %

I
o

CR
20 VGPR
= PR

HNR

Khwaja et al. Blood Cancer J 2022

The overall response rate was 72.7% (8 pts; VGPR: 3
pts and PR: 5 pts).
Four (36.4%) pts had 21 SAE, including 2 (18.2%) pts
with a belamaf-related grade 2 and 4 visual
impairment (1 [9.1%] pt each).

Kastritis et al. EHA2023 abstract



Novel anti plasma cell agents in AL

A novel academic BCMA-CART (HBI10101)

dl
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Days/months (when indicated) from infusion of ARI0002h CAR T cells

=== ARI0002h % (Flow cytometry) ARI10002h Quantif. gqPCR = Urine M protein (g/24h)

Proteinuna (g/24h) ==g==lambda sFLC (mg/L) serum M protein (g/L)

Responses to CAR-T are long-lasting

538 Feasibility of a Novel Academic Anti-BCMA Chimeric Antigen Receptor T-Cell (CART) (HBI0101) for the Treatment of
Relapsed and Refractory AL Amyloidosis

Kfir-Erenfeld, Asherie, et al. Clin Cancer Res 2022

Gatt et al. ASH23 — oral abstract
Oliver-Caldes, et al. ISA 2022



Anti-Fibrillar Antibodies: CAEL-101

* CAEL-101

* Phase 1a/b: 27 pts, 63% had evidence of organ response

* Phase 2: CAEL-101 dose 1000 mg/m? with CyBorD (+/- Dara)
* No obvious impact on rate of hematologic responses
* Organ responses in 2-7 months (heart 15/19, renal 9/9)

540 Safety and Tolerability of Cael-101, an Anti-Amyloid Monoclonal Antibody, Combined with Anti-Plasma Cell
Dyscrasia Therapy in Patients with Light-Chain Amyloidosis: 24-Month Results of a Phase 2 Study.

Valent et al. ASH2023 — oral abstract

A Study to Evaluate the Effectiveness and Safety of CAEL-101 in Patients
With Mayo Stage Illa AL Amyloidosis (NCT04512235) = closed
Valent et al. ASH2021 abstracts 468 & 482 A Study to Evaluate the Effectiveness and Safety of CAEL-101 in Patients
Solomon, et al. Clin Cancer Res 2003 With Mayo Stage Illb AL Amyloidosis (NCT04504825) = closed
Edwards, et al. Blood 2021



Survival Benefit of Birtamimab in Mayo Stage IV AL Amyloidosis in the Phase 3 VITAL Study

Results Forest Plot of Birtamimab Survival Benefit Adjusted for Key Baseline
) _ Variables for Patients With Mayo Stage IV AL Amyloidosis
* Of the 260 patients enrolled in the VITAL study, (ITT population [9 months])

77 (29.6%) were characterized as Mayo Stage |V at baseline,
38 randomized to birtamimab + SOC, and

39 to placebo + SOC Baseline variable Adjusted HR Favors birtamimab i Favors control
Age 0.414 —_—
— Patients had a median age of 64 years and were primarily white = 0.415 S —
(93.5%) and male (68.8%) Race 0399 ——
— Baseline demographic and clinical characteristics were generally o o |
balanced between the 2 treatment groups among these patients DRI e (FaE) 0.420 e
NT-proBNP 0.460 —_—— :
dFLC 0.465 ————i |
FLC 0.410 —e— :
. NYHA class 0.381 —_—e— 1
Conclusions Troponin-T 0.422 ——
* Birtamimab is the only investigational therapy that has shown a EHWT distarice D38 .
sigr?ificant survival benefit in Mayo Stage IV AL amyloidosis 01 BT T
patients
* The survival benefit of birtamimab was consistent across all key ) ) ) )
baseline variables, including demographic factors, clinical A Study to Evaluate; the Efflcacy and Sa].‘ety.of Birtamimab in
characteristics, and laboratory parameters Mayo Stage 1V Patients With AL Amyloidosis (AFFIRM-AL)
(NCT04973137)

Gertz MA, et al. Blood 2023.



Light chain stabilizers

Other therapies

Monoclonal Free antibody
plasma cells light chain
® o \
. A )
.'..'u b Secretion A Stable, non-toxic
® '.‘i‘. —_

c b
Existing treatments Unfolding '— LN’dolo
eradicate plasma cells

st —) LCs are excreted
' y the kidneys

. e . N
e Pharmacologic stabilization of native LCs could stop " . ,
ew therapeutic strategy:
i i i 1 Unfolded/misfolded Small molecule kinetic stabilizer
LC aggre.gatlon' pOtentIa”y Stopplng d|Sease ' Oligitcr?]:i: - é binding to prevent misfolding,
p rog ression .s cytotoxicity and aggregation
0
Proteolysis
. . Aggregation * y ) Cytotoxicity

* Several classes of molecules have been identified as i

potential stabilizers v

/Fragments \
. <
: oo
4 @ @.
@«. ]
Amyloid fibrils Cell death

Morgan, et al. Proc Natl Acad Sci USA. 2019.
Yan, et al. Bioorganic & Medicinal Chemistry Letters. 2020
Morgan et al Hemato 2021.



Conclusions

Management of systemic amyloidosis — where do we stand:

v' biomarkers allow early diagnosis, risk-adapted treatment design, and reliable assessment of
response with validated criteria

v'daratumumab-CyBorD is a new standard of care in the majority of patients

Much is left to do:

improve early diagnosis (education, screening programs)

define a standard-of-care for high-risk patients with AL amyloidosis
validate a definition of hematologic progression

validate new sensitive technologies (MS, MRD) to assess response

newer anti-PC approaches

alternative treatment targets (LC stabilizers, doxycycline, anti-amyloid Abs)
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