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General Structure of a CAR

e
Different CARs will lead to different products
WKite ') NOVARTIS

v ' ""'C’;) Bristol-Myers Squibb
escarta . .
Kymriah ® Breyanzi ®
Name Tecartus ® y y
T | ool
; . 4 mces W A vices . 4 vices —
CD19 Antibody N V™ W gV e W gV ™ -
U"'”‘“ \ fcDsa u( D28
Stimulation domain e e L5 #
CcD3¢ °° CD32 °° CcD3 ==
| Apheresis product warm frozen warm
ICost coverage early flexible early
|Workload (center/lab) small significant ; small
. Expansion/stimulation . . Selection/isolation
Production with macrophages Selection with CD28 | with CD4/CD8
0.4-2x10° vital cells 0.6-6x10° vital cells 150-110x10° vital cells
End product . .
in 68 ml in 1-3 bags | (1:1 CD8 and CD4)

.6.2023- U Novak LI
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Domains:

ScFv: Recognizes a specific tumor antigen

Hinge and Transmembrane: Connects the
scFv to the rest of the CAR

Intracellular: Contains two domains that
provide costimulatory signals to activate the
CAR-T cell after it recognizes a tumor
antigen through the scFV

The CAR construct is packaged in a
retrovirus or lentivirus and then transduced to
the T cell
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Persistance vs. Expansion

- Product

Domain structure of CAR construct

Wiral vector

Axicabtagene ciloleucel
and brexucabtagens
autoleucel

Tisagenleclewcel

Lisocabtagens
maralescel
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Antigen-bindimg
damain

[ Anti-CD019 sc

Hinge
region

Tranemembrane Costimulatory T cell-activation

region

damain

CD23

4-1BEB

4-1BEB

damain

- CO3C | y-Retrovirus

L REE | emtivirus
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L AR LS CD28 vs 4-1BB

* Preclinical studies ﬁ g} N
— CD28 costimulatory domain have 7. anEo \—’

typically been shown to release Q :
higher quantities of cytokines,

)"'“’J'~ {,4-1BBL 4-1BB

i 1 T cell activation ‘\\4 " | “ ‘::\Q— mm Teell | |
including IL-2, IFNy and/or TNF, " T ﬂ %\_,, ) el gL &

s "F) - TCR / p . = TR 7—/
than T cells expressing 4-1BB- I\ ST N,
costimulated CARs

— Greater persistence of T cells i ey
Creater persistence of T cells J——

CD86 or

versus a CD28 costimulatory e
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domain has been demonstrated s s TR s e o
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in some mouse models J ._T:”f"‘as%a — T
s (LCK @ (JRiBz_w B 'iﬁi’ lT/TB

Review Article | Published: 06 July 2021 (Csk3p)—(AKT) INK) (CARMAY) 'KKU“ 'KKﬂ

A comparison of chimeric antigen receptors l | | J
containing CD28 versus 4-1BB costimulatory domains - ‘ —] e [

o= o eL-2 prodzjckt‘;;; =)
Kathryn M. Cappell & James N. Kochenderfer & ~ K’ AP-1) E’ NFAT) > (NF- j:’ e ] celprolteaton. | 'NTPND
el Fl‘o “0 J o’v Jov‘ 0’* 0 _‘j _‘0 * Anti-apoptotic signals | JD

Nature Reviews Clinical Oncology 18, 715-727 (2021) | Cite this article Nucleus




Early CAR T-Cell Expansion Associates With
Ongoing Response at Month 60

CAR T-Cell Peak CAR T-Cell AUC

- 0-28
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v Ongoing Response Relapse Nonresponder Ongoing Response Relapse Nonresponder
(n=29) (n=51) (n=17) (n=29) (n=51) (n=17)

Median peak, 65.76 35.27 12.08 Median AUC ., 799.69 455.32 88.47

cells/uL cells/uLxdays

* Median peak CAR T-cell levels were numerically higher in patients with ongoing response at Month 60 and
were considerably lower in patients who relapsed and nonresponders
* Asimilar trend was observed with CAR T-cell expansion by area under the curve from Day 0 to 28

Ongoing response is defined as responders (CR or PR) who did not have PD or die by the data cutoff. Four patients did not have evaluable post-infusion samples to allow determination of CAR T-cell
peak and AUC.
AUC, .5, area under the curve from Day O to 28; CAR, chimeric antigen receptor; CR, complete response; PD, progressive disease; PR, partial response.

Jacobson CA, et al. ASH 2021. Abstract #1764.



CAR T persistence

CAR T cell expansion
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Cytokines, Flu/ Cy Tumor-mediated expansion
CD3/CD28 O

CD3/28 Lv

Lymphopenia

Physiologic T cell expansion

5
rd

Antigen-mediated expansion
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Host rejection

* B cell aplasia is a marker
for CAR T efficacy

A I

- No Response or PD

100
= Ongoing Response
et Competing Events
= 80 4 Peing
2
3
= 60 -
= p = 0.00028
L Y
P2
‘S 40 A
=
E
8 20
o
&

O 1 1 1 T ] 1 1 1 1 1
0 90 180 270 360 450 540 630 720 810 900
Time (days post-CAR-T)
Number at Risk
21 6 3 0 No Response or PD
(20) (19) (19) (14) (11) (Ongoing Response)

Immune reconstitution and infectious complications following
axicabtagene ciloleucel therapy for large B-cell lymphoma

12 JANUARY 2021 - VOLUME 5, NUMBER 1 ® blﬂ{}d advances



Long term persistance
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nature » articles » article

Article | Published: 02 February 2022

Decade-long leukaemia remissions with persistence of
CD4" CARTcells
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p,w 1528 vs 4-1BB- toxicity

Tisa-cel
N=264

Predictive factors CRS 3-5

Variable and modality OR, 95%IC “

Bulk (5 cm) 2.741 [1.51;4.94] 0.0008

Age < 65 years 1.843 [0.99;3.41] 0.05
CRP 2 30 mg/L (lymphodepletion) 1.967 [1.07;3.60] 0.0287
De novo DLBCL (NOS, PMBCL, DHL/THL) 3.520 [1.06;11.6] 0.0390

Predictive factors ICANS 3-5

Variable and modality OR, 95%IC “

SEX Female 1.748 [1.51;4.94] 0.0238

CRP 2 30 mg/L (lymphodepletion) 1.807 [1.51;4.94] 0.0288
Bridging: Bridge SD/PD vs Bridge CR/PR 2.868 [1.51;4.94] 0.0077
Bridging: No bridge vs Bridge CR/PR 4.069 [1.51;4.94] 0.0019

ﬁii"“é'aicme _ ARTICLES

https://doi.org/10.1038/541591-022-01969-y

1} Check for updatas

OPEN
A real-world comparison of tisagenlecleucel and

axicabtagene ciloleucel CAR T cells in relapsed or
refractory diffuse Iarge B cell Iymphoma

NATURE MEDICIME | VOL 28 | OCTOBER 2022 | 2145-2154 | w

30
M Tisa-cel M Axi-cel
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Days -5 to -3

Conditioning chemotherapy
Cyclophosphamide
Fludarabine

T

Day 0

CAR-T cells
(100-500
million cells)

T

Day 10

Discharge to
outpatient care
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Zuma 1- Cumulative Incidence of Death

1004

801

60+

40+

Cumulative Incidence, %

201

@i

0O 4 8 12 16 20 24

All deaths atrisk 101 93 74 61 54 53
Death events duetoPD 0 5 21 32 38 39

0 3 3 3 4 4

Death events due 0 0 3

to other reasons S 5 5

AE, adverse event; axi-cel, axicabtagene ciloleucel; PD, disease progression.

51
41

4

5

28

50
42

32

50
42

36 40 44

Months
47 46 46
44 44 44

4 4 4
6 7 7

48

44
44

52

42
45

56

41
45

60 64 68 72 76 80

41 39 38 37 13 1
45 46 47 A7 47 47

Neelapu et al. ASH 2023 Abstract #4864
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CYTOKINE RELEASE SYNDROME- CRS

Siltuximab
NNLIXR \ .
o.o S
Tocilizumab : . 2

CAR-T cell Cancer cells

ot

)
gev
o‘o@“a
e
o
ot

i n
. suppress maturation & functio!

Glucocorticoid

\ @ nn Anakinra

(NM1'pNan)

_LO—\.wﬂ\.—"o.

IL-6

IL-6-R

soluble IL-6-R

IL-1-R

Block

Activated CAR-T cells release IFNy and TNFaq,
which activate macrophages.

Activated macrophages secrete cytokines,
including IL-1, IL-6, and TNFa.

Other cell types become activated from pro-
inflammatory cytokines.

* Endothelial cell activation: increased
vascular permeability.

» Dendritic cell activation: increased antigen
presentation.

Inflammation increases following activation of
multiple cell types, leading to CRS.

Cytokine antagonists (Silpklmab Tocilizumab,

Anakinra) can reduce fh& W‘?@ggﬂpn
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Lungs
« Pneumonitis
« Pulmonary edema
« Dyspnea, hypoxemia
« ARDS

Liver

« Hepatomegaly

« Elevated liver enzymes
« Increased hepcidin

« Hypoalbuminemia

« Liver injury

« Cholestasis

« Liver failure

-
Kidneys

« Acute renal dysfunction or injury

« Renal failure

Nervous system

« Confusion
« Delirium
« Aphasia
« Seizures

Constitutional symptoms

« Fever
« Anorexia
« Fatigue

Vascular and lymphatic systems

« Cytopenia, anemia, leukocytosis
« Coagulopathy

« Hyperferritinemia, increase in other
acute-phase reactants (e.g., CRP,
o-dimer)

« Elevated cytokines (e.g., interleukin-1,
interleukin-6, interferon-y) and growth
factors (e.g., VEGF)

« Endothelial damage and vascular
permeability

« Capillary leak syndrome

« Vasodilatory shock

« Spontaneous hemorrhage
« Lymphadenopathy

(Heart

« Hypotension
« Tachycardia
« Cardiomyopathy

Rheumatologic system

« Vasculitis
« Arthritis, arthralgia

Gastrointestinal system

« Nausea
« Vomiting
« Diarrhea
« Ascites

Skin

« Rash
« Edema

e Systemic inflammatory
response caused by
cytokines released by
CAR-T cells and other
immune cells and
results in reversible
organ dysfunction

e DDx- Infections!

e NEW ENGLAND

JOURNAL of MEDICINE
Fajgenbaum DC, June CH. N Engl J Med
20293@&5‘-2273
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PICS P Ceps

ICANS- IMMUNE EFFECTOR CELL-ASSOCIATED NEUROTOXICITY SYNDROME

Tumour site Blood CNS

Monocyte

Activated Monocyte
recruitment

mactophage rccmntmcm

and macrophage | | . | and macrophage < :
Tumour —iR activation activation? ACtivation
c:ll | ; > of resident
. . - y microglia
| i Inflammatory . : Inflammatory
cytokines and cytokines and
J o0 chemokines a chemokines

Disruption
6 6 of BBB
- (v
CAR T cell 6 Recruitment | Recruitment
i 0 of CAR T cells | of CAR T cells
6 to tumour to CNS
Blood vessel BBB
endothelium i
- .. WwTNN | T'UD
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Conditioning
regimen

LR

Day -5—-4 -3

e |L-6
*|L-8
e |L-10 Cytokine level in
= IFNy peripheral blood

* TNF
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S RATES OF CRS IN CD19 CAR-T
CLINICAL TRIALS

Median days to CRS Median duration of ICANS,
onset (range) CRS (range) days severe ICANS

Juliet DLBCL Tisagenlecleucel 58%  22% 3(1-9) 7 (2-30) 21%/12% Schuster et al. N Engl J Med, 2019

DLBCL, PMBCL, Lisocabtagene
MCL, TFL maraleucel

Study Dx Product CRS sCRS References

Transcend 42% 2% 5(1-14) NR Abramson et al. Lancet, 2020

Axicabtagene Neelapu et al. N Engl J Med, 2017

Zuma-1 DLBCL Locke et al. Lancet Oncol, 2019

2 (1-12) 67%/33%

ciloleucel

ALL, CLL, NHL  CD19 CAR-T 70% 12% 2 (1-19) 3 (1-15) Hay et al. Blood 2017
B-ALL Tisagenlecleucel 77%  44% 3(1-22) 8 (1-36) Maude et al. N Engl J Med, 2018
B-ALL MSK CD19 CAR-T 85%  26% NR NR Park et al. N Engl J Med, 2018
Zuma2  MCL Saizf:jzfgene 62%  15% 2 (1-13) 11 (NR) Wang et al. N Engl | Med, 2020
Brexucabtagene
Zuma-3 ALL tol | 93% 31% 2 (1-5) 9 (7-14) Shah et al. Blood, 2021
autoleuce DTN
e, WTNN |T'VUD
L T 3

e ®,
® e e



AP1106)

TNU'D12IIN 'N191 727N

PICS /o'@m/\/

The new kid on the block- liso-cel

ZUMA 7 & TRANSFORM 3 YR results’-2

> YESCARTA
47.2 mo Follow-up
83% ORR
65% CR
10.8 mo mEFS
14.7 mo mPFS
mOS NR mOS
56% 36 mo rate
92% / 6% % CRS (All Gr/Gr3+)
61% / 21% % NT (All Gr/Gr3+)
25% ICU admission %

Breyanz?‘?
33.9 mo
87% vs. 49%
74% vs. 43%
29.5 mo vs. 2.4 mo

NR vs. 6.2 mo

NR vs. NR
63% vs. 52%

49% / 1%
12% / 4%
4%

Mo head-to-head studies have been conducted and therefore no direct comparisons of safety and efficacy are possible. Fo

l!lll BHSTU" M","Ers SQUIbb wWw CE‘" Therapy 1. Westin, JR et al. NEJ 2023 2. Kamdar ASCO 2024

@ % Leukapheresis material

Immunomagnetic selection
for CD8+ and CD4+ T cells

R +o%e
CD8+ Tcells CD4+ Tcells

Activation and
lentiviral transduction

in vitro expansion

CD8+ CD4+
CAR+ Tcells CAR+T cells

Formulation

Drug product
Sequential infusion

CD8+ component CD4+ component

te, WTNN TV
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nature > nature medicine > articles > article

Article | Published: 13 March 2023

A non-antibiotic-disrupted gut microbiome is
associated with clinical responses to CD19-CAR-T cell

cancer immunotherapy

Christoph K. Stein-Thoeringer, Neeraj_Y. Saini E, Eli Zamir, Viktoria Blumenberg, Maria-Luisa Schubert,

Uria Mor, Matthias A. Fante, Sabine Schmidt, Eiko Hayase, Tomo Hayase, Roman Rohrbach, Chia-Chi -....'

Chang, Lauren McDaniel, lvonne Flores, Rogier Gaiser, Matthias Edinger, Daniel Wolff, Martin o: ..'D“Jn‘.' I:.'r:)-l-lj-r“)
. 0. WThn | T'AD

Search Institution Nair, Dai Chihara, Luis E. Fayad, Sairah Ahmed, Swaminathan P. lyer, ... 2l
Library p .. %,
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s EBMT recommendations

GRADE 4

GRADE 1 |

GRADE 2

GRADE 3 ||

Toci IV 8 mg/ kg (max = 800 mg) to be done in the hematology unit before tranfer to ICU

If deterioration

for 1-3 da

Dexamethasone IV 10 mg/Gh

Dexamathasanes 1V 20 mg/éh

» Dexamathasons IV 20 mgiBh

If deterioration

for 3 days, progréssive
tapering within 3-7 days

= Switch to Methylprednisalone IV
1000magid for 3 days then 250mg x

Cansider Toci IV B mg / kg
max = BOD mg)

= Dexamethasona IV 10mgEh
far 1-3 days

for 1-3 days

2fd for 2 days, 125mg x 2/d far 2
days, G0mg x 2/d for 2 days

= Consider repeating Toci (maximum
1 additional dose) in the asance of
ICANS

Fig. 26.1 Management of CRS—Modified according to EBMT recommendations

https://www.ebmt.org/sites/default/files/2022-02/2022_Book_TheEBMTEHACAR-TCellHandbook.pd
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Prognostic impact of corticosteroids on efficacy of
chimeric antigen receptor T-cell therapy in large B-
cell lymphoma

Paolo Strati 1, Sairah Ahmed ', Fateeha Furgan T Luis E Fayad ' HunJLee T, Swaminathan P lyer i

N events mPFS

B Dose Q1-2/No CS 72 36
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ZUMA-1 Toxicity Management Strategy

Cohorts 1+2

Cohort &

Neo

CRS\

Tocilizumab
No

Corticosteroid
No

Tocilizumab
Yes®

Corticosteroid

Tocilizumab
Yes

Corticosteroid
Yes

Tocilizumab
Yes

Corticosteroid
Yes

corticosteroid
prophylaxis

-/

Tocilizumab
Ne

Corticosteroid
Ne

Tocilizumab
Yes

Corticosteroid
No

Tocilizumab
Yes

Corticosteroid
Yeos"

Tocilizumab
Yes

Corticosteroid
Yeos

Tocilizumab Tocilizumab Tocilizumab Tocilizumab
‘es* Yes Yes es
CRs Corticosteroid Corticosteroid Corticosteroid Corticosteroid
Dexamethasone Yeos! Yoz Yoz Yes, HD
10 mg on Tocilizumab Tocilizumab Tocilizumab Tocilizumab
Days 0, 1, and 2 No Yos* Yeos* Yes*
NE
Corticosteroid Corticosteroid Corticosteroid Corticosteroid
es Yes Yes, HD Yes, H

CRS, n (%)
Worst Grade 1, n (%)
Worst Grade 2, n (%)
Worst Grade =3, n (%)
Median time to onset? of any grade CRS (range), days
Median duration of any grade CRS (range), days
Neurologic event, n (%)
Worst Grade 1, n (%)
Worst Grade 2, n (%)
Worst Grade =3, n (%)
Median time to gnset? of any grade neurologic event
(range), days
Median duration of any grade neurologic event (range),
days

Cohort 6

(N=40)
32 (80)
14 (35)
18 (45)
0(0)
5 (1-15)
4 (1-11)
23 (58)
9 (23)
7 (18)
7 (18)

6 (2-162)

19 (1-438)

1. Oluwole OO, et al. Blood. 2021;138(suppl 1):2832.
2. Lee DW, et al. Blood. 2014;124:188-195.

3. Topp MS, et al. Lancet Oncol. 2015;16:57-66.

Best Response, %

100 - 95% ORR
80 -
60 +
40 -
20 -
0 -
ceg®®e
..0..
-2 '1210D7 D'DTPND
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SHORT COMMUNICATION

Severe cytomegalovirus disease with encephalitis after CAR-T

cell therapy: A rare but potentially fatal complication ‘NONVL) n'7|n '73'7 rNIT, ©
Elie Cousin & Félicie Belicard, Laure Michel, Charlotte Pronier, Nicolas Lassalle, Thierry Lamy, Roch

Houot, Faustine Lhomme _'nlm"“']ln npl-r]_ — n|7|]|'7|7 —
CASE REPORT nI]-I-Dp

Human Herpesvirus 6 Encephalitis Following
Axicabtagene Ciloleucel Treatment for MRI'IX CT—n'mTn —

Refractory Diffuse Large B Cell Lymphoma ",Trnn '7_\1 n'7|7 T" =P —

Shah, Mili'; Kuhnl, Andrea; Shields, Glegun sudhanva, Malur®; Metaxa, Victoria™ Waong, shu®: vallop,
Del::-c—rah'I Patten, Plers Inam, 'ihafcdﬂ Hockings, Catherine’; » Stewart, CH'la1; Benjamin, ReuIJenL,

: : 1 : 1 : 1 . 1 n "
Cuthill, Kirsty'; Pagliuca, Antonio’; Potter, Victoria'; Sanderson, Robin I n 9 3 -rj. — l-] 1 Dn N I D 1 U —

Author Information &

HemaSphere: March 2021 - Volume 5 - Issue 3 - p €535 LP n I NX In IDI7 _I73.| |7YJ

Annals of Clinical and Translational Neurology

Original Article = 1 Open Access ©O®E®

Brain dysfunction in COVID-19 and CAR-T therapy: cytokine P

storm-associated encephalopathy ..: Yo10NY O'DTINND
Umberto Pensato, Lorenzo Muccioli, llaria Cani, Damir Janigro, Pier Luigi Zinzani, Maria Guarino, Pietro ‘.. WTrha | T'VJD

Cortelli, Francesca Bisulli B2 b ..

: t-o:.
29 March 2021 | https://doi.org/10.1002/acn3.51348 | Citations: & - T



Suggested Management

11 TABLE 5. Suggested Maragement of ICANS for Adults

ASTCT grade 1 ICANS

7 Supportive care, including: ’
Aspiration precautions 15 u -

Awidance of sedating medications

If not on seizure prophylaxis, initiate prophylactic levetiracetam

CT andior MRI head, EEG, neurologic consultation NRIn S90-1 01T °
Consider lumbar puncture if other causes of encephalopathy are suspected
ny'71 NOwN Inrooxn nNar —

Corsider dexamethasone 10 mg every 24 hours

Consider tocilizumab 8 mg/kg (max 800 mg) if there is concurrent CRS AV} I7 I7|D'Un I?:) Nnavn I7||7VJI7 —_
— YNy 2190\ 27 Yw ma i nn - —
Continuous pulse oximetry and telemetry NIYY 6 MNX NTIN DWW ,LONI20)7T an10 [T I7||7WI7 —

Diagnostic workup as per grade 1

Dexamethasone 10 mg every 12 hours

Tocilizumab 8 mgkg (max 800 me) if there is concurrent CRS '2 nl7_UYJ| n;lj-l' e
el bl NNLPKX NN7 CRS- DY Th'A DX —

Supportive care as per grades 1 and 2, and consider management in the ICU

sefting or 1:1 monitoring D'71Y DI D'T'RNVO JWNN —
Diagnostic workup as per grade 1
T ———— TIN' NOON 2¥N OX YN 719'07 NNavn 21ipw? —
Tocilizumab 8 meke (max 800 mg) if there is concurrent CRS EEG '7'7|) ,NOIDN _'nlm'?nln OIVN —
If there is no improvement after 24 hours, consider escalation to
dexamethasone 20 mg every & hours OXNN2A L“D'U 'lCP J'\"'?_U OX —
ASTCT grade 4 ICANS DXNN] 719'0 -0'0IDND  —

Supportive care as per grades 1 and 2

Management in the ICU sefting

Methylprednisolone 1,000 mg every 24 hours ANAKINRA L“I_"UI7 -D'T'XINVOY TNy ICANS -

If patient does not respond, consider alternative immune suppression with

anakinra, antithymocyte globulin, or cyclophosphamide
Additional suppartive measures for ssizures or cerebral edema as nesded How | Manage- Pathophy5|0|0gy and
' . oo : ce®”
Abbreviations: ASTCT, American Society for Callular Therapy and Transplant; Management of TOXlClty of Chimeric Antlgen . -.. Y0100 D'DTIND
CRS, cytokine release syndrome; CT, computed tomography; EEG, Receptor T_ce" Therapies .:.. ]

electroencephalogram; ICANS, immune effector cellassociated neumtoxicity
syndrome; ICU, intensive care unit; MRI, magnetic resonance imaging.

R WThn | T'AD
cee

Patrick M. Reagan, MD' and Sattva S. Neelapu, MD? - ® °®
- ® -
«a® o ®
6~ o

Journal of Clinical Oncology* January 12, 2021
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E Anakinra for ICANS

Page 14
A B
100 L,
8 3
c & 751
@ /o @
e e
e ~ Anakinra dose ¢ Anakinra dose
9 50 . .‘ ~—  Low 9 = ~ Low
-_a == High E - High
pre | i poo |
E 25 , E 25
=] - 35
O } o
0{4 0
0 10 20 30 40 50 0 10 20 30 40 50
Days from Anakinra Initiation Days from Anakinra Initiation

Figure 2. TRM (A) and time to CRS/ICANS resolution (A) after anakinra initiation
A, cumulative incidence of TRM, defined as the time from anakinra initiation to death

with disease progression or relapse as the competing risk.; B, cumulative incidence of
CRS/ICANS symptom resolution, whichever happened last, from the time of anakinra
initiation with death from any cause as the competing risk Abbreviations: CRS, cytokine
release syndrome; ICANS, Immune Effector Cell-Associated Neurotoxicity Syndrome;

TRM, treatment-related mortality.

Anakinra for Refractory Cytokine
Release Syndrome or Immune Effector
Cell-Associated Neurotoxicity
Syndrome after Chimeric Antigen
Receptor T Cell Therapy

Nicolas Gazeau ! 2, Emily C. Liang ! 3, Qian “Vicky” Wu !, Jenna M. Voutsinas !,

Pere Barba 4, Gloria Iacoboni 4, Mi Kwon °, Juan Luis Requera Ortega 5,

Lucia Lépez-Corral 7, Rafael Hernani &, Valentin Ortiz-Maldonado °,

Nuria Martinez-Cibrian ?, Antonio Perez Martinez ', Richard T. Maziarz 1,

Staci Williamson X, Eneida R. Nemecek !, Mazyar Shadman ! 3, Andrew J. Cowan 12,

Damian J. Green ! 2, Erik Kimble ' ... Jordan Gauthier !> & =

Transplantation and Cellular Therapy iTpnn
Volume 29, Issue 7, July 2023, Pages 430-437 2
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Days -5 to -3 Day 0 Day 21
Conditioning chemotherapy CAR-T cells Discharge to
Cyclophosphamide (100-500 million cells) outpatient
Fludarabine care
Day O Day 5 Day 7 Day 10
CRS CRS CRS ICANS
GRADE 2 GRADE 2 GRADE 3 GRADE 3
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V7S &
100%-
800
—
g B0%
E
=
= —r—
g
o 40%-
20%
D% 1 1 1 1 1 1 U | 1 1
0 3 (3] g 12 15 18 M 24 a7 30
Time (days)
Risk strata
—— High Risk: high EASIX (>=4.8); HR=4.8, p<0.001
Intermediate risk: low EASIX and high ferritin (>321 ng/mL); HR=2.3, p=0.04
Low risk: low EASIX and low ferriting refarence

el whiaNaklamib!

100%

80% -

60%

40%

Cumulative incidence

20%

0% T T T T T T T T T T
0 3 G g 12 15 18 21 24 27 a0

Time (days)
Risk sirata
High risk: high (>1583 ng/mL} farritin; HR=3.6, p<0.001
Intermadiate rizk 1: low farritin, high (>2.1) EASIX; HR=2.0, p=0.04
---------- Intermediate risk 2: low farritin, low EASIX, and high >21) CRP; HR=2.2, p=0.08
Low risk: low farritin, low EASIX, and low CRP; referance

Figure 1. Cumulative incidence of CRS grades 2 to 4, according to EASIX-F.

EASIX= (LDH * creatinine) /PLT

Figure 2. Cumulative incidence of ICANS grades 2 to 4, according to EASIX-FC.

CRP and ferritin in addition to the EASIX score predict
CAR-T-related toxicity

.« @ =irmnn jr-a ez

2800 GREENBAUM et al 27 JuLY 2021 - VOLUME 5, NUMBER 14 ® blood advances
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o ol . .
7%~ ¥Ré cumulative score of the comorbidities.

= i idati
Comorbidity “m Overall Survival by CT-ClI (validation set)

History of CVA [P 1.167 1 100~ CT-CI 0
BMI< 20 70 1.387 1 ] = = = CT-Cl 1-2
Pulmonary disease, KIS 1.277 1 80 - — — CT-Cl 3+
severe =X i
Renal disease, [BEE: 1.273 1 =60 -
moderate to severe o - e S B T
1)) S — -
Hepatic disease, mild 80 1.48 240 -
Infection requiring IR C 5 . N of Subjects 942 CT-CI 0 CT-Cl 12 CT-CI 3+
' N of censored 167 166 178
py atin 20 - N of events 114 139 178
Hepatic disease, 19 3.839 3 _
P =.026
moderate to severe 0 -
T I I T T T
Months 0 3 6 12 18 24
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Pre-CAR-T cell infusion

Intermediate

Late

Prior chematherapy,
preparative Flu/Cy;

CRS, ICANS, tocilizumab,

Steroids being tapered.,

B-cell aplasia,
hypogammaglobulinemia,

patient's prior treatmeants

antifungal prophylaxis
]

Risk factors neutropania, lymphopenia, steroids, cylopenias, and nauiropenia, and - ;
barriar breakdown barrier breakdown lymphopenia E::::-i}_i—ﬂ:;g;iﬂra;
{mucositis, cathetars) : .
Mosocomial Gram-negative | Mosocomial Gram-negative | community acquired and | Respiratory tract infactions,
) and Gram-positive and Gram-positive bactaria, nosocomial bacterial ancapsulated oroanisms:
Bacteria pathagens, endogenous fiora | endoganous flora, C. dificil infections risk uncertain in patients
infection with IV1G replacement
] |
Maold infections that Molds, yeasts. Risk may Molds, yeasts, PCP if no
Fungi developed during the change with altemate prophylaxis None describad

Non-respiratory viruses

CMV, EBV, VZV, HSV,
HHV-E infactions that
developed during tha

pafient's prior treatmants

CMV, EBV, VZV, HSV,
HHV-E

CMV. Other viruses eg: BK
polyoma virus

Mone described

Respiratory viruses

More commaon than other
viruses

Maore common than other
viruses

Most common infections in
this time periocd

Risk persists while in the
community

FIGURE 1. Dynamic timeline of infections after CAR-Tcell therapy. Width of boxes designates
time period; wider boxes indicate a higher risk. Day 0 is the day of CAR-T-cell infusion. CMV, ¢
release syndrome; EBY, Epstein—Barr virus; Flu/CY, fludarabine and cyclophosphamide; HHV-&
herpes simplex virus; ICANS, Immune effector cellasseciated neurotoxicity syndrome; IVIG, intre

Pneumoeystis pneumonia; VIV, varicella zoster virus.

Infections after anti-CD19 chimeric antigen
receptor T-cell therapy for hematologic
malignancies: timeline, prevention,

and uncertainties 09 D'NTPNN
1 | T'UD

Curr Opin Infect Dis 2020, 33:449-487 -,

Ghady Haidar*®, Will Garner®, and Joshua A. Hill"®




How I prevent infections in patients receiving CD19-targeted
chimeric antigen receptor T cells for B-cell malignancies

Phase 1: Acute Toxicities Phase 2: Delayed Toxicities Phase 3: Late Phase

CRS

ICANS )
Neutropenia: Impaired cellular and Persistent CD19" e N
Anti-inflammatory treatments humoral N B cell| | B-cell aplasia, N \
(e.g., steroids, tocilizumab) immunity { \ hypogammaglobulinemia\\
CAR-T cell o Teell
_T:U Bacteremia®
(]
S | Gastroenteritis (C. difficile)
©
@ | Pneumonia (encapsulated bacteria, viruses) ]
HSV, vZV
= Other herpesviruses
—
> Respirato% viruses (seasonal/intermittent)
_ I Candida species
% Aspergillus and ndnfAspergillus molds
5 | | )
L Pneumocystis
1
'l
CAR-T cell Day 14 Day 28 Day 90 Day 180 Day 365
infusion and beyond

More common |:| I:l [ Less common

Joshua A. Hill,Susan K. Seo, How | prevent infections in patients
receiving CD19-targeted chimeric antigen receptor T cells for B-cell
malignancies, Blood, 2020,

NETY Op
o &

American Society o« Hematology

Helping hematologists conquer blood diseases worldwide

Copyright © 2021 American Society of -:f“
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1.0 10
2.5 Bl Total
[ Early (<30days) = ax
2.09 Bl Late (31-60 days) § o § o
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E T o o 20 40 &0 o o 20 40 60
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0.0= I
Overall Bacterial Viral Severe £ oo £ o5
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Figure 1. Infection density by time period (total, early 3. I
<30days from CAR T-cell infusion, and later than 30 days s 3
from CAR T-cell infusion) and infection type (Overall, bacterial, 02
viral and severe infections). :’_H_f
004 5 § § 00

[ a0 10 &0 0 20 i 60
Days after CAR T-call infusion Days after CAR T-cell infusion

Characteristics and risk factors of infections
following CD28-based CD19 CAR-T cells

Talya Wittmann Dayagi, Gilad Sherman, Bella Bielorai, Etai Adam, Michal J.
Besser, Avichai Shimoni, Arnon Nagler, Amos Toren, Elad Jacoby & Abraham 5% D'NTPND
Avigdor i1l | T'VJD

LEUKEMIA & LYMPHOMA T%eces.

2021, VOL. 62, NO. 7, 1692-1701 sfet.t
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Disease-related factors:
-Disease status
Prior lines of therapy
Prior HCT
Time from diagnosis 1o CAR-T
TAA (CD19 vs BCMA) Cytogenetics risk
) -MRD status at CAR-T infusion
41 -Disease burden (LN, LDH)

Bridging
Y J‘.o :
0. “
< . ‘ ’ \
Patient-related factors:
i Age at the time of CAR-T .
Dose of lymphodepletion e a/etininity Transplantation and Cellular Therapy
BMI . Available online 27 September 2021
8- KPS vy In Press, Journal Pre-proof ()
_.'\.. ; -(B:-yc‘gl!’eaﬁlaaSIa CRS and ICANS HCT-Cl (or comorbidities) ELSEVIER
_ I
Corticosteroid and tocilizumab STATE OF THE CAR-T: Risk of

utilization

Infections with CAR-T Therapy and
Determinants of SARS-CoV-2 Vaccine

Respomnses
) ° . P
-\{" -;L = Juliet Meir> !, Muhammad Abbas Abid b, Muhammad Bilal Abid MD =2 &
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How | treat cytopenias after CAR T-cell therapy

Early cytopenia (<30 days)

Prolonged cytopenia (30-90 days) Late cytopenia (>90 days)

LD chemotherapy

Infections*

Immune-mediated HSC suppression*

Primary disease relapse (evaluate for lineage switch)

IEC-HS (rapidly rising ferritin, fever, organ dysfunction) Secondary marrow neoplasm

TA-TMA (patients with antecedent BMT)

Immune-mediated maturt} blood cell destruction*
LGL clone

hd

TPO-receptor agonist

Stem cell boost (if stem cells are available)

M Infection
M Disease
B CAR-T/BMT
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Day 0
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Tania Jain,Timothy S. Olson,Frederick L. Locke, How | treat
cytopenias after CAR T-cell therapy, Blood, 2023,
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SPECIAL REPORT | SEPTEMBER 7, 2023

I C A H T Immune effector cell-associated hematotoxicity: EHA/EBMT consensus

Table 1.

ICAHT grading

grading and best practice recommendations

Grading

Early ICAHT (day 0-30)

ANC s500/pL

<7d

7-13d

z14 d

Never above 500/pL

ANC s$100/uL

z7d

z14 d

Late ICAHT (after day +30)+

ANC

<1500/L

=1000/pL

<500/pL <100/pL

ca wWITMN | T'UD
Blood (2023) 142 (10): 865-877.

plialp



Immune effector cell-associated hematotoxicity: EHA/EBMT consensus
grading and best practice recommendations

Prior to lymphodepleting chemotherapy (day -5)

Determine patient-individual risk of
=P heme-tox and infections using the
CAR-HEMATOTOX score

* Leniency time period for lab values: 3 days

Platelet count > 175.000/pl 75.000 - 175.000/ul < 75.000/ul
Absolute neutrophil count (ANC) > 1200/pl <1200/l -
Hemoglobin >9.0 g/dI <9.0 g/dl -
C-reactive protein (CRP) < 3.0 mg/dl > 3.0 mg/d| -
Ferritin <650 ng/ml 650-2000 ng/ml > 2000 ng/ml
Low: 0-1 High: >2

Low risk (HT 0-1)

High risk (HT 2-7)

LBCL (n = 235) MCL (n = 103) MM (nh = 113) LBCL (n =235) MCL(nh=103) MM (n = 113)
eddrsionof | sodus  adws | sden | [Dweisfiews i dde o odw
Risk | (ANC<500/pL, D0-60) ‘7 >7° ' 97 days Sl 20 BAYS el el Ga) (ANC<500/pL, day 0-60)  10-16 days) 9-18 days) 7-13 days)
profile Aplastic phenotype 2.6% 0% 3% Aplastic phenotype 36% 47 % 32%
Severe infection rate 8% 5% 5% Severe infection rate 40% 30% 40%
Severe bacterial infection 0.9% 59, 39 Severe bacterial infection 27% 28% 34%
rate rate

Copyright © 2024 American Society of
Hematology
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ICAHT- workup

-
Lower threshold to perform — minimal workup

Vitamin deficiencies

Rule out infections

Subsequent work-up -

Other causes

Medication - drug side effects

Viral PCR considering
the clinical presentation

Bone marrow disease

Prior treatments including

Poor bone marrow reserve allo-HCT, fludarabine,

marrow infiltration

Check for concomitant
myelosuppressive medications

Vitamin B12, folic acid

Bacterial/viral/fungal infections

SO ST CRS/MAS or IEC-HS
activation syndrome*

Parvovirus

HHV6, JCV

EBV, adenovirus, HSV

(MDS/AML/myelofibrosis)
or relapse

Relapse of leukemia/lymphoma

Other rare hematologic diseases,

myeloid diseases, PNH,
autoimmune processes

Complete blood count (CBC),
reticulocyte production index
(RPI), peripheral blood smear

Serum levels
Blood cultures, CMV PCR,

procalcitonin, CD4" T-cell, IgG,
B-cell levels

Serum ferritin, triglycerides

Parvovirus B19 PCR

HHV6, JCV PCR blood/CSF
PCR

BM aspirate, biopsy, flow cytometry,
immunohistochemistry,
cytogenetics, NGS

Flow cytometry peripheral blood /
bone marrow, including B-cell panel

Myeloid panel, GPI-linked structures,
direct antiglobulin test (DAT)

Routinely

Routinely

Routinely

Routinely

Routinely

In case of G-CSF refractory state, if tier 1 results are negative and/or risk factors are present

In case of prolonged anemia

In case of neurologic symptoms

In case of HLH

In case of prolonged cytopenia

Routinely

In case of suspected MPN/
PNH/autoimmune processes

Recommended

Recommended

Recommended

Recommended

Recommended

Recommended

Recommended

Recommended

Recommended

Recommended
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Grade 1 Grade 2 Grade 3" Grade 4
ANC <500/pL ANC <500/l ANC <1 OO/p(t)I; for >7 days ANC <1 OO/p(trfor >14 days D A _1 w D N G CS F o
ot PG ANC <500/uL for >14 days ANC never >500/uL by day +30

In case of a high risk-profile for ICAHT (e.g. high CAR-

| i
N'oN' DTN
HEMATOTOX score and Table 2)*, consider early . I.nt.cise(tc;]f persisi.er)\thtéust;openia, "
(prophylactic) G-CSF administration (from day +2) it s e it T P O AG O N I STS o

Consider anti-infective prophylaxis based on patient-individual ri:

i
Tier 1 diagnostic work-up: lab chemistry, substrate deficiency, viral ? I V I G ®
studies, rule out HLH
| I

In G-CSF refractory cases (no count recovery despite >5 days of ? n |7 n w n ®

G-CSF support) and beyond day +14 after CAR-T infusion
=> Perform tier 2 diagnostic work-up

Consider rescue with autologous or allogeneic hematopoietic
cell boost, if a cryopreserved graft available

Offer TPO agonists (e.g. romiplostim, eltrombopag),
especially in cases of associated thrombocytopenia

In case of clinical deterioration Initiate donor search
or persistent neutropenia » for allogeneic hematopoietic

despite therapeutic measures cell transplantation coo®
>s 1210N7 O'DTPND
se, WTNN |T'VD

Ultima ratio: i) ?..o- o
® o ©

allogeneic hematopoietic SIS




"E}Bn'rﬁu%e effector cell-associated HLH-like syndrome

(IEC-HS)”

D'O011 N1VN MANA NY*A9 (win 71 CRS 1D -IEC-HS -
TIvi ,(10000<) N2am TIXn '0"9 - DAIMVE °

IFN-y ’ ‘\
/ siL-2R :t_;g Tissue Injury IEC-HS

Legend
Ferritin
Macrophage IL6: IL-6R == T-cell receptor

; s
i ’ : \J IL-1B € MHCH
IL-12 TNF-a o\ % Perforin/granzymes
TW IL-18 ¥ CAR
) (. ') B Tumor antigen
IFN-Y IL-10 Excessive macrophage activation

IEC activation, proliferation, and cytokine release

and cvtokine release
et
. . - ®
Immune Effector Cell-Associated Hemophagocytic T "““"?‘ITT?&'BTTJDD

M.R. Hines et al. / Transplantation and Cellular Therapy 29 (2023) 438.e1-438.e16

Lymphohistiocytosis-Like Syndrome



A71M06

TNUTDI2IN 'NI9T 73N

P1C> pr s

|EC-HS- CRS spectrum

Post IEC Hyperinflammatory Syndromes
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IEC-HS- management

< >
Mild, mlnima.lly Disease severity Progressiv-e, life-
symptomatic threatening

First-line therapy: Start anakinra +/- corticosteroids I

Second-line therapy: Increase anakinra (to target
dose), add corticosteroids if not yet started, consider I
starting ruxolitinib

Third-line therapy: Add ruxolitinib if not yet started.
Consider alternative agents (e.g., low-dose etoposide
or emaplalumab) for life-threatening toxicities

To10D7 O'DTPND
WThn | T'AD
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NP1 CAR T

CENTRAL ILLUSTRATION: Timeline Demonstrating the Relationship Among

Anti-CD19 Chimeric Antigen Receptor (CAR) T Cell Infusion, Cytokine Release o N —_ 145
Syndrome, and Major Adverse Cardiovascular Events

Diffuse Large B-Cell Lymphoma, Acute and Chronic Lymphoblastic Leukemia (N=145) ° T h i rty- O n e p a t i e n tS
& had MACE (41 events)

@ e Multivariable

« Creatinine Prior to CAR T Cells + Cardiovascular Death o .
« Cytokine Release Syndrome CART Cells » Symptomatic Heart Failure I =
e . | oo e regression analysis
« Cytokine Release Syndrome Syndrome
Grade 4 « Non-Fatal Ischemic Stroke . o o
+De oo Cantac Ayt — baseline creatinine
Cytokine Release Syndrome (6 days, Follow-Up (456 days, - g ra d e 3 O r 4 C RS
[IQR: 1-8 days)) [IQR: 128-1,214 days])

MACE (11 days, [IQR: 6-151 days))

e — were independently

Tecepor (0 associated with MACE
KRN 2e 7910N7 D'DTPND

Lefebvre. B. et al. J Am Coll Cardiol CardioOnc. 2020;2(2):193-203. '_:.... WwWTNnN IT'U:l
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