SingHealth

Priniciples of Cell Therapy and Toxicities

Dr Chen Yunxin

Snr Consultant, Department of Haematology
Singapore General Hospital
National Cancer Centre

Clin Asst Prof Education Lead
Duke-NUS Medical School Deputy Lead (Adult Blood Cancers)
Singhealth Duke-NUS Cell Therapy Centre

SingHealth DukeNUS

ACADEMIC MEDICAL CENTRE PATIENTS. AT THE HE RT OF ALL WE DO.”

Singapore Naronad

- = i r ] p— ini
Singapors KK Woemens ard [, oo % 7% | Naticeal Cancer Nations! Dental (b Naticnal Heart , o, | Naticnal (c g3 .%] Pakydinics Bn,m'uis..m
Bﬂ Gerwrad Haspiral _;’ Children’s Hosgital e Sengkang Health &7 | Contre Singapare L«L Centre Sngapan Conare Singapore 1 Neurasclence Institute 4‘_. Eye Certre |_ " | ot etth \

| Fospaal



The Fundamentals: Introduction to cell therapy
e Rationale for Immunotherapy and IEC therapy
e Historical Roots

The Evolution of Cell Therapy
* Landmark developments
* The Challenge of Solid Tumours

Cell Therapy Modalities and Future Developments
 CAR-T vs other IECs
* Emerging Concepts

Patient Care
* Planning the Patient Journey
* Toxicities
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The Fundamentals: Introduction to cell therapy
e Rationale for Immunotherapy and IEC therapy
e Historical Roots
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Premise

Improved Clinical Outcomes

Personalized Treatment + Reduced Healthcare Costs + Accessible Healthcare

TRADITIONAL
CANCER THERAPIES

CANCER
IMMUNOTHERAPIES

IMMUNOTHERAPY UNLEASHES
THE PATIENT’S OWN IMMUNE SYSTEM

RADIATION OR DRUGS

NY SIDE EFFECTS FEW TO NO SIDE EFFECTS

Combination Therapies

Theranostics

Paradigm shift in cancer care: Cytotoxics >> Immunotherapy

Restricted, Sensitive (Normal) Siamof et al. Front chem. (2020) s{ " -
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Basis for immunotherapy

Basis for immunotherapy in cancer

ELIMINATION EQUILIBRIUM ESCAPE

The immune system has the ability Cancer cells that escape the Cancer cells have acquired
to eliminate cancer cells. Highly elimination phase enter the resistance by:
antigenic cancer cells are recognized equilibrium phase. These * Poor antigenic expression
and eliminated by the immune transformed cells are poorly * Immunosuppressive cytokines
system. immunogenic and have the ability to *  MDSCs
coexist with immune cells *  Expression of PD-L1

Kalbasi A et al. J Clin Invest. 2013:123(7):2756-2763
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Tumors go to great lengths to evade
the immune response

Low Tumor treated as Antigenic Tumor-induced Tumor-induced
immunogenicity self antigen modulation immune suppression privileged site
Antibody against 4
No peptide:MHC Tumor antigens tumor ceﬁ- sgurface Zae?r::sec(ieiag":fn':\ 3_)
ligand taken up and antigens can induce cells inhibi‘i’: T cells Factors secreted by
No adhesion presented by APCs endocytosis and direct| tumor cells create a
molecules in absence of degradation of the | d"'et? Y- ‘ physical barrier to
No co-stimulatory co-stimulation antigen. Immune “I l';c lor;_o il the immune system
molecules tolerize T cells selection of antigen- e i’ Ao
loss variants by tumors

Basis for immunotherapy
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Advances in immune cell therapy

Allogeneic BMT

Donor Lymphocyte Infusions

One Hundred Paticnts With Acute Levukemia Treated
by Chemotherapy, Total Body Irradiation, and Donor Leukocyte Infusions in 140 Patients With

Allogeneic Marrow Transplantation Relapsed Malignancy After Allogeneic Blinatumomab

. . ' Bone Marrow Transplantation
By E. Darnall Themas, £, Dean Buckner, Mesra Bonaji. Reginald & Clili,

algxander Feter, Mancy Flournoy, Brion 'W. Goodell, Robert O. Hickman, QOfar 5 i DM ' i, Richard Chome in
Kenneth G, Lerser, Paul B, Meiman earge E. Sale, Jean E. Sanders, a an L lian, Hadine Ognakie,
lack Sirger, Mary Stevens, Roiner Storb. and Poul L Weider

RAPID COMMUNICATION Brentuximab

Danar Leukocyte Transfusions fof Treatment of Recurrent Chronic Myelogenous =
Lenkemis in Marrow Transplant Patieats VEdOtln

ByH.L Kok, | Matwsoke, Ch. Cemm, £ Holer, G Laddersss, G Besbm, M. Boim, and W, Wikeamna (A“ti'c D30)

Autologous

Rituximab
BMT Tumor

Infiltrating (Anti-CD20)

Lymphocytes » CART

Sipuleucel-T Therapies

INF-a IL-2

| | .
1950 1970 1980 1990 2000 2010 | 2015

— Checkpoint Inhibitors

Tumor Specificity Increases Over Time




Advances in immune cell therapy

Haematopoietic stem cell transplant |

1. High dose chemotherapy with stem cell rescue (Autologous

Transplantation)
« Benefit relies on chemo-sensitivity of cancer

2. Allogeneic HSCT
« Combines chemotherapy and immunotherapy
« Can cure patients with chemo-refractory disease
e Graft-v-tumor (GVT) 2> Prevenis Relapse
« Graft-v-host disease (GVHD) - Toxicity

Sin'gHealth




Advances in immune cell therapy

Allogeneic stem cell transplant

Epithelial tissues

Skin Stomach,
intestines

“Bystander”

Fibroblasts

Liver
>
T
.
£ \
GVHD I‘ \
F |
broadly expressed l / haematopoietic-restricted
’ \ "/ minor histocompatioiity
antigen S > S antigen

T cell resporxding to T cell responding to
minor histocompatibility
Nature Reviews | Cancer

Bleakley et al; Nat Rev Ca (2004) SingHealth




“Bystander”

p—

Advances in immune cell therapy

Can we do this?

Epithelial tissues
Skin

Haematopoietic system

Stomach, Neutrophil

Antigen-presenting
. -

histocompatitdity

Nature Reviews | Cancer

Bleakley et al; Nat Rev Ca (2004)




Landmark developments in CAR T-cell therapy

Cancer Call immunotherapy Pipeil CANCER  Timestrux
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Ancient Egyptian - Metchnikoff and FDA grants accelerated Development of
papyrus records Razi records early Ehrlich win Nobel Prize Rosenberg et al Rosenberg et al publish approval of CD3 x CD19 Gene & Cellular
early description theory of agquwed for work on Cellular publish on on safety of genetically dual-targeting cell- Therapy is rapidly
of cancer immunity and Humoral Immunity efficacy of TlLs modified TILs in humans engager for B-cell ALL expanding
~1600 B.C. ~900 A.D. 1908 1988 1990 2014 2021
~500 B.C. 1863 1957 1989 2006 2017
Hip.pocrates Virchow describes Thomas et al publish Gross et al publish on Morgen et al publishon  FDA approval of two CD19
"C°'“_5 term" leukocyte infiltration of on allogeneic HCT for successful generation efficacy of genetically ~ CAR T-cell products for B-
carcinoma neoplastic tissues acute leukemia of CAR T-cell engineered TCR T-cells cell ALL and LBCL
1
Cancer Regression in Patients After Transfer of
Genetically Engineered Lymphocytes
ichund & Murgen Mak | Dty Johs B Wusdadieh, Mayheth § Mugher, James . Voug, Suhud AL Shaery Sichant §
Bopsl Surames | Topahas Ufisl | Sommats Sancles # Seetify Dl Dheny Azew Mabe, Chritises € de $rme. Lins J
Expression of immunoglobulin-T-cell receptor chimeric molecules
as functional receptors with antibody-type specificity Y U.S. FOOD & DRUG
ey o ADMINISTRATION
Grovon Gross, Tova Waks, axp Zewo Esenan®
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E Do T , M.D,t Huay L 1 . Jr, MD.$ Wan Cumwe Lu, PuD.§ s >
T e P iy T e 'YESCARTA (axicabtagene ciloleucel)|

Razi’s portrait courtesy of master artist Homayoun Alvand

Fig. 2 Milestones in cellular therapy development
SingHealth



Toxicities of CAR T-cell Therapy and T-cell Engagers

Granzymes and perforins

Malignant Cell

Apoptosis *

CAR-T Cell T Cell
Target (e.g.:
BCMA, CD19
Target (e.g.:
BCMA, GPRC5D,
CD19, CD20)
CD3

Apoptosis
Granzymes, Perforin,
IL-2, IFN-y, TNF-a

BsAb

A
vascular | ® -
endothelium endothelial activation BBB disruption
CRS with fever, hypotension, hypoxia ICANS

Hadidi et al, Mol Ther 2024.
Zhou et al, Front Immunol 2020. SingHealth
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Toxicities of CAR T-cell Therapy and T-cell Engagers

" ICANS: h
e Confusion

e Reduced responsiveness

e Seizures

e Cerebral edema

(TIAN:

e Cerebral edema
¢ Increased ICP
¢ Localized neural dysfunction

\. J

Coagulopathy:
e Bleeding
e Thrombosis \

ICAHT:
e Anemia
e Thrombocytopenia
e Neutropenia

Inflammation

CRS ICANS IEC-HS

[

Ll I

7 14 pal 28

Time (days)

CRS:
e Fever
e Hypotension
e Hypoxia

IEC-HS:
¢ Hyperferritinemia
e Elevated LFTs
e Hemophagocytosis
e Cytopenias
e Coagulopathy

Infections:
¢ Viral, bacterial, fungal
¢ Increased risk with
cytopenias, B cell
aplasia, and anti-CRS
management




Toxicities related to Adoptive T-cell Therapy

Tumor cell

Acute Phase (D0-D30) Late Phase (D30+)

= Cytokine-release syndrome = Persistent cytopenias
= |Immune effector cell-associated = B-cell aplasia and hypogammaglobulinemia
Tcr @ i‘i Extracellular domain (scFv) neurOtO)_(ICIty Syndrome = T-cell dEﬁCienCV
2 i Hinge and TM domains }CAR - Cytopenlas = |nfections
i Ll bl — MAS/HLH is a very rare and severe form = Residual effects of acute toxicity
— DI .
— ¢ _ - = Delayed CRS and neurotoxicity is rare but can
T cell = B-cell aplasia and hypogammaglobulinemia occur
| = Tumor lysis is rare and likely varies by » Long-term effects

disease and disease burden . .
— Secondary malignancies

R — Impairment to QoL: fatigue, memory issues,
] o gro nti- SCrv H
Bispecific T- e not yet well described

Cell engager DJ'\Anti-TAAscFv

- Although toxicity profile overlaps, there are differences
in presentation / management

https://www.amunix.com/technology/ Sﬁlth




Standardized Grading Systems
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CRS - Cytokine Release Syndrome

T cell | m
| Q.
,Af’“‘,’?t.'“ ~....._— Antigen Binding *"% A‘B-BE"
- . % substantial / o
g 3 relgase of IL-6 /
CAR-T | oe'e
_ Cell . . o ®
o ‘..' c' . .. . K ; |
e R £ SR
Cytokine Releasing ARasasxsnssas L 4 \[ //
(INF-y, TNF-q, A e . Cytokine Releasing!
GM-CSF, IL-2, et al) . L oL Jonine eeas'"gw
‘. Activation " i —
.- f‘i /
'\\ : ; oo \‘
a; » N Cytokine Releasing “k
Monoye __ (L6, IL-1B,TNF-q, ot al) “1 e
acropnage - , / _)
INK/IDC N e . CAR-T Overproliferation
\‘ “
|

Pathological Process of CAR-T Cell Therapy—lnduced CRS

=

Sencondary
. ICANS?

9% Fever
% Hypotension
B ¥ Hypoxia

9% Multi-Organ
Dysfunction

Cytokine Storm/ —— |[EC-HS

Systematic CRS

* An acute systemic inflammatory
syndrome

* Clinical severity can range from
a mild febrile flu-like illness to a
severe potentially fatal
syndrome of capillary leak,
hypoxic respiratory failure, and
vasodilatory shock with
multiorgan toxicities.

-

Zhang et al, Clinical Cancer Bulletin 2025.  SingHealth



CRS Grading

ASTCT harmonized definitions and grading criteria for CRS

m >38.0°C >38.0°C >38.0°C >38.0°C

Hypotension None Not requiring Requiring a vasopressor  Requiring multiple
vasopressors with or without vasopressors (excluding
vasopressin vasopressin)
And/or ®
Hypoxia Requiring low-flow © Requiring high-flow ¢ Requiring positive
nasal cannula or blow-by nasal cannula, pressure (eg. CPAP,
facemask, non- BiPAP, intubation and
rebreather mask, or mechanical ventilation)

Venturi mask

Restricted, Sensitive (Normal) Lee et aI, BBMT 2019. S‘.jg-lealth




ICANS - IEC-associated neurotoxicity syndrome

CNS —» ICANS

@

v secrete
‘b0 0 —

@0

Destabilizing
vascular integrity

Endothelial cells
=

Initial inflammatory
response.

BBB aggmags T e e sy

Trafficking of CAR-T cells, other
immune cells,and cytokines

= perforin, granzyme
, 09 ® IFN-yTNF-q,

T Perforin
Cytokine storm T macrg Ph/,a
IL-1, IL-2,IL-6, IL-8, —
IFN-y, TNF-q, . ® Y
- e o s
® )il A © granzyme A
' 2 DC R Second inflammatory
IL-6 activate A k. response
v\

Produced by damaged cells
Recruite and activate endogenous
immune cells

Blood or/and solid tumor site —» CRS

e Early manifestations of
ICANS include expressive
aphasia, tremor, dysgraphia,
and lethargy.

e Can progress to global
aphasia, seizures,

(=) @
-\,ve [#) .
AN obtundation and coma.
JU/
x ranzyme B .
N * Reversible but severe ICANS
| . ceeses can lead to fatal
g,a,,zym‘e/g intracerebral hemorrhage

and malignant cerebral
edema.

Zhang et al, J Clin Med 2023. gnlgHeanh



ICANS Grading

ASTCT ICANS Consensus Grading for Adults

oo | St e
Domain
ICE score” 0 (patient is unarousable and unable to

Depressed level Awakes Awakens to voice Awakens only to tactile Patient is unarousable or requires vigorous or
of consciousness EJduEREHLY stimulus repetitive tactile stimuli to arouse. Stupor or
a coma.
N/A N/A Any clinical seizure focal or Life-threatening prolonged seizure (> 5min); or
generalized that resolves repetitive clinical or electrical seizures without
rapidly or nonconvulsive return to baseline in between

seizures om EEG that resolve
with intervention

Motor findings * VA N/A N/A Deep focal motor weakness such as
hemiparesis or parapersis

Elevated IOP/ N/A N/A Focal/local edema on Diffuse cerebral edema on neuroimaging;
cerebral edema neuroimaging ¢ decerebrate

or decorticate posturing; or cranial nerve VI
palsy; or papilledema; or Cushing's triad

Restricted, Sensitive (Normal) Lee et aI, BBMT 2019. SingHealth
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ICANS Grading

Cfab'le 4. Immune Effector Cell Encephalopathy (ICE) Scoring b
Task Points

Orientation Orientation to year, month, city, hospital 4

Naming Ability to name 3 objects (e.g., pen, mouse, 3
keyboard)

Follow commands Ability to follow simple commands (e.g., pointto 1
the computer)

Language/writing Ability to write a simple sentence 1

Attention Ability to count backwards from 100 by 10 1

\Note. Adapted from Rees et al. (2022). )
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Other Toxicities

Immune effector cell-associated hematotoxicity: EHA/EBMT

Grading 2

Early ICAHT (day 0-30)
ANC <500/pL <7d 7-13 d =14 d Never above 500/uL
ANC <100/pL — — =7 d =14 d

Late ICAHT (after day +30)*
ANC <1500/pL <1000/pL <500/pL <100/pL

Immune Effector Cell-Associated Hemophagocytic Lymphohistiocytosis-Like Syndrome (IEC-HS)

Adverse Grade
Event 1 2 3 4 5
IEC-HS* Asymptomatic or mild Mild to moderate symptoms, Severe or medically signifi- Life-threatening consequen- Death
symptoms; requires obser- with intervention indicated cant but not immediately ces: urgent intervention
vation and/or clinical and (eg, immunosuppressive life- threatening (eg, coagul- indicated (eg, life-threaten-
diagnostic evaluation. Inter- agents directed at [EC-HS, opathy with bleeding requir- ing bleeding or hypotension,
vention not indicated. transfusions for asymptom- ing transfusion support, or respiratory distress requir-
atic hypofibrinogenemia) hospitalization required for ing intubation, dialysis indi-
new-onset acute kidney cated for acute kidney
injury, hypotension, or injury)
respiratory distress)

Rejeski et al, Blood 2023 #
Restricted, Sensitive (Normal) Hines et al, Tx Cell Ther 2023 SingHealth
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Anticipate clinical trajectory
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Typical Clinical Trajectory in CAR-T

CAR T cell
infusion

: CRS ICANS
Conditioning|
regimen E
R
Day-5-4-3 0 28
E CART cell numbers
: in peripheral blood
Day-5-4-3 9 28
e IL-1B *IL-6
e [L-1Ra o |L-8
* GM-CSF e [L-10 Cytokine levelin

\ o IFNy peripheral blood

o|L-2
o |L-7 / * TNF
*IL-15,
/:_/

28

& : 4
N Q® Morris et al, Nat Rev 2022. SiJII ith
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CRS / ICANS with Tisa-cel

Clinical trajectory for Tisa-cel

Tocilizumab

(day 5)

40
=E=Temp

) =4=CRP
g 39
S
s
8 38
£
h

012345678 9101112131415161718192021222324
Days (post-infusion)

40

- 35
- 30
- 25
- 20
- 15

37£ Mﬁn—at

10
5
0

CRP, mg/dL

1
F—— Pressor support (days 4-9)

Typical clinical trajectory

* Median time to onset of CRS: 3 days

* Median time to resolution of CRS: 10 days
* Maedian time to onset of NT: 5 days

* Median duration of NT: 17 days

CTL019 infusion j-Cenfusion (day 7-16) | m

Restricted, Sensitive (Normal)




CRSin TCE

CRS in Epcoritamab CRS in a Glofitamab (pre-treatment with obinutuzumab)
Grade1 wGrade2 mGrade3 mGrade 4
100 -
100
90 A Grade 1
80 A = Grade 2 80
70 4 m Grade 3 C1
)
X 60 £ 60 ' 554% '
2 2.7 = 35.8%
S 40 o 40 36.0%
30 I
20 4 20
2.0 272
10 13 T 14 15 1.4% 3.0%
45 - - 0
0 c1 C1 c2 c3 C4+
Priming Intermediate First full Second full Third full+
C1D1 C1D8 C1D15 C1D22 C2D1+ 25mg 10 mg 30 mg 30 mg 30 mg
0.16 mg 0.8 mg 48 mg 48 mg 48 mg
N=157 n=153 n=147 n=144 n=136
Cycle 1

ICANS: All grade — 8%; >G3- 3%

Thieblemont et al. JCO 2022. &
Restricted, Sensitive (Normal) Dickinson et al. NEJM 2022. m
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Drug Mosunetuzumab Epcoritamab Glofitamab Odronextamab *

Structure Fully humanized IgG1 CD3=CD20 BsAb IgG-like anti-CD3xCD20 BsAb. Proprietary Humanized mouse-derived BsAb with 1:2 Fully humanized 1gG4 anti-CD3=CD20 BsAb
with 1:1 CD3:CD20 ratio of Fab arms format, with point mutations in the Fab CD3:CD20 ratio of Fab arms developed using an Fc domain with a mutation
portion of the Fe of the antibody and in the protein A of the Fc portion
heterodimerization.
Route of administration % sC v v
Dosing schedule C1:days 1, 8, 15; C1-3: days 1, 8 ,15, and 22; C1: obin, day 1; glofit, days 8 and 15; C1:days 1, 2, 8, 9, 15, 16 of a 21-d cycle;
C2+: day 1, every 21 d, for up to 8 cycles in C4-9: days 1 and 15; C2-12: day 1, every 21 d C2-4: days 1, 8, 15 of a 21-d cycle;
CR or up to 17 cycles for PR or 5D C10+: day 1, every 28 d until progression C5+: day 1, every 14 d;

If CR for at least @ mo: day 1, every 28 d

CRS mitigation

Step-up dosing C1D1: 1 mg C1D1: 0.16 mg C1D1: obin 1000 mg C1D1: 0.2 mg
C1D8: 2 mg C1D8: 0.8 mg C1D8: 25 mg C1D2: 0.5 mg
C1D15: 60 mg C1D15: 48 mg C1D15: 10 mg C1D8: 2 mg
C2D1: 60 mg C1D22: 48 mg C2D1+: 30 mg C1D9: 2 mg
C3+D1: 30 mg C2D1+: 4Bmg C1D15: 10 mg
C1D16: 10 mg

C2-C4: 80 mg (FL) or 160 mg (DLBCL)
C5+: 160 mg (FL) or 320 mg (DLBCL)

Premedications (1) A/P 500-1000 mg, 30 min prior, for (1) A/P 650-1000 mg, 30-120 min before C1 (1) A/P 500-1000 mg, 30 min before all (1) A/P 650 mg, 30-60 min prior, during step-up dosing,
C1 and C2 treatments treatments continue if IRR or CRS with prior dose
(2) Diphenhydramine 50-100 mg, 30 min (2) Diphenhydramine 50 mg, 30-120 min before (2) Diphenhydramine 50 mg, 30 min before (2) Diphenhydramine 25 mg, 30-60 min prior during step-
prior, for C1 and C2 C1 treatments all infusions up dosing, continue if IRR or CRS with prior dose
(3) Dexamethasone 20 mg or (3) Dexamethasone 15 mg, 30-120 min before (3) Dexamethasone 20 mg, 1 h before (3) Dexamethascne 10 mg orally, 12-24 h before split dose,
methylprednisolone 80 mg, 1 h prior, for C1 treatments and for 3 consecutive days treatment on C1D8, C1D15, C2D1, and 20 mg IV on day of desing, 10 mg orally on the day after
C1 and C2. Continue all premedications if after. Continue dexamethasone thereafter if C3D1. Continue if CRS with prior dose. step-up dosing. Following first full dose,
CRS with prior dose. G2 or G3 CRS with prior dose. dexamethasone 10 mg before dosing; continue if CRS
with prior dose.
Hospitalization Optional C1D15: 24-h admission C1D8: 24-h admission Performed during step-up dosing
CRS occurrence G1 G2 G3 G4 G5 G1 G2 G3 G4 G5 G1 G2 G3 G4 G5 G1 G2 G3 G4 G5
26% 17% 1% 1% 0% 34% 15% 3% 0% 0% 47% 12% 3% 1% 0% 35%-39% | 13% (DLBCL) | 0% 0% 0%
Time course for CRS Median Time course for CRS Median time Time course for CRS Median Time course for CRS onset Median time (h)
onset time (h) to onset (h) to CRS onset time (h) to to CRS onset
CRS onset onset CRS onset
C1D1: 23.3% C1D1: 5 C1D1: 5.8% All doses: 24 C1D8: 42.8% C1D8: 13.5 C1D1/2: 22%-24% All doses: 18-20
C1D8: 5.6% C1D8: 20 C1D8: 11.8% C1D15: 20 C1D15: 25.2% (range: 6-52) C1D8/9: 27%-32%
C1D15: 36.4% C1D15: 27 C1D15: 42.8% C2: 26% C1D15/16: 21%-35%
C2D1: 10.3% C2D1: 38 C1D22: 4.9% C3+: 0.9% C2D1: 14%-17%
C3+D1: 2.4% C3+ 3% C2D8+: 9%-14%
Median duration of CRS 3d(1-29 d) 2 d (range: 1-27 d) 30.5 h (range, 0.5-317 h) 8-10 h (range, 0.1-190 h)
Neurotoxicity G1-2 G3 G4 G5 G1 G2 G3 G4 G5 G1-2 G 34 G5 G1-2 G 34 G5
3% 0% 0% 0% 4.5% 1.3% 0% 0% 0.6% 5% 3% 0% 4% (DLBCL) 0% 0% 2

J
Crombie et al. Blood 2024. Sing g

T T e




Management of immune toxicities
(CAR-T vs TCE)
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CAR-T CRS Management

GRADE 1 GRADE 2 GRADE 3 GRADE 4
Temperature 238° C Temperature 238° C Temperature 2 38° C Temperature 2 38° C
and and and and
No Hypotension Hypotension Not requiring Hypotension requiring vasopressor Hypotension requiring multiple
and Vasopressors And/or vasopressors (excluding
No hypoxia And/or Hypoxia requiring high-flow nasal vasopressin)
Hypoxia requiring low-flow nasal cannula >6L/minute, facemask, And/or
cannula at £6L/minute or blow-by nonrebreather mask, or Venturi Hypoxia requiring positive pressure
mask (eg, CPAP, BiPAP, intubation and
mechanical ventilation)
— — —

After blood cultures and other infection tests, start preemptive broad-spectrum antibiotics and symptomatic measures (antipyretics, fluids...)
Corticosteroids are contraindicated in the absence of life-threatening complications

. = e
TOCILIZUMAB IV 8 mg / kg (max = 800 mg)* to be done in the hematology unit before transfer to ICU

If deterioration DEXAMETHASONE IV 10 mg/6h
pendant 1-3 days

DEXAMETHASONE IV 20mg/6h
If deterioration for 3 days, progressive tapering
within 3-7 days

||
In the absence of improvement | In the absence of improvement at H+8 |
within 3 days and in the ab I B B
of other differential diagnosis | repeat TOCILIZUMAB IV 8 mglkg (Max = 800 mg)* |
| | ||
| If ab of improv , persi of symptoms |
Consider TOCILIZUMAB IV 8 . Repeat TOCILIZUMAB (maximum . Repeat TOCILIZUMAB (maximum s Repeat TOCILIZUMAB (maximum 2
mg / kg (max = 800 mg)* 2 additional doses) or switch to 2 additional doses) or switch to additional doses) or switch to
SILTUXIMAB IV 11mg/kg x 1/d SILTUXIMAB IV 11mg/kg x 1/d SILTUXIMAGB IV 11mg/kg x 1/d
. Consider DEXAMETHASONE IV . Consider DEXAMETHASONE IV e METHYLPREDNISOLONE IV 1000mg/d for
10mg/6h for 1-3 days. 20mg/6h for 1-3 days 3 days then 250mg x 2/d for 2 days,
125mg x 2/d for 2 days, 60mg x 2/d for 2
days

*In children less than 30 kg, TOCILIZUMARB is given at the dose of 12 mg/k

Restricted, Sensitive (Normal) Yakoub-Agha et al, Haematologica 2019 SingHealth




TCE CRS Management

A rtinne

CRS Grade
ithhold drug

Ensure CRS symptoms are resolved
prior to next dose of drug

Withhold drug

Ensure CRS symptoms are resolved
prior to next dose of drug

Administer premedication prior to
next dose

For the next dose, monitor more
frequently and consider
hospitalization.

Supportive Care

Investigate for infection and rapidly startup broad-
pectrum antibiotics. Continuation of antibiotic
erapy is recommended until fever and any
existing neutropenia resolve.

Supportive care per institutional standard of care
(antipyretics and IV hydration).

Closely monitor neurologic status.

In patients with persistent (3 days) or refractory
fever, consider managing as per Grade 2.

Investigate for infection and rapidly startup broad-
spectrum antibiotics. Continuation of antibiotic
therapy is recommended until fever and any
existing neutropenia resolve.

Antipyretics, oxygen, intravenous fluids as needed.

Symptomatic management of constitutional
symptoms and organ toxicities as per standard/
local guidelines.

If refractory, manage as per Grade 3.

Restricted, Sensitive (Normal)

Cortirnctaroids

Anti-cytokine Therapy

Consider first dose tocilizumal?”™ Dexamethasone 10-20mg
d per day (or equivalent)
may be initiated.

Note: In case of
concurrent ICANS,
mitiation of
corticosteroids are highly
ecommended

refractory to antipyreti

ICANS choose alternative t8
tocilizumab if possible (eg,
siltuximab, anakinra)

Consider dexamethasone
10-20mg per day (or

Anticytokine therapy
recommended.

If CRS is refractory to initial equivalent).
cytokine therapy;, Note: In case of
concurrent ICANS,

initiate/increase dose of
corticosteroid therapy and
consider alternative
anticytokine therapy.

mitiation of
corticosteroids are highly
recommended

Note: In case of concurrent
ICANS choose alternative to
tocilizumab if possible (eg,
siltuximab, anakinra)

-

Sin'g-lealth
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TCE CRS Management

CRS Grade Supportive Care Anti-cytokine Therapy Corticosteroids

Hold drug

Ensure CRS symptoms are resolved prior to
the next dose

Administer premedication prior to next
dose

Hospitalize for the next dose

If recurrent G3 CRS - ppermanently
discontinue drug

Permanently discontinue drug

High-flow oxygen Tocilizumab as per Grade 2

Intravenous fluids and vasopressor with or

without vasopressin If not improvement after

) o tocilizumab and steroids,
Symptomatic management of constitutional consider other anti-cytokine

symptoms and organ toxicities as per standard/ therapies

local guidelines e  Anakinra 200mg every 8

hours

e  Siltuximab 11mg/kg if
symptoms persist with
concurrent neurotoxicity

Admit patients to high dependency/ICU

If ECHO was not already performed, obtain
ECHO to assess cardiac function and conduct
haemodynamic monitoring

If refractory, manage as per Grade 4
Mechanical ventilation and/or renal
replacement therapy may be required. Manage
in ICU.

IV fluids and vasopressors as indicated.

Tocilizumab as per Grade 2

Consider other anticytokine

(as above) and anti- T-cell

therapies

e  Cyclophosphamide
1,500mg/m2 IV for one
dose

e  Anti-thymocyte globulin
1-2mg/kg IV daily for 3
days

Treat other organ toxicities as per local
guidelines

Consider and assess for development of
MAS/HLH, including monitoring of fibrinogen
and triglyceride levels

Restricted, Sensitive (Normal)

Dexamethasone 10-20
mg IV every 6 hours

If no response, initiate
methylprednisolone
1000mg/day

Once CRS improves to
Grade 1, taper and/or
stop corticosteroids
depending on clinical
situation

Dexamethasone 10-20
mg IV every 6 hours

If no response, initiate
methylprednisolone
1000mg/day

followed by rapid taper
as per clinical situation

-

Sinlg-lealth
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TCE ICANS Management

Withhold drug until
resolution of ICANS.

Vigilant supportive care; aspiration precautions; IV hydration.

MRI brain; diagnostic LP with opening pressure; MRI spine if the
patient has focal peripheral neurological deficits; CT scan of the
brain can be performed if MRI of the brain is not feasible.

Early EEG ideally within 24 hours of occurrence of Grade 1 ICAKS.
Repeat EEG if condition deteriorates and previous EEG did n
detect seizures.

Consider levetiracetam 750 mg every 12 hours (oral or IV) for &
month.

If EEG shows non-convulsive status epilepticus, follow algorithm
for status epilepticus

Consider neurology consult. Worsening: treat as Grade 2
Monitor closely. Supportive care and neurological work-up as
indicated for Grade 1.

Withhold drug until
resolution of ICANS.

Continuous cardiac telemetry and pulse oximetry as indicated
Closely monitor neurologic status with serial neurologic exams to
include fundoscopy.

Neurology consult.

(Repriming / pre-meds for dose delays vary across products — to check accordingly)

ICANS ] :

Anti-cytokine Therapy Cnrticnctarnids

No concurrent CRS: Anticytokine the
not

py Dexamethasone, 10 mg IV
every 12 hours

Concurrent CRS: Anticytokine therapy
indicated:

Choose alternative to tocilizumab (eg,
siltuximab,
anakinra) if possible.

No concurrent CRS: Anticytokine therapy Dexamethasone at 10-20
not mg IV every 12 hours

indicated.

Concurrent CRS: Anticytokine therapy
indicated.

Choose alternative to tocilizumab (eg,
siltuximab, anakinra) if possible.

+ Consider anakinra SC 100mg OD or BD

* Consider siltuximab, 11 mg/kg IV over
1 hour, one time only.

-

Restricted, Sensitive (Normal)

Sinlg-lealth
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TCE ICANS Management

CRS Grade ACUONS Supportive Care Anti-cytokine Therapy Corticosteroids

Permanently discontinue drug. BRportive care and neurological work- No concurrent CRS: Anticytokine therapy not Dexamethasone 10-20

up a\indicated for lower grades. mg |V every 6 hours.
If no response, initiate

methylprednisolone
Choose alternative to tocilizumab (eg, 1000 mg/day.
siltuximab, anakinra) if possible.

* Consider anakinra SC 100mg OD or BD

« Consider siltuximab, 11 mg/kg IV over 1 hour,
one time only.

indicated.

Management in monitored care
or intensive care unit.

Concurrent CRS: Anticytokine therapy indicated.

Supportive care and neurological work- No concurrent CRS: Anticytokine therapy not Dexamethasone 10-20

up as indicated for lower grades. mg |V every 6 hours.
If no response, initiate

methylprednisolone
Choose alternative to tocilizumab (eg, 1000 mg/day.
siltuximab, anakinra) if possible.

* Consider anakinra SC 100mg OD or BD

* Consider siltuximab, 11 mg/kg IV over 1 hour,
one time only.

Permanently discontinue drug.

Management in monitored care indicated.

or intensive care unit. Cpnsider mech-anical ventilation for Concurrent CRS: Anticytokine therapy indicated.
airway protection.

(Repriming / pre-meds for dose delays vary across products — to check accordingly)

-

Restricted, Sensitive (Normal) SingHealth




Special Report

Consensus recommendations on the management of
toxicity associated with CD3xCD20 bispecific
antibody therapy

Jennifer L. Crombie,"* Tara Graff,** Lorenzo Falchi,”* Yasmin H. Karimi,** Rajat IE'u';lr'lm-:'rji,5 Loretta Nastoupil,é Catherine Thieblemont,”
Renata Ursu,”® Nancy Bartlett,” Victoria Nachar,” Jonathan Weiss,” Jane Osterson,” Krish Patel,'” Joshua E';rf::'dy,11 Jeremy S. Abramson,'?
Matthew Llunning,13 Nirav N. Shah,'* Ayed A_yed,"s Manali Kamdar,'® Benjamin Parsons,'’ Paolo Caimi,'® lan Flinn,'” Alex Herrera,”"
Jeffrey Sharman,”’ Marshall McKenna,” Philippe Armand,’ Brad Kahl,” Sonali Smith,”?* Andrew Zelenetz,” Lihua Elizabeth Budde,""
Martin Hutchings,”" Tycel Phillips,”" and Michael Dickinson®*'
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How | Treat Series

EMERGENT CAR T-CELL TOXICITIES

How I treat refractory CRS and ICANS after CAR
T-cell therapy

Michael D. Jain,'* Melody Smith,”* and Nirali N. Shah’

'Department of Blood and Marrow Transplant and Cellular Immunotherapy, Moffitt Cancer Center, Tampa, FL; ?Division of Blood and Marrow Transplantation
and Cellular Therapy, Department of Medicine, Stanford University School of Medicine, Stanford, CA; and 3Pediatric Oncology Branch, Center for Cancer
Research, National Cancer Institute, National Institutes of Health, Bethesda, MD
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Pre-infusion risk
assessment
and risk-mitigation to
reduce risk of severe CRS
(e.g., optimize/reduce

disease burden, plan for : :
early referral, CAR T-cell Progressive CRS and/or seiEesorolel,

construct selection) ICANS despite optimal use see Table 1)
of first-line therapies

Pre-emptive strategies
with low-grade
CRS/ICANS to prevent
severe toxicities (e.g.,
early tocilizumab, use of

Evaluate for concurrent
infection and/or disease
progression

Consider higher dosing of
steroids and/or
incorporation of alternative
agents (e.g., steroid-
sparing therapies, see Table 2)

Optimize supportive care
measures (e.g., antimicrobial
prophylaxis, rehabilitation
considerations, see Table 3)

-
Jain et al, Blood 2023 SingHealth



endothelial cells,

blood-brain barrier '
bystander immune cells,

non-immune cells

malignant cell — /' '\ -
g tocilizumab HL-18 BP

anakinra
IL-6 I'" siltuximab l

\

IL-1

antigen v IL2
CAR emapalumab

CART cell

lenzilumab

monocytes

Walton ZE et al. Expert OpinPharmacother. 2024 Feb;25(3):263- sﬁeanh



IEC-HS (IEC-Associated Hemophagocytic Lymphohistiocytosis-Like Syndrome)

HLH is a documented AE following treatment with CAR-T products
In 2023, a novel definition was introduced to better capture the distinct features of HLH post CAR-T treatment
(Hines et al, 2023)

IEC-HS is a pathological and biochemical

IL-33,~= Tissue Injury Sl £ hyperinflammatory syndrome distinct from

e . CRS and ICANS that:

Vil 1 116 IL6R i.  Manifests with features of MAS/HLH

qr IL-1 .. .
Macrophage Mot ii. Attributable to IEC therapy
i - iii. A/w progression of new onset of
Dysfunctional lymphocyte cytotoxic function Excessive macrophage . ey .
and sustained immunologic synapse IL-1 0../ activation and cytokine release CytO p e Nl a ) hy p e rfe rr |t N e mi a )
5 - e coagulopathy with hypofibrinogenemia,
’ 7 ; i nj -H o e
. 'L'33FTSS“°' by EC-HS and/or transaminitis
Y

r\ Ferritin I

> i Macrophage IL-6: IL-6R - T-cell receptor

U/ =g €= MHCH

. IL-12 TNF-a "% Perforin/granzymes
a IL-18 &==CAR
(‘ (‘ . - Tumor antigen
IFN-Y IL-10 Excessive macrophage activation

and cytokine release

IEC activation, proliferation,
and cvtokine release

Hines et al, Tx and Cell Rx 2023 s,,"mm,




IEC-HS (IEC-Associated Hemophagocytic Lymphohistiocytosis-Like Syndrome)

<
Mild, minimally
symptomatic

Progressive, life-

Disease severity threatening

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

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

Hines et al, Tx and Cell Rx 2023 S‘n‘g-lealth

e




Conclusion

* Exciting era with novel immune- / cell- therapies but there is still much to be
learnt.

e Every product is different. Immune responses may vary across patients.

* Clear SOPs in place for managing immune toxicities but it is imperative to
maintain vigilance for unexpected immune related toxicities

* Important to build up and manage patient in a multi-disciplinary team
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