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HISTORY OF CANCER TREATMENT MODALITIES

APPROACH

SINCE

LIMITATIONS

SURGERY

Cut out accessible

tumor cells to stop

growth and prevent
their spread

1800s

Many inaccessible
tumors ineligible;
limited effectiveness
if tumor has alrcady
begun to spread

RADIATION

Use highly
concentrated
X-rays or radioactive
Isotopes to kill
cancerous cells

early 1900s

Limited effectiveness
if tumor has already
begun to spread,
potentially
dangerous for
tumors near vital
organs

CHEMO-

THERAPY

Use cytotoxic drugs

to kill or inhibit
cancer cells

late 1940s

High toxicity and
often does not
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tumor, leading to
high rates of
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TARGETED
DRUGS
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for, or that supports

tumor growth

2000s
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efficiency but short
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Breakthrough of the Year

Cancer
Immunotherapy

b Teolison the attack ¢~ "y SRR THERE IS NEW AMMUNITION
. IN THE WAR AGAINST

GANGER.

THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC

combat cancer by targeting only the
diseased cells. Is this the breakthrough .
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CAR T

ACAR T cells afelymphocytes that have been genetically engineered to create
artificial T cell receptorfor use in iImmunotherapy

ACAR T cell therapy emerges as a novel therapeutic practice, and now it is at the
frontier of personalized immunotherapy

AThe most sigficant advantage of such kind of therapy is that it directly idiees:i
and kills tumor antigen without involving a major histocompatibility complex

AGross and Colleagues were considered the founder of CARtAecatly as they
laid the foundation for thdirst time



Table 1
List of achievements with respective year.

Years Achievements

M B BS 1989  Generation of effector T cell expressing chimeric T cell receptor [17].
1993  Introduction of First generation of CAR T cell having very little clinical

MD efficacy [18].
2002 | Using CAR T cell in the laboratory against prostate cancer [19].
DM 2003 | Introduction of second generation of CAR T cell for clinical trial against
leukemia [20].

2009 Using CD19 CAR T cell against refractory leukemia [21].

2011 | Successful clinical trial of CD19 CAR T cell in patients with chronic
lymphoblastic leukemia [22].

2013 | Treating pediatric Acute Lymphoblastic leukemia through CD19 CAR T cell
[23].

2013 | Science magazine declare CAR T cell therapy as “Breakithrough of the vear”
[24].

2014 | Third generation of CAR T cell introduces, with additional property like
caspase-9 gene system [25].

2015 | The beginning of clinical trial of fourth generation of CAR T cell against
ovarian cancer [26].

2015 The concept of CAR-NK cell introduces. [27]

2017 | Optimization of CAR placement in T cell by using CRISPR (Clustered
Regularly Interspersed Short Palindromic Repeats) [28].

2017 | Approval of CAR T cell therapy against Acute Lymphoblastic Leukemia by
FDA [29].

2018 | FDA approves CAR T cell therapy against replaced DLBCL in adults [30].
2019 | Using Dual CD19/CD22 CAR T cell therapy for the treatment of Acute
Lymphoblastic Leukemia in Children and Adults [31].




Linker

CD19 binding domain

Hinge Region

Cell membrane B Transmembrane domain

Fig. 1. Fig. 1 represent structure of chimeric antigen receptor (CAR). A typical
CARs are made of ligand binding domain, Linker, Hinge Region, Trans-
membrane domain, and intracellular signaling/activation domain. CARs
recognize surface antigens in a non-MHC manner.
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A

1. Manufacturing of a CAR Fcell product starts witlreukapheresito obtain autologous A
peri pheral Dblood mononucl ear cells (PBMCOG6s) .

A 2. PBMCs are shipped to a centralizedporate GMP facility where the¥ arenriched for Icells
and activategtypically using a combination of arfiD3 and or CD28 antibody coated beads plus
or minus stimulating cytokines.

A 3. The target CAR genefisen transduceitito T-cells utilizinga lentiviral vector.

A 4. The now CAR expressingcElls are themxpandedo well above the target dose (most
commonly 2x 106/kg),viably cryopreserved and then undergo quality control prior to shipping
to the requesting hospital.

A 5. Prior to infusion of CAR “Eell therapy, patients will underdggmphodepletingonditioning
chemotherapy, most commonly witkiclophosphamide and fludarabine.

A 6, Infusionof CAR T-cells most commonly occurs in the inpatient setting to ensure close
monitoringfor CRS and ICANS.
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CAR T-Cell infusion

Blood sample collection

CAR Gene
Transter

T-Cell selection

T-Cell proliferation
CAR T-Cell production

re 1. Adoptive CAR T cell therapy. CAR T cell therapy can be defined as a treatment in which a patient's T cells are genetically modified in the laborator
11 cancer cells. The mechanism of adoptive CART-cell therapy includes the following steps: Collection of patient blood, isolation of T cells from th
sheral blood sample by the process of leukapheresis, transduction of cells by a vector encoding the CAR gene, expansion of CAR T cells in vifro am
iduction into the patient to fight against cancer. CAR. chimeric antigen receptor.



Patient selection
» Selecting for characteristics

predictive of response such as a

lowe tumour burden and/or

absence of extramedullary dissaze
« Treating in earlier lines of therapy

Cell harvesting

Pre-infusion treatment

s Improved lymphocyte-depleting
regimens such as optimized-intensity
cyclophosphamide plus fludarabine

s Medicationz to enhance immune
response such as immune-checkpoint
inhibitors or medications designed to
enhance antigen expression

Post CAR treatment

+ Maintenance therapy such as
lenalidomide for patients with REMM

+ Medications to enhance the immune
rezponse such as immune-checkpoint
inhibitors, exogenous cytokines or
medications designed to enhance
antigen expression

)

o

CAR design

» Optimized H/T domain

AR Teiea) | * Targeting multiple

CD3T | | » Novel co-stimulation
domains
+ Fully human CARs

antigens

CAR T cell infusion

-

Cell manufacturing
» Shortened manufacturing time

+ Shifting T cell phenotype to central memory (T, ) or

naive cells
» Use of allogeneic cells for manufacture
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Table I. List of chimeric antigen receptor therapy clinical trials.

Targert antigen Type of cancer Clinical trial ID
CD19 BALL NCT01044069
CD19 B-CLL NCTO00466531
CD19 Leukemia NCT01416974
CD19 Lymphoma NCT00586391
CD19 B-NHL/CLL NCTO00608270
CD20 Mantel eell leukemia/B-NHL NCT00621452
CD22 Non-Hodgkins Lymphoma NCT02315612
CDI19/CD20 B-Non Hodgkins Lymphoma NCT00621452
CD1%/CD22 B-cell malignancy NCT03185494
CDI133 Hepatocellular carcinoma NCT02541370
CD171 Neuroblastoma NCTO02311621
PMSA Prostate cancer NCTO001140373
CEA Breast cancer NCTO00673829
CEA Colorectal cancer NCT00673827
CEA Lungs cancer NCT00673322
HER-2 Lungs cancer NCT00889954
HER-2 Osteosarcoma NCT00902044
HER-2 Glioblastoma NCTO01109095
CD30 Lymphoma NCT02274584
FAP Malignant pleural mesothelioma NCTO01722149
NKGD2 Leukemia NCT02203825
GD2 Neuroblastoma. osteosarcoma NCTO03356795
EGEFRVIII Glioblastoma NCTO02309373
Mesothelin Pancreatic cancer NCT02706782
CD38/CD123 B-Cell Malignaneies NCTO03125577
ROR1 Chronic lvmphoeytic leukemia NCT02194374
MUC16 Ovarian carcinoma NCT02498912
GPC3 Lung squamous cell carcinoma NCT03198546
VEGFRII Renal cancer NCTO01218867



Clinical Management of CAR-T Cell Therapy I Before Infusion

Patient screening

Biological fitness

Organ function

Frailty score

Informed consent
Disease burden

Consider debulking to reduce risk of cytokine release syndrome

Debulking options: B-ALL T Inotuzumab +/- steroids

B-NHL T R-ICE / R-DHAP / GDP / Alternative / Involved Field Radiotherapy

Timing

Plan for bridging post apheresis, if aggressive disease

Bridging options: Similar to above. If localized disease, consider radiotherapy for B-NHL
Apheresis

Minimum ALC: 100 cells/ul (prefer >400)

Close liaison with manufacturing team for scheduling and logistics

Plan for venous access for leukapheresis procedure

Review medications to stop chemotherapy at least 14 days before apheresis

Stop steroids at least 3 days prior to apheresis

Irradiated red cells and platelets (if needed), such as red cells for priming for low body weight
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Clinical Management of CAR-T Cell Therapy i Infusion

Planning for Infusion Daily Monitoring

Close liaison with the manufacturer for scheduling and logistics A ICE Score

Start lymphodepletion preparative regimen (usually Fludarabine and Cyclophosphamide, dose adjusted A Physical exam

for organ function) on Day -5 A ECOG Score

Stop steroids at least 3 days prior to infusion A NEWS Score

Good venous access A Weight

Ensure patient is stable with no active infections such as Covid or bacterial sepsis A Vital signs

Access to Tocilizumab (and Anakinra) A Adverse events

Medical cover 24/7 including access to neurology consultation A Concomitant medication
A Laboratory parameters

During Infusion
Ensure patient is stable with no active infections
Verification of patient identity and infusion bag details by two independent trained medical / nursing staff
Timing infusion preferably between 7am to 2pm
Premedication including antihistamine and paracetamol. DO NOT administer steroids unless life
threatening emergency
Use normal infusion set (DO NOT use in-line leukodepleting filter)
CRS and ICANS Management
Close monitoring of inflammatory parameters i CRP, LDH, Ferritin, IL6
Regular use of ASTCT app for CRS and ICANS grading
Proactive management of CRS ensuring sepsis is excluded / covered with appropriate antibiotics
Early use of Tocilizumab, e.g., persistent Grade 1 CRS beyond 24 hours
Prompt access to CRS and ICANS treatment algorithms in the BMT unit

Complete blood count
Biochemical panel
Coagulation panel
Cytokine level i 1L6

o To T Do

19



Clinical Management of CAR-T Cell Therapy i Infusion

Prophylaxis
Antiviral / antifungal / anti-PJP / antibiotic as per local guidelines
Regular personal hygiene with chlorhexidine / betadine / benzydamine mouthwash
HEPA filtered room (at least for the duration of neutropenia)
G-CSF (after 14 days), if needed
TPO agonist (after 14 days), if needed

Monitoring Efficacy
Assess efficacy at Day +28 and Day +90

Pharmacovigilance
Compliance with Risk Evaluation and Mitigation Strategy (REMS) for reporting adverse events and
outcomes

20



CYTOKINE RELEASE SYNDROME (CRS)

GRADE 1

Temperature = 38°C
and
No Hypotension
and
No Hypoxia

GRADE 2

Temperature = 38°C
and
Hypotension not requiring vasopressors
and / or
Hypoxia requiring low-flow nasal cannula at =<
6L/minute or blow-by

GRADE 3

Temperature = 38°C
and
Hypotension requiring vasopressor
and / or
Hypoxia requiring high-flow nasal cannula at >
6L/minute, facemask, nonrebreather, or Venturi mask

GRADE 4¢

Temperature = 38°C
and
Hypotension requiring multiple vasopressors (excluding
vasopressin)
and / or
Hypoxia requiring positive pressure
(eg. CPAP, BiPAP, intubation, and mechanical ventilation)

= = |
Alert your local ICU |
|| = ||

After blood cultures and other infection tests, start preemptive broad-spectrum antibiotics as per institutional guidelines (febrile neutropenia) and symptomatic measures (antipyretics, fluids)?
Monitor serum CRP, LDH, ferritin, and coagulation parameters (INR, PT, PTT, fibrinogen). Monitor oxygen saturation.
Corticosteroids are contraindicated in the absence of life-threatening complications

CRS treatment

If no improvement within 24 to 72 hours and/or
= in absence of other differential diagnosis

- age =60 years with comorbidities

+« high disease burden

If concurrent with ICANS:
Treat with steroids and do not administer
Tocilizumab. Management of ICANS
takes precedence over Grade-1 CRS.

TOCILIZUMAB' IV 8 mg / kg (max 800mg) in hematology unit before transfer to ICU |

If deterioration

for 1-3 days

=
4 DEXAMETHASONE? IV 10mg / 6h If deterioration DEXAMETHASONE? IV 20mg / 6h

for 3 days, progressive tapering
within 3-7 days

In the absence ofimprovementin 6 to 8 hours

Repeat TOCILIZUMAB?' IV 8 mg / kg (max 800mg). NOT more than 3 doses in 24 hours; maximum 4 doses. I

In the absence ofimprovement and persistence of symptoms?®
(consider other causes for clinical deterioration eg sepsis, adrenalinsufficiency)

|
i

Consider TOCILIZUMAB?

IV 8 mg / kg (max 800 mg)
Consider anti-seizure prophylaxis
(Levetiracetam)

*Repeat TOCILIZUMAB' (maximum 2 additional
doses) or switch to other anti-IL-6 agents*

«Consider DEXAMETHASONE?® IV 10 mg / 6h for 1-3
days

*Consider anti-seizure prophylaxis (Levetiracetam)

*Repeat TOCILIZUMAB' or switch to other anti-IL-6
agents+

-Consider DEXAMETHASONE?® IV 20 mg / 6h for 1-3
days

-Consider anti-seizure prophylaxis (Levetiracetam)

*Repeat TOCILIZUMAB' or switch to other anti-IL-6
agents*

*METHYLPREDNISOLONE® IV 1000mg / d for 3
days then 250 mg x 2/d for 2 days, 125 mg x 2/d for 2
days, 60 mg x 2/d for 2 days

-Consider anti-seizure prophylaxis (Levetiracetam)

1 Tocilizumab infusion over 1 hour: Patient weight < 30 kg: 12 mg / kg IV; Patient weight = 30 kg: 8 mg / kg i.v. (max dose 800 mg)
2 Continuous monitoring via cardiac telemetry and pulse oximetry and of other organ functions, including routine neurologic exams

3 Steroids should be dose adjusted as per age and weight
4 If refractory to tocilizumab, see boxed recommendation

5 Supportive medication: Consider seizure prophylaxis (e.g. Levetiracetam) and EEG monitoring if concurrent NT / ICANS (see
ICANS algorithm); frequent inpatient monitoring until fever and symptom resolution, include neurologic evaluations and
symptomatic support (supplemental oxygen, IV fluids with aggressive electrolyte replacement, antipyretics, low-dose vasopressor
support); anti-viral, anti-PJP, and anti-fungal prophylaxis (note risk of fungal infection with prolonged steroids with Tocilizumab).

If CRS is refractory to tocilizumab, ferritin is rising, or symptoms are not consistent with CRS alone:

If refractory to tocilizumab, consider the following later-line treatments:
= Anakinra (IL-R1 antagonist) - Suggested incremental dose guided by
response: 100 mg (1-2 mg/kg/day) SC OD, if unresolved 12h, then 6h to max
dose of 8 mg/kg/day for 5 to 7 days. Requires renal dosage adjustments if
creatinine clearance <30 mL/min.
= Siltuximab 11 mg/kg IV for 1 dose (IL-6 antibody).

Maximum: 1 dose/3 weeks.
= Cyclophosphamide 1500 mg/m2 IV for 1 dose (immunosuppressant) plus
Mesna 1500 mg/m2 IV over 24 hours.
« Ruxolitinib (Janus kinase inhibitor).
= Anti-TNF-a therapy.

- Consider alternative etiologies such as HLH/MAS or infection. Perform workup for HLH/MAS (CRP, ferritin; if ferritin 210,000 pg/mL, consider HLH. Consult with Infectious Diseases. Consider other
infectious etiologies, particularly if giving higher doses of steroids. Perform infectious workup and evaluate for occult infections.




IMMUNE EFFECTOR CELL ASSOCIATED NEUROTOXICITY SYNDROME (ICANS)

GRADE 1

*Decreased consciousness

(awakens spontanecusly)
*ICEscore(age =12 years)=7 to 9 or
CAPD (age <12 years)=1tc 8

GRADE 2

=Altered level of consciousnessaffecting activities of daily
living (awakens to voice)

*ICEscore(age =12 years)=3to 6 or

CAPD (age <12 years)=1tc 8

GRADE 3

*Very altered level of consciousness (awakens only to
tactile stimulus)

*Any clinical seizure focal or generalized that resolved
rapidly or non-convulsive seizures on EEG that resolve with
intervention

*Focal / local edema on nheurcimaging

*ICE score (age =12 years) = 0to 2 or

CAPD (age <12 years) =8

GRADE 4+

-Patient is unarocusable or requires vigorous or repetitive tactile
stimuli to arcuss. Stupor or coma.

-Life-threatening or prelonged seizure (>5 mins); or repetitive
clinical or electrical seizures without return to baseline in between.
-Deep focal motor weakness such as hemiparesis or paraparesis,
diffuse cerebral edema on neurcimaging; decerebrate or
decorticate posturing; or cranial nerve VI palsy or papilledema or
Cushing’s triad

=ICE score or CAPD impossible

Alert your local ICU. Alert your pediatric / adult neurologist

Symptomatic measures: Raise head 30°, suspend oral nutrition, replace oral drugs by IV

o o
‘ Specific ICANS treatment??
Monitor oxygen saturation, daily EEG, fundus, MRI and then CSF study if no contraindication, transfer to ICU

1

*Perform EEG

*MRI and LP as clinically indicated
*Close monitoring

=Consider anti-seizure prophylaxis
{Levetiracetam)

*Consideranti-seizure prophylaxis (Levetiracetam)
+If seizure (clinically or EEG): CLONAZEPAM IV 1 mg (0.015 mg { kg up to 1 mg); and intrcduce LEVETIRACETAM 500 mg x 2 (pediatric dose 30 mg / kg x 2, max 3g daily)
+If persistence orrecurrence of seizuge, repeat CLONAZEPAM 5 min once, otherwise to be treated as "Status Epilepticus”

S EEE—————

If papillary edema: consider ACETAZOLAMIDE IV 1000 mg, then 250to 1000 mg/12h (5 mg/ kg / 12h)

I If cerebral edema: consider hyperosmolar therapy and hyperventilation ‘

—
If associated with CRS grade = 1 (fever): TOCILIZUMAB 8 mg / Kg (max 800 mg); see CRS algorithm
| | |
If ICANS without CRS (afebrile): consider corticosteroid therapy?-5
=

‘ DEXAMETHASONE? IV 10 mg/ 6h for 1-3 days ‘

‘ DEXAMETHASONE? IV 20 mg / 6h for 1-3 days

METHYLPREDNISOLONE? IV 1000 mg OD for 3 days then 250 mg
x 2/d for 2 days, 125 mg x 2/d for 2 days, 60 mg x 2/d for 2 days
Discuss other alternatives: high dose CYCLOPHOSPHAMIDE,
anti-IL1R and anti-IL6 agents

b _d

In children:

*Grade 2-3: DEXAMETHASONE?0.5mg/ kg / 8h

(max 10 mg / dose)or
METHYLPREDNISOLONE 1-2mg/kg/d

+*EEG monitoring until resolution: if seizure: eg. ICANS grade 2

*Daily fundus until resolution: if papillary edema: eg. ICANS grade 3

*MRI / CT scan and CSF study as per clinical progress

*Repeat imaging if no clinical improvement; continuous EEG monitoring should be considered in refractory ICANS
*In concurrent with CRS, treat CRS as per CRS algorithm in addition to NT recommendations; use the most aggressive interventions recommended between the 2 algorithms
*Consider other causes of neurologic symptoms (e.g. infection, metabolic syndrome, disease progression, medications)

*For subjects who have seizures or seizure-like activity, antiepileptic drugs are recommended; antiepileptic drug combinations may be required for multiple or refractory seizure activity
*Mechanical ventilation for airway protection as per clinical indication

1 Hospitalization if delayed onset ICANS; initiate neurologic consultation

2 Continuous monitoring via cardiac telemetry and pulse oximetry and of other organ functions
3 Steroids shouldbe dose adjusted as per age and weight. Steroids should be continued for minimum 48 hours; considerlonger course of 5 to 7 days with taper for higher grade or persistent/ recurrent symptoms

4 Salvage treatment: Intrathecal chemotherapy with Methotrexate may be consideredin refractory cases; anti-IL1 agent Anakinra; anti-T cell therapies such as Cyclophosphamide (1.5 g/m?)

5 Supportive medication: Frequent inpatient monitoring until symptom resolution; symptomatic support (supplemental oxygen, 1V fluids as needed); anti-viral, anti-PJP, and anti-fungal prophylaxis (note risk of fungal infection with

prolonged steroids with Tocilizumab).




Clinical Management of CAR-T Cell Therapy i Post Infusion

Discharge planning
If discharged before Day +28, patient should stay within one hour travel distance from hospital
No driving for 8 weeks
Watch for delayed ICANS
Discharge wallet card with out-of-hours contact details
Hypogammaglobulinemia
IVIg replacement if IgG <400 mg/dL on a case-by-case basis (usually 4 / 6 / 8 weekly)
Vaccination
Consider Covid re-vaccination and annual flu vaccine 6 months after infusion
No published data on administration of live vaccines post infusion
Long-term Follow-up
Compliance with Risk Evaluation and Mitigation Strategy (REMS) for reporting adverse events and outcomes
Management of Relapse / Refractory Disease
Biopsy proven disease
Guided by disease burden, CAR-T persistence, B cell aplasia, biological fithess and access to second CAR-T reinfusion
Salvage options include radiotherapy (especially for localized disease), conventional chemotherapy, PD1 inhibitors, newer
molecules
CAR-T reinfusion (without conditioning regimen, if persistent CAR-T with B cell aplasia; with conditioning regimen if CAR-T
not detectable)
Consolidation may be provided with second CAR-T reinfusion, CAR-T targeting different antigen or allogeneic transplant, if
and when applicable
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What makes an ideal therapeutic target in ALL?

High
percentage
of blasts
expressing
he antigen

Favorabl
antigenic
FSI (c

High
density
of antigen
expressio

Lack of
expression
on normal
cells

Advani AS. Hematology 2013;1:13171 137
See summary of prescribing information on the last page



Expression of antigens iHiBeage ALL basis for effective
cellular therapy

Surface antigen  ALLsubtype Expression on LBC, % Approved therapies

CD20 Burkitt! 80c90!
B-precursot 30¢50*

CD19 B-precursof-3 95¢100?3 A Blinatumomabbi-specific
Mature BALI23 94¢100%3 CD3/CD1%*

A Tisagenlecleucef

CD22 B-precursop# 92 A Inotuzumabozogamicif

Mature BALIE FmMAan

1. Kumar &t al. Indian HematolBloodTransfu2012;30:1618; 2.HoelzerD et al. Blood Re2012:25%32; 3.RaponiSet al. LeukLymphoma011;52:10981107; 4.
Jabbour Eet al. Blood2015;125:40164016; 5. Maude Skt al. Blood2015;125:401¢4023; 6.Novartis Pharmaceuticalgigagenlecleucglsummary of product
characteristics. 2018. Available at: https://www.medicines.org.uk/emc/product/9456 (accessed 14 November 2020)

See summary of prescribing information on the last page



CD19specificCAR dcell therapy outcomes
In patients with BALL

Institution

MSKCC

UPenn/
CHOP

NCI

Fred

Hutchinson

CAR
design

CD?28,
CD3¢

4-1BB,
CD3C

CD?28,
CD3(

4-1BB,
CD3¢

Patient

Outcome Toxicities

population

® n=327 adults
* R/R B-ALL

* n=30 children
and young adults
e B-ALL

* n=20 children
and young adults
e B-ALL

® n=20adults
* B-AlLL

91% CR

90% CR

70% CR

83% CR

* B-cellaplasia

* CRS

* B-cellaplasia

* CRS

* B-cellaplasia

* CRS

CRS

Nat Re\ClinOncol 2016, 13(6):37@3

Reference

NCT01044069
(REF. 13)

NCT01626495
(REF. 15)

NCT01593696
(REF. 17)

NCT01865617
(REF. 18)
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Review Article

CAR T cells as a second-line therapy for large B-cell
lymphoma: a paradigm shift?

Jason Westin' and Laurie H. Sehn?

"Division of Cancer Medicine, Department of Lymphoma and Myeloma, University of Texas MD Anderson Cancer Center, Houston, TX; and 2BC Cancer Centre
for Lymphoid Cancer and the University of British Columbia, Vancouver, BC, Canada



Axi-cel Tisa-cel Liso-cel
CD19 scFv FMC63 FMC63 FMCé&3
Signal 2 41BB 41BB
Signal 1 CD3& CD3& CD3&
S Fresh Cryopreserved Fresh
ource unsorted PEMCs | unsorted PMBCs | sorted PBMCs
Viral vector <Gamma Lentivirus Lentivirus
retrovirus
Pivotal trial ZUMA-1 Juliet Transform
Most mature 63.1 403 24
follow up (m)
Median duration 111 NE 231
of response (m)
ORR/CR (%) 83/58 52/39 73/53
Median PFS (m) 5.9 29 6.8
PFS, 24 m (%) 36 33* 40.6
Median OS (m) 25.8 111 27.3
05, 24 m (%) 50.5 40* 50.5
AN
CRS:
Any/Gr3+ (%) /93!13\ 57/23 4212
Neuro tox: Qﬂﬂy 20/11 30/10

Any/Gr3+ (%)




Histologies included

ZUMA-7

DLBCL NOS,* including
transformed from FL, HGBCL
with or without MYC and
BCLL/G, T/H-RLBCL, Primary
cutaneous DLBCL - leg type

Belinda

DLBCL NOS, including
transformed from indolent
NHL, HGBCL with or without
MYC and BCL2/6, T/H-RLBCL,
Primary cutaneous DLBCL -
leg type FL grade 3B, PMBCL,
Intravascular LBCL, ALK +
LBCL, HHVE + LBLCL

Transform

DLBCL NOS, including
transformed from indolent
NHL, HGBCL with MYC and
BCLZ/6, T/H-RLBCL, FL grade
3B, FMBICL

Product

Axi-cel, CD28/CD3zeta
2 % 10° cells’kg

Tisa-cel, 4 - 1BB/CD3zeta
0.6-6 x 10° cells

Liso-cel, 4 — 1BB/CD3zeta
1 % 10° cells

1L refractory definition

¢ PD as best response

e 5D after at least 4 cycles

e PR with + biopsy or PD
<12 mo from 1L start

e POVSD as best response

¢ PD/SD/FR as best response
¢ CR with progression <3 mo

1L relapsed definition

¢ CR followed by + biopsy
<212 mo from 1L end

e Positive biopsy =12 mo from
1L end

¢ CR followed by + biopsy 3-12
mo from 1L end

Age

18+

18+

18-75

Leukapheresis time point

s At randomization
e Only CAR T-cell arm

¢ Before randomization
e All patients

¢ Before randomization
¢ All patients

Stratification factors

1. Refractory vs Relapse =6 mo
vs Relapse >6-12 mo
2. 2L AAIPI O-1 vs 2-3

1. Refractory or relapsed =é mo
vs relapsed 6-12 mo
2. IPl <2 vs =2

1. Refractory vs relapse
2. 2L AAIPI O-1 vs 2-3




Bridging therapy

¢ Dexamethasone =40 mg for
=4 d

s R-ICE

» R-GDP

s R-DHAP
s R-GemCx

# R-ICE
s R-GDFP
s R-DHAP

LD chemotherapy

s Fludarabine 30 mg/m® % 3 d
s Cyclophosphamide 500 mg/m®
x 3d

s Fludarabine 25 mg/m® % 3 d
and

» Cyclophosphamide 250 mg/m®
® 3d
OR

e Bendamustine 90 mg/m” % 2 d

s Fludarabine 30 mg/m? x 3 d
s Cyclophosphamide 300 mg/m*
x3d

T-cell therapy

e <<PR/CR by 12 wk (after 2 SOC
regimens)
¢ PD at any time

SOC chemotherapy e R-ICE e R-ICE e R-ICE
s R-GDFP s R-GDFP # R-GDP
s R-DHAF s R-DHAF s R-DHAF
s R-E5SHAFP e R-(GemCx

Crossover to CAR No Yes, if Yes, if

» <PR/CR by 9 wk
s PD at any time
¢ Meed for new therapy after 18 wk

EFS definition

Time from randomization to:

s« FD

e Death

¢ <PR at day 150 assessment

e Start of new lymphoma therapy

Time from randomization to:
s PO

s Death

s <PR at/after week 12

Time from randomization to:

« FD

s Death

e =PR by week ¥

e Start of new lymphoma therapy

1L, first-ine; 2L, seconddine; AAIPI, age-adjusted intemational prognostic index; ALK, anaplastic lymphoma kinase; BCLAG, B-cell lypmphoma protein 2 andfor &; FL, follicular
lymphoma; HGBCL, high-gmde B-cell lymphoma; HHVE, human herpesvirus-8; IFl, intemational prognostic index; LD, lymphodepleting chemothempy; FD, progressive disease;
PMBCL, primary mediastinal B-cell kmphoma; PR, partial response; R-ESHAFP, rituximab, etoposide, stercids, high-dose cytarabine, cisplating R-GemOx, rtuximab, gemcitabine,
oxaliplatin; 50, stable disease; SOC, standard of care; T/H-RLBCL, T-cell'histiocyte-rich large B-cell kmphoma.



Table 2. Patient characteristics

Belinda Transform

Tisa-cel Liso-cel SOC
N 180 179 162 160 92 92
Median age, y (range) 58 (21-80) 60 (26-81) 60 (19-79) 58 (19-77) 60 (20-74) 58 (26-75)
Age =65y, n (%) a1 (28) =8 (32) o4 (33) 46 (29) 36 (39) 25 (27)
Female sex (3%) 70 (39) 52 (29) 59 (36) 62 (39) 48 (52) 31 (34)
AAIPI* 2-3IP1 =2 (%) 82 (46) 79 (44)* 106 (65) 92 (58) 36 (39 37 (40)
GCB subgroup (%) 109 (61) 99 (55) 46 (28) 63 (39) NR NR
ABC subgroup (%) 16 (9) 2 (5) 52(32) 42 (26) NR NR
HGBCL (%) 31 (17) 25 (14) 32 (20) 19 (12) 22 (24) 21 (23)
Refractory to 1L (%) 133 (74) 131 (73) 107 (66) 107 (67) 67 (73) 68 (74)

ABC, activated B-cell, GCB, germinal center B cell; HGBCL,

*Age-adjusted intemational prognostic index.

high grade B-cell ymphoma; MR, not reported; SOC, standand of care.




Table 3. Outcomes

Transform

Liso-Cel

S0C

Received bridging corticosteroids (%) 36 — — — — —
Received bridging chemotherapy (%) 0 — 83 — 63 —
Received =1 50C chemotherapy regimen (%) — 0 —_ 54 — 0
Received intended CAR T cell (%) o4 —_ & —_ 97.8 —_
Median time to CAR T-cell infusion in days, 29 (27-34)* — 52 (31-135)t — MR —
[interquartile range® or ranget)
Received intended ASCT (%) — v 36 — W 325 — \/ 45.6
Crossover pn protocol (%) — — — 51 — 51
Received cellular therapy off protocol (%) —_ 56 —_ —_ —_
Follow up, median in months 249 10 &2
ORR/CR rate (%) 83/65 s50/32 46728 43 J’Eh B&/S 66 48/39
EFS, median in months 8.3 2 \\3 V 10.1 2.3
EF5, % (timepoint in maonths) 41 (24 ma) 16 (24 ma) MR MR &3 (& mo) 33 (& mao)
EFS HR (95% CI) 0.4 (0.31-051) 1.07 (0.82-1.4) 0.35 (0.23-0.53)
PFS, median in months 147 3.7 MR MR 14.8 5.7
PF5 HR (95% CI) 0.4% (0.37-0.65) MR 0406 (021-0.66)
05, median in months ME 25.7 169 15.3 MNE 164
OS HR (95% Cl) 0.708 (0.515-0.972)¢ NR 051 (0.26-1.004)




Table 4. Adverse events of interest

CRS, any grade (%) v 92 — 61 — 49 —
CRS, grade =3 (%) 6 — 5 — 1 —
Meurologic toxicity, any grade (%) [/ &0 — 10 — 12 —
Meurologic toxicity, grade =3 (%) 21 —_ 2 —_ B —_
Tocilizumab use (%) " 65 — 32 — 24 —
Corticosteroid usage for toxicity 24 —_ 10 —_ 17 —_
management (7)
Anemia, grade =3 (%) 30 39 33 a8 49 49
Thrombocytopenia, grade =3 (%) 15 57 32 48 49 &4
Meutropenia, grade =3 (%) &9 41 AQ a9 g0 a1
Febrile neutropenia, grade =3 (%) 2 27 13 25 15 24
Fatigue, any grade (%) 42 al 24 N 39 38
Mausea, any grade (%) a1 &9 a1 49 a3 af




Algorithm for Second-line Therapy of LBCL

Time from 1L therapy

I <1 year: ~75% =1 year: ~25% 1

Eligible for CAR T-cell? Eligible for ASCT?
Yes Mo Mo Yes
~ 7 0% ~30% ~50% ~50%
2L CAR T-cell (axi-cel or liso-cel) 2 or 3L+ therapy options 2L Salvage +/- ASCT
i * |Investigational agent/regimen T
e = Immunochemotherapy PR,

e CAR T-cell {if not given in 2L)
» Polatuzumab vedotin + BR
s Tafasitamab + lenalidomide
¢ Loncastuximab tesirine
+ Best supportive care or XRT

¥ k4

Projected Cure Cure
(~20% of all 2L LBCL) (~5% of all 2L LBCL)
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Review article ™ Check for updates

Long-term outcomes following CAR
T cell therapy: whatwe know so far

Kathryn M. Cappell & James N. Kochenderfer®

Abstract ‘ Sections



« Among haematological malignancies, the indications for use of
chimeric antigen receptor (CAR) T cells are rapidly expanding. CD19-
targeted CAR T cells are now approved for relapsad and/or refractory
B cell lymphoma and B cell acute lymphoblastic leukaemia, and B cell

maturation antigen-targeted CAR T cells are approved for relapsed
and/or refractory multiple myeloma.

# Long-term follow-up data indicate that CD19-targeted CAR T cells

are likely to be curative for a subset of patients with B cell lymphomas.
These CAR T cells might need to be combined with consolidative

allogeneic haematopoietic stem cell transplantation to enable long-term
remissions for patients with B cell acute lymphoblastic leukaemia.

« B cell maturation antigen-targeted CAR T cells can induce prolonged
remissions in patients with relapsed and/or refractory multiple

myeloma, although whether any of these responses are curative
remains unclear.




« Factors associated with durable remission after CAR T cell therapy
include a deep initial response, lower baseline turmour volume, an

absence of extramedullary disease, higher peak circulating CAR T cell
levels and receipt of lymphodepleting chemotherapy.

+ The most prominent long-term toxicities after CAR T cell therapy
include cytopenias and hypogammaglobulinaemia. The incidence

of severe infections =1 month after CAR T cell therapy is low compared
to infections seen in the acute period immediately after cell infusion.

+ Ongoing research efforts are attempting to improve the durability
of responses after CAR T cell therapy, for example, through improved
patient selection, novel CAR designs, including those targeting
multiple antigens, and modifications to the manufacturing process.




Product

Structure of CAR construct

FDA approval (year)
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» LBCL refractory to first-line
therapy or relapsing at <12 months
of first-line therapy (2022)

» Relapsed LBCL after =2 lines
of therapy (2017)

» Relapsed FL after =2 lines
of therapy (2021)

« R/R MCL (2020)
« R/R B-ALL (2021)

» LBCL after =2 lines of therapy (2018)
» FL after 22 lines of therapy (2023)
» RfR B-ALL (2017)

» LBCL refractory to first-line or
relapsing at <12 months of first-line
therapy or relapsing on first-line
therapy and not eligible for HSCT
(2022)

» Relapsed LBCL after =2 lines of

therapy (2021)

Fifth line RRMM (2021)

Fifth line RRMM (2022)



Table 1| Long-term outcomes of patients with B cell lymphoma and/or CLL/SLL receiving CD19-targeted CART cells

Study (yearof CAR product and trial Cancer types (n) Median follow-up ORRand CRR PFS or EFS DOR inresponding
publication) phase (range) payus‘
Chong et al. Tisagenlecleucel, single- DLBCL (24); FL(14) &1 months ORR: 66%; 31% PFS at 5 years for 60% remained in
(2021)" centre case series CRR: 55% DLBCL; 43% PFS at response at b years
5 years for FL
Jacobsonetal. Axicabtagene ciloleucel, DLBCL (77}; 51months ORR: 74%; Median EFS: 5.7 months, NR
(2021)* multicentre phase I/l PMBCL (8); tFL(16)° CRR: 54%% with 24-month EFS
of 38%
Cappell et al. FMCB3-287" single-centre  DLBCL/PMBCL 42 months ORR: 81%; Median EFS: 55 months/” 76% of patients with a
(2020)" phase | (28): indL (8); (1-123 months) CRR: 58% CR remained in response
CLL/SLL(7) at last follow-up with
a DOR ranging from
to 113 months
Schusteretal. Tisagenlecleucel, DLBCL, HGECLor 40 months (IGR ORR: 53%:; Median PFS: 29 months: Median DOR: not
(2021)* multicentre phase || tFL(115) 38-44 months) CRR: 39% median EFS: 28 months  estimable
Hirayamaetal. Lisocabtagene maraleucel, tFL(13)and FL(8) 38 months for ORR: NR for FL Median PFS: 1.4 months  All patients with FL
(2019)* single-centre phass /11 patients with tFL and 46% fortFL; | intFLcohort; NRforFL  with a CR remained in
and 24 months CRR: 88% for FL cohort remission at a median
for those with FU and 46% for tFL follow-up duration
of 24 months (range
5-37 months)
Wang et al. Brexucabtagens MCL (68) 36 months ORR: 91%; Median PFS: 26 months  Median DOR: 47 months
(2023)* autoleucel, multicentre (26-56 months) CRR: 68% in patients with a CR

phase Il
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Wang et al. Brexucabtagene MCL (68) 36 months ORR: 91%; Median PFS: 26 months  Median DOR: 47 months
(2023)* autoleucel. multicentre (26-56 months) CRR: 68% in patients with a CR
phase I
Frey et al. CART-19, single-centre CLL (38) 32 months ORR: 44%; Median PFS: 1monthin  4/9 (44%) of patients
(2020)* phase Il (2-75 months) CRR: 28% all patients; 40 months  with a CR had disease
in those with CR relapse

Abramson Lisocabtagene maraleucel, LBCL(270) All patients had ORR: 73%; Median PFS: 6.8 months Median DOR: 26 months
et al. (2021)7 multicentre phase | =24 months of CRR: 53% in those witha CR

follow-up data;

median NR
Locke et al. Axicabtagene ciloleucel, DLBCL (126): 25 months ORR: 83%; Median PFS: 15 months  Median DOR: 27 months
(2022)=*" multicentre phase M| HGBCL (31); NR CRR: G5%

(18); other (5)

Siddigi et al. Lisocabtagene maraleucel, CLL/SLL(23) 24 months ORR: 82%; Median PFS: 18 months  Median DOR: not
(2022)% multicentre phase | CRR: 45% reached

Studies meeting the following criteria were included in this table: =2 years of follow-up and =20 patieqts on study plus a'.raila,biljt',' of the majority of the above data. Studies are listed in order




ldie £ | LOoNng-term oulcomes o1 patlents witn B-ALL receiving w-pia-targeied AK 1 CeLs

Study CAR design, name® and trial  Trial population  Median CR/CRI Survival Proportion Outcomes of
(year of phase {m) follow-up outcomes of patients in patients inCR
publication) (range) CRrecelving not recelving
consolidative consolidative
alloHSCT —ateHSET
Shah et al. Mouse scFv, CD28 H/T, CD28 Children and 4.8 years 31/50(62%) | Median EFS: 21/28 (75%) 77 (100%) of patients
(2021)“ co-stimulatory domains®*;  adults aged (3.5-7.2 years) 3.1 months of those with with MRD-negative
CD19.28L; single-centra 4-30 years (50) MRD-negative CE  CR relapsed
phase|
Laetsch Mouse scFv, CDBa H/T, 4-1BB  Children 39 months 65/79 (82%) | Median EFS: 1/66 (17%) NR
et al. co-stimulatory domains; and young 24 months
(2023} tisagenlecleucel; multicentre adults aged
phase | 3-24 years (79)
lacoby Mouse scFv, CD28 H/T, Children and 3 years 30/35 (86%) | Median EFS: 2530 (83%) 4/5 (80%) of patients
et al. CD28 co-stimulatory adults aged 17 manths (not with CR relapsed;
(20227° domains; CDM19 CAR T cells;  1-36 years (37) censored for the remaining patient
single-centre phase | consolidative Was on maintenance
alloHSCT) treatment
Wayne Mouse scFv, CD28 H/T, CD28 Children 36 months 16/24 (67%) Median RFS: 14/16 (B8%) One patient died of
et al. co-stimulatory domains; and young (24-54 months) 5.2 months progressive disease
(2022)* KTE-X19; multicentre phase I/Il adults aged and the other was
3-20 years (24) lost to follow-up
Hay et al. Mouse scFy, oG4 hinge, Adults aged 31 months 45/53 (85%) Median EF5: 18/45 (40%) MR
(209)* CD28 transmembrane, 4-1BB  20-76 years (53) 7.6 months {in of those with

co-stimulatory domains,
delivered in a defined CD4"-
to-CD8" cell ratio™; CD19
CART cells; single-centre

phase I/l

those achieving
MRD-negative CR)

MRD-negative CR




Park et al. Mouse scFy, CD28 H/T, CD28 Adulis aged 29 months 44/53 (83%) | Median EFS: 17/44 (39%) 17/26 (65%) relapsed
(2o018)* co-stimulatory domains™™;  23-74 years (53)  (1-65 months) 6.1 months or died
19-28z; single-centre phase |
Shah et al. Mouse scFv, CD28 H/T, CD28 Adults aged 22 months 31/45 (69%) Median RFS: 6/45 (13%) of all 8/31(26%) of CRs
(2021)* co-stimulatory domains™* 18-77 years (45)  (7-36 months) 7 months patients received were ongoing at
brexucabtagene autoleucel; alloHSCT data cut-off, with
multicentre phase | 5/8 (63%) not having
received alloHSCT
Roddie Mouse scFv from the Adults aged 22 months 17/20 (85%), 24-month EFS 44% 317 (18%) NR
et al. CAT131E10 hybridoma, CDBa  18-62 years (20)  (1-34 months) | MRD-negative| by MRD relapse
(2021)%* H/T domain, with a 4-1BB CR criteria
co-stimulatory domains™*;
AUTON; multicentre phase |
Shah Mouse scFy, CD28 H/T, CD28 Adults aged 16 months (IQR | 39/55 (71%) Median RFS: 9/39 (23%) 18/30 (60%) relapsad,
etal. (2021)® co-stimulatory domains™*; 28-52 years (55)  14-20 months) 11.6 months died or proceeded to
brexucabtagene autoleucel; other therapies
multicentre phase I
Wangetal. Humanized scFv, CD8a Children aged 16 months 20/24 (B3%) EFS:37% at 3years 8/20 (40%) 9/12 (75%) relapsed
(2021)" H/T, 4-1BB co-stimulatory 3-17 years (24) (3-45 months)
domains®*"; hCART19s;
single-centre phase |
Frey et al. Mouse scFv, CD8a H/T, 4-1BB  Adults aged 13 months 24/35 (69%) Median EFS: 9/24 (38%) NR
(2020)* co-stimulatory domains™"; 20-70 years (35)  (0.2-53 months) 5.6 months
tisagenlecleucel;
single-centre phase I/1
An et al. Mouse scFy, IgG4 Children and NR (survival 38/47 (81%) Median RFS: 10/38 (26%) 19/28 (68%) relapsed
(2020)* hinge, CD28 TM, 4-1BB adults aged data are from 10.5 months
co-stimulatory domains®™*®  3-72 years (47) 1 year)

Sino19; multicentre phase ||




Table 3 | Long-term outcomes of patients with relapsed and/or refractory multiple myeloma receiving BCMA-targeted CAR

T cells

Study and year of CAR design, name and trial phase Median follow-up ORRand :CRR PFS DOR

publication (n) (range)

Zhao et al. 2022 (74)® Two BCMA-binding domains, CD8a H/T 48 months ORR: 65/74 (88%); | Median PFS: Median DOR: 23 months
domain, 4-1BB co-stimulatory domain; =CRR: 54/74 (73%) | 18 months
LCAR-B38M>F: multicentre phase |

Martin et al. 2023 (97)” Two BCMA-binding domains, a CD8o H/T 28 months ORR: 95/97 (98%); | PFS:55% at Median DOR: NE (range
domain, 4-1BB co-stimulatory domain®™"; >CRR: 80/97 27 months 23 months to NE)
ciltacabtagene autoleucel; multicentre (8:3%)
phase Ib/ll

Mikkilineni et al. 2021(25)* Fully human scFv, CD8a H/T domain, 4-1BBE MR (median PFS ORR: 23/25 (92%):; | Median PFS: Median DOR: NR
co-stimulatory domain®; FHVH33-CDBBBZ of 78 weeks) =CRR: 12/25 (48%) | 18 months

Munshi et al. 2021 (128)” Mouse scFv, CDBa H/T domain, 4-1BB 13 months ORR: 94/128 Median PFS: Median DOR: 11 months in
co-stimulatory domain®®"; idecabtagene (0.2-21 months) (73%); 2CRR: 8.8 months all patients and 19 months
vicleucel; multicentre phase || 42128 (33%) in those with CR or better

Wang et al. 2021 (18)%° Fully human scFv, CD8a H/T domain, 13 months ORR: 18/18 1-year PFS: 58% Median DOR: 325 days for
4-1BB co-stimulatory domain®™®: CT1034; {100%); =CRR: all patients and 412 days for
single-centre phase | 13/18 (72%) patients with CR or better

Li et al. 2021 (30)% Mouse scFv, CD8a hinge, CD28 co-stimulatory 13 months ORR: 27/30 (90%); | Median PFS:  Median DOR: 148 days
domain®™'; anti-BCMA CAR T cells; phase | >CRR:13/30 (43%) | 5.2 months for responding patients

(range 16-625 days)




Box 1

Factors associated with durable
remissions after CAR T cell

therapy

» Depth of response

- Patients with deeper initial remissions are more likely to
have long-term responsgg™/ 51871223435 38.4344.815551, however,
disease relapse can occur even after deep minimal
residual disease-negative remissions '+,

v " Malignancy type
- Patients with B cell lymphomas are less likely to have a complete
response (CR) but are more likely to have sustained remission
once a CR has been reached™~",

- Patients with B cell acute lymphoblastic leukaemia™* = or
multiple myeloma®***** are more likely to have a CR although
less likely to have sustained remission.

N » Tumour burden and location

- Patients with a lower pre-infusion tumour volume are more
likely to attain a deep response?#244415054m07

- Extramedullary disease is associated with a reduced response

v

N

rﬂtEﬂA 3,45,58,60, ?D."E‘..'-'ﬂ

» Lymphodepleting chemotherapy
- Patients who receive lymphodepleting chemotherapy have
better responses™" ",

- The most-effective lymphodepleting chemotherapy regimen
and dosing strategy remain unknown, but fludarabine plus
cyclophosphamide is the most commonly used regimen.

= Chimeric antigen receptor (CAR) T cell levels
- Higher peak blood CAR T cell levels are often

associated with an initial response and durable
remisaiﬂnSg.l3,|E..'Iﬂ,i‘l_’i.aﬁ,ﬂﬁ.d?—dd.ﬁ’-’.ﬁﬂ.ﬁI..EE..'."-'-'I.EI?,B-'-'I.EIEJ



Table 4 | Long-term adverse effects of CAR T cells

Study (yearof CAR name and patient Medianfollow- Prevalence of Prevalence Incidence of late infections Incidence
publication) population (n) up (range) persistent Bcell/lgG  of late severe of second
depletion in patients  cytopenias® malignancy
witha CR®
Chong et al. Tisagenlecleucel; adults 61 months B cell: 4112 (33%): 1/38 (3%), NR 6/38 (16%)
(2021)" with B cell lymphomas (38) lgG: 2/11(18%) ongoing at
57 months

Zhao et al. LCAR-B38M"; adults with 48 months NR MR NR 4/74 (5%)
(2022 multiple myeloma (74) (0.4-61 months)
Cappell et al. FMCG3-287°; adults 42 months B cell: 9/24 (38%); MR 4/43 (9%) developed an infection 7/43 (16%)
(2020)% with B cell lymphoma (1-123 months)  1gG: 5/24 (21%) requiring hospitalization =6 month:

or CLL{43) after CAR T cell infusion
Cordeiroetal. Lisocabtagene maraleucel; 28 months B cell: NR; 319 (16%) of 33/54 (61%) developed an infectior]  13/86 (15%)
(2020)* adults with ALL, NHL or (13-63 months)  1gG: 14/19 (74%) patientsin CR and 80% of these were non-severe

CLL (8E) infections (mostly URIs); 20% of

infections required hospitalization
at =3 months after infusion

Locke et al. Axicabtagene ciloleucel; 27 months (IQR B cell: 8/32 (25%); 181108 (17%) af 2 grade 3 infections occurred 1case of MDS
(2019)¥ adults with B cell 26-29 months)  1gG: NR all patients =12 months in patients in ongoing

lymphomas (108) remission
Locke et al. Axicabtagene ciloleucel; 25 months B cell: 55/160 (34%) of NR NR NR
(2022)3= adults with B cell all patients; IgG: NR

lymphomas (170)
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4838 High Efficacy and Excellent Safety Profile of Actalycabtagene Autoleucel, a
Humanized CD19 CART Product in r/r B -Cell Malignancies: A Phase Il Pivotal Trial

A Materials and methods: The Phase | studé n=10) was a singlecenter trial to test the safety of Actaly-cel at a dose of
1x107 to 5x10° CART cells in patients with r/r DLBCL, tFL and PMBCL (CTRI/2021/04/032727).

A The Phase Il study £n=50) was a sin%]learm, multi-center study conducted across 3 centers in India
(CTRI/2022/12/048211). Patients with r/r B -cell malignancies (including aggresswe and indolent B-cell Iymghomas and acute
n{orjgdncuvke"ngwmgokc+"cigf"nX " 37" { gxahdumedsyrdble flisegsevier eligillegqt i c p" h

A Results: A total of 59 patients with r/r DLBCL (41), ALL ;16% and indolent lymphomas (2) were
enrolled (Phase I; 06/2021 till 06/2022 and Phase II; 12/2022 till 07/2023), 56 underwent
leukapheresis (ITT set) and 47 received Actaly-cel (safety set).

A 43 patients received the target dose (Figure 1A).
A The median age was 43 years (1671) with 46 (65%) male patients.

A Patients had a median of 2 prior lines of therapy (1-6), 65% had refractory disease,25% of
I mEhoma patients had bulky disease, and the median bone marrow blast was 69% (6-98%) in the
-ALL cohort. The median veinto-vein time was 17(7-132) days.

A Total 78%(33/43) patients reached the day 28 timepoint at the time of analysis

A The ORR was 70% (23/33), including 58% (19/33) with a CR.

A In the lymphoma cohort, the ORR was 71%(17/24) and CR was observed in 54%(13/24),
A in the leukemia cohort, the CR rate was 66% (6/9, n=5 MRD negative).

A The median follow-up of evaluable Patients was 57 days (21-453). All nine patients and 3 out of 4
patients maintained the response after 3 months and 12 months follow -up, respectively.



4838 High Efficacy and Excellent Safety Profile of Actalycabtagene Autoleucel, a
Humanized CD19 CART Product in r/r B -Cell Malignancies: A Phase Il Pivotal Trial

ANone of the patients developed ICANSof any grade.

AgOI/Q)S developed in 22/33(66%) cases(grade 1/2 in 61%, grade 3/4 In
0).

A Of note, no grade>3 CRS was noticed in the lymphoma cohort.

A Grade 3/4 cytopenias developed in all cases.

A The median duration of neutropenia was 7 (4-32) days.

A On Day 28, grade 3/4 neutropenia was observed in 11/33(33%) cases, grade 3/4
thrombocytopenia was observed in 7/33 (21%).

A Only 1(3%) patient required ICU admission, 2(6%) re(_;Luired vasopressor support, tocilizumab
was administered to 18 (55%) patients, median 1 dose (1-4) and steroids were used in 5 (15%)
cases. Patients were hospitalized for a median of 8 days (7-19 ).

AConclusions: Actaly-cel demonstrated efficacy in r/r B -cell
malignancies with a very favorable safety profile.

A The absence of ICANS, shorter duration ofcytopenias and a lower incidence of grade
3/4 CRS makes it one of the safest CD19 CART cell therapy products. Actaly-cel can
Improve the ease of delivery of CAR Tcell therapy in a wide-range of settings.



257 Excellent Safety Profile of a Low -Cost Novel Humanized CD19 CAR TFCell Therapy,
Actalycabtagene Autoleucel : Potential Impact on Access and Feasibility

A Methods: This is a retrospective analysis of the HCRU costs of patients with r/r B-cell malignancies
treated on Phase I/Il study with Actaly-cel at 3 centers in India between June 2021 through July
2023. The key components of HCRUs are defined in Table 1 and were quantified from the electronic
records from the time of enrolment till their last follow -up. Once enrolled, bridging therapy was
allowed at investigatora ™s discretion. After lymphodepletion (LD) with a fludarabine plus
cyclophosphamide (FC) regimen for 3 days,é)atlents receivedActalycelcv" c"vctigv"fqug"
million CAR-T cells/kg (upper limit; total 2°x10 9).

A The patients were monitored for toxicities particularly CRS, ICANS andcytopenias, as inpatient
(non-HEPA filtered rooms) for at least a week.

A CRS and ICANS were graded as per ASTCT grading system andytopenias as per CTCAE v5.

A Results: Total 59 patients were enrolled in this study and 47 patients received the infusion.

A Thirty seven patientsér/r lymphoma; n=28, r/r B-ALL; n=9) who completed 28 days post-infusion
were evaluable for HCRU analysis.

A The median age was 37 years (1671). The median follow-up of the cohort was 60 days (21-644);
19% (7/36) and 11% (4/36) patients completed 6 months and 12 months follow -up respectively.



257 Excellent Safety Profile of a Low -Cost Novel Humanized CD19 CAR TFCell
Therapy, Actalycabtagene Autoleucel : Potential Impact on Access and Feasibility

A Among all patients (n=37) who received LD therapy, 46% of I_¥mphqma patients received LD in the
outpatient setting while 78% of B-ALL patients required hospitalization for LD. The median
hospitalization period post Actaly-cel infusion was only 8 days (range: 7-17 days) in the lymphoma
cohort, and 13 days (range: 719 days) for B-ALL patients.

A ImportanEI:y, none of the lymphoma patients required ICU admission, and only one BALL patient
required ICU admission for management of adverse events

A The projected production cost of Actaly-cel in the regional decentralized
ma%_nuftacturlng model at the scale of 300 patients/year is ~15,000 USD per
patient.

A The mean cost of HCRU for clinical management (until last follow -up) per patient
was ~ 4,400 USD in an academiccentre (lymphoma; ~4,000 USD, BALL; ~5,565
USD) and interestingly, only about 14% of these costs were incurred due to
Inpatient management (Figure 1).

A Conclusions: Actaly-cel was efficacious, with no incidence of ICANS and
manageable CRS across a wide dose range.

A More imPortantIy_, this study reported low HCRUSs due to negligible ICU admission
and shorter duration of hospitalization, ensuring potential usage of Actaly-cel in
outpatient settings, and ultimately improving the access and feasibility of CD19
CART cell therapy in resource constrained settings such as LMICs.
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ARecently, the IT Bombay-incubated company Immuno Adoptive Cell
Therapy has received Central Drugs Standard Control Organisation
(CDSCQO) approval of the first humanized CD19-targeted_Chimeric
Antigen Receptor T cell (CART cell) Therapy product called
NexCAR9 (Actalycabtagene autoleucel) for use in cases of
relapsed/refractory B-cell Lymphomasand Leukaemiain India.

ANexCAR19s a result of adecade-long collaborative effort between
IIT Bombayand Tata Memorial Centre (TMC) and has undergone
rigorous clinical investigations and translational studies.
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CONCLUSIONS

A FIRST-IN-INDIA INDUSTRY CD19-DIRECTED CAR-T CELL THERAPY WITH FRACTIONATED
INFUSIONS FOR PATIENTS WITH RELAPSED AND/OR REFRACTORY B CELL MALIGNANCIES
(IMAGINE STUDY)

EARLY RESULTS FROM A PHASE-2 STUDY OF :EIMCABTAGENE AUTOLEUCEL (IMN-003A),

RESULTS

As of data cut-off, 16 pts (median age 37 yrs, range 4 - 66) with RR BCM (n=8 B-ALL; n=8 B-NHL) have been included in the trial Wpur-c-mo IMN-003A cells (intention-to-treat
ion) of which 3 (30%) recelved biidging therapy. The main characteristics of these pts and previous treatments are described in Figure 1A. Median CAR-T cell manufacturing time
was 12 days (range 10-18; n=11) with 100% manufacturing success.

umnlvlwuo anNoo:A»mummm 12 days (range 7 - 224). At day +28 (n=10) and day 90( 9), ORR was 80% and 77.7% respectively (Figure 18, 1C). Among
responders, med)

AEs roported are man FMm n onset mdwalmolcks was on Day +6 and 2 days upunmty Tocikzumab wi
administered in 60% (n=6/10) patients for persistent CRS. Treatment Related Mortality (TRM) was 10% (n=1/10; CRS),

Varmimcabtagene autoleucel (IMN-003A) is a Firstin-India Industry CD19-drected CAR-T Cell Therapy for RR BCM that has
axcellont
vaidating the Phase-1 data from Spain (EudraCT. 2016-002972-29). Vamimcabtagene autoleucel offers a significant benefit over standard treatment options for patients in India for RR BCM.

outcome in @ clinical trial, with deep and durable responses and a favourable safely profile, including absence of severe
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A PHASE 2 STUDY TO DETERMINE THE SAFETY AND EFFICACY OF
VARNIMCABTAGENE AUTOLEUCEL (IMNOO3A) IN PATIENTS WITH
RELAPSED AND REFRACTORY CD19 POSITIVE B CELL MALIGNANCIES

Principal Investigators:

Dr. Sharat Damodar , NH-MSMC, Bengaluru Dr. Raja Thirumalairaj , Apollo Cancer Centre, Chennai
Dr. Sunil Bhat , NH-MSMC, Bengaluru Dr. Pankaj Malhotra , PGIMER, Chandigarh
Sites A Narayana Health h Mazumdar Shaw Medical Center, Bengaluru

A Apollo Cancer Centre, Chennai
A Postgraduate Institute of Medical Education and Research, Chandigarh

Sponsor Immuneel Therapeutics Private Limited
29/P2, 8™ Floor, Narayana Health City, Hosur Road,
Bommasandra Industrial Area, Bengaluru, Karnataka, India, 560099 .
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IMAGINE Trial Design

CAR-T Manufacturing Safety Assessments Response Assessments
(Miltenyi CliniMACS Prodigy System) CRS, ICANS, SAE B-ALL: BM; B-NHL: CT/PET-CT
T Cell Teel Lentiviral 1
Enrichment  Stimulation™ S Ir|E Twi BN Product QC
> |
Cyclophosphamide 300 mg/m2 (x 3d) { \
Fludarabine 30 mg/m? (x 3d) Post-infusion Monitoring Primary Follow-up
T e o e e e e >
Relapsed / Refractory Inpatient Outpatient
B cell Malignancies
Cohort-1: ALL LTFU Study
Cohort-2: B-NHL
n =10 to 12 per cohort
(Total 20-24) D-14 D-5 D4 D-3 DO D+1 D+2 D+28 M3 M6 M9 M12
Tandem recruitment ~ Consent/ Leukapheresis Lvmphodepletion - _ Sttty -
Screening ymprodep IMN-003A Cell Infusion M3: Primary endpoint  Translational Endpoints ~ M12: Secondary endpoint
CD19 CAR-T 3m Safety and ORR CAR-FACS 12m Safety, ORR, MRD, PFS, 05
B-ALL: 1 x 106 cells / kg RT-PCR
B-NHL: 5 x 106 cells / kg Cytokines

o4



Varnimcabtagene Autoleucel in B-NHL: Summary

1m ORR 3m ORR

Duration of follow-up

362 566
A
Median PFS: Not reached Median (days) Median OS: Not reached
28 NR NR 99 NR NR
A A
Median (days) Median (days)

Unpublished, Data under review



PET CT Images: B-NHL
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PET CT Images: B-NHL

Palt:jent 001-1016 001-1017 001-2001 001-2002 001-2004 001-3002
s A | S—
w a e =
Baseline by < S S :
e 3 - >3 e
q 5 ) "., T v y
S * e ¢
;'um
-N " ) o=
D +90 . 5 e
X %’ E % ~ %
- ’; 2
e s -
o™ ‘e

CR

CR

PRPR

*PD-
Progressive
Disease

PR- Partial
Remission
CRComplete
remission



Varnimcabtagene autoleucel: Swimmer Plot

B-ALL

Paediatric

B-NHL

Adult

Subject ID

001-1001
001-1005
001-3001
001-1003
001-1004
001-1006
001-1010
001-1013
001-1018
001-1020
001-2003
001-3003

001-1008
001-1009
001-1011
001-1012
001-1014
001-1015
001-1016
001-1017
001-2001
001-2002
001-2004
001-3002

B-ALL; 30/F
B-ALL; 43/F
B-ALL; 21/M
B-ALL; 4/F
B-ALL; 7IM
B-ALL; 10/M
B-ALL; 10M
B-ALL; 7/F
B-ALL; 14/M
B-ALL; 17M
B-ALL; 9/F

B-ALL; 16/M

B-NHL; 64/M
B-NHL; 59/F
B-NHL; 34/M
B-NHL; 40/M
B-NHL; 66/M
B-NHL; 53/M
B-NHL; 53/F
B-NHL; 65/F
B-NHL; 31/F
B-NHL; 53/M
B-NHL; 52/M

B-NHL; 50/M

D-28

D+28 D+90

D+150

D+180

D+240

D+300
X
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D+365

A Continuing
: A Continuing

A Continuing
I"A Continuing
: A Continuing
1

A Continuing
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1
A Continuing
1
XI
A Continuing
| A Continuing
I
A Continuing

A Continuing
I
I

on LTFU

on LTFU
on LTFU
on LTFU
on LTFU

onLTFU =«

on LTFU
on LTFU

on LTFU

onLTFU

on LTFU

on LTFU
on LTFU

Complete Response
Partial Response
Progressive Disease
Salvage / Other treatment
Efficacy Assessment
Bridging Therapy
Allogeneic Transplant
Reinfusion of varnim-cel
Death

Alive at last follow-up

LTFU: Long Term Follow Up 58



CAR copies/pug of genomic DNA

Varnimcabtagene autoleucel: Pharmacokinetic profile

immuneel

Cmax: Median 125,242 CAR copies/p (gDNA (range: 18,256 to 413,968)

Tmax: Median 10 days (range: 7 to 21)
5000007 \/5r-cel persistence: range 21 to NR —— CAR copies/ug genomic DNA - 100
4000004 B cell aplasia: Median not reached frange 42 to NR) —— percent B-cells  so

300000~

200000~

100000+

| |
i N
o
s||92-g abejuaaiad

1000
800
600
400
200

Days after Varnimcabtagene autoleucel infusion
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Varnimcabtagene Autoleucel h Safety and Efficacy Summary for B -NHL

Endpoints n =12 B-NHL Patients

Efficacy
Overall Response Rate (ORR) @ Day 9C 83.3% (n= 10/12)
Primary endpoint CR 70% (n=7/10); PR30% (n=3/10)
Overall Response Rate (ORR) @ Day 2¢ CR 63.7% (ngi';()//ol(lr)];zlelslfslé()% (n=4/11)
Progression Free Survival Median not reached
Duration of Response Median not reached
Overall Survival Median not reached
Safety
Cytokine Release Syndrome (CRS) overall 765?;;(; ?:/(; 9/12)
Immune Effector Cell Associated Neurotoxicity 0%
Syndrome (ICANS)
TRM 0%
Tocilizumab Use
For CRS 41.7% (5/12)

Unpublished, Data under review 60
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Chimera = Monster = Mixed identity

v' Chimerism: the term was 1%! introduced into medicine by Anderson et al (1951)
v' “a chimera is an organism whose cells derive from 2 or more zygote lineages

v' 1%t used in the field of Tx by Ford in 1956



Chimerism analysis

ACrucial tool for post transplant surveillance

AHelp track successful engraftment.

AHelps in predicting impending graft rejection and disease relapse
ATimely intervention

V To avoid rejectionGuide withdrawal of immunosuppression

V To maintain engraftment and

V To treat imminent relapse



Donor /Recipient chimerism can be assessed
using simplified genetic fingerprinting

e Early methods of chimerism analysis included:
= (Cytogenetics
" |[soenzyme analysis
» Blood group phenotyping

= Sex chromosome differentiation using fluorescence in situ hybridization
(FISH)

e PCR-based methods rely on the amplification of highly
polymorphic repetitive DNA sequences:
" short tandem repeats (STR)

" Variable number of tandem repeat (VNTR) sequences.



Principles of Chimerism testing

APost HSCT monitoring of proportions of donor & recipient cells

AGenetic differences between donor & recipient are evaluated to predict success of dor

engraftment/ rejection and impending relapse

Pre Tx Informative Analysis
Donor Recipient

(”; : °, o\\'} | ‘ @ : o, ®
\ oo ® / | oo ¢

Post Tx Engraftment Analysis
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Methods of Chimerism Analysis

Technique Merits Problems Sensitivity
(%)

RFLR High informativity Time consuming, Labour intensive 5-10

Cytogenetics Time consuming 5

RBC phenotyping | Simple, Accurate Long latency, lin specific 1-5

X/Y FISH Low false positivity, Restricted to sex-mismatched 0.1-0.001

large no of cells transplant only

Fluorescence | Robust, fast Moderate sensitivity 1-5

based STR

PCR

Lin specific Very high Labour intensive, expensive 0.1-0.001

STR sensitivity

RQ PCR High sensitivity, speed | False pos in SNP based assays, high | 0.001-0.0001

sensitivity in Y Chr specific PCR

P Bader at al, EBMT Handbook 2022

P Bader at al, BMT 2005; 35: 107-119



Short Tandem Repeats (STR)

ATandem repeats of-20 nucleotides

ANumber of STRs are highly variable leading unique genetic profiles

g

- 204 bp

ST 21260
T2 4lslclv£ 228 bp
B TR 220 b

pn Constant Tetranucleotide repeat S Primers

1




Chimerism analysis

post HSCT

Baseline DNA extraction

Stem cell transplant

STR

Recipient<5% || 47
Baseline DNA available L

qPCR genotyping '
>2 informative qPCR markers J—

Recipient 25%

qPCR




STR PCR based Chimerism : Methodology at glance

Chromosome
n g - . DNA Extraction STR Marker Location
. g D851179 8

D21511 21q11.2-q21
- D75820 7q11.21-22
C— CSF1PO 5q33.3-34
PCR Amplification 0351358 3p

b THO1 11p15.5
\/ D13S317 13q22-31

D165539 16q24-gter
D251338 2q35-37.1
Electrophoresis
vWA 12p12-pter
TPOX 2p23-2per
D18S551 18q21.3
Data Analysis Amelogenin X: p22.1-223Y:
pll.2
B D55818 5q21-31

| | b { FGA 4q28
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Short Tandem Repeats (STR) are chosen to uniquely define the doi
and recipient
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Genemappev4.0 . Complete Chimerism

R1 Peri Blood FES
~ R Hair FES
N ',Dono,r FES

R8 FES



Genemapper4.0 : Mixed Chimerism
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Chimerism analysis

14.1 CALCULATION OF THE PERCENTAGE OF RECIPIENT AND DONOR CELLS

Informative markers are taken for the calculation. Recipient peaks are named as "R" and the
donor peaks are named as "D". Peak Heights appears in the label is used for the calculation as
follows.

FORMULAE FOR THE CALCULATION
1. Recipient and donor are both heterozygous with no shared alleles.

PH(R1) + PH(R2) AQuantify chimerism by the ratio of dono

PH(R1) + PH(R2) + PH(D1) + PH(D2)
& recipient peaks
2. Recipient and Donor are both homozygous with no shared alleles

PH(R) _
e AUsually expressed in %

3. Recipient and donor are both heterozygous with one shared allele (R2=D2).

PH(R1)
PH(R1) + PH(D1)

4. Recipient is heterozygous. Donor is homozygous. No shared alleles.

PH(R1) + PH(R2)
PH(R1)+PH(R2) +PH(D)



Chimerisny, Total & Split

A Total chimerism of complete hematopoietic compartment
&

A Chimerism in subsets including granulocytes, T, B, NK & CD34+ cells where clinically appropriate

Lineage specific chimerism Split chimerism




Lineage specific chimerism analysis

Magnetically labelled &/
anti-CD antibodies
bind specific cells

EDTA Whole Blood

/\

Leukocyte lineages
are isolated by cell
separation magnetic
separation technology

Positive CD3+ microbeads and CD19+ microbeads and CD56+ microbeads and
selection separation column separation column separation column Flow through
CD33+ microbeads
separation column
INA Extraction Tceels B cels NK cells Myeloid cells

Chimerism Analysis for STR Markers




Lineage specific chimerism analysis



