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CAR

« CAR T cells are T lymphocytes that have been genetically engineered to create
artificial T cell receptors for use in immunotherapy

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

* The most significant advantage of such kind of therapy is that it directly identifies
and Kkills tumor antigen without involving a major histocompatibility complex

» Gross and Colleagues were considered the founder of CAR T cell therapy as they
laid the foundation for the first time



Table 1
List of achievements with respective year.

Years Achieverments

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 rial 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 “Breakthrough of the year™
[24].

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

2015 | The beginning of clinical trial of fourth generation of CAR T cell against
ovarian cancer [2&].

2015 The concept of CAR-NEK 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].
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1. Manufacturing of a CAR T-cell product starts with leukapheresis to obtain autologous peripheral blood mononuclear cells
(PBMC’s).

« 2. PBMC:s are shipped to a centralized corporate GMP facility where they are enriched for T-cells and activated; typically using a
combination of anti-CD3 and or CD28 antibody coated beads plus or minus stimulating cytokines.

» 3. The target CAR gene is then transduced into T-cells utilizing a lentiviral vector.

» 4. The now CAR expressing T-cells are then expanded to well above the target dose (most commonly 2 x 106/kg), viably
cryopreserved, and then undergo quality control prior to shipping to the requesting hospital.

» 5. Prior to infusion of CAR T-cell therapy, patients will undergo lymphodepleting conditioning chemotherapy, most commonly with
cyclophosphamide and fludarabine.

» 6, Infusion of CAR T-cells most commonly occurs in the inpatient setting to ensure close monitoring for CRS and ICANS.
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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
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iduction into the patient to fieht against cancer. CAR. chimeric antigen receptor.




Patient selection

» Selecting for characteristics
predictive of response such az a
lowe tumour burden and/or
absence of extramedullary disease

» Treating in earlier lines of therapy

Pre-infusion treatment

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

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

Cell harvesting

CAR design
» Optimized H/T domain

CD3T + Novel co-stimulation
domains
» Fully human CARs

A R eyl | = Targeting multiple
antigens

CAR T cell infusion

-

Cell manufacturing

s Shortened manufacturing time

» Shifting T cell phenotype to central memory (T} or
naive cells

» Use of allogeneic cells for manufacture
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Clinical Management of CAR-T Cell Therapy — 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 — Inotuzumab +/- steroids

B-NHL — 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




Clinical Management of CAR-T Cell Therapy — Infusion

Planning for Infusion Daily Monitoring
Close liaison with the manufacturer for scheduling and logistics * ICE Score
Start lymphodepletion preparative regimen (usually Fludarabine and Cyclophosphamide, dose adjusted  ° Physical exam
for organ function) on Day -5 « ECOG Score
Stop steroids at least 3 days prior to infusion *  NEWS Score

Good venous access +  Weight

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

Access to Tocilizumab (and Anakinra) « Adverse events

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

« Laboratory parameters

During Infusion
* Complete blood count

Ensure patient is stable with no active infections

Verification of patient identity and infusion bag details by two independent trained medical / nursing staff *  Biochemical panel
Timing infusion preferably between 7am to 2pm *  Coagulation panel
Premedication including antihistamine and paracetamol. DO NOT administer steroids unless life * Cytokine level — IL6

threatening emergency
Use normal infusion set (DO NOT use in-line leukodepleting filter)
CRS and ICANS Management
Close monitoring of inflammatory parameters — 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



Clinical Management of CAR-T Cell Therapy — 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



CYTOKINE RELEASE SYNDROME (CRS)

GRADE 1 GRADE 2 GRADE 3 GRADE 4+
Temperature = 38°C Temperature = 38°C Temperature = 38°C Temperature = 38°C
and and and and
No Hypotension Hypotension not requiring vasopressors Hypotension requiring vasopressor Hypotension requiring multiple vasopressors (excluding
and and / or and / or vasopressin)
No Hypoxia Hypoxia requiring low-flow nasal cannula at =< Hypoxia requiring high-flow nasal cannula at > and / or
6L/minute or blow-by 6L/minute, facemask, nonrebreather, or Venturi mask 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 |

= = =
I | TOCILIZUMAB' IV 8 mg / kg (max 800mg) in hematology unit before transferto ICU I
= |
If no improvement within 24 to 72 hours and/or . . . .
- in absence of other differential diagnosis If deterioration DEXAMETHASONE? IV 10mg / 6h If deterioration DEXAMETHASONE? ‘lV 20mg‘/ 6h
- age >60 years with comorbidities for 1-3 days for3 days., progressive tapering
« high disease burden . within 3-7 days
I In the absence ofimprovementin 6 to 8 hours I

If concurrent with ICANS: 2 5
Treat with steroids and do not administer Repeat TOCILIZUMAB' IV 8 mg / kg (max 800mg). NOT more than 3 doses in 24 hours; maximum 4 doses.

Tocilizumab. Management of ICANS - -
takes precedence over Grade-1 CRS. In the absence ofimprovement and persistence of symptoms?®
(consider other causes for clinical deterioration eg sepsis, adrenal insufficiency)

]

- - — - - *Repeat TOCILIZUMAB' or switch to other anti-IL-6
Consider TOCILIZUMAB? *Repeat TOCILIZUMAB' (maximum 2 additional *Repeat TOCILIZUMAB' or switch to other anti-IL-6 agents+
IV 8 mg / kg (max 800 mg) doses) or switch to other anti-IL-6 agents* agents* “METHYLPREDNISOLONE? |V 1000 mg / d for 3
Consider anti-seizure prophylaxis «Consider DEXAMETHASONE?® IV 10 mg / 6h for 1-3 «Consider DEXAMETHASONE? IV 20 mg / 6h for 1-3 days then 250 mg x 2/d for 2 days, 125 mg x 2/d for 2
(Levetiracetam) days days days, 60 mg x 2/d for 2 days
«Consider anti-seizure prophylaxis (Levetiracetam) -Consider anti-seizure prophylaxis (Levetiracetam) -Consider anti-seizure prophylaxis (Levetiracetam)

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 |V over 24 hours.
+ Ruxolitinib (Janus kinase inhibitor).
- Anti-TNF-a therapy.

1 Tocilizumab infusion over 1 hour: Patient weight < 30 kg: 12 mg / kg |1V; 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).




IMMUNE EFFECTOR CELL ASSOCIATED NEUROTOXICITY SYNDROME (ICANS)

GRADE 1

*Decreased consciousness

(awakens spontaneously)
*|CEscore(age 212 years)=7to 9or
CAPD(age <12 years)=1to 8

GRADE 2

sAltered level of consciousnessaffecting activities of daily
living (awakens to voice)

*|ICE score (age 212 years)=3to 6 or

CAPD (age <12 years)=1to 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 neurcimaging

*|CEscore(age 212 years)=0to 2 or

CAPD (age <12 years) > 8

GRADE 4+

«Patient is unarousable or requires vigorous or repetitive tactile
stimuli to arouse. Stupor or coma.

«Life-threatening or prolenged seizure (>3 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

| | | |
SpecificICANS treatment’?2
Monitor oxygen saturation, daily EEG, fundus, MRI and then CSF study if no contraindication, transfer to ICU
T T T

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

=

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

*Perform EEG

*MRI and LP as clinically indicated
*Close monitoring

*Consider anti-seizure prophylaxis
(Levetiracetam)

=
I I_’ If cerebral edema: consider hyperosmolar therapy and hyperventilation
=
If associated with CRS gradez 1 (fever): TOCILIZUMAB 8 mg / kg (max 800 mg); see CRS algorithm
| | |
If ICANS without CRS (afebrile): consider corticosteroid therapy3®
—

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

DEXAMETHASONE? V20 mg/ 6h for 1-3 days

METHYLPREDNISOLONE? [V 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

*EEG monitoring until resclution: 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

I e ol o I o P T e o L o o o e [ e o g Bl e T

In children:

*Grade 2-3: DEXAMETHASONE?0.5mg/ kg / 6h
(max 10mg/ dose)or
METHYLPREDNISOLONE1-2mg/kg/d
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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 °BC Cancer Centre |
for Lymphoid Cancer and the University of British Columbia, Vancouver, BC, Canada :



Axi-cel Tisa-cal Liso-cel
CD19 scFv FMCé3 FMC6&3 FMCé&3
Signal 2 41BB 41BB
Signal 1 CD3e CD3t CD3e
S Fresh Cryopreserved Fresh
ource unsorted PBMCs | unsorted PMBCs | sorted PBMCs
Viral vector CB amr_na) Lentivirus Lentivirus
retrovirus
Pivotal trial ZUMA-1 Juliet Transform
Most mature 63.1 403 24
follow up (m)
Median duration 11 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
PN
CRS:
Any/Gr3+ (%) / 93;’13\ 57/23 4212
Meuro tox:
Any/Gr3+ (%) MIZy 20/11 30/10




Histologies included

LZUMA-7

DLBCL NOS,* including
transformed from FL, HGBCL
with or without MYC and
BCLZ/6, T/H-RLBCL, Primary
cutaneous DLBCL - leg type

Belinda

DLBCL NOS, including
transformed from indolent
MNHL, 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 + LBCL

Transform

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

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

¢ 5D after at least 4 cycles

e PR with + biopsy or PD
<212 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
<12 mo from 1L end

e Positive biopsy =12 mo from
1L end

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

Age

18+

18+

18-75

Leukapheresis time point

s At randomization
¢ Only CAR T-cell arm

s Before randomization
e All patients

s Before randomization
¢ All patients

Stratification factors

1. Refractory vs Relapse =é mo
vs Relapse =6-12 mo

2. 2L AAIPI 0-1ws 2-3

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

1. Refractory vs relapse
2. 2L AAIPI 0-1 ws 2-3




Bridging therapy

¢ Dexamethasone =40 mg for
=4 d

# R-ICE

s R-GDP

s R-DHAP
s R-GemOx

s R-ICE
s R-GDF
s R-DHAP

LD chemotherapy

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

e Fludarabine 25 mg/m” % 3 d
and

s Cyclophosphamide 250 mg/m®
X 3d
OR

e Bendamustine 90 mg/m” % 2 d

e Fludarabine 30 mg/m® x 3 d
s Cyclophosphamide 300 mg/m®
x 3d

SOC chemotherapy e R-ICE e R-ICE e R-ICE
e R-GDP e R-GDP e R-GDP
o R-DHAP o R-DHAP s R-DHAP
¢ R-ESHAP e R-GemOx

Crossover to CAR No Yes, if Yes, if

s FD

¢ Death

¢ <PR at day 150 assessment

e Start of new lymphoma therapy

s PO
e Death
e < PR at/after week 12

T-cell therapy e <<PR/CR by 12 wk (after 2 SOC | « <<PR/CR by ¥ wk
regimens) s PD at any time
e PD at any time ¢ Need for new therapy after 18 wk
EFS definition Time from randomization to: Time from randomization to: Time from randomization to:

s PD

¢ Death

e =PR by week ¥

e Start of new lymphoma therapy

1L, firstline; 2L, seconddine; AAIFI, age-adjusted intemationzl prognostic index; ALK, anaplastic lymphoma kinase; BCLAG, B-cell lypmphoma protein 2 andfor &; FL, follicular
mphoma; HGBCL, high-gmde B-cell kmphoma; HHVE, human herpesvirus-8; IPl, intemational prognostic index; LD, lymphodepleting chemothempy; PD, progressive diseass;
PMBCL, primary mediastinal B-cell kmphoma; PR, partial response; R-ESHAFP, rituximab, etoposide, stercids, high-dose cytarabine, cisplating R-GemOx, rtuximab, gemcitabine,
oxaliplating S0, stable disease; S0C, standard of care; T/H-RLBCL, T-cellhistiocyte-rich large B-cell kmphoma.



Table 2. Patient characteristics

Belinda Transform

Tisa-cel Liso-cel SOC
M 180 179 162 160 92 92
Median age, y (range) =8 (21-80) &0 (26-81) &0 (19-79) a8 (19-77) &0 (20-74) o8 (26-75)
Age =65y, n (%) a1 (28) a8 (32) ad (33) 456 (29) 36 (39) 25 (27)
Female sex (%) f0 (39) a2 (29) 27 (38) 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) 7 (55) 44 (28) &3 (39) MR MR
ABC subgroup (%) 16 (9) 2 (5) 22 (32) 42 (26) MNE MNE
HGBCL (%) 31 (7) 25 (14) 32 (20) 17 (12) 22 (24) 21 (23)
Refractory to 1L (%) 133 (/4) 131 (73) 107 (66) 107 (67) &7 (73) &8 (74)

ABC, activated B-cell; GCB, geminal center B cell; HGBCL, high grade B-cell ymphoma; MR, not reported; SOC, standard of care.

*Age-adjusted intemational prognostic index.




Table 3. Outcomes

Belinda

Tisa-Cel

Transform

Liso-Cel

SOC

Received bridging corticosteroids (%) 36 — — — — —
Received bridging chemotherapy (%) 0 — 83 — 63 —
Received =1 50C chemotherapy regimen (%) — (1] — 54 — 0
Received intended CAR T cell (%) 24 — & — 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 (56) — 36 — 32.5 — 454
Crossover pn protocol (%) — — — 51 — 51
Received cellular therapy off protocol (%) —_ 56 —_ —_ —_
Follow up, median in months 249 10 &2
ORR/CR rate (36) B3/65 50732 44/28 43 f% B&/&S 48/3%
EFS, median in months 8.3 2 w V 10.1 2.3
EF5, % (timepoint in months) 41 (24 ma) 16 (24 ma) ME MR &3 (& mo) 33 (& mo)
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 (0.21-0.66)
05, median in months ME 25.7 169 15.3 MNE 164
OS5 HR (5% Cl) 0708 (05150.972)% MR 0.51 (0.25-1.004)

E—




Table 4. Adverse events of interest

Transform
Liso-cel
CRS, any grade (%) 92 —_ &1 —_ 49 —_
CRS, grade =3 (%) 6 — 5 — 1 —
Meurologic toxicity, any grade (%) &0 — 10 — 12 —
Meurologic toxicity, grade =3 (%) 21 —_ 2 —_ < —_
Toclizumab use (%) 65 —_ 32 —_ 24 —_
Corticosteroid usage for toxicity 24 —_ 10 —_ 17 —_
management (36)
Anemia, grade =3 (%) 30 39 33 53 49 49
Thrombocytopenia, grade =3 (%) 15 57 32 48 49 &4
MNeutropenia, grade =3 (%) &9 41 40 39 80 51
Febrile neutropenia, grade =3 (%) 2 27 13 25 15 24
Fatigue, any grade (3) 42 52 24 3 39 38
Mausea, any grade (%) 41 &9 a1 49 a3 af




Algorithm for Second-line Therapy of LBCL

I <1 year: ~75%

Eligible for CAR T-cell?

Yes
~ 7 0%

2L CAR T-cell (axi-cel or liso-cel)

~30-40%

w

Time from 1L therapy

|~3D‘E‘é- ~SD°.-'E|

2 or 3L+ therapy options

* |nvestigational agent/regimen
* Immunochemotherapy

e CAR T-cell {if not given in 2L)
¢ Polatuzumab vedotin + BR

* Selinexor

» Tafasitamab + lenalidomide

* Loncastuximab tesirine

* Best supportive care or XRT

Projected Cure
(~20% of all 2L LBCL)

=1 year: ~25% 1

Eligible for ASCT?

Yeas
~50%

2L Salvage +/- ASCT

~40-50%

v

Cure
(~5% of all 2L LBCL)




nature reviews clinical oncology https://dol.org/10.1038/s41571-023-00754-1

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 hagmatopoietic 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 tumour 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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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 ORR and CRR PFS or EFS DOR inresponding
publication) phase (range) W‘
Chong et al. Tisagenlecleucel, single- DLBCL (24); FL(14) &1 months ORR: 66%; 31% PFS at & years for 60% remained in
(.?{Jiﬂm centre case series CRR: 55% DLBCL; 43% FFS at response at b years
5 years for FL
Jacobsonetal. Axicabtagene ciloleucel, DLBCL (77); 51months ORR: 74%; Median EFS: 57 months, NR
(2021)* multicentre phase I/11 PMBCL (8); tFL (16)° CRR: 54% with 24-month EFS
of 38%
Cappell et al. FMCB3-287", single-centre  DLBCL/PMBCL 42 manths 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: 2.8 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. 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 Il




R @ NN R ERE AR

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 |l
Frey et al. CART-18, single-centre CLL (38) 32 months ORR: 44%; Median PFS: 1monthin  4/9 (44%) of patients
(2020)* phasz | (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 Il HGBCL (31); NR CRR: 65%

(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 meating the following criteria were included in this table: =2 years of follow-up and =20 patients on study plus a'.rrailqbiljt',.rﬂf the majority of the above data. Studies are listed in order
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CAR-T Therapy — Approved Products: Global
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A PHASE 2 STUDY TO DETERMINE THE SAFETY AND EFFICACY OF
VARNIMCABTAGENE AUTOLEUCEL (IMN-003A) IN PATIENTS WITH
RELAPSED AND REFRACTORY CD192 POSITIVE B CELL MALIGNANCIES

Principal Investigators:

Dr. Sharat Damodar, NH-MSMC, Dr. Raja Thirumalairaj, Apollo Cancer Centre, Chennai
Bengaluru Dr. Pankaj Malhotra, PGIMER, Chandigarh
gr. Sunil Bhat, NH-MSMC, Bengaluru

Ites

* Narayana Health — Mazumdar Shaw Medical Center, Bengaluru
» Apollo Cancer Centre, Chennai
« Postgraduate Institute of Medical Education and Research, Chandigarh (Public Hospital)

Sponsor  |mmuneel Therapeutics Private Limited
29/P2, 8t Floor, Narayana Health City, Hosur Road, Bommasandra Industrial
Area, Bengaluru, Karnataka, India, 560099.



Varnimcabtagene Autoleucel — The IMAGINE Study

CAR-T Manufacturing
(Miltenyi CliniMACS Prodigy System)

T el
Stimukstion

T Cal
Eneic harsend

Response Assessments
B-ALL: BM; B-NHL: CT/PET-CT

Safety Assessments
CRS, ICANS, SAE

Cyclophosphamide 300 mg/m? (x 3d)
Fludarabine 30 mg/m? (x 3d)

—

Relapsed / Refractory
B Cell Malignancies

D-5
Lymphodepletion

D4 D-3

Consent/ Leukapheresis

Screening

1

Post-infusion Monitoring { Primary Follow-up \

_______________ L R el

" outpatient |

LTFU Study
DO D+3 D+7 D +28 M3 Mé Mo M12
— — = e e e e e e e e e e — — = = = -
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, OS
B-ALL: 1 x 10*6cells / kg RT-PCR
B-NHL: 5 x 106 cells Jlkg Cy:okines



Varnimcabtagene Autoleucel —IViain Inclusion / EXclusion Criteria (b-
NHL)

Key Inclusion Criteria Key Exclusion Criteria

Age: 18+ years

1+ relapse

Primary refractory Richter’s transformation / Previous Allogeneic
Post autograft transplant

Post CD20 MoAb & anthracycline Prior CD19 targeted therapy / Clinically significant
1+ CT/PET lesion infection

Biopsy proven disease Current CNS disease/other CNS pathology

ECOG O or 1

Adequate bone marrow, renal, hepatic, pulmonary
& cardiac function



Varnimcabtagene Autoleucel — Efficacy Outcomes

Endpoints ITT Set n = 24 Patients (12 B-ALL; 12 B-NHL)
Efficacy
Overall Response Rate (ORR) @ Day 83.3% (n=10/12)
. 20 B-NHL (CR+PR) 83.3% (n = 10 / 12)
Primary endpoint CR 70% (n =7/ 10)

PR 30% (n =3/ 10)

91.7% (n=11/12)

Overall Response Rate (ORR) @ Day
28 B-NHL (CR+PR) 91.7% (n =11/ 12)

CR63.7% (n=7/11)

PR 36.3% (n=4/11)




Varnimcabtagene Autoleucel —Safety and Efficacy Summary for B-NHL in India Phase 2

Endpoints n = 12 B-NHL Patients
Overall Response Rate (ORR) @ Day 90 83.3% (h= 10/ 12)
Primary endpoint CR70% (n=7/10); PR30% (n=3/10)
Overall Response Rate (ORR) @ Day 28 CR 63.7% (n9=1 '77:61(&?;13/6;'3202 (h=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 ?53;; &cyl 9/12)
I Immune Effector Cell Associated Neurotoxicity 0%
Syndrome (ICANS)
TRM 0%

_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ﬂ

Tocilizumab Use
For CRS 41.7% (57 12)




Varnimcabtagene autoleucel: B-NHL Cohort — Baseline characteristics

Baseline characteristics B-NHL (n=12)
Mal 8 (66.7%
Gender oe ( )
Female 4 (33.3%)
Age (years) Median (range) 53 (31 to 66)
Median (range) 3(2to5)
Previous Treatment Pts Failing >2 lines 12
Bridging Therapy S
Tumour Burden TMTV (ml) 25.22 to 1177




Varnimcabtagene Autoleucel
In vivo persistence and B cell aplasia

— CAR copies / ug of genomic DNA
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PET CT Images: B-NHL
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PET CT Images: B-NHL
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Varnimcabtagene Autoleucel in B-NHL: 3-month Summary

1m ORR 3m ORR

3m PFS: Median not 3m OS: Median not
Bk N B wh N
Median Median

(days) (days)




Varnimcabtagene Autoleucel in B-NHL: Long-Term PFS & OS

6m ORR 12m ORR 18m ORR

CR/ 75% / 83% / 83% /
PR 25% 17% 17%
12m PFS: 50% 12m OS: 75%

B NR N B NR N

Median Median




Varnimcabtagene Autoleucel in B-NHL: AESIs

AESI B-NHL (n=12)
CRS 75% (all G1)
ICANS 0%
TRM 0%
B Cell Aplasia (overall) 100% (90 days to NR)
Persistent B Cell Aplasia at 18 months 67%
Hypogammaglobulinemia 58%
IVIG Use 83%
Cytopenia
G3+ Neutropenia 100%
G3+ Thrombocytopenia 25%
G3+ Anemia 42%
Hospitalization due to infections 33% (all recovered)




Varnimcabtagene Autoleucel in B-NHL: Swimmer Plot

Subject ID

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-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  D+365
X
A X

At 18 months:

= 50% (6/12) of patients have durable response to Varnimcabtagene Autoleucel

Among Responders:
= 83%in CR
» 17% in PR

D+420 D+480 D+520

v

—>
->

Salvage / Other treatment
- Complete Response
Partial Response

[ Progressive Disease
¢ Efficacy Assessment
v Reinfusion of varnim-cel
A Bridging Therapy
v Allogeneic Transplant
X Death
—_

Alive at last follow-up
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Varnimcabtagene Autoleucel: Quality of Life (QolL) Outcomes

Mobility

= Clinically meaningful improvements
seen in all 5 dimensions including
overall health score Ansioty / Depreseton

Self Care

= Mobility, Self Care, Usual Activities,
Pain / Discomfort, Anxiety /
Depression

= Sustained through 3 to 12 months after
varnim-cel infusion

Pain / Discomfort Usual Activities

— Baseling = Day+590 Day+385

= Early, sustained and significant
improvements in EQ_ 5D p aram ete Is Mean change in QoL parameters from baseline to D+365 post varnim-cel infusion



Talicabtagene autoleucel for relapsed or refractory B-cell *®

malignancies: results from an open-label, multicentre, o
phase 1/2 study

Hasmukh|ain®, Atharva Kanilkar®, DevanshiKalra, Smrithi Ravikumar, Shreshtha Shah, Afrin Firfiray, Juber Pendhari, Ankesh Kumar|aiswal
Aalia Khan, Manivasagam Sundharam, AnandVaibhaw, Ashish Sarcha, Shreewardhan Rajyopadhye, Moumita Basu, Sweety Asija,
Ambalika Chowdhury, Rohit Beher, Ankit Banik, Alka Dwivedi, Shalini Purwar, Gauvrav Narulg, Shripad Banavali, Nitin Jain, Steven L Highfill,
Dawid Stroncek, Temry Fry, Sameer Melinkeri, Lovin Wilson, Narendra Agarwal, Anil Aribandi, Pavan Kumar Boyella, Nirali N Shah,

Sattva 5 Neelapu, Manju Sengar, Rahul Purwar, for the CAR-T dinical trial groupt

Summary
Background In low-income and middle-income counties (LMICs), the outcome of relapsed or refractory B-cell pancetHoematol 2025
malignancies is poor due to the absence of effective therapies. We report the resulis of a phase 1/2 study of a novel pybjished online

humanised anti-CD19 4-1BB chimeric antigen receptor (CAR) T-cell therapy, talicabtagene autoleucel, for patients March13 2025

) . ; hittps://dioi.org/ 101016/
with relapsed or refractory B-cell malignancies. £2352-3026(24)00377-6



Metabolic tumour volume, cm®
<100 19 (40%) MA
=100 19 (40%) MA,
B-celllymphoma  B-cell acute Mot available 9 (20%) MNA
group (n=47)" lymphoblastic :
leukaemia group Extranodal sites
(n=17) 1 13 (28%) NA
Age, years 51 (34-60) 22 (17-39) 22 13 (26%) MA
Sex Bulky disease
Male 36 (77%) 13 (76%) Bulky, =7 cm 11 (23%) A
Female 11 (23%) 4(24%) Mon bulky, <7 cm 36 (77%) MA,
Previows lines of therapy 2(2-3) 1(1-2) Blast percentage MA 61% (15-89)
ECOG performance status LDH = 220 U/Lt 32 (68%) 13 (76%)
0 2(4%) . CAR HEM ATOTOX score
1 43 (91%) 17 (100%) 0-1 26(55) A
. 2 (4% ‘ x2 12 (26) NA
Disease status
Unknown 9(19) hA
Primary refractory 12 (26%) 5(29%)
Pk el NE 5 (29%) Data are n (%) or median (IQR). ECOG=Eastern Cooperative Oncology Group.
cecond | | nd NE % SCT=stemn-cell transplantation. LIMH-=lactate dehydrogenase. MA=not applicable.
R ine relapse a 7 (41%) ME= ot evaluated. *Four patients had low grade lymphoma (three had mantle
cell lymphoma, one had follioslar ymphoma). §L0H of 220 WL or higher is the
Refractory to second line 33 (70%) MNE upper normnal limit.
or subsequent therapy
Relapse after autologous 2 (4%) ME Tahle 1: Demographics, baseline characteristics, and tumour burden of
SCT enrolled patients
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Figure 2: Activity of talicabtagene autolevcel in the B-ALL group

(&) Overall response rate im the efficacy evaluable populationwith B-cell acute vmphoblastic levkaemia (n=15) evaluated at day 28. (B) Duration of response in responders (complete response) from
day of response evaluation to last follow-up or relapse of disease. Bne patient had a reattained remission on repeat infusion. Kaplan-Meier plot of progression-free survival (C) and overall survival ()
forthe efficacy evaluable population. Patients were censored at subsequent therapy. Emor bars and shaded areas represents 5% Cls. B-A LL=B-cell acute lymphoblastic lewkaemia
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Figure 3: Activity of talicabtagene avtolewcel in the B-cell ymphoma group

(&) Cwverzll response rate in the efficacy evaluable cohort for B-cell emphoma (n=36) evaluated at day 28 and day 90. (&) Duration of best overall response from the day of response evaluation until last
follow-up. relapse of disease, or mortality. Kaplan-Meier plots of progression-free survival (C) and overall survival (D) for the efficacy evaluable population from enrclment. Patients were censored at
subsequent therapy. Error bars and shaded areas represents §5% Cls.




Varnimcabtagene autoleucel outcomes comparison

ORR

84.2%

approved

_ _ _ _ O, O,
D+28 73% (B-ALL) 2%
ORR 1 2% 71% 82% 73% | 50% (BNHD | 72.4% 83%
D+90
Overall 77% 89% 93% 42% 68% 61.7% 67%
. 14.9% R
G3+ 46.7% 24% 13% 2% 6% 2 1% (;) 4.2%
2.1% o
G3+ 13% 25% 28% 10% 0% 0% (;) 0%
G3+ 2.1% NA NA NA 12% NA 0%
7.9% 4.2%
o, o/_110 o/ _1A9 o/ _ o %
2.7% 3.6%-11% 2%-14% | 1.5%-2.2% 3.5% o N
76% 71% 59% 58% 37% 69% 75%
US FDA,
EMA US FDA, EMA | US FDA, EMA | US FDA, EMA CDSCO AEMPS CDSCO
approved approved approved approved approved pprovedi—




Safety, efficacy and total cost of point-of-care manufactured anti-CD19 CAR-T
cell therapy in India: VELCART trial

Abstract

Decentralized or point-of-care (POC) manufacture of CAR-T cells is a
potential strategy to improve accessibility and reduce cost and logistic
challenges. A total of 10 relapsed/refractory patients (B cell acute
lymphoblastic leukemia [B-ALL] N = 6, diffuse large B cell lymphoma
[DLBCL] N = 4) were enrolled in this POC phase 1 study. Chimeric antigen
receptor (CAR)-T cells were manufactured using the fully automated
CliniMACS Prodigy system. The CAR-T cell products had a median 15-fold
expansion with a median transduction rate of 38%. The immunophenotypic
characterization indicates a significant increase in central memory and
effector T cells. All the patients were infused with fresh CAR-T cells.
Complete remission rates were 100% for B-ALL and 50% for DLBCL. At a
median follow-up of 15 months, 8 of 10 patients remain without disease
progression. Adverse events reported were cytokine release syndrome
grade 2 or higher in 2 of 10 patients. None of the patients developed
Immune effector cell-associated neurotoxicity syndrome. Late hematological
toxicity of grade 2 or higher was noted only in one patient.



VELCART Study Design
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Release Criteria
Assays 2 days

Flu/Cy regimen — 4 days A %\ 5

START END )
[O\Admit Infusion of
patient CAR-T cells

Sample & dose details

Dose escalation study

Dose
A Level 3
2.0X108/Kg

Level 2
1.0X10%/Kg

Level 1 07 08 09 10

0.5X10%/Kg
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