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OUTLINE

=Current indications for CAR-T

*Challenges with CAR-T

=Survivorship in the CAR-T patient




CHIMERIC ANTIGEN RECEPTOR T-CELL
THERAPY (CAR-T)

» CAR is an artificial antigen receptor that mediates
antibody-targeted recognition

* Binding between CAR and its antigen on tumor
cells triggers a signal transduction cascade through
signaling domains

= Activates T-cells to kill the target directly or through
other components of the immune system

» Effectively creating a graft-vs.-tumor (GVT) effect
without graft-vs.-host disease (GVHD)






FDA APPROVED INDICTIONS FOR
CAR-T

= FDA approved indications in lymphoma

» Relapsed/refractory large B-cell ymphoma in second (Axi-cel and Liso-cel)
and third line (Axi-cel, Tisa-cel and Liso-cel)

» Relapsed/refractory Low grade follicular lymphoma (Axi-cel)

» Relapsed/refractory Mantle Cell Lymphoma (Brexu-cel)

= FDA approved indications in Multiple Myeloma

» Relapsed or refractory multiple myeloma after four or more prior lines of
therapy (Ide-cel, Cilta-cel)

= FDA approved indications in B-cell ALL
»For young adult patients up to age 25 with relapsed or refractory acute
lymphoblastic leukemia (ALL) (Tisa-cel)

» For adult patients with relapsed or refractory B-cell precursor acute
lymphoblastic leukemia (ALL), 18 years and above

Munshi PN et al. Bone Marrow Transplant. 2021 Dec;56(12):2911-2921.




CART VS AUTO-HCT IN SECOND

LINE LBCL

Tisa-cel Liso-cel

Westin and Sehn. Blood 2022 139: 2737-2746




LONG TERM FOLLOW UP FROM PIVOTAL
CLINICAL TRIALS

ZUMA-1 Axi-cel JULIET Tisa-cel

Locke FL et al. Lancet Oncol. 2019 Jan;20(1):31-42

Schuster SJ et al. Lancet Oncol. 2021 Oct;22(10):1403-1415



LIMITATIONS OF CAR-T

» [ogistical challenges and
unique toxicities

» Requirement of leukophoresis
and waiting for several weeks

= Patients with rapidly
progressing disease may
require temporizing
treatment, commonly referred
to as bridging therapy

= Cytokine release syndrome
= Neurotoxicity

= Cytopenias

* Financial Toxicity



CYTOKINE RELEASE SYNDROME

» Most common observed toxicity with CAR-T therapy

»  Symptoms range from low grade constitutional symptoms to life
threatening multiorgan dysfunction and rarely fulminant HLH

» Onset of CRS toxicity usually occurs within the first week after CAR-
T-cell therapy, and typically peaks within 1-2 weeks of cell
administration

= Approved treatment for CRS
» Tocilizumab: IL6 Receptor antagonist

» Corticosteroids



GRADING OF CRS AND NEUROTOXICITY




TREATMENT OF CRS

Grade 1-
»supportive measure;
» Anti-pyretics ( consideration for toci in cases of
refractory fevers)

Grade 2-

>V fluids for hypotension, O2
for pulmonary CRS, tocilizumab 8mg/kg
»MICU for impending ventilator support
or fluid refractory hypotension requiring
vasopressor support

Grade 3, 4-

»tocilizumab, corticosteroids(methylpred 1-2
mg/kg q12hr) and MICU management

Refractory CRS
» Siltuximab
» Anakinra — IL-1 inhibitor
» Jak inhibition
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ICANS/NEUROTOXICITY

Immune effector cell-associated neurotoxicity syndrome (ICANS)
Second most common adverse event

» Can occur independent or concurrent with CRS

» Symptoms range from confusion and disorientation to seizures, obtundation,
cerebral edema

» Biphasic: first phase within 5 days of cellular infusion; second phase beyond 5
days

» Delayed neurotoxicity during 3rd or 4th week in 10%




GRADING OF ICANS




TREATMENT OF ICANS

Grade 1

Consider levetiracetam seizure prophylaxis (750 mg BD)

Avoid medications that cause central nervous system depression
Seek neurology specialist consultation

Fundoscopic examination to assess for papilledema
Brain MRI with contrast (brain CT if brain MRI is not feasible)

vV V V V VYV VY

Consider diagnostic lumbar puncture with measurement of opening pressure where possible,
sending samples for culture and sensitivity, cytology, biochemistry, and virology as a minimum

Consider spine MRI if the patient has focal peripheral neurological deficits
Consider electroencephalogram (EEG)

Consider tocilizumab 8 mg/kg but only if concurrent CRS

YV V V V

Twice daily neurocognitive assessment using the ICE score and ICANS grading

Grade 2

» Investigations and supportive care as per grade 1
»  Consider dexamethasone at a high dose with rapid weaning

»  Consider transferring the patient to the intensive care unit (ICU)

Rees JH. Management of Immune Effector Cell-Associated Neurotoxicity Syndrome (ICANS)

2022 Feb 7. In: Kréger N, Gribben J, Chabannon C, et al., editors. The EBMT/EHA CAR-T Cell

Handbook [Internet]. Cham (CH): Springer; 2022. Chapter 27.



Grade 3

>

>

Administer dexamethasone 10-20 mg |V every 6 h or methylprednisolone equivalent until
improvement to grade 1 and then taper

Management of seizures with lorazepam 0.5 mg |V or other benzodiazepines as needed,
followed by loading with levetiracetam or other anticonvulsants as required

If fundoscopy reveals stage 1 or 2 papilloedema with cerebrospinal fluid (CSF) opening
pressure > 20 mmHg, seek urgent advice from neurologist

Consider repeat neuroimaging (CT or MRI) every 2—-3 days if the patient has persistent
grade = 3 ICANS

Grade 4

» Transfer patient to intensive care unit (ICU); consider mechanical ventilation for
airway protection

» Seizure management

» For convulsive status epilepticus, seek urgent advice from neurologist
Administer methylprednisolone 1000 mg/day for 3 days, then taper at 250 mg

every 12 hrs for 2 days, then 125 mg every 12 hrs for 2 days, then 60 mg every
12 hrs for 2 days

» For management of raised intracranial pressure, consider acetazolamide 1000
mg IV, followed by 250-1000 mg IV every 12 h; elevating the head of the bed;
hyperventilation; and hyperosmolar therapy with mannitol




HLH/MAS

Typically occurs within 5 days of infusion (RARE)

CRS with:
» Ferritin >10k and 2 of the following
»Gr 3,4 LFTs
»GR 3,4 oliguria/ elevated Cr
»BM or organ hemophagocytosis presence and/or CD68+

Treatment
» Initially treat as GR 3,4 CRS

> If no improvement in 48 hrs- add etoposide and/or IT AraC
for neurotoxicity



FOLLOW-UP POST-CART

Post Hospital Discharge:

* Follow-up in outpatient
Cellular Therapy clinic
2x/week x 30 days post
CART

e Follow Labs
* Resolution of toxicities
* Transfusions prn

Transfer back to referring
provider

- Provide clinical
summary, recommended
follow-up, treatment of
cytopenias, prophylactic
meds)

Return to CART center for
Restaging

Day 30 to 90 days post-
CART

Every 3 months for the
first 2 years




» Duration of cytopenias post
CAR T-cell therapy is
variable, ranging from 14 to

180 days and sometimes

longer

Infections

Transfusions

Most patients recover blood
counts by 30 days, but a
notable percentage of
patients experience
persistent cytopenias lasting
beyond 30 days

Prolonged hospitalization

Increased medical costs

His

Zhu F et al. Cell Transplant. 2020 Jan-Dec;29:963689720919434

Yassine F et al. Hematol Oncol Stem Cell Ther. 2022 Nov 25;15(3):122-130




CYTOPENIAS

<30 days

» Chemotherapy prior to CART
» worse if >/= 4 lines of therapy) independent of CRS
* Median age (older)
* Poor bone-marrow reserve with baseline cytopenias
* Severity of CRS/inflammatory cytokines
 High baseline LDH levels correlating with tumor burden
* Infection

emmm >30 days

* CART cell activity
» Higher grade CRS is associated with prolonged cytopenias

* Monitor CBC weekly through D+60 post CART or as indicated post recovery
* Provide transfusion and/or Growth Factors as needed

SHARMA, CANCERS 2022.




54% (n=22) required G-CSF after 28 days
17% (n=7) required platelets after 21 days
22% (n=9) required RBC after 21 days

BLAIRD, J. ET AL. BLOOD ADVANCES 2021.




IMPACT OF CYTOPENIA ON HEALTH CARE
COSTS

Wang L et al. Front Oncol. 2021 Jun 30;11:702644




MANAGEMENT OF CYTOPENIAS OV

Management of adults and children
undergoing chimeric antigen receptor T-
cell therapy: best practice
recommendations of the European
Society for Blood and Marrow
Transplantation (EBMT) and the Joint
Accreditation Committee of ISCT and
EBMT (JACIE)

» Largely relies on supportive care
» G-CSF is used for the management of neutropenia

» The European Society of Blood and Marrow
Transplantation practice guidelines recommend waiting
at least 14 days post CAR T-cell infusion prior to
considering G-CSF for the management of neutropenia




HILL, BLOOD 2020




INFECTIONS

« Approximately 25% of patients will develop infection in
the first 30 days
 Factors
* Type of malignancy
* >/=4 lines of prior therapy
* Higher CART cell dose
* Higher grade of CRS
 Risk for Long-term (>day 30) infection
 Cytopenias
« Hypogammaglobulinemia
* Loss of Vaccination titer

HILL, BLOOD 2018.



INFECTIONS CONTRIBUTE TO RISK OF DYING AFTER CAR-T

Rejeski K et al. ] Immunother Cancer. 2022 May;10(5):e004475




PROPHYLAXIS AND HYPOGAMMAGLOBULINEMIA

® Routine anti-bacterial and anti-fungal prophylaxis is not recommended

Anti-viral and anti-pneumocystis pneumonia prophylaxis is recommended to be
E initiated from the start of lymphodepletion to 1 year post CAR T-cell infusion or until
(= ] .
CD4 count is >200

Immunoglobulin replacement is recommended to be considered in adults who have
had infections with encapsulated organisms

In clinical practice and in trials, IVIG replacement if often considered and targeted to
Q trough IgG levels above 400 mg/dL

Check IgG level monthly




VACCINATIONS

Criteria for vaccinations

Indications*

Killed/inactivated vaccinest

» 268 mo post CD18-targeted CAR-T-cell therapy

» 22 mo since last immunoglobulin treatment; a trial off of supplemental immunoglobulins can be considered in patients without

chronic or serious bacterial infections in the preceding 8 mo

Live and nenlive adjuvant vaccines

« 21y post CD19-targeted CAR-T-cell therapy

NON-RESPONDERS

Criteria

Detectable serum IgA* (>8 mg/dL) AND

CD19* or CD20* B-cell count >20 cells/mm>AND

CD4* T-cell count >200 cells/mm?

HILL, BLOOD 2020.







THERAPY-RELATED MYELOID NEOPLASMS
FOLLOWING CAR T-CELL THERAPY

» 189 patients received commercially
available CAR-T for R/R NHL

» Of these, 10 (5.3%) developed t-MN

» 50% had received prior auto-HCT

» Median interval from CAR-T day O to t-
MN diagnosis was 9.1 months with
60% patients developing t-MN within 1
year from CAR-T

» Cumulative incidences (Cl) of t-MN at
1 and 2 years were 5% and 11%,
respectively

» NGS at t-MN diagnosis was available
in 9 (90%) patients with TP53 being
the most mutated gene at 44.4%

Alkhateeb HB et al.Blood Cancer J. 2022 Jul 26;12(7):113



LATE NEUROLOGIC TOXICITIES

Can arise several weeks after infusion
* Seizures, Weakness, Confusion, Aphasia, Coordination problems

* Small cohort @5.25 years: 10% of patients had neurologic even post 90 days
CART

« Stroke, Dementia, Peripheral Neuropathy

Recommendations
* No driving for 8 weeks post-infusion
* Seizure ppx with Levetiracetam
« Steroid ppx in elderly with underlying vascular changes on pre-CART MRI*
e Zuma-1 Cohort 6 - Dexamethasone 10 mg daily DO>D+2
* Neurology follow-up

1. BUITRAGO, CLIN J ONC NURS. 2019. CORDEIRO, BIOL

BLOOD MARROW TRANSPLANT. 2020




PSYCHOSOCIAL STRESSORS

1. Heightened anxiety

2. Changes in physical function that impact QoL

2. Compromised Coping due to Mental stressors

» Caregiver support
* Financial concerns

4. Avenues of Support

* Social workers

* Clinical psychologist

* Online forums/support groups
* Chaplain

BUITRAGO, CLIN J ONC NURS. 2019
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