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The insertion of a CAR into a patient’s T cell, followed by the expansion of these cells and their re-infusion.

Adoptive cell therapy to cancers based on techniques of gene-modification of peripheral blood lymphocytes to
introduce anti-tumor receptors into normal T cells, that could be used for therapy.

The insertion of a conventional TCR into a patient’s T cell, followed by the expansion and their re-infusion



The first TCR T cell cancer immunotherapy used in the clinic was tested against
metastatic melanoma and utilized a TCR that bound a human lymphocyte antigen A2
(HLA-A2)–restricted peptide from a melanocytic differentiation antigen



Pioneering work by Zelig Eshhar at the Weizmann Institute on redirecting the 
specificity of genetically engineered T cells to target antigens on tumor cells led to 
the development of chimeric antigen receptor (CAR) proteins cells.

CAR proteins are fusion proteins composed of an extracellular portion that is usually derived from an antibody
and intracellular signaling modules derived from T cell signaling proteins.
First-generation CARs contain CD3z, whereas second-generation CARs possess a costimulatory endodomain
(e.g., CD28 or 4-1BB) fused to CD3z. Third-generation CARs consist of two costimulatory domains linked to
CD3z.

CAR T cells allow MHC-independent recognition of tumor targets.



Work by Michel Sadelain and Dario Campana on the addition of costimulatory domains to CAR T cells
led to better T-cell receptor signaling with potent and sustained activity of engineered cells.

These early discoveries led to the recent clinical trials showing impressive responses in patients with refractory
lymphomas, acute leukemias and other hematologic malignancies.



Retrospective analysis of outcomes in 636 refractory DLBCL

Response to next line of therapy: ORR 26% (CR 7%), Median OS 6.3 months.

DLBCL RELAPSE/REFRACTORY

Courtesy Dr G. Perrone, Prof P. Corradini, IRCCS INT Milano

Crump et al, Blood 2017







REAL WORD DATA

Jacobson et al, Blood 2018

…elegibility criteria

….. in relation to anticipated ability to tolerate sequela 
from CRS, autoimmune disease and active infection …

….reassessment prior to initiation of lymphodepletion…

NORMALE 
FUNZIONE 

CARDIO/POLMON
NO INFEZIONI 

ATTIVE

ECOG 0-1
LINFOCITI > 300/ul

ETA’ < 76 aa

NON MALATTIA 
RAPIDAMETE 

PROGRESSIVA
NON BULKY

FERRITINA < 3000 ng/ml

NO MALATTIA SNC

CAR T- cells

Courtesy Dr G. Perrone, Prof P. Corradini, IRCCS INT Milano



Alice Di Rocco et al., Blood (2019) 134 (Supplement_1): 2888.



CAR-T related Issues

1. Ineligibility (alternative experimental option, although
unsatisfactory or with uncertain benefit)

2. Inequity in the offer of such life-saving therapies,
unrelated to either financial resources or clinical
expertise, can only be faced by implementing the value
of medical communication in the context of an Early
Palliative Care interventions, allowing a more accurate
goal of care discussion and prognostic awareness, as
early as possible in the disease trajectory.



EPC in cancer patients

Ferrell et al. J Clin Oncol 2017; 35: 96-112 
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Benefits of EPC in cancer patients

Improved symptoms control
Improved quality of life
Lower rates of depressive symptoms
More accurate GOC/prognostic
awareness
Reduced health service use at EOL
Longer median survival
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Access to palliative care 
was defined EARLY

when occured within 8 
weeks from diagnosis of 

advanced cancer
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Web site: www.vitaltalk.org
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FACULTY DEVELOPMENT COURSE
Aspen-Colorado, May and September 2016

Early Palliative care (EPC) and Communication

Washington, 
Duke, 
Dana Farber, 
Pittsburgh.

«Le Cure Palliative/Supportive Precoci
permettono di costruire in modo
anticipato, una relazione di comunicazione
medico-paziente e «caregiver» di lunga
durata e profonda, in cui sono discusse e
rivalutate, durante la traiettoria di malattia, la
diagnosi di malattia avanzata, durante le fasi
di cura e successiva ricaduta, la prognosi,
la possibilità di ricorrere a successive linee
di terapie «standard» o sperimentali
oppure di astenersi dalle terapie attive e
potere, viceversa, ricevere terapie palliative
e di supporto, capaci di ridurre ed
eliminare il dolore, i sintomi fisici e la
sofferenza e di allungare una periodo di
vita di qualità, con consapevolezza.»





Perceived barriers to high-quality end-of life care as rated by 334 hematologic oncologists.
Odejide et al. JCO 2016; 34: 3126 3132

Barriers to EPC in hematologic malignancies



“Consider that you are seeing a patient who has developed
primary refractory disease (persistent or progressive disease
after receiving first-line treatment).
For which of the following would you have an end-of-life
discussion with the patient now?”

Odejide et al. JCO 2016; 34: 3126 3132
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Patients with Aggressive 
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Differential signaling through the CAR
costimulatory domain can alter the T cell
metabolism, memory differentiation, and
influence long-term persistence.

A single amino acid residue in CD28
drove T cell exhaustion and hindered the
persistence of CD28-based CAR-T cells
and changing this asparagine to
phenylalanine (CD28-YMFM) promoted
durable antitumor control.

In addition, CD28-YMFM CAR-T cells
exhibited reduced T cell differentiation and
exhaustion as well as increased skewing
toward Th17 cells.

CAR-T efficacy



Examples of mechanisms underlying CD19– loss in B cell malignancies.

Wild-type CD19 and observed frameshift mutations that result in lack of surface expression of the CD19
molecule in B cell leukemia. Splice variants, with loss of the exon encoding the epitope or loss of the
anchoring transmembrane domain.

CAR-T efficacy



“Loss” of CD19 antigen expression has
also been observed in the context of
antigen masking due to CAR
transduction into leukemic blasts.

CAR-transduced blasts effectively
mask the target epitope from external
CAR T cell killing through self-binding
of CD19 on the cell surface (quite rare)

Examples of mechanisms underlying CD19– loss in B cell malignancies.CAR-T efficacy



In in vitro and animal models, CARs have been shown to induce reversible antigen loss through trogocytosis,
in which the target antigen is transferred to CAR T cells during establishment of an immune synapse.
This transfer of target antigen led to a decrease in target density on tumor cells as well as an increase in
fratricide and subsequent T cell exhaustion.

Examples of mechanisms
underlying CD19– loss in 
B cell malignancies.

CAR T encounters B-ALL 
cell

CAR T has trogocytosed
bits of membrane-bound
CD19 from the B-ALL
cell onto the CAR T cell,
and some of the CD19
on the CAR T cell is
masked CAR T cell with membrane-

bound CD19 may become
susceptible to lysis by
another CAR T cell.



IHC: immunohistochemistry; N/E: not evaluable; PD-L1: programmed cell death-ligand 1

Neelapu SS, et al.
ASH 2017 (Abstract 578; oral).

ZUMA-1: Preliminary analysis of B cell and immune-related molecules at 
progression by central review

PD-L1 (n=19)

CD19 (n=21)

Progression 
Biopsies N=21

CD19+
14/21 
(67)

PD-L1+
9/14 (64)

PD-L1-
4/14 (29)

PD-L1 
N/E

1/14 (7)

CD19-
7/21 (33)

PD-
L1+
4/7 
(57)

PD-
L1-
2/7 
(29)

PD-
L1 
N/E
1/7 
(14)

• Post-progression tumour biopsies (21 evaluable patients)
– 33% were CD19- by central review
– 64% were PD-L1+ by central review

Courtesy Dr G. Perrone, Prof P. Corradini, IRCCS INT Milano





CRS is a potentially life-threatening systemic inflammatory response, triggered by release of pro-inflammatory
cytokines such as IL-1, IL-2, IL-6, TNF-α, IFN-γ, GM-CSF, MCP-1, and MIP-1β; the frequency and severity of
CRS correlate with antigen-dependent T cell activation and expansion.

CAR-T toxicity

Use of lymphodepletion
chemotherapy, higher
CAR T cell dose, and
disease burden,



Efficacy Toxicity

IL 15 serum levels
-5 to +14 days



PSI: polyfunctionality strength index

Rossi J, et al. Blood 2018;132: 804–814.

Measuring CAR T-cell function

‡

A single-cell analysis of
preinfusion CD19 CAR product
from pts with NHL demonstrated
that CAR products contain poly-
functional T-cell subsets with
multiple immune programs
(cytokines and chemokines,
including IFN-γ, IL-17A, IL-8,
and MIP-1α).

POLYFUNCTIONAL STRENGTH INDEX (PSI)
The % of poly-functional cells X the mean fluorescent intensity of the proteins secreted by the cells

Courtesy Dr G. Perrone, Prof P. Corradini, IRCCS INT Milano



ANG1 is produced constitutively, primarily by vascular pericytes and platelets, and when bound to the
endothelial TIE2 receptor, favors EC quiescence and stabilization.

ANG2 is stored in endothelial Weibel–Palade bodies and released upon EC activation by stimuli including
inflammatory cytokines, displacing ANG1 and causing increased activation and microvascular permeability.
ANG2 and ANG1 in serum from patients 1 week after CAR-T cell infusion was evaluated and the serum
ANG2 concentration (P = 0.0003) and the ANG2:ANG1 ratio (P = 0.0014) were higher in patients with
grade ≥4 neurotoxicity compared with those with grade ≤3 neurotoxicity



In vivo, severe neurotoxicity confirmed
by evaluating the concentration of von
Willebrand factor (VWF), a glycoprotein
involved in hemostasis that, like ANG2,
is stored in endothelial Weibel–Palade
bodies and released on EC activation.

Patients with grade ≥4 neurotoxicity
had higher concentrations of VWF in
serum (P = 0.004), which in some
patients was 4- to 5-fold higher than
those observed in pooled serum from
healthy donors.

IL8 is sequestered with VWF in
Weibel–Palade bodies and was also
elevated during severe neurotoxicity



Lower platelet counts (biomarker of blood-brain barrier
disruption, which in turn has been proposed to be an important
factor in the pathogenesis of neurotoxicity at time of CAR T-
cell infusion) were associated with more severe neurotoxicity.

Cytokine release syndrome occurred in 24 of 25 patients
(96%). Serum levels of ferritin peaked with onset of neurologic
symptoms, and higher ferritin levels were associated with
higher neurotoxicity grade. Grade 3-4 neurotoxicity correlated
negatively with overall survival.

CAR-T toxicity



Comment-clinical practice relevance-

» Heterogeneity among trials (possible different infectious risk related to preparations?)

» Major focus on respiratory viruses instead of CMV, EBV, HHV-6, BK and co-pathogens

» 18-34% pts. develop bacterial>viral>fungal infections within the first 2 mos, (ALL>>NHL /CLL).

» Antibacterial prophylaxis vs antibacterial empiric therapy*

» Risk factors: 73% of infections occurred after the CRS severity grade peaked

Jain et al., BBMT, 2019

Yakoub-Agha et al., Haematologica, 
2019



During the longitudinal care of CAR T cell patients, it is of great importance that clinicians increase their
awareness of the long-term complications associated with CD19 CAR T cells. 

Infectious and  neurologic/psychiatric events that can arise months to years after CAR T therapy are a concern.

Beyond 90 days after CAR-T cell
infusion—in patients who survived
at least 1 year after therapy.




