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Chimera

chi·me·ra
/kīˈmirə, kəˈmirə/ : in Greek mythology: a fire-breathing female monster with a 

lion's head, a goat's body, and a serpent's tail.

(i) any mythical animal with parts taken from various animals.
(ii) Any cell with parts/molecules taken from another cell



Chimeric Antigen Receptor (CAR) T-cells
(ii) A T-cell with parts/molecules taken from another cell 

….T cells that have been genetically engineered to produce an 
artificial receptor that recognize an specific antigen. This receptor is 
naturally  present in B-cells, but not in T-cells

Chimera



CAR T-cells targeting CD19



• Emerged from the groundwork set by the clinical successes of 
monoclonal antibody technology…

Chimeric Antigen Receptor (CAR) T-cells

- Antibodies against CD19 have been generated and are highly 
specific…. Can this specificity be “given” to T-cells?   How?

- CD19-CARs are antibody-derived receptors (anti-CD19) genetically 
“introduced” into T cells to allowed them to better recognize and 
destroy tumor cells expressing CD19……



Retrovirus
or

Lentivirus

Chimeric Antigen Receptor (CAR) T-cells



Redirecting the Specificity 
of T Cells

T cell

CD19

Native 
TCR

Tumor cell

CTL019 cell

Dead tumor cell

Anti-CD19 
CAR construct

Courtesy of David Porter- U Penn

Presenter
Presentation Notes
These modified T cells, are better than their endogenous counterparts in several ways: one, because they recognize a fixed molecule, they are free from depending on the individually variable HLA type. Two, they do not need costimulatory signals which are often absent in tumors.



Kochenderfer JN & Rosenberg SA. Nat Rev Clin Oncol 10, 267-176, 2013

CAR T-cell Therapy

2-4 week
process



Kenderian SS et al. Cancer Res. 2014 Nov 15;74(22):6383-6389.

Anti-CD19 CAR T-cell effects in vivo



NCI 

CD19 CARS in clinical trials

CHOP/U. Penn FHCC Baylor
Bluebird Bio



First successful CAR T cell treatment reported in 
NHL with CD19-CAR.CD28z (NCI)

Kochenderfer, Blood 2010

Cy 60mg/m2

x2
Fludarabine
25mg/m2 x5

CD19-CAR-T infused

+/- IL-2

DAY -7     -6    -5    -4    -3      -2     -1      0    1                               5

LYMPHODEPLETING REGIMEN 



Before treatment:  extensive involvement follicular lymphoma

CD79aH&E CD19   

Bone marrow disease cleared within 14 weeks after 
CAR-T cells

CD20

14 weeks after treatment:   absence of all B-lineage cells

CD79aH&E CD19 CD20

Kochenderfer, Blood 2010



Before treatment 9 months after treatment

Durable remissions post CD19-CAR.28z T cells 
but with appreciable toxicities

CR >21 months of chemo-refractory PMBL despite 10 prior treatments
But…

All 15 patients developed SAEs (grade 3-5)

Kochenderfer, Blood 2010



Kochenderfer et al. JCO, 2017

DAY -5    -4    -3            0

Day 0: Infusion of
anti-CD19-CAR 
transduced T cells

Cy 300mg/m2 x3

Fludarabine
30mg/m2 x3

22 Advanced NHL  (19 DLBCL, 2 FL, 1 MCL)   ECOG 0-1

CD19 CAR.28z T cells with low-dose chemotherapy 
to reduce toxicities- NCI



55% patients grade 3-4 neurotoxicity, 18% grade 3-4 hypotension.  All 
toxicities resolved in 2 weeks

ORR:  73%, CR in 55%, PR in 18%

Before treatment             6 months after

Patient 2 
Chemotherapy-

refractory 
triple-hit DLBCL 

Resolution of a large pleural effusion and 
lymphoma masses  

CD19-CAR T cells and low dose conditioning: 
Responses with reduced toxicities

Kochenderfer et al. JCO, 2017



CD19 CAR.41BBz T cells for NHL: 
The Seattle Experience

3+3 Dose-escalation with CD19 CAR-T cell doses of 2x105 - 2x107/kg

Leukapheresis

CD4+

selection

CD8+ TCM
selection

Transduction  and 
expansion (15 days)

Lymphodepleting
chemotherapy

CAR-T cell
infusion 

Formulation
(CD4:CD8 = 1:1)

Turtle et al, STM 2016 and JCI 2016

Presenter
Presentation Notes
Up to RHP-X267 infusion and NNL-X271 selection. Data cutoff: 20150514. 



Multicenter CD19 CAR T-Cell Trials for  
Aggressive NHL

Agent Subtype
Relapsed 

and/or 
Refractory

Relapse 
Post-
ASCT

Bridging 
Therapy CAR T Design

ZUMA1[1] Axicabtagene 
Ciloleucel

DLBCL 
PMBCL 

TFL
Refractory 23% None CD19/CD3z/

CD28

JULIET[2]
Tisagenlecleu

cel DLBCL 
TFL

Relapsed 
or 

Refractory
49% Allowed CD19/CD3z/  

4-1BB

TRANSCEND[3

]

Lisocabtagene 
Maraleucel 
(JCAR017) 

DLBCL 
TFL 

FL Gr 3B

Relapsed 
or 

Refractory
40% Allowed CD19/CD3z/  

4-1BB

[1] Neelapu, et al. N. Engl J Med. 2017; 377:2531-2544
[2] Schuster et al. N. England J Med, 2017
[3] Abramson, et al. ASCO 2018; Abstract 7505.



Multicenter CD19 CAR T-Cell Trials for 
Aggressive NHL  

Agent CAR T Dose Cond. 
Therapy

Manufacturing 
Success

Treated/ 
Apherese

d

ZUMA1[1] Axicabtagene 
Ciloleucel

2 x 106/kg 
(Max 2 x 108) Cy/Flu 99% 108/119 

(91%)

JULIET[2] Tisagenlecleucel Up to 0.6-6 x 108 Cy/Flu or 
Benda 94% 111/147 

(76%)

TRANSCEND[3]
Lisocabtagene 

Maraleucel 
(JCAR017) 

0.5-1 x 108

(CD4:CD8 = 1:1) Cy/Flu 99% 114/134 
(85%)

[1] Neelapu, et al. N. Engl J Med. 2017; 377:2531-2544
[2] Schuster et al. N. England J Med, 2017
[3] Abramson, et al. ASCO 2018; Abstract 7505.



Study
Agent N Best

ORR
Best 

CR rate
Follow-
up mo

Durable 
ORR

Durable 
CR rate

OS at 
12 mo

ZUMA1[1] Axicabtagene 
Ciloleucel 108 82% 58% 12 42% 40% 59%

JULIET[2] Tisagenlecleuc
el 93 52% 40% 12 34% 29% 49%

TRANSCEND[3]
Lisocabtagene 

Maraleucel 
(JCAR017) 

73 80% 59% 6 47% 41% N/A

Multicenter CD19 CAR T-Cell Trials for  
Aggressive NHL: Responses

[1] Neelapu, et al. N. Engl J Med. 2017; 377:2531-2544
[2] Schuster et al. N. England J Med, 2017
[3] Abramson, et al. ASCO 2018; Abstract 7505.

Presenter
Presentation Notes
ORR, overall response rate; CR, complete response; OS, overall survival; mo, month
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Patient Case: Ongoing 9+ mo Durable CR in 
Refractory DLBCL

Baseline 3 months

• 62-yo M with DLBCL
• Prior therapies

– R-CHOP
– R-GDP
– R-ICE
– R-Lenalidomide

• No response to last 3 
lines of therapy 

Neelapu & Locke et al ASH 2016, #LBA-6Neelapu & Locke et al ASH 2016, #LBA-6
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• 57% of patients in phase 1 obtained a CR
• In the updated analysis, 23/60 patients with either a PR (11/35) or SD (12/25) at the 

first tumor assessment (1 month post–axi-cel) subsequently achieved CR up to 15 
months post-infusion without additional therapy
– Median (range) time to conversion from PR to CR = 64 (49 – 424) days

ZUMA-1: Long Term Follow-up
Best Objective Response

Phase 2 
Primary Analysis 

(n = 101)

Phase 1 and 2
Updated Analysis 

(N = 108)
Median follow-up, mo 8.7 15.4

ORR CR ORR CR

Best response, % 82 54 82 58

Ongoing, % 44 39 42 40
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ZUMA-1: Duration of Response by Best Objective 
Response

 Median duration of CR has not been reached
 3/7 (43%) phase 1 patients having ongoing CR at 24 months

CR

PR

Presenter
Presentation Notes
Two of the censoring events were due to receiving anti-cancer treatment prior to PD: 1 PR and 1 CR
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ZUMA-1
Ongoing Responses (> 1 year) Across Key Covariates

• Median follow-up: 15.4 months 

Presenter
Presentation Notes
Consistent with the primary analysis, no substantial differences were observed in ongoing responses for patients who received toci/steroids as is demonstrated by overlapping confidence intervals
Most (90/108) subjects had advanced-stage disease; lower IPI and earlier stage disease more likely to have DOR at 1 year



• Cytokine release syndrome (CRS)

• CAR-related encephalopathy syndrome (CRES)

• B-cell aplasia

• Hemophagocytic lymphohistiocytosis  (HLH)

CAR T-Cell Toxicity

Presenter
Presentation Notes
UPENN Group. (ClinicalTrials.gov: NCT01626495)
Vector: lentiviral CD19scFV/4-1BB/CD3z
Conditioning: 26/30 patients received lymphodepletion prior to infusion
	CAR CTLs expanded with CD3/CD28 beads
	target CTL dose was 10e7 -10e8 cells/kg (transduction efficiency 11-45%)
Results: 30 children/AYA (age 5-22yrs) received CTL019 treating ALL
27 patients achieved CR (including 2 with pror Blinotumomab, 15 with prior AlloHSCT)
23 of 27 achieved MRD negative status
Median f/u 8 months (1-26mo) ~ 16 patients have ongoing CR
3 patients received subsequent treatment such as DLI 
67% event-free survival and 78% OS at 6 months
68% probability for detection of CTL019 in blood at 6 months




CAR T-Cell Toxicity
Cytokine Release Syndrome (CRS)
• Early hemodynamic changes 

associated with capillary leak
– High fever, hypotension, 

tachycardia, decrease in 
protein/albumin, weight gain

• Coagulopathy and increased 
transfusion requirements

• Increased risk of hepatic and renal 
dysfunction

– Elevated AST, ALT, bilirubin, 
alk phos, creatinine

• Cardiac arrhythmias

• Elevated serum cytokines

• Elevated serum CRP and ferritin

• Usually responds to tocilizumab +/-
steroids

Neurotoxicity
• Often presents with word finding 

difficulties and can progress to 
coma

• May be associated with cerebral 
edema or seizures

• Onset 2-4 days after CRS

• Usually reversible, but may be fatal

• Not clear if treatments are effective 
(usually treated with tocilizumab or 
steroids)

Neelapu, et al. Nat Rev Clin Oncol. 2018;15(1):47-62.



Study Agent N
CRS 
All 

Grades

CRS 
Grade 

≥3

NT All 
Grades

NT 
Grade ≥3 

Toci
usage

Steroid
usage

ZUMA1[1] Axicabtagene 
Ciloleucel 108 93% 13% 65% 31% 45% 29%

JULIET[2] Tisagenlecleu
cel 111 58% 22% 21% 12% 15% 11%

TRANSCEND[

3]

Lisocabtagen
e Maraleucel 
(JCAR017) 

102 37% 1% 23% 13% 17% 21%

• Lee criteria used for CRS grading on ZUMA1 and TRANSCEND
• U Penn criteria used for CRS grading on JULIET
• All trials used CTCAE criteria for neurotoxicity (NT) grading
• 3 deaths on ZUMA1 due to AEs – 1 cardiac arrest, 1 HLH, 1 pulmonary embolism

Multicenter CD19 CAR T-Cell Trials for  
Aggressive NHL: Safety

Presenter
Presentation Notes
Toci, tocilizumab; NT, neurotoxicity 



•August 30, 2017: FDA Approves tisagenlecleucel (formerly 
CTL019 ) for the treatment of children and young adults (up to 25 
years of age) with B-cell precursor acute lymphoblastic leukemia 
(ALL) that is refractory or in second or later relapse.

October 19, 2017: FDA Approves axicabtagene ciloleucel 
(formerly KTE-C19) for the treatment of adult patients with 
certain types of large B-cell lymphoma who have not responded 
to or who have relapsed after at least two other kinds of 
treatment  

May 1st, 2018 : FDA Approves tisagenlecleucel for the treatment 
of adult patients with relapsed or refractory large B-cell 
lymphoma after two lines of systemic therapy (DLBCL, high 
grade B-cell lymphoma and DLBCL arising from FL)

CAR T-cells: Efficacy  



• Managing CRS/Neurotoxicity

• Complex study especially in multicenter setting

• Managing prolonged B-cell depletion

• Expensive!  Insurance Issues?

• CAR attributes for potency remain unclear:
– How many endogenous T-cell clones are needed for a response?
– Which host’s/ tumor characteristics are driving (or limiting) this 

response?

• Immune escape through antigen loss

CD19 CARs – Remaining Issues



Before 
CAR-T cells

Day 106 after 
CAR-T cells

CD19+blasts: 46%

CD19-neg 
blasts: 23%

Day 14 after
CAR-T cells

CR by flow

Turtle, J Clin Invest, 2016
Lee, ASH, 2015 
Park, ASCO, 2015 
Maude, ASCO, 2016 
Turtle, J Clin Oncol, 2017
Evans, Br J Haem, 2015

CD19-neg relapse in 
B-ALL, NHL and CLL

in B-ALL:
MSKCC: 2/14
UPenn: 13/20
FHCRC:  2/9

40%

CD19 antigen-negative relapse in B cell 
malignancies after CD19 CAR-T cells

Presenter
Presentation Notes
One mechanism contributing to relapse is loss of CD19 expression (left – example of CD19-neg relapsed ALL) – usually coincident with persistent CD19 CAR-T cells (right).
CD19-neg relapse/progression has been reported in ALL, NHL and CLL after CD19 CAR-T cells – and distinct mechanisms have been described (mainly in ALL). Incidence in NHL and CLL is not well characterized.
Approaches to deal with patients with CD19-neg relapse/progression could include CAR-T cells to target other antigens. 



Guidelines for CAR T-cell Therapy

Neelapu, et al. Nat Rev Clin Oncol. 2018;15(1):47-62.

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



Guidelines for the Management of CRS 

Neelapu, et al. Nat Rev Clin Oncol. 2018;15(1):47-62.

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



Guidelines for the Management of CRES 

Neelapu, et al. Nat Rev Clin Oncol. 2018;15(1):47-62.

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



Strategies to regulate CAR T-cells persistence…and limit 
“collateral damage”

Maus, M. and June, CH.  Clin. Cancer Res; 2016;22:1875

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



Future Directions in  CAR T-cell 
Therapy….

- Combination with checkpoint 
blockade antibodies

- Novel Antigenic Targets



Specificity/
Construct

Author(s) Center Response

CD20- 1st gen no 
lymphodepletion

Till. Blood 2008
Jensen. Mol Ther 2010

FHCRC/
COH

DLBCL: NR 

CD20- 3rd gen 
28/41BB - limited 
lymphodepletion

Till et al, Blood 2011 FHCRC Indolent NHL/MCL
0/3 CR

CD20- 2nd gen 41BB 
with 

lymphodepletion

Wang, Clin Immunol 2014; 
Zhang, Sig Trans Targ Ther, 
2016

Chinese PLA 
General

R/R DLBCL 
6/11 CR + 3/11 PR

Kappa Ramos, JCI, 2016 Baylor 2/9 CR and 1/9 PR in 
NHL/CLL

CD30 Ramos et al, JCI 2017 Baylor 2/3 CR - ALCL / DLBCL

Myeloma: BCMA 

Hudecek, Blood, 2010 (FHCRC))

Beyond CD19: Extending the CAR antigen repertoire



Can the success of CAR T-cell therapy  for B-cell 
malignancies be translated to solid tumors?

B
-cell M

alignancies

Solid Tum
orsYes…. but not so easily….or too fast...

http://www.google.ca/url?url=http://4vector.com/free-vector/bugs-bunny-bugs-bunny-cartoon-clip-art-94556&rct=j&frm=1&q=&esrc=s&sa=U&ei=up7bVJDtJYeUyQSHmoCgDw&ved=0CCMQ9QEwBg&usg=AFQjCNH7LhS7cE03W7dDkMu_AOyh6qwjOQ


Solid Tumors Targets

Cancer Site Target antigens
Lung Erb2, EphA2,GD3

Prostate Erb2, Muc 1, PSMA, PSCA

Breast Erb2, Erb3/4, Lewis Y, Mesothelin, Muc 1

Ovary Erb3/4, Lewis Y, FR-a, Muc 1, NKG2D ligands

Brain ErbB family, EGFRvIII, IL13Ra2, EphA2, B7H3

Melanoma MAGE1, HMW-MAA, GD2, GD3, NY-ESO-1, 

Sarcoma GD2, NKGD2 ligands, B7H3



Selected Clinical Trials with CAR T-cells in Solid Tumors

Maus, M. and June, CH.  Clin. Cancer Res; 2016;22:1875

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



CAR T-cell Therapy for Solid Tumors

• Several clinical trials, but efficacy has been low

• The best responses reported has been in trials using CAR 
T-cells specific for the solid tumor antigens mesothelin, 
PSMA or ERBB2
• Stable disease in 24% to 67% of the patients

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



Factors limiting the efficacy of  CAR T-cell therapy for 
Solid Tumors

• Identification of suitable target antigens that are tumor-
specific

• Limited extravasation/penetration of infused CAR T-cells 
into solid masses

• “Hostile” microenvironment: Negative immuno-regulatory 
signals and/or cells that rendered CAR T-cells 
anergic/tolerant: TGF-beta, PDL1

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



Suitable target antigens

• Most epithelial tumor-associated antigens are shared 
proteins also found in normal tissues:

• Serious adverse events can occur

• CAR targeting her2/neu  Cardiopulmonary toxicity 
and death within days in one patient (Morgan, RA et al. 
Mol. Ther. 2010;18:843)  

• Long-term persistence of CAR T-cells can be potentially 
problematic…autoimmune damage of vital organs that 
would outweigh the benefits of this therapy  

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



• Identification of antigens with sufficient cancer-specific
expression..

• Neo-antigens that arise from mutations in the tumor 
but not in healthy tissues

• Aberrantly glycosylated self-antigens (Tn-Glycoform 
of  membrane mucin MUC1) present mainly in tumor 
cells (Posey, A. et al. Immunity 2016;44:1444)

CAR T-cell therapy for Solid Tumors:
Emerging Strategies

Presenter
Presentation Notes
NCI Group.  (ClinicalTrials.gov: NCT00924326)
Vector: recombinant gamma-retroviral FMC63-28Z vector (anti-CD19 scFv)
Conditioning: Cytoxan 60 or 120mg/m2 days -7 and -6; Fludara 25mg/m2 days -5 thru -1; CAR T cells infused on Day 0�Results: 
8 achieved CR, 4 achieved PR
4 of 7 refractory DLBCL patients achieved CR, 3 are durable/persistent (range 9-22 months)
3 of 4 CLL patients with CR, 1 with PR, 3 CRs are persistent (range 4-23 months)
One toxicity-related death @ day +16



• Early clinical trials with CAR T-cells for solid tumors has shown  
a unique set of challenges for this therapy 

• Lessons learned from these clinical trials (ie. minimal efficacy 
and adverse side effects) are informing the design of  the new 
generation of CAR T-cells with better tumor specificity, 
improved migration to the tumor site and able to overcome 
physical and regulatory barriers in the tumor microenvironment

• It is not a matter of whether is going to work….it is a matter of 
when will work…..thanks to the rapid progress in new 
technologies and a better understanding of the barriers that 
need to be surmounted to make CAR T-cell therapy for solid 
tumors a reality….

CAR T-cells for Solid Tumors



THANKS
esotomayor@mfa.gwu.edu
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