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• Cytosine Base Editing Overview
• Current Landscape in T-cell Acute Lymphoblastic Leukemia (T-ALL) 

and Lymphoblastic Lymphoma T-LL with Focus on Immunotherapy
• Cytosine Base Edited CAR-T for T-ALL/T-LL

Introduction



Quasim, et. al. Blood 2022

Gene Editing Technologies



Liu, et. al., Front. Immunol. 2023; Ottaviano, et. al., Heme Onc Clin North Am. 2022; Gupta, et. al. JCI 2014

ZFN TALEN CRISPR/Cas

Editing Through DSBs

Recognize Target Sequences
RNA-DNA Base Pairing

Recognize Target Sequences
Protein-DNA Interactions



Modified Cas9

Base Editor

Cytosine Base Editors (CBEs)

• 4 Main Components
• Modified Cas9 protein 

• Binds DNA target with help guide RNA
• Opens 4-5 base single strand segment
• Engineered to nick unedited DNA instead of DSB

• Cytosine Deaminase
• Modifies Cytosine to Uracil Intermediate

• Two Uracil Glycosylase Inhibitor (UGI) Domains
• Suppress Uracil Excision



Cytosine Base Editors (CBEs)

• Uracil Intermediate Read by DNA polymerase 
as Thymine

• Leads to C-to-T change



Starting Sequence with Target
Point mutation Base Pair (C:G)

Cytosine Base Editors (CBEs)



Cytosine Base Editors (CBEs)

Base Editor Binds to Target DNA Sequence
Exposes Editing Window



Cytosine Base Editors (CBEs)

Deaminase Converts Target Base (C     U)
Uracil Glycosylase Inhibitor (UGI) Domains Prevent Uracil Excision
Modified Cas9 Nicks Opposite Strand



Cytosine Base Editors (CBEs)

Cell Repairs Nicked Strand (G     A)
Cell Completes Correction of Target Point Mutation (U    T)



Cytosine Base Editors (CBEs)



Designer Nucleases vs Base Editors: Pros and Cons

“Traditional” CRISPR/Cas9 Base Editors

Pro: Can make large edits Pro: Single base change with each edit

Con: Higher-risk of off-target and on-target error Pro: More precise editing

Con: Multiple edits to different genes complicated Pro: Easier to make multiple edits to different genes

Pro: Less off-target and on-target error

Con: Less targetable sites

Con: Only can make specific base pair conversions 



Intended
Edit

Unintended Edit

Designer Nucleases and Base Editors

Ferrari, et. al. Cell Stem Cell 2023



What to Edit When Making CAR-T
Increase Antitumor Efficacy

Overexpression
IL-2             
IL-7
IL-12
IL-15
IL-21       

Knock-out
PD-1           
CTLA-4
LAG-3
TIM-3
NKG2A  
EZH1
DNTM3A
CD16

Li, et. al., Cell Stem Cell 2023; Chen, et. al. Front. Med. 2023



Li, et. al., Cell Stem Cell 2023; Chen, et. al. Front. Med. 2023

What to Edit When Making CAR-T
Reduce Allorejection

Knock-out
HLA

CD52
Overexpress

Inhibitory Ligands

Prevent GVHD
Knock-out

Modify         
TCR

Improve Safety
Overexpress   

Suicide Genes

Prevent Fratricide
Knock-out

Modify        
Target of the CAR-T



Quasim, et. al. Blood 2022

Clinical Trials with Genome-edited T cells with Published Data



Era # Pts 5-yr OS±SE
2000-05 B-ALL 6631 91.0±0.4%

2006-10 B-ALL 7397 91.7±0.4%

2000-05 T-ALL 515 80.8±1.9%

2006-10 T-ALL 676 90.6±1.7%

Raetz et al., ASPHO 2018; Hayashi, et. al. JCO 2019

Dramatic Improvements in De Novo T-ALL/T-LL Survival

T-LL 5-year OS: 89.0±2.0%



Outcomes for Relapsed T-ALL/T-LL Remain Poor

Rheingold, et al. ASCO 2019

5-year OS post relapse 
Current    2008

B-ALL      52%         37%
T-ALL       33%         23%
Infant      19%         20%

T-LL 5-year OS <15%



T-ALLDexamethasone-based
Induction

CRT Indication: CNS3

aBFM Consolidation
+ Nelarabine

C-MTX

Delayed Intensification
+ Nelarabine

Maintenance
+ Nelarabine

MRD≥0.1%

MRD<0.1%

HSCT

T-LLPrednisone-based
Induction + Bortezomib

aBFM Consolidation

C-MTX

Delayed Intensification
+ Bortezomib

Maintenance

Persistent Disease

CR

HSCT

Current Approach: De Novo T-ALL and T-LL 



Immunotherapy for T-ALL/T-LL
B-ALL/B-LL

• Naked Monoclonals
• Rituximab
• Epratuzumab

• Conjugated Monoclonals
• Inotuzumab
• Moxetumomab

• BiTEs
• Blinatumomab

• CARs

T-ALL/T-LL

• UM…..
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Immunotherapy for T-ALL/T-LL
B-ALL/B-LL

• Naked Monoclonals
• Rituximab
• Epratuzumab

• Conjugated Monoclonals
• Inotuzumab
• Moxetumomab

• BiTEs
• Blinatumomab

• CARs
• Combination with Check-point 

Blockade

T-ALL/T-LL

• T-cell Aplasia and Toxicity
• Fratricide
• Eliminating Blasts from Product

• Host Issues that Impair Manufacturing
• Patients Can Progress Rapidly



~1350 T-ALL 
(AALL0434)

10 AML, 

10 T-MPAL

10 B-ALL

Normal 
Thymus

Normal BM

~250 T-LL 

(AALL0434 and AALL1231)

40 T-ALL               30 T-LL

WTS, WGS, WES Tumor

WGS Germline
WTS, WGS, WES Tumor

WGS Germline
100 Proteomes

50 Metabolomes

32 Surfaceomes

50 Ex Vivo Drug Profiling

230 Methylation Profiling

Pölönen, Xu, Newman, Elsayed, Chen, Seffernick, Shraim, Vincent, Di Giacomo, Montefiore, 
Kimura, Hu, Lee, Meyer, Diorio, Myers, Hui, Cheng, Fan, Cheng, and many more YIs

Mullighan, Tan, Pounds, Yang, Hunger, Loh, Raetz, Wu, Devidas, Chen, Hermiston, Horton, Wood, 
Miles, Olshen, Allen, Hayashi, Winter, Dunsmore, and many more 

Validating Prognostic 
Lesions

500 T-ALL (AALL1231) 

Why Immunotherapy for T-ALL/T-LL?



Why Immunotherapy for T-ALL/T-LL?

Pölönen, et. al. EHA 2022
Pölönen, et. al. ASH 2022



Why Immunotherapy for T-ALL/T-LL?

Pölönen, et. al. EHA 2022
Pölönen, et. al. ASH 2022

T-ALL classifying drivers (Clonal, subtype defining) iden>fied in
96.5% of the samples using combina>on of WGS/WES/RNA



Why Immunotherapy for T-ALL/T-LL?

Pölönen, et. al. EHA 2022
Pölönen, et. al. ASH 2022

• 59% of the patients have alteration in non-coding regions
• 28% detectable only by WGS
• 16% of cases have novel alterations



Clinical 
Validation

Xu, Chen ASH 2022

Why Immunotherapy for T-ALL/T-LL?



Why Immunotherapy for T-ALL/T-LL?

• Prognosis
• Survival in Relapsed and Refractory Disease is Low (<40% OS)
• Adults with De Novo T-ALL/T-LL Need New Therapies (<50% OS)

• Biology of T-ALL 
• Significant Biologic Heterogeneity (Intra- and Inter-paQent)
• Many Leukemic Drivers Currently Not Targetable
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What to Target in T-ALL?

Diorio, Vincent 

Caracciolo, et. al. Exp. Hematol 2023
Leong, et. al., Blood Advances 2020



What to Target in T-ALL?

Diorio, Mullighan, Pölönen, Newman, Shraim, Vincent 
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What to Target in T-ALL?

Xu, Chen, Tan

CD7 Expression
Single Cell



What to Target in T-ALL?

ETP                    Near-ETP                 Non-ETP

Xu, Chen, Tan

CD7 by CITEseq

CD7 by scRNAseq

CD7 by CITEseq

CD7 by scRNAseq



Pan, et. al. JCO 2021

CD7 CAR-T for T-ALL



Cytosine Base Editing for Off-the-Shelf CAR-T

Unedit CART7

Avoid FratricidePrevent GVHD Allow Campath Prevent RejecPon

Avoid Immune-Mediated InhibiPon

An_-CD7 CAR-T with CD28 co-s_mulatory domain

Diorio, Gehrke, et. al, Blood 2022



Cytosine Base Editing for Off-the-Shelf CAR-T

Diorio, Gehrke, et. al, Blood 2022



Cytosine Base Editing for Off-the-Shelf CAR-T

Diorio, Gehrke, et. al, Blood 2022



Cytosine Base EdiLng for Off-the-Shelf CAR-T

Diorio, Gehrke, et. al, Blood 2022



Cytosine Base EdiLng for Off-the-Shelf CAR-T

Diorio, Gehrke, et. al, Blood 2022



Product Manufacturing



Phase 1 / 2 Trial Open May 2023



• Cytosine Base Editing (CBE) is a Powerful Tool to Make Multiple 
Edits with Limited Off-Target Effects
• Outcomes for R/R T-ALL are poor and biology is heterogeneous
• Difficulties with Autologous CAR-T for T-ALL
• CBE Allogenic CAR-T for T-ALL/T-LL is a Potential Strategy to Improve 

Outcomes

Conclusions












