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CD22 targeted CART achieves MRD Negative Remission 
in Relapsed/Refractory ALL

Haso…Orentas, Blood 2013
Haso….Fry, ASH 2013

Fry/Shah et al., Nature Medicine 2017
57 62 20 1 6 5 3 4 10 13 15 19 29 41 45 59 42 2 7 8 9 1214 16 17 18 21 22 23 25 26 27 31 32 3334 35 36 37 38 39 40 44 4647 48 49 50 51 52 53 54 55 56 58 61 63

-100

-50

0

50

100

Subject ID

%
M

a
x
im

u
m

 C
h

a
n

g
e
 i
n

 L
e
u

k
e
m

ia
 B

u
rd

e
n

No CRSNo CRS

Grade 1-2 CRS

Grade 3-4 CRS

Dose Level 1

Dose Level 2

Dose Level 3

Dose Level 2 TCS

Dose Level 1 TCS



CD22 BBz CAR: 
Relapse associated with CD22 modulation

Shalabi…..Fry, Shah, Hematologica, 2017
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Development of an Active CD19/CD22 Bivalent CAR
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Hossain et al, ASH 2018, Abstract 490.
Schultz et al, ASH 2018, Abstract 898.



Translation
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22-BB/19-28 CD19-BB 22-BB/19-BB

D0: 1E5 NALM6-CD19neg + 1E5 NALM6-CD22neg + 1E5 NALM6 

CD22-BB 22-28/19-BB 
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Dual CAR expressing T cells mediate potent single antigen activity
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Signal integration in Dual CAR Expressing T cells results in distinct profiles 
depending on binder/costim combinations 
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Signal integration in Dual CAR Expressing T cells results in distinct profiles 
depending on binder/costim combinations 
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Target antigen Density Impacts CAR T cell Functionality

100

1000

10000

100000

S
it

e
 D

e
n

s
it

y
 (

lo
g

 s
c
a
le

)

CD22 vs CD19 site density

p < 0.001

Median: 2960

n=325

Median: 9601

n=53

CD22 CD19
22

neg

22
lo

w

22
pos

0

5000

10000

15000

IL
-2

 (
p

g
/m

l)

IL2

22neg

22low

22pos

100

1000

10000

100000

S
it

e
 D

e
n

s
it

y
 (

lo
g

 s
c
a
le

)

CD22 site density 

P = 0.008

Pre-CD22 CAR Post-CD22 CAR

n = 27 n = 20

CD22

C
D

1
9

CAR

C
D

3

CD22lo in vivo Day 35 takedown

D3

D7

CD22neg

Mock-CAR
CD22lo

Mock-CAR
CD22lo

CD22-CAR
Nalm6

Mock-CAR
Nalm6

CD22-CAR
CD22neg

CD22-CAR

D10

D14

D21

D35

CD22

C
D

1
9

CAR

C
D

3

Nalm6 in vivo Day 35 takedown

Sneha Ramakrishna

Ramakrishna et al, Clinical Cancer Research, 2019



Target antigen Density Negatively Impacts 
in vivo CAR Potency and Persistence
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Antigen density impacts signaling
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Increased binder affinity impacts in vitro cytokine production
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Supplementary Figure 4 CD22 CAR

CD22V1 CAR
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ka1=1.32x105 (1/Ms)
kd1=4.2x10-4 (1/s)
KD=3.1x10-9 M

ka1=5.63x105 (1/Ms)
kd1=1.2x10-6 (1/s)
KD=3.1x10-9 M



Enhancing CD22 scFv affinity improves in vivo
clearance of CD22lo leukemia and CAR persistence

D21

Zach Walsh

CD22
CD22v2



Enhancing CD22 scFv affinity recruits more 
T cells with phosphorylated ERK

CD22CAR

High 
affinity 
CD22CAR

Stimulation



First-in-Child CD33CART Phase 1 Trial

DL-1: 1 x 105 CD33 CAR+ T cells/kg (±20%)
DL1: 3 x 105 CD33 CAR+ T cells/kg (±20%)
DL2: 1 x 106 CD33 CAR+ T cells/kg (±20%)
DL3: 3 x 106 CD33 CAR+ T cells/kg (±20%)

fludara/cyclo
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DLT assessment
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Pre-Treatment Day + 30 Day +90
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Challenges/Opportunities
• Single antigens comparable to CD19 will be difficult to find
• Antigen modulation as well as more complex patterns of 

cancer resistance will frequently emerge
• This will be more frequent with diseases associated with 

inherent heterogeneity 
• The current CAR formats do not fully recapitulate T cell 

biology
• Pre-clinical models often poorly predictive of activity in 

humans
• As synthetic receptors, the ability to modify is almost endless
• Binding domains, signaling domains, multiplexing



NCI, Pediatric Oncology 
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