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3*Jean Oak et. al,  ASH2018 Abstract #4656

• 7/21 (33%) ZUMA-1 patients w/ disease 
progression after therapy were CD19 
negative#

• 34 patients treated with commercial Axi-Cel
at Stanford*

• 16 developed disease progression
• 12 were biopsied at time of progression
• Six showed CD19 loss 

CD19 Antigen Loss is a Common Cause of 
treatment failure after CAR19 Therapy

PRE-INFUSION DAY 28 DAY 60

DAY 60 RELAPSE
CD19 CD20

PRE-THERAPY
CD19 CD20

#Neelapu et al, ASH2017 Abstract #578

Lymph node analysis pre-CAR and at Day 
60 highlighted loss of CD19 but 

preservation of CD20 expression
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Pre-treatment CD19 by IHC Does Not Associate 
with Clinical Outcomes

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication

H-score = %tumor cells positive (0-100) x staining intensity (0-3)
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CD19 loss or down-regulation occurs after axi-cel

5

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication
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Current Clinical Flow Cytometry Does Not 
Adequately Assess Antigen Density

3 patients with large B cell lymphoma considered for immunotherapy

30-40% positive >90% positive >90% positive

Reported result in pathology report:

646 6539#CD19/cell 88

Both are eligible,
but 10-fold difference in antigen density

Courtesy of Dr. Jean Oak
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  Bead 
population 

 PE 
Molecules 

High 81,345    
Med-High 29,683    
Med-Low 6,573      

Low 355          

PE M
ES

F
y= ax + b

MFI

Pre-treatment quantitative flow may identify 
patients at risk for treatment failure

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication


Q-APC Beads in Fortessa

		Post PM Fortessa data (increased laser power for Violet &Red Lasers =100 mW

		New PE MESF assignment to  QuantiBRITE-PE (Lot# 72299; Exp 4/30/2018)

		Date		10/17/17		10/18/17		10/19/17		10/31/17		11/2/17		11/8/17																		New PE MESF assignment to  QuantiBRITE-PE (Lot# 72299; Exp 4/30/2018)

				PE MFI		PE MFI		PE MFI		PE MFI		PE MFI		PE MFI		AVG PE MFI		PE MFI (Blank corrected)		Newly adjusted PE MESF values

				89961		81385		94860		84486		85278		86532		87,084		86,896		81,345												QuantiBRITE PE Bead population		Cal New PE MESF based on PE RFI mutiplier=1.526 from Canto II data

				33534		31013		35467		32009		32567		32834		32,904		32,716		29,683												High		81,345

				8067		7464		8431		7603		7703		7872		7,857		7,669		6,573												Med-High		29,683

				767		743		815		747		734		780		764		576		355												Med-Low		6,573

		Blank beads		185		178		197		181		200		186		188																Low		355



		PE-CD4 mAb (Clone SK3)

				10/17/17		10/18/17		10/19/17		10/24/17		10/31/17		11/2/17		11/8/17

				 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		AVG PE MFI		Net CD4 MFI		CD4 Copy # cal. Y=0.9404X-571.14								 		 Bead population		PE Molecules

		CD4 (+)		48,643		43,276		52,241		53,881		50,734		45,592		51,819		49,455		49,416		45,900										High		81,345

		CD4 (-)		31		92		37		26		30		31		25		39														Med-High		29,683

																																Med-Low		6,573

		APC-CD4 mAb (Clone SK3)																														Low		355

		Date		10/17/17		10/18/17		10/19/17		10/24/17		10/31/17		11/2/17		11/8/17

				APC MFI		APC MFI		APC MFI		APC MFI		APC MFI		APC MFI		APC MFI		AVG APC MFI		Net CD4 MFI		CD4 Copy # (=ABC)		APC RFI Multiplier (CD4 copy#/MFI)

		CD4 (+)		9,192		8,596		9,507		9,698		9,574		9,255		9,635		9,351		9,321		45,900		4.92

		CD4 (-)		19		71		16		19		17		17		49		30

										 

		Q-APC Beads

		Date		10/31/17		11/2/17		11/8/17

				APC MFI		APC MFI		APC MFI		AVG APC MFI		AVG APC MFI (Blank corrected		Calculated ABC value based on APC RFI multiplier=4.92		Calculated APC MESF based on CD4 F/P ratio= 1.19

				16310		15979		16076		16,122		15,922		78,335		93,218

				5315		5224		5200		5,246		5,046		24,828		29,545

				2234		2195		2184		2,204		2,004		9,861		11,735

				963		942		945		950		750		3,690		4,391

				405		409		402		405		205		1,010		1,202				CD4 APC net MFI 		calculated CD4 copy#(=ABC) from Q-APC beads(Y=4.92X)

		6-um Blank		202		200		199		200										9,321		45,859

























																																						 

																																				 







																										 





From now on make sure the  PE MESF values shown here are used for QuantiBRITE PE product

Newly adjusted PE MESF values for QuantiBRITE product Lot# 72299;Exp 4/30/2018

Newly adjusted PE MESF values	

86895.666666666672	32716	7668.666666666667	576.33333333333337	81344.70166666666	29682.989000000001	6573.4993333333341	354.54066666666671	PE  MFI



PE  MESF



Calculated ABC value based on APC RFI multiplier=4.92

Calculated ABC value based on APC RFI multiplier=4.92	

15921.666666666666	5046.333333333333	2004.3333333333335	750	205.33333333333331	78334.599999999991	24827.96	9861.32	3690	1010.2399999999999	APC  MFI



APC  ABC Value



Calculated APC MESF based on CD4 F/P ratio= 1.19

Calculated APC MESF based on CD4 F/P ratio= 1.19	

15921.666666666666	5046.333333333333	2004.3333333333335	750	205.33333333333331	93218.173999999985	29545.272399999998	11734.970799999999	4391.0999999999995	1202.1855999999998	APC  MFI



APC  MESF





Old& New QuantiBRITE PE Fortess

		Post PM Fortessa data (increased laser power for violet &Red =100 mW

		Old QuantiBRITE-PE (Exp 3/28/2000)



		Date		10/19/17		10/31/17		11/2/17

				PE MFI		PE MFI		PE MFI		AVG PE MFI		PE MFI (Blank corrected)		PE MESF from package insert

				173142		157255		157307		162,568		162,375		182,000

				37587		34136		34125		35,283		35,090		36,600

				14575		13338		13343		13,752		13,559		14,000

				1371		1239		1239		1,283		1,090		1,400

		Blank beads		197		181		200		193



		New QuantiBRITE-PE Lot# 72299 (Exp 4/30/2018)

		Date		10/17/17		10/18/17		10/19/17		10/31/17		11/2/17		11/8/17

				PE MFI		PE MFI		PE MFI		PE MFI		PE MFI		PE MFI		AVG PE MFI		PE MFI (Blank corrected)		PE MESF from package insert												Net CD4 MFI		CD4 Copy # cal. Y=0.7194X-93.005

				89961		81385		94860		84486		85278		86532		87,084		86,896		62,336												49,416		35,457

				33534		31013		35467		32009		32567		32834		32,904		32,904		23,843

				8067		7464		8431		7603		7703		7872		7,857		7,857		5,359

				767		743		815		747		734		780		764		764		474

		Blank beads		185		178		197		181		200		186		188



		 Both QuantiBRITE PE beads data in one graph as std curve

		PE MFI (Blank corrected)		PE MESF from package insert																		Calculated new PE MESF assignment to  QuantiBRITE-PE (Lot# 72299; Exp 4/30/2018)

		162,375		182000

		35,090		36600																		Net CD4 MFI		CD4 Copy # cal. Y=1.0642X-4549.5		PE RFI multiplier				PE MFI (Blank corrected)		Cal New PE MESF based on PE RFI mutiplier=0.972

		13,559		14000																		49,416		48,039		0.972				86,896		84,463

		1,090		1400																										32,904		31,983

		86,896		62336														 												7,857		7,637

		32,904		23843																										764		743

		7,857		5359

		764		474



		PE-CD4 mAb (Clone SK3)																										PE MFI (Blank corrected)		Cal New PE MESF based on data from CantoII

																												86,896		81,345

				10/17/17		10/18/17		10/19/17		10/24/17		10/31/17		11/2/17		11/8/17		CD4 MFI vlaues										32,904		29,683

				 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		AVG PE MFI		Net CD4 MFI		CD4 Copy # cal. Y=1.0642X-4549.5		PE RFI multiplier				7,857		6,573

		CD4 (+)		48,643		43,276		52,241		53,881		50,734		45,592		51,819		49,455		49,416		48,039		0.972				764		355

		CD4 (-)		31		92		37		26		30		31		25		39

																												Net CD4 MFI		CD4 Copy # cal. Y=0.9425-771.47

																												49,416		45,803



																																						 

																				 



Old QuantiBRITE-PE (Exp 3/28/2000)

PE MESF from package insert	

162375	35089.666666666664	13559	1090	182000	36600	14000	1400	



New QuantiBRITE-PE Lot# 72299 (Exp 4/30/2018)

PE MESF from package insert	

86895.833333333343	32904	7856.666666666667	764.33333333333337	62336	23843	5359	474	PE  MFI



PE  molecules



calculated PE MESF from both old & new QuantiBRITE PE product  package inserts

PE MESF from package insert	

162375	35089.666666666664	13559	1090	86895.833333333343	32904	7856.666666666667	764.33333333333337	182000	36600	14000	1400	62336	23843	5359	474	Cal New PE MESF for QuantiBRITE product based on the data from CantoII

Cal New PE MESF based on data from CantoII	

86895.833333333343	32904	7856.666666666667	764.33333333333337	81344.70166666666	29682.989000000001	6573.4993333333341	354.54066666666671	



These calculated MESF values for the new QuantiBRITE PE product acquired in Fortessa are very close to those calculated from the Canto II values.  Therefore, the PE MESF values from CantoII will be used (See Canto data sheet on this excel file) for CD4 molecule calculations since Canto II is a validated clinical instrument.



BV605 & PE-Cy7 Q-BeadsCantoII



		Post PM Canto data																								Post PM Canto data

		Old QuantiBRITE-PE (Exp 3/28/2000)

		Date		10/19/17		11/2/17

				PE MFI		PE MFI		AVG PE MFI		PE MFI (Blank corrected)		PE MESF from package insert

				106110		106150		106,130		105,977		182,000

				22630		22524		22,577		22,424		36,600

				8805		8878		8,842		8,688		14,000

				827		825		826		673		1,400

		Blank beads		149		158		153.5



		New QuantiBRITE-PE Lot# (Exp 4/30/2018)

		Date		10/17/17		10/18/17		10/19/17		10/31/17		11/2/17		11/8/17

				PE MFI		PE MFI		PE MFI		PE MFI		PE MFI		PE MFI		AVG PE MFI		PE MFI (Blank corrected)		PE MESF from package insert						 						 

				52070		52855		53806		54668		54873		52492		53,461		53,306		62,336				 

				19099		19450		19765		20017		20101		19206		19,606		19,452		23,843

				4353		4422		4479		4525		4566		4430		4,463		4,308		5,359

				371		387		388		397		393		387		387		232		474

		Blank beads		152		157		149		158		158		155		155



																CD4 MFI vlaues

																AVG PE MFI		Net CD4 MFI		CD4 Copy # cal. Y=1.1664X+417.13

																29,768		29,731		35,121

																37



																																						 







																																				 

																																 









		 Both QuantiBRITE PE beads data in one graph as std curve																								Calculated new PE MESF assignment to  QuantiBRITE-PE (Lot# 72299; Exp 4/30/2018)

		PE MFI (Blank corrected)		PE MESF from package insert																						PE MFI (Blank corrected)		Cal New PE MESF based on PE RFI mutiplier=1.526

		105,977		182000																						53,306		81,345

		22,577		36600																						19,452		29,683

		8,842		14000														CD4 net PE MFI 		CD4 copy#(=ABC)		PE RFI multiplier				4,308		6,573																Net CD4 MFI		CD4 Copy # cal. Y=1.526X+9E-12

		826		1400														29,731		45,356		1.526				232		355																29,731		45,369

		53,306		62336

		19,452		23843																																				 

		4,308		5359

		232		474



		PE-CD4 mAb (Clone SK3)

				10/17/17		10/18/17		10/19/17		10/24/17		10/31/17		11/2/17		11/8/17		CD4 MFI vlaues

				 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		 PE MFI		AVG PE MFI		Net CD4 MFI		CD4 Copy # cal. Y=1.65X-3699.8		PE RFI multiplier						 

		CD4 (+)		28,612		28,158		28,811		31,099		29,390		29,446		32,857		29,768		29,731		45,356		1.526

		CD4 (-)		33		37		40		36		33		38		41		37														 



		APC-CD4 mAb (Clone SK3)																						 

		Date		10/17/17		10/18/17		10/19/17		10/24/17		10/31/17		11/2/17		11/8/17

				APC MFI		APC MFI		APC MFI		APC MFI		APC MFI		APC MFI		APC MFI		AVG APC MFI		Net CD4 MFI		CD4 Copy # (=ABC)		APC RFI Multiplier (CD4 copy#/MFI)				Date		10/19/17		1/3/18

		CD4 (+)		9,058		8,745		9,275		9,351		8,906		9,238		9,626		9,171		9,153		45,356		4.96						APC MFI		APC MFI		AVG APC MFI		APC MFI (Blank corrected)		Cal. ABC value based on APC RFI multiplier = 4.96		APC molecules based on F/P = 1.19

		CD4 (-)		23		18		20		18		16		17		18		19										Positive Beads		24955		25342		25148.5		25,046		124,226		147,829

		Q-APC Beads																										Negative beads		100		106		103

		Date		10/31/17		11/2/17		11/8/17

				APC MFI		APC MFI		APC MFI		AVG APC MFI		AVG APC MFI (Blank corrected		Calculated ABC value based on APC RFI multiplier=4.96		Calculated APC MESF based on CD4 F/P ratio= 1.19

				16722		16710		16600		16,677		16,486		81,772		97,309

				5411		5396		5367		5,391		5,200		25,794		30,694

				2249		2227		2230		2,235		2,044		10,140		12,066

				959		958		948		955		764		3,789		4,509

				402		402		394		399		208		1,033		1,230				CD4 APC net MFI 		calculated CD4 copy#(=ABC) from Q-APC beads

		6-um Blank		192		190		192		191										9,153		45,397

																				 

		PE-Cy7-CD4 mAb (SK3 clone)

		Date		10/24/17		10/31/17		11/2/17		11/8/17

				PE-Cy7 MFI		PE-Cy7 MFI		PE-Cy7 MFI		PE-Cy7 MFI		AVG PE-Cy7 MFI		Net CD4 MFI		CD4 Copy # cal. Y=1.65X-3699.8		PE-Cy7 RFI multiplier

		CD4 (+)		26,484		31,442		33,232		28,435		29,898		29,886		45,356		1.52

		CD4 (-)		11		13		14		11		12														CD4 Copy #/cell		PE-Cy7 MFI Multiplier

																										41,351		1.4

		PE-Cy7 Q-Beads 

		Date		10/31/17		11/2/17		11/8/17

				PE-Cy7 MFI		PE-Cy7 MFI		PE-Cy7 MFI		AVG PE-Cy7 MFI		Blank bead corrected MFI		ABC value = MFI*1.52 (PE-Cy7 MFI Multiplier)		PE-Cy7 MESF =  [ABC *(F/P=1)]

				112480		110,951		108,619		110,683		110,646		168,182		168,182

				18745		18,698		18,420		18,621		18,584		28,248		28,248

				5996		5,865		5,744		5,868		5,831		8,864		8,864

				1819		1,760		1,740		1,773		1,736		2,639		2,639

				384		384		390		386		349		530		530

		6-um Blank		47		32		32		37



Old QuantiBRite PE (Exp 3/28/2000)

PE MESF from package insert	

105976.5	22423.5	8688	672.5	182000	36600	14000	1400	PE MFI



PE MESF



New QunatiBRITE (Exp 4/30/2018)

PE MESF from package insert	

53305.833333333328	19451.5	4307.666666666667	232.33333333333334	62336	23843	5359	474	



PE MESF from package insert (both full QuantiBRITE)

PE MESF from package insert	

105976.5	22577	8841.5	826	53305.833333333328	19451.5	4307.666666666667	232.33333333333334	182000	36600	14000	1400	62336	23843	5359	474	PE MFI



PE MESF



Calculated APC MESF based on CD4 F/P ratio= 1.19

Calculated APC MESF based on CD4 F/P ratio= 1.19	

16486.333333333332	5200.333333333333	2044.3333333333335	764	208.33333333333331	97308.933866666659	30694.447466666665	12066.473066666666	4509.4336000000003	1229.6666666666665	APC MFI



APC MESF





Cal New PE MESF based on PE RFI mutiplier=1.526	

53305.833333333328	19451.5	4307.666666666667	232.33333333333334	81344.70166666666	29682.989000000001	6573.4993333333341	354.54066666666671	PE MFI



PE  MESF



ABC value = MFI*1.52 (PE-Cy7 MFI Multiplier)	110646.33333333333	18584	5831.333333333333	1736	349	168182.42666666667	28247.68	8863.626666666667	2638.7200000000003	530.48	PE-Cy7 MESF =  [ABC *(F/P=1)]	

110646.33333333333	18584	5831.333333333333	1736	349	168182.42666666667	28247.68	8863.626666666667	2638.7200000000003	530.48	PE-Cy7 MFI



PE-Cy7 MESF



Calculated ABC value =APC MFI x (APC RFI multiplier=4.96)

Calculated ABC value based on APC RFI multiplier=4.96	

16486.333333333332	5200.333333333333	2044.3333333333335	764	208.33333333333331	81772.213333333333	25793.653333333332	10139.893333333333	3789.44	1033.3333333333333	



From now on make sure the  PE MESF values shown here are used for QuantiBRITE PE product
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Post-treatment quantitative flow identifies 
patients with decreased CD19 density

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication
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Simultaneous targeting of two tumor antigens 
may overcome antigen loss and improve efficacy 

Cronk RJ, et al. Cancers 2020; 12:2523.

Co-administration

Pros:
• Defined dose for each CAR

Cons:
• Multiple production runs
• Potential competition
• When to infuse 2nd dose

+
Anti-CD19 Anti-CD20/22 Anti-CD19 Anti-CD20/22

Co-expression
(co-transfection or bicistronic)

Pros:
• Each CAR molecule signals 

independently
• Reduces steric concerns

Cons:
• Can generate multiple 

CAR populations

Anti-CD19-CD20/22

Bivalent-bispecific 
receptor

Pros:
• Each cell expresses both scFVs

Cons:
• Distal scFV may have signalling 

deficiencies
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Phase I Dose Escalation Study of CAR19-22 in 
Adults with Relapsed/Refractory DLBCL or B-ALL

hCD8 + CD8tm

α-CD22 (M971)

α-CD19 (FMC63)

4-1BB
CD3z ζ

ClinicalTrials.gov NCT03233854

Primary Objectives

• Determine feasibility of production
• Assess safety 

Secondary Objectives

• Response rate and clinical efficacy

Exploratory Objectives

• CAR19-22 persistence 
• Antigen remodeling at Relapse
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Closed System Manufacturing Allowed for 
Optimization of Product Attributes

97% of products met protocol 
specified dose
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CAR19-22 Expansion was Predominantly CD8

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication
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CAR19-22 Expansion Associated with 
Neurotoxicity but Not Clinical Response

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication
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Patient Outcomes
ALL : 100% ORR, 88% CR Lymphoma :  62% ORR, 29% CR

Median PFS: 3.2  mo

Median OS: 22.5 mo

Median PFS: 5.8 mo

Median OS: 11.8 mo

LBCL n=21ALL n=17

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication
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Relapsed 
Patients
(n= 26)

CD19 
Positive

CD19 
Negative

DLBCL
(n= 16)

9/14
(2 not bx)

5/14

ALL 
(n=10)

5/10 5/10

CD19 Negative Relapse Occurs after Treatment with CAR19-22

Before Therapy

Relapse after CAR19-22

CD19 expression is lost, while 
CD22 expression is maintained
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CAR19-22 Product Analysis Shows Different Cell 
Activation When Comparing CD19 and CD22

Lack of cytokine upregulation with CD22 expressing cell line 
provides basis for antigen relapse pattern

Double negative

CD19 ~20k/cell

CD22 ~40k/cell

CD19 ~20k/cell,
CD22 ~50k/cell

Spiegel, Patel, Muffly…Feldman, Mackall, Miklos. Manuscript accepted for publication
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Mono-CAR22 is more functional than CAR19-22 
when stimulated  by CD22

CAR19-22 Mono-CAR22
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Isoplexis: Comparing CD19/22 to CD22 CAR
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Bispecific CAR-T Summary

• Decreased CD19 Antigen expression accounts for at least 1/3 of CAR19 Axi-cel disease 
progression and multi-targeted CAR-T strategies are warrented

• Closed system manufacturing with the prodigy was more than feasible
• CAR19-22 had limited toxicity, one DLT  grade 4 CRS and ICANS 

– Beneficial Clinical Outcomes:  Overall Response: 69%
• 20 DLBCL and 2 PMBCL: ORR: 62%  29%CR 
• 17  ALL patients: ORR:100%  88% CR

– Unfortunately 36% DLBCL and 50% ALL subjects have relapsed CD19- CD22+, thus we will 
reapproach multi-antigen targeting with new constructs and strategies

• In the meantime, there is no commercially available therapy for Adults with R/R ALL
• We are optimizing the manufacturing for a more balanced CD4/CD8 cell product and have 

reopened the trial to treat another 15-20 ALL patients



20

Sequential CAR-T  Therapy: 
First CD19 and then CD22

CAR22.41BB Therapy
Induces durable Complete 
Remissions in Rel/Ref 
Large B-Cell Lymphoma 
who progressed after 
prior CAR19 therapy

John Baird, Matt Frank et al. Blood  2021
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21

CAR22.41BB therapy achieved durable  CR in 
patients with rel/ref LBCL after prior CAR19 therapy

John Baird, Matt Frank 
et al.   Blood  2021
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CD20 expression is preserved despite 
loss of CD19 following Axi-Cel on Zuma-1

IHC: immunohistochemistry; Pt: patient; RNAseq: RNA sequencing; Tx: treatment Neelapu SS, et al. ASH 2019 (Abstract 203; oral). 

CD19 H-Score (N=16)

No change 
(6–300) n=12

Changed to negative 
(≤5) n=4 

Changed to positive 
(>5) n=0

CD20 H-Score (N=16)

No change 
(6–300) n=15

Changed to negative 
(≤5) n=0 

Changed to positive 
(>5) n=1

Pt 16 found to have down-regulation of CD19 by RNAseq
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KITE-363

Pro:     Anticipate Axi-Cel efficacy without 
progression due to antigen loss

Con:    Potentially more toxicity

Kite  363:  Bi-cistronic co-Expression 
of anti-CD19 and CD20 CAR Therapy 

CD19 CD20

Miltenyi MB-CART2019.1
Single polypeptide bispecific 
anti-CD19 and CD20 CAR Therapy 

CAR-T Therapies Targeting both 
CD19 and CD20 simultaneously

Nirav Shah et al. Nature Medicine 2020;   NCT04792489
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