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Supplemental Methods 

Search Strategy  

Search Strategy for MEDLINE 

1. ((chimeric antigen adj2 receptor*) and (therap* or treat* or immunity or immunotherap* or 
cell*)).tw,kw.  

2. ((car adj3 t adj5 therap*) or (car adj3 t adj5 treat*)).tw,kw.  

3. (car adj3 t adj3 immunotherap*).tw,kw.  

4. Receptors, Antigen, T-Cell/tu  

5. (car therap* or (car adj2 t adj2 cell*)).tw,kw.  

6. ((modified or engineered) adj2 (t cell* or t lymphocyte*)).tw,kw.  

7. Receptors, Antigen, T-Cell/ and (Adoptive Transfer/ or Immunotherapy, Adoptive/ or 
Immunotherapy/)  

8. car t.tw,kw.  

9. or/1-8  

10. (cluster adj3 different* adj3 "22").tw.  

11. (cd adj3 "22").tw.  

12. (cd and "22").kf.  

13. CAR22.mp.  

14. CART-22.mp.  

15. (CD19* and "22").mp.  

16. cd22*.mp.  

17. (CD20* and "22").mp.  

18. 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17  

19. 9 and 18  

20. 19 use medal 
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Supplemental Results 

Expansion and persistence data 

CAR T-cell in-vivo expansion and persistence was reported using different methods, with some studies reporting 
percent of total CD3+ T cells and others reporting copy number per volume of genomic DNA, limiting direct 
comparison.  
 
In-vivo expansion was found to have a potential relationship with both CR and toxicity. Hu et al. 2021 found that 
patients who achieved CR/CRi had a greater peak expansion of CAR T-cells compared to non-responding patients 
(peak absolute cell counts 166.21 vs. 0.70 cells/mL; no comment on statistical significance). Wei et al. 2021 
similarly found that peak expansion was 45.5% in patients who achieved CR, and 34.4% among those who did not 
(p = 0.336).  
 
Spiegel et al. 2021 found that higher expansion was associated with increased CRS and neurotoxicity; they also saw 
CD8+ predominance over CD4+ during expansion despite predominance of CD4+ cells in the manufactured 
product.  
 
Among CD19/CD22 studies involving co-transduction of two separate vectors for CD19 and CD22, Yang 2018 and 
Gardner 2020 both had greater expansion of CD19 CAR-expressing T-cells compared to CD22; conversely, in 
Annesley 2021, in-vivo expansion was predominated by CAR T-cells only expressing CD22, despite manufactured 
product containing both anti-CD22 and anti-CD19/CD22 cells.  
 
Prior CAR T-cell therapy was found to potentially impact expansion. In Singh et al. 2021’s study of CD22 single-
target CAR T-cells, they found that patients with a history of CD19 CAR T-cell therapy actually had re-expansion of 
CD19 CARs when treated with CD22 CAR T-cells. Conversely, in Annesley et al. 2021’s study, where in-vivo 
expansion was predominated by single CD22-expressing CAR T-cells and no CD19-expressing CARs, it was found 
that lack of CD19 CAR expression was most pronounced in patients with a history of prior  CD19 CAR T-cell 
therapy. 
 
Impact of CAR design on in-vivo expansion was explored by Summers et al. 2021. Their redesigned anti-CD22 
CAR (V2) with a shorter linker and hinge, and addition of CD28 transmembrane domain, was found to have 
significantly greater in-vivo expansion than their original CAR design (V1), with expansion increasing over tenfold.  
 
Eleven studies provided information on long-term CAR T-cell persistence. Reported median persistence ranged 
from 42 days to 10 months, with Wang 2020 having the longest reported persistence following infusion of 
sequentially infused CD19 and CD22 CAR T-cells in ALL and NHL patients, with comparable median persistence 
of CD19 versus CD22 CAR T-cells. Liu 2021A and Cao 2021, which also involved sequential infusion of CD19 and 
CD22 CAR T-cells, had lower rate of CD22 CAR T-cell persistence compared to CD19 CAR T-cell persistence 
(25% vs. 52% at 2 months in Liu 2021A; 69% vs. 97% at 3 months in Cao 2021).  In Cao et al. 2021’s study, 
patients who developed progressive disease had no detectable CAR T-cells at 2 or 3 months, while the majority of 
patients in CR had detectable CAR transgenes at 3 months.   
 
 
Manufacturing outcomes 

Studies that involved the manufacturing of single-target CAR T-cells (five CD22 single-target studies and three 
sequential infusion studies) had a mean CD22 CAR transduction efficacy of around 40% (25.8%-43.3%). Three 
Studies that involved manufacturing bivalent CARs had a transduction efficacy of around 50-60%, however, Dai 
2020 had a lower transduction efficacy of 14%. Both studies involving bicistronic vector AUTO3 also had lower 
transduction efficacies of 17-18% (Supplemental Table 6). Annesley 2021 was the only study to involve co-
transduction of two vectors that reported manufacturing outcomes. They had re-engineered their CAR T-cell product 
to enhance CD22-targeting, and the manufactured product had a mix of CD19/CD22 CAR T-cells (33%) and CD22-
only CAR T-cells (42%), with few cells expressing solely the anti-CD19 CAR.  
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Adverse Events Grading Criteria 

Only 20/29 studies included in the safety meta-analysis reported the criteria used to grade CRS. The most commonly 
used was the ASTCT criteria (n=8) followed by the Lee et al. criteria (n=7) and the University of Pennsylvania 
criteria (n=2), and others (CTCAE, NCCN 2019 criteria, and ASBMT consensus). Shah 2020 and Speigel 2021 both 
originally graded with the Lee criteria but retrospectively graded with the updated ASTCT consensus criteria. For 
ICANS, 16/29 studies reported the criteria used for grading (CTCAE criteria n=8, ASTCT criteria n=5, NCCN 
guidelines n=1, ASBMT critera n=1, author’s own criteria n=1). Notably while the term “ICANS” used in this 
review reflects the new ASTCT grading criteria, many reports used term “neurotoxicity” and were published prior to 
the new criteria development. 
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Supplemental Tables 

Supplemental Table 1. Summary of Case Reports and Case Series   

Study ID  Ag
e 

Se
x 

Malignancy 
Description 

CAR T-Cell Therapy Outcome Survival Adverse Events 

Lai 2017  31 M R/R advanced stage IV 
FL 

CD19 and CD22-targeted CAR T-cell 
therapy, method of co-targeting unclear 

Achieved CR at 5 months Continued CR at 6 
months 

Mild CRS (grade 0-1) 

Li 2019A  46 M Refractory DLBCL CD19 and CD22-targeted CAR T-cell 
therapy, method of co-targeting unclear 

Achieved "remission" Remained in remission 
for 10 months 

Grade 1 CRS 

Li 20199B         

Meijing 
2019 

 NR F TP53-positive 
refractory B-ALL 

CD22 CAR-T cell therapy CR Continued CR 8 months  NR 

Zhang 
2019 Pt#1 

 6 NR Burkitt's Lymphoma Sequential administration of CD19 and 
CD22 CAR T-cells 

PR after CD19, CR after CD22 Continued CR at 306 
days 

Grade 3 CRS 

Zhang 
2019 Pt#2 

 9 NR Burkitt's Lymphoma Sequential Administration of anti-CD19, 
CD22, and CD20 CAR T-cells 

PR after CD19, PR after CD22, CR after 
CD20 

Sustained remission for 
128 days to date 

Grade 3 CRS 

Fu 2020  26 M Ph-like ALL Sequential administration of CD19 and 
CD22 CAR T-cells on successive days 

CR NR NR 

Hua 2020  10 F Ph-like ALL, fourth 
relapse. Previous CD19 
CAR-T and allo-
HSCT. 

Sequential Administration of donor-derived 
CD19 and CD22 CAR T-cell therapy 

CR Relapsed at 6 months 
after treatment 

Grade 1 CRS 

Jin 2020  44 M Refractory ALL with 
FLT3-ITD mutations 

Sequential Administration of CD19 and 
CD22 CAR T-cell therapy 

MRD-negative CR Continued CR for 3 
months, bridged to 
haplo-HSCT, with 
sustained remission at 
10 months follow up 

Grade 2 CRS 

Liang 2020  F 26 R/R B-ALL “CD20/CD22 bispecific CART cells” MRD-negative CR at two weeks Sustained CR at 2 
months 

Gr. 3 CRS 
No neurotoxicity 

Wei 2020  M 26 Philadelphia 
chromosome-like ALL 

Sequential infusion of CD19 and CD22 
CAR T-cells 

MRD-negative at day 22 
allo-HSCT on day 64 

Disease free for >6 
months after allo-HSCT 

CRS treated with ruxolitinib, and 
grade 1 CRES 
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Jain 2021*  NR NR Case series: 8 patients 
with R/R B-ALL 

Group 1: UCART22 (allogeneically 
engineered CD22 CAR T-cells) (n=8); two 
dose levels evaluated (DL1 and DL2) 
Group 2: UCART + alemtuzumab (n=3) 

Group 2: All 3 patients had host 
lymphocyte suppression at 28 days  
 
 
 

NR Among group 2: 
Gr.1 CRS (n=1) 
Gr.3 hyperbilirubinemia and febrile 
neutropenia (n=1) 
Gr. 1 pyrexia (n=1) 
Infection (n=4) 
No ICANS or GVHD 

Jiao 
2021** 
Pt.1 

 NR 32 R/R B-cell lymphoma 
(PMBCL) 

4SCAR2.0 (4th generation multi-target 
CAR-T cell therapy): 
Day 0: CD19/CD30 CAR T-cells 
Day 42: CD19/CD22 CAR T-cells 
Day 69: CD19-153Z CAR T-cells 
Day 265: PSMA CAR T-cells  

PR at day 26 CR at day 186 

Continued CR at day 
725 

Grade 1 CRS 
No neurotoxicity 

Jiao 2021 
Pt.3 

 NR 48 R/R B-cell lymphoma 
(FL/DLBCL)  

4SCAR2.0: 
Day 0: CD19/CD22 CAR T-cells 
Day 7: GD2 CAR T-cells 
Day 14: CD19-153Z CAR T-cells 

PR after initial infusion 
CR at day 22 

Continued CR at day 
453 

No CRS or neurotoxicity  

Jiao 2021 
Pt.4 

 NR 61 R/R B-cell lymphoma 
(FL)  

4SCAR2.0: 
Day 0: CD19/CD22 CAR T-cells 
D13: CD19-153z + CD22-153z CAR T-cells 

PR after initial infusion 
CR at day 49 

Continued CR at day 
290 

No CRS or neurotoxicity  

Sun 2021 

 

 M 39 B-ALL with 
extramedullary relapse 
after allogeneic stem 
cell transplantation, 
refractory to 
chemotherapy and 
radiotherapy 

Received 4 courses of CAR T-cell therapy: 

1. CD19 CART at month 46 post-
HSCT 

2. CD22 CART at month 54 post-
HSCT 

3. CD19 CART at month 57 post-
HSCT 

4. CD22 CART at month 63 post-
HSCT 

After 1st CD19: CR, then relapse at 4 
months (CD19+CD22+) 

After 1st CD22: MRD-neg CR in BM 
with decreased EM disease, then relapse 
at >1 month (CD19+CD22+) 

After 2nd CD19: MRD-negative CRi in 

BM and EMD resolution at 3 months. 

At 5 months, CD19−CD22+ relapse.  

After 2nd CD22: Transient decrease in 
blasts, however PD by day 28  

No remission at 3 
months 

NR 

Yan 2021 
Pt#1 

 M 30 Refractory B-ALL, 
with subsequent EBV-
associated post-
transplant 
lymphoproliferative 
disorder (EBV-PTLD) 

Two rounds of CAR T-cell treatment, both 
involving sequential infusion of CD22 and 
CD19 CAR T-cells on consecutive days 

After 1st round of CD19+CD22: MRD-
negative on day 28. Underwent allo-
HSCT. After >1 month developed EBV-
PTLD.  

2nd round of CD19+CD22 CARTs given 
to treat EBV-PTLD, successfully 
resolved.  

Passed away at 300 days 
post-HSCT due to 
multidrug-resistant 
pneumonia  

Round 1: Gr. 3 CRS 

Round 2: Gr. 1 CRS, Gr. 2 acute 
GVHD, Gr. 4 neutropenia and 
thrombocytoepenia  
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Yan 2021 
Pt#2 

 F 10 R/R B-ALL with 
subsequent EBV-PTLD 

Two rounds of CAR T-cell treatment, both 
involving sequential infusion of CD22 and 
CD19 CAR T-cells on consecutive days 

After 1st round of CD19+CD22: CR 
followed by allo-HSCT, then developed 
EBV-PTLD. 
 
2nd round of CD19+CD22 CARTs given 
to treat EBV-PTLD, successfully 
resolved.  

EBV-DNA could not be 
detected up to 24 weeks 
of follow-up 

Round 1: intermittent fever 

Round 2: mild fever, grade 4 
neutropenia+thrombocytopenia 

Zi 2021  M 20 Refractory BCR-
ABL(P210) positive B-
ALL 

“Bispecific” CD19/CD22 CAR T-cell 
therapy, method of co-targeting unclear 

NR NR CRS refractory to tocilizumab and 
methylpredinosolone, treated with 
ruxolitinib 

*Jain 2021 treated as case series due to small sample size and heterogenous intervention (3 patients received CAR T-cells alone at DL1 and 2 at DL2, and 3 patients received CAR T-
cells+alemtuzumab).  **Jiao 2021 patient #2 censored as this patient was in CR prior to intervention. 
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Supplemental Table 2.  Meta-regression best CR 

Predictor Variable Estimate SE Z-Value p-Value 

Intercept 1.23 0.05 24.12 < 0.0001 

Diagnosis NHL  
(vs. ALL) -0.40 0.09 -4.55 < 0.0001 

CAR Target CD22  
(vs. CD19/CD22) -0.17 0.09 -1.84 0.07 

SE: Standard Error 
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Supplemental Table 3. Meta-regression CRS and ICANS 

Model Predictor Variable Estimate SE Z-Value p-Value 

      

CRS All 

Intercept 1.19 0.07 17.95 <0.0001 

Diagnosis NHL 
(vs. ALL) -0.004 0.11 -0.03 0.97 

CAR Target CD22 
(vs. CD19/CD22) 0.05 0.11 0.41 0.68 

      

CRS Severe 

Intercept 0.26 0.05 5.37 <0.0001 

Diagnosis NHL 
(vs. ALL) -0.05 0.08 -0.62 0.53 

CAR Target CD22 
(vs. CD19/CD22) 0.01 0.09 0.08 0.94 

      

ICANS All 

Intercept 0.36 0.07 5.14 <0.0001 

Diagnosis NHL 
(vs. ALL) 0.03 0.11 0.28 0.78 

CAR Target CD22 
(vs. CD19/CD22) 0.12 0.12 0.98 0.33 

      

ICANS Severe 

Intercept 0.13 0.04 3.23 0.0012 

Diagnosis NHL 
(vs. ALL) 0.05 0.06 0.88 0.38 

CAR Target CD22 
(vs. CD19/CD22) 0.001 0.07 0.02 0.99 

      

SE: Standard Error 
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Supplemental Table 4. Grade recommendations 

Outcome Group No. 
Studies 

No. 
Patients Domains Estimate  

[ 95% CI ] 
Quality of 
Evidence 

    ROB Imprecision Inconsistency Indirectness Publication 
Bias   

CR 

CD22  
ALL 6 116 

Serious Moderate Non-serious Non-serious Non-Serious 

0.68 [0.53-0.81] 
 

Low 

CD19/CD22 
ALL 
CD22 
NHL 

18 
 
2 

297 
 

28 

0.90 [0.84-0.95] 
 

0.64 [0.46-0.81] 

CD19/CD22 
NHL 8 137 0.47 [0.34-0.61] 

           

CRS 
Total  

30 543 Serious Moderate Non-serious Non-serious N/A 
0.86 [0.80-0.91] 

Low 
Severe  0.04 [0.01-0.08] 

           

ICANS 
Total  

30 532 Serious Moderate Non-serious Non-serious N/A 
0.14 [0.08-0.22] 

Low 
Severe  0.01 [0.00-0.03] 
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Supplemental Table 5. CAR T-cell In-vivo Expansion and Persistence 

Study ID CAR T-cell Type In-vivo Expansion (Median peak level of CAR T-cells) CAR T-cell Persistence  

Pan 2019 CD22 28.1% (0-86.5%) at days 12-15 (1.8-2200 fold). NR 

Shah 2020 CD22 77% at day 14-21 (peak was higher in those who underwent TCS than 
pre-TCS). Absolute value = 480.5 CAR T-cells/mL (39.7-11,346) 

NR 

Singh 2021 CD22 1977 (18-40314) copies/ug at day 11-18 NR 

Summers 2021 CD22 V1: DL1: ~0.5%, DL2: ~0.9% 
V2: ~12% 

NR 

Tan 2021 CD22 30% (1-45%), at days 11-15 
Median count: 19.8 (range, 1.01–408) × 106/L  

NR 

Zhu 2021 CD22 2.24%, (2.04-9.28%) at 7-14 days  
Median 240 (960-2580) copies/μg on day 14 

NR 

Baird 2021 CD22 85.4-350 cells/uL, peak at approximately 14 days 
100- to 400-fold expansion 

“Beyond 3 months”  

Annesley 2021 CD19/CD22 cotransduction ~130 cells/uL, peak at 7-14 days NR 

Gardner 2020 CD19/CD22 cotransduction CD19 CAR T-cells: 9.1% 
CD22 CAR T-cells: 1.2% 
CD19xCD22 CAR T-cells: 2.4% 

NR 

Yang 2018 CD19/CD22 cotransduction CD19: 3.5 (0.47-79.1)x104 copies/mL PB genomic DNA 
CD22: 0.9 (0.08-80.8)x104 copies/mL DNA on day 10 (7-14) 

NR 

Dai 2020 CD19/CD22 bivalent CAR 27% (12.8%-47.1%) at 2 weeks  NR 

Hu 2021 CD19/CD22 bivalent CAR 
(universal CART) 

CR/CRi patients: 
- Peak 629,541copies/mg genomic DNA 
- Peak absolute count: 166.21 (28.56-2072.37) cells/mL 

Non-responding patients: 
- Peak 27,347 copies/mg genomic DNA  
- Peak absolute count: 0.70 cells/mL in non-responding patient  

42 (21-114) days  

Shalabi 2020 CD19/CD22 bivalent CAR 11.4 (0-84.22) cells/mL 43 (0-110) days (mean) 

Spiegel 2021 CD19/CD22 bivalent CAR  36 cells/μl (interquartile range =13–136) 
1,794 copies /50ng genomic DNA  (IQR=509–4,315)  

NR 

Wei 2021 CD19/CD22 bivalent CAR BCL: 40.6% (95% CI, 16.8%–54.9%) 
B-ALL:  448 (63-4142.6) ×109 cells/uL 

NR 
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Yang 2019 CD19/CD22 bivalent CAR 1.09 (0.0022-4.98) x 10^5 copy number/ug PB genomic DNA  NR 

Yang 2020 CD19/CD22 bivalent CAR 2.29 ×105 copies/µg genomic DNA (0.0014-5.66) peaking at day 14 (10-
28) 

Follow up to day 28 for 5 of 9 evaluable patients:  
Median 2.40 (0.75-3.98) ×105 copies/µg genomic DNA  

Zhang 2021 A CD19/CD22 bivalent CAR 286294.4 copies/ug 92.5 days (range 13-763) 

Cordoba 2021 CD19/CD22 bicistronic vector 46,717 copies per ug DNA NR. Older report of this study (Amrolia et al. 2019) 
provided a median persistence of 180 (21-330) days. 

Schultz 2018  CD19/CD22 bicistronic vector  10-25% NR 

Frey 2021 CD19/CD22 co-adminstration NR 
Median peak time:  
CD19 CAR-T cells = 9 days 
CD22 CAR T-cells = 16 days 

Patients with detectable CAR T-cells at 3 months:  
- 9/11 (82%) had  detectable CD19 CARTs  
- 8/11 (73%) had detectable CD22 CARTs  

Patients with detectable CAR T-cells at 6 months:  
- 7/8 (88%) had detectable CD19 CARTs 
- 4/8 (50%) had detectable CD22 CARTs 

All pts evaluable at 12 months had detectable CD19 and 
CD22 CAR T-cells 

Cao 2021 CD19/CD22 sequential infusion 
(successive days) 

Median peak expansion NR 
CD19 CAR T-cells: peak at 7 (6-10) days 
CD22 CAR T-cells: peak at 8 (6-14) days 

Among 35 patients with ongoing CR, at 3 months: 
- 34/35 (97%) had detectable CD19 CAR T-cells 
- 24/35 (69%) had detectable CD22 CAR T-cells   

Wang 2020 CD19/CD22 sequential infusion 
(successive days) 

NR ALL: CD19 = 10.7 months (0.5 - 33.3), CD22 = 10.0 
months (0.2 - 16.7)  

NHL: CD19 = 9.0 months (1.0 - 24.1), CD22 = 7.6 
months (1.0 - 24.1) 

Liu 2021 A CD19/CD22 sequential infusion 
(long interval) 

Median peak cell number:  

- CD19: 6.92 (0-124) x 107/L 
- CD22: 6.4 (0-128) x 107/L 

At day 60 after CD19 CAR-T infusion:  
- 14/27 (52%) had detectable CD19 CAR T-cells 

At day 60 after CD22 CAR-T infusion:   
- 5/20 (25%) had detectable CD22 CAR T-cells 

Liu 2022 CD19/CD22 sequential infusion 
(long interval) 

CD19: 7.45% (range, 0.00%–59.40%), peak at day 7 
CD22: 41% (range, 0.22%–73.60%), peak at day 11 
CD20: 2.97% (range, 0.60%–21.10%), peak at day 30 

Median persistence of:  
- CD19: 48 (30-101) days 
- CD22: 49 (15-92) days 
- CD20: 37.5 (15-140) days 

50% of patients had detectable CAR T-cells at 6 months 
after first infusion (95% CI, 28%-69%)  

Pan 2020 CD19/CD22 sequential infusion 
(long interval) 

CD19: 9.84% (0.19-68.7); CD22: 23.9% (range: 0.3-85.2) NR 

Where peak expansion is reported as a percentage, this represents % of CD3+ cells. Liu 2021 B, Wang 2021, Ramakrishnan 2020, and Zhang 2021 B did not report any outcomes if interest. 
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Supplemental Table 6. CAR-T Cell Manufacturing Process and Outcomes  

Study Target Vector Method of 
dual-target 

Manufacturing process details Transduction efficacy 

Pan 2019 CD22 LV -- Before transduction: Leukapharesis products stimulated with 
anti-CD3/CD28 antibody-coated magnetic beads 
 
After transduction: cultured in X-VIVO 15, a serum-free 
medium with 300 IU/ml IL-2 

Mean: 41.3% (3.24%-70.8%) 

Shah 2020 CD22 LV -- Protocol was modified mid-trial to include CD4/CD8 T-cell 
selection (TCS), which was applied for 32/58 participants  
 
Before transduction: Anti-CD3/CD28 stimulation, cultured in 
AIM V medium supplemented with 5% heat-inactivated human 
AB Serum, 1% Glutamax, and 40 IU/mL IL-2. 
 
After transduction: cultured in medium with 100 IU/mL IL2 

Mean: 40.7%  
 
Mean transduction efficacy was significantly higher 
in TCS vs. pre-TCS (40.7% vs. 33.4% p=0.02) 
 
1 product failure (pre-TCS). 

Singh 2021 CD22 LV -- Leukapheresis products stimulated with anti-CD3/CD28 
paramagnetic beads 

Pediatric: 36.4% (15%-49.7%) 
Adult: 25.8% (25-30) 
1 product failure (adult) 

Tan 2021 CD22 LV -- Leukapharesis products stimulated with magnetic beads 
coated with anti-CD3/CD28 antibodies.  

Mean 43.2, median 41.65, range 27.7-57% 
No product failures 

Zhu 2021 CD22 NR -- NR Mean: 42.07% (±19.23%) 
No product failures 

Baird 2021 CD22 LV -- Leukapharesis product enriched for CD4 and CD8 T-cells with 
TransAct before T-cell activation 

NR 
No product failures 

Annesley 2021 CD19/CD22 LV Cotransduction Lekuapharesis product stimulated with anti-CD3/CD28 beads, 
and immunomagnetic selection of CD4/CD8 T cells. 
Compared two CAR-T products (V1 and V2), with aim to 
increase CD22 targeting. 

V2 products had greater CD22 CAR expression 
than V1. Median expression in V2: 42% CD22 
only, 33% CD19+CD22, 3.2% CD19 only. 

Dai 2020 CD19/CD22 LV Bivalent CAR Before transduction: Anti-CD3/CD28 stimulation.  

After transduction: cultured in AIM V medium with 5% human 
AB serum and 300 international units/mL IL-2.  

Mean: 14.2% (10.32-16.91%) 
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Speigel 2021 CD19/CD22 LV Bivalent CAR  Product was enriched for CD4 and CD8 T cells before T cell 
activation with TransAct. 

Mean: 60.1% (range 34.6–75.2%) 
Average vector copy number: 2.23 
No product failures 

Wei 2021 CD19/CD22  Bivalent CAR Transduced cells cultured in X-VIVO 15, a serum-free medium 
with 300 IU/mL IL2, for duration of culture.  

BCL patients: Median = 48.5% (22–70%)  
B-ALL patients: Median = 60.1% (30-75.1%). 

Zhang 2021 A CD19/CD22 LV Bivalent CAR Leukapharesis product underwent isolation using anti-CD3 
magnetic beads, followed by stimulation with monoclonal anti-
CD3/CD28 antibodies. 

NR 
Leukapharesis failed in 1 patient 

Hu 2021 CD19/CD22 LV Bivalent CAR 
(CTA101) 

Universal CAR-T cells made using CRISPR/Cas9 to disrupt 
TRAC region (to avoid host immune mediated CAR-T 
rejection) and CD52 gene (to allow for anti-CD52-mediated 
depletion of patients’ T-cells). 

Cells sorted via CliniMACS magnetic bead-mediated depletion 
of CD3 cells to minimize risk of GVHD 

Approximate range 50-90% (estimated from figure) 
Reported expansion above 100-fold 
No product failures 

Cordoba 2021 CD19/CD22 RV Bicistronic 
vector (AUTO3) 

T-cells expanded in Prodigy device  Median: 17.7% (range, 8.6–39.3%)  
Median vector copy number: 0.55 (0.26–1.46). 
1 product failure  

Ramakrishnan 
2020  

CD19/CD22 RV Bicistronic 
vector (AUTO3) 

Products manufactured in semi-automated and closed 
process using CliniMACS Prodigy. 

17% (range 16‒29%) 

Pan 2020 CD19/CD22 LV Sequential 
infusion 

Before transduction: stimulated with magnetic beads coated 
with anti-CD3/CD28 antibodies 

After transduction: cultured in X-VIVO 15, a serum-free 
medium with 300 IU/ml IL-2 

CD19: Mean = 48.7% (10.4-74.7%) 

CD22: Mean = 42.8% (8.3-69.8%) 

Cao 2021 CD19/CD22 LV Sequential 
infusion 

Product stimulated using Dynabeads CD3/CD28 T-cell 
activator in modified CTS OpTmizer T Cell Expansion serum-
free medium at 37 °C and 5% CO2 for 18-24 hours 

CD19: 38.51 +/- 15.22% 
CD22: 43.32 +/- 14.25% 
2 product failures (patients withdrawn from study) 

Liu 2022 CD19/CD22 LV Sequential 
infusion 

Leukapharesis products stimulated with magnetic beads 
coated with anti-CD3 and anti-CD28 antibodies 

NR 
No product failures 
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Wang 2020 CD19/CD22 LV Sequential 
infusion 

Leukapharesed product underwent anti-CD3/CD28 stimulation 
in medium containing 2 mM l-glutamine, 5% human AB serum 
and 200IU/ml rhIL-2. 

CD19: Mean = 40.4% (+/- 18.4%) 
CD22: Mean = 42.8% (+/- 19.6%) and  
3 product failures 

LV: lentivirus. RV: retrovirus. The following included studies provided no relevant manufacturing outcomes: Summers 2021, Frey 2021, Gardner 2020, Liu 
2021 A, Liu 2021 B, Schultz 2018, Shalabi 2020, Wang 2021, Yang 2018, Yang 2019, Yang 2020, Zhang 2021 B.
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Supplemental Table 7. Antigen Status at Time of Relapse  

Study ID Baseline antigen status Reporting of antigen status at relapse/progression 

CD22 CAR T-cell Studies 

Pan 2019 All CD22-positive 
(>95% by flow 
cytometry) 

- Leukemic cells of 4 out of 6 relapsing patients were 
examined to assess antigen status by flow 
cytometry 

- All 4 had retained CD22 expression on leukemic 
cells and had no mutation or alternative splicing of 
CD22 

Shah 2020 All CD22-positive - Among 30 relapses: 
- 7 participants had CD22-positive relapse 
- 20 participants had relapse with CD22 loss 

or diminished site density 
- 3 had unknown CD22 expression  

- Median baseline (pre-intervention) CD22 site 
density higher in those that achieved MRD-positive 
CR (p = 0.02) 

Singh 2021 All CD22-positive - All 4 relapses were CD22-positive 

Summers 2021 Not reported - No reported relapses 
- 3/4 patients with progressive disease were still 

CD22+ at day 21 

Tan 2021 6 CD22-positive, 2 
CD22-low 

- Two relapses post-intervention: one was CD22-
negative, and one had mixed CD22low and CD22-
negative cells at relapse 

Baird 2021 All CD22-positive - CD22 expression downregulated/absent in 1 out of 
3 patients evaluated at time of relapse 

CD19/CD22 CAR T-cell Studies 

Cordoba 2021 Baseline CD19 and 
CD22 expression not 
reported for all patients 

9 relapses, with antigen status reported for 3 patients: 
- 1 CD19-/CD22- relapse (patient had mixed CD19-

negative and CD19-positive disease at baseline) 
- 1 CD19-negative relapse with reduced CD22 

density 
- 1 CD19-negative disease with unchanged CD22 

density 
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Dai 2020 All CD19+/CD22+ Of the 3 relapses: 
- 2 had no change in antigen expression at relapse 
- 1 had CD19-negative cells at relapse with low but 

variable CD22 expression and diminished site 
density. Exon 2 deletion was seen in CD19 but no 
mutation in CD22. 

Gardner 2020  “Diverse expression of 
CD19 and CD22” at 
baseline 

Of the 4 relapses: 
- 1 was CD19-/CD22 
- 1 was CD19+/CD22+ 
- 2 were CD19-/CD22+ 

Pan 2020 All CD19+/CD22+ 
(>95% by flow 
cytometry) 

Of the 3 relapses: 
- 1 had CD22 downregulation 
- 2 had CD19 antigen loss 

Shalabi 2020 NR 2/2 relapses were CD19+/CD22+ 

Speigel 
2021 

LBCL All CD19+ at baseline. 
Baseline CD22 
expression was 
heterogenous (at least 3 
pts were CD22-low). 

Of subset of patients reassessed at relapse: 
- 4 were CD19-negative or CD19-low 
- 4 were CD22-negative (1 of whom had 

undetectable CD22 expression at baseline) 
- 2 were CD22-low (1 was CD22-low at baseline) 

ALL All CD19+. 
Baseline CD22 status 
incompletely reported. 

- At disease progression, 5/10 patients had CD19-
negative or low expression with no change in CD22 
expression 

Wang 
2020 

NHL ALL CD19+/CD22+ - 7 out of 18 patients who progressed were biopsied 
to assess antigen status 

- All were CD19+/CD22+ 

ALL All CD19+/CD22+ - 23/24 relapses were CD19+/CD22+ 
- 1 relapse was CD19-neg/CD22-dim 

Yang 2018 All CD19+/CD22+ 2/2 relapses were CD19+/CD22+ 

Yang 2020 NR 2/2 relapses were CD19+/CD22+ 

Cao 2021 All CD19+/CD22+ No antigen loss observed at time of progression 
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Liu 2022 All CD19+ (4/23 had 
<30% expression) 
 
All CD22+ (4/23 had 
<30% expression)  

- Antigen status only reported post-CD19 CAR T-
cell intervention: 

- 4 patients biopsied, 3 had preserved CD19 
expression and 1 was CD19-neg 

- No antigen status reported post-CD22 CAR T-cell 
intervention 

The reporting of relapse and antigen expression was highly variable between studies. Specifically, while 
some studies identified CD22 site density as a measure associated with relapse, other studies only report 
CD22 expression in binary terms (CD22-negative or positive).  
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Supplemental Figure 1. All cause 30-day mortality.
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Supplemental Figure 2.  ROB Summary Table
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Supplemental Figure 3. ROB Summary Graph
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Supplemental Figure 4. Funnel plot of Arcsine transformed proportions of best CR vs study size. 
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Supplemental Figure 5. Sensitivity analysis for publication type on complete response incidence. Reproduction of Figure 1 but data from 
conference abstracts are censored in the meta-analysis.
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Supplemental Figure 6. Overall response incidence organized by disease type and antigen target. 
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Section and Topic  

Section and 
Topic  

Ite
m # Checklist item  

Location 
where item is 
reported  

TITLE   
Title  1 Identify the report as a systematic review. Page 1 
ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. Page 1-2 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing knowledge. Page 2  
Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Page 2 lines 

68-70 
METHODS   
Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Page 3 
Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify 
the date when each source was last searched or consulted. 

Page 3 lines 
85-92 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Supplemental 
Materials 
Page 2 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 3 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in 
the process. 

Page 3-4 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

Page 3-4; full 
list found in 
previously 
published 
protocol 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

Page 3-4; full 
list found in 
previously 
published 
protocol 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed 
each study and whether they worked independently, and if applicable, details of automation tools used in the process. 

Page 54, RoB 
tool stated in 
lines 112-113 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Page 4 lines 
114-129 
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Section and 
Topic  

Ite
m # Checklist item  

Location 
where item is 
reported  

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics 
and comparing against the planned groups for each synthesis (item #5)). 

NA 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

Page 3-4, 
details in 
previous 
published 
protocol 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Page 4 
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 
Page 4 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Page 4 
13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Page 4 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Page 4 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Page 4 

RESULTS   
Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies 

included in the review, ideally using a flow diagram. 
Page 4; Figure 
1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. Supplemental 
Materials 
Page 41-45 

Study 
characteristics  

17 Cite each included study and present its characteristics. Table 1, Table 
2, Table 3 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Page 8, 
Supplemental 
Figure 2, 
Supplemental 
Figure 3 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

Figure 2, 
Figure 3 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Page 8 
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision 

(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 
Figure 2, 
Figure 3, 
Figure 4 

20c Present results of all investigations of possible causes of heterogeneity among study results. Supplemental 
Table 5 
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Section and 
Topic  

Ite
m # Checklist item  

Location 
where item is 
reported  
Supplemental 
Table 1 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Supplemental 
Figure 5 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Supplemental 
Figure 4 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Supplemental 
Table 4 

DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other evidence. Page 9 

23b Discuss any limitations of the evidence included in the review. Page 10 lines 
342-346 

23c Discuss any limitations of the review processes used. Page 10 lines 
342-346 

23d Discuss implications of the results for practice, policy, and future research. Page 9-10 
OTHER INFORMATION  
Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. Page 3 line 
75-76 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Page 3, 
References 

24c Describe and explain any amendments to information provided at registration or in the protocol. Page 4 (use of 
arcsine 
transformation 
instead of logit 
transformation
) 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Page 11 
Competing 
interests 

26 Declare any competing interests of review authors. Page 11 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review. 

Supplementar
y Materials 

 
From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

For more information, visit: http://www.prisma-statement.org/ 

http://www.prisma-statement.org/
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Included Studies and Associated Publications  

Study ID Associated Publications (Bold = Primary report) 

Annesley 2021 
Annesley C, Summers C, Pulsipher MA, Skiles JL, Li AM, Vatsayan A, et al. SCRI-CAR19x22v2 T Cell Product Demonstrates Bispecific 
Activity in B-ALL. Blood. 2021;138(Supplement 1):470–470. 

Baird 2021 

Baird JH, Frank MJ, Craig J, Patel S, Spiegel JY, Sahaf B, et al. CD22-directed CAR T-cell therapy induces complete remissions in CD19-
directed CAR–refractory large B-cell lymphoma. Blood. 2021;137(17):2321–5. 
 
Baird JH, Frank MJ, Craig J, Patel S, Spiegel JY, Sahaf B, et al. CD22-Directed CAR T-Cell Therapy Mediates Durable Complete Responses in Adults 
with Relapsed or Refractory Large B-Cell Lymphoma after Failure of CD19-Directed CAR T-Cell Therapy and High Response Rates in Adults with 
Relapsed or Refractory B-Cell Acute Lymphoblastic Leukemia. Blood. 2020;136(Supplement 1):28–9. 
 
Frank MJ, Baird JH, Patel S, Craig J, Spiegel JY, Ehlinger Z, et al. CD22-CAR T-Cell Therapy Mediates High Durable Remission Rates in Adults with 
Large B-Cell Lymphoma Who Have Relapsed after CD19-CAR T-Cell Therapy. Blood. 2021;138(Supplement 1):741–741. 

Cao 2021 

Cao Y, Xiao Y, Wang N, Wang G, Huang L, Hong Z, et al. CD19/CD22 Chimeric Antigen Receptor T Cell Cocktail Therapy following 
Autologous Transplantation in Patients with Relapsed/Refractory Aggressive B Cell Lymphomas. Transplantation and cellular therapy. 
2021;27(11):910.e1–910.e11. 
 
Cao Y, Xiao Y, Wang N, Wang G, Zhou X, Huang L, et al. CD19/CD22 CAR-T Cell Cocktail Therapy Following Autologous Transplantation in 
Patients with Relapsed/Refractory B-Cell Lymphomas. Blood. 2020;136(Supplement 1):11–11. 
 
Wei J, Mao Z, Wang N, Huang L, Cao Y, Sun W, et al. Long-term outcomes of relapsed/refractory double-hit lymphoma (r/r DHL) treated with 
CD19/22 CAR T-cell cocktail therapy. Clinical and translational medicine. 2020;10(5):e176–n/a. 
 
Wu J, Meng F, Cao Y, Zhang Y, Zhu X, Wang N, et al. Sequential CD19/22 CAR T-cell immunotherapy following autologous stem cell transplantation 
for central nervous system lymphoma. Blood cancer journal (New York). 2021;11(7):131–131. 
 
Cao Y, Wang N, Wang G, Xiao Y, Huang L, Li C, et al. Sequential Infusion of Anti-CD22 and Anti-CD19 Chimeric Antigen Receptor T Cells 
Following Autologous HSCT in Patients with B-NHL. Blood. 2018;132(Supplement 1):2054–2054. 

Cordoba 2021 

Cordoba S, Onuoha S, Thomas S, Pignataro DS, Hough R, Ghorashian S, et al. CAR T cells with dual targeting of CD19 and CD22 in pediatric 
and young adult patients with relapsed or refractory B cell acute lymphoblastic leukemia: a phase 1 trial. Nature medicine. 2021;27(10):1797–
805. 
 
Amrolia PJ, Wynn R, Hough RE, Vora A, Bonney D, Veys P, et al. Phase I Study of AUTO3, a Bicistronic Chimeric Antigen Receptor (CAR) T-Cell 
Therapy Targeting CD19 and CD22, in Pediatric Patients with Relapsed/Refractory B-Cell Acute Lymphoblastic Leukemia (r/r B-ALL): Amelia Study. 
Blood. 2019;134(Supplement_1):2620–2620. 
 
Amrolia PJ, Wynn R, Hough R, Vora A, Bonney D, Veys P, et al. Simultaneous Targeting of CD19 and CD22: Phase I Study of AUTO3, a Bicistronic 
Chimeric Antigen Receptor (CAR) T-Cell Therapy, in Pediatric Patients with Relapsed/Refractory B-Cell Acute Lymphoblastic Leukemia (r/r B-ALL): 
Amelia Study. Blood. 2018;132(Supplement 1):279–279. 

Dai 2020 
Dai H, Wu Z, Jia H, Tong C, Guo Y, Ti D, et al. Bispecific CAR-T cells targeting both CD19 and CD22 for therapy of adults with relapsed or 
refractory B cell acute lymphoblastic leukemia. Journal of hematology and oncology. 2020;13(1):30–10. 

Frey 2021 
Frey NV, Gill S, Hwang WT, Luger SM, Martin ME, McCurdy SR, et al. CART22-65s Co-Administered with huCART19 in Adult Patients 
with Relapsed or Refractory ALL. Blood. 2021;138(Supplement 1):469–469. 

Gardner 2020 

Gardner RA, Annesley C, Wilson A, Summers C, Narayanaswamy P, Wu V, et al. Efficacy of SCRI-CAR19x22 T cell product in B-ALL and 
persistence of anti-CD22 activity. Journal of clinical oncology. 2020;38(15_suppl):3035–3035. 
 
Gardner R, Annesley C, Finney O, Summers C, Lamble AJ, Rivers J, et al. Early Clinical Experience of CD19 x CD22 Dual Specific CAR T Cells for 
Enhanced Anti-Leukemic Targeting of Acute Lymphoblastic Leukemia. Blood. 2018;132(Supplement 1):278–278. 

Hu 2021 

Hu Y, Zhou Y, Zhang M, Ge W, Li Y, Yang L, et al. CRISPR/Cas9-Engineered Universal CD19/CD22 Dual-Targeted CAR-T Cell Therapy for 
Relapsed/Refractory B-cell Acute Lymphoblastic Leukemia. Clinical cancer research. 2021;27(10):2764–72. 
 
Hu Y, Zhou Y, Zhang M, Ge W, Li Y, Yang L, et al. The Safety and Efficacy of a CRISPR/Cas9-Engineered Universal CAR-T Cell Product (CTA101) 
in Patients with Relapsed/Refractory B-Cell Acute Lymphoblastic Leukemia. Blood. 2020;136(Supplement 1):52–52. 

Liu 2021 A 
Liu S, Deng B, Yin Z, Lin Y, An L, Liu D, et al. Combination of CD19 and CD22 CAR-T cell therapy in relapsed B‐cell acute lymphoblastic 
leukemia after allogeneic transplantation. American journal of hematology. 2021;96(6):671–9. 

Liu 2021 B Liu S, Zhang X, Dai H, Cui Q, Cui W, Yin J, et al. Tandem CD19/CD22 Dual Targets CAR-T Cells Therapy Obtains Superior CR Rate Than 
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Single CD19 CAR-T Cells Infusion As Well As Sequential CD19 and CD22 CAR-T Cells Infusion for Relapsed/Refractory B-Cell Acute 
Lymphoblastic Leukemia Patients. Blood. 2021;138(Supplement 1):1755–1755. 
 
Cui W, Zhang X, Dai H, Cui Q, Song B, Wu D, et al. Tandem CD19/CD22 Dual Targets CAR-T Cells Therapy Acquires Superior CR Rate Than CD19 
CAR-T Cells: A Case Controlled Study. Blood. 2020;136(Supplement 1):44–44. 
 
Ma Y, Qu C, Dai H, Liu S, Cui Q, Cui W, et al. Decitabine in Combination with Fludarabine and Cyclophosphamide As Lymphodepletion Regimen 
Followed By CD19/CD22 Bispecific Targeted CAR-T Therapy Significantly Improves Survival in Relapsed/Refractory B-ALL Patients: A Pilot Study. 
Blood. 2021;138(Supplement 1):1754–1754. 
 
Zhang XY, Dai HP, Li Z, Yin J, Lang XP, Yang CX, et al. Identification of STRBP as a Novel JAK2 Fusion Partner Gene in a Young Adult With 
Philadelphia Chromosome-Like B-Lymphoblastic Leukemia. Frontiers in oncology. 2020;10:611467–611467. 
 
Zhang XY, Dai H ping, Zhang L, Liu SN, Dai Y, Wu DP, et al. MRD-Negative Remission Induced in EP300-ZNF384 Positive B-ALL Patients by 
Tandem CD19/CD22 CAR T-Cell Therapy Bridging to Allogeneic Stem Cell Transplantation. OncoTargets and therapy. 2021;14:5197–204. 

Liu 2022 

Liu Y, Deng B, Hu B, Zhang W, Zhu Q, Liu Y, et al. Sequential different B-cell antigen–targeted CAR T-cell therapy for pediatric 
refractory/relapsed Burkitt lymphoma. Blood advances. 2022;6(3):717–30. 
 
Zhang W, Yang J, Zhou C, Hu B, Jin L, Deng B, et al. Early response observed in pediatric patients with relapsed/refractory Burkitt lymphoma treated 
with chimeric antigen receptor T cells. Blood. 2020;135(26):2425–7. 

Pan 2019 

Pan J, Niu Q, Deng B, Liu S, Wu T, Gao Z, et al. CD22 CAR T-cell therapy in refractory or relapsed B acute lymphoblastic leukemia. 
Leukemia. 2019;33(12):2854–66. 
 
Zhang Y, Chen H, Song Y, Tan X, Zhao Y, Liu X, et al. Chimeric antigens receptor T cell therapy as a bridge to haematopoietic stem cell 
transplantation for refractory/ relapsed B-cell acute lymphomalastic leukemia. British journal of haematology. 2020;189(1):146–52. 

Pan 2020 

Pan J, Zuo S, Deng B, Xu X, Li C, Zheng Q, et al. Sequential CD19-22 CAR T therapy induces sustained remission in children with r/r B-ALL. 
Blood. 2020;135(5):387–91. 
 
Pan J, Tang K, Deng B, Ling Z, Song W, Chang A. LONG-TERM FOLLOW-UP OF SEQUENTIAL CD19-22 CAR T-CELL THERAY IN 20 
CHILDREN WITH REFRACTORY OR RELAPSED B-ALL. EHA2021 Virtual Congress Abstract Book. HemaSphere. 2021;5(Suppl). 

Ramakrishnan 
2020 

Ramakrishnan A, Marzolini M, Osborne W, Tholouli E, Bachier C, McSweeney P, et al. Phase 1 Alexander Study of AUTO3 the First 
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2020;4(Suppl). 
 
Osborne W, Marzolini M, Tholouli E, Ramakrishnan A, Bachier CR, McSweeney PA, et al. Phase I Alexander study of AUTO3, the first CD19/22 dual 
targeting CAR T cell therapy, with pembrolizumab in patients with relapsed/refractory (r/r) DLBCL. Journal of clinical oncology. 
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Schultz 2018 

Schultz LM, Davis KL, Baggott C, Chaudry C, Marcy AC, Mavroukakis S, et al. Phase 1 Study of CD19/CD22 Bispecific Chimeric Antigen 
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