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Background: To observe efficacy of the anti-CD22 chimeric antigen receptor modified
(anti-CD22-CAR) T cell salvage therapy in relapsed/refractory (R/R) diffuse large B-cell
lymphoma (DLBCL) and B cell acute lymphoid leukemia (B-ALL) patients whose disease
did not reach CR or progressed again after anti-CD19-CAR T cell therapy.

Methods: In our study, seven R/R DLBCL patients reached stable disease (SD) or progres-
sion of disease (PD) after their anti-CD19-CAR T cell therapy. Only three in all the six R/R
B-ALL patients obtained complete response (CR)/CR with incomplete count recovery (Cri)
in their anti-CD19-CAR T cell therapy, but they relapsed again in the following three, six and
one months. Then, all these thirteen R/R DLBCL and B-ALL patients received anti-CD22
CAR-T cell salvage therapy because their disease did not reach CR or progressed again.
Results: Four R/R DLBCL patients obtained CR, while two R/R DLBCL patients achieved
PR and one patient achieved SD. But only two R/R B-ALL patients obtained Cri in their
anti-CD22 CAR-T cell salvage therapy. The overall survival (OS) of R/R DLBCL patients
after the anti-CD22 CAR-T cell therapy was 6.142+3.395 months until August 31, 2020.
There was no different of the median expansion peaks of the two kinds of CAR T cells
(P=0.920). The time of anti-CD22-CAR T cell proportion peak days was later than that of the
time of anti-CD19-CAR T cell peak days post infusion (P=0.022). Their cytokine release
syndrome (CRS) was graded 2—4 in their anti-CD19-CAR T cell therapy, while the notable
CRS was graded 1-2 in their anti-CD22-CAR T cell therapy. But there was no difference in
the CRS and the immune effect or cell associated neurotoxic syndrome (ICANS) grades in
the two kinds of therapies. And there was no difference in the hematological toxicity grades
in the two kinds of therapies.

Conclusion: The anti-CD22-CAR T cell salvage therapy is highly effective in R/R DLBCL
patients than in R/R B-ALL patients who failed in anti-CD19-CAR T cell therapy before. We
need to expand the number of R/R DLBCL or B-ALL patients and continue to observe.
Trial Registration: ChiCTR-ONN-16009862 and ChiCTR1800019298.

Keywords: chimeric antigen receptor, CAR, diffuse large B-cell lymphoma, acute
lymphoblastic leukemia, anti-CD19, anti-CD22

Background

Although many acute lymphoid leukemia (ALL) and Non-Hodgkin’s lymphoma
(NHL)patients could benefit from the conventional treatments of chemotherapy and
hematopoietic stem cell transplantation, the relapsed/refractory (R/R) of these
disease leads to a very poor prognosis and high mortality. Anti-chimeric antigen
receptor (CAR) T cell therapy has been an effective salvage therapy for R/R
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hematologic malignancy, especially the anti-CD19 CAR-T
in R/R B-cel ALL and B-cell NHL."*
Tisagenlecleucel as the first second-generation anti-CD19
CAR-T cell therapy has approved by FDA in 2017 in R/R
B-cell ALL patients.” Although the anti-CD19 CAR-T cell
therapy has amazing curative effect in R/R B-cell hema-

therapy

tologic malignancy, the disease recurrence or progresses
again after this anti-CD19 CAR-T cell therapy is a serious
problem which needs to be solved urgently. One of the
reasons is that the CD19 target antigen might be lost or
down regulated in these patients when their disease recur-
rence or progresses again.’” Similar to CD19, CD22 is
also a B-cell antigen expressed specially on the surface of
most B-cell malignancies. Anti-CD22 CAR-T cell therapy
provides a potential treatment strategy in addition to anti-
CD19 CAR-T cell therapy.®'*'" A study reported that
anti-CD22 CAR-T cell therapy induced high response
rates in R/R B-ALL patients whom had failed or relapsed
again after a previous CD19 CAR-T cell therapy.'?

Patients and Methods
Medical History of the Patients Before

Anti-CD19-CAR T Cell Therapy

Thirteen R/R diffuse large B-cell lymphoma (DLBCL) and
B-ALL patients were admitted in our hospital between
August 2017 and July 2018. Seven of them were R/R
DLBCL patients, while six of them were R/R B-ALL
patients. They all received the anti-CD19 CAR-T cell ther-
apy when they were diagnosed as R/R DLBCL or R/RB-
ALL. No patients received hematopoietic stem cell
transplant(HSCT) before the two kinds of CAR-T cell ther-
apy. The cutoff date of data collection is August 31, 2020.

Detection of the Anti-CD19-CAR-T and

Anti-CD22-CAR-T Cell

The culture time of anti-CD19 CAR-T cells and anti-CD22
CAR-T cells in vitro was approximately 12 to 14 days.
Anti-CD19 CAR and anti-CD22 CAR transduction effi-
ciencies were analyzed by flow cytometry (FCM) to
observe the ratio of anti-CD19-CAR T cells and anti-
CD22-CAR T cells (PE, BD Biosciences) in CD3"
T cells (FITC, BD Biosciences).

Clinical Response Criteria
To R/R DLBCL patients,
assessed one and two months post CAR-Tcell infusion.

therapy responses were

The response to this therapy was defined as complete

response (CR), partial remission (PR), stable disease
(SD) and progression of disease (PD) were defined
according to Lugano Revised Criteria for Response
R/R  B-ALL patients,
responses were assessed 14 days post CAR-T cell infu-

Assessment.'>  To therapy
sion. The response to this therapy was defined as com-
plete response (CR), CR with incomplete count recovery
(Cri), or no remission (NR). In our study, we observed
the overall survival (OS) and the progression-free survi-
val (PFS) in all the patients. From the date of CAR-T
cell infusion, follow-up was carried out up to the cutoff
date or the date of death.

The Anti-CDI19-CAR T Cell Therapy

All the thirteenR/R DLBCL and B-ALL patients had
received the clinical trial of anti-CD19 CAR-T cell expres-
sing anti-CD19 scFv and 4-1BB-CD3( costimulatory-
activation domains therapy (ChiCTR-ONN-16009862) in
our hospital. The leukapheresis was done when they were
enrolled in this anti-CD19-CAR T cell therapy clinical
trial. Then the procedures for cell production and quality-
control assays were conducted according to our literature
before."* All the patients received lymphodepleting che-
motherapy with fludarabine (30 mg/m?) and cyclopho-
sphamide (400 mg/m?) from day -4 to day —2.
Autologous anti-CD19-CAR T cells were infused on day
0 in R/R DLBCL and B-ALL patients (2x10° cells/kg).

The Anti-CD22-CAR T Cell Therapy

All the patients whose disease did not reach CR or progressed
again after anti-CD19-CAR T cell therapy received combina-
tion chemotherapy when they were waiting to enroll in the
anti-CD22 CAR-T cell therapy. None of the patients received
HSCT during this period. Then they received the anti-CD22
CAR-T cell therapy as a salvage therapy. It was a clinical trial
of anti-CD22 chimeric antigen receptor (CAR) modified
T-cell expressing anti-CD22 scFv and 4-1BB-CD3( costimu-
latory-activation domains therapy (ChiCTRI800019298) in
our hospital. The leukapheresis was done again when they
were enrolled in the anti-CD22-CAR T cell therapy clinical
trial. The procedures for cell production and quality-control
assays were as same as the anti-CD19 CAR-T cell therapy.
They received the same lymphodepleting chemotherapy as
that in the anti-CD19 CAR-T cell therapy. Autologous anti-
CD22-CAR T cells were infused on day 0 in R/R DLBCL
and B-ALL patients (2x10° cells/kg).
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The Proportions of Anti-CD[9-CAR
T Cell and Anti-CD22-CAR T Cell, The
Expression of CAR 19 DNA and CAR

22DNAin Peripheral Blood

In peripheral blood, the proportions of anti-CD19-CAR
T cells and anti-CD22-CAR T cells in CD3+ T cells was
observed by flow cytometry (FCM) on day 0, 4, 7,14,
21 and 28. The expression of CD19 CAR DNA and
CD22 CAR DNA was detected by quantitative polymer-
ase chain reaction (qPCR) method on day 0, 4, 7.14, 21
and 28.

Adverse Events (AEs) Observation in the
Anti-CDI19-CAR T Cell and the

Anti-CD22-CAR T Cell Therapy

The levels of the interleukin-6 (IL-6), IL-2R, IL-8, and
tumor necrosis factor-o. (TNF-a)), were observed on, 4, 7,
14, 21, and 28 days after CAR-T cell infusion by enzyme-
linked immunosorbent assay. The AEs were observed
throughout the two kinds of CAR-T cell therapy. The cyto-
kine release syndrome (CRS) grade was determined accord-
ing to the National Cancer Institute Common Terminology
Criteria for AE v4.03."> The neurotoxicity syndrome was

Table | Patients Baseline and Therapy-Related Characteristics

determined according to the Immune effector cell associated
neurotoxic syndrome (ICANS)'® in the two therapies.

Statistical Analysis

The differences between the anti-CD19-CAR T cell ther-
apy and the anti-CD22-CAR T cell therapy were ana-
lyzed. Chi-square test was used for counting data. T test
was used for the measurement data conforming to normal
distribution, and rank sum test was used for the measure-
ment data not conforming to normal distribution. Non-
normal distribution data are expressed as a median and
interquartile range (IQR) unless otherwise indicated. The
probabilities of PFS and OS were estimated by the
Kaplan-Meier method and were compared with the Log
rank test. SPSS 17.0 (SPSS Inc., Chicago, IL, USA)
software was used for all the statistical analyses in our
study. The P-value less than 0.05 was considered statis-
tically significant.

Results

Patient Characteristics

The patient characteristics of the thirteen R/R DLBCL and
B-ALL patients before their anti-CD19-CAR T cell therapy
are listed in Table 1. High CD19 antigen was expressed on

Patient Age Sex Disease Immune Stage Previous IPI in DLBCL or No. of Prior
Number Diagnosis Subtype Response Status Blasts in B-ALL Therapies
Pl 56 Male DLBCL Non-GCB n Refractory 3 12

P2 16 Male DLBCL Non-GCB v Refractory 3 8

P3 70 | Female DLBCL GCB I\ Refractory 4 8

P4 59 Male DLBCL GCB 1] Refractory 3 14

P5 28 Male DLBCL Non-GCB 1] Refractory 3 12

Pé6 56 | Female DLBCL Non-GCB v Refractory 3 7

P7 69 Male DLBCL GCB 1} Refractory 3 6

P8 46 Male B-ALL Common B - Relapse 81.2% 4

P9 33 Male B-ALL Common B - Relapse 69.4% 8

PIO 25 Male B-ALL Common B(Ph+) - Refractory 48.8% 10

PII 55 Female B-ALL Common B(Ph+) - Relapse 36.2% 6

PI2 31 Female B-ALL Pro-B cell - Refractory 44.6% 3

PI3 58 | Female B-ALL Common B - Relapse 58.0% 8

Abbreviations: DLBCL, Diffuse large B-cell lymphoma; B-ALL, B cell acute lymphoid leukemia; GCB, Germinal center B-cell-like lymphoma; CR, Complete response; PR,
Partial remission; SD, Stable disease; PD, progression of disease; NR, no remission; Cri, CR with incomplete count recovery.
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Figure | CD19 and CD22 antigen expression on malignant B cells in the six R/R B-ALL patients. (A, C, E, G, I, K). High expression ofCD 9 antigen on malignant B cells in
the six R/R B-ALL patients before anti-CD19-CAR T cell therapy. (B, D, F, H, J, L). Normal or low expression of CD9 antigen, with high expression of CD22 antigen on
malignant B cells in the six R/R B-ALL patients before anti-CD22-CAR T cell therapy.

malignant B cells analyzed by FCM in all the six R/R
B-ALL patients (Figure 1). All the thirteen R/R DLBCL
and B-ALL patients received the anti-CD22 CAR-T cell
therapy because their disease was diagnosed as non-
remission or progress again after the previous anti-CD19
CAR-T cell therapy. The median age of all the patients
was 46.31 years (Range 1670 years) in our study.

Transduction Efficiency, Amplification and
Infusion of the Two Kinds of CAR-T Cells

The mean anti-CD19-CAR transduction efficiency of the thir-
teen patients was 47.18+17.43%. The mean quantity of anti-
CD19-CAR T cells were 5.89+3.93x10° cells/kg when the
cells were harvested. Autologous anti-CD19-CAR T cells
were infused on day 0 in R/R DLBCL patients (2.09

+0.17x10° cells’kg) and in R/R B-ALL patients (2.05
+0.29%10° cells/kg).

The mean CD22-CAR transduction efficiency in the
final products of the thirteen patients was 42.07+£19.23%.
The mean quantities of anti-CD22-CAR T cells were 4.03
+2.37x10° cells/kg. Autologous anti-CD22-CAR T cells
were infused on day 0 in R/R DLBCL patients (2.11
+0.24x10° cells/kg) and in R/R B-ALL patients (2.07
+0.42x10° cells/kg).

Clinical Responses to Anti-CD|9-CAR

T Cell Therapy

One and two months post the anti-CD19-CAR T cell infu-
sion, we evaluated the efficacy of all the seven R/R
DLBCL patients. Four R/R DLBCL patients (Pt 1-3, 5)
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Figure 2 Clinical responses to the two kinds of CAR-T cell therapy. (A). Clinical responses and survival time of all the thirteen R/R DLBCL and B-ALL patients. (B). Clinical
responses to the two kinds of CAR-T cell therapy in the seven R/R DLBCL patients. (C). Clinical responses to the two kinds of CAR-T cell therapy in the six R/R B-ALL
patients. D. PFS and OS in the R/R DLBCL and B-ALL patients after their anti-CD22-CAR T cell therapy.

obtained SD from the anti-CD19-CAR T cell therapy.
Three R/R DLBCL patients (Pt 4, 6.7) did not respond to
the anti-CD19-CAR T cell therapy and achieved PD only

(Figure 2A and B).The patient’s disease did not allow
a biopsy for immunohistochemical detection of CD22
expression before their anti-CD22-CAR T cell therapy.
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Two weeks post the anti-CD19-CAR T cell infusion,
we evaluated the efficacy of the six R/R B-ALL patients.
Three R/R B-ALL patients (Pt 9, 11, 12) obtained CR/Cri,
while the other three R/R B-ALL patients (Pt 8, 10,13)
obtained NR with high CDI19 expression on malignant
B cells. Although the three R/R B-ALL patients (Pt 9,
11, 12) achieved CR/Cri, they relapsed again in the fol-
lowing three, six and one month (Figure 2A and C).The
six R/R B-ALL patients had normal or low expression of
CD19 antigen, and high expression of CD22 antigen on
malignant B cells analyzed by FCM before their anti-
CD22 CAR-T cell therapy (Figure 1).

Clinical Responses To anti-CD22-CAR

T Cell Therapy

One and two months after their anti-CD22-CAR T cell
therapy, four R/R DLBCL patients (Pt 1-4) obtained CR,
while two R/R DLBCL patients (Pt 5, 7) achieved PR and
one patient (Pt 6) achieved SD (Figure 2A and B). Two
weeks after the anti-CD22-CAR T cell infusion, only two
R/R B-ALL patients (Pt 11, 12) obtained Cri, while the
other four R/R B-ALL patients (Pt 8-10, 13) obtained NR
only (Figure 2A and C).After their anti-CD22-CAR T cell
therapy, Pt 2 and Pt 12 received allogeneic HSCT.

The anti-CD22 CAR-T cell therapy in R/R DLBCL
patients, four (4/7) patients achieved CR, six (6/7) patients
achieved overall response rate (ORR). Kaplan-Meier ana-
lysis showed that the PFS of R/R DLBCL patients and R/R
ALL patients who did not receive allo-HSCT after the
anti-CD22 CAR-T cell therapy are 66.7% and 20.0% 180
days after anti-CD22 CAR-T cell therapy until August 31,
2020 (P=0.058). While the OS of R/R DLBCL patients
and R/R ALL patients who did not receive allo-HSCT
after the anti-CD22 CAR-T cell therapy are 67.07% and
20.5% 180 days after anti-CD22 CAR-T cell therapy
(P=0.058) (Figure 2D and E).

The Proportions of Two Kinds of
CAR-T Cells, The Levels of Two Kinds of

CAR DNA in Peripheral Blood

The proportions of anti-CD19-CAR T cells and the levels of
CD19 CAR DNA were detected 0, 4, 7, 14, 21, 28 days post
the anti-CD19-CAR T cell infusion. Median expansion peak
of the anti-CD19-CAR T cells in CD3" T cells in peripheral
blood was 2.36% (2.06,5.24) % on 7(7,7) days post infusion.
While, median expansion peak of the anti-CD22-CAR
T cells was 2.24% (2.04, 9.28) % on 14 (7, 14) days post

infusion (Figure 3A and B). The levels of CD19 CAR DNA
and CD22 CAR DNA showed the same variation trend. The
median peak of CD19 CAR DNA was 1290 (900, 2636)
copies/ug on 7(7, 7) days post the anti-CD19-CAR T cell
infusion. While, the median peak of CD22 CAR DNA was
1240 (960, 2580) copies/pg on 14 (14, 14) days post the
anti-CD22-CAR T cell infusion (Figure 3C and D).

There was no different of the median expansion peaks
of the two kinds of CAR-T cells, and no different of the
median peak copy of the two kinds of CAR DNA
(P=0.920 and P=0.880). The time of anti-CD22-CAR
T cell proportion peak were later than that of the time of
anti-CD19-CAR T cell peak post infusion (P=0.022).The
DNA level CAR gene showed the same trend (P=0.001)
(Figure 4).

Adverse Effects

In the anti-CD19-CAR T cell therapy, patients developed
fever with or without chills, fatigue, headache, nausea,
edema, tachycardia, cough, and other symptoms
(Table 2).The rates of CRS and ICANS were listed in
Table 2. Their CRS was graded 2—4 in their anti-CD19-
CAR T cell therapy. The notable CRS was graded 1-2in
their anti-CD22-CAR T cell therapy. But there was no
different of the CRS grades in the two kinds of therapy
(P=0.341) (Figure 5A). Two patients developed grade 1
ICANS in the anti-CD19-CAR T cell therapy. But no
patient was diagnosed as ICANS in the anti-CD22-CAR
T cell therapy. There was no different of the ICANS grades
in the two kinds of therapy (P=0.480) (Figure 5B).
Hematological toxicity was grade 2—4 in anti-CD19-CAR
T cell therapy. While it was grade 1-3 in their anti-CD22-
CAR T cell therapy. There was no different of the hema-
tological toxicity grades in the two kinds of therapies
(Pwsc=0.148, P;=0.425 and Pp;;=0.813) (Figure 5C-
E). It occurred from 5 to 7 days after CAR-T cell infusion
and recovered 14-16 days after the CAR-T cell infusion.
Although the hematological toxicity in the process of
therapy, only three R/R B-ALL patients were diagnosed
with gram-negative organism bacterial infections in anti-
CDI19-CAR T cell therapy. Their infectious disease was
cured by antibiotics and supportive treatment. There was
no patient was diagnosed with bacterial infections in R/R
DLBCL patients in their anti-CD19-CAR T cell therapy,
while no patient in all the thirteen patients was diagnosed
with bacterial infections in anti-CD22-CAR T cell therapy.
There was no patient was diagnosed with invasive fungal
disease also.
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Figure 3 The proportions of two kinds of CAR-T cells, the levels of two kinds of CAR DNA in peripheral blood. (A and B). The proportions of two kinds of CAR-T cells
on 0, 4, 7, 14, 21, 28 days post the CAR-T cell infusion. (C and D). The levels of two kinds of CAR DNA on 0, 4, 7, 14, 21, 28 days post the CAR-T cell infusion.

Serum Cytokines in anti-CD |9-CAR
T Cell and Anti-CD22-CAR T Cell

Therapy
The serum levels ofIL-6, IL-2R, IL-8 and TNF-o were
observed in the two kinds of CAR-T cell therapies
(Figure 6A—H).The peaks of IL-6, IL-2Rand TNF-a were
higher in their anti-CD19-CAR T cell therapy than that of in
their anti-CD22-CAR T cell therapy (P ;;.4=0.044, P oz
=0.004, P ;; §=0.064 and Pzy,=0.019)(Figure 7A-D). The
mean peaks of IL-6, IL-8, IL-2R and TNF-a in anti-CD19-
CAR T cell therapy was at 6.61 +2.53 days, 5.15+1.46 days,
6.61£2.53 days and 6.85+2.41 days after infusion. While the
mean peaks of IL-6, IL-2R, IL-8 and TNF-a in anti-CD22-
CAR T cell therapy was at 11.0843.93 days, 11.85+3.36
days, 12.3843.07 days and 11.31£3.54 days after infusion.
The time of the mean peaks of IL-6, IL-2R and TNF-a in
anti-CD22-CAR T cell therapy were later than that of the
time in anti-CD19-CAR T cell therapy (P ;;.s=0.005, Py oz
=0.000, P ; ¢=0.239 and P7np,=0.004) (Figure 7E-H).
The patients received methylprednisolone, antipyretic
drugs and symptomatic treatment to overcome the AEs.
Only the R/R B-ALL patient 12 received tocilizumab
during her anti-CD19-CAR T cell therapy and anti-CD22-

CAR T cell therapy. AEs related to the two kinds of CAR-
T cell therapies were relieved 14 to 16 days post the two
kinds of CAR-T cell infusion. No patients died of CRS and
ICANS in their anti-CD19-CAR T cell oranti-CD22-CAR
T cell therapy.

Discussion

Patients with R/R B cell malignancies respond poorly to
conventional treatment, anti-CD19-CAR T cell therapy
had demonstrated remarkable anti-tumor activity for
these patients and improved their prognosis. The CR
rate of R/R B-ALL to anti-CD19-CAR T cell therapy
could be achieved about 70% to 90%,'” while the overall
response rate (ORR) of R/R B-NHL to anti-CD19-CAR
T cell therapy could be achieved about 50% to 70%.'% !
Despite the great success of anti-CD19-CAR T cell ther-
apy in R/R B-ALL and B-NHL, there are still some
patients with poor efficacy to this therapy.®?*?
Patients relapsed after anti-CD19-CAR T cell therapy
with lost or mutated of CD19 expression on tumor
cells, which was one of the reasons for the failure of
the second anti-CD19-CAR T cell therapy. So we need
other targets for CAR-T cell therapy as a salvage therapy
to such patients.
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Figure 4 Different of the expansion of the two kinds of CAR-T cells. (A) There was no different of the median expansion peaks of the two kinds of CAR-T cells (P=0.920).
(B). The time of anti-CD22-CART cell proportion peak were later than that of the time of anti-CD9-CAR T cell peak (P=0.022). (C). There was no different of the median
peak of the two kinds of CAR DNA (P=0.880). (D). The time ofCD22 CAR DNA peak were later than that of the time of CD19 CAR DNA peak (P=0.001).

CD22 as a type I transmembrane glycoprotein which
expressed on the surface of tumor cells in most B cell
malignancies, such as B-ALL, DLBCL, chronic lympho-
cytic leukemia, and other B-NHL. CD22 could be
used as an ideal target for patients who relapse again
after anti-CD19-CAR T cell therapy or has no response
to anti-CD19-CAR T cell therapy.®**2’In previous stu-
dies, CD22 monoclonal antibodies, including epituzumab
and Inotuzumab Ozogamicin, have been reported to have
significant antitumor activity in patients with B-ALL or
B-NHL.?*?3%What about the efficacy of anti-CD22-CAR
T cell therapy in patients with B cell malignancies that
resist to anti-CD19-CAR T cell therapy? What is the
efficacy of anti-CD22-CAR T cell therapy in patients
with R/R B-cell malignancies who relapse again after anti-
CDI19-CAR T cell therapy or has no response to this
therapy. A recent study reported that anti-CD22-CAR
T cell therapy induced CR in 73% of R/R B-ALL
patients who were resistant or ineffective to anti-CD19-
CAR T cell therapy before.'? What is the efficacy of anti-
CD22-CAR T cell therapy in salvage therapy after failure

of anti-CD19-CAR T cell therapy for R/R DLBCL? Future
studies are needed to determine.

In our study, thirteen R/R DLBCL and B-ALL patients
received anti-CD22 CAR-T cell salvage therapy when they
relapsed after their previous anti-CD19 CAR-T cell ther-
apy. Seven R/R DLBCL patients and six R/R B-ALL
patients received the anti-CD19 CAR-T cell therapy. But
the R/R DLBCL patients obtained SD or PD only, while
three R/R B-ALL patients obtained NR, three R/R B-ALL
patients relapsed again soon with low expression of CD19
on malignant B cells after they obtained CR/Cri. As
a salvage treatment after this anti-CD19-CAR T cell ther-
apy, they all received an anti-CD22 CAR-T cell therapy.
Interestingly, except for one R/R DLBCL patient who
attained SD, all the other six R/R DLBCL patients
received CR in the anti-CD22 CAR-T cell therapy. Only
two R/R B-ALL patients obtained CR/Cri in the anti-
CD22 CAR-T cell salvage therapy, although they all had
high expression of CD22 on their malignant B cells. The
PFS and OS of anti-CD22-CAR T cell salvage therapy
were higher in R/R DLBCL patients than that of in R/R
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Table 2 The Notable Adverse Events (AEs) in the Two Time of CAR-T Cell Therapies
Events CDI19 CAR-T Therapy CD22 CAR-T Therapy
DLBCL ALL DLBCL ALL
General condition
Temperature 238 °C (fever) 717 (100%) 6/6 (100%) 17 (14.29%) 416 (66.67%)

Chills

Fatigue

Headache

Muscular weakness

(
27 (28.57%)
447 (57.14%)
0/7 (0%)

1/7 (14.29%)

416 (66.67%)
5/6 (83.33%)
3/6 (50%)

416 (66.67%)

0/7 (0%)
3/7 (42.86%)
0/7 (0%)
0/7 (0%)

116 (16.67%)
416 (66.67%)
0/6 (0%)

116 (16.67%)

Organ toxicities
Hematological

Anemia (grade 3/4) (<80g/L)

Respiratory
Hypoxia (SaO2 <90%)
Dyspnoea
Cough
Pleural effusion
Gastrointestinal
Nausea
Vomiting
Decreased appetite
Hepatic
Increased serum ALT, AST
Increased serum bilirubin levels
Renal
Increased serum creatinine levels
Oliguria
Heart
Tachycardia
Arrhythmia

Coagulopathy

Neurological
Encephalopathy
Confused state
Dizziness
Aphasia
Somnolence

Neutropenia (grade 3/4) (<I*1079/L)

Thrombocytopenia (grade 3/4) (<50%1079/L)

Systolic blood pressure <90 mm Hg

Disseminated intravascular coagulation

3/7 (42.86%)
2/7 (28.57%)
2/7 (28.57%)

1/7 (14.29%)
0/7 (0%)

2/7 (28.57%)
2/7 (28.57%)

3/7 (42.86%)
1/7 (14.29%)
117 (14.29%)

27 (28.57%)
117 (14.29%)

0/7 (0%)
27 (28.57%)

2/7 (28.57%)
0/7 (0%)
0/7 (0%)

0/7 (0%)

0/7 (0%)
0/7 (0%)
0/7 (0%)
0/7 (0%)
1/7 (14.29%)

6/6 (100%)
5/6 (83.33%)
6/6 (100%)

2/6 (33.33%)
416 (66.67%)
3/6 (50%)
3/6 (50%)

416 (66.67%)
2/6 (33.33%)
3/6 (50%)

416 (66.67%)
2/6 (33.33%)

3/6 (50%)
3/6 (50%)

416 (66.67%)
3/6 (50%)
2/6 (33.33%)

116 (16.67%)

0/6 (0%)
0/6 (0%)

416 (66.67%)
0/6 (0%)

3/6 (50%)

1/7 (14.29%)
1/7 (14.29%)
1/7 (14.29%)

0/7 (0%)
0/7 (0%)
0/7 (0%)
0/7 (0%)

1/7 (14.29%)
0/7 (0%)
0/7 (0%)

1/7 (14.29%)
0/7 (0%)

0/7 (0%)
1/7 (14.29%)

0/7 (0%)
0/7 (0%)
0/7 (0%)

0/7 (0%)

0/7 (0%)
0/7 (0%)
0/7 (0%)
0/7 (0%)
0/7 (0%)

2/6 (33.33%)
3/6 (50%)
5/6 (83.33%)

0/6 (0%)
0/6 (0%)

116 (16.67%)
2/6 (33.33%)

116 (16.67%)
0/6 (0%)
116 (16.67%)

2/6 (33.33%)
0/6 (0%)

116 (16.67%)
116 (16.67%)

2/6 (33.33%)
0/6 (0%)
0/6 (0%)

0/6 (0%)

0/6 (0%)
0/6 (0%)
116 (16.67%)
0/6 (0%)
2/6 (33.33%)

Cytokine release syndrome (CRS)

Grade 0 CRS 5/7 (71.43%) 0/6 (0%) 4/7 (57.14%) 0/6 (0%)
Grade | CRS 117 (14.29%) 0/6 (0%) 2/7 (28.57%) 3/6 (50%)
Grade 2CRS 117 (14.29%) 2/6 (33.33%) 117 (14.29%) 2/6 (33.33%)
Grade 3 CRS 0/7 (0%) 2/6 (33.33%) 0/7 (0%) 1/6 (16.67%)
Grade 4 CRS 0/7 (0%) 2/6 (33.33%) 0/7 (0%) 0/6 (0%)
Grade 5 CRS 0/7 (0%) 0/6 (0%) 0/7 (0%) 0/6 (0%)
Immune effector cell associated neurotoxic syndrome (ICANS)
Grade | ICANS 0/7 (0%) 116 (16.67%) 0/7 (0%) 0/6 (0%)
Grade 2 ICANS 0/7 (0%) 116 (16.67%) 0/7 (0%) 0/6 (0%)
(Continued)
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Table 2 (Continued).

Events CD19 CAR-T Therapy CD22 CAR-T Therapy
DLBCL ALL DLBCL ALL
Grade 3 ICANS 0/7 (0%) 0/6 (0%) 0/7 (0%) 0/6 (0%)
Grade 4 ICANS 0/7 (0%) 0/6 (0%) 0/7 (0%) 0/6 (0%)
Grade 5 ICANS 0/7 (0%) 0/6 (0%) 0/7 (0%) 0/6 (0%)

B-ALL patients, but there was no difference in the R/R
DLBCL and R/R B-ALL patients.

The CRS and ICANS as the significant side effects were
treatment-related toxicities of CAR-T cell therapies, which
could be fatal if it was severe or not handled properly."'” In
our study, anti-CD22-CAR T cell therapy was more effec-
tive than anti-CD19-CAR T cell therapy in more patients.
But the CRS was 1-2 grades in anti-CD22-CAR T cell
therapy, while the CRS was 2-4 grades in anti-CD19-
CAR T cell therapy. There was no ICANS occurred in the
anti-CD22-CAR T cell therapy, but it occurred in the anti-
CD19-CAR T cell therapy in two patients. It was consistent
with previous studies.'*'%*!*? Hematological toxicity was
more significant in anti-CD19-CAR T cell therapy than that
of in anti-CD22-CAR T cell therapy. The anti-CD22-CAR
T cell therapy showed effective anti-tumor activity as

>

w

a salvage therapy with controllable toxicity. Another aspect
is whether it could be used as an option for high-risk
patients with ICANS in CAR-T cell therapies to R/R
B-ALL patients. The number of cases in this study is
relatively small, we need to expand the number of R/R
DLBCL or B-ALL patients and continue to observe.

The cause of relapse again after the anti-CD22-CAR
T cell therapy is unknown at present. A study reported that
R/R B-ALL patients who were poor efficacy to anti-CD19-
CAR T cell therapy might relapse again after their anti-CD22-
CAR T cell therapy.® Another study demonstrated that the
anti-CD22-CAR T cell therapy is highly effective in R/R
B-ALL patients who had received prior anti-CD19-CAR
T cell therapy might still face a high rate of recurrence.'? In
our study, the anti-CD22-CAR T cell salvage therapy was not
effective in such R/R B-ALLpatients. But we found that the
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Figure 5 Grades of CRS, ICANS and hematological toxicity in the two kinds of CAR-T cell therapy. (A). There was no different of the CRS grades in the two kinds of
therapy. (B). There was no different of the ICANS grades in the two kinds of therapy. (C-E). There was no different of the hematological toxicity grades in the two kinds of

therapies.
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Figure 6 The serum levels of IL-6, IL-2R, IL-8 and TNF-a in anti-CD19-CART cell and anti-CD22-CART cell therapy. (A). The serum levels of IL-6 in anti-CD9-CAR T cell
therapy. (B). The serum levels of IL-8 in anti-CD19-CAR T cell therapy. (C). The serum levels of IL-2R in anti-CD19-CAR T cell therapy. (D). The serum levels of TNF-a in
anti-CD19-CART cell therapy. (E). The serum levels of IL-6 in anti-CD22-CART cell therapy. (F). The serum levels of IL-8 in anti-CD22-CART cell therapy. (G). The serum
levels of IL-2R in anti-CD22-CAR T cell therapy. (H). The serum levels of TNF-a in anti-CD22-CAR T cell therapy.
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anti-CD22-CAR T cell therapy is highly effective in R/R
DLBCL patients who failed in anti-CD19-CAR T cell therapy
before. The anti-CD22-CAR T cell salvage therapy is more
effective in R/R DLBCL patients than that in R/R B-ALL
patients. Further clinical observation is needed in the future.

How to maintain remission status is a challenge after
CAR-T cell therapy in R/R DLBCL and B-ALL, espe-
cially in patients who could not receive bridging hemato-
poietic stem cell transplantation.® Some studies®'>*-*77
suggested that CAR-T cell therapy targeting both CD19
and CD22 might reduce tumor escape and might achieve
more lasting remission than targeting a single CD19 or
CD22antigen. But not all R/R DLBCL and R/R B-ALL
patients could receive a two-target of anti-CD19-CAR and
anti-CD22-CAR T cell therapy. Our results could suggest
that R/R DLBCL patients rather than R/R B-ALL patients
might benefit from the anti-CD22-CAR T cell salvage
therapy. Of course, a larger number of patients need to
be enrolled in order to confirm these conclusions.

Conclusion

We found that the anti-CD22-CAR T cell salvage therapy
is highly effective in R/R DLBCL patients than in R/R
B-ALL patients who failed in anti-CD19-CAR T cell ther-
apy before. The anti-CD22-CAR T cell therapy showed
effective anti-tumor activity as a salvage therapy with
controllable toxicity. We need to expand the number of
R/R DLBCL or B-ALL patients and continue to observe.
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ALL, acute lymphoid leukemia; AEs, adverse events.Anti-
CD22-CAR, anti-CD22 chimeric antigen receptor; CAR,
chimeric antigen receptor; CRS, cytokine release syn-
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count recovery; DLBCL, diffuse large B-cell lymphoma,;
FCM, flow cytometry; HSCT, hematopoietic stem cell
transplant; ICANS, Immune effector cell associated neu-
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Hodgkin’s lymphoma; NR, no remission; OS, the overall
survival; ORR, overall response rate; PD, progression of
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disease; TNF-a, tumor necrosis factor-a.
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