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Primary endpoint: DFS

24 Months 36 Months

Estimate (95%CI) 70% (63%, 77%)* 63% (56%, 71%)

* Primary objective reached

Median follow-up: 38.7 months (2.2 - 64.2)

Bassan R et al.: EHA 2022 Vienna; abstr # S113



EFS

EFS by B/T subset EFS by Ph-like signature
(B subset)

OS



DFS by ITT (risk-oriented
therapy)

DFS by MRD responseDFS by HCT (ITT, time-dependent Simon-Makuch plot)

DFS by age group



GIMEMA 2317 study protocol

Bassan R, et al. EHA 2021; Abstract S114 and oral presentation;
ClinicalTrials.gov: NCT03367299.



Outcome according to Ph-like signature

Bassan R, et al. EHA 2021; Abstract S114 and oral presentation.

1-year relapse rate: Ph-like 40.1%
Not Ph-like 3.2%

P=0.0005

Disease-free survival by Ph-like signature Relapse incidence in MRDneg group 
by Ph-like signature



Ph-like ALL

• In 2009, “Ph-like” or “BCR-ABL1-like” ALLs were independently described by the 
Children’s Oncology Group (COG)/St. Jude Children’s Research Hospital1 and the 
Dutch Childhood Oncology Group2 using gene expression profiling
• Ph-like ALL is a subtype of B-cell precursor ALL characterized by a poor outcome 

and a diverse group of genetic alterations that activate cytokine receptor and 
kinase signaling similar to that of BCR-ABL1-positive ALL3. 
• These alterations result in a poor response to standard chemotherapy, with 

response rates similar to those found in BCR-ABL1-positive ALL3

• Over 90% of patients with Ph-like ALL harbor genetic alterations that are 
amenable to treatment with targeted inhibition (TKI therapy)4

1Mullighan CG, Su X, Zhang J, et al; N Engl J Med. 2009;360(5):470-480., 2Den Boer ML, et al. Lancet Oncol. 2009;10(2):125-134, 17;35:975–83. 3 Iacobucci I 
and Mullighan CG.; J Clin Oncol 2017;35: 975-983 4 Roberts K Best Practice & Research: Clinical Haematology, 2018; (31): 351-356, 



BP-ALL subtypes in Adult patients

Frequency of ALL subtypes 
in adult patients

Frequency of Ph-like ALL subtypes 
in adult patients

Roberts, K et al.: J Clin Oncol. 2017 Feb;35(4):394-401



Ph-like ALL: a high-risk subtype in adults
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Figure 2. Clinical outcomes of patients with Ph-like ALL

and B-other ALL. (A) OS, (B) EFS, and (C) remission
duration of Ph-like ALL and B-other ALL.
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No consensus exists regarding the preferred approach to be 
used for the diagnosis of Ph-like ALL 

• Screening for the Ph-like pattern should be adopted in routine clinical 
practice 
• Patients should be informed that current screening methods may miss rare 

gene mutations 
• If the ABL-activating aberration is identified, adding TKI to therapy is 

advised. 
• All patients with identified kinase-activating aberrations should be defined 

as high risk; hence, intensification of chemotherapy, treatment with kinase 
targeting agents and/or antibody-derived novel agents may be considered. 

Avraham Frisch and Yishai Ofran, Haematologica 2019 Volume 104(11):2135-2143 



Screening of newly diagnosed cases of ALL
(our current approach)

CRLF2 expression 
(immunophenotyping)

FISH (break-apart) for CRLF2FISH (break-apart) for ABL1, ABL2, 
PDGFRA, PDGFRB, CSF1R, JAK2, EPOR

Ph-like

JAK mutation 
analysis (NGS)

DNA targeted sequencing/
RNA sequencing*

Consider targeted 
therapy

Ph-like

High
CRLF2

Low
CRLF2

PositiveNegativePositive

*for JAK-STAT sequence mutations (IL7R, SH2B3, JAK1, JAK3,
and TYK2); other kinase alterations (FLT3, NTRK3, PTK2B, and
BLNK); RAS pathway alterations (KRAS, PTPN11, NF1, NRAS, and
CBL)



Current clinical trials of kinase inhibitor therapies for 
children and adults with Ph-like ALL 

clinical trials are now studying nonrandomized addition of dasatinib
to chemotherapy in patients with relapsed or newly diagnosed ABL
class-mutant Ph-like ALL (Table 2). A phase 1/2 study conducted at
MDACC is testing the safety and potential efficacy of dasatinib with
hyper-CVAD (cyclophosphamide, vincristine, doxorubicin, dexa-
methasone) chemotherapy in adolescents and adults with relapsed/
refractory Ph-like ALL and ABL class fusions (NCT02420717);
interim data analysis demonstrated safety of combination therapy
without identified dose-limiting toxicity.71 The potential efficacy of
dasatinib and postinduction chemotherapy in children and AYAs
with de novo ABL class-mutant Ph-like ALL has been studied
descriptively on arms of the phase 3 COG AALL1131
(NCT01406756) and the SJCRH Total XVII (NCT03117751) trials,
with comparison with historic control data from Ph-like patients
treated with chemotherapy alone. These up-front TKI addition
approaches aim to decrease relapse risk and to improve overall
survival in children and AYAs with Ph-like ALL, as has been
observed in patients with Ph1 ALL treated with imatinib or dasatinib.
Although anecdotal case reports have described responses of
patients with ABL class Ph-like ALL to imatinib or dasatinib,8,68,69

results from these larger clinical trials are not yet known.

CRLF2 rearrangements and other JAK
pathway alterations

Preclinical studies have also shown appreciable activity of JAK
inhibitors in vitro and in vivo in CRLF2-R and other JAK pathway-
mutant Ph-like ALL cell lines and patient-derived xenograft
models.16-18,72-74 Although several JAK inhibitors have been
studied in patients with autoimmune diseases and hematologic
malignancies,75,76 ruxolitinib (a selective JAK1/JAK2 inhibitor77) has
been most widely studied in ALL. Ruxolitinib is approved by the
US Food and Drug Administration and European Medicines Agency
for treatment of adults with myelofibrosis and polycythemia vera
(usually harboring somatic JAK2 V617F mutations), but it is not
approved for use in children or in patients with acute leukemias.
The COG ADVL1011 phase 1 trial established the safety and
recommended phase 2 dose of ruxolitinib in pediatric patients
(1-21 years of age) with relapsed/refractory solid tumors and
hematologic malignances. A maximally tolerated dose of ruxolitinib
and major dose-limiting toxicities were not identified in this study.78

The aforementioned MDACC Ph-like ALL phase 1/2 trial
(NCT02420717) also tested low-dose ruxolitinib with hyper-
CVAD chemotherapy for adolescents and adults with relapsed/
refractory CRLF2-R/JAK-mutant ALL. Combination therapy was
well tolerated, but limited efficacy was observed.71 Similar to the
AALL1131 dasatinib arm for patients with ABL class alterations, the
COG is also testing the safety and efficacy of ruxolitinib addition to

chemotherapy in children and AYAs with newly diagnosed Ph-like ALL
and CRLF2 rearrangements or other JAK pathway alterations via the
single-arm AALL1521 phase 2 trial (NCT02723994). Patients are
stratified into 4 cohorts by Ph-like genetic alterations (CRLF2-R,
CRLF2-R with JAK mutation, other JAK pathway lesions) and by end-
induction minimal residual disease status ($0.01 or ,0.01% by flow
cytometry) to allow for the more precise study of potential efficacy
differences among these subgroups. Safety data for ruxolitinib with
postinduction chemotherapy from part 1 of this trial were recently
reported, and no dose-limiting toxicity of combination therapy was
identified.79 Part 2 of AALL1521 is currently assessing the efficacy of
ruxolitinib with chemotherapy and will compare outcomes with those
of patients treated with chemotherapy alone on the prior COG
AALL0232 phase 3 trial (NCT00075725).80 The SJCRH Total XVII trial
is also assessing the safety and potential efficacy of ruxolitinib with
chemotherapy in children with de novoCRLF2-R/JAK pathway–mutant
Ph-like ALL (NCT03117751). Finally, a recently opened phase 1 trial
at the University of Chicago and other institutions (NCT03571321) is
studying ruxolitinib in combination with the pediatric-inspired CALBG
10403 chemotherapy regimen (NCT00558519)81,82 specifically in
AYA patients (18-39 years of age) with newly diagnosed Ph-like ALL
with a planned phase 2 expansion if safety is demonstrated.

Conclusions and
diagnostic recommendations
Ph-like ALL is a common leukemia subtype in children and adults that
is associated with high rates of chemotherapy resistance and relapse.
Historically, clinical diagnosis of patients with Ph-like ALL has proven
quite challenging given the now-known significant genetic heteroge-
neity of associated kinase fusions that are often cytogenetically
cryptic and that previously required lengthy step-wise and costly
testing that, nonetheless, failed to identify many lesions. Sophis-
ticated RNA-based testing platforms (many of which are far more
capable of new fusion partner discovery) that are now widely
clinically available have appreciably facilitated identification of
patients with Ph-like ALL and their specific leukemia-associated
fusions, but these approaches require several weeks for data
resulting. Instead, routine clinical FISH testing with the use of new
ABL1, ABL2, CRLF2, JAK2, and PDGFRB probes and flow
cytometric immunophenotyping for increased TSLPR surface
expression may provide early suspicion for Ph-like ALL in relevant
patients. Such approaches could be used for early intervention
with appropriate TKI addition to chemotherapy while awaiting
specific Ph-like ALL molecular analysis by more detailed testing.

Based upon these scientific and clinical advances, we propose
a practical, cost-effective, and time-efficient clinical algorithm to
identify patients with Ph-like ALL (Figure 3). All pediatric patients

Table 2. Current clinical trials of kinase inhibitor therapies for children and adults with Ph-like ALL

Ph-like alteration Kinase inhibitor Disease status Age, y Clinical trial Trial phase

ABL class Dasatinib Newly diagnosed 1-30 NCT01406756 (COG AALL1131) 3 (dasatinib subarm)

Dasatinib Newly diagnosed 1-18 NCT03117751 (SJCRH Total XVII) 3 (dasatinib subarm)

Dasatinib Relapsed $10 NCT02420717 (MDACC) 1/2

CRLF2/JAK pathway Ruxolitinib Newly diagnosed 1-21 NCT02723994 (COG AALL1521) 2

Ruxolitinib Newly diagnosed 1-18 NCT03117751 (SJCRH Total XVII) 3 (ruxolitinib subarm)

Ruxolitinib Newly diagnosed 18-39 NCT03571321 1 (planned phase 2 expansion)

Ruxolitinib Relapsed $10 NCT02420717 (MDACC) 1/2
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Outcomes of allogeneic hematopoietic cell transplantation in 
adults with fusions associated with Ph-like ALL

Aldoss I et al:, Blood Adv, 13 September 2022 • Volume 6, Number 17, 4936-4948
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Figure 2. Genomic classification. (A) Flow diagram of the final comprehensive genomic classification. (B) Pie chart showing the frequency of genomic alterations in
adults with Ph-like ALL.
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administered prior to transplant (any time during the course of ALL)
in 47%, 15%, and 5% of patients, respectively. Pretransplant MRD
assessment by multicolor flow cytometry at the reference laboratory
(University of Washington) was available for 89 (70%) patients,
among whom 78 (85%) were MRD-negative (defined as , 0.01%
blast) and 13 (15%) were MRD-positive. Transplant conditioning
regimen was myeloablative in 69% (n 5 87), and all were total
body irradiation–based. Three patients received nonmyeloablative
conditioning regimen with fludarabine, cyclophosphamide, and a sin-
gle dose of radiation. Fludarabine/melphalan-based conditioning reg-
imen was used in all patients who received reduced intensity
conditioning (RIC) except for 1, who received clofarabine and mel-
phalan. Stem cell graft was mobilized peripheral blood stem cells in
most patients (95%; n 5 121). Donors were matched sibling
(32%), matched unrelated (29%), mismatched unrelated (13%),
haploidentical (23%), or cord blood (2%). Patient and transplant
characteristics are detailed in Table 1.

Ph-like genetic classification

Among the 127 cases of Ph-negative B-ALL, fusions associated
with Ph-like ALL were identified in 56 (44.1%) patients, of whom
38 (67.9%) were carrying CRLF2r and 18 (32.1%) were non-
CRLF2r. Among Ph-like CRLF2r cases, IGH-CRLF2 and P2Y8R-
CRLF2 rearrangements were detected in 31 and 7 patients,
respectively. Among the 18 patients with non-CRLF2r Ph-like ALL,
ABL class fusions (n 5 7; 5 had ABL1 and 2 had ABL2), JAK2
fusion (n 5 5), and EPOR fusion (n 5 6) were detected (Figure 2).

Comparing patient and disease characteristics
between Ph-like and non–Ph-like ALL

Table 1 compares patients and transplant characteristics based on
Ph-like ALL fusion status. Briefly, patients with fusions associated
with Ph-like ALL (n 5 56) were more frequently Hispanic (82% vs
62%; P 5 .008), less likely harbored high-risk cytogenetics (5% vs
37%; P , .001), more frequently received pretransplant blinatumo-
mab (59% vs 38%; P 5 .019), and more likely required .1 regi-
men to achieve CR1 (59% vs 30%; P 5 .009) compared with
other patients with Ph-negative B-cell ALL.

We did not detect any significant difference between patients with
and without Ph-like ALL fusions in regard to age (P 5 .12), disease
status (CR1 vs CR2/3; P 5 .89), or MRD clearance at the time of
transplant (negative vs positive; P 5 .12), median WBC at diagno-
sis (P 5 .45), donor type (match related/unrelated vs mismatch vs
haplo vs cord blood; P 5 .86), conditioning regimen intensity (mye-
loablative vs nonmyeloablative/reduced intensity; P 5 .89), GVHD
prophylaxis (tacrolimus/sirolimus-based vs PTCy-based; P 5 .64),
Karnofsky Performance Status (KPS; P 5 .53), or HCT comorbidity
index (0 vs 1-2 vs .2; P 5 .10).

Survival outcomes
With the median follow-up of 3.5 years (range, 1-15.0), 3-year post-
transplant RFS and OS were 43% (95% CI, 33%-52%) and 50%
(95% CI, 40%-59%), respectively, for the whole cohort (Figure 3A).
Patients with fusions associated with Ph-like ALL had comparable
posttransplant RFS (Hazard ratio [HR] 5 1.24; 95% CI, 0.78-1.98;
P 5 .36) and OS (HR 5 1.14; 95% CI, 0.69-1.88; P 5 .59) to
other B-cell ALL (Figure 3B-C). By multivariable analysis, transplant
in CR2/CR3 (HR 5 2.21; 95% CI, 1.38-3.53; P , .001) and using
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Figure 3. Kaplan-Meier curves for survival outcomes at 3 years after HCT. (A)

OS and RFS for all patients. (B) Comparison of RFS in patients with and without
Ph-like ALL. (C) Comparison of OS in patients with and without Ph-like ALL.
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RIC/nonmyeloablative conditioning regimens (HR 5 1.84; 95% CI,
1.13-2.98; P 5 .014) were associated with lower 3-year RFS.
Ph-like fusions status (P 5 .32), age (P 5 .12), recipient gender
(P 5 .26), cytogenetic risk (P 5 .49), MRD status at the time of
HCT (P 5 .95), donor type (P 5 .11), and KPS (P 5 .32) did not
influence the RFS.

Age $40 at transplant (HR 5 1.83; 95% CI, 1.08-3.08; P 5 .023)
and transplant in CR2/CR3 (HR 5 2.54; 95% CI, 1.53-4.20;
P , .001) were independently associated with inferior OS, while
transplant from match-unrelated donor (HR 5 0.46; 95% CI, 0.22-
0.95; P 5 .015) was associated with a better OS. There was
a trend toward inferior OS in patients with lower KPS (#70%)
(HR 5 1.99; 95% CI, 1.00-3.99; P 5 .051). OS was not
significantly impacted by Ph-like status (P 5 .72), recipient gender
(P 5 .50), cytogenetics risk (P 5 .56), MRD status (P 5 .74),
or conditioning regimen intensity (P 5 .31). Table 2 illustrate
univariable and multivariable analyzes for OS and RFS.

Relapse, nonrelapse mortality, and GVHD outcomes
The 3-year CIR and NRM were 33% (95% CI, 25%-42%) and
24% (95% CI, 17%-32%), respectively; for the whole cohort (Fig-
ure 4A). By multivariable analysis, transplant in CR2/3 (HR 5 1.97;
95% CI, 1.07-3.61; P 5 .028) and receiving RIC/nonmyeloablative
regimens (HR 5 2.09; 95% CI, 1.08-4.02; P 5 .028) were associ-
ated with increased CIR, whereas carrying Ph-like fusions had no
impact on the risk of relapse (HR 5 1.43; 95% CI, 0.79-2.61; P 5
.24) (Figure 4B) or NRM (HR 5 1.01; 95% CI, 0.48-2.11; P 5
.99) (Figure 4C). Low KPS (#70%) (HR5 5.28; 95% CI, 2.29-
12.13; P , .001) and transplant from mismatch-unrelated donor
(HR 5 3.60; 95% CI, 1.20-10.83; P 5 .019) predicted higher
NRM after transplant. Lower KPS was associated with lower CIR
(P 5 .035), but this is likely the result of competing risk with
increased NRM in these patients (P , .001). Table 3 shows univari-
able and multivariable analyses for CIR and NRM.

When analysis was restricted to patients transplanted in CR1
(n 5 78), patients with fusions associated with Ph-like ALL had
comparable RFS (HR 5 1.17; 95% CI, 0.62-2.23; P 5 .63), OS
(HR 5 1.02; 95% CI, 0.49-2.10; P 5 .96), relapse (HR 5 1.00;
95% CI, 0.45-2.25; P 5 .96), and NRM (HR 5 1.29; 95% CI,
0.48-3.47; P 5 .59) compared with other patients with Ph-negative
B-ALL (supplemental Figure 1A-D). When we restricted our analysis
to patients with Ph-like fusions, only (n 5 56) patients with CRLF2r
had comparable RFS (HR 5 1.27; 95% CI, 0.60-2.70; P 5 .53),
OS (HR 5 1.27; 95% CI, 0.55-2.95; P 5 .57), relapse (HR 5 2.05;
95% CI, 0.80-5.26; P 5 .12), and NRM (HR 5 0.54; 95% CI,
0.19-1.56; P 5 .37) compared with non-CRLF2r patients.
Relapse rate at 3 years after HCT was 44% in CRLF2r patients
and 23% in non-CRLF2r patients; however, the difference in
relapse rate was not statistically significant (P 5 .12) (supplemental
Figure 2A-D). No difference was observed in OS (P 5 .78) or RFS
(P 5 .46) when other B-cell ALL cases were separated into stan-
dard- and high-risk cytogenetics and compared with Ph-like ALL
cases (supplemental Figure 3A-B).

Grade II-IV and III-IV acute GVHD was diagnosed in 47% and
16%, respectively. One-year any-grade and extensive chronic
GVHD were observed in 48% and 42%, respectively (supplemental
Figure 4A-B).
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Figure 4. Kaplan-Meier curves. (A) Relapse and NRM for all patients. (B)

Comparison of relapse in patients with and without Ph-like ALL. (C) Comparison of
NRM in patients with and without Ph-like ALL.
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The role of conditioning regimen: the pediatric trial in high 

Peters C et al. Journal of Clinical Oncology 2021 39295-307



Blinatumomab maintenance after allogeneic hematopoietic cell 
transplantation for B-lineage ALL

ALL, acute lymphoblastic leukemia; MRD, minimal residual disease; HCT, hematopoietic stem cell transplantation; HR, high-risk; PFS, progression free survival; OS, 
overall survival; NRM, non relapse mortality
Gaballa M, et al. Blood 2022 Mar 24;139(12):1908-1919 . 

§ 12/ 23 pts (57%) completed all 4 cycles (17 pts were alive at the end of the 
study; 6 pts relapsed)

§ With a median follow up of 14 3 months, the 1year OS, PFS, and non 
relapse mortality rates were 85%, 71% and 0%. CIR,29%

§ The cumulative incidence of acute GVHD grades 2 to 4 and 3 to 4 were 
33% and 5%, respectively; 2 cases of mild (10%) and 1 case of moderate 
(5%) chronic GVHD were noted

§ In a matched analysis with a contemporary cohort of 57 patients, no 
significant difference between groups regarding blinatumomab’s efficacy

§ Responders had greater numbers of CD3, CD4, CD160 T cells compared 
with non responders. In addition, responders had higher levels of CD8 T 
cells after therapy

§ Blinatumomab is safe and feasible for use in B-ALL after allogeneic HCT

§ The composition of a patient’s T-cell subsets at the time of treatment is
indicative of whether they will respond to blinatumomab

MAIN RESULTS



CAR-T cells in BP-ALL: where do we 
stand in adults?



Disease Burden Affects Outcomes in Pediatric and Young Adult B-Cell Lymphoblastic 
Leukemia  After Commercial Tisagenlecleucel: A Pediatric  Real-World Chimeric 

Antigen Receptor Consortium Report 

Thirty-eight percent (69 of 183) and 39% (72 of 183) received
lymphodepletion and tisagenlecleucel in the outpatient set-
ting, respectively. Four patients had infusion reactions in-
cluding two with anaphylaxis (Data Supplement). CRS
classification as per ASTCT guidelines demonstrates overall
and$ grade 3 CRS rates of 63% (116 of 183) and 21% (39 of
183), respectively, with one CRS-attributed death (Table 2).
The median CRS onset time was 5 days (0-14 days) with a
median duration of 4 days (range, 1-42). Hemophagocytic
lymphohistiocytosis was reported in one patient and was
managed using anakinra, dexamethasone, and etoposide.

Overall and $ grade 3 neurotoxicity were reported in 21%
(38 of 179) and 7% (12 of 179) of patients, respectively
(Table 2). One patient had cerebral edema that resolved
without neurologic sequelae. A singular neurotoxicity-

related death was reported with fatal cerebral hemorrhage
in context of coagulopathy, CRS, and pretisagenlecleucel
stroke. The median neurotoxicity onset was 6 days (range 3-
25) post-tisagenlecleucel, with a median duration of 5 days
(range 1-203 days; outlier because of prolonged facial
palsy). Prior CNS3 disease did not associate with increased
neurotoxicity frequency or severity (Data Supplement).

Eighty-two percent (151 of 184) of overall cohort had CAR-
related hospital admissions before d28 with a median in-
patient days of 14.5 (range 1-75), and 31% (57 of 184)
were admitted to the pediatric intensive care unit with a
median duration of 6 days (range 1-33). Details of tocili-
zumab, steroids, and vasopressor administration are re-
ported in Table 2. Alternative therapies included anakinra
(n 5 3) and siltuximab (n 5 1).
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FIG 4. (A) OS, (B) EFS, (C) DOR, and (D) DBA outcomes stratified by disease burden. OS and EFS estimates in all infused patients with measurable
disease burden. DOR andDBA estimates in patients who achievedmorphologic remisson. (E) Disease burden stratification and day 28 CR rate. BM, bone
marrow; CR, complete response; DBA, duration of B-cell aplasia; DOR, duration of remission; EFS, event-free survival; EM, extramedullary; HB, high-
disease burden; LB, low-disease burden; MRD, minimal residual disease; OS, overall survival; UD, undetectable disease. (continued on following page)
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demonstrate cumulative incidence of death, RR B-ALL
and/or myelodysplastic syndrome, and HSCT as competing
events (Data Supplement).

Both univariate (Data Supplement) andmultivariate analyses
(Fig 3, Data Supplement) implicate baseline disease burden
as strongly associating with outcomes. The HB cohort had
decreased morphologic CR rate of 73% (95% CI, 63 to 81),
as compared with 98% (95%CI, 87 to 100) in LB and 100%
(95% CI, 92 to 100) in UD (P , .0001). OS, EFS, and DOR
were lower among patients with HB at 6 and 12 months (Fig
4). Importantly, 12-month OS and EFS were 58% and 31%
inHB, respectively, as compared with 85%OSand 70%EFS
in LB and 95% OS and 72% EFS in UD (P , .0001 for OS
and EFS). Analysis is limited to patients with baseline disease
evaluation , 3 weeks pretisagenlecleucel, and no interval
bridging therapy validates inferior HB outcomes (Data

Supplement). Multivariate analysis additionally associates
age 3-10 years at diagnosis (P 5 .006) and increased time
from diagnosis to infusion (P, .001) with improved OS and
expectedly associates increased prior therapy lines
(P 5 .022) and relapses (P 5 .005) with decreased OS.
Expanded univariate analysis is shown in the Data Sup-
plement. Prior HSCT associates with improved OS on
multivariate analysis (P 5 .019), but univariate analysis did
not associate prior HSCT or CD19-directed therapy with
survival outcomes, DOR, or DBA (Data Supplement). Among
35 patients who underwent leukapheresis while in remis-
sion, improved EFS is seen compared with patients collected
with active disease (Data Supplement).

Safety

Among 185 patients treated with tisagenlecleucel, d28
safety was evaluable in 183 (incomplete data; n 5 2).
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FIG 3. Association of baseline characteristics with OS in a multivariate analysis of tisagenlecleucel recipients. AIC, akaike information criterion;
HSCT, hematopoietic stem cell transplantation; OS, overall survival.
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CHIMERIC ANTIGEN RECEPTOR T-CELL THERAPY 
IN ADULTS WITH B-CELL ACUTE LYMPHOBLASTIC LEUKEMIA

Punita Grover	et	al.	Blood	Adv,	2022



KTE-X19 for relapsed or refractory adult B-cell ALL: phase 2 results of the 
single-arm, open-label, multicentre ZUMA-3 study

Shah BD Lancet 2021; 398: 491–502

• The median age of treated patients was 40 years
• 71% had complete remission
• median duration of remission was 12·8 months
• median RFS was 11·6 months
• median OS was 18·2 months

Among responders
• the median OS was not reached
• 97% had MRD negativity
• 10 patients (18%) received allo-SCT after KTE-X19

• The most common adverse events of grade 3 or
higher were anaemia (49%) and pyrexia (36%)

• Two grade 5 events occurred (brain herniation and
septic shock)
• CRS of grade 3 or higher occurred in 24% and
neurological events of grade 3 or higher occurred in
25%



Durable Responses and Low Toxicity After Fast Off-Rate CD19 Chimeric Antigen 
Receptor-T Therapy in Adults With Relapsed or Refractory B-Cell ALL

Roddie C et al.: Journal of Clinical Oncology 39:3352-3363. 2021 

negative by 1-2 markers with a quantitative assay range of
1 3 1024. Where a molecular marker was not available,
MRD-negative CR was defined as BM blasts # 0.01% by
multiparametric flow cytometry.

Statistical Analysis

Details of statistical analysis are described in the Data
Supplement.

RESULTS

Patient and Disease Characteristics

Of 26 patients registered, 25 were enrolled. One registered
patient did not proceed to enrollment because of rapid
disease progression. Of the 25 enrolled patients, 24 had
apheresate with adequate CD31 T cells for CAR-T man-
ufacture and generated an autologous CAR-T product,
which met predetermined release criteria. Four of 24 pa-
tients were not infused. One of four developed CD19-
negative relapse following blinatumomab bridging; one of
four developed graft-versus-host disease (GVHD), and two
of four died from infection in the context of progressive
refractory B-ALL (Fig 1B).

Patient demographics for the 20 infused patients are
summarized in Table 1. The median age was 41.5 years
(range, 18-62 years). 75% of patients had an abnormal
disease karyotype, and 30% had Ph1 disease. Patients
had received a median of three previous lines (range, 2-6)
including blinatumomab in 25%, inotuzumab ozogamicin
(IO) in 50%, and allo-SCT in 65%. No patients had previous
CAR-T therapy, and no patients had CNS involvement. All
Ph1 patients received$ 2 tyrosine kinase inhibitors before
LD (imatinib 6/6, ponatinib 6/6, and dasatinib 1/6; Data
Supplement) and were either relapsed or refractory (4 of 6)
or intolerant (2 of 6) to last-line tyrosine kinase inhibitor. The
median observed follow-up on all 20 patients from first
infusion was 21.7 months (range, 0.6-33.9 months). De-
tailed demographic information for all registered patients is
given in the Data Supplement.

CAR T-Cell Manufacturing

Two processes were used for CAR-T manufacture (details
are given in the Data Supplement), and all products met
release criteria (Data Supplement). Six products were
manufactured using process A, and all were infused.
Eighteen were manufactured using process B, and 14 of
18 were infused. A target cell dose of 410 3 106 CAR-
T cells was achieved in 22 of 24 products (5 of 6, process
A; 17 of 18, process B). The median CD3 viability was
99.6% (range, 80.9%-99.9%) at cryopreservation for all
manufactured products. The mean CD4/8 ratio was 3.56.
The mean transduction efficiency was 66% with a mean
stem-cell memory or naive T-cell population of 13.4% and
a central memory T-cell compartment of 28.7%. Indi-
vidual product details are outlined in the Data
Supplement.

Baseline Disease Burden and Bridging Treatment

The median disease burden for all infused patients was
43% blasts at registration (range MRD level disease to 98%
blasts), and 18 of 20 (90%) received bridging therapy
(Data Supplement). Thirteen of 20 received vincristine/
corticosteroid; 3 of 20 received ponatinib; 3 of 20

TABLE 1. Patient Demographics on the ALLCAR19 Study
Baseline Characteristic n 5 20

Sex, No. (%)

Female 7 (35)

Male 13 (65)

Median age, years (range) 41.5 (18-62)

Chromosomal or molecular status, No. (%)

Ph1 (bcr-abl) 6 (30)

MLL 1 (5)

Others 8 (40)

Normal 4 (20)

Failed 1 (5)

Previous treatment

Median previous lines (range) 3 (2-6)

Inotuzumab ozogamicin exposure, No. (%) 10 (50)

Blinatumomab exposure, No. (%) 5 (25)

Previous allo-SCT, No. (%) 13 (65)

Sibling donor, No. (%) 4 (20)

Matched-unrelated donor, No. (%) 8 (40)

Haploidentical donor, No. (%) 1 (5)

T-cell chimerism at enrollment, No. (n 5 13)

$ 95% donor 8 of 13

, 95% donor 5 of 13

Marrow burden before lymphodepletion, No. (%)

# 5% blasts 7 (35)

5%-49% blasts 4 (20)

$ 50% blasts 9 (45)

CNS disease status at registration, No. (%)

I 0 (0)

II-III 0 (0)

Other extra-nodal sites,a No. (%) 3 (15)

Karnofsky performance status, No. (%)

100 4 (20)

90 4 (20)

80 5 (25)

70 6 (30)

60 1 (5)

Abbreviations: allo-SCT; allogeneic stem-cell transplantation; MLL,
mixed-lineage leukemia.

aExtranodal sites include liver, lymph nodes, and spleen.
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Adverse Events (version 4.03). CRS and ICANS were
graded by the American Society for Transplantation and
Cellular Therapy criteria.8

Response Assessment
Morphologic complete response (CR) was defined as# 5%
BM blasts. Minimal residual disease (MRD) was defined as

ALLCAR19 (NCT02935257) 

Cy 60 mg/kg 

Registration

Leucapheresis or enrollment

Preconditioning

CAT CAR infusion  First disease
assessment

Day -6

Day 28

Flu 30mg/m2

Day 9

Bridging therapy as
necessary

CAT CAR manufacturing

Safety and efficacy
Follow-up

EoS

BM blasts ! 20% Day 0
Infuse 100 × 106 CD19 CAR T cells

Day 9
Infuse 310 × 106 CD19 CAR T cells

BM blasts " 20% Day 0
Infuse 10 × 106 CD19 CAR T cells

Day 9
Infuse 400 × 106 CD19 CAR T cells

No G3-5 CRS/ICANS

Day 0

A

Registered
(N = 26)

Enrolled or apheresed
(n = 25)

Ineligible to receive CAR T
(n = 4)

Received CAR T
(n = 20)

Manufactured
(n = 24)

B

Progressed preharvest
(n = 1)

Failed harvest
(n = 1)

FIG 1. ALLCAR19 study design and recruitment. (A) ALLCAR19 trial schema. Red circles with a pink rim symbolize patients with both# 20% and. 20%
blasts infused with CAR-T on day 0 and again on day 9. The small pink rectangles indicate the number of fludarabine doses administered (3 doses; 30mg/
m2) and the small red rectangle indicates a single dose of cyclophosphamide (60 mg/kg) was administered. (B) Flow diagram of patients on ALLCAR19.
BM, bone marrow; CAR, chimeric antigen receptor; CRS, cytokine release syndrome; EoS, end of study; ICANS, immune effector cell–associated
neurotoxicity syndrome.
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Durable Responses and Low Toxicity After Fast Off-Rate CD19 Chimeric Antigen 
Receptor-T Therapy in Adults With Relapsed or Refractory B-Cell ALL

Roddie C et al.: Journal of Clinical Oncology 39:3352-3363. 2021 

clinical efficacy (overall response rates, progression-free
survival, EFS, OS, proportion of patients achieving MRD-
negative CR, incidence of CD19-negative relapse, propor-
tion of CR/CRi (CR and incomplete count recovery) without
additional therapy, including allo-SCT), in addition to

expansion of the safety data set and manufacturing success
rates. Parallel translational end points are designed to doc-
ument expansion and persistence of AUTO1 in the PB and
BM with the overall aim of establishing AUTO1 as a definitive
stand-alone therapy for patients with relapsed disease.
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FIG 4. Response rates and survival on ALLCAR19. (A) Swimmers’ plot showing responses of individual patients infused with AUTO1, duration of
response, and nature of relapse and deaths; the median follow-up was 21.7 months; (B) EFS by morphologic (morph. only) and by morphologic
and/or molecular relapse (morph. or mol.), defined as time from date of infusion to date of either morphologic relapse (or molecular relapse) or all-
cause mortality, whichever occurred first. Patients were censored at date of last observed follow-up or date of allo-SCT received; (C) Kaplan-Meier
plot of OS in all infused patients. For patients still on study and in follow-up, date of data cutoff (February 26, 2021) was used as the date they were
last observed for OS and EFS analyses. allo-SCT, allogeneic stem-cell transplantation; CR, complete response; EFS, event-free survival; MRD,
minimal residual disease; OS, overall survival; PCR, polymerase chain reaction.
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clinical efficacy (overall response rates, progression-free
survival, EFS, OS, proportion of patients achieving MRD-
negative CR, incidence of CD19-negative relapse, propor-
tion of CR/CRi (CR and incomplete count recovery) without
additional therapy, including allo-SCT), in addition to

expansion of the safety data set and manufacturing success
rates. Parallel translational end points are designed to doc-
ument expansion and persistence of AUTO1 in the PB and
BM with the overall aim of establishing AUTO1 as a definitive
stand-alone therapy for patients with relapsed disease.

Duration (months)

Pa
tie

nt
 ID

30 6 9 12 15 18 21

X12
S85
C51
V69
C17

W74
A33
P70
Y94
C53
V36
X14
D86
S35
P48
P86

24

C87
V57
U89

30 36 

K19

48

*

CD19-negative relapse Not evaluable Ongoing disease Allo-SCT

CD19-negative relapse DeathComplete response MRD-negative CR (PCR or flow) CD19-negative MRD level relapse *

A

0.25

0.50

0.75

1.00

EF
S 

(%
)

20 12 6 5 3Morph. or mol.

20 12 6 5 3Morph. only

No. at risk:

0 6 12 18 24 30

Time (months)

Morph. only

Morph. or mol.

B

0.25

0.50

0.75

1.00

OS
 (%

)

20 13 11 8 5 1

No. at risk:

0 6 12 18 24 30 36

Time (months)

C

FIG 4. Response rates and survival on ALLCAR19. (A) Swimmers’ plot showing responses of individual patients infused with AUTO1, duration of
response, and nature of relapse and deaths; the median follow-up was 21.7 months; (B) EFS by morphologic (morph. only) and by morphologic
and/or molecular relapse (morph. or mol.), defined as time from date of infusion to date of either morphologic relapse (or molecular relapse) or all-
cause mortality, whichever occurred first. Patients were censored at date of last observed follow-up or date of allo-SCT received; (C) Kaplan-Meier
plot of OS in all infused patients. For patients still on study and in follow-up, date of data cutoff (February 26, 2021) was used as the date they were
last observed for OS and EFS analyses. allo-SCT, allogeneic stem-cell transplantation; CR, complete response; EFS, event-free survival; MRD,
minimal residual disease; OS, overall survival; PCR, polymerase chain reaction.

Journal of Clinical Oncology 3361

Low Toxicity and Durable Responses With AUTO1 in Adult R/R B-ALL

Downloaded from ascopubs.org by 51.190.63.210 on October 17, 2021 from 051.190.063.210
Copyright © 2021 American Society of Clinical Oncology. All rights reserved. 



Should we advise an alloHSCT to every patient achieving CR?



Hay, et al. Blood 2019

HCT may improve EFS following CD19 CAR in some 
published studies

Frey, et al. JCO 2020 Jiang, et al. AJH 2019



What’s next in BP-ALL?



Co-administration of CD19- and CD22-Directed CAR-T Cell Therapy 
in Childhood B-Cell ALL: A Single-Arm, Multicenter, Phase II Trial 

Wang T et al.: JCO 2022 DOI https://doi. org/10.1200/JCO.22. 01214 

Results
• Patients registered (N = 232); infused (N= 225); achieving CR (N= 192); 
• Patients consolidated with transplant (N= 78) (due to KMT2A rearrangement, (n = 22), ZNF384 fusion (n = 2),  parent request (n = 54) 
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FIG 2. (A) The EFS for patients treated for hematologic relapse or refractory leukemia with or without censoring consolidative allogeneic
hematopoietic cell transplantation. (B) The OS for patients treated for hematologic relapse or refractory leukemia with or without trans-
plantation. (C) Comparisons of EFS and (D) OS between patients who did or did not receive consolidative allogeneic transplantation after CAR
T-cell therapy. Transplant was regarded as a time-dependent factor; consequently, the initial total number (continued on following page)
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Outcome of chimeric antigen receptor T-cell therapy following 
treatment with inotuzumab ozogamicin in children with R/R ALL

Ceolin V et al.: Leukemia; https://doi.org/10.1038/s41375-022-01740-9

Duration of response after CAR-T Outcome of the entire cohort



Next-day manufacture of a novel anti-CD19 CAR-T therapy for 
B-ALL: first-in-human clinical study

Yang J et al.: Blood Cancer Journal (2022) 12:104 ; https://doi.org/10.1038/s41408-022-00694-6

Clinical outcome



Phase I, open label, multicenter, dose escalation study of YTB323 in adult 
patients with CLL/sLL, DLBCL and ALL

• A first-in-human study to evaluate the feasibility, safety and preliminary antitumor efficacy of 
YTB323, a Novel, Autologous CD19-Directed CAR-T Cell Therapy Manufactured Using the Novel T-
Charge™ Platform

• T-Charge™ minimizes the ex vivo culture time and reduces the manufacturing process time to < 2 
days

• Starting from cryopreserved leukapheresis, T cells are transduced with a lentiviral vector encoding 
for the same CAR used for tisagenlecleucel

• The T-Charge™ platform preserves naive/Tscm cells, leading to potentially higher potency and longer 
persistence
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Pievani et al, Blood, 2011, Pievani et al, Blood, 2011, 
Rambaldi Leukemia 2015, Introna et al, BBMT 2017

Cytokine induced killer cells

Non-viral vector to generate CAR-CIK cells

A non-viral platform to generate allogeneic CAR-T cells



SLEEPING	BEAUTY-ENGINEERED	CARCIK	CELLS	ACHIEVE	ANTI-LEUKEMIC	
ACTIVITY	WITHOUT	SEVERE	TOXICITIES	

Magnani,	J Clin	InvestJ Clin	Invest.	2020;130(11):6021-6033



ID Patient: PUC2002001
Time Point: Day 7 (28/03/2023)

PERIPHERAL BLOOD (PB):
CD3+ = 1041/μL
CAR+ = 37.80% of CD3+ (393.5/μL)
CAR+ SUBSETS:
CD8+ = 93.03% (366.1/μL)
CD4+ = 4.97% (19.3/μL)

Early peak of CAR-CIK19

37.80%



Study profile and baseline characteristics
Patients characteristics: 
• No. of prior lines (median, range): 4(2-8)
• No. of previous alloHSCT, n (%):

‒ 1 (18, 66.6%); 
‒ 2 (9, 33.3%)

• Type of transplant, n (%):
‒ Haplo 10 (37%)
‒ MUD 10 (37%)
‒ Sib 7(26%)

• aGvHD post last tx:  
‒ Grade I and II (n=8, 29%), GIII %(n=1, 4%)

• cGvHD post last Tx: 
‒ Grade I and GII (n=4, 15%); GIII (n=0, 0%)

• BM blasts at the enrollment, median (range): 40 
(0-100)

• Extramedulary disease, n (%): 7 (26%)



CARCIK-CD19 in B-ALL post HSCT: selected adverse event

• no dose limiting toxicity was observed

• CRS and ICANS were observed  in patients treated 
with the highest doses and were manageable

• Although 10 out of 27 had experienced GVHD after 
the previous HSCT, secondary GVHD was never 
observed

• 17 out of 25 patients remained with persistent 
cytopenia at day 28

Events Patients

CRS, n (%)
• Grade 1
• Grade 2
• Grade 3

4 (15%)
5 (19%)
0 (0%)

ICANS, n (%)
Grade 3 2 (7%)

GvHD, n (%)
Grade I-IV 0 (0%)

Infection, n (%)
• Grade 1-2
• Grade ≥ 3

2 (7%)
7 (26%)

Prolonged cytopenia, n (%)
Severe neutropenia, day 28
Severe thrombocytopenia, day 28

7 (32%)
17 (68%)

CRS criteria (Lee et al. Blood. 2014); ICANS, immune-effector cell-associated  neurotoxicity 
syndrome; severe neutropenia <500/mmc; severe thrombocytopenia <50000/mmc



Response data



Main outcomes
Duration of remission Event free survival

Overall survival



CD3+ T cells and CARCIK-CD19 reconstitution
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FT03CARCIK Phase 2: Flow-chart

donor’s peripheral 

if not previous alloHSCT:
autologous apheretic blood 

or if blasts <5%, 
with at least 1% of 
molecular disease 

at PCR 

Second infusion 
after 30 days if: 

blasts ≥ 5% or MRD 
positivity ≥0.01%), or B-
cell recovery (defined 
as 3% of CD19+ cells) 



Conclusions
• Major improvements have been achieved by the National Treatment Program for 

ALL

• Ph-like ALL represents the major problem in the setting of B precursor ALL. 
Although no consensus exists regarding the preferred approach to be used for the 
diagnosis of Ph-like ALL, screening for the Ph-like pattern should be adopted in 
routine clinical practice

• MRD drives the daily clinical practice. Allo HSCT remains mandatory for patients 
not achieving MRD negativity after intensive chemotherapy. 

• Immunotherapy with blinatumomab, Inotuzumab and CAR-T cells are changing 
the treatment landscape of adult ALL



CAR T-Cell Immunotherapy Treating T-ALL: 
Challenges and Opportunities 



Thee major challenges for CAR-T cell therapy in T-ALL

Vaccines 2023, 11, 165 2 of 17

human anti-IL-7R↵ antibody, B12, significantly promoted T-ALL cell death in vitro and
delayed tumor development in vivo [15]. However, IL-7R↵ is also expressed on normal T
cells, causing T-cell depletion, which has impeded applications for the clinical study of this
antibody. One group initiated a phase 1 study to identify a CD3-CD38 bispecific antibody
(XmAb18968) for the treatment of patients with relapsed/refractory T-ALL and the efficacy
is currently under evaluation [16].

Anti-PD-1 or anti-PD-L1 antibodies have achieved remarkable success in the treatment
of solid tumors [17–20] and Hodgkin’s lymphoma [21,22]. However, as malignant T cells
also express PD-1 or PD-L1, checkpoint inhibitors likely block the PD-1 pathway in T-cell
malignancy and could activate tumor progression [23–25]. For example, a recent study
showed that three T-ALL patients experienced rapid progression of disease after a single
dose of nivolumab, which is a PD-1 inhibitor (NCT02631746) [26], and similar results were
also reported in previous studies [27]. Thus, further studies need to be conducted to reveal
the mechanism of immunotherapy and assess the clinical effect of checkpoint inhibitors in
T-cell malignancies.

Chimeric antigen receptor T-cell (CAR T) therapy has achieved great success in re-
lapsed/refractory (R/R) hematologic malignancies [28–30]. The FDA has approved six
CAR T products targeting CD19 for the treatment of R/R diffuse large B-cell lymphoma
(DLBCL) or mantle cell lymphoma (MCL), and two targeting the B-cell maturation antigen
(BCMA) for the treatment of multiple myeloma (MM) [28,31]. However, the loss of specific
antigens, cell fratricide, T-cell aplasia, and tumor cell contamination are challenges in
treating T-cell leukemia with CAR T therapy (Figure 1A–C) [32,33]. Cancer cells that share
the same antigen as sorted T cells in vitro and normal T cells in vivo can cause CAR T cells
to attack each other and normal T cells, resulting in CAR T-cell fratricide and T-cell aplasia.
Furthermore, if tumor cells are mixed and transduced into CAR tumor T cells during
the T-cell sorting process in CAR T cell preparation, product contamination occurs, and
CAR tumor T cells proliferate in vivo, resulting in serious negative consequences. Several
leukemia specifical targets (Figure 2) and different strategies are under investigation to
address these problems [34–37]. Herein, we review the current investigations into CAR T
immunotherapy for T-cell leukemia, including the challenges and opportunities in this field.
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Figure 1. Three major challenges of CAR T therapy. (A) Fratricide: CAR T cells, as they have target 
antigens, kill each other. (B) T-cell aplasia: CAR T cells recognize the antigen, which has expressions 
on both malignant and normal T cells, and then kill the normal T cells. (C). Product contamination: 
tumor T cells are mixed in with sorted T cells and are transduced with CAR. 

 
Figure 2. Different antigens expressed on T-cell malignancies and related targeted immunothera-
pies. Major CAR T-cell therapies for T-cell malignancies are displayed. Each scFv on CAR T cells is 
the same color as the corresponding antigen expressed on hematologic malignant cells. 

2. Fratricide and Promising Strategies 
Fratricide, which is caused by the same antigen being expressed on both leukemia 

cells and CAR T cells, is a core problem in the development of therapies for T-cell 

Figure 1. Three major challenges of CAR T therapy. (A) Fratricide: CAR T cells, as they have target
antigens, kill each other. (B) T-cell aplasia: CAR T cells recognize the antigen, which has expressions
on both malignant and normal T cells, and then kill the normal T cells. (C). Product contamination:
tumor T cells are mixed in with sorted T cells and are transduced with CAR.
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Donor-Derived CD7 Chimeric Antigen Receptor T Cells for T-Cell 
Acute Lymphoblastic Leukemia: First-in-Human, Phase I Trial

Pang J et al.: Journal of Clinical Oncology 39, no. 30 (October 20, 2021) 3340-3351

Design

• To minimize CD7 CAR T-cell–mediated fratricide, a 
CD7-targeting CAR construct using IntraBlock
technology, which prevents CD7 cell surface 
expression

• Anti-CD7 CAR T cells, manufactured from either 
previous stem-cell transplantation donors or new 
donors, to patients with r/r T-ALL

• Single infusions at doses of 5 × 105 or 1 × 106 (±30%) 
cells per kilogram of body weight

• The primary end point was safety with efficacy 
secondary

CAR T cells and could be assessed for hematologic status
for more than 1 month, five had prolonged cytopenias
(. 1 month), although most were alleviated 1 month after
SCT. Of the 12 patients who received previous SCT donor-
derived CAR T cells, two recovered from cytopenias within
1 month, whereas the other 10 had prolonged cytopenias.
They were treated with rhGM-CSF (n 5 4) or positively
selected CD341 stem-cell infusion without preconditioning
(n5 1) and recovered within 3 months (Data Supplement).
Overall, the median time from infusion to recovery of an
absolute neutrophil count of at least 1,000/mL and an
absolute platelet count of at least 50,000/mL was 60 days
(range 7-90) and 50 days (range 0-90), respectively. Re-
ductions of B cells were also apparent in all. Most patients
had a gradual increase of B cells, and seven had B-cell
recovery (. 5% among lymphocytes) between days 25 and
100.

Sixty percent (n5 12) had early-onset GVHD, including 11
with grade 1 GVHD and 1 with grade 2. The median onset
was 14 days (range 8-21), with a median duration of 3 days
(range 1-20). All had grade 1 skin reactions manifested as
maculopapular rash, and one patient developed a grade 2
liver reaction manifested as cholestatic hyper-
bilirubinaemia. After administering methylprednisolone
plus ruxolitinib (n 5 8) and ruxolitinib (n 5 2), all en-
countered symptoms relief. Median durations of methyl-
prednisolone and ruxolitinib usage were 14 days (range 2-
30) and 13 days (range 3-29), respectively. One patient
developed hematochezia at 5.4 months and was treated
elsewhere. We did not exclude the possibility of GVHD in
this patient but could not investigate further before dis-
charge. GVHD incidence did not appear related to T-cell
donor type or dose level (Data Supplement).

Infections occurred in 25% (n 5 5) of patients. Virus ac-
tivations occurred in four patients. One patient with pre-
enrollment histories of cytomegalovirus (CMV) and Epstein-
Barr virus (EBV) activation had asymptomatic CMV reac-
tivation from days 15 to 20, from days 203 to 211, and from
days 248 to 257 and EBV reactivation from days 17 to 40.
Two patients had asymptomatic CMV activation from days
90 to 118 and from days 104 to 139, respectively. All three
received immunoglobulin and ganciclovir until viral testing
appeared negative. Another patient reported CMV and EBV
activations during treatment for hematochezia elsewhere
between 5 and 6 months, postinfusion. One patient with a
pre-enrollment history of fungal infection died of pulmonary
hemorrhage associated with fungal pneumonia at month
5.5.

Efficacy

Ninety-five percent (n 5 19) of the participants responded
to treatment. Ninety percent (n 5 18) achieved CR, in-
cluding 85% (n 5 17) who achieved MRD-negative CR by
day 15 (Fig 2A, Data Supplement) and one who encoun-
tered CR at day 45 for his isolated neck EMD. One patient

TABLE 2. AEs Among All 20 Treated Patientsa

AE Grade 1 Grade 2 Grade 3 Grade 4

CRS

Total score 10 (50) 8 (40) 1 (5) 1 (5)

Fever 20 (100) 0 0 0

Hypoxia 0 8 (40) 1 (5) 1 (5)

Hypotension 0 0 2 (10) 0

ICANS

Total score 3 (15) 0 0 0

ICE score 3 (15) 0 0 0

Depressed consciousness 0 0 0 0

Seizure 0 0 0 0

Motor weakness 0 0 0 0

Elevated ICP or cerebral edema 0 0 0 0

GVHD

Total score 11 (55) 1 (5) 0 0

Skin 12 (60) 0 0 0

Liver 0 1 (5) 0 0

Intestinal 0 0 0 0

Hematologic event

Neutropenia 0 0 2 (10) 18 (90)

Leukopenia 1 (5) 1 (5) 2 (10) 16 (80)

Thrombocytopenia 0 1 (5) 6 (30) 13 (65)

Anemia 0 4 (20) 16 (80) 0

Lymphocytopenia 0 0 3 (15) 17 (85)

Infections

Virus 3 (15) 0 0 0

Bacteria 0 0 0 0

Fungus 0 0 0 0

Gastrointestinal event

Abdominal distension 0 4 (20) 0 0

Vomiting 1 (5) 0 0 0

Aspartate aminotransferase increase 3 (15) 4 (20) 1 (5) 0

Alanine aminotransferase increase 6 (30) 3 (15) 1 (5) 0

Blood bilirubin increase 0 0 1 (5) 0

Others

Capillary leak syndrome 0 2 (10) 0 0

Hypoalbuminemia 1 (5) 0 0 0

Hypocalcemia 4 (20) 0 0 0

Hypokalemia 2 (10) 1 (5) 0 0

Hyponatremia 0 0 0 0

NOTE. Data are No. (%).
Abbreviations: AE, adverse event; CAR, chimeric antigen receptor; CRS, cytokine

release symptom; GVHD, graft-versus-host disease; ICANS, immune effector cell–
associated neurotoxicity syndrome; ICE score, immune effector cell–associated
encephalopathy score; ICP, intracranial pressure; previous SCT, previous stem-cell
transplantation.

aListed are adverse events, which occurred within 30 days postinfusion in the 20
patients, regardless of whether the investigators attributed the events to the CAR T-
cell treatment. This table did not report late-onset (with onset more than 30 days
postinfusion) adverse events, including hematochezia suspected to be GVHD at
month 5.4 in one patient and a death caused by pulmonary hemorrhage in the
context of fungal pneumonia at month 5.5 in one patient.
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Donor-Derived CD7 Chimeric Antigen Receptor T Cells for T-Cell 
Acute Lymphoblastic Leukemia: First-in-Human, Phase I Trial

Pang J et al.: Journal of Clinical Oncology 39, no. 30 (October 20, 2021) 3340-3351
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Naturally selected CD7 CAR-T therapy without genetic 
manipulations for T-ALL/LBL: first-in-human phase 1 clinical trial 

Peihua Lu et al.: Blood 140, (2022) 321-334

• Naturally selected CD7 
CAR T cells manufactured 
without additional 
genetic manipulations 
contained a high 
percentage of CAR1 cells. 

• Naturally selected CD7 
CAR T cells were safe and 
effective among T-
ALL/LBL patients in a first-
in-human phase 1 trial. 

were at CR at the time of withdrawal. With a median follow-up
of 210 (91-311) days after transplantation, the remaining 7 of 10
CR patients maintained MRD-negative status and were alive
after transplantation. Patient 15, with STIL-TAL1 fusion gene,
relapsed on day 55 due to new onset of cervical lymph nodes
and relapsed CNS leukemia without CD7 lost and, who along
with the other 3 less than CR patients (1 with relapse, 1 with
NR, 1 with SD, and 1 in PR) received salvage transplantation
and all achieved CR.

Cytokinetics of NS7CAR and cytokines in vivo
NS7CAR T-cell expansion started at a median of 4.5 (0-15)
days after infusion (supplemental Table 9). The median CAR
peak copy numbers were 1.37 3 105 copies/mg DNA (0.2 3
105 2 5.36 3 105 copies/mg DNA), and the median time
required to reach the peak copy number was 19 (10-42) days.
The median time of NS7CAR1 DNA persistence was 90 (28-
195) days (supplemental Table 9) at the last follow-up and
remained detectable by qPCR in 12 of 14 patients at a median
time of 39.5 (5-146) days after allo-HSCT, albeit at a consider-
ably low median level of 3.5 3 101 copies/mg DNA (1.7 3 101

2 6.2 3 102 copies/mg DNA) (supplemental Figure 9). For the
6 patients who did not receive allo-HSCT, CAR T cells
remained detectable at their last follow-up at a median of
48.5 (29-120) days, with a median CAR copy number of 3.15
3 103 copies/mg DNA (0.73 3 102 to 3.75 3 104 copies/mg
DNA). Patients who had a prior history of HSCT had

significantly higher peak NS7CAR values than those who did
not (P 5 .0289) (Figure 5A). There was no significant differ-
ence in NS7CAR-T expansion among the subgroups of dis-
ease type or the presence of EMD (P . .05) (Figure 5B-C).

NS7CAR proliferation reached a level as high as 84.71% of
lymphocytes as determined by FCM, with a median peak pro-
portion of 67.76% (36.6%-84.71%) and a median peak time of
17 (7-29) days (supplemental Table 10).

Among the 24 cytokines tested, 13 increased to different
degrees in all patients. The median peak time of all 24 cytokines
was 13.5 (0-29) days after infusion (supplemental Table 11).

The number of CD71 cells in the PB dramatically
decreased after CAR-T infusion with the
subsequent adequate recovery of normal
T and NK cells
The most dramatic decrease of malignant and normal CD71

cells in PB by FCM occurred at a median time of 7 (4-21) days
after NS7CAR infusion (supplemental Table 10). The absolute
numbers of T/B/NK cells (excluding CAR1 and leukemia T cells)
showed a transient decline, to different extents, for each patient
during the peak of CAR-T proliferation (Figure 6). CD71 cells
were rapidly eliminated by CAR T, with predominantly CD7-
negative cell subsets remaining (Figures 6 and 7). T/B/NK cells
then recovered to the baseline levels but decreased shortly after
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Figure 3. Clinical response to NS7CAR T cells and postinfusion allo-HSCT. The clinical responses of patient BM and EMD after NS7CAR T infusion and transplantation
after infusion are shown by swimmer plots. For the 9 patients (Pt.01, Pt.03, Pt.09, Pt.10, Pt. 11, Pt.12, Pt.13, Pt.15, and Pt.19) with EMD, the EMD response statuses are
shown in separate bars and different colors from the BM response. Patients who had been followed up to the cutoff date and were no longer followed due to death or
withdrawal are indicated. After transplant, Pt.09 did not have an EMD evaluation until 92 days after allo-HSCT, which was proven to be EMD CR. NR, no response. *Red
asterisk indicates patients who relapsed from previous transplantation before NS7CAR T-cell infusion.
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Chimeric antigen receptor T cells for gamma-delta T cell 
malignancies

P A Wawrzyniecka, L Ibrahim, G Gritti, M A Pule and P M Maciocia: Leukemia  2022 Feb;36(2):577-579



Anti-CCR9 chimeric antigen receptor T cells for T-cell 
acute lymphoblastic leukemia 

PM Maciocia et al: Blood  2022 Jul 7;140(1):25-37.

• The chemokine receptor CCR9 is 
expressed in >70% of cases of T-ALL, 
including >85% of relapsed/refractory 
disease, and only on a small fraction (<5%) 
of normal T cells

• CAR-T cells targeting CCR9 are resistant to 
fratricide and have potent antileukemic 
activity both in vitro and in vivo

• anti-CCR9 CAR-T cells could be a highly 
effective treatment strategy for T-ALL, 
avoiding T cell aplasia and the need for 
genome engineering that complicate 
other approaches



Conclusions

• CAR-T cells are changing the treatment landscape of hematologic malignancies

• In ALL results are less impressive and patients can require a subsequent allogeneic 

transplant after achieving a complete hematologic response

• Rapid progress is ongoing with new generation of autologous CAR-T cells

• The use of different cell platforms and allogeneic donors is rapidly expanding including the 

setting of T-ALL  


