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ALL: NEW DIRECTIONS FOR ADULT PATIENTS

     Relapsed ALL: CAR T vs trans plant vs novel 
ther a pies 
     Noelle V.   Frey  
 Cell Therapy and Transplant Program, Abramson Cancer Center, Department of Medicine, Hospital of the University of Pennsylvania, Philadelphia, PA 

   Chimeric anti gen recep tor T - cell ther apy targeting CD19 (CART19) has expanded the treat ment options for patients 
with relapsed / refrac tory (r / r) B - cell acute lym pho blas tic leu ke mia (ALL). The approval of tisagenlecleucel for pedi at ric 
and young adult patients with r / r ALL has allowed broader access for some patients, but the treat ment of older adults 
is avail  able (at the time of this writ ing) only within a clin i cal trial. High remis sion rates have been con sis tently observed 
with var ied CART19 prod ucts and treat ment plat forms, but dura bil ity of remis sions and thus the poten tial role of a con-
solidative allo ge neic stem cell trans plant (SCT) is more uncer tain and likely to vary by prod uct and pop u la tion treated. 
The immu no logic char ac ter is tics of CARTs that con fer high response rates also account for the life - threat en ing toxicities 
of cyto kine release syn drome and immune effec tor cell – asso ci ated neu ro tox ic ity syn drome, the sever ity of which also 
varies by patient and dis ease char ac ter is tics and prod uct. Further con sid er ations informing a deci sion to treat include 
fea si bil ity of leukapheresis and time line of man u fac ture, alter na tive treat ment options avail  able, and the appro pri ate-
ness of a poten tial consolidative allo ge neic SCT. Advances in the fi eld are under way to improve rate and dura tion of 
responses and to mit i gate tox ic ity.  

   LEARNING OBJECTIVES 
   •    Understand the effi  cacy and tox ic ity out comes of CART19 in r / r ALL and how they vary by prod uct, patient, and 

dis ease - related fac tors 
  •    Understand fac tors that inform a deci sion to con sol i date a recip i ent of CART19 in CR with allo ge neic SCT  

  Effi cacy out comes of CART19 in relapsed 
and refrac tory ALL 
 Response 
 Autologous T cells engineered to express a chi me ric anti-
gen recep tor T - cell ther apy targeted to CD19 (CART19) have 
con sis tently shown high com plete remis sion (CR) rates 
(62 %  - 95 % ) in adult and pedi at ric patients with relapsed or 
refrac tory (r / r) acute lym pho blas tic leu ke mia (ALL). 1 – 12  The 
chi me ric anti gen recep tor (CAR) T cells used in the stud ies 
sum ma rized in  Table 1  are made from a patient ’ s T cells col-
lected through leukapheresis that are then trans duced with 
a CAR targeting CD19 using a rep li ca tion - incom pe tent ret-
ro vi rus or len ti vi rus. The CARs include a costimulatory mol-
e cule, which is either CD28 or 41BB depending on prod uct. 
Patients typ i cally receive lymphodepleting che mo ther apy 
(com monly cyclo phos pha mide and fl udarabine) prior to 
CART19 infu sion. Importantly, despite dif fer ences in patient 
pop u la tions, clin i cal trial  pro ce dures, CAR mol e cules, and 
manufactur ing dif fer ences, high ini tial response rates are 
maintained. Across stud ies, remis sions are achieved quickly 

(by 1 - month postinfusion), are often min i mal resid ual dis-
ease (MRD) neg a tive, and are not dis crim i nated by muta-
tional sta tus or num ber and type of prior ther a pies. The 
trial pop u la tions rep re sent heavily pretreated patients, with 
over a third of patients in some stud ies hav ing relapsed 
after prior allo ge neic stem cell trans plant (SCT). 1 – 3,6,8,9  Impor-
tantly, sev eral stud ies have shown CART19 cells track ing 
into the cen tral ner vous sys tem (CNS) with responses seen 
in patients with CNS dis ease. 2,5,10,11  Although the out comes 
discussed here are focused on recip i ents of CART19, CARTs 
to other tar gets (spe cifi   cally CD22) have been shown to 
be effec tive. 13 – 16  In a large series of pedi at ric and ado les-
cent young adult (AYA) patients (N    =    58), many of whom had 
relapsed after CART19 ther apy (N    =    51), anti - CD22 CAR ther-
apy induced a CR in 70 %  of patients. 14  

 Survival and dura bil ity of response 
 Median over all sur vival (OS) in most stud ies using CART19 
is beyond 1 year and impor tantly is noted within some 
reports to vary by dose level or other changes to study 
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design throughout the clinical trial. Multicenter studies using 
consistent products reflect more generalizable outcomes. In the 
pivotal ELIANA trial leading to approval of tisagenlecleucel for 
pediatric and young adult patients, 75 patients were treated, 
with a CR rate of 81%. Median OS was not reached, with event-
free survival (EFS) and OS at 12 months of 50% and 76%, respec
tively. For responders, the median duration of remission was not 
reached.6 In the multicenter ZUMA-3 study treating 55 adults 
with r/r ALL with KTE-X19, CR rate was 71% and median OS was 
18.2 months. The median duration of remission for responders 
was 12.8 months.12 Another multicenter study treated 38 adult 
and pediatric patients with CART19 with a CR rate of 71%, with 
OS and progression-free survival of 67% and 47%, respectively, at 
1 year. The median duration of response was 14.8 months.8

Impact of prior blinatumomab on efficacy
Blinatumomab is a bispecific T cell engaging a single-chain anti
body construct linking CD3+ T cells with CD19+ B cells. There 
is a logical concern that due to its similar mechanism of action 
and target, prior treatment with blinatumomab could adversely 
affect outcomes from CART19. For this reason, early CART19 stud
ies, such as the ELIANA study, prohibited prior treatment with 
blinatumomab or other CD19-targeted therapies.6 Since these 
initial studies, the use of blinatumomab has increased signifi
cantly, especially in adults, which is reflected in a progressively 

higher proportion of patients (20%-45%) on CART19 studies 
having received blinatumomab (see Table 1).1,3,9,12 In the recently 
published ZUMA-3 multicenter trial, 45% of the 55 adult patients 
treated with KTE-X19 had received blinatumomab. Although 
prior exposure to CD19-targeted agents may affect risk of subse
quent CD19– relapse, initial response rates do not seem greatly 
affected. The Children’s Hospital of Philadelphia reported out
comes from 166 patients treated with CART19 at their institution. 
The CR rate was 93%, and 67 patients ultimately relapsed, 39 with 
CD19– disease due to antigen escaper. Prior therapy with blina-
tumomab was associated with a higher risk for CD19– relapse.17

Importance of persistence for durable remissions
Several ALL trials using CART19 products containing a 4-1BB 
costimulatory domain have shown a strong correlation between 
CART19 persistence (often represented by B-cell aplasia, a 
biological surrogate for functional persistence) and CD19+ 
relapses.1-3,6,7,18 In an analysis of outcomes with tisagenlecleu-
cel in patients with ALL on the ELIANA trial, the patients with 
CD19+ relapses had a more rapid loss of CART persistence 
compared with those with durable remissions. Of interest, 
patients who developed a CD19– relapse had persistence sim
ilar to those who had sustained responses with mechanism of 
relapse due to antigen escape.18 In another pediatric study using 
a different 4-1BBCART19 product at Seattle Children’s, a longer 

Table 1. Outcomes of CART19 in patients with relapsed and refractory acute lymphoblastic leukemia

Reference CART domain No. treated Median age, y
Prior 
blinatumomab, % Prior SCT, % CR, % CRS ICANS

Adult patients

  Frey et al1 41BB 35 34 (21-70) 31 37 69 94% total
9% grades 4-5

40% total
6% grade 3

  Hay et al3 41BB 53 39 (20-76) 20 43 85 75% total
19% grades 3-4

23% total

  Park et al9 CD28 53 44 (23-64) 25 36 83 85% total
26% severe
1 grade 5

42% grades 3-4

  Shah et al12 CD28 55 40 (28-52) 45 42 71 89% total
25% grade 3 or 

higher

60% total
23% grades 3-4
1 grade 5

Combined pediatric and adult patients

  Jiang et al4 41BB 58 28 (10-65) NA 5 88 38% grades 3-5 16% grades 2-3

  Ortíz-Maldonado 
et al8

41BB 38 24 (3-67) 26 87 85 13.2% grades 3-5 2.6% grade3 or 
higher

  Wang et al16 41BB 23 42 (10-67) NA 0 83 100% total
18% grade 3

13% total

  Maude et al5 41BB 30 14 (5-60) 10 60 90 100% total
27% severe

43% total

Pediatric and AYA patients

  Gardner et al2 41BB 45 12.2 (1.3-25.3) 14 62 93 93% total
21% severe

49% total
21% severe

  Maude et al6 41BB 75 11 (3-23) 0 61 81 77% total
25% grade 4

13% grade 3

  Shah et al11 CD28 50 13.5 (4.3-30.4) 10 40 62 70% total
22% grades 3-4

20% total
8% severe

NA, not available.
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duration of B-cell aplasia correlated significantly with the dura
bility of remission.2 Another study found the median persis
tence of 41BBCART19 was shorter for those with a CD19+ relapse 
(2.5 months) as opposed to a CD19– relapse (6 months).4

Several studies using CD28-CART19 products have shown 
limited persistence, but a correlation of outcomes with persis
tence is less clear.9,11,12 In the ZUMA-3 trial using CD28-CART19 
(KTE-X19), CARTs were no longer detectable in 79% of patients 
with evaluable samples by 6 months, and B-cell recovery had 
occurred in all evaluable ongoing responders at 12 months. 
The experience at Memorial Sloane Kettering Cancer Cen-
ter using their CD28-CART19 showed median persistence of  
14 days (range, 7-138 days), and duration of persistence did not 
correlate with survival.9 In 1 study, however, from the National 
Cancer Institute treating 50 pediatric and AYA patients with a 
CD28-CART19 product, remissions were durable only with con-
solidative SCT, which the authors hypothesize may be due to 
limited persistence.11

Given the correlation between 4-1BBCART19 persistence and 
CD19+ durability of remissions, it is vital to understand corre
lates with persistence using these CART19 products. The group 
at the Fred Hutchinson Cancer Research Center found that the 
addition of fludarabine to cyclophosphamide lymphodepletion 
improved persistence and disease-free survival.19 The impact of 
antigen load on persistence has varied across studies. The group 
from Seattle Children’s found a positive correlation, with >15% 
bone marrow blasts correlating with prolonged persistence.2 
Conversely, the group from did not find an association with 
low disease burden and CD19+ relapses.17 Evaluation of T cells 
in apheresis and manufactured 4-1BBCART19 products identified 
phenotypical and functional attributes of CAR CD8 T cells that 
correlated with persistence.20

Most of the studies in Table 1 use CARs containing a murine 
domain that may be a target for immune-mediated rejection. 
The development of a CART19 product using a CAR containing a 
humanized anti-CD19 scFv domain may bypass this rejection, 
resulting in improved persistence and relapsed free survival 
(RFS).7,10 A recent report of outcomes in pediatric and AYA patients 
with r/r ALL treated with a humanized CART19 based on the back
bone of CTL019 (tisagenlecleucel) has shown excellent responses. 
In 41 CART19-​naive patients, CR rate was 98%, and RFS at 1 year 
was 84%. Similar to prior studies, earlier B-cell recovery as a time-
dependent covariate correlated with worse RFS. In an exploratory 
analysis, time to B-cell recovery was compared with a historical 
cohort of CTL019 recipients, and there was a trend toward a lower 
cumulative incidence of B-cell recovery by 6 months (15% vs 29%), 
but it did not reach statistical significance.7

Risk of CD19– relapse
CD19– relapses happen when CD19 antigen loss occurs through 
mutation or epigenetic alterations, likely in preexisting leukemia 
subclones.21-23 An attractive approach to limit the incidence of 
CD19– relapse is to infuse CARTs that target more than 1 antigen 
such as CD19 with either CD20 or CD22. One approach is to gen
erate a singular CART product that can target more than 1 anti
gen vs coadministering 2 distinct products with different targets 
either concurrently or sequentially.13,16,24-26 In 1 study, 20 children 
with r/r ALL who achieved an MRD-CR with CART19 were infused 
with CART22 at a median of 1.65 months after CART19 infusion.13 
No patients received consolidative SCT, and at 1 year, 85% were 

in CR, an improvement when compared retrospectively with 
outcomes from CART19 alone.13

Role of consolidative SCT
For a patient without an antecedent SCT with an MRD-CR after 
CART19, a critical question is whether to consolidate that remis
sion with transplant if the patient is medically fit to consider this 
approach. As always when considering SCT, treatment-related 
morbidity and mortality needs to be balanced against risk of 
relapse. Another consideration is that the CARTs with functional 
persistence would be destroyed by SCT, losing their benefit of 
ongoing tumor surveillance. There are no studies to date that 
randomize patients after CART therapy to allogeneic SCT or 
observation. Furthermore, the decision is not likely generalizable 
across different CART19 products. For example, patients taking 
4-1BBCART19 products have better persistence (with potentially 
longer disease-free intervals, although more data are needed) 
than recipients of CD28-CART19 products. There is considerable 
variation among clinical trials and retrospective analyses regard
ing the potential benefit of a consolidative SCT, and again, no 
randomized trials have formally addressed this question.

The role of consolidative SCT in CD28-CARTs
Recently, the National Cancer Institute reported long-term fol
low-up of 50 children and young adults (median age, 13.5 years; 
range, 4.3-30.4 years) treated with their CD28-CART19 prod
uct who clearly benefited from a consolidative SCT. Of the  
28 patients who achieved an MRD-CR, 21 (75%) proceeded to 
SCT with a median OS of 70.2 months. The cumulative incidence 
of relapse after SCT was 9.5% at 24 months. All patients who did 
not proceed to SCT relapsed at a median of 152 (range, 94-394) 
days.11 However, data from Memorial Sloane Kettering Cancer 
Center provided long-term outcomes from 51 adults (median 
duration, 18 months) treated with a different CD28-CART19. 
Of the 32 patients in MRD-CR, no difference in OS was seen in 
patients who did or did not receive SCT after CARTs.9 Recently, 
results from the ZUMA-3 multicenter trial using KTE-X19 (a CART19 
with CD28) have been reported. In this study, 55 patients were 
treated and 39 patients (71%) achieved CR. Ten patients (18%) 
proceeded to SCT, and with sensitivity analyses, the median 
duration of remission was unchanged by SCT consolidation.12

The role of consolidative SCT in 4-1BB CARTs
It is clear that a subset of patients with initial response to some 
41BBCART19 products has ongoing durable remissions without 
consolidative SCT, which correlates with persistence.2,5-8 Even 
when a particular CART19 product has been shown to have good 
functional persistence, however, that persistence is not observed 
across all patients treated, and CD19+ relapses remain a signifi
cant challenge that may be mitigated by SCT in some patients.1 
In addition, even if one anticipates and observes ongoing per
sistence, CD19– relapses from antigen escape occur despite 
CART19 persistence. Only a minority of the young adult and pedi
atric patients with relapsed ALL treated with tisagenlecleucel 
on the ELIANA study received a consolidative SCT. The EFS of 
50% at 12 months is therefore representative of remission dura
bility with this 4-1BBCART19 product.6 When CTL019 (the pre
cursor to tisagenlecleucel) was used to treat older adults, those 
who proceeded to SCT in MRD-CR had an improved EFS com
pared with those who were not, although durable remissions 
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were seen in each group.1 Similarly, in another study using a dif
ferent 4-1BBCART19, there was a trend toward an improved EFS 
in patients bridged to SCT (P = .088). In another study using a 
41BBCART19 for r/r ALL, 21 of the 47 patients who achieved MRD-
CR were bridged to SCT. Although there was no difference in OS 
between the 2 groups, EFS and RFS were significantly prolonged 
in the SCT group.4

Toxicity
Due to their mechanism of action, CART19 is associated with 
cytokine release syndrome (CRS) and immune effector cell–
associated neurotoxicity syndrome (ICANS), which are both 
potentially life-threatening.27 The incidence of these complica
tions across selected trials for adult ALL is summarized in Table 1.  
It should be noted that different grading scales were used 
across trials, challenging any comparison of toxicity.

CRS
Fever, hemodynamic instability, and hypoxia are the core clini
cal features of CRS and used in the American Society for Trans-
plantation and Cellular Therapy consensus grading scale.28 The 
incidence of CRS is high across all CART19 studies compared 
with other B-cell malignancies. The syndrome can be self-limited 
(requiring only supportive care with antipyretics and intravenous 
fluids) or more serious, requiring intervention with tocilizumab 
(an antibody to the interleukin 6 receptor) or corticosteroids. The 
biology and risk factors for CRS are well understood and continue 
to inform management strategies, and further approaches to 
mitigate CRS are being explored in clinical trials. In ALL, disease 
burden is a strong predictor for the severity of CRS.2,5,9,12,19 Some 
centers have adopted a risk-adapted approach in which a lower 
dose of cells is given for patients with higher disease burdens.9,19 
Others have used more intensive cyto-reduction for patients 
with higher disease burdens.10 Several centers are evaluating the 
benefit of intervening with tocilizumab for earlier grades of CRS 
compared with the approach in early clinical trials that treated at 
more severe CRS due to concerns that earlier intervention may 
mitigate response. In 1 study from the Children’s Hospital of Phil-
adelphia, patients were assigned to high and low (<40%) tumor 
burden cohorts. Those with high disease burden received tocili-
zumab for persistent fevers. Of 70 patients treated, 15 received 
early tocilizumab, which, when compared retrospectively with a 
similar group from an earlier study, showed a reduction in grade 
4 CRS from 50% to 27%.29 Seattle Children’s reported their expe
rience with earlier tocilizumab intervention resulting in a lower 
incidence of severe CRS without an impact on response.2 We 
and others have used a fractionated dosing scheme in which the 
total planned CART dose is infused over 3 days. This approach, 
in which subsequent doses are held for early signs of CRS, allows 
for real-time dose modification in response to toxicity without 
an impact on efficacy.1,8

Neurologic toxicity
The ASTCT consensus grading for ICANS requires assessment 
of a patient’s immune effector cell–associated encephalopathy 
score, level of consciousness, seizure activity, focal motor weak
ness, and cerebral edema.28 Similar to CRS, neurologic events 
occur within the first few weeks of therapy and have been 
reported in all the studies summarized in Table 1. Our understand
ing and ability to mitigate neurologic toxicity after CART19 is lim

ited. Current management strategies are based on intervention 
with corticosteroids. Risk factors for severe ICANS are less clear 
but correlate with product used, higher interleukin 6 levels, high 
disease burden, and more severe systemic CRS.9,12,19 CART19 cells 
readily cross the blood-brain barrier (BBB, a potential benefit for 
disease targeting as discussed above) and are detectable in the 
cerebral spinal fluid (CSF) in most treated patients. Their pres
ence in the CSF, however, does not predict for toxicity.5 Further 
studies are needed to determine the mechanism of action, risk 
factors, and optimal management strategies of neurologic toxic
ity after CAR T-cell therapy.

Role of CART19 vs other therapies
Clinicians may have several salvage options available to treat a 
patient with r/r ALL. Treatment decisions need to be individual
ized based on prior therapy, goals of therapy, role of potential 
consolidative SCT, and features of the CART19 product available 
(see Table 2). Comparing outcomes of CART19 studies with out
comes from inotuzumab (INO-VATE study) and blinatumomab 
(TOWER study) should be done with caution given differences 
in trial design, patient populations, disease burden, and role 
of consolidative SCT in the different studies. In addition, most 
efficacy outcomes reported from CART19 studies are for those 
who made it to infusion, discounting failures of treatment from 
manufacturing or inability to tolerate the treatment delay that 
is inherent in autologous CART19 treatment. Randomized con
trolled trials are lacking and needed to appropriately compare 
outcomes. Acknowledging these limitations, outcomes from 
mature multicenter CART19 trials (CR = 71%-81%; median OS of  
11 months not reached; median duration of CR = 12.8 months not 
reached) compare favorably with outcomes with blinatumomab 
(CR = 35.1%; median OS = 7.7 months, median duration of CR = 7.3 
months) and inotuzumab (CR = 80.7%; median OS = 7.7 months; 
median duration of CR = 4.7 months).6,8,12,30,31

Table 2. Challenges of CART19 and solutions under investigation

Challenge Solutions under investigation

Relapse

  CD19– relapse due to antigen 
escape

  CD19+ relapse due to loss of 
persistence

      Immune mediated rejection
      Exhaustive phenotype

Dual targeted approach (CD19 and 
CD22)

41BB costimulatory domain
Humanized CARTs
Manufacturing changes to select 

for nonexhaustive phenotype

Logistics

  Window for leukapheresis
  Disease control during 

manufacturing

Collect and store cells early in 
disease course

Develop more rapid manufacturing 
time

“Off-the-shelf” or allogeneic CARTs

Toxicity

  CRS and ICANS Earlier intervention with 
tocilizumab or corticosteroids

Fractionated dosing scheme: dose 
modification in response to early 
toxicity

Dose modifications by disease 
burden

Novel anticytokine approaches
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CART19, inotuzumab, blinatumomab, and chemotherapy in 
patients who are not refractory all have the potential to success
fully induce an MRD– remission that can serve as a successful 
bridge to SCT. Although successful, there is no evidence that an 
MRD– remission from a CART product vs chemotherapy or other 
targeted approach improves RFS after SCT. One report com
pared outcomes from patients with r/r ALL who achieved MRD– 
CR with CART19 or chemotherapy and were bridged to SCT. No 
difference in cumulative incidence of relapse (11.1% vs 12.8%) or 
nonrelapse mortality was identified.32

The toxicity of a specific CART19 product needs to be con
sidered on an individualized basis and used to inform treatment 
decisions with CART19 vs another available product. Patients 
with high disease burden, advanced age, and comorbid car
diovascular disease, for example, may not tolerate anticipated 
severe CRS or ICANS, and another approach may be more 
appropriate. On the other hand, a patient with minimal disease 
burden would be anticipated to have lower risk of these toxic-
ities from CART19. Other specific factors may influence a clini
cian’s decision to treat with CART19. For a patient with a low 
likelihood or desire to proceed to an SCT if a CR is obtained, 
CART19 products that have been shown to have durable remis
sions without consolidative SCT may be favored over other 
products. A patient with CNS disease history may benefit from 
CART19, which has been shown to cross the BBB and treat dis
ease in the CSF.

The logistics of autologous CAR T-cell therapy, including 
identifying an appropriate window to perform leukapheresis 
and the need to control disease while cells are being manufac-
tured, confer a significant disadvantage compared with other 
approaches to care, such as inotuzumab or blinatumomab. 
Several investigations are under way to explore the poten
tial benefit of using allogeneic CARTs from healthy donors in 
whom the potential for graft-versus-host disease is abrogated 
by T cell receptor knockout with gene editing techniques. In 
early studies with this approach, responses have required high 
immunosuppressive therapy to minimize immune-mediated  
rejection.33

Real-world experience with CART19 for ALL
There is only 1 CART19 product approved in the United States 
and Europe for r/r B ALL, although more products are likely to be 
approved for this indication over the next few years. Tisagenle-
cleucel is approved to treat patients up to 25 years of age with 
B-cell ALL that is refractory or in second or greater relapse. This 
approval is based on outcomes from the multicenter phase 2 
ELIANA study discussed above.6

Real-world registry data collected after the commercialization 
of tisagenlecleucel have substantiated these outcomes and rep
resent a larger number and more diverse group of patients than 
those treated in the pivotal trial. Information from 255 pediatric 
and young adult patients with relapsed ALL obtained from the 
Center for International Bone Marrow Transplant Registry found a 
CR rate of 86% with an EFS and OS of 68.6% and 88.5%, respec
tively, at 6 months.34 This compares favorably to the ELIANA trial, 
which had a CR rate of 81% and an EFS and OS of 72% and 87%, 
respectively, at 6 months. Importantly, treatment in the real world 
has been shown to be safe, with fewer patients having grade 3 
or higher CRS (16% vs 48%) and similar numbers having grade  
3 or higher neurotoxicity (9% vs 12.7%).34 The lower incidence in 
CRS may reflect progress in management or less advanced dis
ease at time of treatment. In addition to validating efficacy and 
safety outcomes, real-world data have provided information on 
populations not eligible for the registration trial. For example, 6% 
of patients from the Center for International Bone Marrow Trans-
plant Registry were younger than 3 years, and 15% of patients had 
prior blinatumomab; both subgroups would have been excluded 
from ELIANA.

Conclusion
At the time of this writing, there is only 1 CAR T-cell product, 
tisagenlecleucel, approved to treat r/r ALL for patients 25 years 
and younger, but more approvals over the next few years are 
anticipated. Treatment with CART19 yields high and durable 
response rates for adult and pediatric patients with r/r ALL. 
The decision to treat a patient with CART19 depends on several 
patient-, disease-, and product-related factors in conjunction 

Table 3. Clinical scenarios that favor CART19 vs other therapies

Clinical scenario CARTs vs alternative approach

Recent CNS disease Consider CART19 due to ability to cross BBB and treat the CNS com
partment. Patients treated with chemotherapy, blinatumomab, or 
inotuzumab are at risk for extramedullary relapse or progression.

Allogeneic SCT not possible or desirable
  Relapse occurs after prior SCT
  High risk for complications from SCT
  No donor option
  Patient defers SCT

CART19 should be considered if product with durable remission without 
SCT is available.

Rapidly progressive disease CART19 may not be feasible due to need to identify a window for 
leukapheresis and control disease while awaiting manufacture. Other 
approaches should be considered.

Frail or older patient with comorbid disease and high disease burden Patient may not tolerate anticipated severe CRS or ICANS with CART19. 
Consider alternative approaches.

Frail or older patient with comorbid disease and minimal disease burden Patient is likely to do well with blinatumomab, inotuzumab, and CART19. 
With CART19, side effects of lymphodepletion need to be considered, 
although low CART-related toxicity is anticipated. Decision may be 
influenced by durability of remissions observed with CART19 product 
available.
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with consideration of other therapies available and the poten
tial role of a consolidative SCT. Approaches are being explored 
to minimize CD19+ and CD19– relapses and prevent or mitigate 
toxicity, which will continue to affect the treatment paradigm for 
ALL over time (see Table 3).

Conflict-of-interest disclosure
Noelle V. Frey: Novartis Research Funding. Kite Pharmaceuticals 
and Syndax Consultancy.

Off-label drug use
Noelle V. Frey: nothing to disclose.

Correspondence
Noelle V. Frey, Hospital of the University of Pennsylvania, Abramson 
Cancer Center, Perelman Center for Advanced Medicine, 3400 
Civic Center Boulevard, Philadelphia, PA 19104; e-mail: noelle​.frey 
@pennmedicine​.upenn​.edu.

References
1.	 Frey NV, Shaw PA, Hexner EO, et al. Optimizing chimeric antigen receptor 

T-cell therapy for adults with acute lymphoblastic leukemia. J Clin Oncol. 
2020;38(5):415-422.

2.	 Gardner RA, Finney O, Annesley C, et al. Intent-to-treat leukemia remission 
by CD19 CAR T cells of defined formulation and dose in children and young 
adults. Blood. 2017;129(25):3322-3331.

3.	 Hay KA, Gauthier J, Hirayama AV, et al. Factors associated with durable EFS 
in adult B-cell ALL patients achieving MRD-negative CR after CD19 CAR 
T-cell therapy. Blood. 2019;133(15):1652-1663.

4.	 Jiang H, Li C, Yin P, et  al. Anti-CD19 chimeric antigen receptor-modified 
T-cell therapy bridging to allogeneic hematopoietic stem cell transplanta
tion for relapsed/refractory B-cell acute lymphoblastic leukemia: an open- 
label pragmatic clinical trial. Am J Hematol. 2019;94(10):1113-1122.

5.	 Maude SL, Frey N, Shaw PA, et al. Chimeric antigen receptor T cells for 
sustained remissions in leukemia. N Engl J Med. 2014;371(16):1507-1517.

6.	 Maude SL, Laetsch TW, Buechner J, et  al. Tisagenlecleucel in children 
and young adults with B-cell lymphoblastic leukemia. N Engl J Med. 
2018;378(5):439-448.

7.	 Myers RM, Li Y, Barz Leahy A, et  al. Humanized CD19-targeted chimeric 
antigen receptor (CAR) T cells in CAR-naive and CAR-exposed children and 
young adults with relapsed or refractory acute lymphoblastic leukemia.  
J Clin Oncol. 2021;39(27):3044-3055.

8.	 Ortíz-Maldonado V, Rives S, Castellà M, et al. CART19-BE-01: a multicenter 
trial of ARI-0001 cell therapy in patients with CD19+ relapsed/refractory 
malignancies. Mol Ther. 2021;29(2):636-644.

9.	 Park JH, Rivière I, Gonen M, et al. Long-term follow-up of CD19 CAR therapy 
in acute lymphoblastic leukemia. N Engl J Med. 2018;378(5):449-459.

10.	 Wang J, Mou N, Yang Z, et al. Efficacy and safety of humanized anti-CD19-
CAR-T therapy following intensive lymphodepleting chemotherapy for 
refractory/relapsed B acute lymphoblastic leukaemia. Br J Haematol. 
2020;191(2):212-222.

11.	 Shah NN, Lee DW, Yates B, et al. Long-term follow-up of CD19-CAR T-cell 
therapy in children and young adults with B-ALL. J Clin Oncol. 2021;39(15): 
1650-1659.

12.	 Shah BD, Ghobadi A, Oluwole OO, et al. KTE-X19 for relapsed or refractory 
adult B-cell acute lymphoblastic leukaemia: phase 2 results of the single-
arm, open-label, multicentre ZUMA-3 study. Lancet. 2021;398(10299):491-
502.

13.	 Pan J, Zuo S, Deng B, et al. Sequential CD19-22 CAR T therapy induces sus-
tained remission in children with r/r B-ALL. Blood. 2020;135(5):387-391.

14.	 Shah NN, Highfill SL, Shalabi H, et al. CD4/CD8 T-cell selection affects chi
meric antigen receptor (CAR) T-cell potency and toxicity: updated results 
from a phase I anti-CD22 CAR T-cell trial. J Clin Oncol. 2020;38(17):1938-
1950.

15.	 Singh N, Frey NV, Engels B, et al. Antigen-independent activation enhances 
the efficacy of 4-1BB-costimulated CD22 CAR T cells. Nat Med. 2021;27(5): 
842-850.

16.	 Wang N, Hu X, Cao W, et al. Efficacy and safety of CAR19/22 T-cell cock
tail therapy in patients with refractory/relapsed B-cell malignancies. Blood. 
2020;135(1):17-27.

17.	 Pillai V, Muralidharan K, Meng W, et al. CAR T-cell therapy is effective for 
CD19-dim B-lymphoblastic leukemia but is impacted by prior blinatum-
omab therapy. Blood Adv. 2019;3(22):3539-3549.

18.	 Mueller KT, Waldron E, Grupp SA, et al. Clinical pharmacology of tisagen-
lecleucel in B-cell acute lymphoblastic leukemia. Clin Cancer Res. 2018;24 
(24):6175-6184.

19.	 Turtle CJ, Hanafi LA, Berger C, et al. CD19 CAR-T cells of defined CD4+:CD8+ 
composition in adult B cell ALL patients. J Clin Invest. 2016;126:2123-2138.

20.	Finney OC, Brakke HM, Rawlings-Rhea S, et al. CD19 CAR T cell product 
and disease attributes predict leukemia remission durability. J Clin Invest. 
2019;129(5):2123-2132.

21.	 Jacoby E, Nguyen SM, Fountaine TJ, et  al. CD19 CAR immune pressure 
induces B-precursor acute lymphoblastic leukaemia lineage switch expos
ing inherent leukaemic plasticity. Nat Commun. 2016;7:12320.

22.	Rabilloud T, Potier D, Pankaew S, et al. Single-cell profiling identifies pre- 
existing CD19-negative subclones in a B-ALL patient with CD19-negative 
relapse after CAR-T therapy. Nat Commun. 2021;12:865.

23.	Singh N, Lee YG, Shestova O, et al. Impaired death receptor signaling in 
leukemia causes antigen-independent resistance by inducing CAR T-cell 
dysfunction. Cancer Discov. 2020;10(4):552-567.

24.	Qin H, Ramakrishna S, Nguyen S, et al. Preclinical development of bivalent 
chimeric antigen receptors targeting both CD19 and CD22. Mol Ther Onco-
lytics. 2018;11:127-137.

25.	Schneider D, Xiong Y, Wu D, et  al. A tandem CD19/CD20 CAR lentiviral 
vector drives on-target and off-target antigen modulation in leukemia cell 
lines. J Immunother Cancer. 2017;5:42.

26.	Shah NN, Johnson BD, Schneider D, et al. Bispecific anti-CD20, anti-CD19 
CAR T cells for relapsed B cell malignancies: a phase 1 dose escalation and 
expansion trial. Nat Med. 2020;26(10):1569-1575.

27.	 Frey NV. Chimeric antigen receptor T cells for acute lymphoblastic leuke
mia. Am J Hematol. 2019;94(suppl 1):S24-S27.

28.	Lee DW, Santomasso BD, Locke FL, et  al. ASTCT consensus grading for 
cytokine release syndrome and neurologic toxicity associated with 
immune effector cells. Biol Blood Marrow Transplant. 2019;25(4):625-638.

29.	Kadauke S, Myers RM, Li Y, et al. Risk-adapted preemptive tocilizumab to 
prevent severe cytokine release syndrome after CTL019 for pediatric B-cell 
acute lymphoblastic leukemia: a prospective clinical trial. J Clin Oncol. 
2021;39(8):920-930.

30.	Kantarjian H, Stein A, Gokbuget N, et al. Blinatumomab versus chemother
apy for advanced acute lymphoblastic leukemia. N Engl J Med. 2017;376: 
836-847.

31.	 Kantarjian HM, DeAngelo DJ, Stelljes M, et  al. Inotuzumab ozogamicin 
versus standard therapy for acute lymphoblastic leukemia. N Engl J Med. 
2016;375(8):740-753.

32.	Zhao YL, Liu DY, Sun RJ, et al. Integrating CAR T-cell therapy and transplan
tation: comparisons of safety and long-term efficacy of allogeneic hemato
poietic stem cell transplantation after CAR T-cell or chemotherapy-based 
complete remission in B-cell acute lymphoblastic leukemia. Front Immunol. 
2021;12:605766.

33.	Benjamin R, Graham C, Yallop D, et al. Genome-edited, donor-derived allo
geneic anti-CD19 chimeric antigen receptor T cells in paediatric and adult 
B-cell acute lymphoblastic leukaemia: results of two phase 1 studies. Lan-
cet. 2020;396:1885-1894.

34.	Pasquini MC, Hu ZH, Curran K, et al. Real-world evidence of tisagenlec-
leucel for pediatric acute lymphoblastic leukemia and non-Hodgkin lym
phoma. Blood Adv. 2020;4(21):5414-5424.

© 2021 by The American Society of Hematology
DOI 10.1182/hematology.2021000225

http://pennmedicine.upenn.edu

