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   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 through out the clin i cal trial. Multicenter stud ies using 
con sis tent prod ucts reflect more gen er al iz able out comes. In the 
piv otal ELIANA trial lead ing to approval of tisagenlecleucel for 
pedi at ric and young adult patients, 75 patients were treated, 
with a CR rate of 81%. Median OS was not reached, with event-
free sur vival (EFS) and OS at 12 months of 50% and 76%, respec-
tively. For respond ers, the median dura tion of remis sion was not 
reached.6 In the mul ti cen ter 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 dura tion of remis sion for respond ers 
was 12.8 months.12 Another mul ti cen ter study treated 38 adult 
and pedi at ric patients with CART19 with a CR rate of 71%, with 
OS and pro gres sion-free sur vival of 67% and 47%, respec tively, at 
1 year. The median dura tion of response was 14.8 months.8

Impact of prior blinatumomab on effi cacy
Blinatumomab is a bispecific T cell engag ing a sin gle-chain anti-
body con struct linking CD3+ T cells with CD19+ B cells. There 
is a log i cal con cern that due to its sim i lar mech a nism of action 
and tar get, prior treat ment with blinatumomab could adversely 
affect out comes from CART19. For this rea son, early CART19 stud-
ies, such as the ELIANA study, prohibited prior treat ment with 
blinatumomab or other CD19-targeted ther a pies.6 Since these 
ini tial stud ies, the use of blinatumomab has increased sig nifi -
cantly, espe cially in adults, which is reflected in a pro gres sively 

higher pro por tion of patients (20%-45%) on CART19 stud ies 
hav ing received blinatumomab (see Table 1).1,3,9,12 In the recently 
published ZUMA-3 mul ti cen ter trial, 45% of the 55 adult patients 
treated with KTE-X19 had received blinatumomab. Although 
prior expo sure to CD19-targeted agents may affect risk of sub se-
quent CD19– relapse, ini tial response rates do not seem greatly 
affected. The Children’s Hospital of Philadelphia reported out-
comes from 166 patients treated with CART19 at their insti tu tion. 
The CR rate was 93%, and 67 patients ulti mately relapsed, 39 with 
CD19– dis ease due to anti gen escaper. Prior ther apy with blina-
tumomab was asso ci ated with a higher risk for CD19– relapse.17

Importance of per sis tence for dura ble remis sions
Several ALL tri als using CART19 prod ucts containing a 4-1BB 
costimulatory domain have shown a strong cor re la tion between 
CART19 per sis tence (often represented by B-cell aplasia, a 
bio log i cal sur ro gate for func tional per sis tence) and CD19+ 
relapses.1-3,6,7,18 In an anal y sis of out comes with tisagenlecleu-
cel in patients with ALL on the ELIANA trial, the patients with 
CD19+ relapses had a more rapid loss of CART per sis tence 
com pared with those with dura ble remis sions. Of inter est, 
patients who devel oped a CD19– relapse had per sis tence sim-
i lar to those who had sustained responses with mech a nism of 
relapse due to anti gen escape.18 In another pedi at ric study using 
a dif fer ent 4-1BBCART19 prod uct at Seattle Children’s, a lon ger 

Table 1. Outcomes of CART19 in patients with relapsed and refrac tory acute lym pho blas tic leu ke mia

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 pedi at ric 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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dura tion of B-cell aplasia cor re lated sig nifi  cantly with the dura-
bil ity of remis sion.2 Another study found the median per sis-
tence of 41BBCART19 was shorter for those with a CD19+ relapse 
(2.5 months) as opposed to a CD19– relapse (6 months).4

Several stud ies using CD28-CART19 prod ucts have shown 
lim ited per sis tence, but a cor re la tion of out comes with per sis-
tence is less clear.9,11,12 In the ZUMA-3 trial using CD28-CART19 
(KTE-X19), CARTs were no lon ger detect able in 79% of patients 
with evaluable sam ples by 6 months, and B-cell recov ery had 
occurred in all  evaluable ongo ing respond ers at 12 months. 
The expe ri ence at Memorial Sloane Kettering Cancer Cen-
ter using their CD28-CART19 showed median per sis tence of  
14 days (range, 7-138 days), and dura tion of per sis tence did not 
cor re late with sur vival.9 In 1 study, how ever, from the National 
Cancer Institute treating 50 pedi at ric and AYA patients with a 
CD28-CART19 prod uct, remis sions were dura ble only with con-
solidative SCT, which the authors hypoth e size may be due to 
lim ited per sis tence.11

Given the cor re la tion between 4-1BBCART19 per sis tence and 
CD19+ dura bil ity of remis sions, it is vital to under stand cor re-
lates with per sis tence using these CART19 prod ucts. The group 
at the Fred Hutchinson Cancer Research Center found that the 
addi tion of fludarabine to cyclo phos pha mide lymphodepletion 
improved per sis tence and dis ease-free sur vival.19 The impact of 
anti gen load on per sis tence has var ied across stud ies. The group 
from Seattle Children’s found a pos i tive cor re la tion, with >15% 
bone mar row blasts cor re lat ing with prolonged per sis tence.2 
Conversely, the group from did not find an asso ci a tion with 
low dis ease bur den and CD19+ relapses.17 Evaluation of T cells 
in apher e sis and manufactured 4-1BBCART19 prod ucts iden ti fied 
phe no typ i cal and func tional attri butes of CAR CD8 T cells that 
cor re lated with per sis tence.20

Most of the stud ies in Table 1 use CARs containing a murine 
domain that may be a tar get for immune-medi ated rejec tion. 
The devel op ment of a CART19 prod uct using a CAR containing a 
 human ized anti-CD19 scFv domain may bypass this  rejec tion, 
resulting in improved per sis tence and relapsed free sur vival 
(RFS).7,10 A recent report of out comes in pedi at ric and AYA patients 
with r/r ALL treated with a human ized CART19 based on the back-
bone of CTL019 (tisagenlecleucel) has shown excel lent responses. 
In 41 CART19- naive patients, CR rate was 98%, and RFS at 1 year 
was 84%. Similar to prior stud ies, ear lier B-cell recov ery as a time-
depen  dent covariate cor re lated with worse RFS. In an explor atory 
anal y sis, time to B-cell recov ery was com pared with a his tor i cal 
cohort of CTL019 recip i ents, and there was a trend toward a lower 
cumu la tive inci dence of B-cell recov ery by 6 months (15% vs 29%), 
but it did not reach sta tis ti cal sig nifi  cance.7

Risk of CD19– relapse
CD19– relapses hap pen when CD19 anti gen loss occurs through 
muta tion or epi ge netic alter ations, likely in preexisting leu ke mia 
subclones.21-23 An attrac tive approach to limit the inci dence of 
CD19– relapse is to infuse CARTs that tar get more than 1 anti gen 
such as CD19 with either CD20 or CD22. One approach is to gen-
er ate a sin gu lar CART prod uct that can tar get more than 1 anti-
gen vs coadministering 2 dis tinct prod ucts with dif fer ent tar gets 
either con cur rently or sequen tially.13,16,24-26 In 1 study, 20 chil dren 
with r/r ALL who achieved an MRD-CR with CART19 were infused 
with CART22 at a median of 1.65 months after CART19 infu sion.13 
No patients received consolidative SCT, and at 1 year, 85% were 

in CR, an improve ment when com pared ret ro spec tively with 
out comes from CART19 alone.13

Role of consolidative SCT
For a patient with out an ante ced ent SCT with an MRD-CR after 
CART19, a crit i cal ques tion is whether to con sol i date that remis-
sion with trans plant if the patient is med i cally fit to con sider this 
approach. As always when con sid er ing SCT, treat ment-related 
mor bid ity and mor tal ity needs to be bal anced against risk of 
relapse. Another con sid er ation is that the CARTs with func tional 
per sis tence would be destroyed by SCT, los ing their ben e fit of 
ongo ing tumor sur veil lance. There are no stud ies to date that 
ran dom ize patients after CART ther apy to allo ge neic SCT or 
obser va tion. Furthermore, the deci sion is not likely gen er al iz able 
across dif fer ent CART19 prod ucts. For exam ple, patients tak ing 
4-1BBCART19 prod ucts have bet ter per sis tence (with poten tially 
lon ger dis ease-free inter vals, although more data are needed) 
than recip i ents of CD28-CART19 prod ucts. There is con sid er able 
var i a tion among clin i cal tri als and ret ro spec tive ana ly ses regard-
ing the poten tial ben e fit of a consolidative SCT, and again, no 
ran dom ized tri als have for mally addressed this ques tion.

The role of consolidative SCT in CD28-CARTs
Recently, the National Cancer Institute reported long-term fol-
low-up of 50 chil dren 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 cumu la tive inci dence 
of relapse after SCT was 9.5% at 24 months. All patients who did 
not pro ceed to SCT relapsed at a median of 152 (range, 94-394) 
days.11 However, data from Memorial Sloane Kettering Cancer 
Center pro vided long-term out comes from 51 adults (median 
dura tion, 18 months) treated with a dif fer ent CD28-CART19. 
Of the 32 patients in MRD-CR, no dif fer ence in OS was seen in 
patients who did or did not receive SCT after CARTs.9 Recently, 
results from the ZUMA-3 mul ti cen ter 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 sen si tiv ity ana ly ses, the median 
dura tion of remis sion was unchanged by SCT con sol i da tion.12

The role of consolidative SCT in 4–1BB CARTs
It is clear that a sub set of patients with ini tial response to some 
41BBCART19 prod ucts has ongo ing dura ble remis sions with out 
consolidative SCT, which cor re lates with per sis tence.2,5-8 Even 
when a par tic u lar CART19 prod uct has been shown to have good 
func tional per sis tence, how ever, that per sis tence is not observed 
across all  patients treated, and CD19+ relapses remain a sig nifi -
cant chal lenge that may be miti gated by SCT in some patients.1 
In addi tion, even if one antic i pates and observes ongo ing per-
sis tence, CD19– relapses from anti gen escape occur despite 
CART19 per sis tence. Only a minor ity of the young adult and pedi-
at ric patients with relapsed ALL treated with tisagenlecleucel 
on the ELIANA study received a consolidative SCT. The EFS of 
50% at 12 months is there fore rep re sen ta tive of remis sion dura-
bil ity with this 4-1BBCART19 prod uct.6 When CTL019 (the pre-
cur sor 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 dura ble remis sions 
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were seen in each group.1 Similarly, in another study using a dif-
fer ent 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 dif fer ence in OS 
between the 2 groups, EFS and RFS were sig nifi  cantly prolonged 
in the SCT group.4

Toxicity
Due to their mech a nism of action, CART19 is asso ci ated with 
cyto kine release syn drome (CRS) and immune effec tor cell–
asso ci ated neu ro tox ic ity syn drome (ICANS), which are both 
poten tially life-threat en ing.27 The inci dence of these com pli ca-
tions across selected tri als for adult ALL is sum ma rized in Table 1.  
It should be noted that dif fer ent grad ing scales were used 
across tri als, chal leng ing any com par i son of tox ic ity.

CRS
Fever, hemo dy namic insta bil ity, and hyp oxia are the core clin i-
cal fea tures of CRS and used in the American Society for Trans-
plantation and Cellular Therapy con sen sus grad ing scale.28 The 
inci dence of CRS is high across all  CART19 stud ies com pared 
with other B-cell malig nan cies. The syn drome can be self-lim ited 
(requir ing only sup port ive care with anti py ret ics and intra ve nous 
flu ids) or more seri ous, requir ing inter ven tion with tocilizumab 
(an anti body to the inter leu kin 6 recep tor) or cor ti co ste roids. The 
biol ogy and risk fac tors for CRS are well under stood and con tinue 
to inform man age ment strat e gies, and fur ther approaches to 
mit i gate CRS are being explored in clin i cal tri als. In ALL, dis ease 
bur den is a strong pre dic tor for the sever ity of CRS.2,5,9,12,19 Some 
cen ters have adopted a risk-adapted approach in which a lower 
dose of cells is given for patients with higher dis ease bur dens.9,19 
Others have used more inten sive cyto-reduc tion for patients 
with higher dis ease bur dens.10 Several cen ters are eval u at ing the 
ben e fit of inter ven ing with tocilizumab for ear lier grades of CRS 
com pared with the approach in early clin i cal tri als that treated at 
more severe CRS due to con cerns that ear lier inter ven tion may 
mit i gate response. In 1 study from the Children’s Hospital of Phil-
adelphia, patients were assigned to high and low (<40%) tumor 
bur den cohorts. Those with high dis ease bur den received tocili-
zumab for per sis tent fevers. Of 70 patients treated, 15 received 
early tocilizumab, which, when com pared ret ro spec tively with a 
sim i lar group from an ear lier study, showed a reduc tion in grade 
4 CRS from 50% to 27%.29 Seattle Children’s reported their expe-
ri ence with ear lier tocilizumab inter ven tion resulting in a lower 
inci dence of severe CRS with out an impact on response.2 We 
and oth ers have used a frac tion ated dos ing scheme in which the 
total planned CART dose is infused over 3 days. This approach, 
in which sub se quent doses are held for early signs of CRS, allows 
for real-time dose mod i fi ca tion in response to tox ic ity with out 
an impact on effi cacy.1,8

Neurologic tox ic ity
The ASTCT con sen sus grad ing for ICANS requires assess ment 
of a patient’s immune effec tor cell–asso ci ated enceph a lop a thy 
score, level of con scious ness, sei zure activ ity, focal motor weak-
ness, and cere bral edema.28 Similar to CRS, neu ro logic events 
occur within the first few weeks of ther apy and have been 
reported in all  the stud ies sum ma rized in Table 1. Our under stand-
ing and abil ity to mit i gate neu ro logic tox ic ity after CART19 is lim-

ited. Current man age ment strat e gies are based on inter ven tion 
with cor ti co ste roids. Risk fac tors for severe ICANS are less clear 
but cor re late with prod uct used, higher inter leu kin 6 lev els, high 
dis ease bur den, and more severe sys temic CRS.9,12,19 CART19 cells 
read ily cross the blood-brain bar rier (BBB, a poten tial ben e fit for 
dis ease targeting as discussed above) and are detect able in the 
cere bral spi nal fluid (CSF) in most treated patients. Their pres-
ence in the CSF, how ever, does not pre dict for tox ic ity.5 Further 
stud ies are needed to deter mine the mech a nism of action, risk 
fac tors, and opti mal man age ment strat e gies of neu ro logic tox ic-
ity after CAR T-cell ther apy.

Role of CART19 vs other ther a pies
Clinicians may have sev eral sal vage options avail  able to treat a 
patient with r/r ALL. Treatment deci sions need to be indi vid u al-
ized based on prior ther apy, goals of ther apy, role of poten tial 
consolidative SCT, and fea tures of the CART19 prod uct avail  able 
(see Table 2). Comparing out comes of CART19 stud ies with out-
comes from inotuzumab (INO-VATE study) and blinatumomab 
(TOWER study) should be done with cau tion given dif fer ences 
in trial design, patient pop u la tions, dis ease bur den, and role 
of consolidative SCT in the dif fer ent stud ies. In addi tion, most 
effi cacy out comes reported from CART19 stud ies are for those 
who made it to infu sion, discounting fail ures of treat ment from 
manufactur ing or inabil ity to tol er ate the treat ment delay that 
is inher ent in autol o gous CART19 treat ment. Randomized con-
trolled tri als are lacking and needed to appro pri ately com pare 
out comes. Acknowledging these lim i ta tions, out comes from 
mature mul ti cen ter CART19 tri als (CR = 71%-81%; median OS of  
11 months not reached; median dura tion of CR = 12.8 months not 
reached) com pare favor ably with out comes with blinatumomab 
(CR = 35.1%; median OS = 7.7 months, median dura tion of CR = 7.3 
months) and inotuzumab (CR = 80.7%; median OS = 7.7 months; 
median dura tion of CR = 4.7 months).6,8,12,30,31

Table 2. Challenges of CART19 and solu tions under inves ti ga tion

Challenge Solutions under inves ti ga tion

Relapse

 CD19– relapse due to anti gen 
escape

 CD19+ relapse due to loss of 
per sis tence

   Immune medi ated rejec tion
   Exhaustive phe no type

Dual targeted approach (CD19 and 
CD22)

41BB costimulatory domain
Humanized CARTs
Manufacturing changes to select 

for nonexhaustive phe no type

Logistics

 Window for leukapheresis
 Disease con trol dur ing 

manufactur ing

Collect and store cells early in 
dis ease course

Develop more rapid manufactur ing 
time

“Off-the-shelf” or allo ge neic CARTs

Toxicity

 CRS and ICANS Earlier inter ven tion with 
tocilizumab or cor ti co ste roids

Fractionated dos ing scheme: dose 
mod i fi ca tion in response to early 
tox ic ity

Dose mod i fi ca tions by dis ease 
bur den

Novel anticytokine approaches
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CART19, inotuzumab, blinatumomab, and che mo ther apy in 
patients who are not refrac tory all  have the poten tial to suc cess-
fully induce an MRD– remis sion that can serve as a suc cess ful 
bridge to SCT. Although suc cess ful, there is no evi dence that an 
MRD– remis sion from a CART prod uct vs che mo ther apy or other 
targeted approach improves RFS after SCT. One report com-
pared out comes from patients with r/r ALL who achieved MRD– 
CR with CART19 or che mo ther apy and were bridged to SCT. No 
dif fer ence in cumu la tive inci dence of relapse (11.1% vs 12.8%) or 
nonrelapse mor tal ity was iden ti fied.32

The tox ic ity of a spe cific CART19 prod uct needs to be con-
sid ered on an indi vid u al ized basis and used to inform treat ment 
deci sions with CART19 vs another avail  able prod uct. Patients 
with high dis ease bur den, advanced age, and comorbid car-
dio vas cu lar dis ease, for exam ple, may not tol er ate antic i pated 
severe CRS or ICANS, and another approach may be more 
appro pri ate. On the other hand, a patient with min i mal dis ease 
bur den would be antic i pated to have lower risk of these toxic-
ities from CART19. Other spe cific fac tors may influ ence a cli ni-
cian’s deci sion to treat with CART19. For a patient with a low 
like li hood or desire to pro ceed to an SCT if a CR is obtained, 
CART19 prod ucts that have been shown to have dura ble remis-
sions with out consolidative SCT may be favored over other 
prod ucts. A patient with CNS dis ease his tory may ben e fit from 
CART19, which has been shown to cross the BBB and treat dis-
ease in the CSF.

The logis tics of autol o gous CAR T-cell ther apy, includ ing 
iden ti fy ing an appro pri ate win dow to per form leukapheresis 
and the need to con trol dis ease while cells are being manufac-
tured, con fer a sig nifi  cant dis ad van tage com pared with other 
approaches to care, such as inotuzumab or blinatumomab. 
Several inves ti ga tions are under way to explore the poten-
tial ben e fit of using allo ge neic CARTs from healthy donors in 
whom the poten tial for graft-ver sus-host dis ease is abro gated 
by T cell receptor knock out with gene editing tech niques. In 
early stud ies with this approach, responses have required high 
immu no sup pres sive ther apy to min i mize immune-medi ated  
rejec tion.33

Real-world expe ri ence with CART19 for ALL
There is only 1 CART19 prod uct approved in the United States 
and Europe for r/r B ALL, although more prod ucts are likely to be 
approved for this indi ca tion over the next few years. Tisagenle-
cleucel is approved to treat patients up to 25 years of age with 
B-cell ALL that is refrac tory or in sec ond or greater relapse. This 
approval is based on out comes from the mul ti cen ter phase 2 
ELIANA study discussed above.6

Real-world reg is try data col lected after the com mer cial i za tion 
of tisagenlecleucel have sub stan ti ated these out comes and rep-
re sent a larger num ber and more diverse group of patients than 
those treated in the piv otal trial. Information from 255 pedi at ric 
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 com pares favor ably to the ELIANA trial, 
which had a CR rate of 81% and an EFS and OS of 72% and 87%, 
respec tively, at 6 months. Importantly, treat ment in the real world 
has been shown to be safe, with fewer patients hav ing grade 3 
or higher CRS (16% vs 48%) and sim i lar num bers hav ing grade  
3 or higher neu ro tox ic ity (9% vs 12.7%).34 The lower inci dence in 
CRS may reflect prog ress in man age ment or less advanced dis-
ease at time of treat ment. In addi tion to val i dat ing effi cacy and 
safety out comes, real-world data have pro vided infor ma tion on 
pop u la tions not eli gi ble for the reg is tra tion trial. For exam ple, 6% 
of patients from the Center for International Bone Marrow Trans-
plant Registry were youn ger than 3 years, and 15% of patients had 
prior blinatumomab; both sub groups would have been excluded 
from ELIANA.

Conclusion
At the time of this writ ing, there is only 1 CAR T-cell prod uct, 
tisagenlecleucel, approved to treat r/r ALL for patients 25 years 
and youn ger, but more approv als over the next few years are 
antic i pated. Treatment with CART19 yields high and dura ble 
response rates for adult and pedi at ric patients with r/r ALL. 
The deci sion to treat a patient with CART19 depends on sev eral 
patient-, dis ease-, and prod uct-related fac tors in con junc tion 

Table 3. Clinical sce nar ios that favor CART19 vs other ther a pies

Clinical sce nario CARTs vs alter na tive approach

Recent CNS dis ease Consider CART19 due to abil ity to cross BBB and treat the CNS com-
part ment. Patients treated with che mo ther apy, blinatumomab, or 
inotuzumab are at risk for extramedullary relapse or pro gres sion.

Allogeneic SCT not pos si ble or desir able
 Relapse occurs after prior SCT
 High risk for com pli ca tions from SCT
 No donor option
 Patient defers SCT

CART19 should be con sid ered if prod uct with dura ble remis sion with out 
SCT is avail  able.

Rapidly pro gres sive dis ease CART19 may not be fea si ble due to need to iden tify a win dow for 
leukapheresis and con trol dis ease while awaiting man u fac ture. Other 
approaches should be con sid ered.

Frail or older patient with comorbid dis ease and high dis ease bur den Patient may not tol er ate antic i pated severe CRS or ICANS with CART19. 
Consider alter na tive approaches.

Frail or older patient with comorbid dis ease and min i mal dis ease bur den Patient is likely to do well with blinatumomab, inotuzumab, and CART19. 
With CART19, side effects of lymphodepletion need to be con sid ered, 
although low CART-related tox ic ity is antic i pated. Decision may be 
influ enced by dura bil ity of remis sions observed with CART19 prod uct 
avail  able.
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with con sid er ation of other ther a pies avail  able and the poten-
tial role of a consolidative SCT. Approaches are being explored 
to min i mize CD19+ and CD19– relapses and pre vent or mit i gate 
tox ic ity, which will con tinue to affect the treat ment par a digm for 
ALL over time (see Table 3).
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