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Introduction: CD19-directed chimeric antigen receptor-modified T cells (CART19) induce remarkably high remission rates in
relapsed/refractory B-lymphoblastic leukemia (B-ALL), but 50% of children and young adults experience subsequent relapse.
Allogeneic hematopoietic cell transplant (HCT) is frequently used after CART19, either for relapse prevention or to treat post-
CART19 relapse. However, there is a paucity of safety and outcome data after HCT in this population. This gap is especially
relevant because patients often undergo HCT post-CART19 later in their relapsed disease courses (i.e., CR3 or later) than
historical patients undergoing HCT for B-ALL.

Methods: We conducted a retrospective review of patients aged <30 years with B-ALL who underwent a first HCT for remission
consolidation (preemptive cohort) or relapse therapy (relapse cohort) after CART19 at the Children’s Hospital of Philadelphia
between 2014-2022. The primary outcome was disease-free survival (DFS) from HCT, stratified by cohort. Secondary outcomes
included overall survival (OS) and frequency of transplant-related mortality (TRM), graft-versus-host disease (GVHD), sinusoidal
obstruction syndrome (SOS), and IgG replacement dependence.

Results: The analysis included 41 patients: 19 in the preemptive cohort (pre-planned consolidative HCT, n=5; early loss of B
cell aplasia, n=13; positive next-generation sequencing minimal residual disease [MRD], n=1) and 22 in the relapse cohort
(morphologic relapse, n=18; detectable flow-based MRD, n=4) (Table 1). With one exception of a patient treated with a
CD19/CD28-based product, all patients received investigational or commercial CD19/4-1BB CAR T cells. Median time from
CART19 infusion to HCT was 5 months (range, 2-10) for the preemptive and 14 months (range, 5-40) for the relapse cohort.
Between CART19 and HCT, 6/19 (32%) preemptive patients received bridging therapy (chemotherapy, n=3; blinatumomab,
n=1; inotuzumab, n=2). In the relapse cohort, salvage therapies that successfully induced HCT-acceptable remissions (MRD
<0.1%) included inotuzumab (n=11, 50%), cytotoxic chemotherapy (n=>5, 23%), blinatumomab (n=2, 9%), CART22 (n=2, 9%),
CART19 reinfusion (n=1, 5%), or pembrolizumab (n=1, 5%).

At HCT, the majority (79%) of the preemptive cohort was in CR1 or CR2; whereas, the majority (77%) of the relapse cohort was
in >CR3. All patients received myeloablative conditioning, either total body irradiation-based (n=39) or clofarabine-based
(n=2), and 59% received a T cell depleted graft.

In the preemptive cohort, with a median follow-up of 36 months, DFS at 1, 2, and 3 years after HCT was 100%, 93% (95%
Cl, 61-99), and 85% (95% Cl, 51-96), respectively (Fig. 1). OS was 100% through 3 years. In the relapse cohort, with a median
follow-up of 34 months, DFS was 58% (95% Cl, 35-76) and OS was 68% (95% Cl, 44-83) by 1 year, and remained the same
through 3 years (Fig. 1). When stratified by CD19 immunophenotype at post-CART19 relapse, DFS by 1 year was 67% (95%
Cl, 34-86) for CD19-positive and 44% (95% Cl, 14-72) for CD19-negative disease (p=0.235).

Frequently observed toxicities included GVHD and SOS. In the preemptive cohort, 10 patients (53%) developed acute GVHD
(3 [16%] were grade >3) and 7 (37%) developed chronic GVHD. In the relapse cohort, 11 patients (50%) developed acute
GVHD (4 [18%] were grade >3) and 6 (27%) developed chronic GVHD. SOS was observed in 1 (5%) preemptive patient and 7
(32%) relapse patients. Four patients (18%), all in the relapse cohort, died of TRM between days +47-65 after HCT. Three had
multisystem organ failure in the setting of multiple complications, including severe SOS. One had respiratory failure due to
presumed adenoviral pneumonitis. At 1 year post-HCT, 9/18 (50%) preemptive and 8/12 (67%) relapse patients who remained
event-free still required IgG replacement.
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Conclusion: In children receiving their first HCT for post-CART19 remission consolidation, DFS and OS were exceptionally
good, without any observed TRM and with comparable rates of GVHD and other major complications to general pediatric
HCT populations. For children who were able to undergo HCT following a post-CART19 relapse, of which 77% were in CR3
or later, DFS and OS were also favorable. The majority became long term survivors and all events occurred within 1 year after
HCT. However, higher rates of SOS (likely associated with pre-HCT inotuzumab) and TRM were also observed in this cohort.
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Table 1. Patient, disease, and HCT characteristics, outcomes, and toxicities

Characteristic

Preemptive
cohort (n=19)

Relapse
cohort (n=22)

Total
(n=41)

wPatient and disease characteristics

dMedian age at HCT (range)

11.6 (2.8-19.8)

13.6 (4.4-23.5)

13.1 (2.8-23.5)

Female sex 4(21.1) 12 (54.6) 16 (39.0)
JRace
White 13 (68.4) 11 (50.0) 24 (58.5)
Black or African-American 2 (10.5) 5(22.7) 7(17.1)
Asian 0 (0.0) 1(4.6) 1(2.4)
Other 4 (21.1) 5(22.7) 9 (22.0)
Hispanic ethnicity 2 (10.5) 7 (31.8) 9 (22.0)
CART19 product received
Investigational CTL019 7 (36.8) 4 (18.2) 11 (26.8)
Humanized CART19 6 (31.6) 9 (40.9) 15 (36.6)
Commercial tisagenlecleucel 5(26.3) 9 (40.9) 14 (34.2)
CD19/CD28-based CAR 1(5.3) 0(0.0) 1(2.4)
CD19-positive disease at relapse NA 13 (59.1) NA
CD19-negative disease at relapse | NA 9 (40.9) NA
Mos from CART19 to HCT (range) | 5.2 (1.8-10.4) | 14.2 (4.7-39.9) | 7.5 (1.8-39.9)
Clinical stage at HSCT
CR1 8 (42.1) 0 (0.0) 8 (19.5)
CR2 7 (36.8) 5(22.7) 12 (29.3)
CR3 4(21.1) 11 (50.0) 15 (36.6)
2CR4 0(0.0) 6 (27.3) 6 (14.6)
Flow-based MRD >0.01% at HCT | 0(0.0) 1(4.5) 1(2.4)
Transplant characteristics
& onditioning regimen
Z TBI/Cy/Thio 17 (89.5) 22 (100.0) 39 (95.1)
. Clo/Mel/Thio 2(10.5) 0 (0.0) 2(4.9)
NReceipt of serotherapy 4(21.1) 7(31.8) 11 (26.8)
5 ransplant type
5 Matched-related marrow 7 (36.8) 5(22.7) 12 (29.3)
@ Matched unrelated marrow 2(10.5) 2(9.1) 4 (23.5)
% Mismatched unrelated marrow 1(5.3) 0 (0.0) 1(2.4)
5 Unrelated PSCT 8 (42.1) 10 (45.5) 18 (43.9)
| _— Mismatched related PSCT 1(5.3) 5(22.7) 6 (14.6)
Ex-vivo T-cell depletion 9 (47.3) 15 (68.2) 24 (58.6)
Receipt of rituximab 8 (42.1) 16 (72.7) 24 (58.5)
—Joxicity and outcomes
"Overall outcome
€ Alive in remission 17 (89.5) 13 (59.0) 30(73.2)
@ Relapsed, alive at last contact 1(5.3) 3(13.6) 4 (9.8)
» Relapsed, deceased 1(5.3) 2(9.1) 3(7.3)
5 Experienced TRM 0 (0.0) 4(18.2) 4(9.8)
Peveloped SOS 1(5.3) 7 (31.8) 8 (19.5)
Developed acute GVHD 10 (52.6) 11 (50.0) 21 (51.2)
= Mild GVHD (Grade 1/2) 7 (36.8) 7 (31.8) 14 (34.1)
wSevere GVHD (Grade 3/4) 3(15.8) 4(18.2) 7(31.8)
developed chronic GVHD 7 (36.8) 6 (27.3) 13 (31.7)
[gG dependent at 1-year post-HCT [ 9/18 (50.0) 8/12 (66.7) 17/30 (56.7)

Figure 1. Disease-free survival by hematopoietic cell transplant indication

Table 1 notes.
All data is displayed as n (%) unless otherwise specified.
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Abbreviations: CART19, CD19-directed chimeric antigen receptor-modified T cells; Clo,
clofarabine; Cy, cyclophosphamide; GVHD, graft-versus-host disease; HCT, hematopoietic
cell transplant; Mel, melphalan; Mos, months; MRD, minimal residual disease; PSCT,
peripheral stem cell transplant; SOS, sinusoidal obstruction syndrome; TBI, total body
irradiation, Thio, thiotepa; TRM, transplant-related mortality
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