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Salvage Treatment Options for Post-Transplant Relapse in Children with
Early/Very Early Relapse of Acute Lymphoblastic Leukemia: A Single
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Abstract
This study aimed to evaluate salvage treatment optio 0S t relapse in children with early/very
early relapse acute lymphoblastic leukemia (ALL ecutive high-risk ALL children were divided into
two groups based on their salvage treatment for pse: Group 1 (n =9) received purine
nucleoside analogs [fludarabine/clofarabine-ba:
[Blinatumomab, Bortezomib, and CART
two received a clofarabine-based regi
received Blinatumomab, and one receiye

e children received Bortezomib-based regimens, two
roup 2 showed a significantly higher cumulative survival
rates (13% vs 66%) compared to Group 1 (p<0.05). Based on
our limited data, targeted agent an effective treatment option and can be directly recommended
for posttransplant relapse in children with ALL.
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Ozet

Bu ¢aligmanin a bk erken relapsi olan akut lenfoblastik 16semili (ALL) ¢ocuklarda nakil sonrast
niiks i¢in ku eneklerini degerlendirmektir. Kirk ardisik ytiksek riskli ALL hastasi, nakil sonrasi
relaps igi e gore iki gruba ayrildi: Grup 1 (n = 9) purin niikleozid analoglari

bazli rejimler] alirken, Grup 2 (n = 8) hedefe yonelik ajanlar [Blinatumomab, Bortezomib
1'de yedi ¢ocuga fludarabin, iki ¢ocuga ise klofarabin bazli tedavi rejimleri uygulandi.
a Bortezomib bazli tedavi rejimi, iki ¢gocuga Blinatumomab ve bir ¢cocuga CART uygulandi.
1'e kiyasla anlamli derecede daha yiiksek kiimiilatif sagkalim orani (%75’e kars1 %22) ve daha
¢ 4 toksisite oranlari (%13’e kars1 %66) gosterdi (p<0,05). Sinirli verilerimize dayanarak, hedefe
ajanlar yiiksek riskli ALL'li cocuklarda etkili bir tedavi segenegi olabilir ve nakil sonrasi niiks i¢in
grudan onerilebilir.

tar kelimeler: Posttransplant relaps, ¢ocuklar, hedef ajanlar

Introduction

In children with high-risk acute lymphoblastic leukemia (ALL), relapse after allogeneic stem cell transplantation
(allo-SCT) can cause morbidity and mortality. There is no consensus on managing posttransplant relapse in these
patients [1-3]. Purine nucleoside analogs, such as fludarabine and clofarabine-based regimens, have been used
for years to treat pre- and posttransplant recurrence; however, maintaining complete remission (CR) is
particularly challenging, especially in ALL patients with early/very early relapse, even after allo-SCT [4-8].
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Nonetheless, recently developed targeted therapies have been successfully used to achieve CR in
relapsed/refractory children with ALL [9-14].

We investigated the role of salvage therapies for posttransplant relapse in children with early/very early relapsed
ALL.
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Materials and Methods
This single-center retrospective study included 40 consecutive children with early/very early relapsed ALL
undergoing allo-SCT between 2005 and 2024. Patients with late or isolated extramedullary relapse and refractory
disease before SCT were excluded. The institutional ethics committee approved this study. The BFM protocols
defined risk groups based on age, blast counts in peripheral blood on day 8 and marrow on days 15 and 33, flow-
MRD on day 15 (since 2016), and cytogenetic markers (t(9;22) and t(4;11) [15,16].

Pretransplant relapse management

Our institutional approach was to commence the ALL-Rez-BFM-02 protocol as the first-line therapy for all
relapsed patients. Treatment responses were assessed as described previously [4, 17, 18]. If these patients did not
respond to the Rez-BFM-02 protocol before allo-SCT, they received second-line therapy in the form of purin
nucleoside analogs [FLAG-IDA (Fludarabine, cytarabine, with/without idarubicin) or CLOVE (clofarabine,
cyclophosphamide, and etoposide)] [4-7]. When these therapies achieved CR, all relapsed patients underwe
allo-SCT.

Posttransplant relapse management
Patients were divided into two groups based on their salvage therapy for posttransplant relapse.
included patients with second-line fludarabine/clofarabine-based regimens who had previousl
BFM-02, while Group 2 (»=8) included patients with third-line targeted agents who had pre
least two lines of therapy, such as fludarabine/clofarabine-based regimens and Rez-BF M0

http://evs.nci.nih.gov/ftpl/CTCAE/. The SPSS 26.0 program was used
Results

Our transplant team performed 45 allo-HSCTs in 40 patients with ear
significant differences in demographic data between the two groups, @
(p>0.05) (Table 1).

Pretransplant and Posttransplant Remission Status
Using the Rez-BFM-02, pretransplant CR was obtai
remaining 11 (28%) unresponsive patients were ente
(73%) (n=8) and CLOVE (27%) (n=3) (Figure 1).
Posttransplant relapse occurred in 17 (42.5%) of
2. In group 1, nine patients received fludarabin
them did not enter CR, and the other three patie
remaining two patients achieved CR with

. There were no
icity and survival status

regimens in the posttransplant period. Four of
ny other therapies; all seven patients died. The

ed; only one received a second allo-SCT.

em, two patients in very early relapse who received two
cycles of blinatumomab underwent lant. Since the other five patients in early relapse were not
eligible for a second transplant, ved Bartezomib with off-label use. Only four had lived in CR for a
median of 2 years (1.0-3.5 ye aining only one patient died of leukemia progression. A 13-year-old
child was diagnosed with enter, but he later developed a combined BM and central nervous system
(CNS) recurrence. He ach CR LAG-IDA at our center and then moved to Germany. His mother
informed us that he undexw 0-SCT followed by CART in Germany. Although he was leukemia-free for a
long time, he died e S relapse after 11 years of CART (Figure 1).

cantly higher risk of posttransplant grade 3 and 4 toxicity compared to Group-2

e 3 and 4 mucositis, diarrhea, and myelosuppression were found in six patients in Group 1,
Group 2. Grade 1 and 2 mucositis, diarrhea, myelosuppression, mild hepatotoxicity, and
observed in three patients in Group 1 and seven patients in Group 2. Only one patient in
oped cytokine release syndrome. The cumulative survival rate was significantly lower in Group 1

tment for posttransplant relapses in pediatric ALL has yet to be definitively established. In a study, 203

nts with recurrent ALL achieved an 85% CR after following the several Rez-BFM 87/95/96/02 protocols

] Similarly, Rez-BFM-02 resulted in CR for 72% of our patients with very early relapse/early relapse before
allo-SCT. Various salvage regimens are recommended for relapsed ALL patients [4-14]. In a few studies, the
rate of CR with fludarabine-based regimens was between 42% and 69% in relapsed/refractory children with
acute leukemia [4,5]. Although experience with clofarabine after allo-SCT was limited, a meta-analysis revealed
that a clofarabine-based regimen resulted in a 16% rate of CR in relapsed children with ALL [6,7]. Similarly,
two-thirds of our patients receiving fludarabine-based chemotherapy and one-third of those receiving
clofarabine-based regimens achieved CR. Furthermore, these patients reported increased toxicity and a higher



mortality rate, which was consistent with our results. In recent years, new drugs such as bortezomib,
blinatumomab, and CART have contributed to CR if there was no response to at least two lines of therapy
following allo-SCT [9-14]. In a few studies, a proteasome inhibitor called bortezomib-based regimen resulted in
a CR rate of 63-72% in patients with recurrent ALL before allo-SCT [10, 11]. However, we used bortezomib off-
label in patients with recurrent ALL following allo-SCT and achieved similar CR in 80% of cases. Despite our
limited experience with bortezomib, we believe it may be a promising targeted therapy for posttransplant
recurrent ALL.

Blinatumomab is a bispecific T cell engager that targets both CD19 on leukemic cells and CD3 on cytotoxic T
cells, destroying leukemic blasts. It is commonly used in children with relapsed/refractory ALL before allo-SCT
[12]. In a systematic review, blinatumomab may serve as a good alternative for achieving CR in adults with
posttransplant relapse; however, phase 1/2 trials using blinatumomab for posttransplant relapse are still ongg

in children [13]. Our limited experience with two children suggests that administering at least two cycles o
blinatumomab before a second transplant could result in CR. Additionally, CART cells targeting CD L9gaftc

Our findings indicate that targeted agents are a promising therapy option for posttransplant
ALL children and can be recommended directly; however, more research in a multice
population is required.
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Legends to Figures and Tables
Table 1. Demographic, Clinical, and Laboratory Features of the 17 Patients with Posttransplant-Relapsed ALL
Table 1. Demographic, Clinical, and Laboratory Features of the 17 Patients with Posttransplant-Relapsed ALL

Variables Fludarabine-Clofarabine- = Targeted agents in
based regimens in Group ~ Group 2
1 n=8
n=9 p

Gender, n (%)

Male 8(88%) 6(75%) 0.45
Female 1(12%) 2(25%)
Age(years) 6.9+2.8 5.4+3.5
Leukemia Types, n (%)
T-ALL 1(12%) 0(0%)
B-ALL 8(88%) 8(100%)
Risk Groups
High-risk 2(22%) 5(62%) 0.19
Medium-risk 4(45%) 1(13%
Standard-risk 3(33%) 2(2
Relapse types, n (%)
Very early 5(55%) 4(50%) 0.60
Early 4(45%) 4(50%)
Transplant characteristics
Donor types, n (%)
Related donor 7(78%) 5%) 0.66
Unrelated donor 2(22%) 2(25%)
Conditioning, n (%)
TBI 5(5 5(62%) 0.58
non-TBI ) 3(38%)
Product types, n (%)
BM (33%) 4(50%) 0.42
PB v/ 4(50%)
Acute GVHD, n (%)
Yes 55%) 4(50%) 0.60
No (45%) 4(50%)
Posttransplant characteri
Relapse site,n (%)
lated 6(67%) 6(75%) 0.56
ed BM* 3(33%) 2(25%)
se,n (%)
Days
<100 4(45%) 2(25%) 0.37
>100 5(55%) 6(75%)
1(12%) 4(50%) 0.11
8(88%) 4(50%)
3(33%) 7(87%) 0.03
de 3-4 6(67%) 1(13%)
urvival status, n (%)
Alive 2(22%) 6(75%) 0.04
Died 7(78%) 2(25%)

ALL: Acute lymphoblastic leukemia; BM: Bone marrow; PB: Peripheral blood; TBI: Total body irradiation;
GVHD: Graft versus host disease, Allo-SCT:Allogeneic stem cell transplantation,
*Combined BM: Central nervous system in 3 patients and testis in 2 patients
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