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SUMMARY

The best way to manage acute leukemia relapse after HCT is to prevent it, buying time for GVL
with immunomodulation and, if no GVHD between days +60 and + 90, prophylactic DLI can
be indicate for very high or high risk patients. Short-term low dose of cyclosporine or metho-
trexate can add safety to pro-DLI, particularly after mismatched or unrelated transplantation.
Maintenance with imatinib or dastinib, recommended for Ph-positive ALL, with sorafenib,
for FLT3-ITD AML, or azacitidine, for myelodysplastic syndrome patients, can be effective in
reducing relapse rates. However, target agent maintenance can add toxicity, depends on
patient adherence and demands physician experience to know when is safe to start, how
adjust the dose according individual tolerance after transplant and to detect undesirable
drug interactions. The second step to avoid hematological relapse is preemptive approach
guided by measurable residual disease or mixed chimerism. In patients off immunosuppres-
sion, chemotherapy followed by DLI is a useful strategy, and if no response, interferon alpha
can be associated to enhance GVL. Target-specific agents can be start at this point either.
After relapse, antigen-directed therapy with blinatumumab for CD19 ALL, inotuzumab for
CD22 ALL are excellent options to induce MRD negativity and facilitate HCT. Disadvantages
of new immunotherapies are: high incidence of VOD with inotuzumab and gemtuzumab;
lower response in patients with high leukemia burden or concurrent extramedullary relapse;
necessity of consolidation with HCT after a bridging therapy with BiTE and probably with
CAR-T cell therapy also. It is important to realize that if remission after chemotherapy is as-
sociated with the development of GVHD, then there may be limited benefit (and possibly
harm) in consolidating with any kind of cellular therapy. However, for patients who achieved
remission without GVHD, either DLI or second transplant can be recommend. Further studies
are necessary to determine at which point each strategy might yield the best results.
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INTRODUCTION

Advances in leukemia biology knowledge, support-
ive care and combined treatment approaches added
to the recent progress in haploidentical transplanta-
tion, which made possible a significant increase of
donor availability for allogeneic hematopoietic cell
transplantation (allo-HCT), had resulted in cures for
approximately 85% of children with lymphoblastic
acute leukemia (ALL) and 70% for those with my-
eloid acute leukemia (AML) or with myelodysplastic
syndrome (MDS)."? Allo-HCT is considered an estab-
lished treatment for patients with high risk hema-
tological malignancies.’ The 3-year overall survival
(OS) for children with ALL or AML varies, according
disease phase, from 76-60% for early and interme-
diate to 50%-30% for advanced phase, respectively,
with comparable outcomes after matched sibling
(MSD) or matched unrelated (MUD) HCT.* Relapse
incidence (RI) following transplantation varies from
13 to 47%, depending on patient, disease and trans-
plant features, while the incidence of CNS relapse,
the most common site of extramedullary relapse,
varies from 3.9 to 9.4% for patients without or with
prior CNS disease, respectively.”®

In Brazil, two recent retrospective multicenter stud-
ies evaluated outcomes in pediatric patients and ob-
served lower OS rates compared to higher-income
countries. Tavares and cols.” reported acceptable
3-year relapse rates of 23% (30/130) for ALL and 18%
(15/82) for AML/MDS patients transplanted with un-
related HCT, which were similar among donor type
groups: matched (26%), mismatched (21%) and um-
bilical cord blood (13%) (P=.18). A higher relapse in-
cidence (43%) was published by de Melo Rodrigues
and cols.®when they analyzed 114 AML patients that
received MSD (49), MUD (59) and haploidentical (6)
HCT. The 4-year progression-free survival (PFS) for
all cohort was 40%. Relapse occurred at a median of
122 days. After relapse, 12 patients received a second
HCT, and four received donor lymphocyte infusion
(DLI). Of the patients who experienced relapse, only
six (12.2%) survived. The authors observed a signif-
icant association (P < 0.0001) for 4-year PFS, with
worse outcomes recorded for patients in third or
subsequent complete remission (CR) (HR 6.71) and
for those with active disease (HR 3.08) at transplant.

The mainly risk factors for relapse in children with
acute leukemia after HCT are advanced disease
phase at transplantation, pre and post-HCT positive
measureable residual disease (MRD) and absence of
GVHD. Besides that, presence of high risk cytogenet-
ics and molecular alterations at diagnosis, such as:
BCR-ABL mutations; MLLT4-KMT2A; IKZF1 e 2; ETV6/

RUNX1-like; iAMP21; TCF3/HFL; FLT3-ITD, monosomy
7, complex karyotype and TP53 mutations, among
others, increase disease recurrence after HCT.

Graft-versus-leukemia effect (GVL) and myeloab-
lative conditioning are crucial tools in prevention
of leukemia relapse after allo-HCT. The GVL takes
time to happen and, meanwhile, host leukemic cells
persistence, which escaped the cytotoxicity of con-
ditioning, can induce leukemia recurrence. Other
mechanisms, such as: chemotherapy or graft insuf-
ficiency, inadequate responses by effector cells, im-
mune mechanisms resistance induced by ALL blasts,
migration of leukemic cells to sanctuaries protect-
ed from immune attack, inhibition of antitumor re-
sponse by the tolerance conferred by immune mi-
croenvironment components (mesenchymal stem
cells and T, B, NK regulatory cells), also contribute to
relapse.”'’ Standard recommendations to prevent
relapse after transplant include: 1) improve disease
control before HCT; 2) increase graft GVL potency
by optimizing donor selection, conditioning, graft-
versus-host disease (GVHD) prophylaxis; 3) keep dis-
ease under control until the GVL occurs, which can
be achieved through target agents maintenance,
immunosuppression (IS) modulation and/or prophy-
lactic DLI; 4) monitor and act immediately if detect
impending relapse. Advances in immunomodulato-
ry interventions and maintenance approaches, with
tyrosine kinase inhibitors (TKI) or hypomethylating
agents (HMAs), have benefit selected patients.”'?
Pulsipher et al reported®, in a multicenter prospec-
tive study, risk factors and timing of relapse after
allogeneic transplantation in a pediatric population
diagnosed with ALL. They concluded that there is a
window between day +55 and day +100 to 200 when
most high-risk patients have not relapsed yet and
that this population could benefit from measures to
avoid relapse at that time.

TKI MAINTENANCE POST-HCT

Relapse after HCT for Philadelphia chromosome-pos-
itive (Ph+) ALL remains a significant challenge. Since
the incorporation of TKI in first line treatment pro-
tocols, its maintenance post-HCT was indicate.
Chen' and cols. compared outcomes in pediatric
patients, 62 with imatinib versus 20 without main-
tenance post-HCT. Multivariate analysis identified
maintenance therapy post-HCT with imatinib as an
independent prognostic factor for DFS (p = .0001,
HR =4.8) and OS (p =.0001, HR = 6.2). According to
EsPhALL 2010 protocol, daily imatinib should start
at 200 mg/m” by day +56, provided that satisfactory
counts with stable neutrophil engraftment (plate-
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let >50x10" cells/L, WBC >1-5x10 cells/L, and neu-
trophils >0-5x10° cells/L for at least 15 days) were
achieved. If well tolerated, daily dose should be in-
crease to 300 mg/m? until 12 months.'®

The Acute Leukemia Working Party of the EBMT'®
published a state position on the use of TKI to pre-
vent relapse after allo-HCT for patients with Philadel-
phia (Ph) positive ALL. The authors made important
recommendations to guide dose reductions accord-
ing TKI toxicities, disease monitoring, maintenance
duration and specific indications such as the choice
of dasatinib maintenance for patients with previous
CNS involvement. They advised that for patients
transplanted in CR1 and continuous MRD negativ-
ity maintenance shoud last 12 months, but those
transplanted in CR2 or a later remission should pro-
long TKI use indefinitely, unless precluded by poor
tolerability or safety concerns. They concluded that
the available data are insufficient to determine the
better tolerated TKI in post-HCT setting. The choice
has to be personalized according comorbidities and
transplant complications. Moreover, patients with
GVHD or transplant-related morbidities and unde-
tectable MRD post-HCT may use TKI prophylactical-
ly or, alternatively, only after the detection of MRD
(preemptive strategy). A recent systematic review
performed by Warrich and cols."’, analyzed compar-
atively survival outcomes with first and second-gen-
eration TKI maintenance on post-HCT setting in Ph+
ALL adult patients. They showed that the use of ei-
ther imatinib or dastinib after transplant for patients
in CR1 improved OS when given as a prophylactic
or preemptive regimen. Limited data suggest that
second-generation TKI (i.e., dasatinib) have a better
0S, especially in patients with MRD-positive status.
Imatinib did not improve OS in patients who were
> CR1 at the time of HCT. The evaluation of survival
benefit with newer generation TKI and their efficacy
in patients transplanted in > CR1 needs further study
in large randomized clinical trials. Evaluation of the
use of dasatinib for maintenance post-HCT in Ph+
ALL children is an unmet need. Watanabe and cols.™®
reported prolonged molecular remission with dasat-
inib pre and post-HCT in a 10-year boy with imatinib
resistant Ph+ ALL transplanted in molecular remis-
sion. Dasatinib use started on day +102 at 20 mg/
m?/day and gradually increased to 50 mg/m?/day.
After 2-year-lasting molecular remission, dasatinib
was suspended, and the patient was still in remission
at day +905 MRD analysis. Recently, Shen and cols."
conducted a phase 3 RCT study with 189 children
to compare the efficacy of dasatinib versus imatinib
in pre-HCT setting. Dasatinib (80 mg/m?/day) was
more effective than imatinib (300 mg/m?/day) in the

treatment of children with Ph+ ALL. Dasatinib thera-
py provided excellent control of CNS leukemia with-
out the use of prophylactic cranial irradiation. These
evidences justify the use of dasatinib as an option for
maintenance post-HCT in pediatric patients, howev-
er routinely hematological counts and cytomegalo-
virus PCR screening are necessary for adequate dose
adjustment and to prevent hemorrhagic colitis da-
satinib induced, associated or not with CMV.*°

FLT3-Internal Tandem duplication (ITD)-mutated
AML is associated with poor outcomes. Allo-HCT can
improve cure rates in children and adults, however
around 35% of patients relapse. Maintenance post-
HCT with sorafenib, an oral TKI with activity against
FLT3, c-KIT, PDGF, VEGF and Raf, is a currently rec-
ommendation for FLT3-ITD-mutated AML patients,
based on significant improvements in DFS, OS and a
marked 65% reduced risk for relapse with two years
of TKI therapy.”' Tarlock and cols.?’ reported the re-
sponse of 15 pediatric patients with FLT3-ITD-mu-
tated AML to prophylactic (6) or therapeutic (9)
sorafenib, which started around day +100 and was
suspended at 18 months post-HCT. Initial median
dose was 150 mg/m?/day. Overall, 73% of patients
experienced significant toxicities, although sorafenib
did not appear to exacerbate graft versus host dis-
ease in this study. Among patients who experienced
toxicity, 7/11 (64%) received doses = 200 mg/m?/day,
which was later determined to be the maximum tol-
erated dose of sorafenib for pediatric leukemia. The
authors observed a relevant efficacy of sorafenib in
patients with MRD positive, since all patients treat-
ed for MRD immediately prior to transplant or with
emergence of MRD after transplant were alive, in
complete remission, at a median of 48 months post-
HCT. Thus, for patients not receiving prophylaxis,
administration of TKI at the first detection of MRD
is recommend. Patients who achieve MRD-negative
response by molecular detection methods may not
require second HCT. More recently, Xuan and cols.”
retrospectively evaluated sorafenib therapy (dose
range, 200-800 mg daily) in 144 FLT3-ITD-mutated
AML transplanted patients, with ages between 14
and 57 years. The study multivariate analysis showed
that, compared with control group, the utilization of
sorafenib before transplantation, as maintenance af-
ter HCT, and their combined application were signifi-
cantly protective factors for a lower relapse rate (HRs:
0.44,0.43 and 0.17, respectively) and for a longer LFS
(HRs: 0.32, 0.34, and 0.19, respectively).

Sorafenib maintenance post-HCT (group A) was
compared with prophylactic DLI (group B) and with
patients without prophylactic intervention (group
Q) by Shi and cols.* in a retrospective study with 68
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FLT3-ITD positive AML patients who received MSD
(n = 21), MUD (n = 7) and haploidentical (n = 40)
transplantation. The overall range of age was 12 - 62
years. When interventions started, all patients who
received pDLI or sorafenib had complete chimerism,
were negative for MRD and FLT3- ITD mutation and
had no active GVHD. Sorafenib maintenance started
at a median of 83 days post-HCT and last for a medi-
an of 238 days. Group B received DLI only once at a
median of 102 days post-HCT. The median of CD3*
cell dose was 3.4 x 107/kg. The 2-year OS, LFS, and CIR
were 95.8%, 95.8%, and 4.2%, respectively, for group
A; 75%, 66.7%, and 25.0%, respectively, for group B;
and 67.0%, 60.9%, and 33.4%, respectively, for group
C. Overall survival and LFS were significantly higher
in sorafenib group. The grade II-IV aGVHD incidence
was significantly higher after DLI than in sorafenib
group (46.3 vs 8.7%, P < 0.001), but there was no sig-
nificant difference between these groups in cGVHD
incidence.

DNA HYPOMETHYLATING AGENTS (HMAS)
POST-HCT

The most common non-targeted pharmacologic ap-
proach to treatment and prevention of relapse after
HCT for AML and MDS has been HMAs (azacitidine
and decitabine). Their mechanism of action post-HCT
is uncertain, but they can induce allogeneic CD8*T
cell response by enhancing the expression of epige-
netically silenced tumor-associated antigens. HMAs
may also induce the GVL response through increased
expression of tumor antigens.”” Prophylactic azaciti-
dine (Aza) post-HCT was first evaluated in a phase |
study of 45 adults heavily treated previously, which
established an optimal dosing schedule for mainte-
nance to be 32 mg/m? IV X 4 cycles and resulted in a
1-year OS rate of 77%. Reversible thrombocytopenia
was the dose limiting toxicity.”® Unfortunately, this
study extension to a phase lll randomized controlled
trial (RCT), failed to show significant differences for
OS and DFS between Aza and control groups (p =
.85 and p= .14), respectively.”” However, pediatric
case series’®*? reported low incidence of relapse
with prophylactic low-dose Aza (32 to 36 mg/m?) as
maintenance post-HCT. Despite the limitations of
small numbers, a potential benefit in disease control
of this approach warrants further investigation.

Recently, Hurchart and cols.** reported the results
of a protocol combining Aza maintenance with pro-
phylactic DLI (pro-DLI) performed in 10 high-risk
AML pediatric patients. Aza started on Day +60 at 36
mg/m? for a 5-day monthly course from day +90, for
6 cycles. The dose was reduced to 24 mg/m?2 if grade

3 or 4 of hematologic toxicity or increase of bilirubin
>3x upper limit of normal persistent for > 2 weeks.
Escalated pro-DLI started after Day +120 in patients
off immunosuppression for at least 1 month, repeat-
ed every 6 weeks and limited to three doses. Patients
with previous grades IlI-lV aGVHD were excluded.
Initial CD3/kg doses were 10°for MSD, 0.5 x 10° for
MUD and 0.5 x 10° for MMUD and haploidentical
HCT. The increase of subsequent doses was by 0.5
log each. Nine patients (90%) remained in CR with
median follow up of 17 months. These preliminary
results suggest that post-HCT maintenance therapy
with Aza and pro-DLI in pediatric setting is feasible,
safe, and may contribute to improved event free sur-
vival.

PROPHYLACTIC DONOR LYMPHOCYTE
INFUSION

Although the efficacy of therapeutic DLI in relapsed
acute leukemia may be suboptimal, pre-emptive or,
particularly, prophylactic DLI is effective approaches.
However, the risk of severe acute GVHD (aGVHD) re-
mains an obstacle to successful earlier use of DLI af-
ter HCT. To balance GVHD risk and GVL effect, the first
pro-DLI CD3* cell dose should vary between 10* and
10¢/kg, according donor type, mainly if given before
6 months after HCT.*' Some authors suggest that is
safe and more effective to administer G-CSF-primed
DLIs early after transplant, and this kind of manip-
ulation can provide GVL effect without significant
GVHD.***Yan and cols.**, in a multicenter prospec-
tive study, evaluated the impact of G-CSF-mobilized
peripheral blood stem cells (pro-G-DLI) followed by
MRD and GVHD-guided multiple G-DLls in prevent-
ing relapse after transplant in 100 patients (aged 6 —
60 yrs.) with refractory/relapsed acute leukemia. The
pro-G-DLI was at 30 days after MSD or 45 to 60 days
after MUD or haploidentical transplants. Patients in
CR at day+30, without GVHD and uncontrolled in-
fection were eligible. Subsequently G-DLIs were ac-
cording GVHD occurrence and MRD results (at 1, 2,
3,4.5, 6,9, and 12 months and at 6-month intervals
thereafter). Patients with positive MRD received che-
motherapy and G-DLI. The median dose of mono-
nuclear cells, CD3+ cells, and CD34+ cells for each
G-DLI was 108/kg, 0.37 x 10%/kg and 0.65 x 10%/kg, re-
spectively. Before pro-G-DLlI, all patients received 2.5
mg/kg/day of cyclosporine (CsA) to prevent GVHD.
After G-DLI, CsA dose and duration were adjusted
according blood levels and MRD results, respective-
ly. The 3-year CIR, DFS, and OS were 32.4%, 50.3%,
and 51.4%, respectively. The authors suggested that
this prophylactic and disease guided combined in-
tervention reduced relapse and increased survival
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post-transplant in patients with refractory/relapsed
acute leukemia.

The risk of GVHD after unmanipulated DLI in the
haplo-HCT/PTCy settingis comparable to DLI from
an HLA-matched donor, following the recommend-
ed dose of CD3*cell’kg according the indication:
prophylactic or preemptive (10°) and therapeutic
(10°). Patients with high-risk myeloid malignancies
may benefit from a pro-DLI, which ideally should
be performed in clinical trials. However, manip-
ulated haplo-DLI, such as selectively depleted or
gene-modified T cells, only should be used on clini-
cal trial setting.* In a prospective study by Gilman et
al.*, reported 34 pediatric patients that received an
unmanipulated prophylactic haplo-DLI after a T-cell
depleted /CD34+ selected haplo-HCT, with GVHD
prophylaxis with MTX between d+30 and d+42. The
intervention was safe and 2-year NRM and OS were
25% and 63%, respectively. Similarly, Jaiswal et al.*,
in a prospective trial, evaluated the use of prophy-
lactic G-CSF-primed peripheral blood progenitor cell
(GBPCQ) in the T-cell replete haplo-HCT/PTCy setting.
Twenty-one patients with AML (not in remission) re-
ceived up to three doses of haplo-GPBC (d+21, d+35
and d+60). All patients received GVHD prophylaxis
post-DLI. The control group consisted on 20 patients
who received routine monitoring after haplo-HCT. In
DLI cohort at 18 months, CIR, PFS, and OS were 21%;
62% and 71%, respectively and results were signifi-
cantly superior compared with controls. Incidence
of aGvHD was 31%, while incidence of chronic GvHD
was 41% after GBPC infusions. NRM was equivalent
between the groups.

MEASUREABLE RESIDUAL DISEASE
CONSIDERATIONS

Improvements on relapse surveillance post-HCT be-
came possible due to advances in monitoring MRD.
The recommended methods for MRD surveillance
are: multicolor (six to ten colors) flow cytometry
(MFQ); real-time PCR (for Ilg and TCR rearrangements
and fusion gene transcripts) and, more recently,
next-generation sequencing of Ig or TCR genes (NGS
- MRD)."” For ALL patients, the adequate time to ac-
cess MRD is between 12 a 30 days before HCT, and
those with MRD positive should receive additional
treatment pre-HCT.*® This approach is not well de-
fined for AML patients, and, unless in cases where
target agent can be apply, a positive MRD must not
delay the transplant, since allo-HCT provides accept-
able survival rates in AML, even in patients with very
high risk disease."

MRD post-HCT is more important than pre HCT®, and

screening at days +30, +60, +90, +180 and + 365 is
the routine adopted by most Brazilian centers. How-
ever, recent US National survey® revealed a higher
frequency of relapse detection at day +270 (11.9%)
compared to day +365 (0%). MRD for ALL patients
are classified according quantitative PCR or MFC re-
sults, respectively, as following: MRD negative (if un-
detectable); MRD low positive if < 10 or 0.01%; MRD
high positive if > 10*to < 10° or > 0.01 to 0.1%; and
MRD very high positive if = 102 or >0.1%. Bader and
cols.® derived a risk score with an MRD cohort from
Europe, North America, and Australia, using neg-
ative predictive characteristics (advanced disease
status, non-total body irradiation regimen, and MRD
[high, very high]) defining good, intermediate, and
poor risk groups for relapse. They validated the score
in a second cohort, more recent, and the 2-year CIR
were 13%, 26%, and 47% (p < .001) for the defined
risk groups.

Ph-positive ALL patients should be evaluate also for
the presence of BCR-ABL transcripts and ABL kinase
domain mutations before HCT and after engraft-
ment. The PCR monitoring of BCR-ABL rearrange-
ment should start 4 weeks after transplant, be re-
peated every 6 to 8 weeks in bone marrow (BM) and
monthly in peripheral blood (PB), during the first year
post-HCT.® After that, we recommend monitoring as
follows: every 3 months in PB during the second year
post-HCT, besides the 18-month BM analysis, every
6 months in PB until five years from transplant and
annually afterwards. The detection of MRD should
prompt rapid confirmatory testing in BM.

MRD sensitivity limit by MFC for AML is around 10~
to 107°. Adequate sample cellularity and standard-
ized protocols to detect leukemia-associated im-
munophenotypes (LAIPs) is mandatory for accurate
MRD results. However, reliable analysis of post-trans-
plant MRD for AML patients requires also a high level
of expertise, knowledge of regenerative bone mar-
row marker expression patterns, and an integrated
approach of LAIP-based Different from Normal (DfN),
which is crucial to identify new LAIPs due to clonal
evolution and occurrence of immunophenotypic
shifts in regenerative marrow after therapy. Despite
that, MFCis currently the most commonly used meth-
od to determine MRD in AML patients. Molecular PCR
based techniques have higher sensitivity than MFC
MRD, depending on the specific gene and the used
molecular technique. The chosen genes for the MRD
assay are NPM1, RUNX1-RUNX1, CBF-MYH11, FLT3
and WT1. Although FLT3 harbors frequent recurring
mutations, the internal tandem duplication (FLT3/
ITD) is highly unstable and can be gained or lost
during therapy. However, FLT3/ITD negativity does
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not imply that residual leukemia cells are absent,
and therefore highly sensitive techniques will be re-
quired to ensure FLT3/ITD negativity. The detection
of Wilms'tumor 1 (WT71) by mutation and expression,
has also been used by several centers for disease
monitoring but the ELN 2018 MRD guidelines stated
that WTT expression should only be used when there
is no other MRD marker available.*

A more sensitive method of MRD detection, NGS, is
improving the predictive value of MRD for relapse
and survival in ALL and AML patients after HCT. Thus,
as soon become more widely available, NGS MRD
should be incorporate into ALL and AML studies to
identify patients who are at high risk for post-HCT
relapse to allow timely interventions in order to im-
prove patient outcomes.

DONOR CHIMERISM CONSIDERATIONS

Monitoring the post-HSCT dynamics or kinetics of
chimerism status by serial bone marrow analysis at
same points of MRD (listed above), as well as on sus-
picion of relapse or graft failure, is needed to monitor
engraftment, disease control and to predict relapse.
Intervals ranging from weekly to monthly chimerism
analysis have been used in clinical trials. Particularly
for pediatric leukemia patients, is recommended to
follow chimerism closely, alternating blood samples
with the scheduled marrow analysis, every 2 weeks
until day +100, at monthly basis until one year and
yearly afterwards, to a minimum of 5 years post-
HSCT to monitor for secondary graft failure and as
a marker of possible minimal residual disease and
relapse. Analyses can be limited if complete chime-
rism has been reached and sustained, if not, serial
analyses should be performed at short time intervals
when a decreasing donor chimerism or persistent
MC is detected.”

Chimerism analysis shows the donor origin hemato-
poietic cells percentage thus, complete chimerism
(CQ) is when 100% of hematopoietic cells are of do-
nor origin; mixed chimerism (MC) when both donor
and recipient hematopoietic cells are present and
split chimerism when CC has been achieved in one
or more cell lineages while other cell lineages still
shows a mixed pattern. Low-level chimerism is when
host cells are detect in a proportion < 1% of hema-
topoietic cells. Mixed chimerism can be classified as
decreasing MC (reduction of host cells) and increas-
ing MC (host cells increasing). The cell lineages gen-
erally used are mononuclear and granulocytic, but
CD34+cells and specific-leukemia lineage (marrow
sample) chimerism analysis can predict relapse more
accurately. Chimerism is preferentially evaluated by

amplification of short-tandem-repeats markers (STR-
PCR), due to its high sensitivity (nearly 100%). It can
be performed also by X/Y FISH (only applicable in
sex mismatched HCT) and RT-qPCR, with 50 % and
90% of sensitivity, respectively.***!

Relapse prediction using chimerism relies on the in-
terpretation of chimerism kinetics. A sustained MC
or drop on donor chimerism early after HSCT has
shown to be an independent risk factor for relapse
and impaired survival after MAC, RIC or NMA condi-
tioning, in both adults and children, independent of
the underlying hematological malignancy. Chen and
cols.”? showed that early achievement of CC in pedi-
atric ALL patients after MAC transplant was associat-
ed with a longer PFS. Brolie and cols* evaluated chi-
merism trends in 63 children who underwent HCT
for AML or MDS. Mixed T-cell chimerism at engraft-
ment and absence of cGVHD were associated with
relapse (P = 0.04 and P = 0.02, respectively). Mixed
T-cell chimerism at engraftment was predictive of re-
lapse in patients without cGVHD (P = 0.03).

Preemptive post-HSCT interventions based on
MRD and chimerism kinetics

Reduction or cessation of immunosuppression (IS)
and/or DLI single or on escalonated doses can con-
vert a MC to CC, thereby boosting the GVL effect.
The efficacy of these strategies combined or not for
mixed chimerism conversion has been confirmed in
retrospective and cohort studies*““and by pediatric
prospective trials*’** also. Horn** and cols. evaluated
prospectively 71 pediatric AML patients and found
that the rapid IS tapering with or without DLIs in pa-
tients presenting with MC on 2 consecutive blood
or bone marrow samples until achievement of CC
could significantly improve DFS. The DLI CD3+ cells
dose/kg schedule was according donor type, with
first doses of 10° to 109, increased by 0.5 log for each
subsequent dose until limits of 10" and 108 for MUD
and MSD, respectively.

Fresh whole blood DLI, obtained by collection of
small aliquots from donors, seems to be a very cost
effective technique and an attractive form of im-
munotherapy for children. Swaminathan and cols.*®
reported their experience with early withdrawal of
IS and the use of fresh whole blood DLI to mitigate
relapse of leukemia and prevent graft rejection after
HCT in children with mixed chimerism, transplanted
for benign diseases or leukemia. In total, 58 patients
received DLI, in an escalating dose regimen with
CD3"cell/kg as follow: 1x10° (or 10* for haploidenti-
cal recipients), 5x10° and 1x10°, depending on the
graft kinetics and the clinical status of the children.
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The 2-year OS and DFS were 81.1% and 67.2%, re-
spectively. The collection by phlebotomy is safe for
the donors, particularly for the younger pediatric
donors, who otherwise, to donate lymphocytes
through apheresis machine, would need a venous
catheter and volume expansion or a red blood cell
pack to tolerate the procedure. This preemptive DLI
escalating regimen works well for patients who re-
quires repeated lower doses of T cells.

Since monitoring MRD in Ph-positive leukemia by
qRT-PCR for BCR-ABL rearrangements in marrow and
blood is easy, some investigators have advocated for
a MRD-triggered approach instead prophylactic. The
first choice can be imatinib or dasatinib in cases with
previous resistance to imatinib or presence of ABL
kinase domain mutations before or after HCT, since
the use of ponatinib is not approved for children yet.
Patients with early molecular recurrence, within first
three months after HCT, or those with more than 10*
transcripts at any time after HCT, appear to have lit-
tle benefit with imatinib, and should be started on
dasatinib at 50-100 mg/day or, if intolerance, on ni-
lotinib at 200 mg every 12 hours, with close moni-
toring for toxicities.” In one prospective evaluation
of 27 patients undergoing allo-HCT for Ph*ALL, pre-
emptive imatinib at MRD detection post-HCT was
associated with prolonged disease-free survival in
approximately half of patients, which could be antic-
ipated by rapid achievement of molecular remission
in response to therapy.”' A phase Il study, compared
maintenance or preemptive MRD-triggered imatinib
in 55 Ph-positive ALL patients and showed low rates
of hematological relapse in both arms. Although,
molecular recurrence was lower for maintenance
compared with preemptive strategy.*

Some cytokines have been evaluated on their capac-
ity to improve the efficacy of donor cells. An older
approach with new interest is the combination of
GM-CSF and/or interferon alpha (IFN-a) and DLI.
Both cytokines increased the capacity of dendritic
cells and leukemia cells to present target antigens,
and improved donor T-cell stimulation by providing
co-stimulatory signals and adhesion molecules.*
Cooper and cols.”* showed better disease control
with the use of IFN-a to augment GVL responses,
with or without DLI, in high-risk leukemia, not cured
with standard transplant measures. However, they
observed a high rate of GVHD (59%) and morbidity,
probably due the high dose and prolonged exposi-
tion of IFN used. They suggested that earlier IFN-a
use, prompted by detection of MRD, coupled with
its rapid cessation at onset of GVHD, may potenti-
ate GVL effect and reduce mortality from GVHD in
this high-risk group of children. The Chinese group

put it into practice, and in consecutives, prospective
clinical studies>**’, showed the safety and the effi-
cacy of preemptive IFN-a-2b in acute leukemia and
MDS pediatric and adult patients with MRD positive
post-HCT. The IFN schema was 3 million units 2-3
times per week subcutaneous, for median treatment
duration of 35 days (range, 4 to 180 days). The first
study*>> compared the preemptive use of IFN-a alone
to G-DLI preceded by chemotherapy and showed
similar 1-year cumulative incidence of relapse, NRM
and DFS (27.3% versus 35.6%; p=.514), (4.5% versus
4.4%; p=.985) and (68.2% versus 60.0%; p=.517), re-
spectively. Both approaches were significantly bet-
ter than those of the MRD-positive patients with IS
tapering or without preemptive interventions. All
patients treated with G-DLI received IS (CsA or MTX)
for 2 to 6 weeks after infusion. The authors observed
that, even when IFN-a treatment was discontinued,
due to active GVHD, MRD remained significantly
decreased and MRD-negative status was achieved,
and discussed that IFN-a indeed might promote the
GVL effect and clear tumor cells, through enhance-
ment of NK cell cytolytic activity as well as up-reg-
ulation of interleukin-2 (IL-2) production by T cells.
In a subsequent study*®, they investigated the effi-
cacy of salvage IFN-a in 24 patients who persisted
MRD-positive at 1 month after G-DLI (unsatisfactory
response). IFN-a-2b started within 3 months after
G-DLI, before hematological relapse, with the same
schema described above, except for a reduction
to 3 million units/m? for patients < 16 years (maxi-
mum of 3 million units) and longer treatment dura-
tion (median 80 days, range, 19-187). Most patients
(75%) achieved molecular remission, the majority of
them within two months and 12.5% at > 2 months
after the start of IFN-a treatment. The 2-year DFS, OS,
severe aGVHD (G-lll/IV), chronic and severe cGVHD
were 54.3%, 68.0%, 8.3%, 37.5% and 16.7%, respec-
tively.

More recently, the same group, extended the cohort
of preemptive IFN-a treatment to 68 Ph-negative
ALL patients who had MRD positive after allo-HCT,
half of them in a single bone marrow analysis (MRD
sin+) and half with consecutives MRD positive (MRD-
co+), and compared the outcomes with 18 non-IFN
controls. They found that patients with MRD sin+
benefit more from preemptive IFN-a after allo-HCT.
They stated that would be premature to derive con-
clusions regarding the superiority of IFN-a treatment
over chemo-G-DLI for MRD positive patients. How-
ever, the outcomes were encouraging, with low inci-
dences of NRM (6%), severe acute (2.9%) and cGVHD
(7.5%) and significantly higher 4-year probabilities of
DFS (62%) and OS (71%) for IFN-a group compared
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to controls. Thus, preemptive IFN-a treatment could
protect against relapse and improve long-term sur-
vival for ALL patients who had MRD after allo-HCT.”’

TREATMENTS OPTIONS FOR HEMATOLOGIC
AND EXTRAMEDULLARY RELAPSE

For many decades, treatment options for hemato-
logic or extramedullary relapse (EMR) include che-
motherapy, DLI, radiotherapy, second allo-HCT and
often a combination between them. The landscape
of strategies for relapsed/refractory leukemia has ad-
vanced a lot with the availability of molecular target-
ed therapies and new immunotherapies including
antibody-drug conjugates, bi-specific t-cell engag-
ers (BiTEs) and chimeric antigen receptor T (CAR-T)
cells. Unfortunately, low and middle in-come coun-
tries have very limited access to these new therapies
due to costissues. For all interventions, their benefits
and potential risks, particularly occurrence of severe
GVHD, must be evaluate in each patient.’

The approach to post-HCT relapse has to be person-
alized. No simple algorithm can be adopted to ad-
dress relapse after transplantation, mainly in pediat-
ric patients. The choice of salvage therapy has to be
guide by several factors, such as disease histology,
donor availability, presence of targetable mutations,
tumor burden, post-transplant interval, patient clin-
ical condition, presence of active GVHD, concurrent
immune suppression medications and previous
treatments (response and toxicities). Standard che-
motherapy can be used, combined or not with DLI
or molecular target agents (bone marrow relapses)
or local therapy (radiotherapy, surgery for combined
or isolated extramedullary relapses). However, re-
sponse rates are between 30 to 50% and toxicity
can be high. If success in inducing complete or near
CRs with any of the cited approaches, the question
is which would be the best option: ongoing chemo-
therapy, DLI or inhibitor maintenance, observation,
second HCT or CAR-T cell. For ALL patients with he-
matological relapse prophylactic intrathecal therapy
(IT), usually with methotrexate, cytarabine and ste-
roids, is recommend during chemotherapy or immu-
notherapy treatments.

The salvage chemotherapy for leukemia relapse be-
fore and after HCT have been change for less extend-
ed and toxic protocols. Recent comparison between
FLAG and FLAG-IDA, in 76 adults and pediatric pa-
tients with relapsed and refractory acute leukemia,
showed a significant higher CR rate, OS and subse-
quent transplant rate for FLAG regimen (p= 0.033).”®
Bertaina and cols.”” evaluated bortezomib in com-
bination with dexamethasone, doxorubicin, vincris-

tine and pegylated asparaginase (VXLD) in 30 and 7
children with B-cell precursor (BCP) and T-cell ALL,
respectively. Fifteen (40%) had previous HCT and the
median interval for relapse was 218 days. The CR or
CR with incomplete platelet recovery (CRp) rate of
patients with previous allo-HCT was 60%. Among
the 27 patients who achieved CR/CRp, 18 underwent
allo-HCT. Moreover, 12/16 patients who had failed
blinatumomab responded to this combination, with
5 of them achieving MRD <0.1%. The overall 2-year
OS and DFS were 31:3%, but CR/CRp patients with an
MRD response had a remarkable 2-year OS of 68-4%.
Similarly, a multicenter European study®’, explored
the efficacy of re-induction including bortezomib
in pediatric relapsed/refractory acute lymphoblastic
leukemia. Patients were randomized 1:1 to bortezo-
mib (1.3 mg/m2 /dose) administered early or late to
a dexamethasone and vincristine backbone, with
MTX intrathecal; both timing led to same results. The
overall response rate (CR+ PR) was 60% with a low
intensity schedule, in a heavily pretreated cohort of
patients.

Chemotherapy combined with DLI is a useful strate-
gy to treat leukemia relapse following HCT. In hema-
tological relapse, the efficacy of DLI alone varies ac-
cording type and burden of the disease. Since higher
doses of CD3*cell would be necessary, substantial
risk of severe GVHD is a limitation, mainly after unre-
lated or haploidentical HCT. Most patients receiving
single therapeutic DLI relapse and succumb to their
disease. Close monitoring of MRD and chimerism af-
ter a successful therapeutic DLI is important to iden-
tify the patients who are at high-risk of subsequent
relapses. Yan and cols.°’ confirmed these observa-
tions in a prospective study, including adults and pe-
diatric patients, 66% of them underwent haplo-HCT.
They concluded that MRD-guided repeated admin-
istration of chemo-G-primed-DLI protocol was effec-
tive in reducing the risk of subsequent relapse after
achieving initial disease response and the utilization
of short-term IS, with CsA after haplo-DLI and CsA or
MTX after matched- DLI, could preserve GVL effect
and either reduce the incidence of severe aGvHD.

The Acute Leukemia Working Party of European So-
ciety for Blood and Marrow Transplantation (EBMT)
consensus®* recommend cytoreductive therapy pri-
or to haploidentical DLI for patients with a hemato-
logic relapse after T-replete with PTCy transplants
and that 1x10° CD3+cells/kg is a reasonable starting
dose, followed by dose escalation every 6 weeks de-
pends on disease response and GVHD. They stated
also that long-term immune tolerance after PTCy
may be enough to overcome the immunological
barrier of haplo-DLI and G-CSF priming may be
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not required in this setting. Besides that, since mis-
matched-HLA allele loss occurs in one-third of leu-
kemia relapses after a haplo-HCT and such patients
are unlikely to benefit from DLI or second HCT from
original donor, this possibility must be investigate. If
HLA loss confirmed, a second transplant from a relat-
ed donor with a different mismatched haplotype or
a mismatched unrelated donor may be considered.

Several transplant groups have been evaluated the
combined chemo-DLI and chemo-second HCT strat-
egies.’"" Tables 1 and 2 summarizes the main ones
of them.

Willasch and cols.5? reported the Frankfurt experi-
ence in a retrospective study which compared the
results of 23 ALL patients relapsed post-HCT and
treated with high-dose chemotherapy or specific
immunotherapy (HDCHT/SIT) followed by a second
HCT (transplant approach) or low-dose chemother-
apy and repeated DLI (LDCHT+DLI) (non-transplant
approach). The time point of relapse (until or after
day +200) guided the decision how to treat. Eight
patients received HDCHT/SIT, followed by hap-
loidentical HCT in 7/8. Ten received LDCHT+DLI and
five palliative care. The transplant approach and
non-transplant approach groups had comparable
4-year OS of 56% and 40%, respectively (p=0.232).
Prerequisites related with successful treatment of
post-transplant relapse by either approaches were
donor availability, good clinical condition and the
capacity to achieve hematological remission by
the induction treatment element. In a larger cohort
study, Roux and cols.®® aimed to compare treatment
strategies in 334 consecutive children with acute
leukemia relapse or progression after HCT in a 10-
year period. Data of 288 evaluable patients showed
that the median OS duration after relapse differed
according to therapy: chemo-DLI (385 days), second
allograft (391 days), chemotherapy (174 days), iso-
lated DLI (140 days) and palliative care (43 days). A
second HCT or a combination of chemotherapy and
DLl yielded similar outcome (HR = 0.85, p=0.53), un-
like chemotherapy alone (HR=1.43 P=0.04), isolated
DLI (HR=1.94, p <0.04) or palliative care (HR=4.24,
p<0.0001). Despite limitations of this retrospective
analysis, strategies including immuno-intervention
appear superior to other approaches, mostly in AML.

A multicenter Spanish study ® also reported com-
parable outcomes for acute leukemia (AL) relapsed
patients treated with debulking therapy followed by
DLI or second allo-HCT. The time interval from HCT
to relapse was the only statistically significant factor
with impact on outcomes, a shorter time associated
lower OS and DFS. Within the DLI cohort, previous

T-cell-depleted HCT was associated with higher OS
(p = 0.003) and DFS (p < 0.001) and lower Cl of re-
lapse (p = 0.002) than T-cell-replete HCT.

Dahlberg and cols. % helped to define subsets of
pediatric patients that may have a realistic chance
for long term OS with current therapies. They stat-
ed that, in contrast to ALL, it was possible to achieve
DFS in patients with early AML/MDS relapse, likely
due in part to better response to DLI, which was able
to bridge some AML/MDS patients to second HCT.
Patients with AML/MDS also were less likely to have
received a TBI-containing regimen as conditioning
for the first HCT allowing a myeloablative TBI-based
second HCT regimen, which was associated with in-
creased OS. Factors associated with improved sur-
vival included late relapse (greater than 12 months),
ALL in first CR at the time of first transplant and che-
motherapy-based first conditioning regimens.

The EBMT Paediatric Diseases Working Party ana-
lyzed registry data of 373 children from 120 centers
with relapsed leukemia who underwent second al-
lo-HCT between 2004 and 2013. The 2-year OS and
DFS rates were 38% and 30%, while at 5 years were
29% and 25%, respectively. Favorable prognostic fac-
tors for OS and LFS included >12 months between
transplantations and occurrence of cGVHD after the
first HCT (in both groups), achieve CR before the sec-
ond HCT (ALL group only), and age >12 years (AML
group only). Results were more consistent over time
in the ALL group, with no significant differences be-
tween 2-year and 5-year rates of relapse, NRM, and
LFS.The authors stated that relapsed acute leukemia
pediatric patients have a substantial likelihood of
long-term survival following second HCT.® Similarly,
Lund and cols.” reported a 2-year LFS of 33% after
second HCT in remission compared to 19% for chil-
dren and young adults with acute leukemia not in
remission (p=0.02). The corresponding 8-year prob-
abilities were 24% and 10% (p=0.003). Late relapse
led to a 10% decrement in LFS beyond the second
year after second HCT. This differs from first HCT
were most relapses occur within 2 years after HCT.
Given the many novel targeted and immunomodu-
lation therapies currently under development, these
extended analyzes reinforce the importance of strat-
ifying specific subgroups of patients that may ben-
efit from a second HCT compared with those better
suited to new approaches.

Despite extramedullary relapse of acute leukemia is
relatively rare, with incidence ranging from 6 to 20%
in single-center reports, it confers a poor progno-
sis, mainly if occur early post-transplant. There are
no standardized therapeutic strategies for EMR af-
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ter HCT. Combination of systemic and local therapy
should be considered, given that local therapy alone
often results in subsequent systemic relapse. Local
therapy includes surgery (mainly for gonads and
soft tissues), intrathecal injection, and/or radiother-
apy, and systemic therapy involves chemotherapy
combined or not with target agents (e.g., dasatinib,
sorafenib), immunotherapy, and, when indicated,
second allo-HCT. The optimal treatment remains
controversial. Responses have been reported with
some monoclonal antibodies, including rituximab
for B-ALL and gemtuzumab ozogamicin for AML
EMR. Azacitidine and decitabine can be successfully
used in the salvage treatment of AML patients who
experienced EMR after allo-HCT also. It was hypothe-
sized that HMAs are directly cytotoxic and also might
increase the GVL effect by inducing leukemic cell dif-
ferentiation and expression of HLA-DR to enhance
the effects of DLI given concomitantly, since EMR
usually do not respond well to DLI alone.”

Central nervous system (CNS) relapse in post-trans-
plant setting, particularly for ALL patients, with pri-
or CNS disease, pre-HCT craniospinal radiation and
conditioned with > 12 GY dose of TBI plus cranial
boost, is considered a challenge. Intrathecal thera-
py, usually with methotrexate, cytarabine and ste-
roids, is mandatory for cerebrospinal fluid blasts
clearance and maintenance, if response. However,
refractory disease can happen and IT or intraventric-
ular administration of rituximab is an option for this
group of patients. Ceppi and cols. ' reported, in a
multicenter intercontinental case series, 25 children
with CNS involvement of CD20+ B lymphoid malig-
nancies who received in total 163 IT/intraventricular
rituximab doses. The median number of doses re-
ceived by each patient was 6, with a median dose
of 25 mg. The most common adverse events were
Grades 1 and 2 peripheral neuropathies in five pa-
tients (20%), allergy in two patients, and headache
in two patients. These events were self-limited, oc-
curring in the 48 hours after treatment and resolving
within 24 hr. Three patients had more severe though
transient side effects, one a grade Ill neuropathy and
two with seizures. Eighteen patients (72%) of those
treated with IT/intraventricular rituximab, with or
without other CNS directed treatment, achieved a
CNS remission. The authors suggest that [T/intraven-
tricular rituximab has therapeutic efficacy and rela-
tively limited toxicity. Prospective trial of IT rituximab
for these patients, with CNS involvement of CD20 + B
lymphoid malignancies, is warranted.”” CNS relapse
is less frequent in AML than in ALL patients. Patients
with myeloid malignancies, who usually receive a
myeloablative chemo-based regimen conditioning

for HCT, may benefit of multimodal therapy that in-
clude IT therapy, chemotherapy, curative radiother-
apy, sometimes DLI and maintenance with target
agent if indicated. For some cases this strategy can
be sufficient and second HCT can be reserved to be
performed only in case of new recurrence.

IMMUNOTHERAPIES AND FUTURE DIRECTIONS

The use of immunotherapy for leukemia has been
successful in providing durable remissions for heavily
treated, relapsed and refractory patients who other-
wise had little chance of cure. The new immunothera-
pies like antibody-drug conjugates, BiTEs and chime-
ric antigen receptor T-cells (CAR-T) cells share adverse
effects such as: cytokine release syndrome (CRS) and
immune effector cell-associated neurotoxicity syn-
drome (ICANS), which coincide with T cell activation;
hypogammaglobulinemia, which can be managed by
immunoglobulin administration; invasive fungal in-
fections and venooclusive disease (VOD), particularly
with inotuzumab. The BiTEs contain two antibodies,
one targeting the CD3 domain of T cells and the other
targeting a surface antigen on the tumor, when an-
tibodies are bound to both targets they signal the T
cell to degranulate, resulting in cytotoxicity. Blinatum-
omab was the first BiTe, a CD3/CD19-bispecific T-cell
engager, produced for B-ALL. The results of the phase
I/ll study and several single-institution or national
retrospective evaluations showed response rates to
blinatumomab ranging from 34-38% to around 60%
for children with relapsed or refractory (R/R) ALL.*
Sheleghel and cols.” reported the use of blinatumom-
ab in nine post-transplant relapsed pediatric patients
with B-precursor ALL. The protocol used was a 4-week
continuous IV infusion at a dosage of 5 or 15 pg/m?%
day, all patients received 18 cycles. Complete remis-
sions were achieved by four patients after the first
cycle and by 2 patients after the second cycle (with
previous cytoreduction by chemotherapy), while
three patients did not respond. Four patients were
successfully bridge to second haplo-HCT in molecular
remission. The 1-year probability of EFS was 30%. They
observed that blinatumomab could induce molecular
remission and facilitate subsequent allo-HCT in post-
transplant relapsed B-ALL patients with subsequent
long-term LFS.The results of both phase Il RCTs’®””in
children with first relapse of ALL confirm the superi-
ority of blinatumomab in achieving MRD-negativity
before HSCT and even show evidence for an advan-
tage in OS, with less severe adverse events, mainly
infections, compared to conventional chemotherapy.
These results warrant the inclusion of blinatumomab
into pre B-ALL relapse protocols before or after al-
lo-HCT. Extramedullary escape and CD19 antigen loss
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are patterns of relapse following blinatumomab ther-
apy. Interestingly, MLL1 ALL can switch to a myeloid
lineage under the pressure of ALL-targeted therapies
as a mechanism of resistance.”

Blinatumomab and DLI combination is a promising
therapy, since blinatumomab might achieve a re-
duction in disease burden, and after its clearance,
DLI can potentially induce GVL, which can provide
longer lasting remission. Ueda and cols.”” report-
ed four adult cases of relapsed pre-B ALL after HCT
treated with concurrent blinatumomab and DLI, ad-
ministered with no acute adverse effects. They kept
low-dose of cyclosporine during this treatment in
three patients, who achieved CR. Two of them re-
mained in remission at 13 and 7 months of follow up
after relapse, probably because they had low disease
burden when the therapy started. The patient with
extramedullary relapse did not respond. We found
also, two case reports of concomitant use of DLI with
blinatumomab following a MUD and a haploidenti-
cal HCT for mixed lineage acute leukemia®® and pri-
mary mediastinal large B-cell lymphoma®' relapsed
patients, respectively.

Ongoing trials will show if blinatumomab is capable
of inducing lasting remissions without a subsequent
HCT and if it can be a suitable maintenance post-HCT
therapy for high risk patients. Combination thera-
pies with inotuzumab ozogamicin (InO), DLI, check-
point inhibitors, such as PD-1- or CTLA-4-inhibitors,
could enhance the efficacy of blinatumomab and
are currently being test.?” Besides that, the efficacy
of antibody-based immunotherapies in relapsed
and refractory BCP-ALL is evident, but knowledge on
their effect on CNS disease is limited. Limited effica-
cy in the CNS is probably due to their poor penetra-
tion into the CNS, which can, however, be overcome
by IT or intraventricular application.

Inotuzumab ozogamicin, an antibody-drug conju-
gate designed using a monoclonal antibody directed
against CD22 bound to the cytotoxic antibiotic cali-
cheamicin.”* Data from pediatrics studies with InO for
R/R-ALL, including post-HCT patients, showed that it
was well tolerated and has an antileukemic effect,
similarly to what observed in adults. Bhojwani and
cols.®reported a 67% CR rate in 51 pediatric patients
with R/R-ALL treated with InO in a phase | study. The
patients were heavily treated and 43% of them had
previous HCT. However,among 21 bridged to HCT, 11
(52%) developed sinusoidal obstructive syndrome
(SOS), a higher expected rate than was previously
observed in adults (119%). The preliminary outcomes
of the COG AALL1621 phase 2 trial #, which tested
the efficacy of InO in 48 pediatric patients and young

adults in second or greater relapse of B-ALL, showed
CR rates > 50%, nearly 33% of whom achieved MRD
negativity. A more recent phase 1 study investigat-
ed the recommended phase 2 dose of InO in pe-
diatric patients with multiple R/R CD22+ ALL. The
dose taken forward to the ongoing phase 2 cohort
of this study was 1.8 mg/m? (fractionated schedule)
during course 1, as recommended in adults; the dose
for subsequent courses remains at 1.5 mg/m? per
course up to a maximum of 6 courses, and limit of 2
cycles if HCT is planned. Additionally, to reduce the
incidence of SOS it is recommend a longer interval
between InO administration and HCT (i.e., 2 months
or more), ursodiol prophylaxis and to avoid condi-
tioning regimens with dual alkylating agents (e.g.,
busulfan and melphalan) and concomitant hepato-
toxic drugs (e.g., azoles).*

In comparison with CAR T-cell immunotherapy, bli-
natumomab and InO are “off-the-shelf” and less ex-
pensive products that are easily available for use, in
private health services, have been associated with a
lower incidence of CRS and a quick reduction is pos-
sible in the case of adverse events, such as ICANS or
CRS. Blinatumomab or InO can be effectively used
to induce often-deep MRD negativity and facilitate
HCT, which has been shown to improve outcomes
for many patients. Disadvantages are higher inci-
dence of SOS with InO and lower response with bli-
natumomab in patients with high leukemia burden,
concurrent extramedullary relapse, and the fact of all
available data in R/R-ALL suggest a necessity for HCT
after a bridging therapy. Further studies are neces-
sary to help to determine at which point each thera-
peutic option might yield the best results.””

Several BiTEs targeting some AML-associated sur-
face proteins (CD33, CD123, and CD371) that have
shown potent experimental activities are currently
undergoing clinical trials. Gemtuzumab ozogamicin
(GO), a humanized anti-CD33 monoclonal antibody
conjugated to the cytotoxic antibiotic agent cali-
cheamicin, is approved for the treatment of relapsed
or refractory CD33-positive AML in adults and chil-
dren = 2 years old. However, GO treatment has been
associated with an increased risk of hepatotoxici-
ty and severe SOS, especially following HCT. Other
non-specific serious adverse events associated with
GO use are myelosuppression, bleeding/thrombo-
cytopenia, infusion-related reaction, and tumor lysis
syndrome. Fractionated dosing using 3 mg/m2 were
associated with less toxicity, myelosuppression and
VOD with equal efficacy. In a recent review, Cortes
and cols. recommended to avoid GO in previously
transplanted AML patients.®®
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The revolution in immunotherapy for hematologic
neoplasms is the development of CAR-T, a targeted
immunotherapy, which utilizes autologous T cells to
attack malignant cells. T cells are collected through
apheresis from the patient or donor and modified ex
vivo, by introducing a gene that codes for an antigen
recognition receptor, often a single chain variable
fragment (scFv) from an antibody, which is fused
to T-cell costimulatory domains. These genetically
modified T-cells are transfused to the patient and the
cytotoxic killing of the leukemic cells starts.””

The safety and efficacy of Tisagenlecleucel (CTL019),
an anti-CD19 chimeric antigen receptor (CAR) T-cell
therapy, was investigated by Maude and cols.?” in a
single-center phase I/ll study involving 60 children
and young adults with R/R B-cell ALL, conducted at
the Children’s Hospital of Philadelphia and the Uni-
versity of Pennsylvania showed a rate of complete
remission of 93%. The CRS occurred in 88% of pa-
tients and were managed with supportive measures
and anti-cytokine therapy, including the interleu-
kin-6 receptor antagonist tocilizumab. Long-term
disease control without additional therapy and with
persistence of tisagenlecleucel for up to 4 years were

observed in this cohort.®® Seattle Children’s Hospital
group published a phase I/Il study®’, which evaluat-
ed the efficacy of a CAR-T-cell product, transduced to
express a 4-1BB costimulatory domain, in targeting
CD19-positive leukemic cells, in 43 relapsed/refrac-
tory B-ALL heavily treated patients, with previous
HCT in 62%. The maximum tolerated dose was 10°
CART cells/kg. They showed a 93% MRD-negative re-
mission rate within 21 days, and this rate was 100% in
the subset of patients who received fludarabine and
cyclophosphamide lymphodepletion.The 1-year EFS
of 50% and OS of 66%. Reversible severe CRS and/
or reversible severe neurotoxicity occurred in 23%
of patients. Based on these studies, a global phase
2 pivotal, nonrandomized, trial (ELIANA) of tisagen-
lecleucel, sponsored and designed by Novartis, was
performed to analyze the efficacy, safety and cellu-
lar kinetics of tisagenlecleucel. The outcomes of 75
children and young adults with R/R B-cell ALL (61%
of whom had a relapse after HCT), who received an
infusion of Tisacel, were published by Maude and
cols.”®. Within three months, the ORR was 81%, with
all responded patients became also MRD negative.
The 6-months and 1-year EFS and OS rates were 73%
and 90%, 50% and 76%, respectively. Tisacel per-
sistence in the blood was observed for more than
one year after infusion in patients with response to
treatment. CRS occurred in 77% of patients, 48% of
whom received tocilizumab. Neurologic events oc-

curred in 40% of patients, all managed with support-
ive care. Nineteen deaths occurred after tisagenle-
cleucel infusion, 13 (68%) due to B-cell ALL relapse
or progression; others causes were: cerebral hemor-
rhage due to coagulopathy and CRS (1), HHV-6-pos-
itive encephalitis due to prolonged lymphopenia (1),
systemic mycosis due to prolonged neutropenia (1),
unknown cause (1) and 2 deaths due to pneumonia
and hepatobiliary disease each (after new therapies
for ALL). The authors concluded that Tisacel pro-
duced high remission rates and durable remissions
without additional therapy. The study was updated
by same group®' and ORR was 82%, and 62% of pa-
tients had a CR. Among patients who had CR previ-
ously, 66% were still in remission at 18 months, and
the ORR was 70% at 18 months post-infusion, with a
median OS not reached.

Recently, two studies analyzed the real-world clinical
outcomes after Tisacel treatment. Schultz and cols.*?
reported the results from Pediatric Real World CAR
Consortium (PRWCC). Retrospective data collected
from 15 institutions, included 185 patients infused
with Tisacel. At the time of CAR T cell infusion, the
median age was 12 years (range 0-26). Early re-
sponses at one month and OS and EFS at 6 and 12
months are comparable to reported in ELIANA trial.
The rate or CRS and ICANS was low. Comparative
analysis of outcomes in patient cohorts with varying
disease burden demonstrates decreasing CR, EFS,
and OS in patients with high disease burden com-
pared to patients with lower disease burden or no
detectable disease at last evaluation before CAR in-
fusion. Pasquini and cols.” published the largest set
of safety and efficacy data for tisagenlecleucel in a
real-world setting, collected from a cellular therapy
registry, shared to CIBMTR. This non-interventional
prospective study includes 410 patients treated at
73 US centers, who had follow-up data reported (255
pediatric ALL; 155 adults NHL). Among pediatric pa-
tients with ALL, the initial CR rate was 85.5% and the
1-year duration of response (DOR), EFS, and OS rates
were 60.9%, 52.4%, and 77.2%, respectively; all rates
statistically comparable to results observed in the Eli-
ana trial. Grade > 3 CRS and ICANS were reported in
16.1% and 9.0% of patients, respectively, compared
with 48.1% and 12.7% of the ELIANA study. Pivotal
Tisacel trial did not include children <3 years of age;
while 6% of the ALL real-world cohort were age <3
years. Prior allo-HCT was less frequent among pa-
tients in this study than the Eliana trial (28% vs. 619%).
Primary refractory patients were more common in
the registry than in the pivotal trial (15% vs. 8%). The
authors concluded that in the real-world setting ti-
sagenlecleucel demonstrates outcomes with similar
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efficacy and improved safety compared with those
seen in the pivotal trials.

The utilization of allogeneic CAR-T cells is under
experimental clinical evaluation. Zhang and cols.*
presented at the 2020 ASH Annual Meeting the re-
sults of the use of CAR-T cells derived from related
donors in 37 patients (range of age: 3-61), with R/R
B-ALL. Among the 37 patients, 28 relapsed following
allo-HCT. For them, the lymphocytes were collected
from their transplant donors (3 MSD and 25 hap-
loidentical). For the remaining nine patients without
a prior transplant, the lymphocytes were collected
from a MSD (n = 5) or haploidentical donors (n =
4). The authors showed that manufacturing CD19+
CAR-T cells derived from donors were feasible. For
patients who relapse after allo-HCT, the transplant
donor-derived CAR-T cells were safe and effective
with a CR rate as high as 96.4%, but they observed
inferior efficacy of CAR T-cells derived from hap-
loidentical donors.

Despite second generation of CD19-CAR-T have
shown, in real world setting, impressive molecular
responses and acceptable toxicity profile, more than
half of patients will experience a relapse. Therefore,
rather than using CAR-T cell therapy as a stand-alone
option, consolidation with allo-HCT might increase
long-term outcome. Several other targets, such as
CD20 and CD22, dual-targeting CARs, combination
therapy and development of allogeneic “off the
shelf” therapy are under evaluation.”

Immunotherapy for T-ALL with daratumumab, a
monoclonal antibody anti-CD38, and with CAR T
cells targeting CD1a, CD5, and CD7 are under inves-
tigation.”® Similarly, CARs targeting CD33 and CD123

for treat AML have been tested in preclinical mod-
els”%8, however, these antigens are also expressed
on normal bone marrow progenitors, raising con-
cerns about potential bone marrow ablation.”? Clin-
ical trials with immune-based therapeutic modali-
ties for AML, such as: monoclonal antibodies; T cell
engager antibodies; allo-reactive natural killer (NK)
cellsand CART cell;immune checkpoint blockade via
blockade of PD1 (programmed cell death protein 1)
and its ligand PD-L1, CTLA4 (cytotoxic T-lymphocyte
associated protein 4), TIM3 (T-cell immunoglobulin
and mucin domain 3) and macrophage checkpoint
blockade, via CD47 with signal-regulatory protein
a (CD47/SIRPa) signaling complex, are underway in
adults and are expected to move to pediatric AML
once safety has been well established. The ongoing
clinical research continues to advance our under-
standing of these immune-based therapies and will
help to provide guidelines for more precise clinical
indications for leukemia relapsed patients.*'%

Table 3 summarizes the preventive and therapeutic
interventions reviewed here according to the type of
post-HCT relapse.
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TABLE 1. Donor lymphocyte infusion studies including pediatric patients
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ALL: acute lymphoblastic leukemia, AML: acute myeloid leukemia, chemo-DLI: chemotherapy + Donor Lymphocyte Infusions; 2nd HCT: second Hematopoietic Cell Trans-
plantation; LD-chemo: low-dose chemotherapy; HD-chemo: high-dose chemotherapy; MSD: matched sibling donor; MUD: matched unrelated donor; MMFD: mismatched
familiar donor; PB: peripheral blood; MAC: Myeloablative conditioning; RIC: Reduced Intensity Conditioning, CR: Complete Remission,; OS: Overall Survival, LFS: leukemia
free survival; aGVHD: acute graft-versus-host disease; REL: relapse; F.up: follow up; w/o IS: without immunosuppression
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TABLE 2. Second allogeneic HCT studies including pediatric patients
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TABLE 3- Summary of preventive and therapeutic interventions for relapse post-HCT

Interventions Prophylactic Preemptive Therapeutic 2T T
relapse
Immunosuppression os os os os
withdrawal Y Y Y Y
Donor lymphocyte infusion (DLI) yes yes yes no
Chemotherapy + DLI no yes yes no
Interferon-alpha no yes yes no
Blinatumomab (CD19 pos ALL) no clinical option yes no
Inotuzumab (CD22 pos ALL) no clinical option yes no
CAR-T cell therapy no no yes no
Local therapy
- no no no yes
Surgery and/or radiotherapy no no os os
intrathecal therapy Y Y
Hypomethylating agents (AML/MDS) clinical option yes clinical option no
Tyrosine kinase inhibitors os os os os
(Ph-positive acute leukemia*  or FLT3-ITD AML y y Y y
Chemotherapy no yes yes yes
Second-HCT no no yes yes

*according mutacional status; only without active GVHD; chimeric antigen receptor T cell
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