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Secondary myelodysplastic syndromes and acute myeloid leukemia (sMDS/AML) are rare

in children and adolescents and have a dismal prognosis. The mainstay therapy is

hematopoietic cell transplantation (HCT), but there has been no innovation in

cytoreductive regimens. CP X-351, a fixed 5:1 molar ratio of liposomal cytarabine to

daunorubicin, has shown favorable safety and efficacy in elderly individuals with

secondary AML and children with relapsed de novo AML. We report the outcomes of

7 young patients (6 with newly diagnosed sMDS/AML and 1 with primary MDS/AML)

uniformly treated with CP X-351. Five patients had previously received chemotherapy for

osteosarcoma, Ewing sarcoma, neuroblastoma, or T-cell acute lymphoblastic leukemia; 1

had predisposing genomic instability disorder (Cornelia de Lange syndrome) and 1 had

MDS-related AML and multiorgan failure. The median age at diagnosis of myeloid

malignancy was 17 years (range, 13-23 years). Patients received 1 to 3 cycles of CP X-351

(cytarabine 100 mg/m2 plus daunorubicin 44 mg/m2) on days 1, 3, and 5, resulting in

complete morphologic remission without overt toxicity or treatment-related mortality.

This approach allowed for adding an FLT3 inhibitor as individualized therapy in 1

patient. Six patients were alive and leukemia-free at 0.5 to 3.3 years after HCT. One

patient died as a result of disease progression before HCT. To summarize, CP X-351 is an

effective and well-tolerated regimen for cytoreduction in pediatric sMDS/AML that

warrants prospective studies.

Introduction

Secondary myeloid malignancies in children and adolescents are clinically and biologically related disorders
associated with previous oncologic therapies or with antecedent hematologic disorders, including inherited
bone marrow (BM) failure syndromes.1-3 The disease continuum runs from secondary myelodysplastic syn-
dromes (sMDS) to secondary acute myeloid leukemia (sAML) as defined by diagnostic blast count. Patients
with sMDS/AML have inferior outcomes when compared with primary MDS/AML, and hematopoietic cell
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Key Points

� CPX-351 treatment is
well tolerated and
results in morphologic
remission in newly
diagnosed pediatric
secondary myeloid
malignancies.

� Favorable outcomes
are achieved despite
the presence of high-
risk genetic lesions
and previous
therapies.
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transplantation (HCT) remains the only curative option.4-6 However,
treatment-related mortality is a major concern in this vulnerable patient
population.3 Pediatric therapy-related sMDS has poor outcomes, and
chemotherapy alone does not cure the disease; in a historical study,
the estimated overall survival (OS) of 41 children with treatment-
related sMDSwas about 40%.7 Despite advances in HCT, outcomes
remain poor, as exemplified by a recent analysis showing 5-year OS of
�44%.8 Intensive AML chemotherapy before HCT in children with
MDS-related AML is associated with reduced relapse rates but an
event-free survival (EFS) of only 47%.9 Recently, CPX-351 (Vyxeos), a
liposomal combination of cytarabine and daunomycin at a fixed 5:1
ratio, has shown promise for treating adult sAML.10-12 The accumula-
tion and cytotoxic effects of CPX-351 are greater in leukemic blasts
than in normal BM cells, thus preferentially suppressing leukemic
expansion while permitting rapid repopulation by normal hematopoie-
sis.13,14 In newly diagnosed sAML in older adults, CPX-351 induces
higher rates of complete response (CR) or CR with incomplete hema-
tologic recovery (CRi), significantly improves OS and EFS, increases
HCT enrollment, and reduces mortality compared with standard 713
regimens.15,16 The safety and efficacy of CPX-351were recently dem-
onstrated in relapsed pediatric de novo AML,17 but there are no data
in pediatric sMDS/AML. Here, we report for the first time the applica-
tion of CPX-351 for remission induction in newly diagnosed pediatric
sMDS/AML.

Methods

Details regarding the patients, diagnostics, and treatment are outlined
in the data Supplement. Response criteria in our study were adopted
from the 2017 European LeukemiaNet recommendations.18 CR was
defined as completemorphologic response (,5%BMblasts, no blasts
with Auer rods, no extramedullary leukemia) with hematologic recovery
(transfusion-free status with absolute neutrophil count.1.03109/L
and platelet count.100.03109/L). CRi was defined as a complete
morphologic response not reaching full hematologic recovery. Partial
response was defined as a minimum 50% decrease (to 5% to 25%) in
the BM blast percentage, whereas no response was considered to
have occurredwhen theBMblast counts remained above 25%.

Results and discussion

The study cohort comprised 5 male patients and 2 female patients
in whom myeloid malignancy was diagnosed at a median age of 17
years (range, 13-23 years) after therapy for primary solid or hemato-
logic tumors (patient 1 to patient 5 [P1-P5]), arising from MDS
related to Cornelia de Lange syndrome (CDL; P6), or presenting
with AML with MDS-related changes, multiple organ failure, and
multisystemic hyperinflammation (P7) (Table 1). The time from diag-
nosis of primary malignancy to development of sAML in P1 to P5
ranged from 2.8 years to 15 years (Figure 1A). The median BM
blast count in all patients at diagnosis was 56% (range, 24%-72%)

(Figure 1B), and the absolute neutrophil count ranged from
0.43109/L to 23.73109/L (supplemental Table 1).

Genomic studies identified pathogenic germline mutations in CHEK2
(P4) and SMC3 (P6) and additional heterozygous variants of uncertain
significance in HLTF (P3) and FANCD2 (P1) (supplemental Table 2).
A germline-truncating SMC3 mutation in P6 was compatible with the
clinical phenotype of CDL syndrome, a genome instability disorder
called cohesinopathy (SMC3 mutations account for 1% to 2% of
patients with CDL syndrome).19 Two patients with CDL-associated
acute lymphoblastic leukemia (ALL) and AML have been previously
reported,20,21 but the CDL-MDS association presented here is new.
CHEK2 mutations are implicated in familial breast cancer22 and
MDS.23 Using 3-platform genomics24 and cytogenetics (data Supple-
ment), we identified somatic mutations and copy-number changes
across 16 leukemia driver genes in 6 patients (including TP53 in 2
patients), abnormal karyotypes in 6 patients, and rearrangements involv-
ingMECOM orNIM1K-TERT in 2 patients (supplemental Table 2).

CPX-351 (cytarabine 100 mg/m2 plus daunorubicin 44 mg/m2) on
days 1, 3, and 5 of each cycle was administered to 6 patients as
first-line therapy and to 1 patient after 2 unsuccessful 10-day
courses of decitabine (Figure 1A). Three patients received either 1
or 2 cycles of CPX-351, and 1 patient received 3 cycles. After the
first cycle, all patients experienced a reduction in BM cellularity from
a median of 90% at diagnosis to 5% at 4 to 6 weeks after therapy;
BM blasts decreased from a median of 56% to 2% (Figure 1B-C).
The second cycle of treatment resulted in a reduction of BM blasts
to a median of 0.5%. Marrow response was attained in 5 patients
after only 1 cycle and in 2 patients after 2 treatment cycles (Figure 2).
In summary, all patients attained either CR (after 1 cycle in P4 and
2 cycles in P2 and P5) or CRi (after 1 cycle in P6 and P7 and
2 cycles in P1 and P3). Two patients with initial CRi attained CR
while receiving therapy with the FLT3 inhibitor gilteritinib (P6) or with
venetoclax and decitabine (P7) (Figure 1A). Four patients (P4-P7)
underwent HCT in CR, with a mean minimal residual disease (MRD)
of 0.11% (range, 0%-0.29%). Two patients (P1 and P2) underwent
HCT with hypoplastic marrows and MRD levels greater than 1.0%
(supplemental Table 1). The remaining patient (P3) experienced
AML progression while awaiting HCT and died of infection after
treatment with intensive regimen with fludarabine, cytarabine, and
granulocyte colony-stimulating factor (FLAG) chemotherapy. P1 had
increasing marrow blasts 12 months after the first HCT and received
a successful second haploidentical HCT from his mother (Figure 2).
At last follow-up, 6 patients were alive at a median of 12.5 months
(range, 6-39 months) after HCT. Overall, the patients tolerated CPX-
351 treatment well; there was no treatment-related mortality, and
common complications included febrile neutropenia, oral mucositis,
and skin rash (supplemental Table 3).

We encountered unique management challenges in our cohort. P2
presented with bilateral lung osteosarcoma relapse at the time of
sAML diagnosis. After he recovered from the first course of CPX-351,

Figure 1. Treatment procedures and response in patients treated with CPX-351. (A) Timeline of treatment procedures. (B) Range and median reduction in BM

cellularity and blasts after treatment with CPX-351. (C) BM biopsy findings for Patient 7 at diagnosis of AML with MDS-related changes and hyperinflammation (panels i-iii)

and 1 month after a single cycle of CPX-351 (panel iv). (i) Hypercellular marrow with sheets of dysplastic megakaryocytes (hematoxylin and eosin [H&E] stain; original magni-

fication 3200). (ii) Increased immature mononuclear cells, normal hematopoiesis absent (H&E stain; original magnification 3600). (iii) Reticulin fibrosis (reticulin stain; original

magnification 3400). (iv) Hypocellular marrow with no dysplastic cells or fibrosis (H&E stain; original magnification 3600). FLAG, fludarabine, cytarabine, granulocyte colony-

stimulating factor regimen; T-ALL, T-cell acute lymphoblastic leukemia.
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the left lung lesions were resected. After hematologic recovery from a
second course of CPX-351, he underwent resection of the right lung
metastases. This latter surgical procedure was complicated by a
wound infection that delayed HCT and by the resurgence of AML.
Accordingly, another course of CPX-351was administered before the
patient underwent HCT. P7 presented with severe multisystem inflam-
mation associated with severe cardiac, pulmonary, and renal failure.
To our surprise, she tolerated CPX-351 very well and received decita-
bine and venetoclax for consolidation to bridge to HCT. P6, with CDL
syndrome and FLT3-internal tandem duplication (FLT3-ITD)–positive
sAML, had excellent response to CPX-351 and afterward received gil-
teritinib for bridging to HCT and after HCT (day1100).

Limitations of our study are its retrospective nature and lack of a com-
parison cohort, limited cohort size, and a short follow-up after HCT.
Nonetheless, this case series is representative of pediatric sMDS/AML
and includes patients with somatic TP53 mutations, complex karyo-
types, hyperinflammation, and inherited genomic instability, all of which
are known factors for poor prognosis. The combination of cytarabine
with daunomycin is the mainstay of treatment in AML, and CPX-351
represents an optimized strategy to deliver this combination, which
results in excellent cytoreductive efficacy and in bringing all patients to
CR/CRi after only 1 or 2 cycles. Most importantly, we observed low tox-
icity despite extensive pretreatments or poor clinical condition. This
opens a window of opportunity for targeted bridge-to-transplant
approaches (such as the FLT3 inhibitor gilteritinib in our cohort), partic-
ularly useful in patients for whomHCT is not readily available.

Secondary myeloid malignancies in young individuals are orphan
diseases that lack therapeutic innovation and unified treatment. The
promising data from our study supports the need for prospective

multicenter trials to define the long-term benefit of CPX-351 in pedi-
atric secondary myeloid malignancies.
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