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abstract

PURPOSE Effective regimens are needed for children with relapsed acute myeloid leukemia (AML). AAML1421 is
a phase I/II study of CPX-351, a liposomal preparation of daunorubicin and cytarabine. AAML1421 sought to
determine the recommended phase II dose (RP2D) of CPX-351 and the response rate after up to 2 cycles of
therapy.

PATIENTS AND METHODS Children. 1 and# 21 years of age with relapsed/refractory AML were eligible for dose
finding; those in first relapse were eligible for the efficacy phase. Dose-limiting toxicity (DLT) assessment
occurred during cycle 1. Two cycles of therapy were offered (cycle 1: CPX-351; cycle 2: FLAG [fludarabine
30 mg/m2/dose on days 1-5; cytarabine 2,000 mg/m2/dose on days 1-5; and granulocyte-colony stimulating
factor 5 mg/kg/dose, days 1-5 and day 15 through absolute neutrophil count . 500/mL]). Response was
assessed after each cycle.

RESULTS Thirty-eight patients enrolled: 6 in the dose-finding phase and 32 in the efficacy phase. During dose
finding, 1/6 patients experienced a DLT (grade 3 decrease in ejection fraction). The RP2D was 135 units/m2 on
days 1, 3, and 5. Toxicities of grade$ 3 during cycle 1 included fever/neutropenia (45%), infection (47%), and
rash (40%). There was no toxic mortality. Best responses included 20 complete response (CR; 54%), 5 CR with
partial recovery of platelet count (CRp; 14%), and 5 CR with incomplete blood count recovery (14%). Twenty-
one of 25 with CR/CRp had no detectable residual disease (RD; 84%) by flow cytometry. Hematopoietic stem
cell transplantation (HSCT) was used as consolidation in 29/30 responders (96.7%); 20/25 (80%) had no RD
before HSCT.

CONCLUSION The RP2D of CPX-351 is 135 units/m2/dose on days 1, 3, and 5. Toxicity was manageable, and
protocol therapy was effective. Response rates are superior to prior published North American cooperative group
clinical trials for children with AML in first relapse.

J Clin Oncol 38:2170-2177. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Survival in childhood acute myeloid leukemia (AML)
has plateaued, despite maximally toxic standard
therapy. Treatment and long-term survival are too
often complicated by devastating anthracycline-
induced cardiomyopathy.1-4 Until better therapeutic
options are available for children with AML, methods to
minimize cardiotoxicity while maintaining anthracy-
cline dose intensity must be identified.

CPX-351 is a liposomal preparation of daunorubicin
and cytarabine maintained at a 1:5 molar ratio that
demonstrates prolonged exposures compared with
free drug. This agent has demonstrated safety and

superior efficacy in adult patients with newly di-
agnosed secondary AML.5,6 On the basis of adult
clinical trials, CPX-351 was approved by the US Food
and Drug Administration in 2017 for the treatment of
adults with newly diagnosed therapy-related AML or
AML with myelodysplasia-related changes.

AAML1421 was a Children’s Oncology Group (COG)–
sponsored phase I/II study of CPX-351 for children
with relapsed AML. The primary objectives were to
determine the recommended phase II dose (RP2D)
and to estimate the response rate (complete response
[CR] 1 CR with partial recovery of platelet count
[CRp]) after up to 2 cycles. CPX-351 was offered in
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cycle 1. To avoid additional anthracyclines, FLAG was
offered in cycle 2 (fludarabine 30 mg/m2/dose on days
1-5; cytarabine 2,000 mg/m2/dose on days 1-5; and
granulocyte-colony stimulating factor (G-CSF) 5 mg/kg/dose,
days 1-5 and day 15 through absolute neutrophil count
[ANC] . 500/mL).

PATIENTS AND METHODS

AAML1421 enrolled children . 1 and # 21 years of age
with relapsed/refractory AML in the dose-finding phase; the
efficacy phase was restricted to first relapse with no prior
reinduction attempt. A minimum of 5% leukemic burden in
the marrow or a peripheral blood absolute blast count .
1,000/mL was required. Patients were required to have
adequate renal and liver function. Patients who received
more than the maximal cumulative anthracyclines de-
livered with de novo therapy (. 450mg/m2) were excluded.
The intent was to include children who received maximal
cumulative anthracyclines on COG de novo AML trials,
which used a conversion multiplier of 3 daunorubicin
equivalents for mitoxantrone. Patients were required to
have adequate cardiac function, defined as shortening
fraction (SF) of $ 27%, ejection fraction (EF) $ 50%, and
corrected QT interval, 500milliseconds. Patients with. 5
blasts/mL from a nontraumatic lumbar puncture or with
overt signs of CNS involvement were not eligible. Patients
with acute promyelocytic leukemia, bone marrow failure
syndromes, Down syndrome, or Wilson disease were in-
eligible. Supportive care guidelines including antifungal
prophylaxis and hospitalization were provided. Site par-
ticipation in the trial required approval from institutional
review boards. All patients or their guardians were required
to sign an informed consent document before participation.
CPX-351 was supplied by Jazz Pharmaceuticals (Palo Alto,
California).

Study Design

The study comprised 2 phases: a dose-finding phase and
an efficacy phase. All patients received CPX-351 in cycle 1.
It was strongly recommended that all patients receive
course 2, consisting of FLAG, for consistency with other
relapse trials7-9 and the potential to achieve deeper re-
mission before hematopoietic stem cell transplantation
(HSCT). Dose-limiting toxicity (DLT) assessment occurred
in cycle 1 of the dose-finding phase. Dose level 1 (DL1) of
CPX-351 was 135 units/m2/dose on days 1, 3, and 5. This
dose was selected to test equivalent daunorubicin doses
compared with standard pediatric de novo AML induction
regimens and the European DaunXome (DNX) trial.8 A
single dose de-escalation to 100 units/m2/dose, the adult
CPX-351 MTD, would occur if DL1 was intolerable. All
patients received intrathecal cytarabine within 1 week of
initiating cycle 1 therapy and again within 1 week of ini-
tiating cycle 2 therapy. Additional intrathecal cytarabine
was administered twice weekly after CPX-351 for 4-6
treatments in patients with any detectable leukemia in the
CSF at time of screening and was allowed at the in-
vestigator’s discretion for patients at high risk for treatment
failure in the CNS.

Response Criteria and Toxicity Reporting

Response was assessed after each cycle no earlier than day
28 by bone marrow aspirate and biopsy and by lumbar
puncture. Evaluation of the marrow by flow cytometry for
minimal residual disease (MRD) according to individual
institution practices was required.

A CR was defined as the attainment of a M1 marrow
(, 5% blasts) with peripheral blood recovery of ANC
$ 1,000/mL and platelets $ 100,000/mL. A CRp or CR
with incomplete blood count recovery (CRi) were de-
fined as M1 marrow with either failure to recover platelets

CONTEXT

Key Objectives
Despite intensification of de novo therapy for childhood acute myeloid leukemia (AML), relapse is prevalent, and car-

diotoxicity remains a barrier to remission reinduction. Until better therapeutic options are available, methods to minimize
cardiotoxicity while maintaining anthracycline dose intensity must be identified.

Knowledge Generated
The Children’s Oncology Group conducted a phase I/II study of CPX-351, a liposomal preparation of cytarabine and

daunorubicin with favorable pharmacokinetic properties and demonstrable efficacy in adults. The safety phase
established a recommended phase II dose of 135 units/m2 on days 1, 3, and 5. There was no toxic mortality, and toxicities
were consistent with intensive AML therapy. Protocol therapy was effective for children in first relapse with complete
recovery (CR) 1 CR with partial recovery of platelet count (CRp) rate of 68.3% (90% CI, 52.9% to 78.0%) and overall
response rate (CR 1 CRp 1 CR with incomplete blood count recovery) of 81.1% (90% CI, 67.4% to 88.8%). Among
responders, 96.7% were successfully bridged to hematopoietic stem cell transplantation.

Relevance
These encouraging results provide rationale for randomized study of CPX-351 in children with de novo AML.
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$ 100,000/mL or both platelets and/or ANC, respectively.
Partial response (PR) was defined as an M2 bone marrow
(5%-25% blasts) and at least a 50% decrease in bone
marrow blast percent from baseline. Treatment failure was
defined as any of the following: an absolute increase of $
20% marrow blasts, . 25% marrow blasts, an M1 marrow
with circulating blasts, or development of extramedullary
disease. Best response was defined as CR 1 CRp after up
to 2 cycles of therapy. The overall response rate (ORR) was
defined as CR 1 CRp 1 CRi.

Toxicity was graded using version 4 of the National Cancer
Institute Common Terminology Criteria for Adverse Events
(CTCAE). DLT was defined as any grade 3 or greater
nonhematologic toxicity related to CPX-351, with the ex-
ception of commonly encountered toxicities typical of AML
therapy. Hematologic DLTs were defined as failure to re-
cover ANC . 500 /mL or platelet count . 20,000/mL by
day 50 of cycle 1, unless due to persistent marrow leu-
kemia. Sites were required to submit locally measured,
echocardiogram-derived EF and SF at baseline, end of
cycle 1, end of cycle 2, and during follow-up. Digital Im-
aging and Communications in Medicine (DICOM) echo-
cardiogram images were collected for central measurement
of cardiac function; however, safety data are based on the
site assessment of left ventricular function.

Statistical Analysis

Enrollment was conducted from April 2016 to June 2018;
all data are current as of June 30, 2019. The dose-finding
phase used a modified rolling 6 design for DLT assess-
ment.10 Efficacy analysis used point estimates from prior
COG phase II studies to formulate the null hypothesis.7,9 A
single-arm, Simon two-stage design tested the null hy-
pothesis that the response rate (CR 1 CRp), was #

40% with 0.1 type 1 error versus the alternative hypothesis
that the response rate was $ 60% with 0.8 power. The
response rate11 and corresponding 90% CI12 were used to
define best response after up to 2 cycles, the primary
outcome measure. Kaplan-Meier method was used in post
hoc analysis to estimate overall survival (OS), defined as
time from study entry to death. Patients alive at last contact
were censored for OS analyses. For pharmacokinetic (PK)
analysis, individual plasma concentrations were summa-
rized by study cohort, day, and time point using descriptive
statistics. PK concentrations were summarized including
subjects with both intensive and sparse sampling schemes.

Pharmacokinetics

During the dose-finding phase, peripheral blood (2-3 mL)
was obtained on day 5 before the dose of CPX-351,
midinfusion (0.75 hours), immediately after the infusion
(1.5 hours), and at 2, 5, 8, 12, 24, 72, and 120 hours after
the infusion. An optional and abbreviated sampling
schedule was used for the efficacy phase: 30 minutes after
end of infusion on day 1, then on day 5: before infusion,
30 minutes after infusion, then at 6 and 72 hours after

initiation of infusion. PK parameters were determined using
noncompartmental methods on the basis of individual
plasma concentration-time data for cytarabine and dau-
norubicin after day 5 CPX-351 administration in the dose-
finding phase. PK parameters included area under the
plasma concentration–time curve, maximum concentration
(Cmax), time to Cmax, terminal phase half-life (t1/2),
clearance (CL), and volume of distribution (Vss). PK pa-
rameters were calculated using Phoenix WinNonlin v.7.0
(Certara LP, Princeton, NJ). One patient was excluded from
the results because the administered dosing was reported
incorrectly in the PK dataset. PK data in the efficacy phase
will be reported separately.

RESULTS

Patient Characteristics

Six patients enrolled in the dose-finding phase, and 32
participated in the efficacy phase. All those enrolled in the
dose-finding phase were in first relapse and thus were
eligible for efficacy determination. Patient characteristics
for the entire cohort are listed in Table 1. Of note, 4 patients
had CNS2 status and required additional intrathecal

TABLE 1. Patient Characteristics
Characteristic No. %

Total patients 38

Age at study entry, years, median (range) 11.9 (1.81-21.5)

CNS status

CNS 1 31 81.6

CNS 2 4 10.5

Unknown 3 7.9

Cytogenetics

Normal 5 13.2

Inv(16); t(8;21) 6 15.8

Monosomy 7 2 5.3

11q23 6 15.8

Del(7q) 2 5.3

3q and 13q 1 2.6

13q only 1 2.6

Other 6 15.8

Unknown 9 23.7

Disease status (length of CR1), days

, 180 5 13.2

180-365 19 50.0

. 365 14 36.8

Prior HSCT

Yes 10 26.3

No 28 73.7

Abbreviations: CR1, first complete remission; HSCT, hematopoietic
stem cell transplantation.
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cytarabine, per protocol. Twenty-four patients (63.2%) had
relapsed within 1 year of first CR, which is a poor prognostic
indicator for OS after relapse.13 Ten patients (26.3%) had
previously received allogeneic HSCT.

Safety

Dose-Finding Phase. In the dose-finding phase, 6 patients
were evaluable for toxicity. There was one DLT of grade 3
reduction in EF at the end of cycle 1 in a patient with a prior
history of cardiac dysfunction. CTCAE grade 3 or 4 bacterial
infections were encountered in 4/6 participants in the dose-
finding phase but did not qualify as DLTs. No other DLTs
were encountered; therefore, 135 units/m2/dose was de-
termined to be the RP2D.

Efficacy Phase. Grade 3 or greater adverse events for all
38 patients are summarized in Table 2 and were con-
sistent with intensive AML reinduction regimens. During
course 1, at least 1 infection occurred in 17 (44.7%)
patients. No fungal infections were reported. Microbio-
logically documented pathogens are listed in Appendix
Table A1 (online only). Other common toxicities included
fever with neutropenia (44.7%) and maculopapular rash

(39.5%). Rashes were grade 3 and expected based on
adult studies with CPX-351. No additional grade 3 or
greater cardiotoxicities were observed. Median ANC and
platelet recovery in responders after cycle 1 was 43 days
(range, 34-57 days) compared with 29 days (range, 20-49
days) after cycle 2 (Appendix Fig A1, online only). Length
of hospitalization for cycle 1 (n 5 38) was a median of
33.5 days (range, 5-52 days).

Cardiotoxicity Data

As above, 1 patient with history of cardiac dysfunction
during de novo therapy developed a grade 3 reduction in
EF (defined as EF 20%-39%) after cycle 1, which sub-
sequently resolved after initiation of enalapril. Grade 2
reduction in EF (defined as EF 40%-50%) occurred in 6
additional patients, 2 after cycle 1 and 4 after cycle 2.
Subsequent EF measurements were available for 6/7 pa-
tients with grade $ 2 EF reduction; all demonstrated re-
covery of EF to . 50% during follow-up. There were no
reports of symptomatic left ventricular systolic dysfunction
(LVSD).

Pharmacokinetics

During the dose-finding phase, mean molar plasma con-
centration ratio was maintained close to the ratio of 1:5
(daunorubicin:cytarabine) over the first 72 hours after the
start of the day 5 infusion (Fig 1). After administration of
135 units/m2 CPX-351, plasma exposures in pediatric
patients were similar to those observed in adults.5 PK
parameters for total cytarabine and daunorubicin in pe-
diatric patients, such as t1/2, CL, and Vss, were also similar
to those observed in adults (Table 3).

Efficacy

Responses by course and best response after up to 2 cycles
are listed in Table 4. Among 38 patients eligible for efficacy
determination, one was unevaluable. In that case, the
patient received nonprotocol therapy with a tyrosine kinase
inhibitor on day 15 of cycle 1, before a disease evaluation
at an adequate time point could be performed. Of 37
evaluable patients, 28 patients (75.7%) achieved CR, CRp,

TABLE 2. Grade $ 3 Toxicity by Treatment Course

CTCAEv4 Adverse Event

Cycle 1 (n 5 38) Cycle 2 (n 5 27)

No. % No. %

None 4 10.5 13 48.1

Febrile neutropenia 17 44.7 6 22.2

Mucositis oral 1 2.6

Fever 2 5.3

Infections and infestations ($ 1) 17 44.7 5 18.5

Ejection fraction decreased 1 2.6

Electrocardiogram QT corrected interval prolonged (all grades) 7 18.4 7 25.9

Rash maculopapular 15 39.5 1 3.7

Abbreviation: CTCAEv4, Common Terminology Criteria for Adverse Events, version 4.
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versus time after a 90-minute intravenous infusion of CPX-351 135 units/
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quantification.
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or CRi with course 1 (CPX-351). Eleven patients withdrew
from protocol therapy after course 1, 7 of whom demon-
strated a response (4 CR, 1 CRp, 2 CRi) and withdrew to
receive HSCT. In addition, 1 patient withdrew after a PR, 2
patients had treatment failure (TF), and 1 patient received
off-protocol therapy and was unevaluable, as previously
described. All children with 5%-25% blasts at study entry
responded (4CR, 1CRp, 1CRi). Twenty-seven patients
received both cycles of therapy; 7 with a PR after cycle 1
continued in the study to receive FLAG in cycle 2. Two of
these 7 patients achieved a CR after cycle 2, and the rest
either progressed to TF or withdrew from the study.

Seventy percent of responders achieved their best re-
sponse with course 1. Best responses after up to 2 cycles
were 20 CR (54%), 5 CRp (13.5%), and 5 CRi (13.5%). Of
5 patients with best response of CRi, one had disease
progression (TF) after course 2. Two of the remaining 4
were MRD negative, and all were successfully bridged to
HSCT. Each of these 4 patients had evidence of neutrophil
and platelet recovery (Appendix Table A2).

Characteristics of responders are listed in Table 5. Re-
sponses were observed in all cytogenetic risk groups. All 14

patients with AML in late relapse (initial CR . 12 months)
achieved a CR, CRp, or CRi, and 16/24 (67%) with early
relapse (initial CR, 12months) achieved a CR, CRp, or CRi.
Allogeneic HSCT was used as consolidation in 96.7% of
patients with a CR, CRp, or CRi. Overall survival at 2 years for
evaluable patients was 52.7% 6 21.1% (Fig 2).

Blast Quantification by Flow Cytometry

Flow cytometry for residual disease (RD) was required after
each cycle for more precise blast quantification. The
protocol determined response using morphology by Che-
son’s criteria,14 but guidance was provided that flow
cytometry could be used to differentiate between marrow
recovery and leukemic blasts. Flow cytometry was either
performed locally (n 5 15) or sent to Clinical Laboratory
Improvement Amendments–approved reference centers
at Hematologics (Seattle, Washington) or the University of
Washington (n 5 23). Lower level of detection of local flow
cytometry ranged from 0.01%-0.5%. Of 16 patients with
CR or CRp after cycle 1, 12 (75%) had no RD. Overall, 21 of
25 patients (84%) with CR or CRp reported as best re-
sponse had no RD. Twenty-four of 30 patients (80%) with
CR, CRp, or CRi had no detectable RD by flow cytometry.

TABLE 3. Plasma Pharmacokinetic Parameters of Cytarabine and Daunorubicin After a 90-Minute Intravenous Infusion of CPX-351 135 units/
m2/dose: Dose-Finding Phase

Plasma PK Parameters

Dose-Finding Phase

Cytarabine CPX-351 135 Units/m2/dose (n 5 5)a Daunorubicin CPX-351 135 Units/m2/dose (n 5 5)a

AUC0-48, mgh/mL 2,848.3 (24.1) 949.7 (22.7)

Cmax, mg/mL 94.6 (18.3) 38.9 (12.9)

tmax, hours 5.00 (1.92-5.07) 2.00 (1.42-2.07)

t1/2, hours, median (range) 41.1 (28.7) 28.8 (27.6)

CL, mL/h 71.8 (65.2) 94.7 (65.2)

CL, mL/h/m2 47.5 (6.0) 62.7 (5.3)

Vss, mL 4,158 (41.5) 3,828 (45.9)

Molar ratio AUC0-48 6.50 (4.9) NA

Molar ratio AUClast 7.44 (6.4) NA

Abbreviations: AUC, area under the plasma concentration–time curve (geometric mean, CV%); CL, clearance (geometric mean, CV%); Cmax,
maximum concentration (geometricmean, CV%); CV%, coefficient of variation; NA, not available; PK, pharmacokinetic; Tmax, time to Cmax; t1/2,
terminal phase half-life (geometric mean, CV%); Vss, volume of distribution (geometric mean, CV%).

aOne patient was excluded from the results because the administered dosing was reported incorrectly in the PK data set.

TABLE 4. Response by Cycle and Best Response
All Patients (N 5 38) CR CRp CRi PR TF UE ORR (CR 1 CRp 1 CRi)

Cycle 1 (n 5 38) 14 (37.8) 2 (5.4) 12 (32.4) 7 (18.9) 2 (5.4) 1 28 (75.6)

Cycle 2 (n 5 27)a 13 (48.1) 7 (25.9) 2 (7.4) 0 (0) 5 (18.5) 0 22 (81.4)

Best responseb (n 5 37) 20 (54.1) 5 (13.5) 5 (13.5) 5 (13.5) 2 (5.4) 1 30 (81.1)

Data are presented as No. (%).
Abbreviations: CR, complete remission; CRi, complete remission with incomplete blood count recovery; CRp, CR with partial recovery of

platelet count; ORR, overall response rate; PR, partial response; TF, treatment failure; UE, unevaluable.
aEleven patients withdrew after cycle 1: 4 had a CR, 1 CRp, 2 CRi, 1 PR, 2 TF and 1 UE.
b70% of patients achieved their best response after cycle 1; 30% achieved their best response after cycle 2.
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DISCUSSION

Treatment of children with relapsed AML is complicated by
the intensity of de novo therapies, including anthracyclines,
which have deleterious cardiac effects.2 It is essential that
strategies for mitigating anthracycline-induced cardiotoxicity
in children are pursued. The COG conducted AAML1421,

a phase I/II study of CPX-351, to determine an RP2D and
estimate its efficacy in children with AML in first relapse.
CPX-351 is a liposomal preparation of daunorubicin and
cytarabine designed to maintain an optimally synergistic 1:5
molar ratio with a half-life considerably longer comparedwith
free drug, resulting in higher uptake in leukemia cells.15-17

Supporting AAML1421 was NCT01943862, a first-in-child
phase I study conducted at a single institution, which included
children with acute lymphoblastic leukemia/AML/mixed
phenotype leukemia with refractory disease or first or greater
relapse.18 Rationale for pediatric development of CPX-351 is
further strengthened by the adult phase III study results,
which reported tolerability and superior efficacy in adult pa-
tients with newly diagnosed secondary AML.19

The AAML1421 CR 1 CRp rate of 68.3% (90% CI,
52.9% to 78.0%) is superior to prior COG studies for AML in
first relapse.7,9 Although these response rates are en-
couraging, direct statistical comparisons to non-COG co-
operative group trials are not possible because of
differences in study design and response criteria. Although
our primary objective of determining CR 1 CRp response
was selected for statistical comparison with prior COG trials,
here we also report ORR (CR/CRp/CRi), because CRi re-
sponses in our study were clinically significant. Four of 5
patients with CRi were successfully bridged to trans-
plantation, 2 of whom had no residual disease. All 4 had
evidence of count recovery at the time of response as-
sessment but did not meet Cheson’s criteria for CR (Ap-
pendix Table A2, online only).14 Therefore, the ORR of
81.1% (90% CI, 67.4% to 88.8%) is a valid assessment of
CPX-351 activity in children with AML in first relapse. As
clinicians become less likely to wait until complete pe-
ripheral blood count recovery before HSCT, consideration
of alternatives to Cheson’s criteria for response needs to be
incorporated. In addition, alternative methods to morpho-
logic assessment of response, such as flow cytometry,
should be incorporated into clinical trials as technologic
advances continue. Although not performed centrally, CPX-
351 did induce negative RD responses in 80% of children
with CR 1 CRp 1 CRi.

CPX-351 demonstrated a toxicity profile similar to other
published intensive AML reinduction regimens. Infection
and fever/neutropenia were common; however, no
treatment-related mortality (TRM) or 100-day TRM after
HSCT was observed. Given the long half-life of CPX-351, as
well as the higher RP2D compared with adults, peripheral
blood count recovery was carefully monitored. Although
ANC and platelet recovery were longer after cycle 1 (Appendix
Fig A1), these results may be skewed because of G-CSF
administration during cycle 2 with FLAG chemotherapy.

A devastating consequence of therapy for patients receiving
AML therapy and for childhood survivors of AML is
anthracycline-induced cardiotoxicity. Liposomal delivery
systems for anthracyclines are a promising strategy to
mitigate cardiotoxicity while maintaining efficacy.20-22 The

TABLE 5. Characteristics of Responders
CR, CRp, CRi Measure

Total 30

Cytogenetics, No. (total)

Normal 4 (5)

Favorable: Inv(16);t(8;21) 6 (6)

Monosomy 7 2 (2)

11q23 4 (6)

Del(7q) 2 (2)

3q and 13q 1 (1)

13q only 0 (1)

Other 6 (6)

Unknown 5 (9)

Disease status (length of CR1), No. (total)

, 180 days 3 (5)

180-365 days 13 (19)

. 365 days 14 (14)

HSCT received after therapy and before relapse? No. (%)

Yes 29a (96.7%)

No 1 (3.3%)

Abbreviations: CR, complete remission; CR1, first complete remission; CRi,
complete remission with incomplete blood count recovery; CRp, CR with partial
recovery of platelet count; HSCT, hematopoietic stem cell transplantation.

aFour patients confirmed that they went to HSCT as consolidation after the data
cutoff for this manuscript.
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potential advantages of liposomal preparations include
prolonged time in circulation due to protection of the drug
from enzymatic inactivation, circumvention of drug efflux
transporters responsible for drug resistance,23,24 and al-
tered bio-distribution of the liposome formulation, with
potential sparing of normal tissue to mitigate toxicity.25

Adult studies have demonstrated decreased cardiotox-
icity with liposomal anthracyclines, yet this benefit is not yet
well studied for CPX-351.26,27

Our study required close monitoring of cardiac function by
echocardiogram at baseline, after each cycle of therapy,
and during follow-up. All patients with grade 2 or greater
LVSD with echocardiogram data available during follow-up
(5/6 patients) demonstrated recovery of EF to . 50%.
There were no patients with symptomatic LVSD. Analysis of
other centrally measured parameters of left ventricular
systolic function and cardiac biomarkers (natriuretic pep-
tides and high-sensitivity cardiac troponin) will be reported
in a separate article. Although these results offer important
insight into the cardiac effects of liposomal anthracyclines
in the relapse setting, it is important to recognize that this
population is heavily anthracycline pretreated and at high
risk for cardiotoxicity.

Importantly, the prevalence of grade $ 2 LVSD (defined as
EF , 50%) was 10.6% at the end of the first year after up-
front treatment on AAML1031.28 Given that the majority of
patients treated in this trial were within 1 year of initial
remission, the cardiac toxicities observed may be in part
related to the natural evolution of cardiotoxicity due to up-
front anthracycline exposure and the impact of concurrent
infections. The optimal setting for a prospective evaluation
of the cardioprotection of liposomal anthracyclines is
a randomized phase III study in anthracycline-naı̈ve pa-
tients. COG is planning a randomized study of CPX-351
versus standard anthracycline-containing induction given
with dexrazoxane, which has emerged as a potentially
effective cardioprotective strategy in pediatric AML.28

Prospective evaluation and comparison of cardioprotective
strategies will be an integral aim of the trial.

Treatment with CPX-351 followed by FLAG in AAML1421
demonstrated encouraging response rates and an ac-
ceptable toxicity profile. These results support the efficacy
of CPX-351 for children with AML in first relapse and
provide excellent rationale for phase III study in childhood
de novo AML.
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APPENDIX
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FIG A1. Median time to absolute neutrophil count (ANC) recovery
$ 1,000/mL in days for all patients achieving a complete response
(CR) or CR with partial recovery of platelet count (CRp) in cycles 1 and 2.
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FIG A2. AAML1421 CONSORT diagram.
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TABLE A2. Characteristics of Patients With a Best Response of CRi

Patient
Max ANC (K cells/

mL) Cycle 1
Max Platelets (K cells/

mL) Cycle 1
RD Cycle 1

(%)
Max ANC (K cells/

mL) Cycle 2
Max Platelets (K cells/

mL) Cycle 2
RD Cycle 2

(%) HSCT Alive

1 0.2 95 7.6 NA NA 86 No (cycle 2
TF)

No

2 0.7 73 , 0.2 NA NA NA Yes Yes

3 0.28 206 0.2 NA NA NA Yes Yes

4 0.87 145 , 0.01 0.83 33 , 0.01 Yes Yes

5 0.97 94 Negative 0.82 13 Negative Yes Yes

Abbreviations: ANC, absolute neutrophil count; CRi, complete remission with incomplete blood count recovery; HSCT, hematopoietic stem cell
transplantation; NA, not applicable; RD, residual disease; TF, treatment failure.

TABLE A1. Microbiologically Documented SS and NSS Infections
Reported on AAML1421
Pathogens Reported Cycle 1
(No., site)

Pathogens Reported Cycle 2 (No.,
site)

Enterococcus faecalis (1, SS) Viridans group Streptococcus (2:
1, SS; 1, NSS)

Escherichia coli (1, SS) Streptococcus mitis/
Streptococcus oralis (1, SS)Clostridium difficile (1, NSS)

Varicella zoster (1, SS)

Rhinovirus/enterovirus,
adenovirus (1, NSS)

Herpes simplex virus (1, NSS)

Abbreviations: NSS, nonsterile site; SS, sterile site.
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