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Abstract 

CPX-351 (Europe:  Vyxeos® liposomal; United States:  Vyxeos®) is a dual-drug liposomal encapsulation of daunorubicin 
and cytarabine in a synergistic 1:5 molar ratio. In a phase 3 study in older adults with newly diagnosed, high-risk/
secondary AML, CPX-351 improved the remission frequency, overall survival, and post-transplant survival versus 7 + 3. 
This post hoc analysis evaluated the final 5-year follow-up outcomes according to the European LeukemiaNet 2017 
risk classification. CPX-351–treated patients had a higher remission frequency (adverse risk: 41% vs 26%; intermedi-
ate risk: 58% vs 39%) and longer median overall survival (adverse risk: 7.59 vs 5.52 months; intermediate risk: 11.86 
vs 7.75 months) and post-transplant survival (adverse risk: 43.14 vs 7.08 months; intermediate risk: not reached vs 
13.57 months) versus 7 + 3, with outcomes generally poorer among patients with adverse-risk AML. The safety profile 
of CPX-351 among patients with adverse-risk or intermediate-risk AML was consistent with that of the overall study 
population. Early mortality was lower, and hospitalization length of stay per patient-year was shorter with CPX-351 
versus 7 + 3 within the adverse-risk and intermediate-risk subgroups. The favorable outcomes observed with CPX-351 
in this post hoc analysis are consistent with results for the overall study population and further support the use of 
CPX-351 in these patients.

ClinicalTrials.gov Identifier: NCT01696084.

Keywords: Acute myeloid leukemia, Chemotherapy, CPX-351, European LeukemiaNet 2017 risk subgroup, Post hoc

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

CPX-351 (Europe: Vyxeos® liposomal; United States: 
Vyxeos®) is a dual-drug liposomal encapsulation of dau-
norubicin and cytarabine in a synergistic 1:5 molar ratio 
[1]. Approvals of CPX-351 for newly diagnosed, therapy-
related acute myeloid leukemia (AML) or AML with 
myelodysplasia-related changes (AML-MRC) in Europe 

(adults) and the United States (patients aged ≥ 1  year) 
[2, 3] were based on the results of a randomized, phase 3 
study that demonstrated improved overall survival (OS), 
remission, and post-hematopoietic cell transplantation 
(HCT) survival with CPX-351 versus conventional 7 + 3 
chemotherapy, with a similar safety profile [4].

The phase 3 study of CPX-351 versus 7 + 3 prospec-
tively evaluated patients’ prognostic risk per National 
Comprehensive Cancer Network (NCCN) criteria, as 
the study was conducted in North America. However, 
in 2017, the European LeukemiaNet (ELN) provided 
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updated recommendations on the diagnosis and man-
agement of adults with AML, including criteria for 
patient stratification into prognostic risk groups based 
on cytogenetic and molecular characteristics, which 
may inform treatment decisions [5]. Given differences 
between the ELN and NCCN risk criteria and the broad 
use of the ELN classification in clinical practice, this post 
hoc analysis evaluated long-term outcomes with CPX-
351 versus 7 + 3 among subgroups of enrolled patients 
reclassified according to the ELN 2017 classification.

The design and methods of this randomized, open-
label, phase 3 study (ClinicalTrials.gov Identifier: 
NCT01696084) were described previously [4]. Patients 
aged 60 to 75  years with newly diagnosed, high-risk/
secondary AML were randomized 1:1 to receive up to 2 
induction cycles of CPX-351 (100 units/m2 via 90-min 
infusion on Days 1, 3, and 5; second induction: Days 1 
and 3) or 7 + 3 (cytarabine 100  mg/m2/day continuous 
7-day infusion plus daunorubicin 60  mg/m2 on Days 
1–3; second induction: 5 + 2 schedule) followed by up to 
2 post-remission consolidation cycles with CPX-351 (65 
units/m2) or 5 + 2. Patients were followed up for 5 years 
or until death. In this post hoc analysis, patients were 
reclassified into ELN 2017 risk subgroups based on their 
baseline characteristics [5]. The distribution of time-to-
event endpoints was estimated using the Kaplan-Meier 
method, with hazard ratios and 95% confidence intervals 
(CIs) estimated using a Cox proportional hazards regres-
sion model stratified by age and AML subtype.

The study protocol and all amendments were approved 
by the institutional review board/ethics committee at 
each site. All patients provided written informed consent 
prior to study participation.

Results for the overall study population were described 
previously [4, 6]. Of 309 randomized patients, 297 (96%) 
had baseline characteristics permitting reclassification 
per the ELN 2017 risk criteria (Table  1). The majority 
(67%) of patients had adverse-risk AML; of these, TP53 
mutations were detected for 24% and 31% of patients in 
the CPX-351 and 7 + 3 arms, respectively. Most patients 
in both arms had an Eastern Cooperative Oncology 
Group performance status of 0–1. Only 6% of patients 
had favorable-risk AML (CPX-351: n = 10; 7 + 3: n = 7); 
within this subgroup, 9/10 (90%) and 6/7 (86%), respec-
tively, achieved complete remission (CR) or CR with 
incomplete neutrophil or platelet recovery (CRi), and 
6/10 (60%) and 5/7 (71%) had died at the time of this 
analysis.

Remission occurred more frequently with CPX-351 
versus 7 + 3 among patients with intermediate-risk 
(CR + CRi: 58% vs 39%) and adverse-risk AML (41% vs 
26%; Fig.  1A). Among patients with adverse-risk AML, 
the remission occurred more frequently with CPX-351 

versus 7 + 3 among those without TP53 mutations 
(CR + CRi: 33/75 [44%] vs 15/69 [22%]) but was similar 
among those with TP53 mutations (8/24 [33%] vs 11/31 
[35%]; Additional file 1: Table S1).

After a median follow-up of 60.65  months (inter-
quartile range: 59.96, 62.09), median OS was longer in 
patients treated with CPX-351 versus 7 + 3 who had 
intermediate-risk or adverse-risk AML (Fig.  1B, C). 
Kaplan-Meier–estimated 5-year survival with CPX-351 
and 7 + 3 was 20% and 10%, respectively, for patients 
with intermediate-risk AML and 15% and 5% for those 
with adverse-risk AML. Among patients with adverse-
risk AML without TP53 mutations, median OS was 
9.6  months with CPX-351 (n = 75) versus 5.6  months 
with 7 + 3 (n = 69). Among those with adverse-risk AML 
and TP53 mutations, median OS was 5.0  months with 
CPX-351 (n = 24) versus 5.1  months with 7 + 3 (n = 31; 
Additional file 1: Table S1).

Within the intermediate-risk subgroup, 14/40 (35%) 
patients treated with CPX-351 proceeded to HCT, 
including 10 patients in CR and 3 in CRi at the time of 
HCT, and 14/41 (34%) patients treated with 7 + 3 pro-
ceeded to HCT, including 8 patients in CR and 2 in 
CRi at the time of HCT. Median OS landmarked from 
the HCT date was not reached with CPX-351 versus 
13.57 months with 7 + 3; the landmarked Kaplan-Meier–
estimated 3-year survival was 56% versus 21% (Fig. 1D). 
Kaplan-Meier–estimated 5-year survival from the rand-
omization date for transplanted patients was 56% versus 
21%, respectively.

Within the adverse-risk subgroup, 32/99 (32%) patients 
treated with CPX-351 proceeded to HCT, including 
16 patients in CR and 6 in CRi at the time of HCT, and 
24/100 (24%) patients treated with 7 + 3 proceeded to 
HCT, including 10 patients in CR and 3 in CRi at the time 
of HCT. Median OS landmarked from the HCT date was 
43.14  months with CPX-351 versus 7.08  months with 
7 + 3; the landmarked Kaplan-Meier–estimated 3-year 
survival was 53% versus 21% (Fig.  1E). Kaplan-Meier–
estimated 5-year survival from the randomization date 
for transplanted patients was 46% versus 21%, respec-
tively. Among patients with adverse-risk AML without 
TP53 mutations, median OS was not reached with CPX-
351 (n = 28) versus 11.22  months with 7 + 3 (n = 14). 
Among those with adverse-risk AML and TP53 muta-
tions, median OS was 9.97 months with CPX-351 (n = 4) 
versus 6.41  months with 7 + 3 (n = 10; Additional file  1: 
Table S1).

Across risk groups and treatment arms, the most 
common adverse events were febrile neutropenia, gas-
trointestinal events, and peripheral edema (Additional 
file  1: Table  S2). Serious febrile neutropenia occurred 
in 13% of patients with intermediate-risk AML treated 
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with CPX-351 or 7 + 3 and in 4% and 2% of patients, 
respectively, with adverse-risk AML. Hematologic 
recovery times were longer with CPX-351 versus 7 + 3 
among patients with intermediate-risk (23 vs 16  days) 
and adverse-risk (41 vs 26  days) AML who achieved 
remission (Additional file  1: Table  S2). However, early 

mortality was lower with CPX-351 versus 7 + 3 among 
patients with intermediate-risk (Day 30: 5% vs 13%; Day 
60: 13% vs 20%) and adverse-risk AML (Day 30: 6% vs 
11%; Day 60: 16% vs 25%).

The estimated length (95% CI) of hospitalization per 
patient-year (normalized to median treatment duration) 

Table 1 Baseline characteristics by ELN 2017 risk subgroup

AML acute myeloid leukemia; CMML chronic myelomonocytic leukemia; ECOG Eastern Cooperative Oncology Group; ELN European LeukemiaNet;  
HMA hypomethylating agent; MDS myelodysplastic syndrome; NCCN National Comprehensive Cancer Network; t-AML therapy-related acute myeloid leukemia;  
WBC white blood cell
a Data available for 34 and 37 patients in the CPX-351 and 7 + 3 arms, respectively, within the intermediate-risk subgroup and 93 and 91 patients within the adverse-
risk subgroup

Intermediate-risk AML Adverse-risk AML
CPX-351 (n = 40) 7 + 3 (n = 41) CPX-351 (n = 99) 7 + 3 (n = 100)

Median age (range), years 69 (61, 75) 68 (60, 75) 68 (60, 75) 68 (60, 75)

Age subgroup, n (%)

 60 to 69 years 25 (63) 26 (63) 62 (63) 65 (65)

 70 to 75 years 15 (38) 15 (37) 37 (37) 35 (35)

Male, n (%) 29 (73) 25 (61) 57 (58) 63 (63)

ECOG performance status, n (%)

 0 11 (28) 14 (34) 20 (20) 29 (29)

 1 25 (63) 23 (56) 70 (71) 57 (57)

 2 4 (10) 4 (10) 9 (9) 14 (14)

AML subtype, n (%)

 t-AML 9 (23) 3 (7) 17 (17) 27 (27)

 AML with antecedent MDS

  With prior HMAs 19 (48) 19 (46) 29 (29) 32 (32)

  Without prior HMAs 6 (15) 12 (29) 12 (12) 6 (6)

 AML with antecedent CMML 2 (5) 4 (10) 7 (7) 6 (6)

 de novo AML with MDS karyotype 4 (10) 3 (7) 34 (34) 29 (29)

NCCN cytogenetic risk, n (%)

 n 39 37 92 97

 Better risk 0 1 (3) 0 0

 Intermediate risk 31 (79) 31 (84) 30 (33) 26 (27)

 Poor risk 8 (21) 5 (14) 62 (67) 71 (73)

TP53 mutation, n (%) – – 24 (24) 31 (31)

WBC count, n (%)

 n 40 40 99 100

  < 20,000/µL 33 (83) 35 (88) 87 (88) 83 (83)

  ≥ 20,000/µL 7 (18) 5 (13) 12 (12) 17 (17)

Platelet count, n (%)

 n 40 40 99 99

  ≤ 50,000/µL 20 (50) 21 (53) 66 (67) 62 (63)

  > 50,000/µL 20 (50) 19 (48) 33 (33) 37 (37)

Median bone marrow blasts (range)a, % 36 (5, 80) 35 (6, 88) 35 (5, 93) 35 (3, 97)

Bone marrow blasts, n (%)

 n 38 40 97 97

  < 20% 5 (13) 4 (10) 15 (15) 18 (19)

 20% to 40% 14 (37) 19 (48) 42 (43) 41 (42)

  > 40% to 60% 10 (26) 10 (25) 20 (21) 18 (19)

  > 60% 9 (24) 7 (18) 20 (21) 20 (21)
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with CPX-351 and 7 + 3 was 184.5  days (175.3, 194.1) 
and 217.9  days (207.1, 229.4), respectively, in the inter-
mediate-risk subgroup and 207.1 days (200.7, 213.8) and 
260.9  days (251.9, 270.1) in the adverse-risk subgroup 
(Additional file 1: Table S3). The estimated number (95% 
CI) of platelet units administered per patient-year after 
CPX-351 and 7 + 3 was 81.0 (76.7, 85.5) and 61.1 (57.0, 
65.4), respectively, in the intermediate-risk subgroup and 
78.0 (75.2, 80.9) and 93.7 (89.9, 97.6) in the adverse-risk 

subgroup. The estimated number (95% CI) of red blood 
cell units administered after CPX-351 and 7 + 3 was 40.8 
(37.8, 44.0) and 34.2 (31.2, 37.5) in the intermediate-risk 
subgroup and 39.5 (37.6, 41.6) and 48.8 (46.1, 51.6) in the 
adverse-risk subgroup (Additional file 1: Table S4).

This post hoc analysis of the final 5-year follow-
up data from the phase 3 study demonstrated that  
CPX-351–treated patients had more frequent remis-
sion and longer median OS and post-HCT survival 

Fig. 1 Efficacy Outcomes by ELN 2017 Risk Subgroup. A CR, CRi, and CR + CRi; B Kaplan-Meier OS for patients with intermediate-risk AML; C 
Kaplan-Meier OS for patients with adverse-risk AML; D Kaplan-Meier OS landmarked from the date of HCT for patients with intermediate-risk AML; 
E Kaplan-Meier OS landmarked from the date of HCT for patients with adverse-risk AML. AML acute myeloid leukemia; CI confidence interval; CR 
complete remission; CRi complete remission with incomplete neutrophil or platelet recovery; ELN European LeukemiaNet; HCT hematopoietic cell 
transplantation; HR hazard ratio; KM Kaplan-Meier; NE not estimable; OR odds ratio; OS overall survival
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versus 7 + 3 in older adults with newly diagnosed, 
intermediate-risk or adverse-risk AML per the ELN 
2017 risk criteria, with outcomes generally poorer 
among patients with adverse-risk AML, similar to prior 
analyses by NCCN risk groups [4]. The safety profile 
of CPX-351 among patients with intermediate-risk or 
adverse-risk AML was consistent with that of the over-
all study population [4, 6] and known safety profile of 
7 + 3. Hematologic recovery times were longer with 
CPX-351 versus 7 + 3, which was expected based on 
longer bone marrow drug exposure following CPX-351, 
but also markedly longer in the adverse-risk subgroup 
(41 vs 26  days [15  days longer with CPX-351]) than 
the intermediate-risk subgroup (23 vs 16  days [7  days 
longer with CPX-351]). Despite prolonged myelosup-
pression with CPX-351, median OS was longer, early 
mortality was lower, and hospitalization length of stay 
per patient-year was shorter with CPX-351 versus 7 + 3 
within the intermediate-risk or adverse-risk subgroups, 
with no consistent difference in transfusions.

CPX-351 comprises the same active drugs as the 7 + 3 
regimen; however, the design of CPX-351 (liposomal 
encapsulation of daunorubicin and cytarabine in a syn-
ergistic 1:5 molar ratio) provides coordinated drug phar-
macokinetics, prolonged drug exposure, maintenance 
of the synergistic drug ratio, and preferential uptake by 
AML cells in the bone marrow [7–10].

Although CPX-351 improved outcomes versus 7 + 3 
for patients with adverse-risk AML, it is noteworthy that 
patients with TP53 mutations responded poorly, regard-
less of therapy. NCCN guidelines recommend against the 
use of 7 + 3 and suggest alternative strategies or clinical 
trials should be explored in this patient subgroup [11]. 
Considering that the active compounds in CPX-351 are 
daunorubicin and cytarabine (same as for the 7 + 3 regi-
men), it is not unexpected that CPX-351 has limited ben-
efit for patients with TP53 mutations.

The longer median OS and post-HCT survival observed 
with CPX-351 versus 7 + 3 in this post hoc analysis of 
older adults with newly diagnosed, intermediate-risk or 
adverse-risk AML per the ELN 2017 risk criteria are con-
sistent with observations reported for the overall study 
population [4, 6]. These results further support the use 
of CPX-351 in patients with newly diagnosed, therapy-
related AML and AML-MRC.
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