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Abstract
VYXEOS™ is a liposomal-encapsulated formulation of daunorubicin and cytarabine delivering a fixed, synergistic 1:5 
molar ratio (hereafter referred to as daunorubicin/cytarabine liposome). Daunorubicin/cytarabine liposome is approved in 
several countries worldwide for the treatment of adults with therapy-related acute myeloid leukaemia (tAML) and AML with 
myelodysplasia-related changes (MRC). Approval was based on its clinical benefit in older patients with newly diagnosed 
high-risk/secondary AML in a pivotal phase III trial. In this study, daunorubicin/cytarabine liposome significantly prolonged 
overall survival (OS) and event-free survival (EFS) relative to conventional chemotherapy with cytarabine plus daunoru-
bicin (hereafter referred to as 7 + 3). Daunorubicin/cytarabine liposome was also associated with significantly higher rates 
of complete remission (CR) and CR with incomplete haematological recovery (CRi) compared with 7 + 3. Daunorubicin/
cytarabine liposome had an acceptable tolerability profile in older patients with newly diagnosed high-risk/secondary AML. 
The safety profile of daunorubicin/cytarabine liposome, including types and severities of adverse events, was generally 
similar to that of 7 + 3. Therefore, daunorubicin/cytarabine liposome is an important treatment option for adults with newly 
diagnosed tAML or AML-MRC.

Daunorubicin/cytarabine liposome: clinical 
considerations in acute myeloid leukaemia 

Liposomal formulation of daunorubicin and cytarabine 
in a fixed 1:5 molar ratio

Significantly prolongs OS and EFS relative to 7 + 3 
chemotherapy in older patients with newly diagnosed 
high-risk/secondary AML

Associated with significantly higher rates of CR and CRi 
relative to 7 + 3 chemotherapy

Acceptable tolerability profile

1  Introduction

Acute myeloid leukaemia (AML) is a heterogeneous hae-
matological malignancy characterized by the expansion of 
myeloid cells in the blood and bone marrow [1]. It is the 
most common type of acute leukaemia in adults. The inci-
dence of AML increases with age; the median age at diag-
nosis is 67 years [1]. Secondary AML, including therapy-
related AML (tAML) and AML with myelodysplasia-related 
changes (MRC), is associated with poorer clinical outcomes 
than de novo AML [2–5].

For several decades, conventional induction regimens for 
AML in patients aged < 60 years have consisted of a continu-
ous 7-day infusion of cytarabine plus an anthracycline (e.g. 
daunorubicin) on days 1–3 (hereafter referred to as 7 + 3) 
[1]. However, remission rates and survival with conventional 
induction therapy are lower in older patients (≥ 60 years) 
compared with younger patients with AML [3, 5]. Efforts 
to improve the efficacy of the cytarabine plus daunorubicin 
backbone (via administration of high-dose cytarabine, 
anthracycline dose intensification and the addition of vari-
ous agents) have largely failed to improve outcomes [3, 5, 6].

VYXEOS™ is a liposomal formulation of daunorubicin 
and cytarabine in a fixed 1:5 molar ratio (hereafter referred 
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to as daunorubicin/cytarabine liposome). It is approved in 
several countries, including the USA [7] and those of the 
EU [8], for the treatment of adults with newly diagnosed 
tAML or AML-MRC. This article reviews pharmacological, 
clinical efficacy and tolerability data relevant to the use of 
daunorubicin/cytarabine liposome in this setting.

2 � Pharmacodynamic Properties 
of Daunorubicin/Cytarabine Liposome

Daunorubicin/cytarabine liposome is a fixed combination 
of the anthracycline topoisomerase inhibitor daunorubicin 
and the nucleoside metabolic inhibitor cytarabine, encapsu-
lated in liposomes [7]. The 1:5 molar ratio of daunorubicin/
cytarabine liposome yields maximally synergistic and mini-
mally antagonistic antitumour activity in vitro and in vivo 
[9, 10]. Daunorubicin exhibits antimitotic and cytotoxic 
activity through several mechanisms, including the forma-
tion of complexes with DNA, inhibition of topoisomerase II 
activity, inhibition of DNA polymerase activity, regulation 
of gene expression and production of DNA-damaging free 
radicals [7, 8]. Cytarabine affects cells only during the 
S-phase of cell division and acts primarily through inhibi-
tion of DNA polymerase [7, 8]. Daunorubicin/cytarabine 
liposomes enter the bone marrow and are taken up intact by 
leukaemia cells [7, 8, 11]. Following cellular internalization, 
encapsulated daunorubicin/cytarabine is released intracel-
lularly and accumulates in the nucleus [11].

Daunorubicin/cytarabine liposome, compared with the 
same molar ratio of free cytarabine and daunorubicin, 
showed enhanced selective in vitro cytotoxicity for AML 
blasts over normal peripheral blood mononuclear cells [12]. 
Similarly, in a murine model of leukaemia, daunorubicin/
cytarabine liposomes accumulated in the bone marrow and 
were selectively taken up to a greater extent by leukaemia 
cells than by normal bone marrow cells [11]. Scavenger 
receptor class B type I, which is highly expressed in some 
human cancers (including myeloid leukaemia) and is able 
to bind to negatively charged liposomes, may facilitate the 
uptake of daunorubicin/cytarabine liposome into leukaemia 
cells [13]. The ex vivo cytotoxicity of daunorubicin/cyta-
rabine liposome was increased for AML blasts exhibiting 
the FLT3 internal tandem duplication phenotype [14]. This 
finding suggests that daunorubicin/cytarabine liposome may 
particularly benefit AML patients with high-risk characteris-
tics that are typically associated with poor prognosis, includ-
ing specific phenotypes/genotypes [14].

The antitumour effects of daunorubicin/cytarabine lipo-
some have been observed in early-phase clinical trials in 
patients with AML or high-risk myelodysplasia [15–17]. 
In a phase 1 dose-escalation study (n = 48), daunorubicin/
cytarabine liposome was well tolerated with strong signs of 

clinical activity when administered at doses of 3–134 units/
m2 on days 1, 3 and 5 [15]. The maximum tolerated dose of 
daunorubicin/cytarabine liposome was 101 units/m2 [15]; 
thus, a dose of 100 units/m2 (delivering daunorubicin 44 mg/
m2 and cytarabine 100 mg/m2) was subsequently taken for-
ward into phase II/III trials (Sect. 4) [18].

Daunorubicin/cytarabine liposome 100 units/m2 does 
not cause clinically relevant QT interval prolongation [19]. 
At 4 h post-dose on day 1, the largest absolute and mean 
changes from time-matched baseline in QTcF were 12.56 
and 8.03 ms [19].

3 � Pharmacokinetic Properties 
of Daunorubicin/Cytarabine Liposome

In patients with AML or high-risk myelodysplasia, daunoru-
bicin/cytarabine liposome demonstrated mono-exponential, 
first-order elimination with minimal early-phase distribution 
[15, 17]. The synergistic 1:5 molar ratio was maintained in 
plasma for > 24 h at all dose levels [15, 17]. When admin-
istered as the fixed combination, daunorubicin and cytara-
bine exhibited linear single-dose (day 1) and multiple-dose 
(day 5) pharmacokinetics in terms of maximum plasma 
concentration and area under the plasma concentration-time 
curve (AUC) from time 0 to the end of the dosing interval 
[15]. Across a dose range of daunorubicin/cytarabine lipo-
some 1.3/3–59/134 mg/m2 (i.e. 0.03–1.3 times the recom-
mended dosage), there was no evidence of time-dependent 
kinetics or major departures from dose-proportionality [7, 
8]. The accumulation ratio is 1.3 for daunorubicin and 1.4 
for cytarabine [7, 8].

Both daunorubicin and cytarabine are extensively metab-
olized after being released from the liposomes [8]. Dau-
norubicin is catalyzed by aldo-keto reductase and carbonyl 
reductase enzymes to the active metabolite daunorubicinol, 
while cytarabine is metabolized by cytidine deaminase to 
the inactive metabolite 1-β-D-arabinofuranosylracil (AraU) 
[7, 8]. Following administration of daunorubicin/cytarabine 
liposome 44/100 mg/m2 on days 1, 3 and 5, the mean AUC​
last metabolite:parent ratios for daunorubicinol and AraU 
were 1.79 and 3.22% of those for daunorubicin and cyta-
rabine [8].

Urinary excretion of daunorubicin and daunorubicinol 
accounts for 9% of the administered dose of daunorubicin, 
while urinary excretion of cytarabine and AraU accounts 
for 71% of the administered dose of cytarabine [7, 8]. Dau-
norubicin/cytarabine liposome has a prolonged half-life 
(31.5 h for daunorubicin and 40.4 h for cytarabine), with 
most (> 99%) of the daunorubicin and cytarabine in the 
circulation remaining encapsulated within the liposomes. 
The clearance of daunorubicin and cytarabine is 0.16 and 
0.13 L/h [7, 8]. Liposomal daunorubicin and cytarabine 
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clearances were highly correlated in plasma (r2 = 0.82), sup-
porting prolonged encapsulation in the liposome [16].

The pharmacokinetics of daunorubicin/cytarabine lipo-
some are not affected to any clinically relevant extent by age, 
sex, race, bodyweight, body mass index or white blood cell 
count [7, 8]. The pharmacokinetics of daunorubicin/cytara-
bine liposome are not significantly altered in patients with 
mild [creatinine clearance (CLCR) 60–89 mL/min] or moder-
ate (CLCR 30–59 mL/min) renal impairment, or in patients 
with a bilirubin level of ≤ 3 mg/dL (Sect. 6). The effects of 
severe renal impairment (CLCR 15–29 mL/min), end-stage 
renal disease (ESRD) or a bilirubin level of > 3 mg/dL on 
the pharmacokinetics of daunorubicin/cytarabine liposome 
are unknown [7, 8].

Formal drug interaction studies with daunorubicin/cyta-
rabine liposome have not been conducted; however, the 
liposomal formulation is expected to reduce the potential 
for drug-drug interactions [8]. Cardiac function should be 
closely monitored when daunorubicin/cytarabine liposome 
is coadministered with cardiotoxic agents [7, 8]. Likewise, 
hepatic function should be closely monitored when dauno-
rubicin/cytarabine liposome is coadministered with hepato-
toxic agents [7, 8].

4 � Therapeutic Efficacy of Daunorubicin/
Cytarabine Liposome

This section focuses on the efficacy of daunorubicin/cytara-
bine liposome in older patients with newly diagnosed high-
risk/secondary AML, as evaluated in a pivotal, open-label, 
multicentre, phase III trial [20]. Some data are available 
as abstracts [21–28]. The efficacy of daunorubicin/cytara-
bine liposome in older adults with newly diagnosed AML 
(including secondary AML) was initially established in a 
phase II trial (n = 125 evaluable) [18]. The primary endpoint 
was complete response, defined as complete remission (CR) 
plus CR with incomplete haematological recovery (CRi). 
In this trial, daunorubicin/cytarabine liposome was asso-
ciated with a higher response rate than conventional 7 + 3 
chemotherapy with cytarabine plus daunorubicin (67 vs. 51; 
p = 0.07), meeting predefined criteria for success (p < 0.1). A 
planned subgroup analysis in patients with secondary AML 
(n = 52) demonstrated an improved response rate with dau-
norubicin/cytarabine liposome versus 7 + 3 (58 vs. 32%; 
p = 0.06), providing rationale for the subsequent phase III 
trial [18].

The phase III trial enrolled patients aged 60–75 years 
with newly diagnosed tAML (n = 63), AML with anteced-
ent myelodysplastic syndrome (MDS; n = 145) or chronic 
myelomonocytic leukaemia (CMML; n = 23), or de novo 
AML with MDS-related cytogenetic abnormalities (n = 78) 

[20]. Patients who had been previously treated with hypo-
methylating agents were eligible for inclusion [20].

After stratification by age (60–69 vs. 70–75 years) and 
AML type, patients were randomized to receive one or 
two induction cycles of intravenous daunorubicin/cytara-
bine liposome (n = 153) or 7 + 3 chemotherapy (n = 156), 
followed by (post-remission) consolidation therapy with a 
similar regimen [20]. The initial daunorubicin/cytarabine 
liposome induction cycle consisted of 44/100 mg/m2 admin-
istered as a 90-min infusion on days 1, 3 and 5; patients 
who did not achieve hypoplastic marrow on day 14 received 
a second induction cycle (at the same dose) on days 1 and 
3. Patients who achieved CR/CRi after induction therapy 
received up to two consolidation cycles consisting of dau-
norubicin/cytarabine liposome 29/65 mg/m2 on days 1 and 
3. The initial 7 + 3 induction course consisted of cytarabine 
100 mg/m2/day administered as a 7-day continuous infusion 
with daunorubicin 60 mg/m2 on days 1–3. The second induc-
tion cycle and consolidation cycles consisted of cytarabine 
100 mg/m2/day administered as a 5-day continuous infusion 
with daunorubicin 60 mg/m2 on days 1 and 2 [20].

The mean age of patients at baseline was 68 years and 
most (61%) patients were male [20]. Patients had an Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0 (n = 82), 1 (n = 190) or 2 (n = 37). Cytogenetic risk 
was assessed in 289 patients and was rated as favourable 
(n = 12), intermediate (n = 122) or unfavourable (n = 155). 
The primary endpoint was overall survival (OS). The sur-
vival analysis was conducted when 236 deaths had occurred 
(median follow-up of 20.7 months). Efficacy analyses were 
conducted in the intention-to-treat population [20].

4.1 � Overall Survival

Daunorubicin/cytarabine liposome significantly improved 
OS relative to conventional 7 + 3 chemotherapy in older 
adults with newly diagnosed high-risk/secondary AML 
[20]. Median OS was prolonged by 3.61 months in dauno-
rubicin/cytarabine liposome compared with 7 + 3 recipients 
(Table 1), corresponding to a significant 31% reduction in 
the risk of death. According to a multivariate analysis, base-
line factors associated with improved OS included lower 
ECOG performance status (p = 0.034), non-adverse karyo-
type (p < 0.001), platelet count > 50 × 109/L (p < 0.001), 
white blood cell count < 20 × 109/L (p = 0.041) and dau-
norubicin/cytarabine liposome treatment group (p = 0.008). 
Kaplan–Meier estimates of OS at 1 and 2 years are shown in 
Table 1 [20]. The number needed to treat to prevent 1 death 
at 2 years with daunorubicin/cytarabine liposome versus 
7 + 3 was 6 [28].

Prespecified and post hoc subgroup analyses demon-
strated that the efficacy of daunorubicin/cytarabine liposome 
was generally consistent across a broad patient population 
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[20–26]. Daunorubicin/cytarabine liposome significantly 
improved OS versus 7 + 3, irrespective of age (60–69 vs. 
70–75 years) [20] and in patients with refractory anaemia 
with excess blasts in transformation (RAEB-t) [22], tAML 
[23], AML with antecedent MDS or CMML [20], wild-
type FLT3 [20] and favourable/intermediate cytogenetic 
risk [20]. Median OS was numerically longer with dau-
norubicin/cytarabine liposome versus 7 + 3, regardless of 
whether the first cycle of consolidation was administered 
in an inpatient (14.72 vs. 9.26 months) or outpatient (25.43 
vs. 6.87 months) setting [25]. Median OS was longer with 
daunorubicin/cytarabine liposome versus 7 + 3/5 + 2 in 
patients who received consolidation (25.43 vs. 8.53 months), 
regardless of whether they received consolidation followed 
by transplantation (not reached vs. 9.82 months) or consoli-
dation without transplantation (13.67 vs. 8.44 months) [26].

In a pooled analysis of data from the phase II [18] and 
III [20] trials (n = 353), daunorubicin/cytarabine liposome 
significantly improved OS compared with 7 + 3 (9.63 vs. 
5.59 months; HR 0.64; 95% CI 0.49–0.83) [21]. OS at 1 year 
was 42% for daunorubicin/cytarabine liposome and 27% for 
7 + 3 [21].

4.2 � Other Endpoints

Remission rates (CR, CR/CRi) were significantly greater 
in daunorubicin/cytarabine liposome than 7 + 3 recipients; 
however, there were no significant between-group differ-
ences in the median duration of remission (Table 1) [20]. 
CR/CRi rates favoured daunorubicin/cytarabine liposome 
over 7 + 3 across age groups and AML subtypes [20]. 
Patients treated with daunorubicin/cytarabine liposome were 
more likely to achieve remission after one induction cycle 
than those treated with 7 + 3, both for CR [45 vs. 28%; odds 
ratio (OR) 2.08; 95% CI 1.17–3.73] and CR/CRi (55 vs. 
34%; OR 2.40; 95% CI 1.36–4.21) [27]. Remission rates 

after two induction cycles were similar between treatment 
groups [27].

Among patients who achieved CR/CRi, the cumulative 
incidence function estimates for relapse at 6 months and 1 
year were 0.35 and 0.67 in the daunorubicin/cytarabine lipo-
some group versus 0.43 and 0.63 in the 7 + 3 group (events 
included relapse from CR/CRi and death) [20]. The rate of 
relapse at 1 year among patients with CR/CRi was 26% in 
the daunorubicin/cytarabine liposome group and 27% in the 
7 + 3 group [20].

Median event-free survival was significantly longer with 
daunorubicin/cytarabine liposome than with 7 + 3 (Table 1) 
[20]. The rate of allogeneic haematopoietic cell transplant 
(HCT) was 34% in the daunorubicin/cytarabine liposome 
group and 25% in the 7 + 3 group; the majority of patients 
proceeding to HCT were in CR or CRi. An exploratory land-
mark post-HCT survival analysis favoured daunorubicin/
cytarabine liposome over 7 + 3 (HR 0.46; 95% CI 0.24–0.89; 
p = 0.009). Early mortality rates with daunorubicin/cytara-
bine liposome and 7 + 3 were 6 and 11% at day 30, and 14 
and 21% at day 60 [20].

5 � Tolerability of Daunorubicin/Cytarabine 
Liposome

Intravenous daunorubicin/cytarabine liposome had an 
acceptable tolerability profile in older patients with newly 
diagnosed high-risk/secondary AML in the pivotal phase III 
trial discussed in Sect. 4 [20]. The safety profile of dauno-
rubicin/cytarabine liposome, including types and severities 
of adverse events (AEs), was similar to that of conventional 
7 + 3 chemotherapy [20].

During the induction phase, the AEs of any grade that 
occurred most frequently (≥ 40% incidence) with daunoru-
bicin/cytarabine liposome versus 7 + 3 were haemorrhage 
(70 vs. 49%), febrile neutropenia (68 vs. 68%), rash (54 vs. 

Table 1   Efficacy of daunorubicin/cytarabine liposome in older patients with newly diagnosed high-risk/secondary acute myeloid leukae-
mia in a randomized, multicentre, phase III trial

7 + 3 conventional cytarabine + daunorubicin chemotherapy, CR complete remission, CRi CR with incomplete haematological recovery, DNR/
CYT​ daunorubicin/cytarabine liposome, EFS event-free survival, HR hazard ratio (DNR/CYT vs. 7 + 3), OS overall survival, pts patients
*p < 0.05, **p = 0.003 vs. 7 + 3 (p value for OS is one-sided; all other p values are two-sided
a Primary endpoint
b Time from randomization to date of induction failure, relapse from CR/CRi or death from any cause

Treatment [20] No. of pts Median OSa 1-year OS 2-year OS CR/CRi CR Median 
remission 
duration

Median EFSb

Months (HR; 95% CI) % of pts % of pts % of pts % of pts Months Months (HR; 95% CI)

DNR/CYT​ 153 9.56 (0.69; 0.52–0.90)** 42 31 48* 37* 6.93 2.53 (0.74; 0.58–0.96)*
7 + 3 156 5.95 28 12 33 26 6.11 1.31
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36%), oedema (51 vs. 60%), nausea (47 vs. 52%), diarrhoea/
colitis (45 vs. 66%), mucositis (44 vs. 46%) and constipa-
tion (40 vs. 38%) [7]. The most common (≥ 20% incidence) 
grade 3–5 AEs during induction therapy were febrile neutro-
penia (66 vs. 68%), bacteraemia (23 vs. 21%) and pneumonia 
(20 vs. 17%). During the consolidation phase (both cycles 
pooled), the most common AEs in the daunorubicin/cytara-
bine liposome group were haemorrhage (43%) and febrile 
neutropenia (29%). Treatment discontinuation due to AEs 
occurred in 18 and 13% of daunorubicin/cytarabine lipo-
some and 7 + 3 recipients. AEs leading to discontinuation 
of daunorubicin/cytarabine liposome included cytopenias, 
infection, cardiotoxicity, respiratory failure, haemorrhage, 
renal insufficiency and colitis. Fatal AEs (not in the setting 
of progressive disease) occurred in 6% of patients in each 
treatment group; these included infection, CNS haemorrhage 
and respiratory failure [7].

Patients in the daunorubicin/cytarabine liposome group 
had an ≈ 50% longer median duration of treatment (and 
therefore a longer period of AE reporting) than those in the 
7 + 3 group [29]. The median rate of AEs (reported during 
or within 30 days of the end of treatment) per patient-year 
was 75.68 with daunorubicin/cytarabine liposome and 87.22 
with 7 + 3. Corresponding median rates of grade ≥ 3 AEs 
were 12.24 and 13.53 per patient-year. The median rate of 
serious AEs per patient-year was 3.15 with daunorubicin/
cytarabine liposome and 0.0 with 7 + 3; this may have been 
partly due to more daunorubicin/cytarabine liposome than 
7 + 3 recipients receiving consolidation therapy in an outpa-
tient setting (51 vs. 6% in cycle 1 and 61 vs. 0% in cycle 2) 
and potentially requiring hospitalization to manage their 
(serious) AEs [29].

There have been reports of severe myelosuppression 
(including fatal infections and haemorrhagic events) with 
daunorubicin/cytarabine liposome [8]. Serious or fatal haem-
orrhages (including fatal CNS haemorrhages) associated 
with prolonged severe thrombocytopenia have been reported 
in patients receiving daunorubicin/cytarabine liposome [7, 
8]. Among patients receiving daunorubicin/cytarabine lipo-
some in clinical trials (n = 375), the incidence of infections 
due to neutropenia (e.g. pneumonia, sepsis and bacterae-
mia) was 78% and the incidence of haemorrhagic events was 
69% [8]. In the phase III trial, the median time to recovery 
from neutropenia [absolute neutrophil count (ANC) ≥ 500/
μL] and thrombocytopenia (platelet count ≥ 50,000/μL) in 
patients who achieved CR/CRi after initial induction ther-
apy was longer with daunorubicin/cytarabine liposome (35 
and 37 days) than with 7 + 3 (29 and 29 days) [20]. Similar 
results were seen in patients who achieved CR/CRi after 
the second induction cycle (35 and 35 vs. 28 and 24 days, 
respectively). Infection-related events of any grade occurred 
in 93% of patients in both treatment groups. The incidence of 
grade 3–5 infection was 84% with daunorubicin/cytarabine 

liposome and 86% with 7 + 3; corresponding rates of grade 5 
infection were 7 and 3%. The incidence of bleeding events of 
any grade was 75% with daunorubicin/cytarabine liposome 
and 60% with 7 + 3; corresponding rates of grade 3–5 bleed-
ing events were 12 and 9%. Grade 5 bleeding-related events 
occurred in 3% of patients in both treatment groups [20]. 
Supportive measures (e.g. anti-infectives, colony-stimulating 
factors, transfusions) should be used in patients who develop 
myelosuppressive complications [8] and blood counts should 
be regularly monitored until recovery [7, 8].

Anthracyclines such as daunorubicin are associated with 
an increased risk of cardiotoxicity (including congestive 
heart failure), particularly in patients with pre-existing car-
diac disease, previous radiotherapy to the mediastinum, prior 
therapy with anthracyclines or concomitant use of cardio-
toxic drugs [7, 8]. Cardiotoxicity events [e.g. decreased left 
ventricular ejection fraction (LVEF) and congestive heart 
failure] were reported in 72% of daunorubicin/cytarabine 
liposome recipients in clinical trials; the incidence of serious 
cardiotoxicity events was 9% [8]. Cardiac function should 
be assessed prior to initiation of daunorubicin/cytarabine 
liposome [7, 8]. Treatment with daunorubicin/cytarabine 
liposome is not recommended in patients with decreased 
LVEF or in patients whose lifetime cumulative anthracycline 
exposure has reached the maximum limit [7]. Daunorubicin/
cytarabine liposome should be discontinued in patients with 
impaired cardiac function unless the benefits of treatment 
outweigh the risks [7, 8].

There have been reports of serious or fatal hypersensitiv-
ity reactions (including anaphylaxis) with daunorubicin and 
cytarabine [7, 8]. Hypersensitivity reactions were reported 
in 67% of daunorubicin/cytarabine liposome recipients in 
clinical trials, most of which were not serious [8]. In patients 
who experience a hypersensitivity reaction, treatment inter-
ruption, slowing of the infusion rate, symptom management, 
monitoring and/or permanent discontinuation of daunoru-
bicin/cytarabine liposome may be required depending on 
the severity of the reaction [7, 8].

Reconstituted daunorubicin/cytarabine liposome contains 
copper [7, 8], which is required to retain both drugs inside 
the liposomes and to modulate their synergistic release 
(Sects. 2, 3) [30]. When administered as recommended 
(Sect. 6), the maximum theoretical total copper exposure is 
106 mg/m2 [7]. Daunorubicin/cytarabine liposome should 
only be used in patients with Wilson’s disease or other cop-
per-related disorders if the benefits outweigh the risks [7, 
8]. In these patients, copper levels should be monitored and 
serial neuropsychological examinations should be performed 
[7]. Daunorubicin/cytarabine liposome should be discontin-
ued in patients who experience signs or symptoms of acute 
copper toxicity [7, 8].
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6 � Dosage and Administration 
of Daunorubicin/Cytarabine Liposome

In the USA [7] and EU [8], intravenous daunorubicin/cyta-
rabine liposome is indicated for the treatment of adults with 
newly diagnosed tAML or AML-MRC. The recommended 
dosage of daunorubicin/cytarabine liposome for the first 
cycle of induction is 44/100 mg/m2 administered as a 90-min 
infusion on days 1, 3 and 5 [7, 8]. If needed, a second cycle 
of induction therapy (at the same dose) may be adminis-
tered (2–5 weeks after the first [7]) as a 90-min infusion on 
days 1 and 3 [7, 8]. Consolidation therapy is recommended 
for patients in remission if the ANC has recovered to > 500/
μL and the platelet count has recovered to > 50,000/μL, in 
the absence of unacceptable toxicity [7, 8]. Patients may 
receive up to two cycles of consolidation, with the first cycle 
administered 5–8 weeks after the start of the last induction. 
The recommended dosage of daunorubicin/cytarabine lipo-
some for consolidation is 29/65 mg/m2 as a 90-min infusion 
on days 1 and 3 [7, 8]. Daunorubicin/cytarabine liposome 
carries a (boxed [7]) warning stating that it must not be 
interchanged with other daunorubicin- and/or cytarabine-
containing products [7, 8].

The efficacy and tolerability of daunorubicin/cytarabine 
liposome in paediatric patients has not been established [7, 8]. 
No dosage adjustment of daunorubicin/cytarabine liposome is 
required in patients with mild or moderate renal impairment, 
or in patients with a bilirubin level of ≤ 3 mg/dL (Sect. 3). Dau-
norubicin/cytarabine liposome has not been studied in patients 
with severe renal impairment or ESRD, or in patients with a 
bilirubin level > 3 mg/dL [7, 8]. The EU summary of product 
characteristics states that daunorubicin/cytarabine liposome 
should only be used in patients with severe renal or hepatic 
impairment if the benefits outweigh the risks [8].

Consult local prescribing information for detailed infor-
mation regarding the dosing schedule, warnings and pre-
cautions, drug interactions, management recommendations 
(i.e. dosage interruptions and discontinuations) for toler-
ability issues of particular interest and use in special patient 
populations.

7 � Place of Daunorubicin/Cytarabine 
Liposome in the Management of Acute 
Myeloid Leukaemia

The prognosis of patients with AML is directly related to 
age, cytogenetics and antecedent myeloid malignancies [2, 
5]. There is a need for new treatment approaches for patients 
who respond poorly to conventional 7 + 3 induction therapy, 
including older patients (> 60 years) and patients with sec-
ondary AML, including tAML and AML-MRC.

A liposomal-encapsulated formulation of daunorubicin/
cytarabine has been approved in several countries, includ-
ing the USA [7] and those of the EU [8], for the treatment 
of adults with newly diagnosed tAML or AML-MRC. The 
formulation is designed to deliver a fixed 1:5 molar ratio of 
daunorubicin and cytarabine, which is taken up to a greater 
extent by leukaemia cells than by normal bone marrow 
cells (Sect. 2). This preferential uptake, together with pro-
longed bone marrow exposure to the synergistic drug ratio 
(Sect. 3), may increase the cytotoxic activity and antileu-
kaemic efficacy of daunorubicin/cytarabine liposome [17]. 
The significance of this approval is evident in the recently 
updated NCCN clinical practice guidelines, which recom-
mend the use of daunorubicin/cytarabine liposome as the 
only category 1 induction treatment option for patients with 
cytotoxic tAML, antecedent MDS/CMML or cytogenetic 
changes consistent with MDS [1]. The UK National Institute 
for Health and Care Excellence recommends daunorubicin/
cytarabine liposome as an option for untreated tAML or 
AML-MDS in adults [31].

Approval of daunorubicin/cytarabine liposome was based 
on the findings of a pivotal phase III trial in older patients 
with newly diagnosed high-risk/secondary AML (Sect. 4). 
Phase II data [18, 32] were used to support an indication in 
patients with newly diagnosed AML, as well as a limita-
tion to patients with the specified subgroups of AML (i.e. 
AML-MRC) [33]. Safety data from another phase II trial 
[32] were used to expand the indication to include all adult 
patients, rather than restricting it to the older population 
(60–75 years) enrolled in the phase III trial [33].

In the phase III trial, daunorubicin/cytarabine liposome 
significantly improved median OS compared with conven-
tional 7 + 3 chemotherapy with cytarabine plus daunoru-
bicin (Sect. 4.1). The OS benefits of daunorubicin/cytara-
bine liposome were generally maintained across age strata 
and AML subtypes, and were seen in subgroups of patients 
with RAEB-t, wild-type FLT3 and favourable/intermediate 
cytogenetic risk. The improved post-HCT survival observed 
with daunorubicin/cytarabine liposome (Sect. 4.2) suggests 
that the response may be deeper than that achieved with 7 + 3 
[20]. Of note, median OS was not diminished when daunoru-
bicin/cytarabine liposome consolidation was administered in 
the outpatient versus inpatient setting (Sect. 4.1). Moreover, 
in a small (n = 22) pilot study, outpatient induction therapy 
with daunorubicin/cytarabine liposome was feasible and safe 
in older patients with newly diagnosed AML [34].

The safety profile of daunorubicin/cytarabine liposome 
was similar to that of 7 + 3 chemotherapy (Sect. 5). How-
ever, despite between-group differences in the duration of 
treatment, daunorubicin/cytarabine liposome was associated 
with a lower rate of AEs per patient-year than 7 + 3. Dauno-
rubicin/cytarabine liposome was associated with slower neu-
trophil recovery and platelet recovery than 7 + 3 (Sect. 5), 
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which may be related to prolonged daunorubicin/cytarabine 
liposome drug exposure in the bone marrow (Sect. 3).

The costs associated with AML constitute a substantial 
economic burden [35, 36], particularly in older patients who 
require more frequent hospitalizations and intensive care unit 
admissions [36]. According to the UK NICE committee, dau-
norubicin/cytarabine liposome represents a cost-effective use 
of health system resources for end-of-life treatments [31]. The 
US Centers for Medicare and Medicaid Services has granted 
approval for a new technology add-on payment for daunoru-
bicin/cytarabine liposome in adults with newly diagnosed 
tAML or AML-MRC [37]. The payment will support Medicare 
beneficiaries’ access to daunorubicin/cytarabine liposome treat-
ment in certain inpatient hospital settings [37]. A recent mod-
elled pharmacoeconomic study from a US commercial payer 
perspective suggested that daunorubicin/cytarabine liposome 
is a cost effective treatment option for patients with tAML or 
AML-MRC (abstract data) [38]. A budget-impact model from 
the perspective of a US healthplan with 1 million members 
predicted that gradually increasing the use of daunorubicin/
cytarabine liposome would result in cost increases compared 
with 7 + 3 of US$29,884 over 3 years, equating to an incremen-
tal per-member cost of < US$0.01 per month (abstract data) 
[39]. Further robust pharmacoeconomic analyses would be of 
interest.

In conclusion, daunorubicin/cytarabine liposome pro-
vides a survival benefit with acceptable tolerability in adults 
with newly diagnosed tAML or AML-MRC. The liposomal-
encapsulated formulation delivers a synergistic drug ratio and 
allows for relatively simple administration versus conventional 
7 + 3 chemotherapy (i.e. a 90-min infusion on days 1, 3 and 5 
instead of a continuous 7-day infusion). Daunorubicin/cyta-
rabine liposome is therefore an important treatment option for 
adults with newly diagnosed tAML or AML-MRC.

Data Selection Daunorubicin/Cytarabine 
Liposome: 369 records identified 

Duplicates removed 111

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

115

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

104

Cited efficacy/tolerability articles 14

Cited articles not efficacy/tolerability 25

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were cytarabine, 
daunorubicin, Vyxeos, CPX 351, acute myeloid leukaemia, AML. 
Records were limited to those in English language. Searches last 
updated 19 November 2018.
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