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Abstract
CPX-351 (also known as VYXEOS® or Vyxeos liposomal) is a dual-drug liposomal encapsulation of cytarabine and dauno-
rubicin in a synergistic 5:1 molar ratio and was the first example that utilized CombiPlex®, a combination drug technology 
platform. Superior efficacy with CPX-351 in the pivotal phase 3 randomized clinical trial versus its conventional free-drug 
counterpart led to its approval for the treatment of newly diagnosed therapy-related acute myeloid leukemia (AML) or AML 
with myelodysplasia-related changes in multiple countries. Emerging evidence indicates that CPX-351 affords additional 
benefits compared with conventional chemotherapy, including protection against intestinal dysbiosis and fungal colonization, 
fewer infectious complications, and a lower incidence of cardiotoxicity. This review examines the mechanisms underlying 
CPX-351’s therapeutic effects and highlights its expanding role in AML treatment by summarizing efficacy and safety data 
from preclinical models, the pivotal clinical trial, and real-world studies. Particular focus is given to recent findings on 
CPX-351’s intestinal and cardioprotective properties, which together strengthen its safety and efficacy profile compared 
with conventional chemotherapy.

Plain Language Summary
CPX-351 is a chemotherapy treatment for acute myeloid leukemia (AML) that combines the two drugs cytarabine and dau-
norubicin in very small fat bubbles called liposomes. The liposomes help deliver the drugs in the best possible way, keeping 
them at the right balance to be most effective at killing leukemia cells. This special delivery method via liposomes releases 
the drugs in a controlled manner, ensuring they reach the leukemia cells while minimizing harm to healthy cells, therefore, 
reducing side effects. Compared with traditionally delivered chemotherapy, CPX-351 causes less damage to the intestines 
and less disruption to the gut bacteria, lowering infection risk and stomach issues such as diarrhea. Additionally, CPX-351 
may cause less damage to the heart by limiting its direct exposure to daunorubicin. The important clinical trial that led to 
the approval of CPX-351 showed that CPX-351 works better than traditional chemotherapy for patients with a high-risk type 
of AML, with improved remission rates and survival. Subsequent studies of CPX-351 in everyday medical practice across 
multiple countries showed similar results. These protective effects and confirmed effectiveness in everyday practice mean 
CPX-351 is a safe and effective treatment option for people with high-risk AML compared with traditional chemotherapy.
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Key Points 

The liposomal encapsulation of cytarabine and dau-
norubicin in a synergistic 5:1 molar ratio, known as 
CPX-351, has shown significantly superior efficacy and 
comparable safety versus its conventional free-drug 
chemotherapy counterpart for the treatment of newly 
diagnosed, high-risk/secondary acute myeloid leukemia.

Recent studies suggest that CPX-351 affords additional 
safety benefits, including intestinoprotective and car-
dioprotective properties, enhancing its favorable safety 
profile versus conventional chemotherapy delivery.

1  Introduction

Acute myeloid leukemia (AML) is a highly heterogeneous 
hematological malignancy, characterized by uncontrolled 
proliferation of clonal and poorly differentiated hematopoi-
etic cells, and is the most common acute leukemia [1, 2]. 
The greatest burden is predominantly found in older adults 
(median age at diagnosis, 60–70 years) who are commonly 
diagnosed with therapy-related AML (t-AML) or second-
ary AML (comprising antecedent hematological disorders) 
subtypes along with unfavorable genetic factors, presence of 
comorbidities, and impaired performance status, all of which 
are associated with poor clinical outcomes [2–7]. As the 
global population ages, the incidence and burden of AML 
are gradually increasing [2, 3]. Despite this, mortality rates 
are improving, which may be partly due to recent advance-
ments in AML treatment, such as lower-intensity regimens 
and novel targeted agents [3, 8–12]. However, even with the 
advent of new AML treatments, 5-year survival rates remain 
as low as 8% for patients with secondary AML and 29% for 
those with de novo AML, highlighting the continued unmet 
need for superior treatment options [7, 13].

Intensive induction chemotherapy offers the best chance 
of controlling and eradicating AML by inducing a com-
plete remission (CR) and minimal residual disease (MRD) 
negative status, and providing a bridge to hematopoietic 
cell transplantation (HCT) [8, 14, 15]. For several decades, 
patients with newly diagnosed AML considered fit for inten-
sive chemotherapy have received the gold standard inten-
sive induction “7 + 3” chemotherapy combination of 7 days 
of cytarabine plus 3 days of an anthracycline [8, 11, 14]. 
Treatment with conventional 7 + 3 combination achieves 
CR in approximately 60–80% of younger adults (aged < 60 
years) and 30–60% of older adults (aged ≥ 60 years) [14, 
16–19]. However, 7 + 3 treatment can be associated with 
significant systemic toxicity and treatment-related mortality 

[20, 21]. For patients who are not considered eligible for 
intensive chemotherapy, a less intensive induction combina-
tion approach with venetoclax plus hypomethylating agents 
(HMA) is preferred [8, 9]. Although a pivotal step in the 
treatment for AML, long-term data suggest this approach is 
non-curative and often associated with significant myelosup-
pression and cytopenia [22–26]. Indeed, to date, intensive 
chemotherapy followed by HCT remains the only potential 
curative treatment option for long-term disease eradication 
in a fixed treatment duration [8, 14]. Conventional induction 
chemotherapy typically consists of administering more than 
one therapeutic agent in a free-drug cocktail [27, 28]. Nev-
ertheless, the inability to control drug ratios in vivo due to 
the unique pharmacokinetics and pharmacodynamics of each 
agent is a major challenge. Tumor cells are exposed to differ-
ent ratios, including antagonistic ratios, resulting in dramatic 
differences in antitumor activity [27, 29]. Co-encapsulation 
of anti-cancer agents in nanoscale drug carriers provide an 
effective tool to aid the delivery of combined drugs previ-
ously unachievable with conventional combination free-drug 
delivery. Nanoscale carriers, such as liposomes, enable phar-
macologic control through controlled multi-drug release at 
synergistic ratios for a prolonged period to target cells and 
tissues, maximizing efficacy with reduced systemic toxicity 
[28, 30, 31].

CPX-351 (also known as VYXEOS® [USA and Canada] 
and Vyxeos liposomal [Europe]) is a dual-drug liposomal 
encapsulation of cytarabine and daunorubicin in a syner-
gistic 5:1 molar ratio and was the first example that utilized 
CombiPlex®, a combination drug technology platform [28, 
32–35]. Primary results of the pivotal phase 3 randomized 
clinical trial that explored the use of CPX-351 versus 7 + 3 
in adults with newly diagnosed, high-risk/secondary AML 
confirmed the superiority of CPX-351 versus 7 + 3 and led 
to its approval for the treatment of newly diagnosed t-AML 
or AML with myelodysplasia-related changes (AML-MRC) 
in adults and pediatric (aged ≥ 1 year) patients in the USA 
and in adults in Canada and Europe [32–38].

While the pivotal clinical trial provided important data 
to establish the role of CPX-351 in the treatment of second-
ary AML, it was conducted, as most clinical trials are, in a 
restricted patient population [36]. Real-world studies have 
since evaluated CPX-351 in routine practice across several 
countries and addressed important data gaps, including its 
use in younger adults, achievement of MRD negativity, and 
outcomes by mutation status [39–44].

Although numerous comprehensive reviews have sum-
marized the efficacy and safety of CPX-351, and the reported 
improvement observed with CPX-351 versus 7 + 3 for over-
all survival (OS) and remission rates in the pivotal phase 
3 trial, emerging evidence indicates that CPX-351 affords 
additional benefits, including protection against intesti-
nal dysbiosis and fungal colonization, fewer infectious 
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complications, a lower incidence of cardiotoxicity, and a 
lower incidence of alopecia [42, 44–49] compared with 
conventional chemotherapy [50–57]. In light of these recent 
findings, this review delves into the underlying mechanisms 
that contribute to CPX-351’s therapeutic effects and explores 
its growing significance in the AML treatment landscape by 
summarizing efficacy and safety data from preclinical mod-
els, the pivotal clinical trial, and real-world studies. Special 
attention is given to the recent safety findings on CPX-351’s 
intestinoprotective and cardioprotective properties, which 
collectively enhance its safety and efficacy profile in com-
parison to traditional chemotherapy approaches.

2 � CPX‑351 Structure and Mechanism 
of Action

CPX-351 was developed using CombiPlex®, a combination 
drug technology platform designed to maintain and preferen-
tially deliver synergistic drug ratios to tumor cells [28, 31]. 
The CombiPlex® approach investigates various drug combi-
nations at the preclinical stage in a broad range of tumor cell 
lines to determine the most effective drug ratio with thera-
peutic synergy. The identified synergistic ratio is then fixed 
in a nanoscale formulation, using liposome or nanoscale 
drug carriers, which preferentially direct the encapsulated 
drugs to the target tumor cells, while maintaining the syn-
ergistic ratio and allowing controlled drug exposure at the 
tumor site [28, 31]. Through CombiPlex®, effective formu-
lations in the preclinical stage of drug development can be 
translated more predictably in the clinical stage, allowing 
patients to benefit from combined formulations with potent 
therapeutic activity early on [28, 29, 31].

In a study investigating the ratiometric dosing of dif-
ferent anticancer drug combinations, synergistic ratios of 
cytarabine:daunorubicin were identified at molar ratios of 
1:1, 5:1, and 10:1 in murine P388 leukemic cells in vitro 
[29]. To test this finding in vivo, CPX-351 was developed 
by encapsulating the 5:1 ratio of cytarabine:daunorubicin 
inside 100 nm diameter liposomes composed of a membrane 
of distearoylphosphatidylcholine:distearoylphosphatidylgly
cerol:cholesterol (7:2:1 molar ratio) at a 0.1:1 drug-to-lipid 
ratio (mol/mol) [28, 29]. The structure of CPX-351 is shown 
schematically in Fig. 1. CPX-351 was shown to maintain the 
ratio of circulating cytarabine and daunorubicin for over 24 
h after intravenous administration and achieved a 90% cell 
death rate in murine models [29]. Furthermore, the antitu-
mor activity of CPX-351 was superior to that of the cytara-
bine and daunorubicin combination administered in saline at 
their respective maximum tolerated dose and matched doses 
of the individual liposomal drugs [29]. Subsequently, supe-
rior antitumor activity with CPX-351 versus other liposome-
formulated drug ratios of cytarabine:daunorubicin as well as 

the free-drug counterparts was observed, which established 
that a molar ratio of 5:1 exhibited the highest degree of syn-
ergy in a panel of 15 tumor cell lines in vitro, including a 
wide range of leukemia cell lines [58].

With the established synergistic ratio of CPX-351, fur-
ther studies sought to elucidate the other mechanisms of 
therapeutic activity afforded by CPX-351. The pharma-
codynamics of CPX-351 were investigated using Rag2-M 
mice engrafted with the CCRF-CEM leukemia cell line as 
a leukemia model [59]. CPX-351 selectively accumulated 
in CCRF-CEM leukemic cells, with these cells taking up 
approximately twice as much liposomal lipid as normal bone 
marrow cells, with cytarabine and daunorubicin concentra-
tions being more than nine and two times higher, respec-
tively. The uptake pathway of CPX-351 was shown to occur 
on the plasma membrane of leukemic cells, whereby as 
plasma-membrane associated liposomes decreased, dau-
norubicin accumulation in the nuclei increased, indicative 
of CPX-351 internalization. An ex vivo study verified that 
increased sensitivity of leukemia cells to CPX-351 cor-
related with the uptake of intact CPX-351 liposomes and 
intracellular drug release [60].

Since the approval of CPX-351, the advantages of its lipo-
somal delivery continue to be further established. A study 
using animal models verified the controlled, coordinated, 
and targeted release of cytarabine and daunorubicin by CPX-
351 liposomes while prolonging tissue exposure at the syn-
ergistic 5:1 ratio, with the results providing insights into the 
mechanisms that drive the improved efficacy of CPX-351 

Fig. 1   Structure and mechanism of action of CPX-351. A 5:1 molar 
ratio of cytarabine (green circles) and daunorubicin (blue circles) is 
encapsulated in liposomes, composed of a distearoylphosphatidylcho
line:distearoylphosphatidylglycerol:cholesterol membrane. CPX-351 
is taken up via the plasma membrane of leukemic cells, maintaining 
the synergistic ratio and allowing controlled drug release at the tumor 
site
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versus 7 + 3 observed in clinical trials [61]. Meaningful dif-
ferences in the tissue distribution of cytarabine and dauno-
rubicin following CPX-351 versus free-drug administration 
were observed, with tissue:plasma ratios generally being < 
1 versus > 1, respectively. Notably, the highest CPX-351 
concentrations were seen in well-perfused organs and tis-
sues, including the bone marrow where AML is present. 
Therefore, CPX-351 may afford protection against toxicities 
associated with conventional free-drug delivery, even at the 
same exposure level.

3 � Efficacy of CPX‑351

Approval of CPX-351 was based on the primary analysis of 
the pivotal phase 3 trial [36–38, 62–64]. After a median fol-
low-up of 20.7 months in 309 adults aged 60–75 years with 
newly diagnosed, high-risk/secondary AML randomized 
to receive CPX-351 (n = 153) or 7 + 3 (n = 156), treat-
ment with CPX-351 led to significantly improved median 
OS (9.56 versus 5.95 months; hazard ratio [HR] 0.69; 95% 
confidence interval [CI] 0.52–0.90; one-sided p = 0.003) 
and remission rates (CR + CR with incomplete hematologic 
recovery [CRi]; 47.7% versus 33.3%; two-sided p = 0.016) 
versus 7 + 3 without increased toxicity [36]. Long-term 
5-year follow-up data reported improved median OS (9.33 
months [95% CI 6.37–11.86] versus 5.95 months [95% CI 
4.99–7.75]; HR 0.70; 95% CI 0.55–0.91) with CPX-351 ver-
sus 7 + 3 across the study population [37].

Various European real-world studies have since confirmed 
the efficacy observed with CPX-351 in the pivotal phase 
3 trial that was conducted in the USA and Canada [36]. 
Table 1 summarizes the efficacy outcomes from the pivotal 
trial along with European real-world experiences with CPX-
351. Overall, in the European real-world clinical setting, OS 
(median OS, 12–21 months; 1-year OS, 51–69%), remis-
sion rates (47–70%), and HCT rates (28–62%) were either 
higher or consistent with the pivotal trial (median OS, 9.56 
months; 1-year OS, 41.5%; remission rate, 47.7%; HCT rate, 
34%) [36, 39–44]. A recent real-world Italian study analyzed 
CPX-351 treatment outcomes of 513 patients and further 
established the efficacy of CPX-351 in a large cohort, report-
ing a CR/CRi rate of 66% and median OS of 16 months [43].

Despite recent advancements in front-line AML treatment 
options, there remains some uncertainty around the stand-
ard recommendation of intensive regimens, such as CPX-
351, as opposed to less intensive treatment options, such as 
venetoclax plus azacitidine, for fit patients and particularly 
older patients who often have complex comorbidities. While 
data comparing the effectiveness of CPX-351 versus veneto-
clax plus azacitidine are lacking, a real-world study in 656 
patients revealed similar median OS between the two regi-
mens (13 months versus 11 months, respectively; HR 0.88; 

95% CI 0.71–1.08; p = 0.22) [65]. Nevertheless, venetoclax 
plus azacitidine is indicated in unfit patients with de novo 
AML; therefore, the patient populations are not comparable. 
However, interestingly, a sensitivity analysis restricted to 
the population of patients eligible for the CPX-351 pivotal 
trial showed no significant difference in median OS. Further-
more, the study demonstrated a significantly higher propor-
tion of patients were bridged to HCT following CPX-351 
(28%) versus venetoclax plus azacitidine (10%), the differ-
ence being comparable with the HCT rates observed from 
their respective registrational trials (34% versus 1%) [25, 
36].

4 � Safety of CPX‑351

4.1 � Intestinal Dysbiosis

Several clinical studies have shown that the intestinal micro-
biota of patients with newly diagnosed AML is markedly 
disrupted during the 7 + 3 induction course, correlating 
with a higher risk of infectious complications, including 
bloodstream and fungal infections [50–56], and is a strong 
independent predictor of OS in transplanted patients and 
transplantation-related mortality [52, 66]. A translational 
study explored the impact of CPX-351 versus 7 + 3 on the 
intestinal microbiota [45] given the well-known association 
of the microbiota with intestinal homeostasis and mucosal 
permeability, colonization resistance, and effects on the 
hematopoietic system and treatment of hematologic dis-
ease [67–69]. Confirming previous findings [50], the study 
showed that treatment with 7 + 3 led to multiple signs of 
intestinal damage and pathology in mice models, including 
ileocolic infiltrates, activation of inflammatory pathways, 
immune dysregulation, and increased epithelial paracellular 
permeability, all of which were not observed with CPX-351 
treatment [45]. In fact, CPX-351 reduced ongoing intestinal 
damage; stimulated anti-inflammatory pathways, including 
the activation of mesenteric FOXP3+ regulatory T-cells; 
and counteracted the increased epithelial permeability, thus 
preventing bacterial translocation to draining lymph nodes. 
The study highlighted that CPX-351 offers mucosal pro-
tection via regulation of the ligand-dependent aryl hydro-
carbon receptor/interleukin (IL)-22/IL-10 host pathway, a 
critical pathway in the maintenance of the intestinal barrier 
and microenvironment [45, 70]. Indeed, CPX-351 was also 
effective in the prevention of dextran sodium sulfate-induced 
colitis, a classic model of intestinal inflammation, an effect 
to which the liposome component likely contributed [45, 
71]. The preservation of a protective intestinal microbiota 
during CPX-351 treatment pivotally contributed to the 
maintenance of the intestinal barrier function, local immune 
homeostasis, and prevention of infections. Different from 7 
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+ 3, CPX-351 promoted a transplantable protective micro-
bial community capable of affording mucosal protection, 
limiting pathogenic inflammation, and promoting coloniza-
tion resistance to fungi, as indicated by a significant decrease 
in both Candida and Aspergillus growth by CPX-351. These 
results highlight the mechanisms by which CPX-351 can 
provide superior safety versus 7 + 3 and its role in maintain-
ing a functional mucosal barrier with functional microbiota.

In the pivotal phase 3 trial, CPX-351 demonstrated a 
comparable safety profile with 7 + 3, which reported the 
most frequent grade ≥ 3 adverse events (AEs) as infection-
related AEs (84%), febrile neutropenia (68%), pneumonia 
(20%), hypoxia (13%), and bleeding (12%), with no reported 
grade ≥ 3 gastrointestinal events [36]. In post hoc subgroup 
analyses of the pivotal trial, the safety profile of CPX-351 
in patients who achieved remission was generally consistent 
with the overall study population and that known of 7 + 3; 
however, the incidence of diarrhea was notably lower with 
CPX-351 (38%) versus 7 + 3 (73%) [72]. In a pooled safety 
analysis of five clinical studies comprising the CPX-351 
clinical development program versus conventional chemo-
therapy, while the most frequent system organ class was 
gastrointestinal disorders at 90% versus 95%, respectively, 
the lower incidence with CPX-351 was driven by a lower 
rate of diarrhea (46%) versus conventional chemotherapy 
(66%), and the most frequently reported grade ≥ 3 AEs with 
CPX-351 were febrile neutropenia (62%), pneumonia (16%), 
hypoxia (10%), and bacteremia (10%) [73]. These additional 
studies supplement the acceptable safety profile observed 
with CPX-351, with no new safety signals. A summary of 
reported real-world safety on CPX-351 is shown in Table 1. 
Generally, in the real-world setting, febrile neutropenia and 
infections were the most commonly reported grade ≥ 3 AEs 
with CPX-351, whereas grade ≥ 3 gastrointestinal AEs were 
infrequent [40–42], consistent with results from clinical tri-
als [36, 72, 73].

Treatment with intensive AML chemotherapy has dem-
onstrated significant intestinal dysbiosis during treatment 
and persisting after the end of treatment, which may have 
implications for subsequent phases of curative therapy, such 
as HCT [52–54, 74, 75]. For example, 7 + 3 was shown to 
induce intestinal damage and dysbiosis, with prolonged loss 
of bacterial load, diversity, and function of the microbiota 
[50, 51]. The SEIFEM Italian study focused on the absolute 
infectious risk in a real-life setting of 200 patients with AML 
who were treated with CPX-351 and reported a total of 249 
febrile events (febrile neutropenia of unknown origin [37%], 
microbiologically documented infections [47%], and clini-
cally documented infections [17%; pneumonia, cellulitis/
abscesses, arthritis, mucositis, and sinusitis]) [46]. Over-
all, infection-related mortality was low with CPX-351 (6%) 
despite prolonged myelosuppression, with few fungal infec-
tions (6%), which may be attributed to CPX-351’s ability 

to increase antifungal resistance [45, 46]. The prolonged 
myelosuppression was to be expected due to the extended 
drug exposure offered by CPX-351 [61], and consistent with 
the pivotal phase 3 trial (median time to neutrophil [≥ 500/
mL] and platelet [≥ 50,000/mL] recovery in patients who 
achieved CR + CRi after initial induction chemotherapy was 
longer with CPX-351 [35 and 36.5 days, respectively] versus 
7 + 3 [29 and 29 days, respectively] in the pivotal trial [36]). 
In a subsequent analysis of the SEIFEM study in patients 
who underwent allogeneic HCT post-CPX-351 treatment 
and with available data (n = 70), low rates of HCT-related 
complications were observed, and low infection-related mor-
tality was maintained [76]. These encouraging results further 
support a good safety profile with CPX-351 and its potential 
to bridge patients to HCT.

Consequently, the intestinal mucosal damage and myelo-
suppression caused by intensive chemotherapy regimens 
may lead to neutropenic enterocolitis (NEC), an uncommon 
but life-threatening complication with reported mortality 
rates of up to 50% [77, 78]. A prospective study investi-
gated the potential damaging effects of different intensive 
chemotherapy regimens on intestinal mucosal injury and 
incidence of NEC of patients with AML [78]. As expected, 
treatment with CPX-351 had a lower impact on intestinal 
mucosal injury versus other chemotherapy regimens. Nota-
bly, there was an absence of NEC episodes in patients treated 
with CPX-351 during both induction and consolidation. In 
contrast, other chemotherapy regimens, including 7 + 3, 
were associated with a statistically higher incidence of NEC 
[78], consistent with previous reports of significant intestinal 
damage following 7 + 3 treatment [50, 51]. The study sug-
gested that resulting mucosal barrier damage from chemo-
therapy agents was the likely mechanism of NEC rather than 
myelosuppression, and again, the liposomal formulation of 
CPX-351 was indicated in regard to affording the intestino-
protective effects, which may explain the absence of NEC.

4.2 � Cardiotoxicity

Anthracyclines, such as daunorubicin, are a primary cause 
of cardiotoxicity, with the risk of cardiac dysfunction from 
anthracycline-induced cardiotoxicity increasing with higher 
cumulative doses of anthracyclines. However, this class of 
anti-cancer drugs remain critical chemotherapeutic agents, 
including in the treatment of AML [79–81]. The liposomal 
formulation of CPX-351 provides cardioprotective proper-
ties, which can yield better cardiac outcomes. Liposomes 
enable selective drug delivery and sequestration from organs 
with tight capillary junctions, including the heart, prevent-
ing excessive exposure and therefore reducing cardiotox-
icity while maintaining antitumor effects [82, 83]. This is 
thought to be due to the polyethylene glycol coating around 
liposomes, which protects the molecule from phagocytosis, 
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resulting in a targeted, gradual release of the drug at tumor 
sites [82]. A study using animal models showed that the 
heart:plasma ratio of cytarabine and daunorubicin following 
CPX-351 administration in rats were 10-fold and 95-fold 
lower, respectively, compared with free-drug delivery, with 
> 99% of daunorubicin rendered pharmacologically inac-
tive, suggesting the cardioprotective benefit afforded by 
CPX-351 liposomes [61]. Recently, an in vitro investigation 
compared the relative cardiac safety profile of CPX-351 ver-
sus its free-drug counterparts using human-induced pluri-
potent stem cell-derived cardiomyocytes (hiPSC-CM) [47]. 
In contrast to the free-drug combination, CPX-351-treated 
hiPSC-CM did not result in concentration-dependent cumu-
lative cytotoxicity after repeated exposure, suggesting that 
liposomal encapsulation of daunorubicin may be improv-
ing the cardiotoxicity profile of daunorubicin, indicating the 
cardio-protection afforded by CPX-351. Long-term clinical 
studies are required to corroborate the reduced cardiotoxic-
ity observed with CPX-351 versus free-drug in the preclini-
cal and in vitro models, but these findings provide valuable 
insights for patients with previous anthracycline exposure.

Clinical data have shown that CPX-351 may provide cardio-
protective benefits. A phase 2 study in 26 patients with acute 
leukemia found no clinically meaningful effects on heart rate, 
QRS interval, PR interval, or QT interval corrected for heart 
rate using Bazett’s corrected QT interval following CPX-351 
administration, suggesting that CPX-351 may induce less car-
diotoxicity than previously reported for conventional dauno-
rubicin, further supporting the clinical benefit with liposomal 
CPX-351 versus its free-drug counterpart [84]. Given that 
prior anthracycline exposure is a risk factor for cardiotoxicity, 
it is worth mentioning that 54% of patients in the study had 
known prior anthracycline exposure; however, neither mean 
QTcB nor the frequency of prolonged QTcB (> 450 ms) sig-
nificantly increased following CPX-351 treatment, except in 
one patient. In post hoc subgroup analyses of the pivotal phase 
3 trial, lower proportions of patients treated with CPX-351 
versus 7 + 3 had cardiac impairment based on echocardiogram 
measures of left ventricular ejection fraction (LVEF) < 53% 
(12% versus 31%) and global longitudinal strain (GLS) ≤ 18% 
(25% versus 38%) [57]. Furthermore, clinically significant 
changes in LVEF (> 10% decrease from baseline and LVEF 
< 53%) and GLS (> 12% relative decrease from baseline and 
GLS < 18%) were less common with CPX-351 versus 7 + 3 
(9% versus 20% and 21% versus 44%, respectively). While car-
diac-related toxicities have been reported infrequently in real-
world studies, those studies that did assess cardiac outcomes 
have reported low frequencies of cardiac events (9–12%) [40, 
42]. Underreporting of cardiac events in pivotal clinical trials 
supporting the approval of contemporary anticancer therapies 
has been previously documented, highlighting the importance 
of further studies focusing on cardiac safety and real-world 
studies to support trial data [85].

4.3 � Alopecia

While gastrointestinal and constitutional toxicities arising from 
cancer treatment impact negatively on patients’ quality of life, 
it is also important to highlight the dermatological toxicities, 
which are often overlooked despite their significant impacts, 
particularly with regard to psychological and social well-being 
[86, 87]. For patients, chemotherapy-induced alopecia is one 
of the most distressing and traumatic aspects of undergoing 
treatment [87, 88]. Alopecia is a well-known common adverse 
effect of cancer treatment, occurring in at least 65% of patients 
who receive cytotoxic therapies [89]. Therefore, it is notable 
that CPX-351 does not cause the classic alopecia seen with 
traditional chemotherapies such as daunorubicin, with reported 
rates of 100% [89]. In clinical studies, rates of alopecia with 
CPX-351 were reported between 12 and 33% [48, 49], and 
real-world studies reported even lower rates, at 5–11% [42, 
44], highlighting the importance of CPX-351 from the patient 
perspective.

5 � Conclusions

The unique mechanism of action and distinct physical 
and pharmacological characteristics of CPX-351 plays a 
crucial role in explaining its clinical efficacy and safety 
observed in patients with t-AML or AML-MRC. To date, 
CPX-351 has been reserved for fit patients with secondary 
AML. However, its superior efficacy versus the conven-
tional 7 + 3 regimen combined with its favorable toxicity 
profile suggests that its use may be also extended to other 
patient populations. At the same time, CPX-351’s favora-
ble toxicity profile opens the possibility of treating high-
risk patients who were previously excluded from clinical 
trials due to concerns about the adverse effects. This is par-
ticularly significant given the pressing need for new thera-
peutic options for adults with AML who are less fit for 
intensive treatment. For this reason, it may now be time to 
explore the use of CPX-351 in other high-risk populations. 
Indeed, there are a number of ongoing clinical trials evalu-
ating CPX-351 versus conventional chemotherapy in high-
risk groups, including patients with AML with intermedi-
ate or adverse genetics (NCT05260528; NCT03897127), 
with or without FLT3 mutations (NCT04293562) and with 
higher-risk myelodysplastic syndrome and oligoblastic 
AML (NCT04061239).

Acknowledgements  Medical writing and editorial support, under the 
direction of the authors, was provided by Trina Soluta and Claire Car-
tledge of CMC Connect, a division of IPG Health Medical Communi-
cations, with funding from Jazz Pharmaceuticals, in accordance with 
Good Publication Practice (GPP 2022) guidelines.



863CPX-351 in the AML Treatment Landscape: Mechanism of Action, Efficacy, and Safety

Declarations 

Funding  Open access funding provided by Università degli Studi di 
Milano within the CRUI-CARE Agreement. Under the direction of 
the authors, Trina Soluta and Claire Cartledge of CMC Affinity, a 
division of IPG Health Medical Communications, provided medical 
writing and editorial support, respectively, which was funded by Jazz 
Pharmaceuticals in accordance with Good Publication Practice (GPP 
2022) guidelines. Jazz Pharmaceuticals reviewed the manuscript for 
factual accuracy. Although Jazz Pharmaceuticals was involved in the 
review of the manuscript, the content of this manuscript, the ultimate 
interpretation, and the decision to submit it for publication in Drugs 
was made by the authors independently.

Conflict of interest  L. Pagano is a board member of Basilea, Cidara 
Therapeutics, Gilead Sciences, Janssen, Jazz Pharmaceuticals, MSD, 
Novartis, Pfizer, and Stemline Therapeutics; a consultant for Cidara 
Therapeutics and Stemline Therapeutics; and has been a speaker for 
Astellas Pharma, Gilead Sciences, Janssen, Jazz Pharmaceuticals, Ky-
owa Kirin, MSD, Novartis, and Pfizer. R. Danesi has received speaker’s 
bureau/advisor's fees from AstraZeneca, EUSA Pharma, Genzyme, 
Gilead Sciences, Ipsen, Janssen, Jazz Pharmaceuticals, Lilly, Novartis, 
Pfizer, and Sanofi. E. Benedetti has received speaker’s bureau/advi-
sor’s fees from AstraZeneca, BeiGene, and Jazz Pharmaceuticals. R. 
Morgagni has no conflicts of interest to declare. L. Romani has no con-
flicts of interest to declare. A. Venditti has received research funding 
from Jazz Pharmaceuticals; he was a consultant for AbbVie, Amgen, 
Astellas Pharma, Astex Pharmaceuticals, AstraZeneca, Bristol Myers 
Squibb, Delbert Pharma, Glycostem, Janssen, Kite-Gilead, Menarini, 
Novartis, Otsuka, Pfizer, Servier, and Stemline Therapeutics. All are 
not related to this manuscript.

Authors’ contributions  All authors were involved in study concept and 
design and have contributed to discussions around the manuscript con-
tent. All authors critically reviewed the manuscript and approved the 
final version for submission. All authors meet the International Com-
mittee of Medical Journal Editors (ICMJE) criteria for authorship for 
this article and take responsibility for the integrity of the work.

Ethics approval  Not applicable.

Consent to participate/publish  Not applicable.

Data availability  Not applicable.

Code availability  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial 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 Com-
mons 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 regula-
tion 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://creativecommons.org/licenses/by-nc/4.0/.

References

	 1.	 Döhner H, Weisdorf DJ, Bloomfield CD. Acute myeloid leukemia. 
N Engl J Med. 2015;373(12):1136–52.

	 2.	 Dong Y, Shi O, Zeng Q, Lu X, Wang W, Li Y, et al. Leukemia 
incidence trends at the global, regional, and national level between 
1990 and 2017. Exp Hematol Oncol. 2020;9:14.

	 3.	 Jani CT, Ahmed A, Singh H, Mouchati C, Al Omari O, Bhatt PS, 
et al. Burden of AML, 1990–2019: estimates from the Global 
Burden of Disease Study. JCO Glob Oncol. 2023;9:e2300229.

	 4.	 Linet MS, Curtis RE, Schonfeld SJ, Vo JB, Morton LM, Dores 
GM. Survival of adult AML patients treated with chemotherapy 
in the US population by age, race and ethnicity, sex, calendar-
year period, and AML subgroup, 2001–2019. EClinicalMedicine. 
2024;71:102549.

	 5.	 Nagel G, Weber D, Fromm E, Erhardt S, Lübbert M, Fiedler 
W, et al. Epidemiological, genetic, and clinical characterization 
by age of newly diagnosed acute myeloid leukemia based on an 
academic population-based registry study (AMLSG BiO). Ann 
Hematol. 2017;96(12):1993–2003.

	 6.	 Hulegårdh E, Nilsson C, Lazarevic V, Garelius H, Antunovic P, 
Rangert Derolf Å, et al. Characterization and prognostic features 
of secondary acute myeloid leukemia in a population-based set-
ting: a report from the Swedish Acute Leukemia Registry. Am J 
Hematol. 2015;90(3):208–14.

	 7.	 Martínez-Cuadrón D, Megías-Vericat JE, Serrano J, Martínez-
Sánchez P, Rodríguez-Arbolí E, Gil C, et  al. Treatment pat-
terns and outcomes of 2310 patients with secondary acute 
myeloid leukemia: a PETHEMA registry study. Blood Adv. 
2022;6(4):1278–95.

	 8.	 Döhner H, Wei AH, Appelbaum FR, Craddock C, DiNardo CD, 
Dombret H, et al. Diagnosis and management of AML in adults: 
2022 recommendations from an international expert panel on 
behalf of the ELN. Blood. 2022;140(12):1345–77.

	 9.	 Heuser M, Ofran Y, Boissel N, Brunet Mauri S, Craddock C, 
Janssen J, et al. Acute myeloid leukaemia in adult patients: ESMO 
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol. 2020;31(6):697–712.

	10.	 Kayser S, Levis MJ. Updates on targeted therapies for acute mye-
loid leukaemia. Br J Haematol. 2022;196(2):316–28.

	11.	 Bhansali RS, Pratz KW, Lai C. Recent advances in targeted thera-
pies in acute myeloid leukemia. J Hematol Oncol. 2023;16(1):29.

	12.	 Wysota M, Konopleva M, Mitchell S. Novel therapeutic tar-
gets in acute myeloid leukemia (AML). Curr Oncol Rep. 
2024;26(4):409–20.

	13.	 Liu H, Stanworth SJ, McPhail S, Bishton M, Rous B, Bacon A, 
et al. Impact of patient demographics on treatment outcomes in 
AML: a population-based registry in England, 2013–2020. Blood 
Adv. 2024;8(17):4593–605.

	14.	 Döhner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, 
Büchner T, et al. Diagnosis and management of AML in adults: 
2017 ELN recommendations from an international expert panel. 
Blood. 2017;129(4):424–47.

	15.	 Cloos J, Ossenkoppele GJ, Dillon R. Minimal residual disease and 
stem cell transplantation outcomes. Hematol Am Soc Hematol 
Educ Program. 2019;2019(1):617–25.

	16.	 Garcia-Manero G, Othus M, Pagel JM, Radich JP, Fang M, Riz-
zieri DA, et al. SWOG S1203: a randomized phase iii study of 
standard cytarabine plus daunorubicin (7 + 3) therapy versus 
idarubicin with high dose cytarabine (IA) with or without vori-
nostat (IA + V) in younger patients with previously untreated 
acute myeloid leukemia (AML). Blood. 2016;128(22):901.

	17.	 Löwenberg B, Ossenkoppele GJ, van Putten W, Schouten 
HC, Graux C, Ferrant A, et  al. High-dose daunorubicin in 

http://creativecommons.org/licenses/by-nc/4.0/


864	 L. Pagano et al.

older patients with acute myeloid leukemia. N Engl J Med. 
2009;361(13):1235–48.

	18.	 Kantarjian H, O’Brien S, Cortes J, Giles F, Faderl S, Jabbour E, 
et al. Results of intensive chemotherapy in 998 patients age 65 
years or older with acute myeloid leukemia or high-risk myelo-
dysplastic syndrome: predictive prognostic models for outcome. 
Cancer. 2006;106(5):1090–8.

	19.	 Juliusson G, Antunovic P, Derolf A, Lehmann S, Möllgård L, 
Stockelberg D, et al. Age and acute myeloid leukemia: real world 
data on decision to treat and outcomes from the Swedish Acute 
Leukemia Registry. Blood. 2009;113(18):4179–87.

	20.	 Atallah E, Cortes J, O’Brien S, Pierce S, Rios MB, Estey E, et al. 
Establishment of baseline toxicity expectations with standard 
frontline chemotherapy in acute myelogenous leukemia. Blood. 
2007;110(10):3547–51.

	21.	 Zeidan AM, Podoltsev NA, Wang X, Zhang C, Bewersdorf JP, 
Shallis RM, et al. Patterns of care and clinical outcomes with cyt-
arabine-anthracycline induction chemotherapy for AML patients 
in the United States. Blood Adv. 2020;4(8):1615–23.

	22.	 Pratz KW, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, Döh-
ner H, et al. Long-term follow-up of VIALE-A: venetoclax and 
azacitidine in chemotherapy-ineligible untreated acute myeloid 
leukemia. Am J Hematol. 2024;99(4):615–24.

	23.	 U.S. Department of Health and Human Services, Food and Drug 
Administration Oncology Center of Excellence, Center for Drug 
Evaluation and Research, and Center for Biologics Evaluation and 
Research. Guidance for industry: acute myeloid leukemia: devel-
oping drugs and biological products for treatment. 2022. https://​
www.​fda.​gov/​media/​162362/​downl​oad. Accessed 2 Sept 2024.

	24.	 Aldoss I, Pullarkat V, Stein AS. Venetoclax-containing 
regimens in acute myeloid leukemia. Ther Adv Hematol. 
2021;12:2040620720986646.

	25.	 DiNardo CD, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, 
Wei AH, et al. Azacitidine and venetoclax in previously untreated 
acute myeloid leukemia. N Engl J Med. 2020;383(7):617–29.

	26.	 Pratz KW, DiNardo CD, Selleslag D, Li J, Yamamoto K, Kono-
pleva M, et al. Cytopenia management in patients with newly 
diagnosed acute myeloid leukemia treated with venetoclax 
plus azacitidine in the VIALE-A study. Blood. 2020;136(Suppl 
1):51–3.

	27.	 Dicko A, Mayer LD, Tardi PG. Use of nanoscale delivery systems 
to maintain synergistic drug ratios in vivo. Expert Opin Drug 
Deliv. 2010;7(12):1329–41.

	28.	 Tolcher AW, Mayer LD. Improving combination cancer ther-
apy: the CombiPlex® development platform. Future Oncol. 
2018;14(13):1317–32.

	29.	 Mayer LD, Harasym TO, Tardi PG, Harasym NL, Shew CR, 
Johnstone SA, et al. Ratiometric dosing of anticancer drug com-
binations: controlling drug ratios after systemic administration 
regulates therapeutic activity in tumor-bearing mice. Mol Can-
cer Ther. 2006;5(7):1854–63.

	30.	 Ma L, Kohli M, Smith A. Nanoparticles for combination drug 
therapy. ACS Nano. 2013;7(11):9518–25.

	31.	 Liboiron BD, Louie AC, Mayer LD. Nanoscale complexes: a 
novel nanotechnology-based platform to optimize combination 
cancer therapies: rational development & improved delivery 
using CombiPlex®. Drug Dev Deliv. 2016;16(1):34–9.

	32.	 VYXEOS® (daunorubincin and cytarabine) liposome for injec-
tion, for intravenous use [prescribing information]. Palo Alto: 
Jazz Pharmaceuticals, Inc.; 2022.

	33.	 VYXEOS® (daunorubicin and cytarabine liposome for injec-
tion) product monograph. Mississauga: Jazz Pharmaceuticals 
Canada, Inc.; 2023.

	34.	 Vyxeos liposomal (44 mg/100 mg powder for concentrate for 
solution for infusion) summary of product characteristics. 

European Medicines Agency: Jazz Pharmaceuticals Ireland, 
Ltd.; 2024.

	35.	 Vyxeos liposomal (44 mg/100 mg powder for concentrate for solu-
tion for infusion) summary of product characteristics. Electronic 
Medicines Compendium: Jazz Pharmaceuticals UK, Ltd.; 2025.

	36.	 Lancet JE, Uy GL, Cortes JE, Newell LF, Lin TL, Ritchie EK, 
et al. CPX-351 (cytarabine and daunorubicin) liposome for injec-
tion versus conventional cytarabine plus daunorubicin in older 
patients with newly diagnosed secondary acute myeloid leukemia. 
J Clin Oncol. 2018;36(26):2684–92.

	37.	 Lancet JE, Uy GL, Newell LF, Lin TL, Ritchie EK, Stuart 
RK, et al. CPX-351 versus 7 + 3 cytarabine and daunorubicin 
chemotherapy in older adults with newly diagnosed high-risk 
or secondary acute myeloid leukaemia: 5-year results of a ran-
domised, open-label, multicentre, phase 3 trial. Lancet Haematol. 
2021;8(7):e481–91.

	38.	 Tzogani K, Penttilä K, Lapveteläinen T, Hemmings R, Koenig 
J, Freire J, et al. EMA review of daunorubicin and cytarabine 
encapsulated in liposomes (Vyxeos, CPX-351) for the treatment 
of adults with newly diagnosed, therapy-related acute myeloid 
leukemia or acute myeloid leukemia with myelodysplasia-related 
changes. Oncologist. 2020;25(9):e1414–20.

	39.	 Legg A, Lambova A, Broe A, Levy J, Medalla G. Real-world 
experience with CPX-351 treatment for acute myeloid leuke-
mia in England: an analysis from the national cancer registra-
tion and analysis service. Clin Lymphoma Myeloma Leuk. 
2023;23(10):e323–30.

	40.	 Mehta P, Campbell V, Maddox J, Floisand Y, Kalakonda AJM, 
O’Nions J, et al. CREST-UK: real-world effectiveness, safety and 
outpatient delivery of CPX-351 for first-line treatment of newly 
diagnosed therapy-related AML and AML with myelodysplasia-
related changes in the UK. Br J Haematol. 2024;205(4):1326–36.

	41.	 Rautenberg C, Stölzel F, Röllig C, Stelljes M, Gaidzik V, Lauseker 
M, et al. Real-world experience of CPX-351 as first-line treat-
ment for patients with acute myeloid leukemia. Blood Cancer J. 
2021;11(10):164.

	42.	 Chiche E, Rahmé R, Bertoli S, Dumas P-Y, Micol J-B, Hicheri 
Y, et al. Real-life experience with CPX-351 and impact on the 
outcome of high-risk AML patients: a multicentric French cohort. 
Blood Adv. 2021;5(1):176–84.

	43.	 Guolo F, Fianchi L, Martelli MP, Chiusolo P, Lussana F, Grimaldi 
F, et al. Optimal duration of CPX-351 treatment and best timing 
for consolidation with allogeneic stem cell transplantation: evi-
dence from a large real-world Italian study. Blood. 2023;142(Sup-
plement 1):731.

	44.	 Guolo F, Fianchi L, Minetto P, Clavio M, Gottardi M, Galim-
berti S, et al. CPX-351 treatment in secondary acute myeloblastic 
leukemia is effective and improves the feasibility of allogeneic 
stem cell transplantation: results of the Italian compassionate use 
program. Blood Cancer J. 2020;10(10):96.

	45.	 Renga G, Nunzi E, Stincardini C, Pariano M, Puccetti M, Pierac-
cini G, et al. CPX-351 exploits the gut microbiota to promote 
mucosal barrier function, colonization resistance, and immune 
homeostasis. Blood. 2024;143(16):1628–45.

	46.	 Fianchi L, Guolo F, Marchesi F, Cattaneo C, Gottardi M, Res-
tuccia F, et al. Multicenter observational retrospective study on 
febrile events in patients with acute myeloid leukemia treated 
with Cpx-351 in “real-life”: the SEIFEM experience. Cancers 
(Basel). 2023;15(13):3457.

	47.	 Fortin MC, LaCroix AS, Grammatopoulos TN, Tan L, Wang Q, 
Manca D. Lower cardiotoxicity of CPX-351 relative to daunoru-
bicin plus cytarabine free-drug combination in hiPSC-derived 
cardiomyocytes in vitro. Sci Rep. 2023;13(1):21054.

	48.	 Feldman EJ, Lancet JE, Kolitz JE, Ritchie EK, Roboz GJ, List 
AF, et al. First-in-man study of CPX-351: a liposomal carrier 
containing cytarabine and daunorubicin in a fixed 5:1 molar 

https://www.fda.gov/media/162362/download
https://www.fda.gov/media/162362/download


865CPX-351 in the AML Treatment Landscape: Mechanism of Action, Efficacy, and Safety

ratio for the treatment of relapsed and refractory acute myeloid 
leukemia. J Clin Oncol. 2011;29(8):979–85.

	49.	 Feldman EJ, Kolitz JE, Trang JM, Liboiron BD, Swen-
son CE, Chiarella MT, et al. Pharmacokinetics of CPX-351; 
a nano-scale liposomal fixed molar ratio formulation of 
cytarabine:daunorubicin, in patients with advanced leukemia. 
Leuk Res. 2012;36(10):1283–9.

	50.	 Hueso T, Ekpe K, Mayeur C, Gatse A, Joncquel-Chevallier Curt 
M, Gricourt G, et al. Impact and consequences of intensive chem-
otherapy on intestinal barrier and microbiota in acute myeloid 
leukemia: the role of mucosal strengthening. Gut Microbes. 
2020;12(1):1800897.

	51.	 Pötgens SA, Lecop S, Havelange V, Li F, Neyrinck AM, Neveux 
N, et al. Gut microbiota alterations induced by intensive chem-
otherapy in acute myeloid leukaemia patients are associated 
with gut barrier dysfunction and body weight loss. Clin Nutr. 
2023;42(11):2214–28.

	52.	 Rashidi A, Ebadi M, Rehman TU, Elhusseini H, Halaweish HF, 
Kaiser T, et al. Lasting shift in the gut microbiota in patients with 
acute myeloid leukemia. Blood Adv. 2022;6(11):3451–7.

	53.	 Galloway-Peña JR, Smith DP, Sahasrabhojane P, Ajami NJ, Wads-
worth WD, Daver NG, et al. The role of the gastrointestinal micro-
biome in infectious complications during induction chemotherapy 
for acute myeloid leukemia. Cancer. 2016;122(14):2186–96.

	54.	 Rattanathammethee T, Tuitemwong P, Thiennimitr P, Sarichai P, 
Na Pombejra S, Piriyakhuntorn P, et al. Gut microbiota profiles 
of treatment-naïve adult acute myeloid leukemia patients with 
neutropenic fever during intensive chemotherapy. PLoS One. 
2020;15(10):e0236460.

	55.	 Rashidi A, Kaiser T, Graiziger C, Holtan SG, Rehman TU, Weis-
dorf DJ, et al. Specific gut microbiota changes heralding blood-
stream infection and neutropenic fever during intensive chemo-
therapy. Leukemia. 2020;34(1):312–6.

	56.	 Neofytos D, Lu K, Hatfield-Seung A, Blackford A, Marr KA, 
Treadway S, et al. Epidemiology, outcomes, and risk factors of 
invasive fungal infections in adult patients with acute myelog-
enous leukemia after induction chemotherapy. Diagn Microbiol 
Infect Dis. 2013;75(2):144–9.

	57.	 Mitchell JD, Pfeiffer M, Boehmer J, Gorcsan J, Dronamraju N, 
Faderl S, et al. P516: Cardiotoxicity of CPX-351 vs 7 + 3 in 
patients with untreated high-risk acute myeloid leukemia. Hema-
sphere. 2023;7(S3):e178806c.

	58.	 Tardi P, Johnstone S, Harasym N, Xie S, Harasym T, Zisman N, 
et al. In vivo maintenance of synergistic cytarabine:daunorubicin 
ratios greatly enhances therapeutic efficacy. Leuk Res. 
2009;33(1):129–39.

	59.	 Lim WS, Tardi PG, Dos Santos N, Xie X, Fan M, Liboiron BD, 
et al. Leukemia-selective uptake and cytotoxicity of CPX-351, 
a synergistic fixed-ratio cytarabine:daunorubicin formulation, in 
bone marrow xenografts. Leuk Res. 2010;34(9):1214–23.

	60.	 Gordon MJ, Tardi P, Loriaux MM, Spurgeon SE, Traer E, Kovac-
sovics T, et al. CPX-351 exhibits potent and direct ex vivo cyto-
toxicity against AML blasts with enhanced efficacy for cells har-
boring the FLT3-ITD mutation. Leuk Res. 2017;53:39–49.

	61.	 Wang Q, Tardi P, Sadowski N, Xie S, Heller D, Mayer L. Pharma-
cokinetics, drug metabolism, and tissue distribution of CPX-351 
in animals. Nanomedicine. 2020;30:102275.

	62.	 US Food and Drug Administration. FDA approves first treatment 
for certain types of poor-prognosis acute myeloid leukemia. 2017. 
https://​www.​fda.​gov/​news-​events/​press-​annou​nceme​nts/​fda-​appro​
ves-​first-​treat​ment-​certa​in-​types-​poor-​progn​osis-​acute-​myelo​id-​
leuke​mia. Accessed December 2024.

	63.	 Jazz Pharmaceuticals. Jazz Pharmaceuticals secures eight addi-
tional provincial reimbursements for Vyxeos® for treatment of 
adults with newly diagnosed therapy-related acute myeloid leu-
kemia or acute myeloid leukemia with myelodysplasia-related 

changes. 2023. https://​inves​tor.​jazzp​harma.​com/​news-​relea​ses/​
news-​relea​se-​detai​ls/​jazz-​pharm​aceut​icals-​secur​es-​eight-​addit​
ional-​provi​ncial. Accessed December 2024.

	64.	 National Institute for Health and Care Excellence. Liposomal cyta-
rabine–daunorubicin for untreated acute myeloid leukaemia. 2018. 
https://​www.​nice.​org.​uk/​guida​nce/​ta552/​chapt​er/2-​Infor​mation-​
about-​lipos​omal-​cytar​abine​dauno​rubic​in. Accessed December 
2024.

	65.	 Matthews AH, Perl AE, Luger SM, Loren AW, Gill SI, Por-
ter DL, et al. Real-world effectiveness of CPX-351 vs veneto-
clax and azacitidine in acute myeloid leukemia. Blood Adv. 
2022;6(13):3997–4005.

	66.	 Peled JU, Gomes ALC, Devlin SM, Littmann ER, Taur Y, 
Sung AD, et al. Microbiota as predictor of mortality in allo-
geneic hematopoietic-cell transplantation. New Engl J Med. 
2020;382(9):822–34.

	67.	 Woelfel S, Silva MS, Stecher B. Intestinal colonization resistance 
in the context of environmental, host, and microbial determinants. 
Cell Host Microbe. 2024;32(6):820–36.

	68.	 Li Z, Wan M, Wang M, Duan J, Jiang S. Modulation of gut 
microbiota on intestinal permeability: a novel strategy for treat-
ing gastrointestinal related diseases. Int Immunopharmacol. 
2024;137:112416.

	69.	 Fernandez Sanchez J, Maknojia AA, King KY. Blood and guts: 
how the intestinal microbiome shapes hematopoiesis and treat-
ment of hematologic disease. Blood. 2024;143(17):1689–701.

	70.	 Stockinger B, Shah K, Wincent E. AHR in the intestinal microen-
vironment: safeguarding barrier function. Nat Rev Gastroenterol 
Hepatol. 2021;18(8):559–70.

	71.	 Yang C, Merlin D. Unveiling colitis: a journey through the 
dextran sodium sulfate-induced model. Inflamm Bowel Dis. 
2024;30(5):844–53.

	72.	 Lin TL, Rizzieri DA, Ryan DH, Schiller GJ, Kolitz JE, Uy GL, 
et al. Older adults with newly diagnosed high-risk/secondary 
AML who achieved remission with CPX-351: phase 3 post hoc 
analyses. Blood Adv. 2021;5(6):1719–28.

	73.	 Cortes JE, Ryan RJ, Chiarella M. Pooled clinical safety analysis 
of CPX-351 versus conventional chemotherapy in patients with 
newly diagnosed or relapsed/refractory acute myeloid leukemia. 
Clin Lymphoma Myeloma Leuk. 2019;19(Suppl 1):S214–5.

	74.	 Galloway-Peña JR, Shi Y, Peterson CB, Sahasrabhojane P, 
Gopalakrishnan V, Brumlow CE, et al. Gut microbiome signa-
tures are predictive of infectious risk following induction therapy 
for acute myeloid leukemia. Clin Infect Dis. 2020;71(1):63–71.

	75.	 Wang R, Yang X, Liu J, Zhong F, Zhang C, Chen Y, et al. Gut 
microbiota regulates acute myeloid leukaemia via alteration of 
intestinal barrier function mediated by butyrate. Nat Commun. 
2022;13(1):2522.

	76.	 Fianchi L, Quattrone M, Guolo F, Gottardi M, Farina F, Candoni 
A, et al. Infectious complications in patients undergoing alloge-
neic stem cell transplantation (HSCT) for acute myeloid leukemia 
after CPX-351 treatment: a “real-life” multicenter retrospective 
experience by the SEIFEM Group. Abstract C044 presented at 
the 51st National Congress of the Italian Society of Hematology, 
Milan, Italy, September 23-25, 2024.

	77.	 Babakhanlou R, Ravandi-Kashani F, Kontoyiannis DP. Neutro-
penic enterocolitis: an uncommon, but fearsome complication of 
leukemia. J Hematol. 2023;12(2):59–65.

	78.	 Benedetti E, Traverso G, Pucci G, Morganti R, Bramanti E, Lip-
polis P, et al. Impact of different chemotherapy regimens on intes-
tinal mucosal injury assessed with bedside ultrasound: a study in 
213 AML patients. Front Oncol. 2023;13:1272072.

	79.	 Smith LA, Cornelius VR, Plummer CJ, Levitt G, Verrill M, 
Canney P, et al. Cardiotoxicity of anthracycline agents for the 

https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-certain-types-poor-prognosis-acute-myeloid-leukemia
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-certain-types-poor-prognosis-acute-myeloid-leukemia
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-certain-types-poor-prognosis-acute-myeloid-leukemia
https://investor.jazzpharma.com/news-releases/news-release-details/jazz-pharmaceuticals-secures-eight-additional-provincial
https://investor.jazzpharma.com/news-releases/news-release-details/jazz-pharmaceuticals-secures-eight-additional-provincial
https://investor.jazzpharma.com/news-releases/news-release-details/jazz-pharmaceuticals-secures-eight-additional-provincial
https://www.nice.org.uk/guidance/ta552/chapter/2-Information-about-liposomal-cytarabinedaunorubicin
https://www.nice.org.uk/guidance/ta552/chapter/2-Information-about-liposomal-cytarabinedaunorubicin


866	 L. Pagano et al.

treatment of cancer: systematic review and meta-analysis of ran-
domised controlled trials. BMC Cancer. 2010;10:337.

	80.	 Cardinale D, Colombo A, Bacchiani G, Tedeschi I, Meroni 
CA, Veglia F, et al. Early detection of anthracycline cardiotox-
icity and improvement with heart failure therapy. Circulation. 
2015;131(22):1981–8.

	81.	 Cardinale D, Iacopo F, Cipolla CM. Cardiotoxicity of anthracy-
clines. Front Cardiovasc Med. 2020;7:26.

	82.	 Rahman AM, Yusuf SW, Ewer MS. Anthracycline-induced cardio-
toxicity and the cardiac-sparing effect of liposomal formulation. 
Int J Nanomed. 2007;2(4):567–83.

	83.	 Cai F, Luis MAF, Lin X, Wang M, Cai L, Cen C, et al. Anthra-
cycline-induced cardiotoxicity in the chemotherapy treatment 
of breast cancer: preventive strategies and treatment. Mol Clin 
Oncol. 2019;11(1):15–23.

	84.	 Lin TL, Newell LF, Stuart RK, Michaelis LC, Rubenstein E, Pen-
tikis HS, et al. A phase 2 study to assess the pharmacokinetics and 
pharmacodynamics of CPX-351 and its effects on cardiac repo-
larization in patients with acute leukemias. Cancer Chemother 
Pharmacol. 2019;84(1):163–73.

	85.	 Bonsu JM, Guha A, Charles L, Yildiz VO, Wei L, Baker B, et al. 
Reporting of cardiovascular events in clinical trials supporting 
FDA approval of contemporary cancer therapies. J Am Coll Car-
diol. 2020;75(6):620–8.

	86.	 Gandhi M, Oishi K, Zubal B, Lacouture ME. Unanticipated toxici-
ties from anticancer therapies: survivors’ perspectives. Support 
Care Cancer. 2010;18(11):1461–8.

	87.	 Almeida V, Pires D, Silva M, Teixeira M, Teixeira RJ, Louro A, 
et al. Dermatological side effects of cancer treatment: psychoso-
cial implications—a systematic review of the literature. Health-
care (Basel). 2023;11(19):2621.

	88.	 Dua P, Heiland MF, Kracen AC, Deshields TL. Cancer-related 
hair loss: a selective review of the alopecia research literature. 
Psychooncology. 2017;26(4):438–43.

	89.	 Freites-Martinez A, Shapiro J, Goldfarb S, Nangia J, Jimenez JJ, 
Paus R, et al. Hair disorders in cancer patients. J Am Acad Der-
matol. 2019;80(5):1179–96.


	The Role of CPX-351 in the Acute Myeloid Leukemia Treatment Landscape: Mechanism of Action, Efficacy, and Safety
	Abstract
	Plain Language Summary
	1 Introduction
	2 CPX-351 Structure and Mechanism of Action
	3 Efficacy of CPX-351
	4 Safety of CPX-351
	4.1 Intestinal Dysbiosis
	4.2 Cardiotoxicity
	4.3 Alopecia

	5 Conclusions
	References




