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Infusion-related reactions are common during or after
the administration of liposomal drugs. For example, up
to 10% of patients treated with DoxilVR (pegylated liposo-
mal doxorubicin) experience acute infusion-related reac-
tions, including flushing, dyspnea, facial swelling,
headache, chills, back pain, chest or throat tightness,
and/or hypotension, and some serious, life-threatening
allergic/anaphylactoid-like infusion-related reactions have
been reported [1]. Furthermore, across multiple studies,
up to 24% of patients treated with AmBisomeVR (liposo-
mal amphotericin B) experienced infusion-related reac-
tions, including vomiting, nausea, fever, chills, respiratory
events, hypotension, hypertension, tachycardia, vasodila-
tion, dyspnea, hyperventilation, and hypoxia [2].
However, the design of each liposomal agent is different,
leading to a large variation in the frequency and severity
of infusion-related reactions.

CPX-351 (United States: VyxeosVR ; Europe: VyxeosVR

Liposomal), the first dual-drug liposome, encapsulates
daunorubicin and cytarabine in a synergistic 1:5 molar
ratio [3–6]. CPX-351 is approved by the US Food and
Drug Administration (FDA) and the European Medicines
Agency for the treatment of newly diagnosed therapy-
related acute myeloid leukemia (t-AML) or AML with
myelodysplasia-related changes (AML-MRC) [7,8]. The piv-
otal phase 3 study that supported these approvals eval-
uated CPX-351 versus the conventional 7þ 3 regimen of
cytarabine and daunorubicin in older adults with newly
diagnosed high-risk/secondary AML. After a median fol-
low-up of 20.7months, induction followed by consolida-
tion with CPX-351 significantly improved median overall
survival versus 7þ 3 (9.56 vs 5.95months; hazard ratio ¼
0.69 [95% confidence interval: 0.52, 0.90]; 1-sided

p¼ 0.003) [9], and this survival benefit was maintained in
a long-term 5-year follow-up analysis (hazard ratio ¼ 0.70
[95% confidence interval: 0.55, 0.91]) [10]. The safety pro-
file of CPX-351 was generally consistent with the known
safety profile of 7þ 3 [9].

Intensive monitoring for infusion-related reactions
with CPX-351 administration had not previously been
reported. This postmarketing, observational, single-arm,
multicenter study (NCT03526926) was requested by the
FDA to assess the nature, incidence, and severity of infu-
sion-related reactions during an initial CPX-351 induction.
All patients provided informed consent, and the study
was approved by institutional review boards at each par-
ticipating center. Prior to enrollment, the treating investi-
gator decided to prescribe CPX-351 based on the
approved US indications [8]. Eligible patients were adults
aged �18 years with newly diagnosed t-AML or AML-
MRC. Patients who previously received CPX-351 or any
investigational agent were ineligible. Patients could
receive up to 2 inductions with CPX-351 at the US label
dosage (daunorubicin 44mg/m2 and cytarabine
100mg/m2) by 90-minute infusion on Days 1, 3, and 5
(Days 1 and 3 for second induction) and up to 2 consoli-
dations with CPX-351 (daunorubicin 29mg/m2 and cytar-
abine 65mg/m2) by 90-minute infusion on Days 1 and 3.
Patients who developed a hypersensitivity reaction
received premedication at all subsequent infusions.
Patients could receive antiemetic and antihyperuricemic
agents according to each site’s standard institu-
tional practice.

Patients were observed for the first 6 days of the first
CPX-351 induction cycle, from Day 1 of treatment until
1 day after the last infusion (Day 6), although patients
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may have received subsequent treatment at their physi-
cian’s discretion. The incidence and severity of infusion-
related reactions were evaluated during and for
90minutes after the completion of each CPX-351 infu-
sion. Treatment-emergent adverse events (TEAEs) were
collected throughout the 6-day observation period and
were graded according to the NCI-CTCAE version 4.03.
TEAEs were followed until resolution, stabilization, or per-
manent sequelae were identified, or until the patient was
lost to follow-up.

A total of 52 patients were enrolled in the study and
received �1 CPX-351 induction. The median age was
64 years (range: 28, 78), with 67% of patients aged
�60 years; 56% were male; 79% were White; and 23%,
46%, and 23% had Eastern Cooperative Oncology Group
performance scores of 0, 1, and 2, respectively. Most
patients had no history of allergies (63%), allergic asthma
(98%), or autoimmune disorders (87%).

Most (94%) patients received all 3 infusions of the first
CPX-351 induction (Table 1). Three patients discontinued
the study. One patient developed a serious event of
thromboembolism after receiving 2 CPX-351 doses and
subsequently died. Another patient discontinued at their
physician’s discretion on Day 6 after receiving 2 CPX-351
doses due to a general decline with multiple adverse
events that were not improving; the patient subsequently
died on Day 10. Events for both patients were considered
unrelated to CPX-351 by the investigators. The third
patient discontinued on Day 2 after 1 CPX-351 dose due
to tenuous health status and inability of the infusion cen-
ter to collect study-mandated vital signs; this patient
experienced grade 2 pyrexia (considered related to
CPX-351) and grade 3 dyspnea (considered unrelated to
CPX-351).

One (2%) patient experienced infusion-related reac-
tions during the study. This patient was a 68-year-old
White male with AML evolving from prior myelodysplas-
tic syndromes and no known history of asthma, allergies,
or autoimmune diseases. He experienced grade 1 pyrexia

on Day 2 (�24 to 25 h after the first infusion on Day 1)
and grade 2 dyspnea on Day 4 (�21 h after the second
infusion on Day 3). Both reactions were continuing at the
end of the study (Day 6) but did not lead to dose change
or interruption, treatment discontinuation, or withdrawal
from the study.

In total, 39 (75%) patients experienced any grade
TEAEs (including infusion-related reactions), and 13 (25%)
patients experienced grade 3 or 4 TEAEs within the 6-day
observation period (Table 2). Serious TEAEs were experi-
enced by 6 (12%) patients and included grade 4 respira-
tory failure (n¼ 2 [4%]), grade 2 pyrexia, grade 3
dyspnea, grade 3 tumor lysis syndrome, grade 3 lung
infection, grade 5 sepsis, grade 5 thromboembolism, and
grade 5 cerebrovascular accident (n¼ 1 [2%] each). Of
the serious TEAEs, only pyrexia and tumor lysis syndrome
were considered related to CPX-351 by the investigator.
Serious TEAEs of pyrexia, dyspnea, and tumor lysis syn-
drome resolved by Day 2, Day 3, and Day 12, respect-
ively; although the lung infection was resolving, the
patient died on Day 6 due to hemorrhagic stroke.
Neither of the serious TEAEs of respiratory failure
resolved; 1 of these patients also experienced a serious
TEAE of sepsis that resulted in death. The serious TEAEs
of thromboembolism and cerebrovascular accident also
resulted in patient death. None of the 3 deaths due to
serious TEAEs were considered related to CPX-351 by the
investigator.

In this postmarketing, observational study in adults
with newly diagnosed t-AML or AML-MRC, the frequency
of infusion-related reactions with CPX-351 was low. No
infusion-related reactions occurred on Day 1 of the first
induction course of CPX-351. Among 52 patients, only 1
experienced infusion-related reactions, both of which
were grade 1 to 2 and did not lead to study discontinu-
ation. Similar rates of infusion-related reactions with
CPX-351 treatment have been observed in other clinical
studies; however, these studies were not designed to
evaluate infusion-related reactions. In the pivotal phase 3

Table 1. Exposure to CPX-351.
n (%) CPX-351 (N¼ 52)

Number of infusions
Patients received �1 infusion 52 (100)
Patients received 1 infusion 1 (2)
Patients received 2 infusions 2 (4)
Patients received 3 infusions 49 (94)

Number of infusions/patient
Mean (SD) 2.9 (0.3)
Median (range) 3.0 (1, 3)

Patients with dose interruptions during the treatment period 1 (2)
Patients with dose interruptions on Day 1 of infusion 1 (2)
Patients with dose interruptions on Day 3 of infusion 0
Patients with dose interruptions on Day 5 of infusion 0

Cumulative dose of daunorubicin, mg
Mean (SD) 238.2 (53.8)
Median (range) 247.5 (88, 339)

Cumulative dose of cytarabine, mg
Mean (SD) 542.4 (122.6)
Median (range) 562.5 (204, 774)

SD: standard deviation.
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study, 2 of 153 (1%) patients in the CPX-351 arm experi-
enced grade 2 infusion-related reactions, which was simi-
lar to the 7þ 3 comparator arm (2 of 151 [1%] patients
with grade 1 or 2 reactions; data on file). In a phase 2
study of CPX-351 in newly diagnosed de novo or second-
ary AML, 1 of 85 (1%) patients had an infusion-related
reaction (data on file). In a CPX-351US early access pro-
gram in patients with newly diagnosed high-risk/second-
ary AML, 1 of 52 (2%) patients experienced an infusion-
related reaction (data on file).

Liposomal-based agents are known to induce infusion-
related reactions, but the molecular basis of these reac-
tions is not fully understood [11]. Nanomedicine physio-
chemical properties associated with infusion-related
reactions include surface charge, homogeneity, particle
size, presence of lipids, and presence of cholesterol in
the bilayer or as crystal on the surface [11]. The
composition and structure of the CPX-351 liposome are
unique from prior liposomal products and may decrease
the risk for infusion-related reactions following CPX-351
administration. CPX-351, the first dual-drug liposome,
was developed using the CombiPlex platform and con-
tains liposome bilayers of distearoylphosphatidylcholine,
distearoylphosphatidylglycerol, and cholesterol at a 7:2:1
molar ratio [12]. This structure results in both a high lipo-
somal melting point, allowing CPX-351 to remain in the
gel phase at body temperature, and stabilization of
hydrophilicity and the lipid bilayer [12]. This stability
results in limited systemic distribution and allows for the
preferential uptake of CPX-351 by leukemic cells [4,6,12].

Furthermore, while most single-agent liposomes incorpor-
ate polyethylene glycol (PEG)–modified lipids, CPX-351
instead contains anionic phosphatidylglycerol as a stabi-
lizing phospholipid, thereby forgoing immune system
recognition of PEG and eliminating the likelihood of PEG-
related reactions [12].

The reported TEAEs and serious TEAEs in this study
were consistent with the safety profile previously
reported for CPX-351 in other clinical studies [9,13–15]. A
total of 39 (75%) patients experienced any grade TEAEs,
13 (25%) patients experienced grade 3 or 4 TEAEs, and 6
(12%) patients experienced serious TEAEs; no TEAE led to
study discontinuation. Three deaths were reported during
the study, none of which were considered related to
CPX-351 by the investigator.

Taken together, these data support the prior safety
profile reported in the pivotal phase 3 study [9], with no
new safety signals identified.
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Table 2. Summary of TEAEsa in all patients who received
CPX-351.
n (%) CPX-351 (N¼ 52)

Any TEAEb 39 (75)
Constipation 9 (17)
Fatigue 7 (13)
Pneumonia 7 (13)
Peripheral edema 6 (12)
Headache 6 (12)

Any grade 3 or 4 TEAEc 13 (25)
Anemia 3 (6)
Thrombocytopenia 2 (4)
White blood cell count decreased 2 (4)
Respiratory failure 2 (4)

Any serious TEAE 6 (12)
Respiratory failure 2 (4)
Pyrexia 1 (2)
Lung infection 1 (2)
Sepsis 1 (2)
Tumor lysis syndrome 1 (2)
Cerebrovascular accident 1 (2)
Thromboembolism 1 (2)
Dyspnea 1 (2)

Interruption due to TEAE 1 (2)
Discontinuation due to TEAE 0
Death due to TEAE 3 (6)

TEAE: treatment-emergent adverse event.
aTEAEs reported during the 6-day study period from the start of the first
CPX-351 infusion on Day 1 through 1 day after the last infusion (Day 6).
bSubsequent list includes all individual TEAEs reported in >10%
of patients.
cSubsequent list includes all individual grade 3 or 4 TEAEs reported in
>1 patient.

INFUSION-RELATED REACTIONS WITH CPX-351 3



ORCID

Nakhle S. Saba http://orcid.org/0000-0003-3206-2575

Data availability statement

All relevant data are provided within the manuscript and
supporting files.

References

[1] DOXILVR (doxorubicin hydrochloride liposomal injection), for
intravenous use [prescribing information]. Deerfield (IL):
Baxter Healthcare Corporation; 2019.

[2] AmBisomeV
R

(amphotericin B) liposome for injection [prescrib-
ing information]. Northbrook (IL): Astellas Pharma US, Inc.;
2020.

[3] Mayer LD, Harasym TO, Tardi PG, et al. Ratiometric dosing of
anticancer drug combinations: controlling drug ratios after
systemic administration regulates therapeutic activity in
tumor-bearing mice. Mol Cancer Ther. 2006;5(7):1854–1863.

[4] Lim WS, Tardi PG, Dos Santos N, et al. Leukemia-selective
uptake and cytotoxicity of CPX-351, a synergistic fixed-ratio
cytarabine:daunorubicin formulation, in bone marrow xeno-
grafts. Leuk Res. 2010;34(9):1214–1223.

[5] Tardi P, Johnstone S, Harasym N, et al. In vivo maintenance
of synergistic cytarabine:daunorubicin ratios greatly enhances
therapeutic efficacy. Leuk Res. 2009;33(1):129–139.

[6] Kim HP, Gerhard B, Harasym TO, et al. Liposomal encapsula-
tion of a synergistic molar ratio of cytarabine and daunorubi-
cin enhances selective toxicity for acute myeloid leukemia
progenitors as compared to analogous normal hematopoietic
cells. Exp Hematol. 2011;39(7):741–750.

[7] European Medicines Agency: Vyxeos liposomal 44mg/100mg
powder for concentrate for solution for infusion [Internet;
accessed December 9, 2020]. Available from: https://www.
ema.europa.eu/en/medicines/human/EPAR/vyxeos-liposomal.

[8] VYXEOSV
R

(daunorubicin and cytarabine) liposome for injec-
tion, for intravenous use [prescribing information]. Palo Alto
(CA): Jazz Pharmaceuticals, Inc.; 2021.

[9] Lancet JE, Uy GL, Cortes JE, et al. CPX-351 (cytarabine and
daunorubicin) liposome for injection versus conventional
cytarabine plus daunorubicin in older patients with newly
diagnosed secondary acute myeloid leukemia. J Clin Oncol.
2018;36(26):2684–2692.

[10] Lancet JE, Uy GL, Newell LF, et al. Five-year final results of a
phase III study of CPX-351 versus 7þ 3 in older adults with
newly diagnosed high-risk/secondary AML. J Clin Oncol.
2020;38(15_suppl): Abstract 7510.

[11] Szebeni J, Simberg D, Gonz�alez-Fern�andez A, et al. Roadmap
and strategy for overcoming infusion reactions to nanomedi-
cines. Nat Nanotechnol. 2018;13(12):1100–1108.

[12] Mayer LD, Tardi P, Louie AC. CPX-351: a nanoscale liposomal
co-formulation of daunorubicin and cytarabine with unique
biodistribution and tumor cell uptake properties. Int J
Nanomedicine. 2019;14:3819–3830.

[13] Roboz GJ, Larson ML, Rubenstein SE, et al. Final safety and
efficacy results from the CPX-351 early access program for
older patients with high-risk or secondary acute myeloid leu-
kemia. Leuk Lymphoma. 2020;61(5):1188–1194.

[14] Lancet JE, Cortes JE, Hogge DE, et al. Phase 2 trial of CPX-
351, a fixed 5:1 molar ratio of cytarabine/daunorubicin, vs
cytarabine/daunorubicin in older adults with untreated AML.
Blood. 2014;123(21):3239–3246.

[15] Cortes JE, Goldberg SL, Feldman EJ, et al. Phase II, multicen-
ter, randomized trial of CPX-351 (cytarabine:daunorubicin)
liposome injection versus intensive salvage therapy in adults
with first relapse AML. Cancer. 2015;121(2):234–242.

4 M. A. JACOBY ET AL.

https://www.ema.europa.eu/en/medicines/human/EPAR/vyxeos-liposomal
https://www.ema.europa.eu/en/medicines/human/EPAR/vyxeos-liposomal

	Outline placeholder
	Acknowledgments
	Disclosure statement
	Funding
	Orcid
	Data availability statement
	References


