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Abstract

Background: Amphotericin B, doxorubicin, vincristine, cytarabine, and irinotecan are each limited in free solution by chemical
degradation, aggregation, or rapid clearance rather than by their intrinsic pharmacology.

Objective: To synthesize comparative clinical trial outcomes for liposomal encapsulation of drugs with documented degradation
or clearance instability, and the formulation-stability evidence underlying those outcomes.

Methods: Structured narrative synthesis of randomized and controlled trials of liposomal versus conventional formulations for six

agents, alongside pharmaceutical literature on phospholipid hydrolysis and oxidation.

Findings: Liposomal amphotericin B and doxorubicin preserved efficacy while substantially reducing nephrotoxicity and
cardiotoxicity; liposomal vincristine, cytarabine, irinotecan, and CPX-351 achieved efficacy gains from corrected pharmacokinetic

exposure, with benefit dependent on controlling storage-related lipid hydrolysis and oxidation.

Conclusions: Liposomal encapsulation is a validated, clinically consequential correction for degradation- and clearance-prone

agents, with drug-specific benefit that depends on demonstrated manufacturing stability.
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1. Introduction

A substantial fraction of the small-molecule and cytotoxic
agents that dominate modern oncology and antifungal
therapy share a practical liability that has nothing to do
with their pharmacology: they are chemically or physically
unstable in aqueous solution, prone to hydrolysis,
oxidation, aggregation, or rapid systemic clearance once
infused free into plasma. Conventional amphotericin B
deoxycholate aggregates in a form that drives severe
infusion-related and renal toxicity; free doxorubicin
distributes rapidly out of plasma and accumulates in the
myocardium; vincristine sulfate in free solution is cleared
within minutes and cannot sustain the prolonged
tumor-cell exposure its mechanism of action requires
(1,2,3].
specifically to address this class of problem: enclosing a

Liposomal encapsulation was developed
labile or rapidly cleared drug in a phospholipid bilayer

vesicle changes its degradation kinetics, its
biodistribution, and its exposure profile without altering

the parent molecule itself [4,5].

The first liposomal formulations to reach the clinic,
non-PEGylated liposomal amphotericin B and later
PEGylated ("stealth")
demonstrated that encapsulation could simultaneously

liposomal doxorubicin,
reduce a dose-limiting toxicity and, in some settings,
improve efficacy by prolonging circulation time and
[6)7].

approvals, the platform has been extended to a widening

altering tissue distribution Since those early
set of agents chosen specifically because their free form is
degradation-prone, poorly tolerated, or too rapidly
cleared to be clinically useful: liposomal vincristine
(Margibo), liposomal cytarabine (DepoCyt), liposomal
irinotecan (Onivyde), and the combination liposome
CPX-351 (cytarabine and daunorubicin) among them
[3,8,9,10]. Each of these products was built around the
that

pharmacokinetic instability limiting the free drug can be

same underlying premise: the chemical or
engineered around by the carrier rather than by modifying
the drug itself.

Archives of Pharmaceutical Sciences

02
O © 2026 Somato Publications. All rights reserved.

This article synthesizes the published clinical-outcomes
literature for encapsulated formulations of agents with
documented degradation or stability liabilities in their free
form, asking three linked questions. First, what
physicochemical and pharmacokinetic evidence supports
encapsulation as a stability-correcting strategy for these
specific agents. Second, what clinical trial and cohort data
describe efficacy and toxicity outcomes for the liposomal
form relative to the conventional formulation. Third, what
unresolved formulation-stability issues — principally
storage-related lipid hydrolysis and drug leakage — still
bear on how these products are handled and interpreted

in practice [11,12,13].

2. Methods

We synthesized the published clinical and pharmaceutical
literature on liposomal encapsulation of drugs with
documented degradation, aggregation, or rapid-clearance
instability in their conventional formulation, restricting
the review to agents for which at least one randomized or
controlled comparative clinical trial against the free-drug
formulation has been published. Search terms combined

the generic and liposomal product names (amphotericin

B/AmBisome, doxorubicin/Doxil/Myocet/ CAELYX,
vincristine/Marqibo, cytarabine/DepoCyt,
irinotecan/Onivyde, cytarabine-daunorubicin/CPX-351)

with "liposomal," "clinical trial," "pharmacokinetics," and
"stability." Pharmaceutical-science sources describing the
chemical basis of phospholipid hydrolysis and oxidative
degradation during storage were included to ground the
clinical findings in the underlying stability rationale for
encapsulation [14,13]. For each agent we extracted, where
reported, the comparative efficacy endpoint (response
rate, progression-free or overall survival), the comparative
toxicity profile (principally cardiotoxicity, nephrotoxicity,
infusion reactions, and neurotoxicity), and any
pharmacokinetic parameters bearing on plasma exposure
or half-life. the differ

substantially in disease setting, comparator regimen, and

Because underlying trials

endpoint definition, results are reported narratively and in
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summary tables rather than pooled in a formal
meta-analysis; the objective is a structured synthesis of
comparative outcomes for degradation-prone agents once
carried in a liposomal formulation, not a new primary

trial.

3. Results

For liposomal B, a randomized

double-blind trial in persistently febrile neutropenic

amphotericin

patients found equivalent efficacy to conventional
amphotericin B deoxycholate with significantly fewer
infusion-related reactions and less nephrotoxicity,
establishing the toxicity-reduction case for encapsulation
in this class most directly [15]. A comparative trial against
amphotericin B lipid complex similarly favored the
liposomal formulation on safety endpoints [16], and the
AmBiload trial extended the evidence base to invasive
mold infection, where a higher-loading-dose liposomal
regimen was evaluated against standard dosing without a
corresponding increase in the toxicity that limits the free

drug [17].

For pegylated liposomal doxorubicin, the pivotal phase III

comparison against conventional doxorubicin in

metastatic breast cancer  found comparable

progression-free survival with a markedly lower incidence
in the

attributable to altered myocardial distribution once the

of cardiotoxicity liposomal arm, directly
drug is carried in a long-circulating vesicle rather than free
in plasma [18]. Non-pegylated liposomal doxorubicin
(Myocet) combined with cyclophosphamide produced
comparable response rates to free doxorubicin and
cyclophosphamide with significantly reduced -cardiac
events in a randomized multicenter trial [19], and a
separate randomized comparison of liposomal against
conventional doxorubicin as first-line therapy for
metastatic breast carcinoma reported a similar pattern of
preserved efficacy with a more favorable cardiac and
hematologic toxicity profile [20]. A phase II study of

pegylated liposomal doxorubicin in advanced breast

[

©

cancer reported durable responses consistent with the

pharmacokinetic advantage of prolonged circulation

documented for the platform [21,22].

Table 1: Comparative efficacy and dominant toxicity signal for
liposomal versus conventional formulations across six agents with

documented free-form degradation or clearance instability

[15,18,3,8,25,10].

Agent Free-drug Comparative Dominant

(liposomal instability efficacy toxicity change

product)

Amphotericin | Aggregation in | Equivalent to Fewer infusion

B (AmBisome) |aqueous deoxycholate reactions, less
solution form nephrotoxicity

Doxorubicin (| Rapid plasma | Comparable Markedly

Doxil/CAELYX | clearance, progression-free |reduced

) myocardial survival cardiotoxicity
uptake

Vincristine Cleared from | Response No increase in

(Margibo) plasma within | achievable at peripheral
minutes doses free drug neuropathy

cannot sustain

Cytarabine Short CSF Higher response | Tolerable at susta

(DepoCyt) half-life after | rate, fewer ined-exposure
intrathecal lumbar doses
dosing punctures

Irinotecan Rapid systemic | Significant Manageable

(Onivyde) clearance of overall survival gastrointestinal
active benefit toxicity
metabolite (NAPOLI-1)

Cytarabine-da | Unequal Significant Toxicity

unorubicin plasma overall survival consistent with

(CPX-351) clearance of co | benefit vs 7+3 component
-administered agents
free drugs
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Figure 1: Relative reduction in the dominant dose-limiting toxicity

reported for the liposomal formulation versus its conventional
comparator across four randomized comparative trials [15,18,19,17].
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that limits sustained

tumor-cell exposure; encapsulation extended the terminal

pharmacokinetic instability
half-life several-fold and improved pharmacodynamic
exposure without increasing peripheral neuropathy
incidence, and a phase II trial in adults with relapsed or
refractory  Philadelphia-chromosome-negative  acute
lymphoblastic leukemia reported a single-agent complete
response rate that would not be achievable with free

vincristine at tolerable doses [3,23].

Liposomal cytarabine (DepoCyt), formulated as a
slow-release depot for intrathecal administration, was
compared against conventional intrathecal cytarabine in a
randomized trial for lymphomatous meningitis and
achieved a significantly higher response rate with fewer
lumbar punctures required, an outcome that depends
specifically on the liposomal formulation sustaining
cytotoxic cerebrospinal fluid concentrations for weeks
rather than hours [8]. A phase I trial in pediatric neoplastic
meningitis confirmed a tolerable toxicity profile at doses
producing sustained cerebrospinal fluid drug levels

consistent with the depot mechanism [24].

Liposomal irinotecan (nal-IRI, Onivyde), combined with
fluorouracil and folinic acid, was evaluated in the
NAPOLI-1 trial in metastatic pancreatic cancer previously
treated with gemcitabine-based therapy and produced a
significant overall survival benefit over fluorouracil and
folinic acid alone, an efficacy gain attributed to prolonged
systemic exposure to active drug after liposomal
encapsulation relative to unencapsulated irinotecan
[25,9]. CPX-351, a liposome co-encapsulating cytarabine
and daunorubicin at a fixed synergistic molar ratio, was
compared against standard 7+3 induction chemotherapy
in older patients with newly diagnosed high-risk or
secondary acute myeloid leukemia and produced
significantly longer overall survival, an effect the trial
investigators attributed specifically to the liposome
maintaining the synergistic drug ratio in vivo, something

unencapsulated co-administration of the same two drugs
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cannot reliably sustain because the two agents have

different plasma clearance rates when given free [10].

Table 1 summarizes the comparative efficacy and toxicity
signal for each agent across its pivotal comparative trial,
and Figure 1 displays the relative reduction in the
toxicity

against  its

dominant dose-limiting reported for the

liposomal formulation conventional
comparator across four of these programs. Table 2
summarizes the storage-related physicochemical stability
issues — principally phospholipid hydrolysis and
oxidative degradation — that determine shelf life and
handling requirements for these products once
manufactured, drawn from the pharmaceutical stability
literature [11,12,13,14]. Figure 2 shows the reported
overall survival or response-rate gain for the four agents
with a randomized comparative efficacy endpoint against
the conventional formulation, illustrating that the clinical

benefit is not confined to toxicity reduction alone.

4. Discussion

The comparative clinical trial literature synthesized here
supports two distinct, and only partially overlapping,
clinical justifications for liposomal encapsulation of
The first,
illustrated most clearly by liposomal amphotericin B and

degradation- or clearance-prone agents.
pegylated liposomal doxorubicin, is toxicity mitigation at

preserved efficacy: encapsulation changes tissue

distribution enough to spare the kidney or the

myocardium without giving up antimicrobial or
antitumor activity [15,18,6]. The second, illustrated by
liposomal vincristine, liposomal cytarabine, liposomal
irinotecan, and CPX-351, is efficacy enhancement through
pharmacokinetic correction: the free drug is too rapidly
cleared, too rapidly metabolized, or too poorly retained at
the target site to sustain the exposure its mechanism
requires, and the liposome directly repairs that deficiency
rather than merely reducing a side effect [3,8,25,10]. Both
justifications trace back to the same underlying physical

chemistry: a bilayer vesicle changes a drug's apparent
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volume of distribution, its clearance route, and, for
co-formulated combinations such as CPX-351, the ratio in
which two agents are presented to a tumor cell over time
[22,26].

Table 2: Storage-related physicochemical degradation pathways that

determine liposomal formulation shelf life and handling requirements
[11,12,13,14].

Degradation pathway | Mechanism Formulation
mitigation
Phospholipid ester Cleavage of Saturated lipids,
hydrolysis glycerol-acyl ester controlled pH,
bonds in aqueous lyophilization
storage
Acyl chain oxidation Peroxidation of Antioxidants,

unsaturated fatty acid | inert-gas headspace,

chains cold storage

Vesicle Loss of colloidal Cholesterol content,

aggregation/fusion stability over time PEGylation, size

control

Premature drug leakage | Bilayer permeability | Optimized
changes before drug-to-lipid ratio,
administration remote loading

gradients
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Figure 2: Reported overall survival or response-rate gain for four

liposomal formulations against their conventional comparator in
randomized comparative trials [3,8,25,10].

These clinical gains depend on a formulation-stability
foundation that is easy to overlook once a product reaches
the clinic. Liposomal bilayers are themselves susceptible
to chemical degradation during storage, principally
through hydrolysis of the ester bonds linking the glycerol
backbone to the fatty acyl chains of the constituent
phospholipids, and through oxidation of unsaturated acyl
chains, both of which can compromise bilayer integrity
and permit premature drug leakage before the vesicle ever

reaches a patient [11,13,14]. Formulation choices — lipid

3

saturation, cholesterol content, ionic strength, and
PEGylation — were optimized specifically to slow this
degradation and extend shelf life to clinically practical
and the

literature on Doxil and CAELYX documents how closely

durations, pharmaceutical-development
large-scale manufacturing stability testing tracked the
clinical development program rather than following it
[27,28,12]. In other words, the clinical outcomes reported
here are only realized because the upstream
physical-stability problem was solved well enough that
the encapsulated drug reaches the patient with its payload
intact; a liposome that leaks its contents in the vial
behaves, clinically, like the free drug it was designed to

replace [1,29].

Several limitations temper how far these comparative
results generalize. The pivotal trials synthesized here span
different diseases, comparator regimens, and endpoints,
so the summary in Table 1 and Figure 2 should be read as
a qualitative pattern across independently conducted
programs rather than a pooled effect estimate. Toxicity
reduction and efficacy gain are not always separable in a
given trial, since reduced cardiotoxicity, for example, can
itself permit more cumulative dosing and thereby
contribute to an apparent efficacy difference [18,19]. Not
every degradation-prone drug benefits equally from
encapsulation, and the broader pharmaceutical literature
cautions that liposomal reformulation is not a universal
fix: manufacturing complexity, cost, and the specific
physicochemical mismatch between a given drug and the
bilayer carrier all determine whether encapsulation
actually corrects the underlying instability or merely adds
a costly extra processing step without changing clinical
outcomes [30,31,32,33].

5. Conclusion

Across amphotericin B, doxorubicin, vincristine,
cytarabine, irinotecan, and the cytarabine-daunorubicin
combination CPX-351, liposomal encapsulation of agents

with documented degradation or clearance instability in
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their conventional formulation has translated, in
randomized and controlled comparative trials, into
measurable clinical gains — reduced nephrotoxicity and
infusion reactions for amphotericin B, reduced
cardiotoxicity at preserved efficacy for doxorubicin, and
improved efficacy through corrected pharmacokinetic
exposure for vincristine, cytarabine, irinotecan, and
CPX-351 [15,18,3,8,25,10]. These outcomes rest on a
formulation-stability = foundation @ —  control  of
phospholipid hydrolysis and oxidative degradation during
manufacture and storage — that is rarely visible in the
clinical literature but is a precondition for every trial result
summarized here [11,13,34]. For drugs whose principal
clinical limitation is chemical or pharmacokinetic
instability in free solution, the accumulated evidence
supports liposomal encapsulation as a validated, clinically
consequential correction rather than a formulation
that its

drug-specific and depends on manufacturing stability

curiosity, while underscoring benefit is
control that must be demonstrated for each new
candidate rather than assumed from the platform's earlier

successes [35,36].
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