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Abstract The tumor microenvironment (TME) creates a complex biochemical and physical
barrier affecting the penetration of chemotherapeutic agents into the tumor. Nano-
therapy, which allows targeted drug delivery, has generated considerable interest in
recent times to overcome the limitations of conventional chemotherapeutics and
target the TME. The therapeutic efficacy of nanoformulations is significantly influenced
by the particle size. Paclitaxel (PTX) is one of the most effective chemotherapeutic
drugs for solid tumors, but its major limitation is its low water solubility. Its organic
solvent formulation (Taxol) is known to cause severe toxicity. Therefore, various PTX
nanoformulations have been developed using carriers, such as albumin, liposomes, and
polymeric micelles. Each carrier has specific characteristics that offer some advantages
and also lead to some limitations. There is scarce literature on the comparative profiles
of the various types of PTX nanoformulations. Polymeric micelles that are smaller than
100 nm have acquired considerable attention due to their unique structure and high-
loading capacity. Currently, there is only one approved and marketed formulation of
polymeric micellar PTX (Genexol-PM). Over the years since preclinical evaluation, 22
studies on Genexol-PM in various solid tumors have been published, making it the most
widely studied polymeric micellar PTX, demonstrating its safety, efficacy, and higher
maximum tolerated dose compared to the conventional formulations. However, many
of these were phase 2 trials, and studies on the available liposomal PTX formulations
are scarce. There is a need for more PTX nanoformulations with different carriers, and
more phase 3 and phase 4 studies on the available PTX nanoformulations. Moreover,
head-to-head studies comparing the outcomes of various PTX nanoformulations are
necessary to help clinicians make an informed decision when choosing nano PTX for
their patients.
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Introduction

The tumor microenvironment (TME) includes immune cells,
endothelial and inflammatory cells, fibroblasts, and lympho-
cytes, along with extracellular matrix (ECM), stroma, and
vasculature.1 Besides promoting the growth of tumor cells,
tumor invasion, and metastasis, the TME also influences
therapeutic efficacy and drug tolerance.2,3 It creates a com-
plex biochemical and physical barrier, limiting the conven-
tional chemotherapeutic agents from entering the tumor.2

The barrier can also aggravate drug resistance by protecting
pro-proliferation factors in the TME and tumor mass.1,4

In addition to drug resistance TME also causes nonspecific
distribution of chemotherapeutic drugs in normal tissues.2

Nanotherapy has generated considerable interest in recent
times to overcome the limitations of conventional chemo-
therapeutics and target the TME.5,6 Nanoparticles allow
targeted drug delivery and release in the TME.7–9 They
modulatemajor TME components and increase the retention
time of drugs in the tumor. Hence, they can be used as passive
drug delivery platforms. Furthermore, they can be actively
targeted to tumor tissues by altering their structure and
conjugating them to specific ligands.10,11 By adapting the
size and shape of nanocarriers, their permeability in tumor
tissues can be improved.2

The differential deposition of nanoparticles in tumor
tissues leads to a higher concentration of the drug in the
tumor than in the plasma or other organs.12 Nanoparticles
can also solubilize hydrophobic drugs and have better phar-
macokinetics and biocompatibility. With controlled drug
release in response to external stimuli and the ability to
reach specific targets, the overall efficacy is considerably
improved.13 Nanocarriers directly reach the targeted area
through the bloodstream. Solid tumors have a leaky vascu-
lature structure and poor lymphatic drainage. With their
small size, nanocarriers can escape from the leaky vascula-
ture overlying the tumor and accumulate preferentially in
the tumor tissue. The blocked lymphatics retain the nano-
particles within the tumor.14 This enhanced permeability
and retention (EPR) effect improves drug accumulation
inside the tumor. On accumulation, the nanoparticles induce
DNA damage through the overproduction of reactive oxygen
species (ROS). This may finally lead to apoptosis and the
death of tumor cells.12 However, the lymphatic drainage of
nanoparticles and their therapeutic efficacy are significantly
influenced by the particle size. Large particles can get
entrapped in the ECM, preventing them from further pene-
tration. In contrast, small particles precipitously diffuse out
of lymph nodes and have a limited effect on immune
responses.3,15–17 Nanoparticles with a size of 20 to 50nm
can penetrate the ECM more easily than larger particles and
are better suited towithstand high interstitial pressure.18–20

Paclitaxel (PTX) is one of the most effective chemothera-
peutic drugs and is usually used for solid tumors such as lung
cancer, ovarian cancer, breast cancer, and others.21–24 It is a
mitotic inhibitor and has a high therapeutic efficacy against
several solid tumors.25 However, its major limitation is its
low water solubility. Hence, it was formulated in organic

solvents such as Cremophor EL (CrEL) and dehydrated etha-
nol (50/50, v/v) under the trademark “Taxol.”21 However,
CrEL has significant dose-limiting neurotoxic adverse effects
and hypersensitivity.25 Moreover, CrEL modifies the phar-
macokinetic profile of PTX in vivo to unpredictable nonlinear
plasma pharmacokinetics.25–27 Therefore, alternative PTX
nanoformulations have been developed to minimize or over-
come these limitations.14

While several types of non–albumin-based nanoformu-
lations of PTX are available, there is scarce literature on the
comparative benefits and disadvantages of the different
types. Although there are no head-to-head studies compar-
ing the various PTX nanoformulations, this article aims to
provide a comparative narrative for the benefit of clinicians.
We discuss the key physical features of each type of nano-
formulation, the benefits and drawbacks of each, and the
currently marketed and approved PTX nanoformulations.
Since polymeric micelles are the smallest nanoparticles,
this article discusses polymeric micellar PTX in more detail.

Types of Nanoformulations

Nanoformulations can be prepared using various nanoplat-
forms, such as solid lipid nanoparticles, liposomes, nano-
emulsions, polymer–drug conjugates, polymeric micelles,
gold nanoparticles, carbon nanotubes, protein nanoparticles,
metal-organic frameworks, and covalent organic frame-
works.28–31 Each platform has specific characteristics that
make it advantageous for some types of uses, while creating
limitations for others.12Different factors, such as physical and
biological stability, manufacturing method, scale-up possibil-
ity, freeze-drying conditions, and sterilization requirements,
can influence the effectiveness of nanomedicine in drug
delivery. The biocompatibility, biodegradability, and non-
immunogenicity of nanoformulations play important roles
in effective therapeutic delivery, better bioavailability, and
reduced adverse effects.29,32,33 Nanoparticles smaller than
100nm but larger than 10nm are optimal for tumor pene-
tration.34 However, the biggest challenge in the development
of nanoparticle therapeutics is long-term stability. Nanopar-
ticles often exhibit physical and chemical instability. Lyophi-
lization, also known as freeze-drying, has been explored as a
key solution for increasing stability. Lyophilization also
increases the shelf life, ensuring safer storage and transpor-
tation of drug-loaded nanoparticles.35–37

Lipids and polymers (polymeric micelles) are the most
commonly used materials for preparing biocompatible and
biodegradable nanoparticles.32 Liposome-based lipid nano-
particles do not provide control over the time of drug release,
and, in most cases, do not achieve effective intracellular
delivery of the drug molecules. Thus, their potential to be
useful against multidrug-resistant cancers is limited.34 Since
they have to be made manually, they can be difficult to
synthesize. Themanual loading of liposomes is also difficult;
hence, they are not as readily available as other systems of
drug delivery. Another challenge is the size of liposomes,
which is usually more than 100 nm. Moreover, while lip-
osomes have been relatively nontoxic, anticancer liposomes
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containing cytotoxic agents have shown indirect signs of
macrophage destruction.38,39

Solid lipid nanoparticles can incorporate both hydropho-
bic and hydrophilic drugs, and the particle size ranges from
70 to 300nm, depending on the specific formulation.40 They
can provide improved drug stability (through the use of co-
emulsifiers and co-surfactants), enhanced drug delivery,
better drug absorption, and biocompatibility. Other advan-
tages over conventional drug delivery systems include
biocompatibility and biodegradability, versatile route of
administration, enhanced stability, and low toxicity.40

They can also be administered through various routes and
allow controlled drug release.41 Despite these advantages,
there are major barriers to their successful clinical use.
During the manufacturing process, solid lipid nanoparticles
can undergo polymorphic changes within the lipid matrices,
leading to drug expulsion and loss of therapeutic efficacy.40

Another concern is surfactant-related toxicity and unre-
solved long-term safety risks.40

Polymeric Micelles as Nanoparticles
A polymeric micelle usually contains hundreds of block
copolymers and has a diameter of 20 to 50nm. It has two
spherical concentric regions—a densely packed core consist-
ing of hydrophobic blocks and a hydrophilic shell consisting
of a dense brush of poly(ethylene oxide) (►Fig. 1). Hydro-
phobic drugs can be physically integrated within the core of
the polymeric micelle.42,43 Polymeric micelles have acquired
considerable attention due to their unique structure and
high-loading capacity.25 Since they are smaller than 100nm,
they accumulate more easily in tumors compared to the
liposomes.34 The small size also enables extravasation from
blood vessels into the tumor tissue.43 Furthermore, the small

size allows them to escape clearance in the liver and kidneys.
They can evade the mononuclear phagocytic system in the
liver, and their optimal size also precludes them from renal
clearance. Thus, they remain in circulation in the blood-
stream for a long time.13

The hydrophilic compartment for the copolymer is poly
(ethylene glycol) (PEG). PEG is hydrophilic, nonionic, bio-
compatible, inert to many organic compounds, has low
toxicity, and protects the drugs from enzymatic degrada-
tion.13,43 Thehydrophilic shell of themicelle prevents a quick
uptake by the reticuloendothelial system (RES), thereby
prolonging the circulation time in the body.43 Various poly-
mers such as poly(propylene glycol) (PPG), poly(caprolac-
tone) (PCL), poly(L-lactide) (PLA), poly(propylene oxide)
(PPO), poly(D,L-lactic acid) (PDLLA), poly(L-aspartate), and
poloxamers have been used as hydrophobic compart-
ments.13,43 The type and molecular weight of the hydropho-
bic block define the stability of polymeric micelles. The
hydrophobic block should have a high drug-loading capacity
and good compatibility of the core with the incorporated
drug.43

Currently Approved andMarketed Nano PTX
Formulations

Nanoparticle human-albumin-bound PTX (Abraxane) was
the first nanoformulation developed to address the toxicity
caused by CrEL-based PTX formulations. Abraxane is a
nanoparticle colloidal suspension, formed by homogenizing
PTX with human serum albumin under high pressure.44 The
albumin-PTX particle is approximately 130nm in diame-
ter.45 Compared to Taxol, Abraxane has advantages, such as
lower infusion volume and a shorter time required for
administration (30–40minutes), no need for premedication,
and no need for special infusion sets (bag, tubing, and in-line
filters).14 However, it has been associated with a significant
decrease in white blood cells, red blood cells, and allergic
reactions.46 There are other challenges associatedwith albu-
min-bound nanoparticles. Albumin can react with blood
protein, leading to a decrease in the number of nanoparticles
entering the tumor tissue. Moreover, albumin is not ade-
quately stable due to its structural properties amid the
complex body milieu containing various enzymes and pro-
teins.47 Hence, nanoformulations using other carriers have
been developed.

Other than albumin, PTX has been formulated in various
nanodelivery systems, such as liposomes, polymeric
micelles, and polymeric conjugates.14 The aqueous solubility
of PTX is considerably increased when it is conjugated with
water-soluble polymers. These polymers are small in size,
which facilitates the preferential delivery of PTX into the
tumor site due to the EPR effect, as explained earlier. In
healthy tissues, they remain undetected by RES, thereby
reducing the side effects of the drug. Hence, higher maxi-
mum tolerated doses (MTDs) are realized.21

The currently marketed formulations of nano PTX are
shown in ►Table 1. Of these, Abraxane and Genexol PM are
lyophilized products approved for storage at 25°C�2°C,

Fig. 1 Basic principles and structural fundamentals of a polymeric
micelle.
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while Nanoxel is a liquid formulation approved for storage at
2 to 8°C.48 Lyophilization details of other formulations are
not available. Some formulations require dextrose for ad-
ministration (Bevetex, Nanoxel), which canmake it challeng-
ing to use them for patients with diabetes. Some others
require special filters (Pazenir, Nanoxel) or special IV sets
(Nanoxel).

GENEXOL-PM—The First Polymeric Micellar
PTX

Genexol-PM is prepared using the di-block co-polymer
(mPEG-PDLLA), where PEG forms the hydrophilic shell and
PDLLA forms the hydrophobic core (►Fig. 2).

PEG is popular in polymer-based drug delivery systems, as
it is soluble in water and has a low intrinsic toxicity. The
hydrophilicity of PEG improves the solubility of hydrophobic
medicines or carriers in water. It improves the stability of
drugs and reduces or prevents drug aggregation in vivo and
in storage.49 Among polyesters (such as poly(L,D-lactide),
PLA), PLA is favored because it is biodegradable by hydrolysis
and enzymatic activity, and has a low immunogenicity. The
US Food and Drug Administration (FDA) has authorized
various formulations incorporating PLA.49 The mPEG-PDLLA
micelles first interact with cell membranes, followed by the
release of loaded PTX, which is internalized into the cells by
endocytosis. Thus, PEG-PLA micelles can overcome multiple
drug resistance.21,50

In preclinical evaluation of Genexol-PM, the biodistribu-
tion of PTX showed two to three times higher levels in
tissues, including liver, spleen, kidneys, lungs, heart, and
tumor, as compared to Taxol. The in vivo antitumor efficacy
of this polymeric micellar PTX was significantly higher than
that of Taxol.42 It has the highestMTD compared to anyof the
other formulations. It also demonstrated bioequivalence to
Abraxane in the first eight patients enrolled in the USFDA-
registered TRIBECA clinical trial.45 It is currently approved
for the treatment of non-small cell lung cancer (NSCLC) and
ovarian cancer in Korea and for metastatic breast cancer in
Korea, India, Vietnam, the Philippines, and Indonesia14 and is
in development for metastatic breast cancer and NSCLC in
the United States and Singapore.14,50 Over the years since
preclinical evaluation, 22 studies on Genexol-PM have been
published, making it the most widely studied polymeric
micellar PTX.

Clinical Studies on the Safety and Efficacy of Polymeric
Micellar PTX
The first phase 1 study was conducted in 2004 to determine
the MTD, dose-limiting toxicities, and pharmacokinetic
profile of Genexol-PM in 21 patients with advanced, solid
malignancies, refractory to conventional treatment or with
no effective therapy for their condition. A total of 81 cycles
of Genexol-PM were administered with a median of 3.9
cycles per patient. The drug was safely administered in the
outpatient setting over 3 hours without prophylactic medi-
cation and in-line filtration. It was nontoxic at dosages up to
300mg/m2. At the MTD of 390mg/m2, various drug-limiting
toxicities (DLTs), including neuropathy, myalgia, and neu-
tropenia, were observed. Grades 3 to 4 neutropenia oc-
curred between doses of 230 and 390mg/m2, but these
were of short lasting and normalized before the next
cycle.51 Subsequently, it was evaluated for in vitro cytotox-
icity and in vivo antitumor activity in pancreatic tumors. It
was superior to gemcitabine and Taxol at equivalent clinical
doses in two human pancreatic tumor xenograft models
(MIA PaCa-2 and PANC-1) without drug toxicity. It also
showed considerably better tumor inhibitory activity com-
pared to gemcitabine or Taxol.52 Since these early studies,
Genexol-PM has been investigated in patients with various
solid tumors such as breast, lung, pancreatic, urothelial,
gynecological, thymic, head-face-neck, and biliary cancers.
Among these, phase 3 and 4 studies have been conducted in
breast cancer.

►Table 2 shows the studies with polymeric micellar PTX
in breast cancer. Doses of 260 to 300mg/m2 every 3 weeks
were tolerated well, with neuropathy and neutropenia being
the most common adverse effects. The objective response
rate ranged from 39 to 67%, with progression-free survival
(PFS) of 7 to 9 months.

►Table 3 shows the studies conducted with polymeric
micellar PTX in gynecological cancers. The studies showed
that doses up to 260mg/m2 were well tolerated, but there
was a possibility of DLTs at 300mg/m2 every 3 weeks. The
main adverse events continued to be neuropathy and neu-
tropenia, but were not dose-limiting. In the phase 2 study,
the overall response ratewas 88.0%53with a 260mg/m2 dose
every 3 weeks in patients with epithelial ovarian cancer. In
patientswith stage III to IV high-grade serous ovarian cancer,
the median PFS was 35.5 months with a dose of 280mg/m2

every 3 weeks.54

Fig. 2 Structure of Genexol-PM.
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Table 2 Studies of polymeric micellar PTX in metastatic breast cancer

Study type and year Patients Regimen(s) Outcomes Adverse effects

Phase 2,61 2008 41 with
histologically
confirmed
metastatic
breast cancer

Genexol-PM
300mg/m2 every 3
wk

Overall response rate was
58.5% (with 5 complete
responses and 19 partial
responses). Thirty-seven
patients who received Genexol-
PM as a first-line therapy
showed a response rate of
59.5%. Median time to
progression: 9 mo

Grade 3 non-hematologic
toxicities, including sensory
peripheral neuropathy (51.2%)

Phase 2,62 2016 30 patients
with advanced
HER-2-negative
breast cancer

Genexol-PM
260mg/m2 and
doxorubicin
50mg/m2; 3-wk
interval cycle. Six to
nine cycles of
combination
chemotherapy

Objective response rate 67%;
disease control rate 87%,
median duration of response
5.5 mo, median PFS was 7.4
mo, OS 38.7 mo

Most common Grade 3/4
toxicities were neutropenia
(43%) and neutropenic fever
(27%)

Phase 3,63 2017 212 patients
with recurrent
or metastatic
HER2-negative
breast cancer

Genexol-PM
260mg/m2 or
Genexol 175mg/m2

IV every 3 wk

Mean received dose intensity
of Genexol-PM was
246.8� 21.3mg/m2

Median follow-up 24.5 mo
Objective response rate of
Genexol-PM 39.1%; partial
response 39.1%, stable disease
43.8%, progressive disease
6.7%, OS 28.8 mo; PFS 8.0 mo

The most common toxicity
was neutropenia (68.6%)

Phase 4,64 2014 148 patients
with locally
recurrent or
metastatic
breast cancer

Partial response 24.32%, stable
disease 35.81%, progressive
disease 39.1%. Efficacy was
42.47% in patients who
received six or more cycles.
26.67% without concomitant
chemotherapy had partial
responses

11.29% of patients reported a
total of 34 serious adverse
events; the most frequent
were neutropenia (1.61%),
febrile neutropenia (1.61%),
headache (1.61%), vomiting
(1.08%), fever (1.08%),
dyspnea (1.08%), and
tachycardia (1.08%)

Abbreviations: HER2, human epidermal growth factor receptor 2; OS, overall survival; PFS, progression-free survival.

Table 3 Studies of polymeric micellar PTX in gynecological cancers

Study type
and year

Patients Regimen(s) Outcomes Adverse effects

Phase 1,65

2016
18 patients with
advanced
epithelial ovarian
cancer and
measurable
residual disease
after debulking
surgery

Different doses of
Genexol-PM (220, 260,
and 300mg/m2, once
every 3 wk) and 5 area
under the curve (AUC)
carboplatin

The best overall response rate was
94.1%; complete response was
reported in 6 patients and partial
response in 11 patients. One
patient had progressive disease.

DLTs not reported at
220mg/m2 or 260mg/m2,
but at 300mg/m2, 1 patient
experienced DLT (grade 3
general pain).
Neutropenia and
neuromuscular toxicity; 22.2%
incidence of grade 3/4
neutropenia. Most common
non-hematologic toxicity was
peripheral neuropathy (17.6%)

Phase 2,53

2017
98 patients with
International
Federation of
Gynecology and
Obstetrics stage
IC-IV epithelial
ovarian cancer

Genexol-PM 260mg/m2

(n¼ 50) or Genexol
175mg/m2 (n¼ 48)
with 5 area under the
curve carboplatin every
3 weeks (6 cycles)

Median follow-up 18.0 months.
Overall response rate 88.0% with
Genexol-PM, and 77.1% with
Genexol. Median time to
progressionwas 14.8monthswith
Genexol-PM and 15.4 months with
Genexol. Tumor progression was
seen in 20 (40%) patients in the
Genexol-PM group, and 18 (37.5%)
patients in the Genexol group

Neutropenia was the most
common toxicity (86.0% vs.
77.1%, p¼ 0.120; Genexol-PM
vs Genexol). Peripheral
neuropathy incidences were
84.0% versus 64.6% (p¼ 0.148;
Genexol-PM vs Genexol)
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Table 3 (Continued)

Study type
and year

Patients Regimen(s) Outcomes Adverse effects

Phase 1,66

2023
18 patients with
gynecologic
cancer (ovary
and fallopian
tube in 15 cases
and
endometrium in
3 cases); 11
patients were
newly diagnosed
and 7 were
recurrent cases

Cohort 1 received
100mg/m2 weekly
Genexol-PM and 5 area
under the curve (AUC)
carboplatin, Cohort 2
received 120mg/m2

weekly Genexol-PM and
5 AUC carboplatin, and
Cohort 3 120mg/m2

weekly Genexol-PM and
6 AUC carboplatin

Median duration of follow-up was
60.5months. The overall response
rate of weekly Genexol-PM in
combination with carboplatin was
72.2%. Median PFS and OS were
not reached

1 patient discontinued the
treatmentdue toDLT. 97.3%of
adverse events were resolved
without sequelae.
Neutropenia was the most
common hematological
adverse event, and grade 3/4
neutropenia was observed in
all patients

Prospective
cohort study
with historical
controls,54

2024

128 patients
with stage III–IV
high-grade
serous ovarian
cancer who
underwent
upfront surgery

Cohort 1 (n¼ 49)
Genexol-PM
(280mg/m2) and
carboplatin at an area
under the curve (AUC)
of 5 every 3 wk.
Historical controls:
cohort 2 (n¼ 53) PTX
(175mg/m2) and
carboplatin (AUC 5),
cohort 3 (n¼ 26) PTX
(175mg/m2),
carboplatin (AUC 5) and
bevacizumab
(15mg/kg

Cohort 1 showed better PFS than
cohort 2 (median, 35.5 vs. 28.1
mo; p<0.01), no difference
between cohorts 1 and3 (median,
35.5 vs. 24.9 mo; p¼0.17). OS
was not different between the
three cohorts. Stage III disease
was a favorable factor for PFS

Abbreviations: DLT, drug-limiting toxicity; OS, overall survival; PFS, progression-free survival; PTX, paclitaxel.

Table 4 Studies of polymeric micellar PTX in pancreatic and lung cancers

Study type and
year

Patients Regimen(s) Outcomes Adverse effects

Multicenter,
open-label Phase
II; 201067

56 patients with locally
advanced or metastatic
pancreatic cancer,
ECOG performance
status � 2, no prior
chemotherapy, and
adequate organ
function

Initial patients
were treated
with 435mg/m2

(n¼ 11). The
dose was
reduced for
subsequent
patients to 350
or 300mg/m2

(n¼ 45)

Median time to tumor
progression for patients
treated with 300 or
350mg/m2 doses was 3.2 mo.
Median PFS was 2.8 mo.
Median OS was 6.5 mo. There
was 1 complete remission and
2 partial remissions with an
overall response rate of 6.7%.
Disease control rate
(CRþ PRþ stable disease) was
60.0%

Most common grade 3
toxicities were: neutropenia
(40.0%), fatigue (17.8%),
infection, dehydration,
neuropathy (each
13.3%), and abdominal pain
(11.1%)

Multicenter,
phase 2 study;
202368

32patients,median age
65 years, recurrent and
metastatic
adenocarcinoma of the
pancreas

GENEXOL-PM
(125mg/m2)
and gemcitabine
(1,000mg/m2)
IV on days 1, 8,
and 15 every
4 wk

Overall response rate was
19.2%; clinical benefit rate
(partial responseþ stable
disease) was 34.6%; median
PFS and OS were 8 and 22mo,
respectively. Median number
of cycles administered was 5.0
(range¼ 1–21)

Most common grade 3 or
higher hematological toxicities
were: neutropenia in 29.0% of
patients, neutrophil count
decrease (16.1%), and anemia
(16.1%). The most common
grade 3/4 non-hematological
toxicities were generalized
muscle weakness (11.5%),
pneumonitis (11.5%), and liver
abscess (4.3%)

Multicenter
phase II trial;
200769

69 Patients with
advanced NSCLC

Genexol-PM
230mg/m2 and
cisplatin
60mg/m2 on
day 1 of a 3-wk

The overall response rate was
37.7%; all responses were
partial responses. 29.0%
achieved a stable disease
status. The median time to

Major non-hematologic toxic
effects included grade 3
peripheral sensory neuropathy
(13.0%) and grade 3/4
arthralgia (7.3%). Four patients

(Continued)
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►Table 4 shows studies of polymeric micellar PTX in
pancreatic cancer and lung cancer. A higher dose (300 or
350mg/m2) was administered in treatment-naive patients
with pancreatic cancer. In patients with advanced NSCLC,
doses ranging from 230 to 300mg/m2 were tolerated with-
out serious adverse effects. Neutropenia and neuropathy
continued to be the leading adverse effects.

Studies with polymeric micellar PTX in other solid
tumors are shown in ►Table 5. Phase 2 studies in various
other solid tumors, such as head/face/neck cancers, uro-
thelial carcinoma, thymic cancer, biliary tract cancer,
and upper gastrointestinal cancers, have been conducted.
Except for grade 2 hypersensitivity reactions in eight
patients undergoing palliative treatment for thymic cancer,
most other patients had neutropenia and neuropathy of
grade 3 or 4 as the main adverse events. The doses ranged
from 200 to 300mg/m2, depending on the cancer type and
cycle frequency.

Thus, several studies have established the efficacy, safety,
and tolerance of higher doses of polymeric micellar PTX
compared to Taxol.

However, there are no other approved and marketed
polymeric micellar PTX formulations. Furthermore, despite
the availability of several nanocarriers, the only other PTX
nanoformulations are albumin-bound or lipid emulsions.
Studies on the available formulations are scarce. Moreover,
there are no head-to-head studies comparing the various
formulations. Hence, Abraxane continues to be widely used

despite its limitations. There is a dire need for newer and
safer nanoformulations of PTX.

Conclusion

There have been several advances in nanoformulations of
PTX to overcome the risk of anaphylactic hypersensitivity
reactions and other severe adverse events due to the solvent
CrEL. The first nanoformulation, which was human albumin-
bound PTX, can react with proteins in the blood and is not
sufficiently stable due to its structural properties. Small-
sized nanoformulations (<100nm) increase the plasma half-
life of the drugs and ensure better tumor penetration with
fewer adverse effects. Lipids and polymers (polymeric
micelles) have been the most commonly used materials for
preparing nano PTX. Among these, the smaller size of
polymeric micellar PTX facilitates extravasation from blood
vessels into the tumor tissue, besides evading the phagocytic
system. They can escape recognition by the RES in healthy
tissues, thus reducing the adverse effects of the drug, with
better tolerance of higher doses. However, currently, there is
only one approved and marketed formulation of polymeric
micellar PTX, and studies on the available liposomal PTX
formulations are scarce. There is a need for more PTX nano-
formulations with different carriers, and more phase 3 and
phase 4 studies on the available PTX nanoformulations for
more conclusive evidence of their advantages and to increase
their use in clinical practice. Moreover, head-to-head studies

Table 4 (Continued)

Study type and
year

Patients Regimen(s) Outcomes Adverse effects

cycle as first-line
therapy. Dose
escalation of
Genexol-PM to
300mg/m2 was
conducted from
the second cycle
if the
prespecified
toxic effects
were not
observed after
the first cycle

progression was 5.8 mo and
themedian survival periodwas
21.7 mo
Dose intensity (the actual dose
delivered as a proportion of
the planned dose) was 97% at
the first cycle (planned dose,
76.7mg/m2/wk) and 84% at
subsequent cycles (planned
dose, 100mg/m2/wk) for
Genexol-PM. Dose escalation of
Genexol-PM to 300mg/m2 at
the second cycle was carried
out in 46% of patients

(5.8%) experienced grade 3/4
hypersensitivity reactions. The
major hematological toxic
effects were grade 3/4
neutropenia (29.0 and 17.4%,
respectively)

Prospective,
single-arm,
single-center
phase II study;
201370

43 Patients with
advanced NSCLC; ECOG
PS 0–2

Genexol-PM
230mg/m2 on
day 1 and
gemcitabine
1,000mg/m2 on
day 1 and day 8
of a 3-wk cycle.
Six cycles of
chemotherapy
were planned
unless there was
disease
progression

Patients received the study
drugswith amedianof 4 cycles
per patient (range 1–6). The
overall response rate was
46.5%. themedian PFSwas 4.0
mo, and the median OS was
14.8 mo

The most common toxicities
were anemia (n¼ 29, 67%),
asthenia (n¼17, 40%),
myalgia (n¼ 16, 37%),
peripheral neuropathy (n¼ 15,
35%), and diarrhea. (n¼12,
30%). The most common
grade 3/4 adverse events were
neutropenia (n¼ 7, 16%) and
pneumonia (n¼5, 12%); two
patients died of pneumonia
and dyspnea

Abbreviations: CR, complete response; ECOG, Eastern CooperativeOncology Group; NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-
free survival; PR, partial response; PS, performance score.
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comparing the outcomes of various PTX nanoformulations
are necessary to help clinicians make an informed decision
when choosing nano PTX for their patients.
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