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Abstract

Cancer is one of the leading causes of mortality that severely threatens life expectancy. Chemotherapy is the most 

common regimen for cancer patients. However, low drug availability in tumor site and its off-target effect elicit toxici-

ty and attenuate the efficacy of chemotherapy. To overcome that, nanoparticles (NPs) have been delicately designed as 

carriers for tumor diagnosis and drug delivery. Being formulated and bioengineered such like chemical modification 

and conjugation of peptide and antibody, NPs hold distinct advantages for better biocompatibility, bioavailability and 

tumor cell targeting. Hereby, we first overviewed various NP formulations on cancer cell tracing and drug delivery 

system. Then, we performed PubMed search for NPs involved chemotherapy in clinical trials of advanced non-small-

cell lung cancer (NSCLC) and breast cancer. When NPs drug system was applied for monotherapy or drug cocktail, 

patients were well tolerated and achieved better efficacy in most studies, as evidenced by few months of prolonged 

overall survival and progression-free-survival in patients among all ages. However, how to achieve long-time survival 

and better life quality is not covered yet. For perspectives, multimodal regimens are required to enhance targeting effi-

ciency.in which NPs delivery system is synergized and integrated with pharmacological and physical treatment. 
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Introduction

Cancer ranks as one of the leading causes of mortality 

worldwide. According to the report from World Health 

Organization (WHO), an estimated 19.3 million new 

cancer cases occurred in 2020, accompanied with ap-

proximate 10.0 million cancer deaths. By 2024, the glob-

al cancer burden is expected to be 28.4 million cases with 

a 47% rise from 2020 [1, 2]. The therapeutic purpose of 

current anti-cancer agents could be achieved primarily by 

inhibition of tumor cell proliferation and induction of cell 

death. However, the chemotherapy promotes toxic effect 

on both cancerous and normal cells. Besides, chemical 

instability, poor cellular uptake and other side effects of 

conventional chemotherapeutic drugs also obstruct their 

progresses in the cancer treatment.

· Review ·
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To improve the efficacy of cancer treatment with limited 

off-target effect, nanoparticles (NPs)-based drug delivery 

system has emerged as a promising therapeutic approach, 

especially for cancers. NPs are small particles, ranging 

from 1-1000 nm in diameter, preferably 5-200 nm [3]. 

NPs are big collections including inorganic NPs such 

as gold [4] or organic NPs like liposomes [5] to synthetic 

polymeric particles [6], which are of particular interest 

as their size, shape and surface chemistry can be readily 

tuned. NPs have distinct advantages for drug carriers, 

transporting the chemotherapeutic agents to tumors, in-

creasing bioavailability, retention, and tissue distribution. 

They can be modified to target more specifically to tumor 

cells, avoiding normal tissues and reducing toxicity in 

the rest of the body [7]. In this review, we would summa-

rize recent advances of NPs that have been applied in the 

treatment of solid tumor in clinical practice.

Types of nanoparticles for cancer diag-
nosis

Metallic nanoparticles

Metallic nanoparticles (mNPs) are the colloidal particles 

with the size of 1-100 nm, the small size of mNPs gives 

them unique properties compared to their corresponding 

bulk materials [8]. Drugs can be dispersed or encapsulated 

within a shell, or covalently attached to the surface of the 

NP, or encapsulated within a structure and then to be de-

livered to the targeted tumor cells [9, 10]. The most widely 

used mNPs include gold, silver, silica, and iron oxide. 

mNPs are promising nanocarriers for therapeutics due to 

their facile synthesis, ease of functionalization, biocom-

patibility, and inherent non-toxicity. Controversially, cy-

totoxicity potential, the difficulty of degradation and the 

elimination of metals from the organism [11], mNP incor-

poration [12] and other negative aspects also have gained 

attention at the same status of importance, influencing 

the applications of mNPs in nanomedicine.

 Iron oxide nanoparticle

Iron oxide nanoparticles (IONPs) have found several 

applications in biomedicine field and most widely used 

as a contrast probe in MRI. For instance, SH U 555 is 

a contrast agent, comprising iron oxide microparticles 

(maghemite and magnetite coated with carboxydextran. 

Upon administration, they are sequestered mostly in liver 

and spleen where they maintain signals for detecting fo-

cal liver lesions with T2-weighted fast spin-echo MRI [13]. 

Of interest, tumor cells are featured with extreme high 

levels of receptors to mediate their aberrant cell growth. 

On the other hand, the distinct receptor patterns could as-

sist us to discriminate tumor cells against normal healthy 

cells. When antibodies specific for these receptors are 

conjugated to INOPs, they act as magnetic probes to en-

hance image contrast signals by MRI for identification of 

tumor cells in the body. For instance, Cetuximab (C225, 

Erbitux®) is a chimeric human/murine monoclonal an-

tibody that specifically targets the human EGFR with a 

2-log higher affinity than EGFR [14]. Thus, Cetuximab 

competitively blocks EGFR signaling in tumor cells to 

trigger cell death. Taking this advantage, Tseng et al de-

veloped a therapeutic platform based on superparamag-

netic iron oxide NPs (SPIONs) in which dextran-coated 

SPIONs were conjugated to anti-EGFR monoclonal 

antibody cetuximab (cet-PEG-dexSPIONs) via periodate 

oxidation [15]. More specifically, the dihydrazide-PEG 

linker was added to dextran-coated SPIONs via periodate 

oxidation of dextran. Then, active aldehyde functional 

groups were constructed onto EGFR antibody periodate 

oxidation. Afterward, Cetuximab was bioconjugated to 

PEG-dexSPIONs prior to intravenous injection. 

 Gold nanoparticles

Despite its diagnostic potential, SPIOs could trigger cell 

damage and inflammation and therefore, was not used in 
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clinics any more [16]. Instead, gold nanoparticles (AuNPs) 

are widely used as cancer diagnostic agents due to their 

physical properties and tailored surface functionalization. 

They are synthesized by chemical, physical, or biological 

methods. In chemical method, AuCl4 is reduced in citrat-

ing-containing water [17]. In physical method, AnNPs is 

synthesized by microwave-, ultraviolet-, and gamma-me-

diated radiation [18]. In biological method, metal salts are 

reduced by biosynthetic system such like fungi, bacteria, 

or plants to generate stable metals [19]. In a cross-sectional 

clinical trial, alveolar breaths were collected from 87 vol-

unteers involving 22 head-and-neck cancer patients, 25 

lung cancer patients, and 40 healthy controls. The subjects 

were inhaled nano-artificial nose containing five gold NPs 

sensors carrying tert-dodecanethiol, hexanethiol, 2-mer-

captobenzoazole, 1-butanethiol, and 3-methyl-1-butan-

ethiol ligands. The Exhaled alveolar breath GC-MS. sam-

ples were collected and separated by principle component 

analysis, five sensor NA-NOSE responses demonstrated 

distinct patterns among head-and-neck cancer, lung can-

cer as well as healthy controls [20]. 

To further improve tissue penetration, the size of 

AuNPs is reduced from 100 nm to 2-6 nm and surface 

modification further potentiates AuNPs uptake by tu-

mor cells [21]. Due to small size, AuNPs could be not 

only easily uptake by host cells for diagnosis and but 

also cleared out from the body. In cultured tumor cells, 

anti-EGFR antibody coated with ultra-small AuNPs 

was added to cultured tumor cells, better cellular pen-

etration and faster clearance were observed by Pho-

toacoustic imaging [22]. These results confirmed that 

ultra-small AuNPs are one of the practical options for 

tumor diagnosis.

 Magnetic nanoparticles

Magnetic nanoparticles (MNPs) are about 1-100 nm and 

the single-core MNPs consist of a single magnetic core 

coated by an organic or inorganic shell, while multi-core 

MNPs consist of several nanocrystals (magnetic cores) 

packed within a matrix. MNPs demonstrate the most su-

perior property in nanomedicines is their magnetic char-

acteristics. Because of no virtual magnetic background 

within biological samples, once MNPs-based carriers 

into the body can be easily measured due to their high 

sensitivity. In addition, MNPs effectiveness in vivo can 

be tailored by applying a safe and biocompatible coating 

such as polysaccharides, fatty acids, or other polymers 
[23], to increase their acceptability for a specific target in 

the human body. Besides, modifying the surface chem-

istry of MNPs to achieve the multifunctionality of them 

and the low toxicity make MNPs more popular in drug 

delivery nanomedicines [24]. Collectively, interesting 

physical properties of MNPs give great possibilities for 

their use in biological and biomedical applications. 

 Carbon nanotubes

Carbon nanotubes consist of nanoscale carbon parti-

cles with an average particle size of 150 nm, which are 

phagocytosed by macrophages after being injected into 

local tumor tissue under endoscopy or direct vision. 

These cylindrical structures only consist of carbon at-

oms with about a diameter of approximately 1–4 nm 

(depending on the number of graphene layers) and 1–10 

nm in length. In general, CNTs contain single-wall 

CNTs and multiwall CNTs, favoring unique structural, 

electronic, optical, and mechanical properties [25]. Car-

bon nanoparticle suspension is an excellent tracer for 

lymph nodes and has a good safety profile [26]. Carbon 

nanoparticle suspension is used to trace lymph nodes 

not only in colorectal cancer, but also in breast cancer, 

thyroid cancer, gastric cancer and so on [27, 28]. Wei Ge 

et al. showed that injection of carbon nanoparticle sus-

pensions in colorectal cancer patients resulted in better 

imaging of lymph nodes and more accurate of nodal 

staging [29].
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Types of nanoparticles in cancer drug 
delivery

To achieve enhanced permeability and retention (EPR) 

in the tumor, NPs-mediated drug delivery systems have 

been used in the clinics [30]. Up to date, 28 NPs have 

been approved by Food and Drug Administration or Eu-

ropean Medicines Agency for clinical use [31, 32]. In this 

section, we introduce different types of NPs that were 

used in cancer treatment.

Liposomes

Traced back to 1960s, lipid vesicles were the first NPs 

and later named as liposomes [33, 34]. Liposomes are 

self-assembled, uni-lamellar or multi-lamellar spherical 

phospholipids. They could encapsulate both hydrophilic 

and hydrophobic anti-cancer drugs. Hydrophilic drugs 

are encapsulated within the aqueous and hydrophobic 

drugs are in the lipid bilayer, which protect the drugs 

from the environmental degradation during systemic 

circulation [35]. The inherent advantages of liposomes 

including biocompatibility, low toxicity, high loading ca-

pacity, and controllable release kinetics make they are the 

most widely used and the most promising vehicles in the 

field of drug delivery systems [36]. Particularly, only a few 

anti-cancer drug NPs have been approved by Food and 

Drug Administration (FDA), liposomal formulations are 

dominant. Doxil, doxorubicin loaded liposomal formu-

lation, is one such passive targeted drug delivery system 

and has been approved by the FDA using in the clinical 

treatment of Kaposi sarcoma [37]. Other liposomal formu-

lations such as liposomal daunorubicin (DaunoXome), 

liposomal vincristine (Marqibo) and liposomal irinotecan 

(Onivyde) have also been approved by the FDA. In ad-

dition, non-polyethylene glycol (PEG)-ylated liposomal 

doxorubicin (Myocet) and liposomal mifamurtide (ME-

PACT) have been approved by the European Medicines 

Agency (EMA) [31].

However, liposomes are considered mainly as carriers of 

water-soluble drugs. Because the small space available in 

the membrane and the destabilization effect of the drug 

on the outer space, limiting the drug loading capacity of 

poorly soluble drugs [38, 39]. Besides, intravenous injection 

of liposomal drugs can cause the so-called ‘‘complement 

activation-related pseudoallergy’’ (CARPA), a drug-in-

duced acute immune toxicity manifested in hypersensitivity 

reactions [40, 41]. Additionally, liposomes have some other 

limitations, such as problems with stability and industrial 

reproducibility, difficulties in sterilization, the oxidation of 

phospholipids, and the limited control of drug release [42]. 

 Carbon nanotubes

Drugs entrapped within CNTs are less exposed to the 

enzymes in the body, avoiding from degradation and 

keeping drug stability even in in vivo and clinical stud-

ies [43]. In addition, compared to non-targeted CNTs, the 

functionalized surface of nanotubes can bind to different 

targeting molecules, enhancing tumor cell specificity of 

cytotoxic agents and overcoming the multidrug resis-

tance [42, 44]. Albeit these encouraging advantages, no car-

bon nanotubes have been approved by FDA for clinical 

usage. The toxicity of CNTs hampers its utility in cancer 

therapy. 

Polymeric nanocarriers

Polymeric nanocarriers have different structures in-

cluding dendrimers, polymeric micelles, and capsules/

particles (polymeric nanoparticles). In general, these 

polymeric nanocarriers have in common are composed 

with a hydrophobic core which contains poorly-water 

soluble anticancer drugs and a hydrophilic shell which 

allows the inclusion of hydrophilic drugs and provides 

stability to the nanocarriers [42]. Dendrimers consist of 

globular molecules, and these symmetrical molecules 

can be synthesized in a reproducible manner to adjust the 
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biocompability and the pharmacokinetics of the carriers, 

like a tree [45]. Polymeric micelles (PMs) are self-assem-

bled, monolayer system which composed of amphiphilic 

block copolymers that form nanosized spheroidal mi-

cellar structures [46]. Polymeric nanoparticles (PNPs) are 

more advanced methods which used to form capsules 

with a liquid core and a shell made of fused polymer 

nano microparticles [47]. Drugs are encapsulated or physi-

cally entrapped within a polymeric matrix (nanospheres) 

or entrapped into a cavity surrounded by a polymeric 

membrane (nano capsules), being also possible the con-

jugation of the anticancer drug to the surface or the core 

of the particles [48, 49]. The various and available assembly 

methods of polymeric materials make these nanocarri-

ers ideal for the drug delivery systems. Compare with 

other nanocarriers, polymeric nanocarriers hold unique 

advantages. Firstly, their outer surface can be modified 

with different functional groups to transport drugs into 

specific areas depending on the surface modifications. At 

the same time, they can be used for monitoring the state 

of cancerous organs as well as the progress of the curing 

process [50-52]. Secondly, polymeric nanocarriers can be 

used for visualizable diagnose. When they are attached 

by imaging agents, these particles can be visualized via 

magnetic resonance imaging [10], computed tomography [53] 

or X-ray, improving the effectiveness of targeting in can-

cer therapy [54]. Additionally, they are promising vehicles 

for long circulation times in blood, decreasing clearance 

by macrophages and the ability of accommodating a high 

number of drugs without risk of out leak [46]. 

There are also some drawbacks need more consideration. 

For example, these carriers share a limiting feature with 

polymer therapeutics: the multistep synthesis that in-

creases production costs. Apart from that, changes in the 

physical-chemical properties of the nanocarriers in the 

systemic circulation such as change in particle size, ag-

gregation behavior and premature drug release also limit 

their therapeutic applications [55].

Clinical NPs applications for cancer 
treatment 

As reported in the Global Burden of Disease study, there 

Figure 1. Representative structure of nanoparticles (NPs) for tumor diagnosis and anti-cancer agent delivery.  A.  Metal 
nanoparticles in cancer diagnosis and drug delivery. On the left side, metal NPs are conjugated with peptide or antibody 
for specific targeting and chemical modification for better retention. On the right side, drugs are linked to metal NPs and 
delivered to the tumor site. B-D, Liposomes, polymeric micelles, and carbon nanotubes used in anti-cancer drug delivery.



❒ Infection Control 2025;2(3)

·    10    ·

were 24.5 million incident cancer with 9.6 million can-

cer-related death in 2017. When dissected further non-

melanoma skin cancer, the incidence of tracheal, Bron-

chus, and Lung Cancer, breast cancer, colon and rectum 

cancer, stomach cancer and liver cancer were the global 

top 6 cancer [56]. Approximately, new cases of tracheal, 

Bronchus, and Lung Cancer, breast cancer, colon and 

rectum cancer, stomach cancer and liver cancer amount-

ed to 2.2, 2.0, 1.8, 1.2, and 0.953 million, respectively. 

As the consequence, the cancer-related death was 1.9, 

0.6, 0.896, 0.865, and 0.819 million for tracheal, Bron-

chus, and Lung Cancer, breast cancer, colon and rectum 

cancer, stomach cancer and liver cancer, respectively [56]. 

Excluding Nonmelanoma skin cancer and sex difference, 

lung cancer is the number one killer (18.4% of the total 

cancer cases), followed by breast cancer (11.6%), prostate 

cancer (7.1%), and colorectal cancer (6.1%) for incidence 

and colorectal cancer (9.2%), stomach cancer (8.2%), and 

liver cancer (8.2%) [57].

To evaluate the clinical results of NPs-mediated cancer 

drug delivery, we performed PubMed search in elec-

tronic databases including PubMed, China National 

Knowledge Infrastructure, and Google Scholar. Search 

terms included, but were not limited to, “cancer therapy”, 

“nanoparticles”, “drug delivery system”, “solid tumor”, 

“clinical trials”, “not mice”, “not rats”, “not review” and 

“not meta-analysis”. There are 372 published literatures 

searched relating to these key words in which NPs were 

more frequently applied for lung cancer and breast can-

cer among all patients. Below, we focused on the update 

of NPs application in lung cancer. 

Lung cancer

The common cause of lung cancer is long-term smok-

ing history or long-term exposure of tobacco smoke. 

Lung cancer is characterized by abnormal cell growth 

in lung tissues, these abnormal cells may spread to 

lymph nodes or other organs in the body, such as the 

brain. Based on histological features, lung cancer is 

divided into two major groups, the Small-Cell Lung 

Cancer and Non-Small-Cell Lung Cancer (NSCLC) [58]. 

Metastatic, squamous NSCLC is the most common type 

of lung cancer. 

Nanoparticle albumin-bound-paclitaxel (nab-Pac) 

Paclitaxel is an anti-microtubule agent and being the only 

drug approved by FDA for NSCLC therapy. To improve 

drug availability and reduce toxicity, nanoparticle 35 pub-

lished clinical trials identified that assessed the effects and 

safety of NP-based drug delivery systems in the treatment 

of lung cancer (Figure 2A). Of 35 clinical trials, three are 

still ongoing and not finalized yet [59-61]. Among 32 final-

ized clinical trials, NSCLC patients were received ei-

ther nanoparticle albumin-bound paclitaxel (nab-PTX) 

(n=30) [62-91] or nanoparticle polymeric micellar pacli-

taxel (n=2) [92, 93] (Figure 2B). albumin-bound (nab)-pa-

clitaxel (nab-Pac) (Abraxane®) has been applied to 

patients since 2005 [94]. Nab-Pac is formulated with 

non-covalent link of albumin and paclitaxel. Instead, 

they are homogenized under high pressure, generat-

ing a NP particle with the size of 130 nm. Following 

injection, nab-Pac is dissolved and paclitaxel is bound 

to unbound albumin or other carriers in the blood for 

further transportation. As albumin is the most common 

and abundant carrier in the blood, nab-Pac construct 

is table with lest toxicity [95]. Among 33 clinical trials 

of nab-Pac involving 1789 NSCLC patients, there 

were 6 RCTs [60, 76, 77, 85, 87, 93], 24 single arms phase 

I-III [62-68, 70-72, 75, 78-82, 84, 86, 88-92, 96], and 3 retrospective 

studies (n=491) [69, 74, 97] (Table 1). Totaled 2280 

NSCLC patients were received nab-Pac alone 

(n=553 ) [62, 74, 75, 79, 80, 82, 84, 90, 98], or combined with 

carboplatin (n=9) [60, 64, 67, 68, 70, 73, 86, 88, 99], or others 

(n=5) [72, 77, 81, 87, 93]. All the NSCLC patients recruit-

ed in the trials were in advanced stages and/or re-

lapse from the previous treatment. 



Infection Control 2025;2(3) ❒

·    11    ·

When nab-Pac was used as monotherapy, NSCLC pa-

tients were well-tolerated [62, 64, 73, 75, 86, 88, 99] and had high 

objective response rate (ORR), long median progres-

sion-free survival (PFS), and acceptable toxicity [90]. In a 

phase 3 RCT study, NSCLC patients were randomized 2:1 

to maintenance nab-Pac plus best supportive care (BSC) 

or BSC alone. The primary endpoint was PFS. Secondary 

endpoints included safety and overall survival (OS). Af-

ter 28.4 months of follow-up, the median OS was 17.61 

months for nab-Pac plus BSC and 12.16 months for BSC 

(HR, 0.68; 95% CI, 0.47-0.98; nominal P = 0.037), show-

ing a trend favoring nab-Pac plus BSC [85].

Same findings were found in old NSCLC patients re-

ceived nab-Pac as monotherapy [82] or combined with 

other chemotherapy drugs [70, 72, 73, 88]. In a retrospective 

study in which 12 old patients who received nab-Pac as 

the first-line treatment (seven also received carboplatin), 

and 64 received nab-Pac as the latter-line treatment. The 

overall ORR, disease control rate, median PFS and medi-

an OS were 14.5%, 69.7%, 5.2 months, and 12.2 months, 

respectively, indicating a good clinical response profile in 

the elderly patients with stage IIIB-IV NSCLC [82]. 

The effect of nab-Pac was also assessed in NSCLC pa-

tients when used as dual therapy. In a RCT phase 3 trial, 

559 untreated metastatic NSCLC patients were randomly 

received pembrolizumab or saline placebo for up to 35 

cycles. In the first 4 circles, they were all administrated 

carboplatin with conventional paclitaxel or nab-Pac. 

After a median follow-up of 7.8 months, the median 

OS was 4.6 months longer for combination treatment 

group than place group (15.6 months vs. 13.2 months, 

P<0.0001). Moreover, the median PFS was 1.6 months 

longer for the combination groups compared with place 

(6.4 months vs. 4.8 months, P<0.0001) [76]. In a RCT 

phase 3 trial, 503 patients with advanced NSCLC 

were randomly allocated (1:1) to receive docetaxel 

(60 mg/m2) in 60 minutes on day 1 every 3 weeks or 

nab-Pac (100 mg/m2) in 30 minutes on days 1, 8, and 

15 of a 21-day cycle every 3 weeks [87]. The primary end 

point was OR analyzed on an intention-to-treat basis. 

Results showed that median overall survival was 16.2 

months for the 252 patients allocated to nab-Pac and 13.6 

months for the 251 patients allocated to docetaxel. Me-

dian PFS was 4.2 months and 3.4 months, respectively. 

The ORR was increased and adverse events (AEs) of 

Figure 2. Clinical trials of nanoparticles-mediated drug treatment in NSCLC patients. A. A scheme of PubMed search of 
clinical trials involving nanoparticles-mediated drug delivery in NSLCL patients. B. number of NSCLC patients enrolled 
in the clinical trials. Alone, patients received only nanoparticle albumin-bound-paclitaxel (Nab-Pac) or nanoparticle 
polymeric micellar paclitaxel (Pm-Pac). Dual, patients received one more anti-cancer drug combined with nab-Pac or Pm-

Pac; ≥3, patients received two or more than 2 anti-cancer drugs when combined with nab-Pac or Pm-Pac. 
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Table 1. List of clinical trials using NPs-mediated drug treatment in Non-Small-Cell Lung Cancer patients.

First authors 
Type of 
clinical trial 

Name of drug Type of Patients
Number of 
patients 

Treatment strategy Main conclusions

Rizvi 
et al. [62]

Phase I/II nab-PTX advanced
(Stage IV)

N=40 Nab-PTX 100 and 150 mg/
m2 without corticosteroid 
or antihistamine pre-
medications on days 1, 8, 
and 15 of a 28-day cycle. 

Nab-PTX was 
well tolerated and 
demonstrated encouraging 
single-agent activity. 

Stinchcombe 
et al. [63]

Phase I nab-PTX, 
gemcitabine

NSCLC (n = 8), 
SCLC (n = 6) 
and esophageal 
cancer (n =1)

N=15 gemcitabine 1000 mg/m2 on 
days 1, 8 in all cohorts, 
and nab-PTX at doses of 
260, 300, 340 mg/m2 every 
21 days depending on the 
treatment cohort. 

The maximum tolerated 
dose of nab-PTX is 300 
mg/m2 in combination 
with gemcitabine 1000 
mg/m2 in previously 
treated NSCLC and 
SCLC patients.

Raynolds 
et al. [64]

Phase II nab-PTX, 
carboplatin, 
bevacizumab

advanced (stage 
IIIB/IV)

N=50 Intravenous nab-PTX 300 
mg/m2, carboplatin at AUC 
of 6, and bevacizumab 15 
mg/kg on day 1 of each 21-
day cycle.

The combination of nab-
PTX, carboplatin, and 
bevacizumab was well 
tolerated with moderate 
neutropenia.

Okamoto 
et al. [65]

Phase II nab-PTX, 
carboplatin

advanced, 
stage III-IV, 
untreated, 
metastatic

N=18 Nab-PTX 100 mg/m2 without 
steroid or antihistamine 
premedication once a week in 
combination with carboplatin 
at an AUC of 6 on day 1 of 
repeated 21-day cycles. 

The combination of nab-
paclitaxel (100 mg/m2) 
administered weekly and 
carboplatin at an AUC 
of 6 every 3 weeks was 
well tolerated in Japanese 
patients with advanced 
NSCLC.

Ho et al. [66] Phase I/II pemetrexed plus 
nab-PTX

advanced N=49 pemetrexed at 500 mg/m2 on 
day 1 and nab-PTX day 1 at 
180, 220, & 260 mg/m2 every 
21 days. 

pemetrexed 500 mg/m2 
and nab-PTX 260 mg/
m2 day 1 every 21 days 
is a safe and feasible 
combination.

Ahn et al. [92] Phase II Cremorphor EL-
free paclitaxel 
(Genexol-PM), 
gemcitabine

advanced N=48 Genexol-PM 230 mg/m2 on 
day 1 and gemcitabine 1,000 
mg/m2 on day 1 and day 8 of 
a 3-week cycle.

CrEL-free paclitaxel 
in combination with 
gemcitabine showed 
favorable antitumor 
but frequent grade 3/4 
toxicities 

Grilley-Olson 
et al. [67]

RCT,
 phase II 

nab-PTX, 
carboplatin

Extensive stage N=27 Arm A: carboplatin (AUC 
of 6) on day 1 and nab-PTX 
300 mg/m2 on day 1 every 3 
weeks); arm B (carboplatin 
AUC of 6 on day 1 and nab-
PTX 100 mg/m2 on days 1, 8, 
and 15 every 21 days). 

Carboplatin and nab-
PTX demonstrated 
activity in ES-SCLC but 
required frequent dose 
adjustments.

Bertino 
et al. [68]

Phase III nab-PTX, 
carboplatin

advanced N=27 in the 
first stage;
N=36 in the 
second stage

Nab-PTX 300mg/m2 and 
reduced to 260 mg/m2 
followed by carboplatin 
(AUC of 6) administered on 
day 1 of a 21-day cycle.

Confirmed the activity of 
nab-PTX combined with 
carboplatin, particularly 
in squamous NSCLC.

Sexena 
et al. [69]

Retrospective 
analysis

nab-PTX stage IV, 
relapsed

N=31 15 started at a dose of 
260mg/m2 on day 1 of a 21-
day cycle; 6 started with a 
dose of 230mg/m2 and 10 
started at a dose of 200mg/m2 
every 21 days.

Single-agent nab-PTX 
was well tolerated and 
demonstrated efficacy in 
advanced NSCLC patients 
with relapsed or platinum-
refractory disease. 
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Okuma 
et al. [70]

Phase II nab-PTX Advanced, 
untreated

N=10 Nab-PTX 100 mg/m2 on 
days 1, 8, and 15 of each 21-
day cycle, plus carboplatin 
(AUC of 6) 6 on day 1 of 
each 21-day cycle, for up to 
six cycles.

Nab-PTX plus 
carboplatin, without dose 
reduction is toxic and 
intolerable as first-line 
chemotherapy in elderly 
patients with advanced 
NSCLC. 

Kaira 
et al. [71]

Phase II nab-PTX, 
carboplatin,
 gemcitabine

Local advanced 
stage III

N=14 Weekly nab-PTX 30-
40 mg/m2 together with 
carboplatin (AUC of 2).

feasible and well tolerated 
for the treatment of 
patients with unresectable 
locally advanced NSCLC.

Miyauchi et 
al. [72]

Phase II nab-PTX advanced N=32 CBDCA (AUC of 6 mg/
mL/min) on day 1 and nab‐
PTX  75 mg/m2 on days 1, 8, 
and 15 every 4 weeks.

Modified CBDCA plus 
weekly nab‐PTX 
demonstrated significant 
efficacy and acceptable 
toxicities in elderly 
patients with advanced 
NSCLC.

Shiroyama 
et al. [73]

Phase II nab-PTX, 
carboplatin

advanced, 
previous 
untreated

N=30 carboplatin (AUC of 6) on 
Day 1, and nab-PTX 100 
mg/m2 on Days 1, 8, and 15, 
every 28 days for ≤4 cycles.

Carboplatin plus weekly 
nab-PTX is effective and 
well tolerated as a first-
line treatment for elderly 
patients with advanced 
squamous NSCLC. 

Naito 
et al. [74]

Retrospective nab-PTX  relapsed N=14 As monotherapy: nab-PTX 
100 mg/m2 weekly for 3 
weeks in a 4-week cycle 
or weekly for 2 weeks in a 
3 to 4-week cycle. As dual 
therapy: CBDCA (AUC of 
6) plus nab-PTX 100 mg/
m2 weekly for 3 weeks in a 
4-week cycle or for 2 weeks 
in a 3 to 4-week cycle. 

a moderate clinical 
efficacy for nab-PTX 
chemotherapy regimens 
for relapsed SCLC, with 
an acceptable safety and 
tolerability profile.

Anzai 
et al. [75]

Phase II nab-PTX advanced N=32 Nab-PTX 100 mg/m2 on 
days 1, 8, and 15 of a 28-day 
cycle. 

an active and well-
tolerated regimen in 
previously treated 
NSCLC patients

Paz-Ares 
et al. [76]

RCT, phase III pembrolizumab, 
nab-PTX, 
cisplatin

untreated 
metastatic, 
squamous 
NSCLC

N=559 200 mg of pembrolizumab or 
saline placebo on day 1 for 
up to 35 cycles.   For the first 
4 cycles, all the patients also 
received carboplatin (AUC 
of 6) on day 1 and either 
paclitaxel 200 mg/m2 on day 
1 or nab-PTX 100 mg/m2 on 
days 1, 8, and 15.  

The addition of 
pembrolizumab to 
carboplatin and either 
paclitaxel or nab-
PTX resulted in longer 
overall survival and 
progression-free survival, 
a higher response rate, 
and a longer duration 
of response than 
chemotherapy alone, 
regardless of the level of 
PD-L1 expression.

Morgensztern 
et al. [77]

RCT, phase II nab-Pac, CC-
486 (an oral 
formulation of 
5-azacytidine)

advanced N=161 nab-PTX 100 mg/m2 on days 
8 and 15 plus CC-486 200 
mg daily on days 1 to 14 or 
single-agent nab-PTX 100 
mg/m2 on days 1 and 8, with 
both regimens administered 
every 21 days 

no benefit from the 
addition of CC-486 to 
nab-PTX.
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Akiyama 
et al. [78]

Phase II S-1, an oral 
fluoropyrimidine, 
carboplatin, nab-
PTX

advanced, 
untreated 

N=72 Four cycles of induction by 
carboplatin (AUC of 6) on 
day 1 of a 28-day cycle, and 
nab-PTX 100 mg/kg on days 
1, 8, and 15. Then received 
maintenance therapy with 
S-1 (80 mg/m2, days 1-14 of 
a 21-day cycle) until disease 
progression or unacceptable 
toxicity. 

Switch maintenance 
therapy with S-1 after 
induction therapy with 
carboplatin and nab-
paclitaxel was associated 
with moderate efficacy 
and acceptable safety and 
may represent a feasible 
treatment option for 
patients with advanced 
SCC.

Harada 
et al. [79]

Phase I/II nab-PTX pretreated 
advanced, 
without EGFR 
mutation and 
anaplastic 
lymphoma 
kinase 
rearrangement 

N=5 in 
phase I; 
N=55 in phase 
II.

In phase I, a 4-week cycle 
(dose level 0: days 1, 8, 
15 and 22 or dose level 
–1: days 1, 8 and 15) of 
100 mg/m2 nab-PTX until 
disease progression or 
unacceptable adverse events 
were observed. In phase II, 
nab-PTX was repeated as in 
phase I. 

failed to meet predefined 
primary endpoints for 
patients with advanced 
NSCLC, although the PFS 
and OS were comparable 
with those in previous 
reports and toxicity was 
acceptable. 

Kato 
et al. 
[80]

Phase II nab-PTX advanced N=22 weekly nab-PTX administered 
100 mg/m2 intravenously 
on days 1, 8, and 15 every 
3 weeks. 

Nab-PTX may be a 
safe and effective later-
line chemotherapeutic 
option for previously 
treated advanced 
NSCLC after standard of 
chemotherapies based on 
other trials.

Qin 
et al. 
[81]

Phase II, nab-PTX plus 
cisplatin vs.
 gemcitabine plus 
cisplatin

advanced N=84 100 mg/m2 nab-PTX on 
day 1, 8 and 15 of a 28-day 
cycle, as well as cisplatin 
75 mg/m2 on day 1 every 
three weeks (nab-TP arm); or 
gemcitabine 1,000 mg/m2 on 
day 1 and 8, plus cisplatin 75 
mg/m2 on day 1 every three 
weeks (GP arm).

Weekly nab-TP treatment 
has a similar efficacy 
and tolerability to GP 
treatment for patients 
who are undergoing their 
first-line treatment for 
NSCLC.

Weiss et al. [82] Phase II nab-PTX Advanced, 
stage IV

N=42 Nab-PTX 100 mg/m2 on 
days 1, 8, and 15 of a 28-day 
cycle.

Fit and prefrail older 
patients with stage 
IV NSCLC should be 
considered for treatment 
with nab-PTX after 
disease progression with 
doublet chemotherapy.

Wang et al. [83] Retrospective 
analysis

nab-PTX Elderly patients 
with advanced 
stage IIIB-IV 
NSCLC.

N=76 12 patients who received 
nab-PTX as the first-
line treatment (seven also 
received carboplatin), and 
64 received nab-PTX as the 
latter-line treatment. 

Nab-PTX has a good 
clinical response profile 
in Chinese elderly 
(≥65 years) patients with 
stage IIIB‐IV NSCLC, 
with acceptable and 
manageable adverse 
events.

Kotake 
et al. [84]

Phase II nab-PTX advanced, 
failed   
chemotherapy

N=35 nab-PTX 100 mg/m2 on 
days 1, 8, and 15 of a 28-day 
cycle.

Nab-PTX may be a later-
line chemotherapeutic 
option for previously 
treated advanced NSCLC.
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Spigel et al. [85] RCT, phase III nab-PTX, 
carboplatin

advanced, 
untreated

N=420 for 
induction 
therapy; 
N=202 (nab-
Pac plus BSC 
vs. BSC)

Four 21-day cycles of nab-
PTX 100 mg/m2 on days 
1, 8, 15 plus carboplatin 
area under the curve 6 on 
day 1 as induction therapy. 
Patients without disease 
progression after induction 
were randomized 2:1 to 
maintenance nab-PTX 
100 mg/m2 (days 1 and 8 
every 21 days) plus best 
supportive care (BSC) or 
BSC alone. 

Although a trend in OS 
favoring nab-PTX was 
observed and maintenance 
therapy with nab-PTX 
might be feasible for 
patients with advanced 
squamous NSCLC, the 
interpretations must be 
tempered considering 
the recent findings with 
immune checkpoint 
inhibitors.

Tanaka 
et al. [86]

Phase I/II nab-PTX, 
carboplatin

advanced, stage 
IIIA/IIIB 

N=18 in phase 
I;
N=6 in phase 
II

In the phase I, carboplatin 
(AUC of 4) and nab-PTX 
60-100 mg/m2 on days 1, 
15, and 29. In the phase II 
part, carboplatin and nab-
PTX on days 1, 15, and 29 as 
recommended.

Biweekly carboplatin and 
nab-PTX with concurrent 
RT were well-tolerated 
and exerted promising 
antitumor activity.

Yoneshima et 
al. [87]

RCT, phase III nab-PTX, 
docetaxel

advanced nab-PTX: 
N=252; 
docetaxel: 
N=252

docetaxel 60 mg/m2 on 
day 1 every 3 weeks or 
nab-PTX 100 mg/m2 in 30 
minutes on days 1, 8, and 
15 of a 21-day cycle every 
3 weeks.

noninferior to docetaxel 
in terms of overall 
survival.

Omori 
et al. [88]

Phase I nab-PTX, 
carboplatin

advanced, stage 
III

N=19 6 weeks of weekly 
carboplatin/nab-PTX 
and concurrent thoracic 
radiotherapy with a total dose 
of 64 Gy in 32 fractions. 
Carboplatin (AUC of 2) 
combined with 30 or 40 mg/
m2 nab-PTX

Carboplatin/nab-PTX 
and concurrent thoracic 
radiotherapy show good 
tolerability and exhibit 
promising efficacy in 
elderly patients with 
locally advanced NSCLC. 

Miyauchi 
et al. [89]

Phase I/II nab-PTX Stage IV or 
postoperative 
recurrent, had 
two or more 
chemotherapy 
regimens 

N=15 in phase 
I;
N=18 in phase 
II

Biweekly nab-PTX 100-
150 mg/m2 and 12 patients 
in phase II were treated with 
150 mg/m2 

Biweekly nab-PTX 
monotherapy was well 
tolerated and exhibited 
favorable antitumor 
activity in patients 
with previously treated 
NSCLC.

Yoshimura 
et al. [90]

Phase II nab-PTX advanced N=30 nab-PTX at 80 mg/m2 on 
days 1, 8, and 15 (21-d 
cycle). 

high ORR, long median 
PFS, and acceptable 
toxicity 

Lu et al. [93] RCT, phase II Sb-Pac, Pm-Pac, 
cisplatin

advanced N=448; 
Sb-Pac plus 
cisplatin: 
N=148;
Pm-Pac plus 
cisplatin: 
N=300

Pm-Pac at 230–300 mg/m2 

plus cisplatin at 70 mg/m2;
or Sb-Pac at 175 mg/m2 plus 
cisplatin at 70 mg/m2

prolonged progression-
free survival, overall 
survival with a favored 
safety profile in advanced 
NSCLC patients without 
pleural metastasis.

Shoji et al. [91] Phase II nab-PTX advanced, had 
chemotherapy 
regimens

N=65  nab-PTX 100 mg/
m2 intravenously on days 1, 
8, and 15, every 4 weeks.

well tolerated and showed 
anti-tumor activity in 
patients with previously 
treated NSCLC

Abbreviations: nab-PTX, nab-paclitaxel; Sb-Pac, solvent-based paclitaxel; Pm-Pac, polymeric micellar paclitaxel; EGFR, epidermal 
growth factor receptor mutation; AUC 6, area under curve of 6 mg/ml/min; AUC 2, area under curve of 2 mg/ml/min. 
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grade greater than or equal to 3 was decreased in nab-Pac 

group. In a multicenter, single-arm, open-label phase II 

study, 30 elder NSCLC patients were administrated car-

boplatin on Day 1 and nab-Pac (100 mg/m2) on Days 1, 

8, and 15, every 28 days for no more than 4 cycles.  After 

a median of 15 months of follow-up, the median progres-

sion-free and overall survival was 7.1 and 19.1 months, 

respectively. No treatment-related death was found and 

all treatment-associated adverse events were tolerable 

and reversible [73]. These data confirmed that nab-Pac as 

monotherapy or in combination with any chemotherapy 

were effective and well tolerated and could be used as 

first-line of treatment in NSCLC patients across all ages.

However, not all nab-Pac trials were successful. In a 

phase II open-label clinical study, 84 NSCLC patients 

were received either a weekly nab-Pac plus cisplatin (nab-

TP arm) vs. gemcitabine plus cisplatin (GP arm), the 

median PFS, objective response rate as well as OS was 

similar between two groups [81]. In a noncomparative ran-

domized phase II trial, 27 Patients were randomized to as-

sign carboplatin plus nab-Pac or carboplatin alone for two 

cycles, the trial was withdrawn because of frequent dose 

reductions, treatment delays, and omission of the weekly 

therapy [67]. In line with that, in a phase I/II trial of weekly 

nab-Pac for pretreated NSCLC patients without epidermal 

growth factor receptor mutations and anaplastic lympho-

ma kinase rearrangement, the objective response rate was 

7.3 and failed to meet predefined primary endpoints [79]. 

 Nanoparticle polymeric micellar paclitaxel 

In 2007, Cremophor EL (CrEL)-free polymeric micelle 

formulation of paclitaxel, named Genexol-PM, was in-

troduced in Korea for the treatment of metastatic NSCLC 
[100]. In this construct, paclitaxel was wrapped with the 

non-ionic surfactant polyethoxylated castor oil (Cremo-

phor) and dehydrated alcohol. By doing so, polymeric 

micellar paclitaxel (pm-Pac) can be directly dissolved in 

solution. Moreover, PM-Pac is very small and in a size 

of 20 nm in diameter, which is easily distributed and 

cleared.

In a RCT phase II study, 448 advanced NSCLC Patients 

(n=448) were randomly assigned (2:1) to receive Pm-Pac 

plus cisplatin or solvent-based paclitaxel (Sb-Pac) plus 

cisplatin. The subgroup analysis was performed based on 

metastatic status to identify the potential benefit patients. 

In patients with 2 metastatic lesions, the median PFS was 

7.31 months longer for patients treated with Pm-PAC 

plus cisplatin and 5.70 months for those received Sb-

Pac plus cisplatin (P=0.0004). Likewise, in patients with 

3 metastatic lesions, the PFS was 2.03 months longer 

in Pm-PAC/cisplatin group than Sb-Pac/cisplatin group 

(PFS: 6.26 months vs. 4.23 months, P= 0.0008). The re-

sults revealed that Pm-Pac potentially prolonged OS with 

a favorable safety profile in NSCLC patients without 

pleural metastasis [93]. 

In another phase II study, Cremorphor EL-free paclitaxel 

(Genexol-PM) and gemcitabine were used to treat ad-

vanced NSCLC patients. Genexol-PM is a polymeric mi-

celle formulation of paclitaxel which allows higher-dose 

administration with less hypersensitivity. In this clinical 

trial, patients with advanced NSCLC received Genex-

ol-PM combined gemcitabine for six cycles and gave the 

conclusion that CrEL-free paclitaxel in combination with 

gemcitabine demonstrated favorable antitumor activity 

with little emetogenicities in NSCLC patients. However, 

frequent grade 3/4 toxicities were observed, and safety 

should be evaluated thoroughly in future studies [92].

 Breast cancer

Breast cancer is the most prevalent invasive cancer 

among women, accounting for more than 11.6% of all fe-

male cancers. Based on histological characteristics, mo-

lecular subtype, stage, and DNA-based alterations, breast 

cancer is classified into four main subtypes, namely, lu-
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Table 2. List of clinical trials using NPs-mediated drug treatment in breast cancer.
First 
authors 

Type of 
clinical 
trial 

Name of 
drug

Type of Patients Number of 
patients

Treatment strategy Main findings

Chao 
et al. [102]

Phase II Genetaxyl Advanced, stage 
III or IV or 
recurrent

N=29 Genetaxyl 175 mg/m2 every 
3 weeks for 3-6 cycles

a 60% reduction of 
CrEL by Genetaxyl’s 
formulation does not 
affect the activity of 
paclitaxel.

Gradishar 
et al. [103]

Phase III nab-PTX (ABI-
007)

Metastatic ABI-007: N = 
229; standard 
paclitaxel: N = 
225

ABI-007 at 260 mg/m2; 
standard paclitaxel at 175 
mg/m2 

ABI-007 demonstrated 
greater efficacy and a 
favorable safety profile 
compared with standard 
paclitaxel.

Roy 
et al.
[104]

Phase II nab-PTX, 
gemcitabine

untreated, 
metastatic 

N= 50 Nab-PTX 125 mg/m2 and 
gemcitabine at 1000 mg/m2 
were administered on days 
1 and 8 of a 21-day cycle 
until disease progression.

All well-tolerated 
and only one patient 
developed febrile 
neutropenia. This 
strategy shows 
significant activity and 
good toxicity profile.

John 
et al. [105]

RCT, 
phase II 

doxorubicin with 
cyclophosphamide, 
followed by nab-
Pac or cf-Pac 

metastatic N=190 Nab-Pac at 260 mg/m2 or 
cf-Pac at 175 mg/m2

A 44% higher paclitaxel 
dose was delivered in 
the Nab-Pac compared 
with the cf-Pac arm, 
achieving a similar 
safety profile. 

Ranade 
et al. [106]

RCT,
Phase II

nanoparticle 
paclitaxel or 
Cremophor 
paclitaxel 

advanced and/
or metastatic, 
after failure of 
anthracycline

N=195 nanoparticle paclitaxel 300 
mg/m2 or 220 mg/m2 or 
Cremophor paclitaxel 175 
mg/m2

nanoparticle paclitaxel 
is well tolerated as 
Cremophor paclitaxel 

Yardley 
et al. [107]

Phase II nab-PTX, lapatinib HER2 positive N=55 Nab-PTX at 100 mg/m2 on 
Day 1, 8, and 15 every 28 
days 

This combination 
is feasible with 
manageable and 
predictable toxicity and 
favors with other HER2-
based combinations

Seidman 
et al.[108]

RCT, 
phase II

nab-PTX, 
filgrastim, 
Bevacizumab

metastatic N=208 
arm A: N=75; 
arm B: N=54; 
arm C: N=79

Arm A: nab-PTX 260 mg/
m2 q3k with bevacizumab;
Arm B: filgrastim at 
260 mg/m2 q2w with 
bevacizumab;
Arm C: filgrastim at 
130 mg/m2 weekly with 
bevacizumab

Significant antitumor 
activity was observed 
in all the arms. 
Weekly nab-PTX with 
bevacizumab had the 
highest therapeutic index 
but with more severe 
sensory neuropathy, 
suggesting that a 
3-weeks on and 1 week 
off schedule should be 
explored.

Hamilton 
et al. [109]

Phase II paclitaxel, 
bevacizumab,
carboplatin

triple negative 
metastatic 

N=34 Nab-PTX at 100 mg/m2 
plus carboplatin (AUC of 
2) on days 1, 8, 15, and 
bevacizumab 10 mg/kg on 
days 1 and 15 of a 28-day 
cycle.

efficacious and well 
tolerated as first-line 
treatment for TNMBC.
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Sun 
et al.[110]

Phase II paclitaxel,
cisplatin

recurrent or 
metastatic 

N=73 Nab-PTX weekly at 125 
mg/m2 on day 1, day 8, 
and day 15, followed by 
cisplatin at 75 mg/m2 on 
day 1, repeated every 28 
days

highly effective, 
with quick response, 
manageable toxicity, and 
possible equivalence 
across molecular subtypes 
in MBC patients.

Tanaka
 et al. [111]

Phase II paclitaxel,
trastuzumab

HER2 positive 
(stage I to IIIA)

N=45 epirubicin/cyclophosphamide 
or 5-fluorouracil/epirubicin/
cyclophosphamide every 3 
weeks (q3w) for 4 cycles, 
followed by Nab-PTX at 
260 mg/m2 plus trastuzumab 
(q3w) for 4 cycles.

Neoadjuvant therapy 
using this combination 
appears to be effective 
and safe.

Park 
et al.[112]

RCT, 
Phase III

Genexol-PM Recurrent or 
Metastatic 
HER2-Negative 

N=212
Genexol-PM: 
N=105;
Genexol: n=105  

Genexol-PM at 260 mg/
m2 or Genexol 175 mg/
m2 intravenously every 3 
weeks

Compared with standard 
paclitaxel, Genexol-
PM demonstrated non-
inferior and even superior 
clinical efficacy with a 
manageable safety profile 
in patients with metastatic 
breast cancer.

Sakaguchi 
et al. [113]

Phase I paclitaxel,
S-1

HER2-negative 
metastatic 

N=9 Nab-PTX at 180-260 mg/m2 
on day 1 and S-1 at 65-80 
mg/m2 daily on days 1-14, 
repeated every 3 weeks

This combination therapy 
is effective and feasible.

Futamura 
et al. [114]

Phase II paclitaxel, 
epirubicin,
cyclophosphamide

Operable (stage 
IC-IIIA)

N=54 Four cycles of every-3-
week (q3w) nab-PTX 
followed by four cycles 
of q3w an epirubicin plus 
cyclophosphamide

Preoperative NAC with 
nab-PTX followed by 
EC is effective and 
safe for operable breast 
cancer.

Schmid 
et al.[115]

RCT, 
Phase III 

paclitaxel,
atezolizumab

Advanced 
Triple-Negative 

N=902;
atezolizumab plus 
nab-Pac: N=451;
lacebo plus nab-
Pac: N=451

atezolizumab 800 mg on 
days 1 and 15, plus nab-
PTX at 100 mg/m2 on days 
1, 8, and 15 of every 28-day 
cycle

Atezolizumab plus 
nab-PTX prolonged 
progression-free survival 
among patients.

Ota 
et al.[116]

Phase I paclitaxel,
cyclophosphamide

HER2-negative 
metastatic 

N=5 Nab-PTX at 100-150 
mg once a week for 
three weeks, repeated 
every 4 weeks, and 
cyclophosphamide 600 mg/
m2 on day 1

The combination therapy 
with weekly nab-PTX 
and CPA was tolerable

Notes: Genetaxyl (Paclitaxel formulated in 50% Cremophor EL/absolute ethanol); Genexol-PM, a Cremophor EL-free formulation of 
low-molecular-weight, non-toxic, and biodegradable polymeric micelle-bound paclitaxel; Genexol: conventional paclitaxel; AUC of 
6, area under curve 6 mg/ml/min.

minal breast cancer type A and type B, human epidermal 

growth factor receptor 2 (HER2) positive breast cancer, 

and triple-negative breast cancer [101].

Breast cancer is highly heterogeneous, making its treat-

ment very complex. Precise treatment strategies are 

made that consider cancer stage, presence/absence of 

hormone receptors, genetic and epigenetic alterations, 

and biomarkers. These strategies include surgery, che-

motherapy, radiation therapy, hormone therapy, immu-

notherapy, targeted therapy alone or in combination. 

For instance, neoadjuvant therapy is a standard of treat-

ment (especially for HER2-positive and triple-negative 

breast cancer). Endocrine therapy and chemotherapy for 

ER-positive tumors for 5-10 years based on individual 

risk assessment [102]. However, conventional anti-cancer 
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drugs have poor bioavailability and short half-life as 

well as toxicity that limit their applications. There are 

15 published clinical trials that assessed the effects and 

safety of NP-based drug delivery systems in the treat-

ment of breast cancer [103-117]. 

 Nab-Pac

Nab-Pac remains as the conventional drug to treat breast 

cancer. ABI-007 is the first solvent-free, biointeractive 

albumin-bound paclitaxel nanoparticle. In a phase III 

RCT study, 554 metastatic breast cancer patients were 

randomized assigned to three-week cycles of ABI-007 or 

standard paclitaxel. ABI-007 showed greater anti-tumor 

effect as evidenced by 1.7-fold response rate, 1.4-fold 

longer time to tumor progression. By contrast, grade 4 

neutropenia was 60% lower in ABI-007 group than stan-

dard paclitaxel [104].

On top of nab-Pac, agents including cyclophosphamide, 

S-1, trastuzumab, bevacizumab, gemcitabine, cisplatin, 

lapatinib, and atezolizumab were often added to reinforce 

the anti-tumor activity [106, 109-112, 114-117]. In an open-label 

phase II RCT study, 208 metastatic breast cancer patients 

were randomized administered nab-Pac every 3 weeks 

(n=75), every 2 weeks (n=54) or weekly (n=79) in com-

bination with bevacizumab, the overall response rate 

and neurotoxicity were comparable among three groups. 

Nevertheless, the median time to tumor progression was 

9.0, 5.8, and 8.0 months for patients with weekly, every 2 

weeks, or every 2 weeks of nab-Pac treatment group, re-

spectively (P=0.105) [109]. In a RCT phase 3 trial, patients 

with untreated metastatic triple-negative breast can-

cer were randomized assigned to nab-Pac alone (n=451) 

or combined with atezolizumab (n=451) till signs of 

cancer progression or severe toxicity. By the inten-

tion-to-treatment analysis, the median progression-free 

survival was 1.7 months longer in patients received dual 

drugs than ones received nab-Pac alone (P=0.002). The 

overall survival was 3.7 months longer in dual drug 

treatment than nab-Pac alone (P=0.08) [118]. Likewise, 

in a phase II, multicenter trial, patients with triple nega-

tive metastatic breast cancer were treated with nab-Pac, 

carboplatin, and bevacizumab. The overall response rate 

was reached 85% and progression-free-survival was 9.2 

months [110]. At present, the combination of nab-Pac, car-

boplatin, and bevacizumab is recommended as the first-

line chemotherapy for the treatment of triple negative 

metastatic breast cancer. 

Nanoparticle polymeric micellar paclitaxel

In a multicenter phase II study, 194 patients with ad-

vanced breast cancer were randomized assigned to 300 

mg/m2 or 200 mg/m2 of Cremophor-free nanoparticle pa-

clitaxel or 175 mg/m2 Cremophor paclitaxel. Ultimately, 

they were all well tolerated in the patients with similar 

overall response rate ranging from 31% for Cremophor 

paclitaxel and 40% for nanoparticle paclitaxel [107]. Same 

findings were confirmed in another RCT study in which 

212 patients with recurrent or metastatic HER2-negative 

breast cancer were randomized treated with Genexol-PM 

or conventional paclitaxel. Genexol-PM is a Cremophor 

EL-free formulated construct with low-molecular-weight, 

non-toxic, and biodegradable polymeric micelle-bound 

paclitaxel. After a median follow-up of 24.5 months, the 

overall response rate was 1.6-fold higher in Genexol-PM 

group than Genexol group (P=0.021). The overall sur-

vival rate and progression-free survival were comparable 

between two groups (P≥0.26) [113]. However, neutropenia 

was more frequently seen in Genexol-PM group com-

pared with control (68.6% vs. 40.2%, P<0.01) [113].

 New nanoparticles under investigation

The work of nanoparticles in the bioengineer of anti-tu-

mor drugs for better efficacy and safety never stops. 

Ashley M Brinkman et al. engineered a unique unimo-

lecular micelle nanoparticle [119] loaded with AF and con-

jugated with GE11, a 12 amino acid peptide targeting 
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epidermal growth factor receptor (EGFR), which can be 

an effective therapeutic option for EGFR-overexpress-

ing triple-negative breast cancer [120]. Yu-Guo Yuan et al. 

synthesized palladium NPs from a novel biomolecule 

called R-paclitaxel and investigated the efficacy and 

safety with combined tubastatin A in human breast can-

cer cells [121]. The Metal-organic Nanoparticles MONs is 

composed of Cu (DDC)2 metal-organic complex core 

and surface decorated bovine serum albumin; it showed 

potent antitumor activity in breast cancer cell monolayers 

and three-dimensional cultures of tumor spheroids [122]. 

Curcumin is the most powerful compound to inhibit can-

cer cell proliferation. To increase its solubility, curcumin 

was combined with human albumin prior to incorpora-

tion into NPs. By doing so, it led to a significant increase 

in the toxicity of curcumin to cancer cells, without in-

creasing its toxicity to normal cells [123]. All of which are 

currently tested in vitro and in animal models.

Conclusions and perspectives

Nanoparticles as vehicles of different anticancer drugs 

via active and passive transportation is a promising and 

advanced field, having a huge potential in cancer ther-

apy. Apart from these data, numerous clinical trials are 

currently in development, and only a few nano-based 

anticancer drug carriers have reached the FDA approval. 

Up to date, most clinical trials are centered around Nab-

Pac. There are many obstacles waiting for resolution and 

a vast field worth to be explored about nanoparticle drug 

delivery systems.
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