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Abstract

Over the past two decades, paclitaxel shows remarkable potency as an 
antineoplastic agent with a broad range of cancers, such as lung, ovarian, and 
pancreatic cancers, etc. However, traditional treatment regimens limited the 
clinical effectiveness of paclitaxel by high rates of toxicitiessuch as myalgia, 
hypersensitivity reactions and peripheral neuropathy. These effects mainly were 
caused by Cremophor EL (polyethoxylated castor oil), a delivery of paclitaxel 
due to its poor solubility, and ethanol. To overcome these problems, numerous 
advances have been made in dosing schedules and delivery strategies. This 
review describes existing and future novel formulations for delivery of paclitaxel. 
In addition, novel formulations of paclitaxel, their mechanisms of action, dose 
and administration and clinical efficacy will be discussed. 
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become a hotspot in the treatment of tumors. This article reviews 
developments in therapeutic strategies of paclitaxel.

Novel Formulations for Delivery of Paclitaxel
Paclitaxel, no doubt, is one of the most active antineoplastic agents 

with a broad spectrum of activity against several human cancers. 
However, because of the high lipophilicity and poor water solubility 
of paclitaxel, Cremophor EL had been used as solvents which can 
cause a number of adverse reactions, including acute hypersensitivity, 
neutropenia and peripheral neuropathy. In this setting, innovative 
approaches to treatment are welcome. So far, novel formulations 
of paclitaxel, including nab-paclitaxel, injectable hydrogel, etc. has 
showed marked improvement in the treatment of various cancers in 
the clinic or fundamental research.

Nab-paclitaxel
Nanoparticle albumin -bound (nab)-paclitaxel, a novel, 

biologically interactive, nanometer sized albumin-bound paclitaxel 
particle, is prepared by high-pressure homogenization of paclitaxel 
in the presence of serum albumin, resulting in a colloidal suspension 
comprising nanoparticles with an average size of 130nm, that prevent 
the risk of capillary blockage after intravenous infusion [12]. The 
mechanism of delivery of nab-paclitaxel has been proposed to be 
mediated by active transport of albumin into the interstitial space via 
gp60-mediated transcytosis and the association with the albumin-
binding protein SPARC (secreted protein, acidic and rich in cysteine) 
in the tumor microenvironment [13,14]. Therefore, compared with 
the solvent-based paclitaxel, nab-paclitaxel demonstrates more 
efficient transport across endothelial cells, greater penetration, cell 
uptake , mitotic arrest induction in tumor xenografts, as well as to 
reduce solvent-associated toxicities ,especially polyoxyethylated 
castor oil solvent (Cremophor EL) [15]. In addition, nab-paclitaxel 
allows the safe infusion of significantly higher doses of paclitaxel than 
the doses used with standard paclitaxel therapy, with shorter infusion 
schedules (30minutes v 3hours, respectively) and no premedication 
[16]. This novel formulation of paclitaxel has been used in clinical 
trials at present and has gorgeous results in the treatment of cancers. 

Introduction
Cancer had become the most common cause of death in China 

and many other parts of the world. Currently, the crude incidence 
rate in Chinese cancer registration areas was 285.91/100,000 (males 
317.97/100,000, females 253.09/100,000) and the cancer mortality 
in urban areas was 181.86/100,000, whereas in rural areas, it was 
177.83/100,000 [1]. A central aim in cancer therapy is to ‘‘cure’’ the 
cancer, or prolonging survival time of the patients, while improving 
the quality of life in both the long and short terms [2]. Over the 
decades, the treatment of cancer has relied primarily on the use of 
various forms of surgery, cytotoxic chemotherapy and radiation 
therapy, especially chemotherapy is an important part of treatment 
for many cancers by keeping the cancer cells from growing and 
dividing to make more cells [3]. Among the anti-cancer drugs, 
taxanes are the most researched agents that play important roles in 
oncotherapy through a unique mechanism, and paclitaxel is the first 
and most successful member of the taxane family to be used in cancer 
chemotherapy [4]. Paclitaxel have shown remarkable potency as an 
antineoplastic agent with a broad range of cancers activity against 
various cancers, such as lung, ovarian, and pancreatic cancers, etc. 
The history of development of paclitaxel is summarised in Figure 1. 
Their therapeutic effect is due to disrupt the tubulin-microtubule 
equilibrium and destroy the cancer cell division process by inducing 
cell cycle arrest and the programmed cell death [5-7]. So far, 
paclitaxel is widely used in the therapy of various cancers. Although 
crucial progress has been made in curing cancers, chemotherapy 
with paclitaxel can be associated with significant hypersensitivity 
reactions, hematologic toxicity, neurotoxicity, arthralgia, myalgia 
and skin changes that may offset the therapeutic benefits of paclitaxel 
use. These reactions were mediated by the direct release of histamine 
or other vasoactive substances, and these reactions have been caused 
by paclitaxel itself or Cremophor EL [8,9]. Recently, more and more 
evidences had to be found that those reactions mainly attributed 
to Cremophor EL, which induced histamine release and similar 
manifestations in dogs and other drugs formulated in Cremophor 
EL including cyclosporine and vitamin K, have been associated with 
similar reactions [10,11]. Therefore, novel formulations of paclitaxel 
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In the treatment of lung cancer, the initial nab-paclitaxel 
monotherapy study showed that patients with NSCLC were 
administrated with 260mg/m 2 every 3 weeks. As a result, the response 
rate (ORR) was 16%, disease control rate was 49%, median Time To 
Progression (TTP) of 6 months, and median Overall Survival (OS) of 11 
months with no acute hypersensitivity reactions [17]. Following this, 
patients with NSCLC were received a combination therapy including 
nab-paclitaxel 100mg/m2 intravenous infused over 30 minutes weekly 
and carboplatin AUC 6 every 3 weeks. Comparing with those patients 
were administrated with paclitaxel 200mg/m2 intravenous infused 
over 3 hours once every cycle and carboplatin AUC 6 every 3 weeks, 
nab-paclitaxel group showed a 10% improvement in OS (12.1 months 
versus 11.2 months ) and 10% improvement in PFS (6.3 versus 5.8 
months; P=0.214). In addition, grade 3 or 4 neutropenia was lower in 
the nab-paclitaxel group compared to paclitaxel group (47% versus 
58%, respectively) [18]. In another study, a combination of nab-
paclitaxel 300mg/m2, carboplatin AUC 6, and bevacizumab 15mg/kg 
every 21 days showed that the response rate was 31%, the median 
OS of 16.8 months and median progression-free survival (PFS) of 9.8 
months [19].

In the treatment of pancreatic adenocarcinoma, nab-paclitaxel 
also showed their excellent effect. A current clinical trial, patients 
with previously untreated advanced pancreatic cancer were treated 
with 100, 125, or 150mg/m2 nab-paclitaxel followed by gemcitabine 
1,000mg/m2 on days 1, 8, and 15 every 28 days to identify the 
Maximum-Tolerated Dose (MTD) of first-line gemcitabine plus 
nab-paclitaxel. This study showed that the MTD was 1,000mg/m2 
of gemcitabine plus 125mg/m2 of nab-paclitaxel once a week for 3 
weeks, every 28 days, which caused the response rate was 48%, with 
12.2 median months of Overall Survival (OS) and 48% 1-year survival, 
indicating this regimen has tolerable adverse effects with substantial 
antitumor activity [20]. The other current clinical trial, 431 patients 
with advanced pancreatic cancer were assigned to nab-paclitaxel plus 
gemcitabine. More specifically, patients were administrated with nab-

paclitaxel at a dose of 125mg/m2 by intravenous infusion, followed by 
an infusion of gemcitabine at a dose of 1000mg/m2, on days 1, 8, 15 
every 4 weeks and 430 patiens received gemcitabine alone at a dose 
of 1000mg/m2 weekly for 7 of 8 weeks (cycle 1) and then on days 1, 8, 
and 15 every 4 weeks (cycle 2 and subsequent cycles). The result also 
showed that in patients with metastatic pancreatic adenocarcinoma, 
nab-paclitaxel plus gemcitabine obviously enhanced OS, PFS, and 
response rate. The rate of survival in nab-paclitaxel–gemcitabine 
group was significantly higher in the gemcitabine group by 59% at 
1 year (35% vs. 22%) and by more than 100% at 2 years (9% vs. 4%). 
However, the rate of peripheral neuropathy and myelosuppression 
were increased [21].

Recently, nab-paclitaxel provided a promising activity against 
previously treated unresectable or recurrent gastric cancers and 
safer treatment to patients. In a study, patients were administrated 
nab-paclitaxel (260mg/m2) via the intravenous on day 1 of each 21-
day cycle, resulting in the median PFS was 2.9 months, the median 
survival time was 9.2 months, grade 3 ⁄ 4 toxicities were neutropenia 
(49.1%), leucopenia (20.0%), lymphopenia (10.9%), and peripheral 
sensory neuropathy (23.6%) [22].

Experimentally, nab-paclitaxel has also significantly stronger 
antitumor effects on gastric cancer cell lines than cytotoxic agents 
oxaliplatin and epirubicin in vitro and in vivo, which increased 
expression of the mitotic-spindle associated phospho-stathmin 
irrespective of the baseline total or phosphorylated stathmin level, 
and induced mitotic cell death as confirmed through increased 
expression of cleaved-PARP and caspase-3. The average of local 
tumor growth inhibition rate in vivo for nab-paclitaxel, oxaliplatin 
or epirubicin treatment were 77, 17.2 and 21.4 percent respectively. 
The median animal survival was 93 days after nab-paclitaxel 
treatment, controls was 31 days, oxaliplatin was 40 days and docetaxel 
therapy 81 days [23]. What is more, nab-paclitaxel could enhance 
its antitumor activity by antiangiogenic agents like bevacizumab 
(Bev) or sunitinib (Su). Compared with controls (19 days), median 

Figure 1: History of paclitaxel development.
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animal survival was increased after Nab-Paclitaxel therapy (32 days), 
NPT+Bev was 38days, NPT+Su was 37days and NPT+Bev+Su was 49 
days. This combination could decrease in angiogenesis, reduction of 
desmoplastic stroma formation, increased delivery of Nab-Paclitaxel 
to tumor, and greater efficacy in growth inhibition of multiple cell 
types within the tumor microenvironment [24]. Furthermore, 
combination of nab-Paclitaxel and Gemcitabine exhibits synergistic 
antitumor activity in a xenograft model of Pancreatic Ductal 
Adenocarcinoma (PDA). Mice were treated with established tumors 
of comparable size for 8 days with vehicle, gemcitabine, nab-
paclitaxel, or nab-paclitaxel/gemcitabine, resulted in a significantly 
smaller tumors with nab-paclitaxel/gemcitabine (mean, 140%±15%) 
as compared with gemcitabine (mean, 234%±32%) , vehicle (mean, 
278%±33%) and single–agent nab-paclitaxel (mean, 170%±15%). 
Importantly, some tumors in the nabpaclitaxel/gemcitabine cohort 
regressed after only 8 days of treatment [13]. Additionally, mice 
with lewis lung carcinoma (LLC) and H460 lung carcinoma (H460) 
were treated with nab-paclitaxel, radiation and HVGGSSV, a 
recombinant peptide was used to target nab-paclitaxel to irradiate 
tumors, achieving tumor-specificity and enhanced bioavailability of 
paclitaxel, showing a great bioavailability of paclitaxel, better tumor 
growth delay compared with controls, and a significantly greater 
loss in vasculature in irradiated tumors compared with unirradiated 
tumors. More specifically, controls showed no significant growth 
delay in LLC tumors and only 2 days’ delay in H460, radiation 
alone (9 Gy) achieved only a slight tumor growth delay (2 days) 
in LLC tumors and 6 days in H460, nabpaclitaxel alone produced 
tumor growth delay of 2 days (LLC) and 6 days (H460), and upon 
additional irradiation increased to 6 days (LLC) and 11 days (H460), 
HVGGSSV-nab-paclitaxel treatment achieved a growth delay of 3.4 
days (LLC) and 8 days (H460). Additional irradiation increased this 
to 10 days (LLC) and 15 days (H460) [25].

The nab-paclitaxel showed more effectively uptake by tumour 
cells, as well as to reduce solvent-associated toxicities. The evidence 
reviewed above suggests this novel technology is achieving its aim of 
improving the therapeutic index of this well-established agent for the 
benefit of various cancers patients

Injectable hydrogel as carriers for paclitaxel
Injectable in situ hydrogels also play important role in the novel 

drug delivery systems, which ease of administration, biocompatibility, 
improve patient compliance, high regional drug concentration and low 
systemic toxicity [26]. Hydrogels are three-dimensional hydrophilic 
polymeric networks that can absorb and retain a considerable amount 
of water (from 10 to 20% up to thousands of times their dry weight 
in water) with maintenance of shape [27]. These material systems are 
flow able aqueous solutions before administration, but once injected, 
rapidly gel due to one or combination of different stimuli like pH 
change, temperature modulation and solvent exchange [28]. For use 
in drug/cell delivery and tissue engineering, hydrogels should be low-
viscosity solutions (free flowing) prior to subcutaneous injection and 
should rapidly gel in the human body, where ultimate degradation of 
the hydrogels is desired.

To date, several reviews pertinent to injectable hydrogels have 
been published. Such as Poly (ethylene glycol)–b-polycaprolactone 
(MPEG–PCL) diblock copolymer gel serves as an injectable drug 

depot for paclitaxel. The copolymer solution remained liquid at 
room temperature and rapidly gelled in vivo at body temperature. 
This thermo sensitive hydrogel showed that intratumoral injection of 
Ptx-containing gels more effectively inhibited tumor growth than did 
Ptx, increasing the average tumor volume doubling time to 9 days, 
compared with 4.3 days in the PTX-treated group and 3.3 days in the 
saline control group and increase in necrotic tissue in tumors treated 
with Ptx-loaded gel [29]. In addition, combination of MPEG-PCL/
PTX with PEG-PCL-PEG/DDP (PDMP) as an in situ gel-based dual 
drug delivery also showed an effective at inhibiting tumor growth 
and prolong the survival time of tumor-bearing BALB/c nude mice 
after intratumoral injection. Mice with lung cancer were treated with 
PDMP hydrogel, free DDP+PTX, blank drug carrier and Normal 
Saline (NS), result in the median survival time in PDMP hydrogel 
composite group was significantly longer (53days) than those of the 
free DDP+PTX group (40 days, p < 0.05), the blank drug carrier group 
(26 days, p < 0.05), and NS (25 days, p < 0.05) group [30]. Likewise, 
thermosensitive in-situ forming hydrogels based on poly (g-ethyl-L-
glutamate)-poly(ethylene glycol)-poly(g-ethyl-L-glutamate) triblock 
copolymers (PELG-PEG-PELG) for localized and sustained delivery 
of paclitaxel. The PELG-PEG-PELG triblock copolymer mixed with 
paclitaxel in the aqueous solutions and then rapidly gel as a drug depot 
with the employment of body temperature after subcutaneous injection 
into mice. This thermosensitive PTX-encapsulated hydrogels could 
efficiently suppress the tumor growth up to 21 days, and did not result 
in obvious organ damage [31]. Similarly, poly (organophosphazene), 
a novel thermosensitive hydrogel, is an injectable drug delivery 
system that transforms from sol to gel at body temperature. Paclitaxel 
encapsulated this hydrogel could sustain PTX release for 14 days in 
the tumor tissue after injecting intratumorally and reduce systemic 
exposure and toxicity by restricting its biodistribution to the tumor 
tissue [32]. Additionally, paclitaxel conjugated poly (3-caprolactone)–
poly(ethylene glycol)–poly (3caprolactone) (PCEC/PTX) presented a 
thermosensitive reversible sol-to-gel transition property around body 
temperature. This thermosensitive hydrogel could sustain at least 28 
days after subcutaneous injection in mice [33]. Furthermore, OSM-
PCGA-PEG-PCGA-OSM block copolymers poly, composed of poly 
(ethylene glycol) (PEG), polyglycolide (GA), ε-caprolactone (CL) and 
sulfamethazine oligomers (OSMs), is a pH and temperature sensitive 
hydrogel. This block copolymer solution showed a reversible sol-
gel transition as a result of both a pH change in the pH 7.4, and a 
temperature change around body temperature. Following the loading 
this matrix and paclitaxel , more than 90% of the drug was released 
from this matrix after 20-22 days, indicating this pH/temperature 
sensitive hydrogel may use for drug delivery systems [34]. Further 
study found that this PTX-loaded block copolymer solution were 
injected subcutaneously to tumor-bearing mice and showed good 
anti-tumor effect for 2 weeks and induced strong apoptosis in 
tumor tissue. Therefore this OSM–PCLA–PEG–PCLA–OSM block 
copolymer hydrogel may be a effective injectable carrier of PTX [35].

Currently, hydrogel systems are commonly used as a local drug 
delivery system. This local delivery of antitumor drugs delivery 
system provides a high local concentration and decreases the 
incidence of side effects commonly observed with systemic therapy. 
Although much progress has been made in the fundamental research 
of injectable hydrogels, some shortage requires improving in order to 
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use in clinical practice, such as drug in this system from the tumor site 
still subsequently reached systemic circulation, mechanically weak, 
difficult to sterilize.

Miscellaneous formulations for delivery of paclitaxel
Up to now, there are also many ways to formulate paclitaxel in a 

delivery system that does not require cremophor for solubilization, 
including micelles, nanoparticles, liposomes, emulsions and various 
conjugates.

For instance, polymeric Nano Particles (NPs) have attracted 
considerable attention as potential drug delivery, which can effectively 
deliver the drug to a target site, escape from the vasculature through 
the leaky endothelial tissue, increase the therapeutic benefit and 
minimize side effects. Nanoparticles generally vary in size from 10 to 
1000 nm. The drug is dissolved, entrapped, encapsulated or attached 
to a NP matrix [36]. A case in point is that paclitaxel-loaded PLGA 
nanoparticles (Ptx-PLGA-Nps) could be considered promising 
systems for in vivo paclitaxel delivery. This formulation strongly 
enhances the cytotoxic effect of the drug as compared to paclitaxel 
in vitro. The release behaviour of paclitaxel from the polymer matrix 
exhibited a biphasic pattern characterized by a fast initial release 
during the first 24h, followed by a slower and continuous release 
[37]. Further study exhibited that PTX was released from the PLGA 
nanoparticles for a period of 15 days in vitro without obvious toxic 
effects and inhibited human breast cancer cell growth for a period 
of 168 h after intravenous injection in mice [38]. A recent study, 
addition of signal transducer and activator of transcription-3 (Stat3) 
to Ptx-PLGA-Nps could enhance antitumor efficacy and provide a 
new therapeutic strategy to control cancer cell growth. This novel 
formulation could induce more microtubule aggregation, decrease 
cell viability, increase apoptosis, and reduce cellular resistance to 
paclitaxel in vitro [39]. What’s more, paclitaxel-loaded poly (L-γ-
glutamylglutamine) also demonstrated to be efficacious in antitumor 
activity in vivo and outperformed paclitaxel alone. Mice with the 
NCI-H460 human lung cancer cells were treated with free PTX, PTX-
loaded nanoparticles and NS, result in the PTX-loaded nanoparticles 
could efficiently suppress the tumor growth up to 27 days, free PTX 
group was 19 days and NS group was 16 days [40].

Liposomes are another delivery system for paclitaxel, those 
liposomes have microscopic phospholipid bubbles with a bilayered 
membrane structure, which can improve solubilization of lipophilic 
drugs as a versatile drug carrier [41]. Encapsulation in liposomes 
often results in distinct changes in the pharmacokinetic and the 
pharmacodynamic properties of the drugs, in some cases causing a 
marked decrease in toxicity or increase in potency. Such as, liposomes 
were subsequently coated with anionic Polymer Polyacrylic Acid 
(PAA) followed by coating of cationic polymer polyallylamine 
hydrochloride (PAH) to form multilayered liposomes and then 
paclitaxel encapsulated this layersome formulation. This formulation 
was able to sustain the drug release for 24h in vitro and also exhibited 
4.07-fold oral bioavailability of PTX as compared to the free drug in 
vivo. The tumor growth also reduced significantly with safer toxicity 
profile compared to PTX [42]. Moreover, paclitaxel liposomes 
may serve as a lung-targeting drug delivery system. In a study, the 
liposome carrier markedly altered the tissue distribution profile 
of paclitaxel in dogs compared with the paclitaxel injection. After 

intravenous administration of paclitaxel liposomes in dogs, the drug 
concentration in the lungs was higher than in the other organs or 
tissues [43].

Additionally, micellisation is also an important approach capable 
of solubilizing a hydrophobic drug in a hydrophilic environment 
comprising of biodegradable drug carrier micelle and a hydrophobic 
drug wherein the drug is physically entrapped and not covalently 
bonded to the polymeric drug carrier micelle. Polymer micelles are 
convenient passive targeting carrier systems of anticancer drugs since 
they are structurally strong and unlike liposomes are not captured 
by the reticuloendothelial cell system. For instance, paclitaxel (PTX)-
loaded polymeric micelles (M-PTX) could enhance the blood flow 
and oxygenation of tumors 24h after treatment. These changes in the 
tumor microenvironment could lead to an enhancement of the EPR 
(enhanced permeability and retention) effect. As result, M-PTX could 
increase in blood flow, permeability, induce EPR effect and enhance 
accumulation of anti-cancer drugs in tumors [44]. Furthermore, 
Disulfide Cross-Linked Micelles (DCMs) loaded paclitaxel (PTX), 
this formulation were found to be able to preferentially accumulate 
at the tumor site in nude mice and released PTX over 10days after 
injection. Compared with the control group and PTX group, mice 
in PTX-DCMs group showed significant inhibition of tumor growth. 
The median survival time was 21 days for control, 27 days for PTX, 
and 32.5 days for PTX-DCMs, respectively [45].

To improve the safety profile of paclitaxel, a number of 
advances have been made in dosing delivery strategies. These newer 
formulations use paclitaxel bound in a novel fashion to proteins, 
polypeptides or fatty acids to assist in solubilization, or form to 
polymer-based paclitaxel drug delivery systems, resulting maintain 
therapeutic cytotoxic tumor drug concentrations over extended 
periods of time and reduce drug’s toxicities. Those novel formulations 
for delivery of paclitaxel, to some extent, are superior to PTX indoor 
patients may benefit from the improved therapeutic effect of those 
modern drug formulations

Summary and Perspectives
Paclitaxel have played a significant role in the treatment of various 

malignancies over the past 40 years. Their therapeutic effect is due to 
disrupt the tubulin-microtubule equilibrium and destroy the cancer 
cell division process by inducing cell cycle arrest and the programmed 
cell death. However, traditional treatment regimens limited the 
clinical effectiveness of paclitaxel by high rates of toxicitiessuch as 
myalgias, hypersensitivity reactions and peripheral neuropathy. These 
effects mainly were caused by Cremophor EL (polyethoxylated castor 
oil), a delivery of paclitaxel due to its poor solubility, and ethanol. 
To overcome these problems, numerous advances have been made in 
dosing schedules and delivery strategies. Those different treatments, 
to some extent, produce an anti-tumor effect and reduce the toxic and 
side effects. In addition, combination of paclitaxel with other agents, 
including gemcitabine, cisplatin and cyclophosphamide etc., often 
gives synergistic effects, leading to reduced administered quantities 
of drugs, therefore, reduced side effects. However, despite those 
advancements aimed at optimizing paclitaxel therapy, a hard nut to 
crack remains unresolved, such as its poor selectivity towards tumour 
cells and inability to prevent, treat the toxicity of paclitaxel. Recently, 
novel formulations of paclitaxel, including injectable hydrogel, 
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liposomes, micelles and particulate drug delivery systems, have 
circumvented many of the problems. Clinical trials and preclinical 
work has demonstrated that those formulations discussed above 
could enhance the cytotoxic effect of the drug, significantly reduce 
tumor growth and obviously prolong the survival time of patients 
or mice with safer toxicity profile compared to PTX, due to their 
small particle size and changes in tumor microenvironment of drug 
molecules, realizing a sustained, controlled and targeted delivery of 
PTX, while at the same time limiting PTX distribution to normal 
tissue or organ. Although it has been established that those novel 
formulations are feasible and promising in cancer therapy, there still 
exists a lot of room for improvement of paclitaxel. Firstly, the lack 
understanding of formulations stability and drug release mechanisms 
from formulations in vivo. Furthermore, biodistribution, elimination 
routes and the effect of degradation products on organs, are also of 
concern. What’s more, another potential for improvement is the 
development of more complex targeted systems, which can release 
therapeutics at a target site. Lastly, clinical and preclinical work 
should also explore additional applications of those formulations for 
the treatment of cancer. Thus, in the coming years, further efforts 
will require to provides better treatment regimen to delay relapse, 
promote remission, and most importantly improve the quality of life 
of patients.
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