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Abstract 

Paclitaxel is one of the most important chemotherapeutic agents developed in oncology. Initially isolated 

from the bark of the Pacific yew tree (Taxus brevifolia), paclitaxel introduced a novel mechanism of 

microtubule stabilization and revolutionized cancer treatment. Early development was challenged by 

poor solubility, limited natural availability, and hypersensitivity reactions associated with solvent-based 

formulations. Over time, advances in semisynthetic production, nanoparticle formulations, and targeted 

delivery systems expanded the therapeutic utility of paclitaxel. Nab-paclitaxel, liposomal paclitaxel, and 

oral preparations represent major milestones in its evolution. Paclitaxel is now widely used in ovarian, 

breast, lung, pancreatic, cervical, and head-and-neck cancers. Ongoing research focuses on overcoming 

resistance, reducing toxicity, and combining paclitaxel with immunotherapy and precision medicine 

approaches.This review summarizes the historical evolution, pharmacological mechanisms, formulation 

innovations, clinical applications, resistance pathways, and future directions of paclitaxel in oncology. 
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Introduction 

Paclitaxel is a diterpenoid anticancer compound belonging to the taxane family and remains among the 

most widely prescribed chemotherapeutic drugs worldwide. Its discovery revolutionized anticancer 

pharmacology because it represented the first microtubule-stabilizing agent used clinically. Unlike vinca 

alkaloids that inhibit microtubule assembly, paclitaxel promotes microtubule polymerization and 

prevents depolymerization, thereby arresting cells in the G2/M phase of the cell cycle and inducing 

apoptosis (1,2). 

The development of paclitaxel is considered one of the most successful examples of translational 

oncology research, involving collaboration between government institutions, academia, and 

pharmaceutical industries. From its extraction from tree bark to the emergence of advanced 

nanoformulations, paclitaxel has undergone continuous evolution over the past five decades(3,4). 

This review discusses the chronological evolution of paclitaxel, focusing on discovery, mechanism of 

action, pharmaceutical advancements, clinical applications, toxicity management, resistance 

mechanisms, and future perspectives. 

 

Historical Discovery 

The National Cancer Institute initiated a plant-screening program during the 1960s to identify novel anti 
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cancer agents. Bark samples from Taxus brevifolia demonstrated cytotoxic activity. In 1971, Monroe  

Wall and Mansukh Wani isolated the active compound and named it Taxol(5,6,7). 

Initially, the clinical future of paclitaxel appeared uncertain because extraction from natural bark yielded 

extremely low quantities. Approximately one mature yew tree produced only about 0.5 g of paclitaxel, 

creating serious ecological and commercial concerns. Furthermore, the compound exhibited poor water 

solubility, complicating intravenous administration(8,9). 

Despite these obstacles, preclinical studies demonstrated remarkable antitumor activity against ovarian 

and breast cancer xenografts. Clinical trials initiated during the 1980s confirmed substantial activity in 

refractory ovarian carcinoma, leading to accelerated development. In 1992, paclitaxel received FDA 

approval for advanced ovarian cancer, followed by approvals in breast cancer and non-small cell lung 

cancer (NSCLC)(10,11). 

 

Mechanism of Action 

Paclitaxel binds to β-tubulin subunits within microtubules and promotes their stabilization. Stabilized 

microtubules lose the ability to undergo dynamic reorganization required for mitosis. Tumor cells 

become arrested in the G2/M phase, eventually undergoing apoptosis. 

Additional mechanisms include activation of proapoptotic pathways, Bcl-2 phosphorylation, reactive 

oxygen species generation, and antiangiogenic effects. Paclitaxel also acts as a radiosensitizer and 

enhances immune responses within the tumor microenvironment (12)( Figure1). 

 

Evolution of Formulations 

The major challenge in paclitaxel development was its hydrophobicity. Conventional paclitaxel 

formulation used Cremophor EL (polyoxyethylated castor oil) and ethanol as solvents to facilitate 

intravenous delivery. Although effective, Cremophor EL caused significant toxicities including: 

 Hypersensitivity reactions 

 Peripheral neuropathy 

 Nonlinear pharmacokinetics 

 Altered drug distribution 

 Requirement for corticosteroid premedication 

These limitations prompted intensive research to develop safer formulations (13,14). 

Another significant issue was sustainable production. Total chemical synthesis of paclitaxel was 

achieved in the 1990s but proved commercially impractical because of complexity and low yield. 

Subsequently, semisynthetic production using 10-deacetylbaccatin III from Taxus baccata needles 

became the preferred manufacturing strategy(15,16). 

Albumin-bound paclitaxel (nab-paclitaxel) became the most successful nanoformulation. It eliminated 

Cremophor EL and improved intratumoral drug delivery through albumin-mediated transport. Other 

innovations included polymeric micelles, liposomal paclitaxel, and oral formulations combined with P-

glycoprotein inhibitors(16). 

 

Evolution of Taxane Analogs 

The scarcity and toxicity concerns associated with paclitaxel stimulated the development of taxane 

analogs. Docetaxel emerged as the first major semisynthetic analog derived from Taxus baccata. 
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Structural modifications enhanced water solubility and intracellular retention. Docetaxel demonstrated 

improved efficacy in several malignancies including breast, prostate, gastric, and lung cancers(17). 

Later-generation taxanes included: 

 Cabazitaxel 

 Larotaxel 

 Tesetaxel 

 Ortataxel 

Cabazitaxel showed activity in docetaxel-resistant tumors because of reduced affinity for P-glycoprotein 

efflux pumps. It gained approval for metastatic castration-resistant prostate cancer(18). 

 

Emergence of Nanotechnology-Based Paclitaxel ( Table 1) 

Nanotechnology represented the most important modern advancement in paclitaxel evolution. Novel 

formulations aimed to eliminate Cremophor EL while enhancing tumor targeting and therapeutic index. 

Nab-Paclitaxel 

Albumin-bound paclitaxel (nab-paclitaxel, Abraxane®) was approved by the FDA in 2005 and became 

the most successful paclitaxel nanoformulation. It consists of 130 nm albumin-bound nanoparticles that 

exploit albumin receptor-mediated transport into tumors(19,20). 

 

Advantages include: 

 Absence of Cremophor EL 

 Reduced hypersensitivity reactions 

 No steroid premedication 

 Shorter infusion times 

 Higher intratumoral drug concentration 

 Improved response rates in selected cancers 

 

Nab-paclitaxel demonstrated major efficacy in: 

 Metastatic breast cancer 

 Metastatic pancreatic cancer 

 NSCLC 

The combination of gemcitabine plus nab-paclitaxel significantly improved survival in pancreatic cancer 

and became a standard regimen (21). 

 

Polymeric Micelles and Liposomal Paclitaxel 

To further improve delivery, multiple alternative formulations were developed: 

Polymeric Micelles 

Micellar formulations such as Genexol-PM and Paclical encapsulate paclitaxel within polymeric 

carriers, enhancing solubility and tumor accumulation. These formulations reduce solvent-associated 

toxicity and permit higher dosing (22). 

MDPI +1 

Liposomal Paclitaxel 
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Liposome-based formulations improve pharmacokinetics and decrease systemic toxicity. Lipusu®, 

approved in China, showed reduced hypersensitivity reactions and promising efficacy in lung and 

ovarian cancers( 23). 

MDPI 

Oral Paclitaxel 

Oral bioavailability of paclitaxel was historically poor due to P-glycoprotein efflux and first-pass 

metabolism. Novel oral formulations combined paclitaxel with P-glycoprotein inhibitors, improving 

systemic exposure and patient convenience (24). 

 

Clinical Evolution Across Malignancies 

Ovarian Cancer 

Paclitaxel transformed ovarian cancer treatment by replacing cyclophosphamide-containing regimens. 

Combination with platinum agents became the standard first-line therapy. Dose-dense weekly paclitaxel 

further improved progression-free survival in selected populations.  

Breast Cancer 

Paclitaxel demonstrated substantial activity in metastatic and adjuvant breast cancer. Weekly 

administration schedules improved efficacy while minimizing toxicity. Nab-paclitaxel later emerged as 

an alternative in metastatic triple-negative breast cancer.  

Lung Cancer 

Paclitaxel-carboplatin became one of the most commonly used regimens in NSCLC. Nab-paclitaxel 

subsequently showed improved response rates, particularly in squamous histology 

Pancreatic Cancer 

A landmark advance occurred with the introduction of gemcitabine plus nab-paclitaxel in metastatic 

pancreatic cancer, improving overall survival and becoming a standard frontline option. 

Cervical and Head-and-Neck Cancers 

Paclitaxel-containing combinations demonstrated radiosensitizing effects and improved local control, 

expanding applications in chemoradiotherapy protocols.  

Additional applications include gastric cancer, esophageal cancer, and head-and-neck malignancies, 

where paclitaxel is frequently combined with radiotherapy due to its radiosensitizing properties 

(25,26,27) 

Resistance Mechanisms 

Paclitaxel resistance represents a major clinical challenge and may be intrinsic or acquired. 

Major resistance mechanisms include: 

 Overexpression of P-glycoprotein efflux pumps 

 β-tubulin mutations 

 Altered tubulin isotype expression 

 Defective apoptotic signaling 

 Tumor microenvironment-mediated resistance 

 Cancer stem cell survival 

Current strategies to overcome resistance include: 

 Novel taxane analogs 

 Combination with targeted therapy 

 Nanoparticle delivery systems 
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 Immunotherapy combinations 

 RNA interference technologies(28). 

Toxicity 

Peripheral neuropathy is the most important dose-limiting toxicity of paclitaxel. Myelosuppression, 

alopecia, mucositis, and hypersensitivity reactions are also common adverse effects. Weekly 

administration schedules and nanoparticle formulations have improved tolerability. Nab-paclitaxel 

reduces solvent-related hypersensitivity and eliminates the need for steroid premedication (29). 

Paclitaxel and Radiation Therapy 

Paclitaxel has emerged as an important radiosensitizer because it arrests tumor cells in the radiosensitive 

G2/M phase. Concurrent chemoradiotherapy protocols incorporating paclitaxel have shown efficacy in: 

 Esophageal cancer 

 Cervical cancer 

 Head-and-neck cancer 

 NSCLC 

 

Future Perspectives 

Future Directions 

The future evolution of paclitaxel lies in precision oncology and targeted drug delivery. 

Key areas of ongoing research include: 

Personalized Therapy 

Biomarkers predicting paclitaxel response may optimize patient selection and reduce unnecessary 

toxicity. 

Immunotherapy Combinations 

Paclitaxel combined with immune checkpoint inhibitors has demonstrated synergistic activity in triple-

negative breast cancer and lung cancer. 

Smart Nanocarriers 

Stimuli-responsive nanoparticles and ligand-targeted systems may enhance selective tumor uptake while 

minimizing systemic toxicity.  

Tumor Microenvironment Modulation 

Research focuses on improving stromal penetration, especially in pancreatic cancer where dense 

desmoplastic stroma limits drug delivery. 

Oral and Long-Acting Formulations 

Novel oral paclitaxel preparations may improve patient convenience  (28,29,30). 

 

Conclusion 

The evolution of paclitaxel represents one of the most remarkable journeys in oncology drug 

development. From its discovery in the bark of the Pacific yew tree to sophisticated nanoformulations 

and targeted delivery systems, paclitaxel has continuously evolved to overcome limitations in solubility, 

toxicity, and resistance. Its unique microtubule-stabilizing mechanism transformed cancer therapeutics 

and established taxanes as a cornerstone of modern oncology. 

Advances in nanotechnology, molecular biology, and precision medicine continue to redefine paclitaxel 

therapy. Nab-paclitaxel and other solvent-free formulations have improved therapeutic efficacy and 

patient tolerability, while emerging targeted and immunotherapeutic combinations may further expand 
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clinical utility. Despite ongoing challenges related to resistance and toxicity, paclitaxel remains one of 

the most influential anticancer agents ever developed and continues to shape the future of systemic 

cancer therapy. 
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FIGURE 1- Illustration of mechanism of paclitaxel (12). 

 
 

FIGURE 2- NANOPARTICLE MECHANISM AT MOLECULAR LEVEL (12,13). 
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Types of Paclitaxel 

TABLE 1. -Summary table of important paclitaxel formulations used in oncology practice(31,32) 

Type Formulation Key Features Advantages Common Uses 

Conventional 

Paclitaxel 

Cremophor EL 

+ ethanol 

solvent-based 

Standard IV 

formulation 

Widely 

available and 

economical 

Breast, 

ovarian, lung 

cancers 

Nab-Paclitaxel Albumin-bound 

nanoparticles 

Solvent-free 

formulation 

Less 

hypersensitivity, 

better 

penetration 

Breast, 

pancreatic, 

NSCLC 

Liposomal 

Paclitaxel 

Liposome-

encapsulated 

Reduced free 

drug exposure 

Lower allergic 

reactions and 

toxicity 

Solid tumors 

Polymeric 

Micelle 

Paclitaxel 

Micelle-based 

nanoformulation 

Improved 

solubility 

Reduced solvent 

toxicity 

Breast and lung 

cancers 

Paclitaxel 

Injection 

Concentrate 

IV concentrate 

preparation 

Various 

strengths 

available 

Flexible dosing Routine 

oncology use 

Drug-Eluting 

Paclitaxel 

Paclitaxel-

coated 

stents/balloons 

Local drug 

delivery 

Prevents 

restenosis 

Cardiology 

interventions 
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