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ABSTRACT: 

Hot-melt extrusion (HME) has emerged as an important pharmaceutical manufacturing technology due 

to its solvent-free, continuous, and scalable processing capabilities. The technology is widely utilized for 

improving the solubility and bioavailability of poorly water-soluble drugs, producing controlled-release 

formulations, taste-masked dosage forms, and advanced drug delivery systems. This review summarizes the 

principles, equipment, materials, pharmaceutical applications, and recent advancements in HME. Particular 

emphasis is placed on twin-screw extrusion, polymer selection, process analytical technology (PAT), and 

integration with three-dimensional (3D) printing. Current challenges associated with scale-up, thermal 

degradation, and process optimization are also discussed. The review highlights the growing significance of 

HME in modern pharmaceutical manufacturing and its future potential in personalized medicine and continuous 

manufacturing. 
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INTRODUCTION: 

The pharmaceutical industry continuously 

seeks innovative technologies to improve drug 

delivery, manufacturing efficiency, and product 

quality. A major challenge in drug development is 

the poor aqueous solubility of many newly 

discovered active pharmaceutical ingredients 

(APIs), resulting in low bioavailability and 

inconsistent therapeutic outcomes. 

Hot-melt extrusion (HME) has emerged as a 

versatile pharmaceutical processing technology 

capable of overcoming these challenges. Originally 

developed for polymer processing, HME has been 

successfully adapted for pharmaceutical 

applications due to its solvent-free nature, 

continuous operation, and ability to produce 

amorphous solid dispersions (ASDs). The process 

involves the application of heat, pressure, and 

mechanical shear to mix APIs with suitable 

polymers and excipients, producing homogeneous 

extrudates with improved physicochemical 

properties. 

In addition to solubility enhancement, HME 

has found applications in controlled drug release, 
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taste masking, transdermal systems, implants, and 

personalized medicine. Recent integration with 

additive manufacturing technologies such as fused 

deposition modeling (FDM) has further expanded 

its pharmaceutical potential. 

The objective of this review is to evaluate 

the principles, materials, applications, technological 

advancements, and future perspectives of HME in 

pharmaceutical manufacturing. 

 
Figure1. Schematic Diagram of a Twin-Screw 

Extruder used in Pharmaceutical Manufacturing 

MATERIALS AND METHODS: 

Literature Search Strategy: 

This review was compiled using published 

scientific literature obtained from peer-reviewed 

journals, pharmaceutical databases, textbooks, and 

conference proceedings related to hot-melt 

extrusion technology. Relevant articles published 

between 1993 and 2024 were selected based on 

their scientific relevance to pharmaceutical HME 

applications. 

Selection Criteria: 

Studies were included if they discussed: 

• Principles of hot-melt extrusion 

• Pharmaceutical extrusion equipment 

• Polymers and excipients used in HME 

• Solubility enhancement and amorphous 

solid dispersions 

• Controlled-release formulations 

• HME-based 3D printing 

• Process analytical technology (PAT) 

• Scale-up and commercialization aspects 

Data Collection and Analysis: 

Information from selected literature was 

categorized into process technology, materials, 

pharmaceutical applications, technological 

advancements, scale-up considerations, and 

marketed products. Comparative analysis was 

performed to identify major advantages, limitations, 

and future directions of HME technology. 

RESULTS: 

HME Process Technology: 

The review identified HME as a continuous 

manufacturing process consisting of feeding, 

melting, mixing, extrusion through a die, and 

downstream processing. Twin-screw extruders were 

found to be the most commonly used systems due to 

superior mixing efficiency and process flexibility. 

 
Figure 2. Illustration of the Integration of Hot-

Melt Extrusion with Fused Deposition Modeling 

3D Printing for Personalized Drug Delivery. 

Materials Used in HME: 

Various pharmaceutical polymers were reported 

for successful extrusion processing, including: 

• Hydroxypropyl methylcellulose (HPMC) 

• Hydroxypropyl cellulose (HPC) 

• Polyvinylpyrrolidone (PVP) 

• Copovidone (PVP-VA) 

• Eudragit polymers 

• Polyethylene glycol (PEG) 

• Polyvinyl alcohol (PVA) 

Plasticizers such as triethyl citrate, PEG 400, 

propylene glycol, and sorbitol were frequently 

employed to reduce processing temperatures and 

improve extrusion performance. 
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Solubility Enhancement: 

Numerous studies demonstrated that HME 

effectively converts crystalline drugs into 

amorphous solid dispersions, resulting in enhanced 

dissolution rates and improved oral bioavailability. 

This application represents one of the most 

significant uses of HME in pharmaceutical 

formulation development. 

Controlled Drug Delivery: 

HME has been successfully utilized for 

sustained-release, delayed-release, and targeted 

drug delivery systems. Drug release profiles can be 

modified through polymer selection and 

optimization of extrusion parameters. 

Emerging Applications: 

Recent studies have highlighted the 

integration of HME with FDM-based 3D printing, 

enabling personalized drug products with 

customizable dose strengths and release 

characteristics. Co-extrusion technology has also 

facilitated the development of multilayer dosage 

forms and fixed-dose combinations. 

Commercial Products: 

Several pharmaceutical products manufactured 

using HME technology have achieved commercial 

success, including: 

• Kaletra® 

• Norvir® 

• Zoladex® 

• Implanon® 

• Belsomra® 

• Nucynta® 

DISCUSSION: 

The findings of this review demonstrate that 

HME has become an important enabling technology 

in modern pharmaceutical manufacturing. The 

ability to enhance the solubility of poorly water-

soluble drugs through amorphous solid dispersion 

formation significantly addresses one of the major 

challenges in drug development. 

The solvent-free nature of HME offers 

environmental and regulatory advantages while 

supporting continuous manufacturing initiatives 

promoted by regulatory agencies. Furthermore, the 

technology allows excellent content uniformity, 

reproducibility, and scalability. 

Despite these advantages, several limitations 

remain. High processing temperatures may lead to 

thermal degradation of heat-sensitive drugs and 

excipients. The availability of suitable 

pharmaceutical-grade polymers remains limited, 

and scale-up requires careful control of process 

parameters such as screw speed, temperature 

profile, and feed rate. 

The implementation of Process Analytical 

Technology (PAT) has significantly improved 

process understanding and control. Real-time 

monitoring using NIR and Raman spectroscopy 

enables consistent product quality and facilitates 

regulatory compliance. 

The integration of HME with 3D printing 

represents a promising advancement for 

personalized medicine. Future developments in 

polymer science, artificial intelligence-based 

process optimization, and digital manufacturing are 

expected to further expand the applications of 

HME. 

CONCLUSION: 

Hot-melt extrusion has established itself as a 

versatile and effective pharmaceutical 

manufacturing technology. Its ability to improve 

drug solubility, enhance bioavailability, provide 

controlled drug release, and support continuous 

manufacturing makes it highly valuable for modern 

drug development. Advances in PAT, co-extrusion 

systems, and 3D printing have further broadened its 

scope and clinical relevance. Although challenges 

related to thermal degradation and process scale-up 

remain, ongoing technological innovations are 

expected to strengthen the role of HME in future 

pharmaceutical manufacturing and personalized 

medicine. 
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