International Journal on Science and Technology (IJSAT)

3 E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

The Hot Melt Extrusion (HME) In
Pharmaceutical Technology: A Comprehensive
Review

Prashant Halagali!, Bhuvaneshwari R. Sharannavar™

!Department of Pharmaceutical Quality Assurance, KLE College of Pharmacy, Belagavi, KLE Academy
of Higher Education and Research, Nehru Nagar-590010, Belagavi, Karnataka, India.
2Associate Professor, Department of Pharmaceutical Quality Assurance, KLE College of Pharmacy,
Belagavi, KLE Academy of Higher Education and Research, Nehru Nagar-590010, Belagavi, Karnataka,
India.

Yprashanthalagali7@gmail.com, 2brsharannavar@klepharm.edu

ABSTRACT

Hot Melt Extrusion (HME) is an innovative and versatile technology that has significantly impacted
pharmaceutical formulation and drug delivery. Originally developed for the plastics industry, HME has
been successfully adapted for pharmaceutical use due to its solvent-free and continuous processing
capabilities. It is particularly beneficial for enhancing the solubility and bioavailability of poorly water-
soluble drugs. The process involves the application of heat and shear force to produce homogeneous
extrudates, enabling the development of solid dispersions, controlled-release formulations, and complex
drug delivery systems. Twin-screw extruders are commonly preferred over single-screw systems due to
their superior mixing efficiency and scalability. HME offers several advantages, including improved
drug stability, enhanced patient compliance, and environmental friendliness. However, challenges such
as thermal degradation of heat-sensitive drugs and the need for specialized equipment remain. Critical
process parameters—including temperature, screw speed, and feed rate—must be carefully optimized. A
wide range of materials, such as pharmaceutical-grade polymers and plasticizers, are employed, with
appropriate selection being essential for desired drug release and stability. Characterization techniques
like DSC, TGA, XRD, and FTIR help evaluate drug-polymer interactions and extrudate properties.
Emerging innovations, such as 3D printing integration and real-time process monitoring, are expanding
the potential of HME, particularly in personalized medicine and continuous manufacturing.

Keywords: Hot Melt Extrusion, Solid Dispersions, Drug Delivery Systems, Twin-screw extruder,
Bioavailability Enhancement, Pharmaceutical polymers.
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1. INTRODUCTION

Hot Melt Extrusion (HME) has surfaced as a revolutionary means of drug formulation in the
pharmaceutical sector, providing wonderful opportunities in drug delivery systems.[1] Initially
formulated for the plastics industry, HME consists of heating and mechanically blending active
pharmaceutical ingredients (APIs) with polymeric carriers into a homogeneous solid dispersion.[2] The
process is continuous and solvent free, hence attracting immense interest for its capabilities to enhance
the solubility and bioavailability of poorly soluble drugs, stabilize the drugs, and allow for controlled or
sustained release formulations.[3] One of the main advantages of HME is its adaptability. It can be used
for a multitude of dosage forms such as tablets, pellets, films, and even implants.[4] In addition, the
technology allows for the formation of amorphous solid dispersions, which solves the problem of
dissolution for the drugs by dispersing them molecularly within a polymer matrix. HME’s ability to
provide single-step, scalable, and environmentally friendly production processes meets the need for
continuous, green pharmaceutical manufacturing.[5]

This review is centered on a detailed analysis of the principles underlying hot melt extrusion technology,
considering its fundamental aspects, materials, various process parameters, recent innovations, and
applications in pharmaceuticals. It attempts to analyze literature along with recent technological
advancements to bring forth the importance of HME in contemporary drug design and delivery systems.

2. PRINCIPLE OF HME

The principle of Hot Melt Extrusion (HME) revolves around the application of heat and mechanical
force to blend and shape pharmaceutical materials into a uniform dosage form without the use of
solvents. [6] In this process, a mixture of the active pharmaceutical ingredient (API) and thermoplastic
polymeric excipients is introduced into an extruder, where it undergoes melting due to controlled heating
and intense mixing by rotating screws.[7] As the material softens, it is thoroughly homogenized to
ensure uniform distribution of the drug within the polymer matrix.[8] The molten mass is then forced
through a die to form a specific shape, such as films, granules, or rods, and is subsequently cooled and
solidified to retain its structure. This technique enables the formation of amorphous solid dispersions,
thereby enhancing the solubility and bioavailability of poorly water-soluble drugs. Since the process is
continuous and solvent-free, it is both environmentally friendly and scalable, making it a valuable
technology in modern pharmaceutical manufacturing.[9]

3. ADVANTAGES

The implementation of Hot Melt Extrusion (HME) in pharmaceutical manufacturing is continuously on
the rise with regard to its popularity due to:

3.1 Sustainability: Since HME is produced without any solvents, it is an environmentally friendly
manufacturing process, improving safety and compliance measures.[10]

3.2 Improved flexibility: As a continuous process, the streamlined production resulting from lesser
variability in batches and unit operations translates to streamlining in the transition from the laboratory
to commercial scale production.[11]
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3.3 Enhanced Efficiency: Reduction of excipients, solvents, and drying processes results in HME being
an economically friendly approach to drug formulation and production.[12]

3.4 Content uniformity: The necessity of content uniformity is achieved through inline mixing and
shear forces received during the drug extrusion process.HME enables homogeneous dispersion of the
active drug.[13]

3.5 Classification independence: Unlike the rest of the tablet compressing methods, HME does not
need an extensive number of compressible powders. Therefore, materials with poorly compressible
indices can still be used. [14]

3.6 Reduced Excipients and Multifunctional Polymers: The amazing flexibility that modern polymers
offer allows HME formulations to utilize less excipients, since the polymers themselves can perform
several functions, such as matrix formers, solubilizers, and modifiers of release rates. [15]

3.7 Improved Drug Solubility and Bioavailability: Particularly for poorly water-soluble drugs, the
technique is most beneficial due to its ability to create amorphous solid dispersions, which significantly
enhance solubility and bioavailability. [16]

3.8 High Thermodynamic Stability: Products formulated via HME are less prone to thermodynamic
instability and exhibit greatly reduced recrystallization tendencies in comparison to other hot-melt or
solvent-based methods.[17]

3.9 Minimized Oxygen Exposure: The enclosed design of the extrusion channel reduces the drug’s
oxygen exposure, which is useful for oxygen-sensitive compounds.[18]

3.10 No Need for Downstream Processing: HME does not require additional steps like drying and
milling, which greatly simplifies the production workflow by eliminating post-processing steps.[19]

Due to these significant advantages, HME has gained widespread adoption in the pharmaceutical
industry for the development of novel drug delivery systems and enhancing the performance of existing
formulations.

4. DISADVANTAGES

Even though the Hot Melt Extrusion technique has its benefits, it does pose some challenges. Some of
the major shortcomings of this technology are as follows:

4.1 Inapplicable to Thermolabile Drugs: The sensitive APIs that need low temperatures undergo high
thermal degradation during extrusion and therefore cannot use HME.[20]

4.2 Limited Choices of Polymers: The number of polymers that can put up with the thermal and
mechanical stress of HME is very small. This restriction may be detrimental for other formulation
designs, especially those targeting specific release rates of the drug. [21]

4.3 Reliance on the Flow Properties of the Material: HME harnesses the use of materials that have
good flow ability so as to guarantee uninterrupted feeding and processing of the material. Poor flow
properties of materials may result in feeding inconsistencies, agglomeration, or differences in the quality
of the end product. [22]
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From these disadvantages, it is evident that the hot melt extrusion process requires optimization of the
dry blending process for the pharmaceutical industry.

5. IMPORTANCE OF HME TECHNOLOGY IN PHARMA INDUSTRY

The use of polymers in Hot Melt Extrusion (HME) determines the processability, stability, and
performance of the final pharmaceutical product, highlighting their importance in HME’s success. [23]
Thermal stability is one of the main criteria required from polymers. The residence time in the extruder
is short, generally 0.5 to 5 minutes, minimizing thermal degradation. However, the components must
still withstand high and severe processing temperatures.[24] Preferentially, the use of thermolabile
compounds is possible because clever design of the temperature profiles and screw configurations
mitigates degradation. [25] Some of the properties of the final dosage form might require polymers to
aid in the molecular level mixing with the API, which is necessary for the amorphous solid dispersions
to form. Other times, the polymers may choose to remain phase-separated for specific controlled-
release profiles targeting specific therapeutic needs. This multifunctionality enhances the application of
HME across diverse delivery systems.[26]

Thermoplastic biodegradable polymers used in HME-based formulations, especially in long-acting and
implantable drug delivery systems, are of great importance in Synthetic Biologics. [27] In this regard,
poly (ortho esters) (POEs) is gaining more attention due to the relative controlled and predictable surface
erosion characteristics. Compared to bulk-eroding polymers such as polylactide, POEs are superior due
to surface erosion mechanisms.[28] Since the 1970s, four generations of POEs (POE | to POE IV) have
been developed, each enhancing the biocompatibility, degradation profile, and mechanical properties of
the polymer for pharmaceutical applications.[29]

6. TYPES OF EXTRUSION SYSTEMS

Hot Melt Extrusion (HME) systems are primarily classified based on the design and configuration of
their screw mechanisms. The selected extrusion setup plays a crucial role in determining the mixing
efficiency, output capacity, material residence time, and suitability for specific pharmaceutical
formulations. The three major types of HME systems include single-screw, twin-screw, and multi-screw
extruders. Each type offers distinct functional advantages and is chosen according to the formulation's
complexity, the desired drug delivery characteristics, and production scale.

6.1 Single-Screw Extrusion

Single-screw extruders represent the most basic form of HME equipment, featuring one rotating screw
housed within a heated barrel. The material is introduced into the barrel, where it undergoes melting and
is then pushed through a die to shape the final product. These systems primarily utilize drag flow and are
best suited for simple formulations that do not require extensive mixing.[30]

Although not commonly used for pharmaceutical applications due to their limited capacity for advanced
mixing and reduced control over process variables, single-screw extruders are still relevant in specific
scenarios. They are particularly useful for basic melt processing tasks and solvent removal, where
minimal mixing suffices. Their straightforward design, lower operational costs, and minimal
maintenance needs make them a viable choice for small-scale or early-stage development. [31]
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6.2 Twin-Screw Extrusion

Twin-screw extruders are the most widely implemented type in pharmaceutical hot melt extrusion due to
their adaptability and superior performance. These systems consist of two screws that may rotate in the
same direction (co-rotating) or opposite directions (counter-rotating), and they can either intermesh or
operate independently. Among them, co-rotating intermeshing designs are especially favored for their
efficient dispersive and distributive mixing abilities.[32]

These extruders are well-suited for producing amorphous solid dispersions, which enhance the solubility
and absorption of poorly water-soluble drugs. They are also employed in fabricating controlled-release
formulations, taste-masked dosage forms, and oral films. The modular screw assembly allows process
customization to match the physical and flow properties of the formulation components. Twin-screw
systems support continuous processing and offer reliable scalability from laboratory to commercial-scale
manufacturing, contributing to improved batch uniformity and process efficiency. [33]

6.3 Multi-Screw Extrusion

Multi-screw extrusion systems, which incorporate more than two screws, are designed for high-
throughput applications and provide superior mixing capabilities. [34] These systems expand the contact
surface within the barrel, promoting uniform blending and better thermal control. Although their use in
pharmaceutical manufacturing is currently limited due to their complexity and cost, they present
promising opportunities for future large-scale continuous manufacturing initiatives. [35]

They are particularly advantageous for processing formulations with high polymer loads or elevated
viscosities, as well as applications that demand stringent control over thermal and mechanical processing
conditions. Furthermore, multi-screw extruders can be integrated with real-time monitoring systems,
such as Process Analytical Technology (PAT) tools including near-infrared (NIR) spectroscopy, to ensure
consistent quality and compliance with regulatory standards.[36]

7. MONITORING AND CONTROLLING PARAMETERS

Extrusion processing requires close monitoring and understanding the various parameters: viscosity and
variation of viscosity with shear rate and temperature, elasticity, and extensional flow over hot metal
surfaces. Today, extruders allow in-process monitoring and control of parameters, such as the
temperature in the extruder, head, and die, as well as pressure in extruder and die. The main monitoring
and controlling parameters are barrel temperatures, feed rate, screw speed, motor load and melt pressure.
Barrel temperature, feed rate and screw speed are controlling parameters and motor load and melt
pressure are monitoring parameters.

7.1 Barrel temperatures: The glass transition or melting temperatures of polymers and drug usually
determines the barrel temperature [37]

7.2 Feed rate and screw speed: The constant feeding rate and screw speed throughout the process is
important as the combination of these two factors establishes the level of fill in extruder. This is critical
to the process because it governs the balance between the weak and strong mass transfer mode. Due to
constant feed rate and screw speed, there will be a constant amount of material in the extruder and thus
the shear stress and residence time applied to material remains constant [38]
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7.3 The motor load and melt pressure: These parameters depend on feed rate and screw speed. With
constant feed rate and screw speed these parameters depend upon the molecular weight of polymer and
drug as well as polymer miscibility in binary mixtures. [39]

8. MATERIALS USED IN HME

A pharmaceutical component requires a tendency to readily deform inside the extruder unit and solidify
upon exiting in order to be treated by HME. The ingredients ought to be as pure and safe as those made
using conventional methods. The following attributes ought to be incorporated into the formulation of
any HME employed in pharmaceutical applications: an intricate combination of active substances and
numerous important excipients. Detailed pre-formulation evaluation of different drug delivery methods
is essential for the appropriate choice of an API, carrier, and additives for the flawless and
consistent operation of the HME procedure to produce the desired outcome. Despite materials remain
inside the heated barrel of the equipment for approximately 10 seconds to 10 minutes (depending on the
L/D, screw design, type of extruder, and speed of operation), it would always be desirable to have higher
standards of thermal stability to reduce the likelihood of any potential degradation. [40,41]

These functional excipients fall into the following general categories: antioxidants, plasticizers, matrix
carriers, fillers, release-modifying agents, stabilising agents, heat lubricants, and other additives. Hot-
melt extruded medications can acquire particular qualities that are comparable to those obtained with
conventional dosage forms by carefully choosing and utilising a variety of excipients.

8.1 Carrier System

A formulation containing a meltable material and a functional excipient serves as a vehicle for the active
component to be embedded. Depending on what is needed, the carrier can be polymeric or non-
polymeric. Low melting waxes or lipids, which are typically utilised in semi-solids and lipid-based drug
delivery systems, are examples of non-polymeric systems.[42]

Water-insoluble polymers and waxes, such as ethyl cellulose or carnauba wax, which allow for
diffusion-controlled drug release, have been employed as carriers in hot-melt extruded dosage forms.
Hydroxypropyl cellulose, polyethylene oxide, and poly (vinyl pyrrolidone) are examples of water-
soluble polymers in which the medication is released through a mechanism of diffusion and erosion.
Frequently utilised polymeric carriers are Hydroxypropyl cellulose, Hydroxypropyl Methylcellulose
Phthalate, Poly (vinyl pyrrolidone), Carbomer, Microcrystalline Wax, Carnauba Wax, Pectin, Epoxy
resin containing secondary amine, Xanthan gum, Povidone, Sodium Bicarbonate, Hydrogenated Castor
& Soybean Oil [43,44]

8.2 Plasticizers

In general, plasticizers are low molecular weight compounds that work to soften polymers and increase
their flexibility. Their mechanism of action involves increasing the space between polymer chains, which
lowers a polymer's Tq and melt viscosity. [45]

Numerous plasticizers have been investigated to ensure the seamless processing of HME. they are as
follows Vitamin E TPGS (Da-tocopherol polyethylene glycol 1000 succinate), Phthalate esters
(dimethyl, diethyl, dibutyl, dioctyl phthalate), Citrate esters (triethyl, tributyl, acetyl triethyl, acetyl
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tributyl citrate), Carbon dioxide, Surfactants (polysorbates, docusate sodium, polyethylene glycol
monostearate), Fatty acid esters (butyl stearate, glycerol monostearate) During the HME process,
pressured CO2, which is known to function as a foaming agent, has also shown to have a plasticizing
impact. [46]

8.3 Other Processing Aids

Based on their mode of action, antioxidants are categorised as either chain-breaking or preventative
antioxidants. Antioxidants that work to stop the start of free radical chain reactions are referred to be
preventive antioxidants. Because they preferentially undergo oxidation, reducing substances like
ascorbic acid can interfere with autoxidation in a preventive way. [47]

The two main classes of chain-breaking antioxidants that prevent free radical chain reactions are phenols
and aromatic amines. Commonly used antioxidants that inhibit phenols include butylated
hydroxyanisole, vitamin E, and butylated hydroxytoluene. generally used other processing aids are
Methyl Paraben, d-o-tocopherol (Vitamin E), Saccharose monopalmitate, Mixture of hydrogenated
castor oil and soybean oil. [48]

8.4 API (Active Pharmaceutical Ingredients)

The pharmaceutical scientist's selections for formulation and processing when developing dosage forms
are frequently constrained by the characteristics of the active ingredient in the medicine.

The active ingredient in the formulation has the potential to enhance or impair the performance of the
other ingredients. It was demonstrated that under HME processing conditions, oxprenolol hydrochloride
will melt, reducing the extrudate's viscosity and producing a material with poor handling qualities.[49]

9. CHARACTERIZATION OF EXTRUDATES
9.1 DSC

DSC-PYRIS-1, PerkinElmer, and USA (Shelton, CT, USA) were used in DSC research. In tightly sealed
aluminium pans, samples were prepared by sealing 3-5 mg of pure API and milled extrudates. The pans
were then heated between 30 and 180 C at a rate of 20 C/min in an inert nitrogen environment, with a
flow rate of 20 ml/min. The drug's polymer interactions and thermal performance were determined by
the study. The nitrogen atmosphere used for the trials was dry. [50]

9.2TGA

TGA studies were performed using Pyris 1 TGA, Perkin-Elmer Inc., Wellesley, MA, United States,
analysis was performed using thermogravimetry, with a heating rate of 10 °C/min and a nitrogen purge
rate of 30 ml/min and TGA was performed using open pans with a sample weight of around 10 mg. [51]

9.3 X-RAY

An X-ray diffractometer (Bruker D8 Advance, WI, USA) was used to analyse the physical states of ARS
and milled extrudes using X-ray diffraction at a scan speed of 2/min over a range of 5-60 (2u). [52]
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9.4 RESIDENCE TIME ATOMIC FORCE MICROSCOPY (AFM)

Using a razor blade to cut through the extrudate and then breaking it to reveal the cross section, samples
for AFM were made. After that, carbon adhesive was used to adhere the samples to a glass slide. The
Veeco Dimension 3100 (Santa Barbara, CA, USA) and Nanoscope V controller were used for AFM
imaging in tapping mode using Nano sensors SSS-NCHR (Neuchatel, Switzerland) cantilevers. With a
5% offset from the amplitude at resonance, the cantilevers were driven. To achieve good surface
tracking, the drive amplitude, amplitude setpoint, and feedback gains were optimised for each sample.
1.2 Hz scan rates were employed, and 512 x 512 resolution pictures were taken for each image.[53]

Some photos were subjected to a first-order flattening method in order to account for sample tilt. The
software (Nanoscope 7.30) point and shoot feature was used to collect force versus displacement curves
across a user-drawn line on the image in order to perform force spectroscopy. Force measurements were
used to calibrate the sensitivity of the photodiode detector on a sanitised glass slide. Veeco RFESP
cantilevers were utilised for force spectroscopy, and the thermal tune method in the programme was
utilised to estimate the spring constant. A load-unload cycle of 1 Hz was used for force measurements,
with a maximum force of 700 nN.[54]

9.5 RAMAN SPECTROSCOPY

A LabRamHR800 (Horiba Jovan Yvon, UK) fitted with a 633-nm Ar-Ne laser was used to record the
Raman spectra. A SYNAPSE CCD detector (1024 pixels) was used for obtaining Raman spectra. In
order to enable relatively quick mapping for the milled extrudate compact, maps were obtained across 8—
10 min 2800-3000 cm”1 sections utilising a fixed grating. Repeatable outputs were achieved by
recording the spectra several times. To comprehend the drug distribution pattern inside the polymer
matrix and verify its uniformity, Raman mapping or imaging was performed. [55, 56]

10. TYPES OF PROCESSES IN PHARMA INDUSTRY FOR HME

10.1 Solid Dispersion Manufacturing

Hot melt extrusion is commonly utilized to create solid dispersions aimed at increasing the solubility and
absorption of drugs with low water solubility. This process involves incorporating the active drug at a
molecular scale into a polymer matrix, resulting in an amorphous system. The absence of crystalline
structures significantly improves the dissolution rate, which in turn enhances bioavailability. This
technique is especially useful for poorly soluble drugs, as it enables uniform distribution of the drug in
the carrier and minimizes the risk of recrystallization.[57]

10.2 Granulation

In pharmaceutical manufacturing, hot melt extrusion offers a solvent-free method for producing granules
from powder blends. This technique involves melting a binder and blending it with active ingredients
and excipients to produce granules that solidify upon cooling. These granules exhibit excellent
flowability, uniformity, and compressibility, making them ideal for use in tablet or capsule production.
Compared to traditional granulation methods, HME-based granulation reduces processing steps and
improves consistency.[58]
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10.3 Taste Masking

HME provides an effective solution for masking the unpleasant taste of bitter drugs, particularly in
Pediatric formulations or fast-dissolving oral dosage forms. During the extrusion process, the active drug
is embedded within a polymer matrix that prevents its immediate interaction with taste buds. This
encapsulation ensures the drug remains palatable without affecting its release or therapeutic activity after
administration, thus improving patient compliance.[59]

10.4 Controlled and Sustained Release Formulations

Controlled and extended-release dosage forms can be efficiently produced using hot melt extrusion by
incorporating the drug into a polymeric matrix designed to regulate its release. By selecting appropriate
polymers and adjusting processing parameters, the release rate of the drug can be modulated over an
extended period. This approach helps maintain steady drug levels in the body, reduces the frequency of
administration, and enhances therapeutic effectiveness.[60]

10.5 Implant and Device Fabrication

HME is also employed in the development of drug-eluting implants and medical devices that provide
prolonged drug delivery. The process involves mixing drugs with biodegradable polymers and extruding
them into specific shapes such as rods or films. These implantable systems release the drug gradually
over days, weeks, or even months and are often used in treatments requiring localized, long-term
therapy, such as cancer or hormonal conditions. [61, 62]

10.6 Film Formation (Oral and Transdermal Films)

The technology is also useful in producing thin, flexible drug-loaded films for oral or dermal
application. Through hot melt extrusion, active drugs and film-forming agents are blended and extruded
into uniform sheets. [63] These films offer quick or controlled drug release, depending on the
formulation, and are suitable for patients who have difficulty swallowing pills. This dosage form
enhances convenience and compliance while allowing precise dosing.[64]

10.7 Co-extrusion (Multi-Layered Systems)

Co-extrusion is a specialized application of HME where multiple layers are extruded simultaneously,
each potentially containing different drugs or polymers. This method is particularly beneficial for
creating combination products or achieving complex release patterns, such as immediate and delayed
release in one formulation. [65] Multi-layered structures also help protect sensitive ingredients and allow
for more sophisticated drug delivery strategies in a single dosage form. [66]

11. APPLICATIONS OF HME FOR DRUG DELIVERY
11.1 Solubility/bioavailability enhancement:

Maddineni et.al., used HME to create a solid dispersion of nifedipine, enhancing its bioavailability
despite its low water solubility. This study examined how process and formulation parameters affected
the solubility and stability of nifedipine in Kollidon® VA 64 hot melt extrudates. DSC and X-ray
diffraction analysis showed that hot melt extrusion of the drug-polymer mixture produced solid
dispersions and improved powder flow characteristics, regardless of drug load. The scientists found that
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HME technology, along with Kollidon ® VA 64, successfully produced extrudates due to their physical
and chemical stability throughout time. [67]

11.2 Co-crystallization by HME

Boksa et.al., introduced MAC as a new method of producing cocrystals. The authors successfully
synthesised 1:1 carbamazepine-nicotinamide co-crystals with 20% (w/w) Soluplus® matrix former. The
processing temperatures were adjusted to melt the polymer or matrix in which the co-crystals are
embedded. Matrix-assisted co-crystals exhibited similar quality attributes to reference co-crystals made
using solvent evaporation. The incorporation of Soluplus® in the matrix significantly enhanced the in
vitro dissolving profile. [68]

11.3 Taste masking

Pimparade et.al., used HME to conceal the bitter taste of caffeine citrate. They extruded a blend of
caffeine citrate, ethylcellulose, triethyl citrate (TEC), and mannitol to increase drug release. [69]

11.4 HME in pharmaceutical multicomponent systems

According to Karimi-Jafari etal., solvent-free solid-state procedures such as HME and
mechanochemical grinding are utilised to generate co-crystals with minimal or no solvent. Methods for
solvent-based cocrystallisation include liquid-assisted grinding, high-shear granulation, spray-drying,
antisolvent cocrystallisation, supercritical carbon dioxide processing, freeze-drying, microfluidic and jet
dispensing, and ultrasound crystallisation.[70]

11.5 Nanotechnology

Khinast et.al., used HME and nano-extrusion to create a one-step process for converting a liquid-
stabilised nano-suspension into a solid formulation. This allows for the continuous production of solid
nanoformulations.[71]

11.6 Self-emulsifying drug delivery systems (SEDDS) and HME

Silva et al. created carvedilol solid SEDDS with an extruder. They compared it to a standard liquid
SEDDS formulation. Solid SEDDS combines Velsan® CCT, Plurol®, and Transcutol HP® with solid
carriers. HME processing resulted in extrudates containing an amorphous APIl. The maximum drug
release was achieved with the lowest drug load, the highest temperature, and longest processing
time.[72]

11.7 Targeted drug delivery systems

Miller et.al., improved the oral administration of itraconazole by using hot-melt extrusion (HME). They
created an amorphous solid dispersion using carbopol and eudragit, resulting in delayed and steady drug
release. Animal experiments confirmed lower absorption variability. This shows that HME is a good
method for targeted delivery of itraconazole in the intestines.[73]

11.8 Shaped drug delivery systems

Park et.al., employed HME to produce stable antifungal denture films (10% clotrimazole or nystatin) for
oral candidiasis. HPC and/or PEO matrices produced films with amorphous APIs, resulting in increased
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antifungal activity (up to 5x) and a 38% reduction in fungal adherence, even without medicines. This
shows that HME could improve oral candidiasis treatment.[74]

12. INNOVATIONS IN HME:
12.1 Tamper-Resistant Formulations

Maddineni et.al., studied the effects of formulation variables on lidocaine HCI anti-deterrent pellet
dosage form using HME. Examples of AD/TR formulations include Embeda®, a morphine sulphate
extended-release formulation with naltrexone, and Oxecta®, an immediate-release oxycodone
formulation with unpleasant excipients that can cause mucosal irritation when inhaled. [75]

12.2 Three-dimensional printing

HME is a popular process for creating fused filaments, which may be utilised in 3D printers to achieve
the necessary shape and geometry for pharmaceutical dosage forms. Pietrzak et.al., created a flexible-
dose dispenser for 3D-printed tablets by combining HME and 3D printing. They developed HME-
theophylline extrudate filaments from methacrylic and cellulose-based polymers, allowing theophylline
tablets to be released immediately and for a longer period of time.[75]

12.3 Co-crystallization

Dhumal et.al., used HME to co-crystallise ibuprofen and nicotinamide, focusing on key factors like
screw configuration, speed, and extrusion temperature. High shear mixing, higher temperatures, and
lower screw speeds yielded high-quality co-crystals. [76]

Moradiya et.al., effectively obtained co-crystals of carbamazepine and saccharin using HME in a 1:1
ratio and compared the results to a solvent-based prototype. The co-crystals had identical characteristics
to the prototypes but enhanced carbamazepine dissolving rates. [77]

12.4 Co-Extrusion

Co-extrusion is a technique for heating two or more drug-loaded formulations through a single die,
resulting in multiple-layer extrudates. It is gaining popularity in the field of medicine due to its ability to
produce fixed-dose combinations consistently. [78]

13. FUTURE ADVANCEMENTS / OPPORTUNITIES FOR HME IN PHARMACEUTICAL
INDUSTRY

Global market growth is primarily driven by manufacturers' recognition of the advantages of
pharmaceutical HME over traditional processing procedures. HME manufacturing often involves rapid
changes to functional characteristics. Extrudates can be used in a multitude of ways due to their
adaptable screw designs and die plates. [79] HME's advantages have helped it scale significantly,
resulting in market growth. In 2015, the global commercial market for pharmaceutical HME was valued
at approximately $26.6 million. The market is expected to reach US$36.4 million by 2024, growing at a
CAGR of 3.90% between 2016 and 2024. [80]

The global market is projected to grow at a CAGR of about 4.7% over the same period. The
pharmaceutical HME market is segmented into five regions: Asia Pacific, North America, Europe, Latin
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America, and Middle East Africa. North America dominated the market in 2018 and is expected to
continue to do so during the projected period. Europe is projected to be the second largest market in
terms of profit in the coming years, after only North America. The European HME market is steadily
expanding due to the growing need for enhanced clinical facilities and equipment. [81]

The global pharmaceutical HME market is dominated by Coperion GmbH, Baker Perkins Ltd., Gabler
GmbH & Co. KG, Milacron Holdings Corp., Thermo Fisher Scientific Inc., Leist Ritz AG, and Xtrutech
Ltd. The market is expected to grow with the introduction of novel drug delivery systems through
various routes of administration. The market has many commercial HME-derived items, indicating that
this method can lead to more effective solutions for various purposes. [82]

CONCLUSION:

Hot Melt Extrusion (HME) has emerged as a transformative technique in pharmaceutical science,
offering a solvent-free, continuous manufacturing platform that aligns with modern regulatory and
quality-by-design (QbD) principles. Initially developed for polymer processing in the plastics industry,
HME has been successfully adapted for drug delivery applications, particularly for enhancing the
performance of poorly water-soluble compounds. Through the application of heat and mechanical shear,
this technique produces uniform extrudates, facilitating the development of various dosage forms such as
amorphous solid dispersions, modified-release systems, taste-masked formulations, and personalized
therapeutics. A key advantage of HME is its capability to improve the dissolution and bioavailability of
drugs classified under BCS Class Il and IV. By converting crystalline APIs into their amorphous
counterparts within a polymer matrix, HME enables higher drug solubility and faster dissolution
profiles. Its elimination of organic solvents further adds to its appeal by promoting environmental
sustainability and minimizing the risk of residual solvent toxicity. Twin-screw extruders are
predominantly employed due to their superior mixing, feeding consistency, and scalability, which are
crucial for robust process performance. However, the implementation of HME in pharmaceutical
manufacturing requires meticulous control over several process parameters, including temperature
profiles, screw speed, feed rate, and screw design. These factors critically influence the thermal and
mechanical stresses imposed on the formulation, which can affect drug stability, particularly in the case
of thermally labile substances. Therefore, careful selection and optimization of excipients such as
polymers and plasticizers are essential to maintain product integrity and achieve targeted release
characteristics.

Comprehensive characterization is necessary to ensure product performance and stability.
Techniques such as differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), X-ray
diffraction (XRD), and Fourier-transform infrared spectroscopy (FTIR) are widely utilized to evaluate
drug-excipient compatibility, crystallinity, and molecular interactions in extruded products. Recent
technological advancements, including real-time process analytical technologies (PAT), integration with
additive manufacturing (3D printing), and continuous production strategies are expanding the potential
applications of HME. These innovations are paving the way for more flexible, efficient, and patient-
centric drug manufacturing models. In summary, HME represents a versatile and increasingly
indispensable tool in the formulation scientist’s arsenal, offering significant promise for advancing drug
delivery systems and supporting the evolution of continuous pharmaceutical manufacturing.
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