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the temperature has a big influence on the process of melt granulation. It 

influences the way that the drug and polymer melt, mix and harden together. The 
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processing temperature should not be allowed to exceed the degradation temperature of 

the active ingredient, especially in case when Tg of the polymer or carrier is higher than 

the degradation temperature of the active ingredient, when such a melt granulation process 

is applied. In this case,  a plasticizer or a polymer with a lower Tg can be employed to 

reduce the processing temperature. But using TSDG, it is feasible to carry out the extrusion 

below the melt or glass transition temperature of ingredients in the formulation and, 

therefore, drying can be done with dry air rather than heat energy with shear mixing Patil 

et al.,

Srinivasan

 Kumar

Melkebeke

of typical polymers in 

thermoplastic extrusions, for example, their physical form, molecular weight, water 

soluble matter content (WSMC), glass transition temperature (Tg) and degradation 

temperature( Td). These are the characteristics, which are important in terms of describing 

rheological behavior of the polymer melt in processing. For instance, higher molecular 

weight or glass transition temperature (Tg), of polymers provide increase in the viscosity 

of the blend which also affect in ease of processability and homogeneity in efficiency. 

Likewise, aqua soluble polymers can affect the melt flow and drug dispersion in the 

polymer matrix. Thermal stability: are the polymers decomposed much higher than the 

extrusion temperatures, this is also to prevent polymer decomposition during processing. 
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Indeed the interplay of these properties determine flow, processability and final 

performance of a product made by thermoplastic extrusion and the figure 1 hereunder 

demonstrates that rheological properties and HME parameters of drug as well polymer 

have a direct effect in defining specification on the final product overall. 

 

 

Fig.1. Schematic illustrating the relationships between the central drug-polymer 

system, rheological and HME Parameters and final performance. 
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Lynparza Olaparib  HME  PVPVA  Astrazeneca  2017 

Braftovi Encorafenib  HME  PVPVA  Array  2018 

Symdek 

Tezacaftor/ 

Ivacaftorand 

Ivacaftor 

SD Hypromellose, 

Hypromellose 

Acetate Succinate 

Vertex 2019 

Braftovi 
Encorafenib HME CoPovidone,Poloxa

mer188 

Pfizer 2020 

Qulipta Atogepant  HME PVPVA  Abbvie  2021 
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Table 3. Show the advantages and disadvantages of HME Halagali et al.,[23]. 

Advantage of HME Disadvantages of HME 

An anhydrous process and no solvent are required. High process Temperature. 

Suitable for moisture-sensitive drugs. High process knowledge required. 

A water- and solvent-free process, eliminating 

drying steps, shrinkage issues, and safety hazards. 

Cleaning is challenging, and the 

extruder's material requirements 

frequently clash with GMP concerns. 

 

Higher drug loading capacity with improved and 

more consistent active ingredient release. 
Reprocessing of material is difficult. 

Heat-sensitive medications can be processed using a 

quick continuous production process that eliminates 

the need for drying and brief active thermal 

exposure. 

 

Type and amount of Plasticizer may 

affect the dissolution 

Sunlenca 
Lenacapavir ^M SD PVPVA  Gilead 

Sciences  

2022 

Paxlovid 
Nirmatrelvir / 

Ritonavir  

HME  PVPVA Pfizer 2023 
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To experimentally determine infinite-shear viscosity (η∞) in polymer melt rheology is 

a daunting task. We do not have the technical capability to measure the extremely high 

shear rates beyond which are required, are out of scope of instruments like those used for 

rotational flow. Therefore, we commonly estimate the steady-state viscosity at shear rates 

relevant to the HME process using complex viscosity (η*) obtained from oscillatory 

frequency-sweep tests. As shown in Fig.3.b for Soluplus, when the Cox–Merz rule is 

satisfied and graphed both complex viscosity versus angular frequency and steady-state 

viscosity versus shear rate now coincide Cox et al.,
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