
Multiple linear models to predict 
stability of solid dispersions. 

How do polymer and manufacturing methods 
affect the stability of solid dispersions?  
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Background

The aim of this study was to build a decision-guiding tool for the formulation
development of solid dispersions.

Six statistical models were built to investigate the influence of polymer
carrier and manufacturing method on solid disperions stability.

These models can then be used to rank combinations of method and carrier
to find a good starting point for formulation development.

In order to build a statistical model, an extensive stability study of 60 solid
dispersion formulations was performed. Using three polymers, ten drugs
and two different manufacturing methods - hot melt extrusion (HME) and
spray-drying (figure 1). The experimental data was then used to correlate
stability with physicochemical properties of the active pharmaceutical
ingredients (APIs).

Figure 1 A; HME) shows the twin screws and how the melted polymer mixture is either circulated in a closed loop
through the backflow channel or extruded by switching the bypass valve. B; Spray-dryer) shows how the solution
containing dissolved drug and polymer is pumped with warm air into the drying chamber from where the powder
passes through the cyclone before being collected

It is estimated that at least 70% of APIs emerging from drug discovery
programmes are poorly water-soluble. These compounds often need
solubility enhancement through the formulation, such as a solid dispersion,
to achieve satisfactory oral bioavailability.

Solid dispersions increase solubility of APIs by molecularly or nano-
dispersing them in an inert, water-soluble polymer carrier. The two most
commonly used methods to produce solid dispersions are hot melt
extrusion (HME) and spray-drying (figure 1).

Formulation development of poorly soluble drugs can be difficult, which is
why the use of support tools can be advantageous [1]. These minimise time
and cost spent during formulation stages and increases the likelihood of a
successful formulation being identified early.

Method

Three commercially available polymers (Soluplus, PVP-VA and HPMCAS) and
ten chemically diverse, neutral, poorly soluble APIs (aprepitant, celecoxib,
estradiol, felodipine, fenofibrate, itraconazole, nifedipine, orlistat, probucol
and ritonavir) were used to produce solid dispersions. Each binary
formulation, containing one polymer and one API (10% w/w), was produced
twice, once using HME and once with spray-drying. The stability of each
formulation was assessed over 12 months at accelerated conditions (40°C /
75% RH).

The amorphicity of the formulations was confirmed at the start of the
stability study. Subsequently at each time-point the physical stability (time to
crystallisation) was determined using polarised light microscopy (PLM),
differential scanning calorimetry (DSC) and X-ray powder diffraction (XRPD).

A HAAKE MiniLab II Micro compounder was used to produce the HME
formulations and a Büchi mini spray-dryer B-290 for the spray-dried solid
dispersions.

Instant Jchem (ChemAxon) was used to calculate and predict a range of
physicochemical properties of the APIs. These included a range of properties
describing, surface areas, lipophilicity, number of bonds/atoms/rings, H-
bond donors/acceptors and more. Furthermore, measured and predicted
glass transition temperatures of the solid dispersions were included as
parameters. This gave in total 41 parameters.

Results

Out of 60 solid dispersions produced, 59 were amorphous at the start of
stability study. One formulation crystallised immediately after production.
This was observed visually as a cloudy glass, and was confirmed with PLM
and DSC.

Some formulations started crystallising within a week, while others
remained amorphous for the 12 months tested. Such differences were
observed between different polymers and APIs as well as between the
two manufacturing methods (figure 2).
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SOL PVP-VA HPMCAS

Measured < 1 month < 1 month > 6 months

Predicted 19 days 0 days 220 days

Figure 2 shows progression of crystallisation over time. A-D shows itraconazole – Soluplus HME formulation
at 1, 2, 4 and 6 months. Images E-H show fenofibrate PVP-VA HME and I-L shows fenofibrate PVP-VA spray-
dried. Crystals are highlighted with yellow arrows.

Figure 3, left shows the measured stability of all 60 solid dispersion solid dispersions , plotted as log(stability in
days +1). Right, ranking of formulations containing felodipine. Blue represents measured stability, red is predicted
stability, obtained from LOOCV. Error bars on predicted values are mean square error (MSE) calculated from
LOOCV. Abbreviations used, Sh – Soluplus HME, Ss – Soluplus spray-dried, Ph – PVP-VA HME, PS – PVP-VA spray-
dried, Hh – HPMCAS HME and Hs – HPMCAS spray-dried.

No obvious trends could be observed visually from the stability data, see
figure 3, which underlines the need for statistical models to identify
correlations in the data.

Six multiple linear regression models (MLRs) were built, one for each
combination of polymer and method. Each model was validated with a
leave one out cross validation (LOOCV). For each combination, different
parameters were identified as important for stability which underlines
the complexity of the solid dispersion systems.
The six models were used to rank formulations according to the stability.
In figure 3, the ranking of the six formulations containing felodipine are
shown. The measured stability is shown in blue while predicted is in red.

Figure 4, shows the predicted and
measured stability for lapatinib in
formulations containing Soluplus, PVP-
VA and HPMCAS. On the right, the
chemical structure of lapatinib.

Conclusions
Some important differences have been observed from the stability data,
both between polymers and manufacturing methods. Six multiple linear
regression models have been built using this data as well as
physicochemical properties of the APIs. The models have identified API
properties that are linked to the difference observed in stability. These
models are promising tools which will be able to provide a basis for
selection of polymer and manufacturing process [3].
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Figure 2, Chemical structure of APIs (left)
and polymers (right)

An external validation was performed on the models for the spray-
dried formulations. A study compared the stability of spray-dried solid
dispersions of lapatinib in Soluplus, PVP-VA and HPMCAS [2]. The
formulation containing HPMCAS was the most stable, showing no signs
of crystallinity after six months (figure 4). The predicted values for
lapatinib gave the correct ranking and furthermore the predicted
stability in days was in very good agreement with the measured values.
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