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SPRAY DRYING PROCESSES FOR FORMING SOLID AMORPHOUS DISPERSIONS OF DRUGS AND POLYMERS



to incomplete drying of the droplets, Which alloWs the damp droplets to stick to various portions of the dryer. Polymer and drug that stick to the dryer surfaces not only loWers



BACKGROUND OF THE INVENTION



in the product as large, non-homogeneous particles or chunks. Such material often has higher levels of impurities if the material is exposed to high temperatures for longer times than the majority of the spray dried material.



yields, but can break loose from the surface and be present [0001]



This invention relates to a spray drying process for



forming pharmaceutical compositions comprising a solid amorphous dispersion of a loW-solubility drug and a poly mer.



[0002] It is sometimes desired to form a solid amorphous dispersion of a drug and a polymer. One reason for forming



solid amorphous dispersions is that the aqueous dissolved drug concentration of a poorly aqueous soluble drug may be



improved by forming an amorphous dispersion of the drug and a polymer. For example, Curatolo et al., EP 0 901 786



A2 disclose forming pharmaceutical spray-dried dispersions of sparingly soluble drugs and the polymer hydroxypropyl methyl cellulose acetate succinate. Such solid amorphous



dispersions of drug and polymer provide higher concentra



[0005] In addition, the production of large quantities of solid amorphous dispersion particles for commercial pur poses requires that large volumes of solvent must be used. The process used to spray dry large quantities of spray solution must be capable of balancing the need to rapidly evaporate solvent to form homogeneous solid amorphous dispersions With the need to form particles that have the desired levels of residual solvent and handling characteris tics. [0006] Finally, it is often desirable to utiliZe a drying gas such as nitrogen that is inert and reduces the potential for ?re



tions of dissolved drug in an aqueous solution compared



or explosions. It is desirable to minimiZe the use of such



With the drug in crystalline form. Such solid amorphous dispersions tend to perform best When the drug is homoge



gases due to cost as Well as minimiZe the amount of solvent



neously dispersed throughout the polymer. [0003] While spray drying processes are Well knoWn, spray drying solid amorphous dispersions provides a number



of unique challenges. Spray drying involves dissolving the



discharged as vapor in such gases folloWing use.



[0007] Accordingly, there is still a need for a spray drying process to prepare pharmaceutical compositions of solid



amorphous dispersions comprising loW-solubility drugs and polymers that is capable of providing large quantities of



drug and polymer in a solvent to form a spray solution,



spray dried solid amorphous dispersions that are homoge



atomiZing the spray solution to form droplets, and then rapidly evaporating the solvent from the droplets to form the solid amorphous dispersion in the form of small particles. The solid amorphous dispersion particles are preferably



BRIEF SUMMARY OF THE INVENTION



homogeneous, solid dispersions of amorphous drug in the polymer. Often, it is desirable for the amount of drug in the solid amorphous dispersion to be greater than the solubility



of the drug in the polymer (in the absence of the solvent), While still having the drug homogeneously dispersed in the polymer rather than separated into drug-rich domains. Such homogeneous solid amorphous dispersions are termed “ther modynamically unstable.” To form such dispersions by spray drying, the solvent must be evaporated rapidly from the spray solution droplets, thereby achieving a homoge neous solid amorphous dispersion. HoWever, rapid evapo ration of solvent tends to lead to particles that are either very



small, have very loW density (high speci?c volume), or both.



neous, are dense, and have loW residual solvent content.



[0008]



In one aspect, a process is provided for forming a



pharmaceutical composition comprising a solid amorphous dispersion comprising a drug and a polymer, comprising the folloWing steps. A drying apparatus is provided having an atomiZer connected to a drying chamber, the drying chamber having an inlet and an outlet. A spray solution is formed by



dissolving the loW-solubility drug and the polymer in a



solvent. (The loW-solubility drug has loW solubility in aqueous solutions as de?ned beloW.) The spray solution is



sprayed through the atomiZer into the chamber to form droplets having a volume average siZe of less than 500 pm. A drying gas is ?oWed through the inlet at a How rate and a



temperature TIN such that the droplets solidify in less than



amorphous dispersion particles.



about 20 seconds. The feed rate of the spray solution is at least 10 kg/hr, and the feed rate of the spray solution and the TIN of the drying gas are controlled so that the drying gas at the outlet has a temperature TOUT that is less than the boiling



[0004]



point of the solvent.



Such particle properties can lead to difficulties handling the material and formation of dosage forms containing the solid



In contrast, drying conditions that tend to favor



larger, denser particles may result in other problems. First, sloW evaporation of the solvent from the spray solution



droplets may alloW the drug to separate from the polymer



during evaporation of the droplets, leading to non-homoge neous, phase-separated dispersions. That is, the solid dis persion contains a drug-rich phase and a polymer-rich phase. Second, drying conditions that favor large, dense particles can result in high levels of residual solvent in the solid amorphous dispersion. This is undesirable for at least tWo reasons. First, high residual solvent levels in the solid



[0009]



The inventors have found that While the properties



of the spray dried dispersion can vary greatly depending on



the spray drying conditions, nevertheless the temperature of the exhaust drying gas at the outlet, or TOUT, appears to be critical to producing solid amorphous dispersions that are homogeneous, have loW residual solvent, and are dense.



Thus, When scaling up the spray drying process to larger volumes of spray solution and larger volumes of drying gas, the How rates of each should be controlled so as to maintain



TOUT at less than the boiling point of the solvent.



amorphous dispersion particles can result in non-homoge neous dispersions in Which the drug phase separates from



[0010]



the polymer. Second, as the amount of residual solvent



phous dispersions that are substantially homogeneous, that



increases, the product yield from spray drying decreases due



are dense, and that have loW residual solvent levels, it is



The inventors have found that to form solid amor



Feb. 10, 2005



US 2005/0031692 A1



desired to spray dry the spray solution under conditions that



are relatively cool and dry. Thus, the present invention contrasts With conventional spray drying methods that



employ hot drying conditions to rapidly evaporate the sol vent. Conventionally, to maximize the production of product from a spray drying apparatus, the spray solution is fed into



the apparatus at the limit of the capacity of the drying apparatus. Since the drying gas ?oW rate is constrained by the drying apparatus, the drying gas is heated to very hot temperatures to provide sufficient energy to evaporate the solvent. As discussed in greater detail beloW, the inventors have found that the conventional hot spray drying conditions are not conducive to producing solid amorphous dispersions that are homogeneous, dense, and have loW residual solvent. Instead, the drying gas inlet temperature and spray solution feed rate should be controlled to maintain relatively cool



conditions in the drying chamber, as determined by the temperature of the drying gas at the outlet, TOUT. In addi tion, the conditions are chosen to be dry; that is, have a sufficient excess of drying gas to solvent in the drying chamber, so that the solvent rapidly evaporates notWith



standing the loWer drying gas temperature at the inlet TIN. One of the resulting advantages of the present process is that it results in a homogeneous solid amorphous dispersion With a higher drug to polymer ratio than is possible With con ventional manufacturing methods. [0011] In another aspect, a process is provided for forming a pharmaceutical composition comprising a solid amor



de?nes an inner conical surface adjacent to the exit ori?ce of the noZZle to reduce the build-up of dried material on the noZZle.



[0017]



600 kg/hr.



[0018] The foregoing and other objectives, features, and advantages of the invention Will be more readily understood upon consideration of the folloWing detailed description of the invention.



[0019] [0020]



FIG. 2 is a schematic draWing of a mixing system.



[0021]



FIG. 3 is an isotherm chart for an exemplary set of



spray drying conditions. [0022]



the polymer in a solvent. The spray solution is sprayed through the atomiZer into the chamber to form droplets having a volume average siZe of less than 500 pm. A drying



FIG. 4 is an assembly vieW of a pressure noZZle.



[0023] FIG. 5 is a cross-sectional vieW of the noZZle body of FIG. 4.



[0024]



FIG. 6 is a schematic vieW of a gas disperser.



[0025]



FIG. 7 is a schematic vieW in cross section of an



exemplary drying chamber. DETAILED DESCRIPTION OF THE INVENTION



prising the folloWing steps. A drying apparatus is provided solution is formed by dissolving the loW-solubility drug and



FIG. 1 is a schematic draWing of a spraying drying



system.



phous dispersion comprising a drug and a polymer, com having an atomiZer connected to a drying chamber, the drying chamber having an inlet and an outlet. A spray



In another aspect of the invention, the spray solu



tion has a high feed rate. The feed rate may be at least 50 kg/hr, at least 100 kg/hr, or even at least 200 kg/hr. In one embodiment, the spray solution feed rate is at least 400 to



[0026]



The present invention relates to spray-drying pro



cesses for forming pharmaceutical compositions comprising homogeneous solid amorphous dispersions of a loW-solu bility drug and a polymer, and in particular to processes for spray-drying large volumes of a spray solution to form solid



gas is ?oWed through the inlet at a How rate and a tempera



amorphous dispersions in large quantities. In the present



ture TIN such that the droplets solidify in less than about 20 seconds. The drying gas entering the inlet further comprises



process, homogeneous, solid amorphous dispersions are



formed by ?rst dissolving the loW-solubility drug and poly



the solvent in vapor form. In a preferred embodiment of this



mer in a solvent to form a spray solution. The solvent is then



aspect, the drying gas exiting the drying chamber from the



rapidly removed to form a solid amorphous dispersion.



outlet is recirculated to the inlet through a solvent collection system, and the solvent collection system removes only a



[0027] The concentration of drug in the resulting disper



portion of the solvent from the drying gas prior to reentry of the drying gas into the inlet. [0012] In another aspect of the invention, TOUT is betWeen 5 and 25° C. less than the boiling point of the solvent, and more preferably TOUT is betWeen 10 and 20° C. less than the



boiling point of the solvent. [0013] In another aspect, TOUT is less than the glass transition temperature of the solid amorphous dispersion at the residual solvent level of the solid amorphous dispersion as it exits the drying chamber.



[0014] In another aspect, the deWpoint of the solvent in the drying chamber is substantially loWer than TOUT, and may be at least 10° C., at least 20° C., or even at least 30° C. less



than TOUT. [0015]



In another aspect of the invention, the spray solu



tion is formed by mixing the loW-solubility drug, polymer and the solvent in a separate mixing device such as poWder



disperser.



sion formed by the process disclosed herein may be beloW



the solubility of the drug in the polymer (at room tempera ture). Such dispersions are termed thermodynamically stable dispersions and are normally homogeneous; that is, the drug is substantially homogeneously dispersed in the polymer at the molecular level and thus can be vieWed as a solid



solution.



[0028] Often, it is desirable to form dispersions Where the concentration of drug in the polymer is in excess of its



solubility but still homogeneous. Such dispersions are termed thermodynamically unstable. The key to forming homogeneous solid amorphous dispersions that are thermo dynamically unstable is to rapidly remove the solvent. If the solvent is removed from the spray solution on a time scale



that is faster than the time scale at Which the drug and polymer phase separate from the spray solution as solvent



evaporates, then homogeneous solid amorphous dispersions may be formed even though the concentration of drug in the



polymer is above its solubility and is therefore thermody



In another aspect of the invention, the atomiZer is



namically unstable. HoWever, the rate at Which the solvent



a pressure noZZle. In one embodiment, the pressure noZZle



is removed greatly affects the physical properties of the



[0016]
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resulting solid amorphous dispersions. The desired proper ties of solid amorphous dispersions, and the spray-drying conditions needed to achieve these properties are described in more detail below.



Solid Amorphous Dispersions [0029] I. Desired Properties of Solid Amorphous Disper



geneous solid amorphous dispersions. The mobility of the drug is dramatically reduced When the Tg of the solid amorphous dispersion is above the ambient temperature. In particular, it is preferable that the Tg of the solid amorphous dispersion is at least 40° C. and preferably at least 60° C. Since the Tg is a function of the Water and solvent content of the solid amorphous dispersion Which in turn is a function



[0030] In order to achieve concentration enhancement of the loW-solubility drug in an aqueous use environment, the



of the relative humidity (RH) to Which the solid amorphous dispersion is eXposed, these Tg values refer to the Tg of the solid amorphous dispersion containing Water in an amount that is in equilibrium With the RH equivalent to that found



sions



solid amorphous dispersion should have several properties.



during storage. Preferably, the Tg of the solid amorphous



An aqueous use environment may be either an in vitro use environment, such as a dissolution test media, or an in vivo



dispersion is at least 40° C. and preferably at least 60° C. measured at 50% RH. When the drug itself has a relatively



use environment, such as the GI tract. The degree of



loW Tg (about 70° C. or less) it is preferred that the dispersion polymer has a Tg of at least 40° C. at 50% RH,



concentration enhancement of dissolved drug is described in more detail beloW, but in general the dispersion, When administered to an aqueous use environment, provides at



least temporarily a dissolved drug concentration in the use environment that is greater than the solubility of the crys talline form of the drug in the use environment. Solid



amorphous dispersions Which provide concentration



preferably at least 70° C. and more preferably greater than 100° C.



[0034] 2. Substantially Amorphous [0035] In addition, the drug in the dispersion is “substan tially amorphous.” As used herein, “substantially amor



homogeneous”; (2) the drug is “substantially amorphous”;



phous” means that the amount of the drug in amorphous form is at least 75 Wt %; that is, the amount of crystalline drug present does not eXceed about 25 Wt %. More prefer



(3) the solid dispersion has a relatively high drug loading;



ably, the drug in the dispersion is “almost completely



and (4) the solid dispersion has a loW residual solvent



amorphous,” meaning that at least 90 Wt % of the drug is amorphous, or that the amount of drug in the crystalline form does not eXceed 10 Wt %. Amounts of crystalline drug



enhancement in a use environment have the folloWing



characteristics: (1) the solid dispersion is “substantially



content.



[0031] 1. Substantially Homogeneous [0032] As used herein, “substantially homogeneous” means that the drug present in relatively pure amorphous domains Within the solid amorphous dispersion is relatively small, on the order of less than 20%. Preferably the amount



of drug present in pure amorphous domains is less than 10% of the total amount of drug. In substantially homogeneous dispersions, the drug is dispersed as homogeneously as possible throughout the polymer and can be thought of as a solid solution of drug dispersed in the polymer(s). While the dispersion may have some drug-rich domains, it is preferred that the dispersion itself have a single glass transition



temperature (TQ Which demonstrates that the dispersion is substantially homogeneous. This contrasts With a simple



physical miXture of pure amorphous drug particles and pure



amorphous polymer particles Which generally display tWo distinct Tgs, one that of the drug and one that of the polymer. Tg as used herein is the characteristic temperature Where a



glassy material, upon gradual heating, undergoes a relatively rapid (e.g., 10 to 100 seconds) physical change from a glass state to a rubber state.



[0033] In order to maintain the homogeneity of the solid amorphous dispersion over time, it is desired that the Tg of the solid amorphous dispersion is greater than the ambient storage temperature. The mobility of the drug in the solid



amorphous dispersion is dependent on the Tg of the solid amorphous dispersion. Mobility refers to the capacity of the drug to diffuse through the solid material. When the mobility of the drug in the solid amorphous dispersion is high, the drug may phase separate from the homogeneous solid solu tion of drug and polymer to form separate drug rich domains. Such drug rich domains may in turn crystalliZe. In



may be measured by poWder X-ray diffraction, Scanning Electron Microscope (SEM) analysis, differential scanning calorimetry (DSC), or any other standard quantitative mea surement.



[0036]



To obtain the maXimum level of dissolved drug



concentration and bioavailability enhancement, particularly upon storage for long times prior to use, it is preferred that the drug remain, to the eXtent possible, in the amorphous state. The inventors have found that this is best achieved



When the glass-transition temperature, Tg, of the solid amor



phous dispersion is substantially above the storage tempera ture of the dispersion as described above.



[0037] 3. Amount of Drug [0038]



In order to reduce the amount of inactive material



to be dosed, it is usually desired that the drug is present in the solid amorphous dispersion in an amount that is as great



as possible While still achieving a dispersion that performs Well (e.g., enhances dissolved drug concentration in a use environment and bioavailability When dosed to an animal, such as a mammal). The amount of drug relative to the



amount of polymer present in the solid amorphous disper sions of the present invention depends on the drug and



polymer. Often, the amount of drug present is greater than the solubility of the drug in the polymer. The present invention alloWs the drug to be present in the solid amor



phous dispersion at a level greater than its solubility in the



polymer While still being homogeneously dispersed. The amount of drug may vary Widely from a drug-to-polymer Weight ratio of from 0.01 to about 49 (e.g., 1 Wt % drug to 98 Wt % drug). HoWever, in most cases it is preferred that the drug-to-polymer ratio is at least about 0.05 (4.8 Wt % drug),



such cases, the resulting non-homogeneous dispersions tend



more preferably at least 0.10 (9 Wt % drug), and even more



to provide loWer concentrations of dissolved drug in an aqueous solution and loWer bioavailability relative to homo



preferably at least about 0.25 (20 Wt % drug). Higher ratios may be possible depending on the choice of drug and
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polymer, such as at least 0.67 (40 Wt % drug). However, in some cases, the degree of concentration-enhancement



decreases at high drug loadings, and thus the drug-to polymer ratio may for some dispersions be less than about 2.5 (71 Wt % drug), and may even be less than about 1.5 (60



Wt % drug).



[0039] In addition, the amount of drug and polymer in the dispersion is preferably high relative to other eXcipients. Collectively, the drug and polymer preferably comprise at least 80 Wt % of the dispersion, and may comprise at least 90 Wt %, and up to 100 Wt % of the solid amorphous



containing particles of equal or smaller diameter, D50 is the diameter corresponding to the diameter of particles that make up 50% of the total volume containing particles of equal or smaller diameter, and D90 is the diameter corre sponding to the diameter of particles that make up 90% of the total volume containing particles of equal or smaller diameter.



[0048] 2. Density [0049]



The particles should also be suf?ciently dense so as



dispersion.



to facilitate handing and post processing in unit operations such as dry blending, Wet or dry granulations, capsule ?lling, or compression into tablets. The solid amorphous dispersion



[0040]



4. LoW Residual Solvent Content



particles should have a density that is at least 0.1 g/cc.



[0041]



The solid amorphous dispersions also have a loW



Density may be measured by collecting a representative sample, determining the mass, and then determining the volume of the sample in a graduated cylinder. Preferably, the



residual solvent content. By residual solvent content is meant the amount of solvent present in the solid amorphous



dispersion folloWing spray-drying immediately upon eXit from the spray dryer. The presence of solvent in the disper sion loWers the glass transition temperature of the disper



particles have a density of at least 0.15 g/cc, and more



preferably greater than 0.2 g/cc. In other Words, the bulk speci?c volume of the particles should be no more than 10



sion. Thus, mobility of the drug in the dispersion, and hence its propensity to phase separate and crystalliZe, decreases as



cc/g, preferably less than 6.7 cc/g and preferably less than 5 cc/g. The particles may have a tapped speci?c volume of less



the amount of residual solvent in the solid amorphous dispersion decreases. Generally, the residual solvent content of the solid amorphous dispersion should be less than about



than or equal to about 8 cc/g, more preferably less than 5 cc/g, and even more preferably less than or equal to about 3.5 cc/g. The particles may have a Hausner ratio of less than or equal to about 3, and more preferably less than or equal to about 2. (The Hausner ratio is the ratio of the bulk speci?c



10 Wt %, preferably less than about 5 Wt %, and even more preferably less than 3 Wt %.



[0042] II. Desired SiZe and Density of Dispersions



volume divided by the tapped speci?c volume.) Process for Spray Drying



[0043] In addition to the properties described above, it is also desired that the solid amorphous dispersions have certain characteristics to facilitate handling and processing. The dispersions should have the folloWing characteristics to facilitate handling: (1) the dispersions should not be too small; and (2) the dispersions should be dense.



[0050] The term spray-drying is used conventionally and broadly refers to processes involving breaking up liquid mixtures into small droplets (atomiZation) and rapidly



[0044] 1. SiZe [0045] In general, the solid amorphous dispersions formed



in FIG. 1. The spray-drying system 10 includes tanks or



by spray drying eXit the drying chamber as small particles. While the small particle siZe may in some cases aid disso



lution performance, very small particles, particularly ?nes (e.g., less than about 1 pm in diameter), can be dif?cult to handle and process. In general, the mean siZe of the particles should be less than 500 pm in diameter, and is more preferably less than 200 pm in diameter, and even more preferably less than 100 pm in diameter. A preferred range of mean particle diameter is from about 1 to about 100 pm, and more preferably from about 5 to about 80 pm. Particle



siZe may be measured using conventional techniques, such as by using a Malvern laser light scattering apparatus.



[0046] Preferably, the solid amorphous dispersions have a relatively narroW siZe distribution so as to minimiZe the



fraction of particles that are very small (less than 1 pm). The particles may have a Span of less than or equal to 3, and more preferably less than or equal to about 2.5. As used herein, “Span,” is de?ned as



D90 — D10



Span :



—5



so



removing solvent from the droplets in a container Where there is a strong driving force for evaporation of solvent. An



eXemplary spray-drying system 10 is shoWn schematically hoppers for drug 12, polymer 14 and solvent 16. The system 10 includes a tank 18 for miXing the spray solution using a miXer 20. The spray solution contains the dissolved drug and polymer in the solvent. An optional solvent tank 22 may be employed to aid in processing. The tank 18 is connected via a feedline 24 having a pump 26 to the drying chamber 28. The feed line 24 is connected to an atomiZer 30 located at the



top of the chamber 28. The atomiZer 30 breaks the spray solution up into ?ne droplets in the drying chamber 28. A drying gas, such as nitrogen, is also introduced into the chamber through a gas disperser 32. The drying gas enters the drying chamber 28 at an inlet 34. The solvent evaporates



from the droplets Within the chamber 28, forming solid



amorphous dispersion particles of drug and polymer. The solid amorphous dispersion particles and exhaust drying gas (the noW cooled drying gas and evaporated solvent) eXit the drying chamber 28 out of an outlet 36 at the bottom of the



drying chamber 28. The solid amorphous dispersion par ticles may be separated from the eXhaust gas by means of a cyclone 38, or other collection device.



[0051] The spray solution and drying conditions must be chosen to balance a variety of factors. First, the spray solution and drying conditions should result in substantially



homogeneous solid amorphous dispersions having the [0047] Where D10 is the diameter corresponding to the diameter of particles that make up 10% of the total volume



physical characteristics described above. Second, the spray solution and drying conditions should also alloW ef?cient
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manufacture of such dispersions at large volumes of spray solution. The characteristics of the spray solution and drying



alloWs intimate mixing of the polymer, drug and solvent at the molecular level. Preferably, the drug has a solubility in



conditions needed to achieve these tWo goals are described



the solvent at 25° C. of at least 0.5 Wt %, preferably at least 2.0 Wt % and more preferably at least 5.0 Wt %.



in more detail beloW.



[0052]



I. Spray Solution



[0053] The spray solution determines the drug loading of the resulting solid amorphous dispersion, and also affects Whether the solid amorphous dispersion is homogeneous and the efficiency of production of the dispersions. The



[0061] The polymer should be highly soluble in the sol vent as Well. HoWever, for polymers, this is best indicated by the nature of the solution it forms. Ideally, a solvent is



chosen that solvates the polymer suf?ciently that the poly mer is not highly aggregated and forms a visibly clear



spray solution contains at least the drug, polymer and solvent.



solution. Polymer aggregation is indicated by the solution being cloudy or turbid When aggregation is high, and by the solution scattering large amounts of light. Thus, the accept



[0054]



ability of a solvent can be determined by measuring the turbidity of the solution or the level of light scattering as is Well knoWn in the art. For example, for the polymer hydrox ypropylmethyl cellulose acetate (HPMCAS), acetone is a good solvent choice, forming a clear solution When the polymer is, dissolved. In contrast, pure ethanol is a poor choice for HPMCAS at practical dissolved solids content, since only a small portion (about 20 to 30 Wt %) of the HPMCAS is soluble in ethanol. This is demonstrated by the nature of the resulting heterogeneous mixture that results



1. Amount of Drug and Polymer



[0055] The relative amounts of drug and polymer dis solved in the solvent are chosen to yield the desired drug to



polymer ratio in the resulting solid amorphous dispersion. For example, if a dispersion having a drug to polymer ratio of 0.33 (25 Wt % drug) is desired, then the spray solution comprises 1 part drug and 3 parts polymer dissolved in the solvent.



[0056] The total dissolved solids content of the spray solution is preferably sufficiently high so that the spray



When using ethanol as the solvent: a clear solution above an



solution results in efficient production of the solid amor



opaque solution of gelled, undissolved polymer. Good sal



phous dispersions. The total dissolved solids content refers to the amount of drug, polymer and other excipients dis



vation also leads to another related property described



solved in the solvent. For example, to form a spray solution having a 5 Wt % dissolved solids content and Which results



precipitates (separates into a solvent-poor solid and a poly mer-poor solution) rather than gelling, that is, remaining as a highly viscous liquid or solid single-phase (polymer and



in a solid amorphous dispersion having a 25 Wt % drug loading, the spray solution Would comprise 1.25 Wt % drug, 3.75 Wt % polymer and 95 Wt % solvent. The drug may be dissolved in the spray solution up to the solubility limit; hoWever, the amount dissolved is usually less than 80% of the solubility of drug in the solution at the temperature of the



beloW, namely gellation. If solvation is poor, the polymer



solvent) material. [0062]



Solvents suitable for spray-drying can be any com



pound in Which the drug and polymer are mutually soluble. Preferred solvents include alcohols such as methanol, etha



solution prior to atomiZation. The dissolved solids content may range from 0.2 Wt % to 30 Wt % depending on the



nol, n-propanol, iso-propanol, and butanol; ketones such as



solubility of the drug and polymer in the solvent. For drugs having good solubility in the solvent, the spray solution



esters such as ethyl acetate and propylacetate; and various



preferably has a solids content of at least 3 Wt %, more preferably at least 5 Wt %, and even more preferably at least 10 Wt %. HoWever, the dissolved solids content should not be too high, or else the spray solution may be too viscous to



acetone, methyl ethyl ketone and methyl iso-butyl ketone; other solvents such as acetonitrile, methylene chloride,



toluene, THF, cyclic ethers, and 1,1,1-trichloroethane. LoWer volatility solvents such as dimethyl acetamide or dimethylsulfoxide can also be used. Mixtures of solvents, such as 50% methanol and 50% acetone, can also be used, as can mixtures With Water as long as the polymer and drug are sufficiently soluble to make the spray-drying process



atomiZe ef?ciently into small droplets. The spray solution viscosity may range from about 0.5 to about 50,000 cp, and more typically 10 to 2,000 cp.



practicable. In some cases it may be desired to add a small



[0057]



2. Solvent Choice



amount of Water to aid solubility of the polymer in the spray solution.



[0058]



Second, the solvent is chosen to yield a substan



[0063] b. Boiling Point



tially homogenous dispersion having a loW residual solvent level. The solvent is chosen based on the folloWing charac



teristics: (1) the drug and polymer both are soluble, and



preferably have high solubility, in the solvent; (2) the solvent is relatively volatile; and (3) the solution gels during solvent removal. Preferably, the solubility of the drug in the solution is high enough so that the drug remains soluble at the solids content at Which the solution gels.



[0059]



a. Solubility Characteristics



[0060]



In order to achieve dispersions that are almost



[0064] To achieve rapid solvent removal, and to keep the residual solvent level in the resulting solid amorphous dispersion loW (preferably less than about 5 Wt %), a relatively volatile solvent is chosen. Preferably the boiling point of the solvent is less than about 200° C., more preferably less than about 150° C., and more preferably less than about 100° C. When the solvent is a mixture of solvents, up to about 40% of the solvent may comprise a loW



drug and polymer should preferably be fully dissolved in the



volatility solvent. Preferably, in such a mixture the boiling point of the other component is loW (e.g., less than 100° C.). The boiling point for solvent blends may be determined experimentally. HoWever, if the solvent is too volatile, the solvent Will evaporate too rapidly, resulting in particles that have loW density unless the evaporation step is conducted at



solvent in the spray solution prior to atomiZation. This



a loW temperature. Operation at conditions Where the tem



completely amorphous and substantially homogeneous, the solvent yields a spray solution in Which the polymer and drug are both soluble and preferably highly soluble. The
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perature of the exhaust drying gas at the outlet (TOUT) is less than about 20° C. is often impractical. In practice, acetone



(56° C. boiling point) and methanol (65° C. boiling point)



[0069] 3. Solution Mixing [0070]



It is important that the spray solution is prepared so



as to achieve a homogeneous spray solution in Which all of



Work Well for a variety of drugs.



the drug and polymer are completely dissolved. In general,



[0065] c. Gelling



the drug and polymer are added to the solvent and mechani cally mixed or agitated over a period of time. Exemplary



[0066]



mixing processes include submerged impellers or agitators. The solution is preferably mixed for a relatively long period



The solvent is chosen to preferably cause the



atomized droplets of drug, polymer and solvent to gel prior to solidi?cation during the evaporation process. Initially, the



of time, such as from four to eight hours, to ensure that all



spray solution is a homogeneous solution of dissolved drug and polymer in the solvent. When the spray solution is



of the polymer and drug have dissolved.



sprayed into the drying chamber, the spray solution is atomiZed into liquid droplets. The solvent begins to rapidly evaporate from the liquid droplets, causing the concentration of the dissolved drug and polymer to increase in the droplet.



are mixed With the solvent using a separate mixing device, such as a high shear poWder disperser, jet mixer, or line blender. The inventors found that one problem that may



[0071] In a preferred embodiment, the drug and polymer



As the solvent continues to evaporate, there are three pos



result in forming large batches of the spray solution (greater than about 100 liters) is the failure of the polymer to



sible scenarios: (1) the polymer concentration in the droplet



completely dissolve in the solvent in a reasonable amount of



exceeds the gel point of the polymer so as to form a



time. If the polymer poWder is not Well dispersed or if it is added too quickly to the solvent, the polymer may clump and begin to dissolve. Solvent Will begin to solvate the outer layer of polymer, forming a gel. Once an outer layer of gel



homogeneous gel; (2) the concentration of the dissolved drug in the droplet exceeds the solubility of the drug in the solution in the droplet, causing the drug to phase separate from the solution; or (3) the concentration of the polymer in the droplet exceeds the solubility of the polymer in the solution in the droplet, causing the polymer to phase sepa rate from the solution. Homogeneous solid amorphous dis persions are most easily formed When the solvent and concentrations of polymer and drug are chosen such that, as



solvent is evaporated, the polymer, drug and solvent form a



homogeneous gel prior to the drug phase separating or the polymer precipitating. In contrast, if the drug or polymer phase separate prior to the polymer gelling, then it becomes more dif?cult to choose spray drying conditions Which Will



yield a substantially homogeneous dispersion. Gelation of the solution prior to reaching the solubility limit of the drug



greatly sloWs the drug phase separation process, providing adequate time for solidi?cation of the particles in the spray



has formed, it becomes more dif?cult for the solvent to



penetrate through the gel layer into the inner layers of dry polymer. Such partially solvated clumps may interfere With the spray-drying process, such as by causing the atomiZer to



clog. In addition, such clumps may yield non-homogeneous particles, most consisting of a higher drug to polymer ratio than desired, and some particles having a loWer drug to polymer ratio than desired. In extreme cases some particles



may even consist mostly of polymer. To eliminate this



problem, the polymer may be mixed With the drug separately from the tank containing the spray solution, such as by using a high shear poWder disperser. [0072] FIG. 2 shoWs schematically a mixing system com prising the solution tank 18, a pump 40, a hopper 42, and a



drying process Without signi?cant phase separation.



separate mixing device 44. The solution tank 18 initially contains solvent, Which is pumped via pump 40 to the



[0067] By choosing a solvent Which causes the polymer to gel, the concentration of the polymer Will exceed the gel point of the polymer as the solvent evaporates from the solvent, resulting in a homogeneous gel of the drug, polymer



mixing device 44. Dry poWder material, either drug, poly mer or both, is fed through hopper 42 into the device 44. The



mixing device 44 combines the solvent and dry material using suf?cient mechanical agitation and/or shear to form a



and solvent. When this occurs, the viscosity of the solution



homogeneous solution of dissolved drug and polymer,



in the droplet increases rapidly, immobiliZing the drug and polymer in the droplet notWithstanding the presence of the



Which is then fed into the tank 18. Exemplary separate



persion.



mixing devices include high shear poWder dispersers avail able from Quadro Engineering incorporated; Waterloo, Ontario, Canada; Silverson Machines Inc.; East Long meadoW, Mass.; LIGHTNIN; Rochester, NH; and EKATO Corporation; Ramsey, NJ.



[0068] Alternatively, the solvent and polymer and drug



[0073]



II. Evaporation of Solvent



concentrations may be chosen such that, as the solvent



[0074]



1. Process Conditions



solvent. As additional solvent is removed, the drug and



polymer remain homogeneously distributed throughout the droplet, resulting in a substantially homogeneous solid dis



evaporates, the drug concentration exceeds the drug solu bility in the solvent—that is supersaturates. In such a case,



the drug has a relatively loW solubility in the solvent, but the polymer has a high solubility and gels at the saturation point. Such a system may yield a satisfactory solid amorphous dispersion (e.g., the drug is not phase separated as amor phous or crystalline drug) so long as the time during Which the solution has a drug concentration above the point Where



it Will ultimately phase separate from the solution (e.g., supersaturated) but is still liquid (e.g., not yet solid) is sufficiently short, that the drug does not substantially phase separate.



[0075] The manner in Which the solvent is evaporated from the spray solution also affects the density and siZe of the solid amorphous dispersion particles, as Well as Whether



the solid amorphous dispersion is homogeneous. The dif? culty in removing the solvent is that factors Which tend to favor formation of homogeneous particles often lead to particles having an undesirably loW density, and vice versa.



To form a substantially amorphous, homogeneous disper sion, it is desired to remove solvent rapidly. Since the spray



solution is a homogeneous mixture of drug, polymer and solvent, the solvent should be removed on a time frame that
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is short relative to the time required for the drug and polymer to separate from each other. On the other hand, to form dense



(3) both. In addition, a portion of the heat required for evaporation of solvent may also be provided by heating the



particles, solvent should be removed sloWly. HoWever, this may yield particles that are non-homogeneous and/or have undesirably high residual solvent levels.



spray solution.



[0076] Generally, the solvent evaporates sufficiently rap



teristics of the resulting solid amorphous dispersion par ticles: (1) the pressure in the drying chamber; (2) the feed rate of the drying gas; (3) the composition of the drying gas; (4) the temperature of the spray solution; (5) the temperature



idly such that the droplets are essentially solid When they reach the outlet of the drying chamber and have a residual solvent content of less than 10 Wt %. The large surface-to



volume ratio of the droplets and the large driving force for evaporation of solvent leads to actual drying times of a feW seconds or less, and more typically less than 0.1 second. Drying times to a residual solvent level of less than 10 Wt % should be less than 100 seconds, preferably less than 20 seconds, and more preferably less than 1 second.



[0077] In addition, the ?nal solvent content of the solid dispersion as it exits the drying chamber should be loW,



since the residual solvent in the dispersion depresses the Tg of the dispersion. Thus, drying conditions must be chosen to result in residual solvent levels that are loW so that the glass



transition temperature of the dispersion as it exits the drying chamber is high. Generally, the solvent content of the solid amorphous dispersion as it leaves the drying chamber should be less than about 10 Wt %, preferably less than about 5 Wt %, and more preferably less than about 3 Wt %. Preferably, the residual solvent level is loW enough so that the Tg of the solid amorphous dispersion is at least the temperature of the exhaust drying gas at the outlet (TOUT) less 20° C., and more preferably is at least TOUT. For example, if the drying gas at the outlet has a temperature of 40° C., then the Tg of the solid amorphous dispersion at the residual solvent level as it exits the drying chamber is preferably at least 20° C., and more preferably at least 40° C.



[0080] Several parameters affect the rate and extent of solvent evaporation from the spray droplets and the charac



of the drying gas at the inlet (Th); (6) the feed rate of the spray solution; and (7) the droplet siZe of the atomiZed spray solution.



[0081]



The pressure in the drying chamber and the feed



rate of the drying gas are typically determined, Within a



relatively narroW operating range, by the particular con?gu ration of the drying chamber and associated product collec tors (such as cyclones, baghouses, etc.). The pressure Within the spray dryer is typically maintained at a positive pressure relative to ambient pressure (e.g., greater than 1 bar). For



example, for a NIRO (Niro A/S, Copenhagen; Denmark) PSD-2 spray dryer the pressure in the chamber may range from 1.017 to 1.033 bar, preferably 1.022 to 1.032 bar. The



requirement for maintaining a positive pressure in the cham ber is partly due to safety considerations, since this reduces the likelihood of air entering the drying chamber, and therefore minimiZes exposure of the evaporated solvent to oxygen. In addition, the product collectors such as the



cyclone typically operate more ef?ciently at positive pres sures.



[0082] The drying gas entering the spray chamber should be at sufficiently high flow rate so as to be a sink for the



evaporated solvent introduced into the chamber as the spray



solution solvent. This provides a sufficiently dry environ ment to alloW evaporation to occur under cool conditions. In



[0078] This highlights another potential challenge. In gen eral, loW residual solvent levels are conventionally achieved



by raising the temperature of the drying gas TIN, Which in turn leads to a higher value of TOUT. The inventors have



circumvented this problem by using a relatively large flow rate of drying gas (relative to the flow rate of spray solution) at a relatively loW inlet temperature TIN. This leads to the desired result of achieving a relatively loW TOUT While still achieving a loW residual solvent level. This set of operating conditions generally leads to the desired goal of keeping TOUT-Tg less than 20° C., and preferably less than 0° C. In practice, the drying gas flow rate is ?xed Within a relatively narroW range as described above. Thus, the ratio of the



drying gas flow rate to the spray solution flow rate is kept



large for a given apparatus by loWering the spray solution flow rate (as Well as TIN to keep TOUT loW). This is in contrast to the conventional method of spray drying, as this



loWers the productivity of the apparatus (kg product/hour). [0079] Since the spray solution may consist of up to 80 Wt % or more of solvent, substantial quantities of solvent must



be removed during the evaporation process. The strong



driving force for solvent evaporation is generally provided by maintaining the partial pressure of solvent in the drying



order to achieve loW residual solvent levels, the deWpoint of the solvent in the drying gas in the drying chamber must be loW. The amount of solvent vapor in the drying gas (Which determines the deWpoint) should be less than the amount of solvent vapor in equilibrium With the solid amorphous dispersion having the desired residual solvent content. For



example, if it is desired that the solid amorphous dispersion exiting the drying chamber should have a residual solvent content of 10 Wt % or less, the maximum amount of solvent



vapor in the drying gas in the drying chamber should be less than the amount of solvent vapor that is present in a gas in



equilibrium With a solid amorphous dispersion having 10 Wt % residual solvent at a temperature of TOUT. The maximum amount of solvent vapor that may be in the drying chamber may be calculated or determined experimentally for any



given desired residual solvent level. If determined experi mentally, a solid amorphous dispersion may be placed in a sealed container With dry gas. Solvent vapor may be added.



The solid amorphous dispersion may be periodically evalu ated to determine residual solvent content in equilibrium With the solvent vapor.



temperature of the drying droplets. This is accomplished by



[0083] In practice, the need for a dry drying gas leads to very loW deWpoints of the solvent in the drying gas. The deWpoint of the solvent in the drying chamber (if all of the solvent evaporated) should be substantially loWer than



either (1) maintaining the pressure in the drying chamber at a partial vacuum (e.g., 0.01 to 0.50 bar); (2) mixing the



least 30° C. less than TOUT. For example, When spray drying



liquid droplets of spray solution With a Warm drying gas; or



With the solvent acetone at an outlet temperature TOUT of



chamber Well beloW the vapor pressure of the solvent at the



TOUT, and may be at least 10° C., at least 20° C., or even at
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40° C., the drying gas ?oW rate may be set so that the



is maintained at less than the melting point of the solid



deWpoint of acetone in the drying chamber ranges from —5 to 5° C. This dry drying gas provides a strong driving force for rapid evaporation even under relatively cool conditions. For spray solution feed rates of 50 kg/hr to about 80 kg/hr, the feed rates of the drying gas may range from about 400 to about 600 m3/hr. For large feed rates of spray solution (e.g., feed rates of about 400 to 500 kg/hr), the drying gas



amorphous dispersion. The preferred maximum value for T1N may be determined by heating the solid amorphous



feed rate may range from about 2000 to about 2500 m3/hr. This leads to relatively high ratios of drying gas ?oW rate to spray solution feed rate. Preferably, the ratio is at least 4



m3/kg, more preferably at least 4.5 m3/kg. [0084] The drying gas may be virtually any gas, but to minimize the risk of ?re or explosions due to ignition of ?ammable vapors, and to minimiZe undesirable oxidation of



the drug, concentration-enhancing polymer, or other mate rials in the dispersion, an inert gas such as nitrogen, nitro



gen-enriched air, or argon is utiliZed. In addition, the drying gas entering the drying chamber at the inlet may contain small amounts of the solvent in vapor form. Referring again to FIG. 1, the spray drying apparatus may include a drying gas recirculation system 46 that further comprises a solvent



dispersion and determining the temperature at Which the



solid amorphous dispersion begins to degrade, for example by becoming discolored or by becoming sticky or tacky. TIN is preferably maintained beloW the temperature at Which either of these conditions occur. Typically, TIN is less than 200° C., and preferably less than 150° C. In one embodi ment, TIN ranges from 90 to 150° C., preferably from 100 to 130° C. [0088] The feed rate of the spray solution Will depend on a variety of factors, such as the drying gas inlet temperature



TIN, drying gas ?oW rate, the siZe of the drying chamber and atomiZer. In practice, the feed rate of the spray solution When spray drying using a Niro PSD-2 spray dryer may range from 10 to 85 kg/hr, more preferably from 50 to 75 kg/hr. The invention has particular utility as the feed rate of the



spray solution increases, alloWing production of increasing quantities of product. In preferred embodiments, the feed



connection With the drying gas recirculation system 48, the



rate of the spray solution is at least 50 kg/hr, preferably at least 100 kg/hr, more preferably at least 200 kg/hr, and even more preferably at least 400 kg/hr. In one embodiment, the spray solution feed rate may range from 400 kg/hr to 600



amount of solvent vapor in the drying gas affects the rate of



kg/hr.



recovery system 48. As discussed in more detail beloW in



evaporation of solvent from the droplets, and thus the



density of the particles.



[0089] The feed rate of the spray solution is controlled, in conjunction With TIN, so as to achieve ef?cient spray drying,



[0085] The temperature of the spray solution is typically determined by the solubility characteristics and stability of



high product yield, and good particle characteristics. The



the constituents of the spray solution. In general, the spray solution may be held at a temperature ranging from about 0° C. to 50° C., and is usually maintained near room tempera ture. The temperature may be raised to improve the solu bility of the drug or polymer in the solution. In addition, the



TIN may be determined by the thermodynamics of the drying



temperature of the spray solution may be set at an elevated



temperature to provide additional heat to the drying process so as to further increase the rate of evaporation of solvent



from the droplets. The temperature may also be loWered if needed to improve the stability of the drug in the spray solution. [0086]



The temperature of the drying gas at the inlet to the



acceptable ranges for the feed rate of the spray solution and



process, Which are easily quanti?ed. The heat content and How rate of the heated drying gas are knoWn; the heat content, heat of vaporiZation, and How rate of the spray solution are knoWn; and the heat loss from the drying chamber to its environment is quanti?able. Therefore, the energy and mass balances of the inlet streams (spray solution



and drying gas) alloW prediction of the outlet conditions for the process: namely, the outlet temperature of the drying gas exiting the drying chamber (referred to as TOUT) and the solvent vapor concentration in the drying gas in the drying chamber.



of the solvent from the spray solution droplets but at the



[0090] The mass and energy balances for a given drying chamber, spray solution, and set of operating parameters can



same time is controlled to maintain a relatively cool envi



be shoWn on an isotherm chart (similar to a psychrometric



ronment in the drying chamber. The drying gas is usually heated to provide energy to evaporate the incoming solvent to the drying chamber. In general, the drying gas may be heated to a temperature TIN greater than the boiling point of



chart). FIG. 3 is an exemplary isotherm chart for a Niro PSD-2 pilot-scale spray-dryer. This chart is for a spray solution comprising 16 Wt % solids and 84 Wt % acetone and a drying gas ?oW rate of 530 m3/hr. The horiZontal axis shoWs inlet temperature of the drying gas TIN from 60° C. to a maximum of 180° C. The vertical axis shoWs the feed rate



chamber, referred to as TIN, is set so as to drive evaporation



the solvent, and may range from about 5 to about 150° C.



above the solvent boiling point. For example, When spray drying using the solvent acetone, Which has a boiling point at ambient conditions of 56° C., a typical temperature range for TIN is from 60 to 200° C., When the drying chamber is operated at a pressure of about 1.035 BAR. In practice, the



of the spray solution in kg/hr. The diagonal solid lines shoW constant drying gas outlet temperature TOUT. The dashed diagonal lines shoW constant deWpoint Tdlevvpt of the solvent in the drying gas. Charts of this type can be used to



temperature of the drying gas entering the dryer inlet, TIN,



determine potential throughputs of a given drying chamber



may be greater than 80° C., may be greater than 90° C., and may be greater than 100° C.



for a given spray solution. Furthermore, the isotherm charts can be used to identify ranges of operating conditions Where



[0087]



Will be manufactured.



One set of constraints on the maximum value for



T1N is the thermal properties of the spray dried solid amor phous dispersion. TIN should be loW enough so as not to



degrade the solid amorphous dispersion particles Which are in the vicinity of the inlet for the drying gas. In general, TIN



solid amorphous dispersions having the desired qualities [0091] Turning noW to FIG. 3 in more detail, the rela tionship of various process conditions to the resulting solid amorphous dispersions may be observed. One limit on the
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spray drying process is the relationship between the deW point of the solvent vapor in the drying gas and TOUT. Once the deW point of the solvent vapor in the drying gas exceeds TOUT, the drying gas in the drying chamber is saturated in solvent vapor and full drying of the solid amorphous dis persions is not possible. In fact, even approaching this limit leads to signi?cant amounts of the spray solution striking the Walls of the drying chamber due to insufficient drying time and/or distance. This region is labeled as the “LoW Yield Increasing Residual Solvent” area in the chart. Thus, the spray conditions should be chosen so as to maintain the deW



point substantially beloW TOUT. Preferably, the deW point is at least 20 to 30° C. less than TOUT. [0092] Another limit on the spray drying process is the



relationship betWeen TOUT and both the melt and the glass transition temperature of the resulting solid amorphous dispersion particles. If TOUT is greater than the melt tem perature, then the solid amorphous dispersion particles may melt on contact With the drying chamber Walls, resulting in poor yield. In addition, it is also preferred to maintain TOUT beloW the glass transition temperature of the solid amor



maintain TOUT above the solvent deWpoint and beloW the solvent boiling point, and preferably from about 5 to about 25° C. beloW the solvent boiling point, and more preferably from about 10 to about 20° C. beloW the solvent boiling



point. [0094] In practice, the feed rate of the drying gas, pressure in the chamber, and heat of the spray solution are typically predetermined Within narroW ranges. Accordingly, the feed rate of the spray solution and the temperature of the drying gas TIN are controlled so as to obtain a satisfactory TOUT as



described above. Returning noW to FIG. 3, the optimal



region of operation for the dryer represented by FIG. 3 is the diagonal band betWeen the TOUT isotherm lines of 50° C. and 30° C. Thus, TIN and the feed rate of the spray solution are controlled so as to achieve a TOUT Within this band. To



maximize the thermal capacity of the drying chamber, the conditions Would be chosen to operate at a high inlet temperature TIN and high spray solution feed rate corner of



the band. HoWever, density of the particles often increases as the ratio of drying gas to spray solution feed rate increases. Thus it may be preferred to operate at the loWer left corner



phous dispersion. As described above, mobility of the drug



of the band for a given TOUT (that is, loWer spray solution



in the solid amorphous dispersion is a function of the glass



feed rates and loWer TIN), even though this does not result



transition temperature of the solid amorphous dispersion. When the temperature of the solid amorphous dispersion is beloW its glass transition temperature, the mobility of the



chamber. This leads to loWer Tdewpt, and thus a dryer drying gas. In FIG. 3, operating in a regime Where Tdlevvpt is from



drug is loW, and the drug remains homogeneously dispersed in the amorphous state throughout the polymer. HoWever, if the solid amorphous dispersion is exposed to temperatures greater than its glass transition temperature for sustained periods of time, the mobility of the drug is high during that period of time, and the drug may phase separate in the dispersion, and may ultimately crystalliZe. Thus, substan



tially homogeneous, substantially amorphous dispersions



in optimal throughput of the feed solution through the drying —5 to 5° C. yields homogeneous solid amorphous disper sions that are dense (


localiZed melting, charring or burning of spray-dried prod uct on any excessively hot surfaces in the drying chamber.



are most likely to result When TOUT is maintained beloW the



[0095] 2. Spray Drying Equipment



glass transition temperature of the solid amorphous disper sion. Turning to FIG. 3, the glass transition temperature of the solid amorphous dispersion is about 30° C. Thus, the region beloW the diagonal line representing TOUT of 50° C.



[0096]



[0097] The spray solution is fed into the drying chamber through the atomiZer to form small droplets. Forming small



is more likely to lead to non-homogeneous product. Prefer



droplets results in a high ratio of surface area to volume, thus



ably, TOUT is less than the Tg of the solid amorphous



dispersion particle plus 20° C. (Tg+20° C.), and preferably less than the Tg. [0093] In addition, the inventors have found that for solid amorphous dispersions comprising at least about 50 Wt %



polymer, TOUT generally indicates the density of and residual solvent in the solid amorphous dispersions. The inventors have found that as TOUT increases, the density of the particles decreases. Without Wishing to be bound by any particular theory, the inventors believe that at high drying temperatures, the droplets quickly form a dry, external “skin.” This skin establishes the surface area of the particle.



When the temperature Within the droplet is high, the droplet dries in the shape of a holloW sphere, resulting in loW density. At loWer temperatures, the droplets do not form a dry skin as quickly, and the skin When it does form collapses



during evaporation into denser particles. LoWering the tem perature Within the drying chamber, as re?ected by a loWer



TOUT, results in sloWer drying and a higher density product. HoWever, if TOUT is too loW, then the residual solvent level in the solid amorphous dispersion Will be too high. Referring again to FIG. 3, the area above TOUT greater than 10° C. is labeled as “LoW Yield” due to increasing residual solvent in



the solid amorphous dispersion. In general, it is desired to



a. AtomiZer



aiding evaporation of solvent. In general, to achieve rapid evaporation of the solvent, it is preferred that the siZe of droplets formed during the spray-drying process are less than about 500 pm in diameter, and preferably less than about 300 pm. Droplet siZes generally range from 1 pm to 500 pm in diameter, With 5 to 200 pm being more typical. Exemplary atomiZers include pressure noZZles, rotary atom iZers, and tWo-?uid noZZles. When selecting an atomiZer for use in forming a homogeneous solid amorphous dispersion, several factors should be considered, including the desired feed rate of the spray solution, the maximum alloWable



liquid pressure, and the viscosity and surface tension of the spray solution. The relationship betWeen these factors and their in?uence on droplet siZe and droplet siZe distribution are Well knoWn in the art.



[0098] In a preferred embodiment, the atomiZer is a pres sure noZZle. By “pressure noZZle” is meant an atomiZer that produces droplets With an average droplet diameter of 10 pm or larger, With less than about 10 vol % of the droplets having a siZe less than about 1 pm. Generally, an appropri ately siZed and designed pressure noZZle is one that Will produce droplets Within a 10 to 100 pm range When the spray solution is pumped through the noZZle at the desired rate. Thus, for example, When it is desired to deliver 400 g/min
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of a spray solution to a PSD-l dryer, a nozzle must be chosen



[0101]



that is matched to the viscosity and How rate of the solution to achieve the desired average droplet size. Too large a nozzle Will deliver too large a droplet size When operated at the desired ?oW rate. This is particularly true at higher spray



be used to determine several characteristic diameters of the



The data obtained using a droplet size analyzer can



solution viscosity, since the solution viscosity directly



droplets. One of these is D10, the diameter corresponding to the diameter of droplets that make up 10% of the total liquid volume containing droplets of equal or smaller diameter. In other Words, if D10 is equal to 1 pm, 10 vol % of the droplets



affects the performance of the atomizer. As the viscosity increases, the droplet size increases and the nozzle pressure



preferred that the atomizing means produce droplets such



decreases for a constant ?oW rate of spray solution. Droplets



that are too large result in the rate of drying being too sloW, Which can yield nonhomogeneous dispersions or, if still ?uid



have a diameter less than or equal to 1 pm. Thus, it is



that D10 is greater than about 1 pm, meaning that 90 vol % of the droplets have a diameter of greater than 1 pm. This requirement ensures the number of ?nes in the solidi?ed



to or even coat the dryer Wall, resulting in loW or no yield



product (i.e., particles With diameters of less than 1 pm) is minimized. Preferably, D10 is greater than about 10 pm,



of the desired product. In such cases, the height of the



more preferably greater than about 15 pm.



spray-drying chamber can be increased to provide an increased minimum distance that a droplet travels before impinging on the Walls of the drying chamber or collection cone. Such a modi?ed spray-drying apparatus alloWs for use



[0102] Another useful characteristic diameter of the drop lets produced by an atomizing means is D90, the diameter corresponding to the diameter of droplets that make up 90% of the total liquid volume containing droplets of equal or smaller diameter. In other Words, if D90 is equal to 100 pm,



When they reach the spray-dryer Wall, the droplets may stick



of atomizing means that produce larger droplets. Details of such a modi?ed spray-drying apparatus are described beloW. Use of too small a nozzle can yield droplets that are



undesirably small or may require an unacceptably high pump pressure to achieve the desired ?oW rate, particularly



for high viscosity feed solutions. [0099] A particularly preferred type of pressure nozzle is one With an exit ori?ce in the shape of a cone. Such a



pressure nozzle is shoWn in assembly vieW in FIG. 4. The pressure nozzle 50 has an inlet ori?ce located at the top (not shoWn) for receiving the spray solution feed and an exit ori?ce at the bottom 52 for spraying the liquid droplets into



90 vol % of the droplets have a diameter less than or equal



to 100 pm. For producing substantially homogeneous, sub



stantially amorphous dispersions using the technology of the present invention, D9O should preferably be less than about 300 pm, more preferably less than 250 pm. If D90 is too high, the rate of drying of the larger droplets may be too sloW, Which can yield nonhomogeneous dispersions or, if still ?uid



When they reach the spray dryer Wall, the larger droplets may stick to or coat the dryer Wall, as noted above.



[0103] Another useful parameter is “Span,” de?ned as



the spray chamber 28. FIG. 4 shoWs a pressure sWirl nozzle



comprising a housing 54, a gasket 56, a sWirl chamber 58, an ori?ce insert 60, and a nozzle body 62. FIG. 5 shoWs a



D90 — D10 S an :



p



D50



cross-section of an exemplary nozzle body 62. The internal tapered Walls 64 of the nozzle body 62 adjacent to the exit ori?ce 52 de?ne a cone shape that corresponds With the cone



angle of the sprayed droplets. Such a cone shape has the advantage of reducing build-up of dried solid material on the outer face of the nozzle 66 adjacent to the exit ori?ce 52. An



exemplary pressure nozzle having internal Walls de?ning such a cone shape is the DELAVAN SDX Cone Face nozzle



(Delavan, Inc.; Bamberg, SC). The pressure nozzle may be a sWirl pressure nozzle, as is Well knoWn in the art. Such



pressure nozzles, such as is shoWn in FIGS. 4 and 5, include a sWirl chamber Which produces a holloW “cone” of the spray solution in the form of a solution ?lm or sheet, Which breaks apart into a holloW cone-shaped droplet cloud.



[0100]



The vast majority of atomizers atomize the spray



solution into droplets With a distribution of sizes. The size distribution of droplets produced by an atomizer can be



measured by several techniques, including mechanical tech niques, such as the molten-Wax and frozen-drop techniques; electrical techniques, such as charged-Wire and hot-Wire techniques; and optical techniques, such as photography and



light-scattering techniques. Exemplary devices for deter mining the droplet size distribution produced by an atomizer include a Malvern Particle Size Analyzer, available from Malvern Instruments Ltd. of Framingham, Mass., and a



Doppler Particle Analyzer available from TSI, Inc.; Shor evieW, Minn. Further details about the principles used to



determine droplet size and droplet size distribution using



[0104] Where D50 is the diameter corresponding to the diameter of drops that make up 50% of the total liquid volume containing drops of equal of smaller diameter, and D90 and D10 are de?ned as above. Span, sometimes referred to in the art as the Relative Span Factor or RSF, is a



dimensionless parameter indicative of the uniformity of the drop size distribution. Generally, the loWer the Span, the more narroW the droplet size distribution produced by the atomizing means, Which in turn generally leads to a nar



roWer particle size distribution for the dried particles, result



ing in improved ?oW characteristics. Preferably, the Span of the droplets produced by the atomizer is less than about 3, more preferably less than about 2, and most preferably less than about 1.5.



[0105] The size of the solid amorphous dispersion par ticles formed in the drying chamber are generally someWhat



smaller than the size of the droplets produced by the atomizer. Typically, the characteristic diameter of the solid amorphous dispersion particles is about 80% of the charac teristic diameter of the droplets. Since it is desired to avoid



small amorphous dispersion particles due to poor ?oW characteristics, the nozzle is typically selected to produce the largest droplet sizes that may be suf?ciently dried in the spray drying apparatus.



such instruments can be found in Lefebvre, Atomization and



[0106] As indicated above, the selection of the atomizer Will depend upon the scale of the spray-drying apparatus



Sprays (1989).



used. For smaller scale apparatus such as the Niro PSD-l
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that can spray about 5-400 g/min of a solvent-bearing feed, examples of suitable atomizers include the SK and TX spray



alloW ef?cient product collection. Referring to FIG. 7, typically the drying chamber has an upper cylindrical por



dry nozzle series from Spraying Systems of Wheaton, 111.;



tion 140 and a loWer collection cone 142. The distance



the WG series from Delavan LTV of Widnes, Cheshire, England; and the Model 121 nozzle from Dusen Schlick GmbH of Untersiemau, Germany. For a larger scale appa



betWeen the atomizer and the internal surfaces of the drying chamber generally limits the size of droplets that can be



ratus that can spray about 25-600 kg/hr of a solvent-bearing



may be formed Without excessive build-up of material on the side Walls of the drying chamber and collection cone.



feed, exemplary atomizers include those listed above, as Well as the SDX and SDX III nozzles from Delavan LTV,



evaporated and, in turn, the amount of product particles that



and the Spraying Systems SB series.



[0114] The height H of the upper cylindrical portion 140



[0107] In many cases, the spray solution is delivered to the atomizer under pressure. The pressure required is deter



of the drying chamber should be tall enough to alloW the atomized droplets suf?cient time to evaporate before striking the loWer portion of the drying chamber. The height H of the upper portion of the drying chamber that provides a suf? cient minimum distance the droplets travel before impinging



mined by the design of the atomizer, the size of the nozzle ori?ce, the viscosity and other characteristics of the solvent bearing feed, and the desired droplet size, and size distri bution. Generally, feed pressures should range from 1 to 500 BAR or more, With 2 to 100 BAR being more typical. For a PSD-2 spray dryer using a pressure nozzle as the atomizer, the nozzle pressure may be from 40 to 55 BAR at feed ?oW rates of from 50 to about 90 kg/hr. For a PSD-5 spray dryer using a pressure nozzle as the atomizer, the nozzle pressure



on the Walls of drying chamber or of collection cone is a



function of several factors, including (1) the drying charac



from about 400 to about 500 kg/hr.



teristics of the solvent-bearing feed, (2) the How rates of solvent-bearing feed and drying gas to the spray-dryer, (3) the inlet temperature of the drying gas, (4) the droplet size and droplet size distribution (5) the average residence time of material in the spray-dryer (6) the gas circulation pattern in the drying chamber, and (7) the atomization pattern. For



[0108] When using a pressure nozzle, the pump Which directs the spray solution to the atomizer should be capable



drying gas ?oWs of 500 m3/hr, a height H in eXcess of about 1 m is generally preferred. The height Will depend in part on



of generating sufficient pressure at the desired feed rate With



the particular gas disperser chosen. For the gas disperser



may be from 140 to 210 BAR at spray solution feed rates of



loW pulsing. Exemplary pumps include positive displace



shoWn in FIG. 6, a taller height H is desired, as described



ment diaphragm pump, and piston pumps. Referring again to FIG. 1, pump 26 may be a positive displacement diaphragm



more fully in commonly assigned US. provisional patent application Ser. No. 60/354,080.



pump, model VED available from Bran+Leubbe GmbH;



Norderstedt, Germany.



[0115] While the height of the drying chamber is critical to



[0109] b. Gas Disperser



determine the minimum distance a droplet travels before impinging on a surface of the drying chamber, the volume of



[0110] The spray drying apparatus also includes a gas disperser to miX the drying gas With the droplets. A gas disperser is designed so that the neWly introduced drying gas mixes adequately With the atomized spray droplets so that evaporation occurs in such a manner that all the droplets are



dried suf?ciently quickly to minimize product buildup in the spray chamber and on the atomizer. Therefore gas dispersers are designed With the atomizer spray pattern, drying gas ?oW rate and the drying chamber dimensions in mind.



[0111] FIG. 1 shoWs schematically gas disperser 32. FIG. 6 shoWs a cross-sectional schematic of a drying chamber 100, Which includes a gas-dispersing means 102 situated



Within drying chamber 100 and beloW drying chamber top 104. Drying gas enters the chamber 108 and passes through openings 110 in the plate 112. Gas-dispersing means 102 alloWs drying gas to be introduced into chamber 100 so that



it is initially generally parallel to the aXis of atomizing means 106 and is distributed relatively evenly across the



diameter of the apparatus, shoWn schematically by the multiple doWnWardly pointing arroWs in the upper portion of FIG. 6. Details of this gas disperser are described more fully



in commonly assigned US. provisional patent application 60/354,080, ?led Feb. 2, 2002, (PC23195) herein incorpo rated by reference. Alternatively, a DPH gas disperser avail able from Niro, Inc. Columbia, Md. may be used.



[0112]



c. Drying Chamber



[0113] The size and shape of the drying chamber is designed to alloW suf?cient evaporation of the spray solution droplets prior to striking any surface of the chamber, and to



the drying chamber is also important. The capacity of a



spray-dryer is determined, in part, by matching the feed rate of the spray solution to the temperature and How rate of the



drying gas. As described above, the temperature and How rate of the drying gas must be sufficiently high so that suf?cient heat for evaporating the spray solution is delivered to the spray-drying apparatus. Thus, as the feed rate of the spray solution is increased, the How rate and/or temperature of the drying gas must be increased to provide suf?cient energy for formation of the desired product. Since the alloWable temperature of the drying gas is often limited by the chemical stability of the drug present in the spray solution, the drying gas ?oW rate is often increased to alloW for an increased capacity (i.e., increased feed rate of the spray solution) of the spray-drying apparatus. For a drying chamber With a given volume, an increase in the drying gas ?oW rate Will result in a decrease in the average residence



time of droplets or particles in the dryer, Which could lead to insufficient time for evaporation of solvent from the droplets to form a solid particle prior to impinging on a



surface in the drying chamber, even though the drying chamber has a greater height than a conventional dryer. As a result, the volume of the dryer must be suf?ciently large so



that the droplet is suf?ciently dry by the time it impinges on internal surfaces of the drying chamber to prevent build-up of material.



[0116]



One may take into account this drying time by the



“average residence time”"c, de?ned as the ratio of the volume of the drying chamber to the volumetric ?oW rate of drying gas fed to the drying apparatus, or
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is desired. The cone angle 114 of the collection cone is selected so as to achieve ef?cient product collection. The



Vdryer



cone angle 114 may vary from about 30° to about 70°, preferably 40° to about 60°.



T = T,



[0117] Where Vdryer is the volume of the drying chamber and G is the volumetric ?oW rate of drying gas fed to the



drying chamber. The volume of the drying chamber is the sum of the volumes of the upper portion of the drying chamber 110 and collection cone 112. For a cylindrical



spray-drying apparatus With a diameter D, a height H of the drying chamber, and a height L of the collection cone, the



volume of the dryer Vdryer is given as



[0123] In one embodiment, a drying chamber capable of spray solution feed rates of from 10 kg/hr to about 90 kg/hr has a height H of about 2.6 m, a diameter of about 1.2 m, an aspect ratio of 2.2, a cone angle of about 60° C., a cone



height L of about 1.3 m, and a gas residence time of about 30 to 35 seconds at a gas ?oW rate of about 400 to about 550



m3/hr. In another embodiment, a drying chamber capable of spray solution feed rates of from 400 kg/hr to about 500 kg/hr has a height H of about 2.7 m, a diameter D of about 2.6 m, an aspect ratio of about 1, a cone angle of about 40° C., a cone height L of about 3.7 m, and a gas residence time of about 30 to 35 seconds at a gas ?oW rate of about 2000



V



my”



[0118]



=



4



12



to about 2500 m3/hr.



The inventors have determined that the average



residence time should be at least 10 seconds to ensure that



the droplets have sufficient time to dry prior to impinging on a surface Within the spray-dryer; more preferably, the aver age residence time is at least 15 seconds and most preferably at least 20 seconds.



[0124]



c. Collection of Solid Amorphous Dispersions



[0125]



Referring noW again to FIG. 1, the solid amor



phous dispersion particles exit the spray drying chamber 28 and are transported With the exhaust drying gas to one or



more product collectors. Exemplary product collectors include cyclones, bag houses, and dust collectors. For example, in the system shoWn in FIG. 1, a cyclone 38 collects the majority of the solid amorphous dispersion



[0119] For example, for a volumetric How of drying gas of 0.25 m3/sec and an average residence time of 20 seconds, the required volume of the spray-drying apparatus can be cal



particles. The solid amorphous dispersion particles exit the



culated as folloWs:



collected in a container 124 such as a drum. The cyclone 38 may include a vibrator (not shoWn) or other mechanical



[0120]



device to agitate the particles Within the cyclone 38 as is knoWn in the art to improve the efficiency of removal of material from the cyclone 38. The exhaust drying gas exits



Thus, for a spray-dryer With a volume of 5 m3, a



height H of 2.3 m and a collection cone 112 With a cone



angle 114 of 60° (meaning that the height L of the collection cone 112 is equal to the diameter D of the drying chamber, or L=D), the required diameter D of the spray-drying chamber can be calculated from the above equation, as folloWs:



cyclone 38 through a pair of valves 120 and 122, and are



the cyclone 38 and passes through the baghouse 126, Which collects small, ?ne particles that bypassed the cyclone 38. [0126] d. Recirculation of Drying Gas [0127] Since the spray drying process uses large volumes of drying gas, it is often desired to recirculate the drying gas.



Referring again to FIG. 1, the spray drying system may optionally include a drying gas recirculation system 46,



Vdryer = or D : 1.5m.



[0121] Provided the diameter of the drying chamber is at least 1.5 m, the average residence time of particles in the dryer Will be at least 20 seconds, and the droplets produced



Which forms a closed loop from the drying chamber outlet 36 to the drying chamber inlet 32 for recirculating the drying gas. The drying gas recirculation system includes a bloWer 128 folloWing the baghouse 126 to direct the drying gas to a solvent recovery system 48. Exemplary solvent recovery



systems include condensers, Wet-gas scrubbers, semi-per meable membranes, absorption, biological gas scrubbers,



by the atomiZer can be sufficiently dry by the time they



adsorption, and trickle bed reactors. As shoWn in FIG. 1, the



impinge on the surface of the dryer to minimiZe build-up of material on the Walls of the drying chamber and collection



solvent recovery system is a condenser 130. The condenser 130 cools the drying gas to remove solvent. The drying gas then proceeds to a process heater 132 Where the drying gas



cone, given appropriate height and diameter, atomiZation pattern and gas ?oW pattern.



[0122] The aspect ratio of the drying chamber is the ratio of the Height H of the upper portion 140 of the drying chamber divided by the diameter D of the chamber. For example, if a drying chamber has a height H of 2.6 m and a diameter D of 1.2 m, then the drying chamber has an aspect



ratio of 2.6/1.2=2.2. In general, the aspect ratio of the drying



is heated to achieve the desired inlet temperature TIN. Another bloWer 134 then directs the drying gas into the gas disperser 32, so that the drying gas may enter the drying chamber 28 through inlet 34. The recirculation loop 46 also includes an outlet 136 to alloW the recirculated drying gas to be vented, and an inlet 138 to alloW addition of drying gas to the recirculation loop.



chamber may vary from about 0.9 to about 2.5. For the gas



[0128]



DPH gas disperser available from Niro, Inc., an aspect ratio of about 1 to 1.2 Works Well, While for the gas disperser shoWn in FIG. 6, a larger aspect ratio of about 2 or greater



130 is a shell and tube heat exchanger available from various sources, such as from Atlas Industrial Manufacturing (Clif



ton, N.J



In the solvent removal system 48, the condenser Typical condenser outlet temperatures range from
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about —30° to about 15° C., and Will depend on the freezing point of the solvent. For example, When using acetone as the solvent, the condenser outlet temperature ranges from —30° to 0° C., preferably from —25° to —5° C. The condenser typically operates at an outlet temperature such that the condenser removes only a portion of the solvent vapor from



properties When administered to an animal, especially humans. The drug does not need to be a loW-solubility drug in order to bene?t from this invention, although loW-solu bility drugs represent a preferred class for use With the invention. Even a drug that nonetheless exhibits appreciable



the drying gas. For example, When using the solvent acetone,



the increased solubility/bioavailability made possible by this



the condenser temperature may be set so that the drying gas



invention if it reduces the siZe of the dose needed for



solubility in the desired environment of use can bene?t from



exiting the condenser has an acetone relative vapor concen



therapeutic ef?cacy or increases the rate of drug absorption



tration of from about 5 to 50 Wt %, more preferably from about 15 to 30 Wt %. Alternatively, the deW point of acetone



in cases Where a rapid onset of the drug’s effectiveness is desired.



in the drying gas exiting the condenser may range from about —20° C. to about 25° C., more preferably from about —5° C. to about 20° C.



[0133] Preferably, the drug is a “loW-solubility drug,” meaning that the drug may be either “substantially Water insoluble,” Which means that the drug has a minimum



amount of residual solvent vapor in the drying gas can



aqueous solubility at physiologically relevant pH (e.g., pH 1-8) of less than 0.01 mg/mL, “sparingly Water-soluble,”



improve the physical properties of the resulting spray dried



that is, has an aqueous solubility up to about 1 to 2 mg/mL,



dispersions. This is a surprising result, since the conven tional Wisdom has held that the drying gas should be as dry as possible in order to achieve rapid evaporation of solvent. In particular, using a drying gas containing a small amount of solvent can decrease the residual solvent and speci?c



or even loW to moderate aqueous-solubility, having an



[0129]



The inventors have found that retaining a small



volume of the solid amorphous dispersion particles exiting the drying chamber While still producing a homogeneous solid amorphous dispersion. Preferably, the amount of sol vent vapor in the drying gas ranges from 5 to about 50 Wt %.



[0130] Alternatively, since the amount of solvent vapor in the drying gas is a function of the ef?ciency of the solvent removal system, the solvent removal system may be oper ated so as to alloW a small amount of solvent to exit the



solvent removal system With the recirculated drying gas. For example, for the drying gas recirculation system shoWn in FIG. 1, the condenser may be operated at a temperature that alloWs a small amount of solvent vapor to pass through the



aqueous-solubility from about 1 mg/mL to as high as about 20 to 40 mg/mL. The invention ?nds greater utility as the



solubility of the drug decreases. Thus, compositions of the present invention are preferred for loW-solubility drugs having a solubility of less than 10 mg/mL, more preferred for loW-solubility drugs having a solubility of less than 1 mg/mL, and even more preferred for loW-solubility drugs having a solubility of less than 0.1 mg/mL. In general, it may be said that the drug has a dose-to-aqueous solubility ratio greater than 10 mL, and more typically greater than 100 mL,



Where the drug solubility (mg/mL) is the minimum value observed in any physiologically relevant aqueous solution



(e.g., those With pH values betWeen 1 and 8) including USP simulated gastric and intestinal buffers, and dose is in mg. Thus, a dose-to-aqueous solubility ratio may be calculated



by dividing the dose (in mg) by the solubility (in mg/mL).



condenser. A condenser outlet temperature of from about —5



[0134]



to about 5° C. for an acetone based spray solution results in a suf?cient amount of solvent vapor in the drying gas. HoWever, care should be taken not to include too much



limited to, antihypertensives, antianxiety agents, anticlotting agents, anticonvulsants, blood glucose-loWering agents,



solvent vapor in the drying gas, since at higher amounts of solvent vapor in the drying gas residual solvent in the solid



beta blockers, anti-in?ammatories, antipsychotic agents, cognitive enhancers, cholesterol-reducing agents, anti-ath



amorphous dispersion begins to rise, corresponding to less the case Where the drying gas becomes saturated With solvent vapor.



erosclerotic agents, antiobesity agents, autoimmune disorder agents, anti-impotence agents, antibacterial and antifungal agents, hypnotic agents, anti-Parkinsonism agents, anti AlZheimer’s disease agents, antibiotics, anti-depressants,



[0131] Without Wishing to be bound by any theory, the



cholesteryl ester transfer protein inhibitors.



ef?cient drying of the droplets, and ultimately no drying in



Preferred classes of drugs include, but are not



decongestants, antihistamines, antitussives, antineoplastics,



antiviral agents, glycogen phosphorylase inhibitors, and



inventors believe that the presence of small amounts of



solvent vapor in the drying gas may improve drying by one or both of the folloWing effects. First, the solvent vapor in the drying gas may cause the droplets of spray solution to



dry more evenly by delaying the formation of a skin (as discussed above). Second, the solvent vapor, due to its greater heat capacity than the drying gas, may provide more heat energy into the drying chamber for a given temperature and How of drying gas compared With the same How of dry drying gas at the same temperature. In either case, adding a small amount of solvent vapor to the drying gas decreases



residual solvent and decreases speci?c volume of the solid



amorphous dispersion particles exiting the drying chamber. The Drug [0132]



The term “drug” is conventional, denoting a com



pound having bene?cial prophylactic and/or therapeutic



[0135]



Each named drug should be understood to include



any pharmaceutically acceptable forms of the drug. By “pharmaceutically acceptable forms” is meant any pharma ceutically acceptable derivative or variation, including ste reoisomers, stereoisomer mixtures, enantiomers, solvates,



hydrates, isomorphs, polymorphs, pseudomorphs, neutral forms, salt forms and prodrugs. Speci?c examples of anti



hypertensives include praZosin, nifedipine, amlodipine besylate, trimaZosin and doxaZosin; speci?c examples of a blood glucose-loWering agent are glipiZide and chlorpropa mide; a speci?c example of an anti-impotence agent is sildena?l and sildena?l citrate; speci?c examples of antine oplastics include chlorambucil, lomustine and echinomycin; a speci?c example of an imidaZole-type antineoplastic is tubulaZole; a speci?c example of an anti-hypercholester olemic is atorvastatin calcium; speci?c examples of anxi



olytics include hydroxyZine hydrochloride and doxepin
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