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(57) Abstract: The present invention provides a method for producing particles having a reduced particle size distribution, which
method comprises the steps of: a) providing a composition comprising particles; b) subjecting the particles in said composition to a
size reduction step or to a size growth step; ¢) feeding said particles to a first membrane separation system to separate said particles
according to size; d) recycling those particles that do not meet the size criteria back to step a); e) optionally, collecting in a collection
tank the permeate of the first membrane separation system. Particles obtainable according to the method of the invention and charac -
terized by having a near monodisperse particle size distribution are also provided. The particles are preferably characterized by hav-
ing a particle size distribution with a span of less than 2.0. The invention also provides pharmaceutical compositions comprising
particles according to the invention, and also apparatus for carrying out the method of the invention.
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Production of near Monodisperse Particles using Milling and Membrane Separation.

The present invention is in the technical field of particle size reduction and classification
methods. More particularly, the present invention is in the technical field of wet milling particle
size reduction methods applied particularly, but not exclusively, to active pharmaceutical

ingredients (APIs), drug product intermediates, excipients and drug products in combination

with a size classification method using membrane technology.

The precise control of the particle size distribution of pharmaceutical materials is of critical
importance. From manufacturing to stability, from delivery to efficacy, modifying the particle
size may lead to changes in product attributes which enhance the behavior, activity or
effectiveness of drug products. A product may be modified to be easier to be manufactured by
improving its flow properties, or may become more soluble and be better absorbed in the body.
As an inhalation product, it may become better dispersed and more efficiently deposited in the
nose or lung. All of these benefits may be achieved by varying the particle size of the active
pharmaceutical ingredient, or of the drug product intermediates, or of the excipients used or of
the drug product itself. In pertain cases, the beneficial effect will be_achieved by increasing the

particle size, in others, by decreasing it.

At the product development stage, it is important that the target particle size distribution,
expressed in terms of particle size distribution data such as the median particle size be achieved
with high precision, such that its varjability may be contained within the limits of +5 pm, or

narrower limits, such as 1 pm or+0.1 um or even +0.01 pum.

At the industrial stage, it is important that the particle size achieved in development targeting a .

precise distribution be reproduced with low variability from batch to batch. In other words,
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there is a need for a technology which is able to place the particle size distribution exactly

where it is needed and to do so reliably in development and industrial settings.

The current art comprises several techniques to modify, and particularly to reduce particle size,
such as jet mill micronization and ball milling, methods which typically are conducted using
dry powders, but in the case of the latter can also use liqui& media. In the latter case, the
suspendgd and processed particles may then be dried using a known method to obtain a powder.
However, whilst these methods are in general suitable for many purposes, we have appreciated
that they are characterized by wide particle size distriButions, poor precision and limited

reproducibility.

. Conceptually, a particle processing method which would achieve a monodisperse distribution,

that is, particles all having the same dimension in the desired attribute (size, shape or mass)
would meet the desired requirements, but known methods are in fact poor at achieving such

desired uniformity, precision and reproducibility.

In- fact, monodisperse particles or particles approximating monodispersion are extremely
interesting for pharmaceutical drug delivery. One of the most important features of
monodisperse particles is that the physical and chemical characteristics of a single particle caﬁ ‘
be extrapolated to the whole particle population (T. Sugimoto, Monodispersed Particles,
Elsevier 2001]. This facilitates the physical delivery of the drug to the human body and the
prédiction of the drug bioavailability upon delivery of the dosage form. In the case of oral
dosage forms, monodisperse particles allow for a more predictable dissolution profile. In the
case of IV injectable administration, the size of the drug particles dictates their distribution in
the target tissue (if particles are too small, they may be removed too rapidly from the blood
stream; if they are too large, they can cause embolism or may be trapped and not reach the
intended site of action). Inhalation powders can also benefit from monodisperse particles, as

particles which are too large may impact the oropharynx and fail to reach the deep lung,
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whereas particles which are too small may be re-exhaled and not be retained in the bronchi or

in the alveoli.

Another advantage of near monodisperse particles in the.case of inhaled drug products, is that
by choosing a very precise particle size, with a very narrow distribution, very specific lung
regions may be targetted for deposition. Also, by mixing a drug product comprising two distinct
size fractions, different areas of the lung may be targetted by the same product. Furthermore,
the same reasoning may be applied to formulations comprising two or more drugs, which if
having different size distributions, can each target a different area of the lung. Very precise
manufacturing of drug particles would allow the manufacture of hitherto impossible to

manufacture pharmaceutical drugs, particularly in the area of pulmonary inhalation.

. Conventional wet milling particle size reduction methods include, among others, media milling

and high pressure homogenization. . However, the prior art does not offer the required precision’

or robustness of process. In the prior art, many such descriptions have been offered, without

solving the problem of high particle size precision and reproducibility.

Keck et al. {C.M. Keck, R.H. Muller, Drug nanocrystals of poorly soluble drugs produced by
high pressure homogenization, European Journal of Pharmaceutics and Biopharmaceutics 62
(2006) 3-16] disclose a method for the production of nanocrystals by high pressure
homogenization in water-free media and water mixtures. Under such conditions, cavitation is
minimized and small and stable nanocrystals are -produced. There is also disclosed a method
for the production of nanocrystals by combination of precipitation and homogenization.
Homogenization provides for a high energy step that preserves a specific size range of the
particles after precipitation. Hirokawa et al. in EP2143423A1 disclose a method for the
production of pulverized particles of a crystalline organic compound by wet milling by mixing
with a salt and'a polyol. Average diameter of the particles obtained is 600 nm or less. These

particies can then be applied for oral, injectable or inhalation administration.
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However, the processes described by Keck et al. and Hirokawa et al. could not manipulate
particle size and its distribution beyond the limits of high pressure homogenization and
therefore are still characterized by the inherent limitations of these processes with respect to

precision and reproducibility.

Dalziel et al. m WO2005/053851A1 disclose a method for particle size reduction using a high
pressure media milling system. The method comprises as well a product collection/separation
step to remove the solvent and totally recover the milled particles. Such product
collection/separation step may comprise filtration and spray drying (among:others known in the
art). .

However, the purpose of the collection/separation step is to isolate the particles from the fluid
and not to classify them while recycling those that did not méet the size criteria. Consequently,

the particle size distribution of the final product is still dictated and limited by the milling step.

Kesisoglou et al. [F. Kesisoglou, S. Panmai, Y. Wu, Nanosizing - Oral formulation
development and biopharmaceutical evaluation, Advanced Drug Delivery Reviews 59 (2007)
631-644] disclose a method for particle size reduction of APIs to the sub-micron range with ball
milling or high préssuré homogenization. Isolation of the final product can be accomplished

with the use of spray drying.

‘Again, isdlation of the final product by a drying process does not .confer on the process any

further classification step and the particle size distribution of the isolated material is therefore

essentially dictated and limited by the milling step.

We have appreciated that there is therefore a need for a new process which will achieve a very
high degree of precision and reproducibility in achieving or in approximating monodisperse

particle size distributions.

A measure of distribution is the span. The span is obtained by measuring the size of particles

using a known method, such as microscopy or laser diffraction, and determining the upper size
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limit of particles which make up 90%, 50% and 10% of the sample of particles and they are
referred to as D90, D50 and D10. The span is equal to (D90-D10)/D50. D50 is also referred to

as the median particle size.

A perfect monodisperse distribution would have a span of zero, as D90, D50 and D10 would be
the same. Currently, most milling methods result in spans between 1.5 and 3. Certain
techniques are already able to achieve spans close to 1, but there is still room for improvement.
We have now developed a process which enables this improvement by significantly and
predictably reducing particle size distribution spans and this represents a considerable advance

in the field.

The present invention relates to a method for the production of monodisperse or near

monodisperse particles comprising the sfeps of milling and membrane separation.

According to one aspect of the present invention, there is provided a method for
producing particles, particularly particles having a reduced particle size distribution, which

method comprises the steps of:

. a) providing a composition comprising particles;
b) subjecting the particles in said composition to a size reduction step or to a size
growth step; ‘ ' ‘
c) feeding said particles to a first membrane separation system to separate said

particles according to size;
d) recyclihg those particles that do not meet the size criteria back to step a),
e) optionally, collecting in a collection tank the permeate of the first membrane

separation system.
In step d), the recycling may be done directly back to step b), depending upon the arrangement.

The method can be used to produce monodisperse particles, or particles which are essentially or
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near monodisperse, and compositions comprising such particles.

Preferably, the composition is a pharmaceutical composition comprising particles of a drug (i.e
an API), or particles of chemical intermediates of drugs, although it will be appreciated that the

process can in principle be applied to any type of particle.

In a preferred aspect, the composition comprises a suspension of the particle or drug in a

solvent. Any suitable solvent may be used.

Preferably, the first membrane separation system comprises a membrane filtration system,

although any suitable membrane separation system may be used.

In a preferred aspect of the invention, the particle size is reduced. Whilst any suitable size

reduction method may be used, it is preferred to use milling, more preferably wet milling.

If desired, the method of the invention may further comprise, after step e), the step of feeding a
second membrane separation system. This may, for example, be used for removal of solvent
and/or removal of particles below or above a selected target size. Preferably, it removes

particles below a selected target size.

In a further aspect of the invention, there is provided a method for producing a pharmaceutical
composition, particularly a composition comprising particles having a reduced particle size

distribution, which process comprises the steps:

i. forming a suspension compﬁsing a drug and a solvent;

ii. feeding said suspension to a wet mill (10) for reduction of the particle size of said
suspension;

iii. feeding said suspension to a first membrane filtration system (16) for separation of

the particles;
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iv. recycling back to step i. those particles that do not meet the size criteria; and
optionally;
v. collecting in a collection tank (18) the permeate of the first membrane filtration

system (16).

In step iv., the recycling may be done directly back to step ii), depending upon the arrangement.

- The invention also provides apparatus which is suitable for carrying out the process of the

invention.

Thus, in a further aspect, the invention provides apparatus suitable for producing particles
having a reduced particle size distribution, which apparatus comprises:

a) means for providing a composition comprising particles;

b) means for subjecting the particles in said composition to a size reduction step or
to a size growth step; ' A

c) means comprising a first membrane separation system to separate said particles

according to size;

d) - means for recycling those particles that do not meet the size criteria back to step
a); _

€) optionally, means for collecting the permeate of the first membrane separation
system. |

Preferably, step (iv) recycles the particles to a feed tank (12) which feeds said wet milf (10).

The method of the invention may comprise, after step v., the step of feeding a second
membrane filtration system (22) for removal of the solvent and/or removal of particles below a

selected target size.

The invention also provides particles which are obtained, or are obtainable, according to the
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method of the invention. Such particles are characterized by having a monodisperse, or near
monodisperse, particle size distnibution. Preferably the particle is a drug (i.e. API) or an

intermediate compound therefor.

Particles with a monodisperse particle size distribution are suitably those which have a span
value of equal to, or less than, about 2. Accordingly, particles characterized by having a particle

size distribution with a span of less than 2, or 2.0, are particularly preferred.

The invention also provides particles characterized by having a particle size distribution with a
span of equal to, or less than about 1.5; or equal to, or less than, 1 or 1.0. Particles, especially
API particles, having a particle size distribution with a span of less than 1.0 are also particularly

preferred.

The invention also provides a pharmaceutical composition comprising particles according to the
invention. The composition may comprise one or more pharmaceutically acceptable excipients,
as will be clear to the skilled person. Injectable, inhalation, or oral formulations are preferred,
and also formulations suitable for other topical routes of administration may be used, as desired

by the skilled person according to need.

The invention thus also provides the use of particles obtained by a method according to the
invention for the manufacture of injectable, inhalation, or oral formulations or for formulations

suitable for other topical routes of administration.

The invention also provides a pharmaceutical composition comprising particles according to the

invention, for use as a medicament.

Preferably, the milling step comprises high pressure homogenization of the product particles in
suspension, or another suitable process. The membrane separation process operates in parallel

or in series to the milling process, enabling the separation of particles smaller than a pre-defined
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size from the mill feed tank. Those particles smaller than a pre-defined size separated within the
membrane separation process are collected in a permeate tank. Larger particles are re-circulated
back into the milling step of the process, so that only the desired particles are obtained. The
particles which are collected in the permeate tank are characterized by having a particle size
distribution that is narrower than the starting material but also than that of the milled material,
i.e., the particles in the permeate have a smaller span. This smaller span is achieved by re-
circulation of the milled material and its size characteristics are dictated by the pore size of the

selected membrane.

Tt should be noted that while this process is essentially directed at the precise size reduction of
particles, it can élso be used for the precise size growth of pafticles, by using a starting process
which instead of reducing particles, grows them through crystallization or some other process.
The key step is the recirculation of the processed particles through a separation mechanism
which collects them only when they are comprised within the desired physical limits. Failing to

comply with these limits redirects the particles back to the size reduction or size growth step.

In the case of size reduction, a high pressure homogenizer apparatus or other liquid based
system will be built with a membrane-based classification system, and such a construction is

new.,

The invention thus also provides a system for producing particles having a reduced particle size
distribution, which system comprises a high pressure homogenizer apparatus and a membrane-
based separation system. The membrane-based separation system is preferably a membrane-

based filtration system.

Combining milling and membrane filtration provides for particle size adjustment and
classification according to particle size. However, the current invention, which also includes the

recycling of larger particles to the milling stage, enables a surprising level of control over target
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particle size and particle size distribution.- This cannot be attained by any of the isolated

processes nor by their combination, without a recycling step.

The present process can thus be uséd to produce a pharmaceutical composition comprising the
steps of formihg a suspension comprising a drug and a solvent, where the solvent may be an
anti-solvent such that the drug or excipient is suspended; and feeding said suspension to a wet
mill for the reduction of the particle size of the suspended particles; and feeding said suspension
to a first membrane filtration system for the separation of the particles with the required size;
recycling back to the feed tank those particles that do not meet the size critetia and optionally
collecting in the collection tank the permeate of the membrane filtration for removal of the

solvent and/or removal of particles below a given target size. This process is new.
The method of the invention may comprise feeding of the particles or suspension comprising
said particles to the membrane separation system in parallel with the step of subjecting the

particles to said size reduction step or said size growth step.

Alternatively, the method of the invention may comprise feeding of the particles or suspension

“comprising said particles to the membrane separation system in series with the step of

subjecting the particles to said size reduction step or said size growth step.

For example, in the methods of the invention, the feeding of the composition or suspension
from, for example, the feed tank to the first membrane filtration may be made in parallel or in
series to the wet mill. Also,the feeding of the suspension to the wet mill and hence to the first

membrane filtration may be made sequentially or simultaneously.
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The method of the invention may further comprise the steps of recycling the retentate of the

first membrane system to the feed tank and recycling the milled suspension from the wet mill to

,thevfeed tank.

The method of the invention may further comprise the step of feeding the milled suspension
from the wet mill to the first membrane system and recycling the retentate of the membrane

system to the feed tank.

The method of the invention may further comprise the step of feeding the suspension from the
first membrane system to the wet mill and recycling the milled suspension from the wet mill to
the feed tank.

The method of the invention may further comprise the feeding of the permeate suspension of
the first membrane system to a second membrane system, recycling the retentate of the second
membrane system to a collection tank, and recycling the permeate of the second membrane

system to the feed tank.

The method of the invention may further comprise the feeding of make-up solvent to the feed

tank.

The method of the invention may further comprise the isolation of the solid particles from the

processed suspension obtained in the permeate of the first membrane system.

The method of the invention may further comprise' an isolation step comprising spray drying,

- filtration or centrifugation.

In the method of the invention, the wet mill can be of of any suitable type; for example of the

media milling type or of the high-pressure homogenization type.
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In the method of the invention, the composition or suspension can be comprised of one solvent,

or a mixture of solvents including water and/or an organic solvent or solvents.

In the method of the invention, the feed mixture may comprise in addition to the drug substance
surfactants, polymers or other components known in the art, either dissolved, emulsified or

suspended, with the aim of aiding the process or improving the formulation.

In the present method, the membrane module in both membrane filtration systems can be of the

flat sheet type, tubular, spiral or hollow fiber.

In the present method, the membrane in both membrane filtration systems can be of inorganic

microsieve type or polymeric track-etched.

In the present method, the particles collected in the permeate of the first membrane system are’
preferably characterized by having a particle size distribution narrower than the milled particles

and the span of the particle size distribution can be smaller than 2 or 2.0, 1,5 or 1 or 1.0.

In the present method, the pore size of the membrane in both membrane systems may range

between 1 nm and 100 pm.
The particles obtained via the present invention suitably have a distribution approxifnating a
monodisperse size distribution and their span obtained via this method may be less than 2.0 or

1.50r1.0.

The particles obtained via the above method may be used to manufacture injectable, topical,

inhalation or oral formulations.

Such methods and particles obtained via such methods, and uses of such particles are novel.
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Preferably, the apparatus of the invention is such that:

a) the means for providing a composition comprising particles comprises a feed
tank (12); '
b) the means for subjecting the particles in said composition to a size reduction step

or to a size growth step, comprises a wet mill (10);

c) the first membrane separation system to separate said particles according to size
comprises a first membrane filtration system (16);

and wherein ‘

e) the means for collecting the permeate of the first membrane separation system

comprises a collection tank (18).

The means d) for recycling those particles that do not meet the size criteria back to step a)
(or directly to step b) if desired) may be any suitable means, such as a suitable conduit or pipe
(equipped if necessary with a pump), as will be clear to the skilled person, provided it functions

to deliver the recycled composition or suspension back to the desired part of the apparatus.

The apparatus of the invention may comprise, or further comprise, any of the features referred

to above in the context of the method, which features give effect to the process of the invention.

For instance, the apparatus of the invention may further comprise a second membrane
separation system for removal of solvent and/or removal of particles below or above a selected

target size, after collection of said permeate.

Preferably, in the apparatus, the means for recycling the particles recycles the particles to a feed
tank (12) which feeds the said wet mill (10). ‘

The apparatus may, if desired, be configured such that feeding of the composition or suspension

from the feed tank (12) to the membrane filtration system (16) is made in parallel to the wet
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mill (10).

Alternatively, the apparatus may be configured such that feeding of the composition from the |

feed tank (12) to the membrane filtration system (16) is made in series to the wet mill (10).

In a further aspect, the apparatus may be configured such that feeding said composition to said
wet mill (10) for reduction of the particle size of said suspension; and feeding said composition
to said first membrane filtration system (16) for separation of the particles; occur sequentially

or simultaneously.
The apparatus may be configured such that the retentate of the first membrane filtration system
(16) is recycled to a feed tank (12) and such that the milled suspension from the wet mill 10 is

recycled to a feed tank (12).

In the apparatus, a wet mill (10) is preferably used, and this is preferably of the media milling
type or of the high-pressure homogenization type.

In the apparatus, preferably the membrane module in either or both of the first and the second

membrane separation systems is of the flat sheet type, tubular, spiral or hollow fiber.

In the apparatus, preferably the membrane in either or both of the first and the second
membrane separation systems is a inorganic microsieve type oris polymeric track-etched.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 and Fig. 2 illustrate particular embodiments of the process of the present invention with

a wet mill and membrane system operating in parallel and in series, respectively.
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Referring now to the invention in more detail, in Fig. 1 it is shown a wet mill 10 that is fed by a
suspension from tank 12 and the milled suspension is afterwards reéycled back to tank 12. Tank
12 also feeds a pump 14 that transports the suspension through a first membrane filtration
system 16 and recycles it back to tank 12. The permeate suspenéion from the first membrane
filtration system 16 is collected in a tank 18. 'fhe suspension from tank 18 feeds a pump 20 that

transports the suspension through a second membrane filtration system 22 and recycles it back

to tank 18. The permeate stream from the second membrane filtration system 22 is recycled to

tank 12. An additional tank 24 can feed make-up solvent if needed to tank 12 through a pump
26. '

In more detail, still referring to the invention of Fig. 1, the particle size reduction rate in the wet
mill 10 can be adjusted depending on selected dperating conditions. The pressure in both the
retentate and permeate compartments of the membrane filtration system 16 and 22 can be
adjusted to meet the desired separation efficiency. The flow rate and pressure in the membrane
filtration system 16 can be adjusted depending on the particle size reduction rate in the wet mill
10. With an adequate set of operating conditions of the combined process, the -suspension in
tank 12 will be continuously depleted from those particles that are smaller than a pfe-deﬁned
size, which in turn will be continuously collected in tank 18. Hence, the suspension collected in
tank 18 will possess a particle size distribution approximating a monodisperse distribution and

will have a particle size that is dictated by the pore size of the selected membrane.

In further detail, still referring to the invention of Fig. 1, the wet mill 10 can, for example, be of
the media milling type or of the high-pressure homogenization type. The suspension in tank 12
can be comprised of one solvent, or a mixture of solvents. The solvent in the suspension in tank
12 can, for example, be water and/or one or more org'anic solvents. Within the feed mixture
there may be in addition to the drug substance other components, either dissolved, emulsified or
suspended, with the aim of aiding the process or improving the formulation. The membrane

module in the membrane filtration systems 16 and 22 can be of the flat sheet type, tubular,
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spiral or hollow fiber. The membrane in the membrane filtration system 16 is selected based
upon the target particle size to be achieved for the final near monodisperse suspension in tank
18. Therefore, the membrane selected in 16 should allow for the permeation of particles having
a desired pre-defined size. The membrane type to be selected in 16 and 22 is preferentially an
inorganic microsieve, a polymeric track-etched or other suitable membrane that is characterized
by a narrow pore size distribution. The membrane in the membrane filtration system 22 is
selected for allowing the permeation of particlés in tank 18 of a target size, and additionally for

allowing the solvent to permeate and to be recycled back to tank 12.

Figure 2 shows the same system as in Fig. 1 where the feeding to the membrane filtration

system 16 is done in series with the wet mili 10.

The advantages of the present invention include, without limitation, that it enables the
production of near monodisperse particles from starting drug suspensions having a large span
value. Such near monodisperse particles can then be post-processed depending on the delivery
piatform envisaged. In the case of injectable drug delivery, the near monodisperse suspension
can be used without further processing, provided the required sterile operation criteria are met.
For oral and inhalation drug delivery, the near monodisperse suspension can be isolated through

an adequate process such as spray drying, filtration or centrifugation.

While the foregoing written description of the invention enables one of ordinary skill. to make
and use what is considered presently to be the best mode thereof, those of ordinary skill will
understand and appreciate the existence of variations, combinations, and equivalents of the
specific embodiment, method, and examples herein. The invention should therefore not be
limited by the above described embodiment, method, and examples, but by all embodiments

and methods within the scope and spirit of the invention as claimed.
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EXAMPLES

Example 1

A 5% (w/w) suspension of drug A in water was processed in a cross-flow microfiltration
system. An hydrophilic flat sheet track-etched polycarbonate membrane was used, with a pore
size of 30 um. The critical flux was determined by running experiments at different pressure
values. Afterwards, the experiments were conducted below the critical flux conditions to
minimize cake buildup in the membrane surface and to enhance the process selectivity. Particle
size was analyzed by microscopy. The feed suspension had a span of 1.1 (D10 = 30 pm, D50 =
85 pm and D90 = 125 pm). After processing, the permeate had a span of 0.7 (D10 =17 pm,
D50 = 34 um and D90 = 42 um), i.e. a reduction in median particle size of 60% and in span of

34%. Moreover, the results show that the selected membrane was capable of efficiently

‘classifying the feed suspension to particle sizes that are dependent on the selected membrane

pore size.
Example 2

A 10% (w/w) suspension of drug A in water was milled using a high-pressure homogenizer.
The milled suspension was analyzed by microscopy, having a span of 1.0 (D10 = 2.8 um, D50
= 4.8 um and D90 = 7.5 pm). The milled suspension was then processed by membrane filtration
using track-etched membranes in two different tests. In the fusst test, a 1 pm pore size
membrane'was used. The permeaté suspension from the first test showed particles with a span
of 0.7 (D10 =1.5 pm, D50 = 2.1 pm and D90 = 2.9 um), i.e. a reduction in median particle size
of 56% and in span of 32%. In the second test, the same milled suspension was processed using
a 3 um pore size membrane. In this case the permeate suspension showed particles with a span
of 0.7 (D10 =1.8 um, D50=2.6 pm and D90 = 3.7 um), i.e. a reduction in median particle size
of 46% (therefore not as pronounced, because of thé larger pore size) and in span of 25%.

Moroever, the results show that the selected membranes were capable of efficiently classifying
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the feed suspension to particle sizes that are dependent on the selected membrane pore size. The
only difference in the two tests was the use of membranes of different pore sizes, which clearly

demonstrates the role the classification system plays.
Example 3

A 5% (w/w) suspension of drug A in water (700 mL) was processed sequentially by a high
pressure homogenizer and a cross-flow microfiltration system, with the membrane separation
step being conducted in between each cycle of the homogenization process. A hydrophilic flat
sheet track-etched polycarbonate membrane was used, with a pore size of 30 pm. The permeate
from the first membrane filtration system was further processed by a 3 um track-etched
polycarbonate membrane to concentrate the particles and remove the solvent. Water was
continuously added to the feed tank to maintain the feed volume constant. The homogenizer
was operated at a pressure of 500 bar using a 200 pm chamber for the first 6 cycles, and 200
and 100 pum chambers in series for the subsequent cycles. Particle size of the feed suspension
was analyzed by laser diffractvion. Particle size of the permeate samples was analyzed by
microscopy given the very low concentration of suspended particles (low obscuration index by
laser diffraction). The feed suspension had an initial D50 of 32 ym and a span of 1.9 (D10=5.6
um, D50 = 32.0 pm and D90 = 67.2 pm). The D50 in the feed tank evolved as follows with the
number of cycles: cycle 1- 10.4 pm; éycle 2- 10.1 pm; cycle 3- 6.9 pm; and cycle 8- 3.8 um.
After 8 cycles, the feed suspension had a span of 1.6 (D10 = 1.7 um, D50 = 3.8 pm and D90 =
7.9 um). Microscopy analysis of the permeéte suspension after 8 cycles showed particles with a
span of 0.9 (D10 = 4.2 pm, D50 = 6.5 pm and D90 = 10.0 pm). The lower class, D10, did not
show a marked reduction, but the median particle size was reduced five-fold and D90, more

than six-fold. The span was reduced by more than half, by 54%. The example shows that the

_process can also be used to target preferentially certain parts of the distribution curve, while

leaving others unchanged. In this case, the distribution curve when represented in a chart was

significantly moved to the left, but its left-most portion was not substantially modified.



WO 2013/144554 PCT/GB2013/000146

19

In summary,

Example D10 (um) D50(pm) | D90 (1um) Span
Example 1 feed ~ 300 85.0 125.0 1.1
Example 1 final . ’ 17.0 34.0 42.0 0.7
Example 2a feed 2.8 4.3 7.5 1.0
Example 2a final 1.5 2.1 2.9 ¢ 0.7
Example 2b feed 2.8 4.3 1.5 1.0
Example 2b final 1.8 . 2.6 3.7 0.7
Example 3 feed | 5.6 32.0 67.2 1.9
Example 3 final ' 4.2 6.5 10.0 0.9

These four experiments also demonstrate that the final span is independent of the particle size
dimension; whereas the final spans of the samples in the fine class (examples 1 and 2, D50s of
2.1 to 6.5 pm) is around 0.7, the final span of the coarser product sample (example 3), 0.9, is of

~ the same order of magnitude.
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CLAIMS

1. A method for producing particles having a reduced particle size distribution, which method

comprises the steps of®

a) providing a composition comprising particles;

b) subjecting the particles in said composition to a size reduction step or to a size
growth step;

c) feeding said particles to a first membrane separation system to separate said

particles according to size; -
d) recycling those particles that do not meet the size criteria back to step a);
e) optionally, collecting in a collection tank the permeate of the first membrane

separation system.

2. - A method according to claim 1 wherein the composition is a pharmaceutical

composition comprising particles of a drug.

3. A method according to claim 1 or 2 wherein the composition comprises a suspension of

the particle or drug in a solvent.

4. A method according to claim 1, 2 or 3 wherein the first membrane separation system

comprises a membrane filtration system.

5. A method according to any preceding claim wherein the particle size is reduced by
milling.
6. A method according to any preceding claim further comprising, after step e), the step of

feeding a second membrane separation system for removal of solvent and/or removal of

particles below or above a selected target size.
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7. A method according to any preceding claim for producing a pharmaceutical composition

comprising the steps: A

1. forming a suspension comprising a drug and a solvent;

il. feeding said suspension to a wet mill (10) for reduction of the particle size of said
. suspension; A

iil. feeding said suspension to a first membrane filtration system (16) for separation of the

particles; .

iv. recycling back to step 1. those particles that do not meet the size criteria; and optionally;

V. collecting in a collection tank (18) the permeate of the first membrane filtration system

(16).

8. A method according to claim 7 wherein step (iv) recycles the particles to a feed tank

(12) which feeds said wet mill (10).

9. A method according to cléim 7 or 8 further comprising, after step v., the step of feeding

a second membrane filtration system (22) for removal of the solvent and/or removal of particles

below a selected target size.

10. A method according to any preceding claim, wherein the feeding of the particles or

suspension comprising said particles to the membrane separation system is made in parallel to

the step of subjecting the particles to said size reduction step or said size growth step.

11. A method according to any preceding claim, wherein the feeding of the particles or
suspension comprising said particles to the membrane separation systefn is made in series to

the step of subjecting the particles to said size reduction step or said size growth step.

12. A method according to any one of claims 7 to 10 wherein the feeding of the suspension

from the feed tank (12) to the membrane filtration system (16) is made in parallel or in series to
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the wet mill (10).

13. A method according to any preceding clairﬁ, wherein steps b) and ¢) as defined in claim

1, or steps ii. and iii. as defined in claim 7 occur sequentially or simultaneously.

14. A method according to any one of claims 7 to 13 further comprising the steps of
recycling the retentate of the first membrane filtation system (16) to a feed tank (12) and
recycling the milled suspension from the wet mill 10 to a feed tank (12).

15. A method according to claim 11 or claim 12 when in series operation, further
comprising the step of feeding the milled suspension from the wet mill (10) to the membrane
separation system (16) and recycling the retentate of the membrane separation system (16) to a
feed tank (12). |

16. A method according to claim 11 or 12 when in series operation, further comprising the
step of feeding the suspension from the membrane separation system (16) to the wet mill (10)

and recycling the milled suspension from the wet mill (10) to a feed tank (12).

17. A method according to any preceding claim, further comprising the feeding of the
permeate particles or suspension comprising said particles to a second membrane separation
system (22), recycling the retentate of the second membrane separation system (22) to a
collection tank (18), and recycling the permeate of the second membrane separation system (22)

to a feed tank (12).

18. A method according to any preceding claim, further comprising the feeding of make-up
solvent to a feed tank (12).

19. A method according to any preceding claim, further comprising the isolation of the solid

particles from the processed composition or suspension.
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20. A method according to claim 19, wherein the isolation step comprises spray drying,

filtration or centrifugation.

21. A method according to any preceding claim, wherein a wet mill (10) is used and is of

the media milling type or of the high-pressure homogenization type.

22. A method according to any preceding claim, wherein a suspension of particles is used,

and the suspension comprises one solvent, or a mixture of solvents.

23. A method according to claim 22, wherein the solvent comprises water, and/or an organic

solvent.

24, A method according to any preceding claim, wherein the feed mixture comprises, in
addition to a drug substance, surfactants; polymers; or other suitable components; either
dissolved, emulsified or suspended in said mixture, with the function of aiding the process or

improving the formulation.

25. A method according to any preceding claim, wherein the membrane module in either or
both first and second membrane separation systems is of the flat sheet type, tubular, spiral or
hollow fiber. .

26. A method according to any preceding claim, wherein the membrane in either or both
first and second membrane separation systems is a inorganic microsieve type or is polymeric

frack-etched.

27. A method according to any preceding claim wherein the span of the particle size

distribution of the permeate composition or suspension is less than 2.0.
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28. A method according to. claim 27 wherein the span of the particle size distribution of the

‘permeate composition or suspension is less than 1.5.

29. A method according to claim 28 wherein the span of the particle size distribution of the

permeate composition or suspension is less than 1.0.

30. A method according to any preceding.claim wherein the pore size of the membrane

either or both first and second membrane separation systems ranges from 1 nm to 100 microns.

31, Particles obtainable according to the method of any preceding claim, characterized by

having a near monodisperse particle size distribution.

32.  Particles according to claim 31, characterized by having a particle size distribution with

a span of less than 2.0.

33.  Particles according to claim 31, characterized by having a particle size distribution with

a span of less than 1.5.

34.  Particles according to claim 31, characterized by having a f)article size distribution with

a span of less than 1.0.

35. A pharmaceutical composition comprising particles according to any of claims 31 to 34.
36. Use of particles obtained by a method according to any preceding claim for the
manufacture of injectable, inhalation, or oral formulations or for formulations suitable for other

topical routes of administration.

37. Apparatus suitable for producing particles having a reduced particle size distribution, which

apparatus comprises:



. 10

15

20

25

WO 2013/144554 PCT/GB2013/000146

25

a) " means for providing a composition comprising particles;

b) means for subjecting the particles in said composition to a size reduction step or
io a size growth step;

c) means comprising a first membrane separation system to separate said particles
according to size;

o d) means for recycling those particles that do not meet the size criteria back to step

a); ' }

€) optionally, means for collec'ting. the permeate of the first membrane separation
system.

38. . Apparatus according to claim 36 for producing a pharmaceutical composition, wherein:

a) the means for providing a composition comprising particles comprises a feed
tank (12); ' _
b) the means for subjecting the particles in said composition to a size reduction step

‘or to a size growth step, comprises a wet mill (10);

c)  the first membrane separation system to separate said particles according to size.
comprises a first membrane filtration system (16); ' '

and wherein' '

e) the means for collecting the permeate of the first membrane separation system

comprises a collection tank (18).

39. Apparatus according to claim 36 or 37, further comprising 2 second membrane separation

~ system for removal of solvent and/or removal of particles below or above a selected target size,

after collection of said permeate.

40.  Apparatus according to any claim 37 or 38, wherein the means for recycling the particles

recycles the particles to a feed tank (12) which feeds said wet mill (10).
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41.  Apparatus according to any one of claims 37 to 39 configured such that feeding of the
composition from the feed tank (12) to the membrane filtration system (16) is made in parallel

to the wet mill (10).
42.  Apparatus according to any one of claims 37 to 39 configured such that feeding of the
composition from the feed tank (12) to the membrane filtration system (16) is made in series to

the wet mill (10).

43,  Apparatus according to any one of claims 37 to 41 cdnﬁgured such that feeding said

‘composition to said wet mill (10) for reduction of the particle size of said suspension; and

feeding said composition to said first membrane filtration system (16) for separation of the

particles; occur sequentially or simultaneously.

44,  Apparatus according to any one of claims 37 to 41 cbhﬁgured such that the retentate of
the first membrane filtration system (16) is recycled to a feed tank (12) and such that the milled .

suspension from the wet mill 10 is recycled to a feed tank (12).

45.  Apparatus according to any one of claims 37 to 43, wherein the wet mill (10) is of the -

media rﬁilling type or of the high-pressure homogenization type.

46.  Apparatus according to any one of claims 37 to 44, wherein the membrane module in
either or both first and second membrane separation systems is of the flat sheet type, tubular,

spiral or hollow fiber.

47.  Apparatus according to any one of claims 37 to 44, wherein the membrane in either or
both first and second membrane separation systems is a inorganic microsieve type or is

polymeric track-etched.
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48. A system for producing particles having a reduced particle size distribution, which system

comprises a high pressure homogenizer apparatus and a membrane-based separation system.
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Fig. 1

Fig. 2
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