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Abstract

Thedirect pelletizationprocesss afastand flexibleoperation with the potential tgoroducehigh quality particles

appropriate for sophisticatedral solid dose formulationswhere a narrowParticle SizeDistribution (PSD)s
required Particlesize is a critical quality attribute for mapyarmaceuticabpplicationsmakingcontrol of end-
point particle sizea fundamental requirement.The Glatt proprietary Canplex Perfect Sphere§CP®)
pelletization process is fast and thei@e requires a rapid objective PSBDeasurementmethod during

processingdo follow the particle growth curve anaiccuratdy determineend-point. Traditional methods are too

slow orsubjectiveand thereforemay bean unacceptableisk for use as am-Process Contr@lPQ in a control
strategy An at-line direct imaging methodvith automated highspeed image analys@an bepracticallyused

during processindo accuratelypredict the processend-point with fast objectivePSD datasupported by
particle imagesto significantly improverocess optimisation and controrhe approacttan also be used for

other rotor based pelletization processes.

Introduction

Direct pelletizingllows for a variety of drug formulations to be realized in extremely low to very high doses.

technology is particularly suited taral dosage forms/here gastric resistant and modified releasea priority

Furthermore a relatively narrow PSD is important to achieve a consistent predictable drug release profile in

coated pellets. The CP®
technology allows for the
manufacture of functionalized
pellets/micropellets with perfect
roundness andsmooth surface.
The CPS process is fast ar
produces  uniform  product.
Process  control includirg
prediction of endpoint based on
particle diameter and size
distribution is critical.
Traditionally,a microscopébased
image capture and analysis
system is usedto measure iR
process samples to predict the
end-point. An area within the
sample tray iselected and a small
number of particles arenanually
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measured andanalysedby the operatorusing the system s s o. Limitataoms o tle use of thisin-process
testinclude areliance on an experienced process operator to select which particles arngsadaiombined with
the small number of particles analysed per process sanipiésapproachmight beassesseds relativdy high
riskas aprocess control strateggind could be mitigated by a more objectiaad rapid in-process testmethod
to more rdiably predict process enpoint.

TheEyeconis a nonproduct contactProcess Analyticaethnology(PAT tool used for monitoring particle size
in-line or atline, in realtime. TheEyeconis a direct imaging camera system which provides PSD data and colour
images allowingfor a deeper understanding of tHesy &critical process parameters for a given process/system.
The data can be used in conjunction with process paramepéimization and quality control(QQ resultsto
developa more efficient, robust and reliable processd delivera more consistent improved level of process
control and therefore product quality.

Objectives & Preparation

The objective of this trial is to monit@nd record particle growth duringdirect pelletizationprocess run. The
process runs over a relatilyeshort time period and particle size is @ritical Quality Attributg CQA)of the
product. The PSBeasuremenimethod should:

1 Allow systematic andonsistent sample preparation.

Provide short analysistime.

Be asy to operate.

Provide PSD data and images of the particles.

Track the change in particle size during protess

Provide fast and accurate PSD data to predict the procespeimd.

Demonstrate that the pellets produced are within the desired PSD range.

=A =4 =4 =4 -4 -4 -4

Demonstrate applicability for process development and for process control.

TheEyecon is usually configured as an-ine particle analysefinterfaced directly on process equigent to
measure particle size through a viewing port. Thisrpotential for such a configuration on theelletization
processin the medium term however, he shortterm focushere isto configure theEyecon for reaktime at-
line use andorepare samples for analysis on microscope sliaes direct replacement for the microscope
method.
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Equipment
CP®technology

The Glatt CR&echnology isan advancedotor fluidized bed process. It allows for the manufacturenttrix

type pellets and micropellets with perfect roundness and surface. Direct pelletizing allows for a variety of drug
formulations to be realized in extremely low or very higses

Figurel: Glatt CP®Technology

Unlike traditional rotorfluid bed systems, the CR8echnology works with a conically tilted rotating discd
additional deviceghat allows for a directional péicle motion. By means of a characteristic rolling particle

movement and thereby the application apecificcentrifugal forces on the arising pellet cores, a defined
densification of the particles can be reached.

No starter pellets arerequice f or direct pelletizing with the Gl att (
active ingredients in the pellet matrix can vary from less than 0.1 percent up to a drug load of 90 percent. Round
denseand evenly shaped pellets are achieved, with pedgigefined pellet sizes between 100 and 1,500
micrometreswith an extremely narroviPSDMicrocrystalline cellulospowderis often used as bhasicexcipient.

The pelletformulationscanfurthermore contain otherfunctionalpharmaceutical excipients, such as polymers
and disintegrating or solubilizing agents.

CP®pellets and micropellets are especially suitatol@roducecarrier cores fosubsequentoating applications
for controlleddrugrelease or for tastenaskingapplications

Particle Size Distribution

10 100 1000
Particle Size
Figure2:Typical Particle Size Distribution of @p&lets Image?2: Pellets with 75% drug load from a @GP8ocess
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Eyecon Operating Principles and\falues

Eyecon utilisesdirect imagingfor particle size analysisn direct imaging particles are illuminated and imaged
from the same sideThe methodcanbe configured forboth benchtop and irline applications while allowing
the device to remain noproductcontact This methodusesadvanced image analysis algorithms to accurately
detect particle boundaries, and thereby particle sizgs/ing reatime information on the proces being
analysed.

Eyecon provides these redime results in the format of ®alues, histograms, trend graphs and imagesl at
the end of every analysis a PDF report summarising the measurement is also generated.

A Dvalue can be thought of as a mass division diameter. It is the diameter which, when all particles in a sample
are arranged in order of ascending mass, divithedotal samplemassn the given ratio as demonstrated below

D10

LY_] [ J
!
Weight : Weight
10 % 90 %

For examplethe D10 diameer is the diameter at which 10% of a sample's mass is comprised of smaller particles,
and the D50 is the diameter at which 50% of a sample's mass is comprised of smaller particles.

D50

\ Y J L‘ J

Weight = Weight

The D50 is also known as the "mass median diameter"digidtes the sample equally by mass.
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SystemConfiguration for Redlime AtLine Use

Aremovablesample interfacdor Eyecon |7
was designed and configured to allo
process samples to be measured in
systematic and rapid manneiEyecon
measurement parameters were
optimised and a configuration savetbr
the type of material being produced by
the CP®process

Image 3: Eyecon installation next to a Gla B
CP5  Processor withPelletization Samp
Interface

Proedure

Batch 1 and Batch 2 Parameter settings and Sample Plan

Batch 1 The CP$rocessomwas loaded with 80@ pre-wetted MCC105 granules and set to 1000 rpm, 2 Bar,
23.5°C with an initial liquid addition rate of 5@min. The liquid addition rate was lowered to 30 g/min after
approximately 100@ of liquid addition. Samples were taken after GPof liquid addition and approximately
every 50g liquid addition after that point. Each sample was analysed immediately thgmgicroscope method
and then passed for rapid sample preparation and analysiyegon.

Batch 2 The CPS system was set up as per batch 1. Liquid addition wgamit(for the first 15 mins and then
reduced to 40 g/min until 2456 was added. The spray rate was thiecreased to 5@/min until the end of the
run. Again, once 600 of liquid had been added samples were taken after approximately every IEid
addition.

Sample Preparation [
Samples werdgaken at intervds based on liquid
addition and directly onto commonly available
microscope slides Ihage 4) which were then
positioned on thesample interface foimmediate
measurement

Image 4: Samples taken directly to Microscope Slides
immediate measurement

©2018, Innopharmarechnology.td www.innopharmalabs.com/technology Page5 of 10
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Sample Measurement
The Eyecon was set upin the process room
beside the CPSprocessequipment as seen in
Image 1to measure sampleat-line in real time.
The prepared sample was placed on the samy
interface. It was decided to measure saheg
from batch 1for approx. 20 seconds arsAmples
from Batch 2 for 10 secondsto compare
measurement time and number of particle:
measured to optimise time for measurement
with quality of data The image capture time car,

be further optimised onimplementation to
Image 5: Reali

reduce measurement time if required.
Analysis

i "y
e AtLine Configuration of Eyecoffior CP
Processing of Results
Throughout the analysis particle information such agallues, mean diameter and volumetric histogram can be
seen in real timealong with updated images of the samples measufiée.Eyecon system generates a standard
PDF report on demand for each sample measuremnith provides Particle Size Distribution information as
standard including 3, Dso and Do and provides a volumetric histogram. In additi@xample images are
provided.See Appendix 1 for example

In addition, all sample data can be exported in csv format for more detailed analysis and all images can be viewed
in browsers anaxported for inclusion in reports as required.

Results

The Dvalues andneandiameterswere plottedvs.mass of liquid added as seen in FigBr@he particle sizeat
each analysis point are represented by thedues; D10, D50 & D98nd themean diameter of the particles
measured from the sampl&esults for Batch 1 are shownligure3 and trends the particle size change against
liquid additionand demonstrates how the measurements can be used forpoidt prediction.

Particle Growth during CPS Proce$sal Batch
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Figure3: Particle Growth during TrialBatchrepresented by D10, D50, D90 & Mean Diameter
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Some sample images captured by fgecon during particle measuremerdf a TrialBatchcan be seen in Table
1. These images are taken from Samplé&,19, & 15 respectively and demonstrate the presentation of the
sample to theEyecon, the growth of the particles throughout the process ahe issue of particles being out
of focus.

20 Seonds vs 1(Beonds Image Captureriods

Image capture time was compareb balancetime to generatea result with the quality of the data. Image
capture of 20 seconds was used for batch 1 and 10 seconds for ba#chdnparison of theutput in number
of imagescaptured and number of particles counted is presentediable 2.

Table2: Comparison of Analysis Times

Amount Sprayed No. of Images Captured No. of Particles Measured
~ 20 sec ~ 10 sec ~ 20 sec ~ 10 sec
600 g 6 4 6222 2203
1250 g 11 4 2514 2490
1650 g 11 6 1162 724
215049 N/A 5 N/A 671
2750¢g N/A 6 N/A 553

Overall, the number of particles analysed even at #imrtest analysis time for the largest particles is a
significant improvement over the manualethod. Themanual selection of particles is removed by switching
from the manual microscope method to thg&yecon method eliminatingsubjective selectionfovhich particle

is measuregas all particlesn all images are subjected to image analysith all particles identifiedbeing
included in the reported data. Furthermore, the numbef particles analysed per sample is significantly
increased ovethe traditional method A review of thetable shows the impacbf reducing analysis time on the
number of images captured and therefore theumber of particles measured. Generallthe more particles
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measured the more representative the sample analysisf ihe process. The number of particles measured
decreases as the amount sprayed increases due to the increase in partidaditesrefore fewer particles per
unit areaon the sample slide.

It would be possible to reduce the andlys$ime to 5 seconds but as the trend above shows this would lead to
fewer images and therefore less particles being measumtticularly towards the end of the procedsis
recommended that the procedure is optimiséat each process to balance theawpsis time with the number

of particles counted t@achieve the optimal data quality for eqabint prediction.

Eyeconfor IPCof CP®and RotoProcesss

The CPBprocess is rapid and particle size is one of the critical quality attributes. Prediction -glogmidskey

because it is important to have a uniform particle with relatively narrow PSD but also important in many
applications such amste maskinghat the particle size remains below a maximum threshold. Vaisableto

be able to rapidly predict the engoint for each formulation to ensure the correct PSD is achieVdu:

traditonall PC r el i es heavily on oper at oRSD isgppreachingiththe t o * kn
decision suppord by analysis of user selected particles microscopesystem A small number of particles are

selected for analysis and recorded as part of the IPC strategy. The selection of particles is largely subjective an

can be identified as an unacceptable risk for IPC in a GMP process.

TheEyecon coupled with a systematic sample preparation procedure offers a significant improvement to the
development of process parameteasd a control strategy that is datdriven and sciencbased and therefore
more acceptable for use iprocess development and GMP compliant production. The PSDislgtnerated
during processingnd with optimisation can be used to predict the epdint PSD and therefore when to stop
the proess.Themost relevantPSD datg§Dv50, Dv10, Dv90, mean etai)l be used for process decisiondth

the additional benefit ofparticle imagesfor each sample poinfrom the processto further aid process
understandingduring development anihvestigations and fouse intechnical reports

PSD is a critical quality attribute for the GRBoduct and procesparameters anctan be optimised during
development using real time data from theyecon leading to a more robust and efficient process with
demonstrably improvedPCstrategy. Prediction of process eqpaint based on PSD will be more data driven and
reliable increasng confidencethat later process phases will meet specificatiéigure 4 shows dlustrates a
batch to batch cmparison of PSD change during gessing.

Theprocess analyticahethod can also be applidd otherrotor processes$or process understanding or as part
of process controlvhere Particle Szeis aKey orQritical Quality Attribute .
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Figure4: Multiple Batch Comparison of PSD change during processing




@5"’"@ |nno§harma

technology

Conclusions2ecommendations

From the results of the analysis completed by Eyecon during the evaluation on the C®Brocess samples it
can be concluded that:

1 TheEyecon methodcould be used to rapidly monitor the increase in particle size with liquid addition
during CP®or other rotor fluid bedbatch operationsSamples can be taken directly onto commonly
used microscope slides and immediately measured to provide a rapid update on size during processing.

1 The Eyeconsystem provides real time PSD data to the operator throughout measurement. During and
at the end of the session the key PSD data is instantly available allowing an immediate data driven
decision for process control based on P&8Deport for eachbatch can be generated on demand to
attach to a batch record or include in an R&D Technical report.

1 The Standard Report is designed to present data generated in a format and language common to
formulation development scientists, process engineers quality control/assurance and includesoD
Dso, Doo, mean and mediaand provides a volumetric histogram.

1 The particle size data and images providformation for a deeper understanding of the impact of
process parameter and formulation changes to particle size distribution and therefore product
performance. Once implementedtyecon data can be used in conjunction with critical process
parameterdatato correlate withcritical quality attributesfor process developmentimprovement/
monitoring/ control purposes.

I  Set up and operation of thEyecon was straightforward and codlbe readily incorporated in day to

day process operations without additional specialist personnel to operate and interpret results.

Contact for More Information

Emmet Hogan
Technical Sales Support Specialist, Innopharma Technology

E:hogane@innopharmalabs.com
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Appendix |
PDF Report example

Innovation by Innopharma Technology

Batch Details

Particle Size Report

Innovation by Innopharma Technology

Material CPS Demo Configuration CPS Demo Start time 2018-10-03 09:41:42
Batch Number 02 Started by admin End time 2018-10-03 09:58:49
Sublot Number of particles 188749 Duration 0:17:07
Instrument details EYECON2 Eyecon serial number PS2005 Eyepass version 2.1.3-beta+002
System & notifications
Results: Process Profile
[ oo N oso NN Doo N Eccenticity
1100 1.0
1000 | 08
900 | 08
g 800 0.7
E 700 | 06 @
§ o | /__—/—W oE %
S 500 | 04 3
5
& 400 | 03
300 02
200 | 01
100 0
00:00:00 00:03:20 00:06:40 00:10:00 00:13:20 00:16:40 00:20:00
Elapsed time
Results: End Point
Data based on final 60 seconds of measurement
Dvi0 285 016 10
Dv25 557 0.14 08
E 08 §
Dv50 658 E o1z s
Dv75 904 g 07 3
2 010 =
Dv90 989 £ 06 3
Dn10 317 g 008 05 5
s =
Dn25 465 S 006 04 §
15 £
Dn50 539 3 03 2
S 004 s
Dn75 621 02 =
Dn90 740 . 01
Mean 544 0 1 "\ 7 0
A A v
Median 539 ¥ ¥ i & K &
Std deviation 180
5 ety TaTA Diameter
ccentricity mean X
I nistogram NI S-cunve
Eccentricity RSD 0.4841

Sample Images

2018-10-03 09:41:43

2018-10-03 09:50:15 2018-10-03 09:58:43

Signature: Date:
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