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ABSTRACT

Despite wide commercial application of hyprone ‘o<e acetate succinate (HPMCAS) in spray-
dried amorphous solid dispersion (ASD) dn'g L-oducts, little information is available in the
references on downstream processing ot _nray-dried dispersions with HPMCAS. Poor flow
and high dilution factor are a challenge n formulating spray-dried ASDs into tablets, leaving
little space for other excipients faci.it ating binding and disintegration. Direct compression is
not possible due to the poor pc: vder flow of spray-dried ASDs. Moisture has to be avoided
due to the plasticizing propertics of water on the ASD, resulting in reduced stability of the
amorphous state. Thus, v yranulation by roller compaction and subsequent tablet
compression is the p-efei'ed downstream process. We report the investigation of
downstream processing by roller compaction and tablet compression of a high load
formulation with 75 % of spray-dried amorphous solid dispersion (Nifedipine:HPMCAS 1:2).
A head to head comparison of microcrystalline cellulose/croscarmellose (MCC/cl-NaCMC) as
binder/disintegrant vs. MCC and low-substituted hydroxypropyl cellulose (L-HPC) as
excipient for binding and disintegration showed improved re-workability of the formulation
with MCC/L-HPC after roller compaction. Upon transfer to the rotary press, a 45 % higher
tensile strength of tablets is observed after dry granulation with MCC/L-HPC.

KEYWORDS: Hypromellose acetate succinate, spray drying, dry granulation, downstream

processing, amorphous solid dispersion, low-substituted hydroxypropyl cellulose



1. Introduction

Amorphous solid dispersion (ASD) is one important strategy to formulate poorly soluble BCS
class Il drugs into commercial drug products. To overcome low aqueous solubility, the APl is
processed with a carrier polymer to transfer the crystalline API into a molecularly dispersed
amorphous state with increased solubility (Baghel et al., 2016; Schittny et al., 2020). Different
polymers and technologies are established to yield amorphous solid dispersion drug
products. Commercialized solid dispersions rely on cellulosic polymers (e.g. Hypromellose
acetate succinate HPMCAS, Hypromellose HPMC) or on synthetic polymers (e.g. PVP/VA
copolymer, PVP or PEG) as carrier polymer. Technologies to produce solid dispersion
includes spray drying, hot melt extrusion, co-precipitation, fluic’ hed granulation, and recently
the Kinetisol process and others have been reported (Friesz» e. al.,, 2008; Hughey et al.,
2015; Mendonsa et al., 2020; Sandhu et al., 2014). Howev." ~ommercial products mostly
rely on spray drying and hot melt extrusion technology Ma.i¢ et al., 2020; Solanki et al.,
2019; Zhang et al., 2018). Spray drying is one of th.z o, ~ferred technology for formulating
amorphous solid dispersion with HPMCAS. Examp.~5 of commercialized drug products
prepared by spray drying with HPMCAS are cr.uc ted in table 1. Commercial ASD products
feature usually large tablet size (6 out of 7 n" tau.e 1) due to the dilution effect of the ASD
formulation (“Dailymed,” 2021). To stab’.ze amorphous solid dispersion over shelf life, e.g.
prevent API crystallization, the ratio betwe~n drug and carrier polymer is typically in the
range of 1:9 to 4:6. (Henrigues et al.. ?0."; Mudie et al., 2020; Schittny et al., 2020).

Table 1: Commercialized spray-dried A€ nroadcts with HPMCAS as carrier polymer. A complete list of inactive
ingredients is given in the supporting in’" rmatun (Baghel et al., 2016; CHMP, 2018; Solanki et al., 2019).

Name Drug APl dose Tablet size Contains ‘
(mg) and Shape ®  MCC/cl-NaCMC
Incivek Tel . re fir 375 20 mm, Yes
(discontinued) Oval
Kalydeco Ivacaftor 150 5 mm, Yes
Oval
Orkambi Lumacaftor/lvacaftor 200, 125 14 mm, Yes
Oval
Symdeko Tezacaftor/ lvacaftor 100 + 16 mm, Yes
Morning Dose 150 Capsule
Symdeko Ivacaftor 150 17 mm, Yes
Evening Dose Capsule
Delstrigo Doravirine 100, 300, 19 mm, Yes
(+lamivudine, Tenovir) 300 Oval

Pifeltro Doravirine 100 19 mm, Yes




Oval

% Size information for oval or capsule shaped tablets describe the long axis.

After spray drying the API with the carrier polymer, the ASD shows low bulk density and poor
powder flow, preventing direct compression into tablets on a rotary tablet press. Roller
compaction dry granulation is usually applied as downstream process to improve the particle
size and powder flow of spray-dried powders (Démuth et al., 2015; Henriques et al., 2016).
The ASD is roller compacted with a filler and a disintegrant to provide granules, which are
subsequently compressed into tablets or filled into capsules. Typical excipients in dry
granulation include microcrystalline cellulose (MCC), lactose, or calcium phosphate as filler
and a disintegrant like croscarmellose (cl-NaCMC) or cros|.~vidone. For high dose drug
products with poorly compressible APIs, dry binders are useu .~ nicrease the compactibility
the powder blend. (Arndt and Kleinebudde, 2018; Hertine ot .., 2007; Mangal et al., 2016;
Sun and Kleinebudde, 2016). Interestingly, in the cas: . *ae commercial ASD examples
(table 1) no dry binder is used and all examples are ‘v Mu.ated with MCC/croscarmellose as
binder and disintegrant. Using roller compaction 4i, granulation, loss of tabletability is
encountered due to double compression of the tc.mulation first in the roller compactor, and
then in the tablet press. This behavior is de:2~ribed as work- or granule hardening (Herting
and Kleinebudde, 2008; Sun and Himr alsr.ach, 2006; Sun and Kleinebudde, 2016). More
specific, a report on dry granulatior of MCC revealed that increasing specific compaction
forces in the roller compactor for diff_.~nu. MCC grades resulted in a reduced tensile strength
after tablet compression due to '~0."“ hardening. (Herting and Kleinebudde, 2008). Low-
substituted hydroxypropyl celltios~ (L-HPC) is an excipient used as disintegrant and binder
due to its swelling and comp.=scibility (Alvarez-Lorenzo et al., 2000; ElIShaer et al., 2018;
Onuki et al.,, 2018). L-H”C ‘s available in different particle sizes and substitutions. A
reduction in particle cize Vvields tablets with higher tensile strength, while increasing the
hydroxypropoxy substitution results in an increase in disintegration time. (Alvarez-Lorenzo et
al., 2000; EIShaer et al., 2018). Recently, L-HPC was included in a systematic study with 81
excipients in roller compaction. L-HPC was, among others, categorized as category 1
material providing ribbon tensile strength >1 MPa with 0.6 < SF < 0.8 at low hydraulic
pressure (30-70 bar) (Yu et al., 2019). However, there is no report on the application of L-
HPC in spray-dried dispersion downstream processing. Despite the popularity of HPMCAS in
commercial formulation, there are few references on dry granulation of spray-dried ASDs
with HPMCAS as carrier polymer. Reports however are available on direct compression of
spray dried dispersions (SDDs) with HPMCAS in single punch equipment to study
compactibility of spray-dried powders (Honick et al., 2020; lIyer et al., 2013; Roberts et al.,
2011). These however do not resemble the industry practice of tablet compression after roller

compaction. The authors suggest that the limited reports of RC of spray-dried material are



attributed to low productivity of lab-scale spray drying equipment, delivering insufficient
amounts of SDD for roller compaction experiments. Thompson et al. reported 2010 on the
compactibility of spray-dried HPMCAS:SLS blends in dry granulation with MCC 102. They
report the reduction of ribbon tensile strength and tablet tensile strength in comparison to
spray-dried HPMCAS without SLS (Thompson et al., 2010). Mudie et al. reported on roller
compaction of spray-dried erlotinib:Eudragit L100 (65:35) using HPMCAS AS-HF externally
in the roller compaction step to prepare novel high drug load ASD tablets after granules
compression with MCC 101, lactose and croscarmellose. In this study, HPMCAS was found
to increase the parachute effect of the dissolution profile as precipitation inhibitor after
dissolution, and is not utlized as ASD carrier. In comparison with a SDD with
erlotinib:HPMCAS (35:65) which was slugged prior to tablet coiny. vession, the release in high
gastric pH=6 was slower and a lower c.x Was observed. (ML die 2t al., 2020). A recent study
from Henrigues et al. describes spray drying and roller c:omy action of a non-disclosed API
with  PVP-VA (20:80). Roller compaction was carn>d out with MCC 102 as filler,
crospovidone as disintegrant, and magnesium sw. ara e as lubricant. Variation of roller
pressure and sieve mesh aperture showed larger in.pact on the granules properties like size,
powder flow, and tabletability with additional *m, ac. of the gap size. They conclude that for
spray-dried powders, mild roller compa.ucn conditions are sufficient to enable a robust
downstream process. (Henriques et al., I 20). The aim of this study is the investigation of
roller compaction downstream proces.'ng and tablet compression of a formulation with a
high load of spray-dried ASD using M1 «CAS as carrier polymer. Nifedipine was selected as
model API based on previous ‘epo.*s of nifedipine-HPMCAS ASDs (Sarabu et al., 2020;
Tanno et al.,, 2004). MCC/ci-. 'aCMC or MCC/L-HPC were selected as filler/binder and

disintegrating excipients in (e furmulation.

2. Materials & Mechous

A spray-dried solid dispersion of Nifedipine and HPMCAS (Shin-Etsu AQOAT® AS-MG), 1:2
ratio, and low-substituted hydroxypropyl cellulose (L-HPC NBD-021) was provided by
Shin-Etsu Chemical Co. Ltd. (Japan). Microcrystalline cellulose (MCC, Pharmacel 101) and
croscarmellose sodium (cl-NaCMC, Solutab A) were sourced from DFE (Netherlands) and
Roquette (France) respectively. Silicon dioxide (Aerosil® 200 Pharma) was sourced from
Evonik Industries AG (Germany) and magnesium stearate from Applichem (Germany). All
materials were used as received after being stored at ambient condition for minimum two
weeks. The powder properties of the Nifedipine:HPMCAS SDD are collated in table SI2 in
the supporting information. Two formulation blends were prepared in a plastic bag (table 2).
Formulation 1 (F1) with high amount of solid dispersion was prepared with MCC as
binder/filler and an industry typical amount of croscarmellose as disintegrant (Zhao and

Augsburger, 2006), similar to the inactive ingredients in commercialized ASDs (table 1).



Formulation 2 was developed with L-HPC replacing part of MCC and all of croscarmellose. A
preliminary study revealed that 15% of L-HPC gave a good balance of tablet hardness and
low disintegration time (figure SI2 and SI3 in the supporting information).

Table 2: Formulations studied.

F1 MCC/cl-NaCMC  F2 MCC/L-HPC

(wiw) (%) (wiw) (%)
Nifedipine:HPMCAS SDD 75.0 75.0
L-HPC NBD-021 - 15.0
MCC-101 20.5 8.5
cl-NaCMC 3.0 -
Silicon dioxide 0.5 0.5
Magnesium stearate* 1.0 1.0

* 0.5 % Magnesium stearate was added in the RC ste, and

0.5 % prior to tablet compression

2.1.Roller Compaction

Roller compaction was carried out on an A..x2aderwerk WP-120 (Alexanderwerk AG,
Germany) with 25 mm knurled rollers at spedific compaction forces (SCF) of 5 kN/cm
(formulation 1 and 2) and 10 kN/cm (for formulation 2). Compaction was carried out at
constant roller speed of 3.4 rpm, gap s.7e of 2 mm, using sieve coarse and fine of 2.5 mm,

and 1.25 mm respectively, The sieve ve ucity was 50 rpm in all roller compaction processes.

2.2.Evaluation of Powder and Cranules Properties

Bulk density, tapped density, cna the angle of repose were analyzed according to the USP
guidelines. The hausner :.*0 was calculated (tapped density / bulk density). Loss on drying
was analyzed using a Ke. DBS 60-3 moisture analyzer (KERN & SOHN GmbH). Particle
size was determined ";ing a laser diffraction HELOS & RODOS (Sympatec GmbH,
Germany) with a dispersion pressure of 200 kPa. True density of powder and granules was
analyzed at 20 °C using a Pycnomatic ATC EVO helium pycnometer (Thermo Fisher
Scientific, USA). SEM micrographs were prepared on a JSM-IT100 scanning electron
microscopy (JEOL, Japan).

2.3. Tablet Compression

Single punch tablet compression was carried out on a Gamlen D-Series (Gamlen Tableting
Ltd., UK) compaction analyzer. 50 mg of powder was weighted and transferred into the 5 mm
punch and die set. Tablets were compressed at a dwell time of 120 ms and pressures of 25 —

225 MPa (n=3). Rotary press compaction studies were carried out a Romaco Kilian Pressima



(Romaco Kilian GmbH, Germany) rotary tablet press (200 mg, 8 mm, round, flat tablets) at a
dwell time of 96 ms (10 rpm) at 150-250 MPa compression pressure.

2.4. Tablet Analysis

Tablets were stored at ambient condition for 24 h prior to analysis. Tablet hardness,
thickness and diameter, tablet disintegration, tablet friability, and tablet dissolution were
tested on an Erweka TBH225 (n=3 for single punch compaction, n=10 rotary press), Erweka
ZT-322 (n=6), Erweka TA120 (6.5 g of tablets, 100 rotations at 25 rpm), and on a Erweka
DT720 dissolution tester equipped with UV analysis (USP apparatus 2, 50 rpm, 900 mL
phosphate buffer pH=6.8, A=238 nm, 0.055 mg/mL=100% dissolved, n=3).

2.5. Compressibility and Compactibility Analysis

Compaction analysis of tablets prepared on the single punct, nre ;s was performed using the
modified Heckel equation (eq. 1) to yield the compressibil ty p.wrameter C and the percolation
threshold p. after fitting to ascertain compressibility. De.>ils of the modified Heckel equation
are described elsewhere (Kuentz and Leuenberge. 1¢99). Out-of-die data was used for

compaction analysis calculations.

Oc = %[pc —pr— (1 —plin (1:22)] 1)

0. = compaction pressure; C = compressibi.'y parameter; p. = solid fraction; p. = percolation
threshold

The percolation model was usec tw vield compactibility (or tensile strength at zero porosity)
0o and the percolation threshc d o, to assess compactibility (eq. 2). The critical exponent g

was chosen with 2.7 as reporte.' before (Mishra and Rohera, 2019).
PN
o =00 (2=22)" )

o, = tensile strength; o, = tensile strength at zero porosity; p; = solid fraction; p. = percolation

threshold; q = critical exponent = 2.7

3. Results and discussion

3.1.Roller Compaction

Formulation 1 with MCC/cl-NaCMC and formulation 2 with MCC/L-HPC and 75% ASD
content were subjected to roller compaction by lubricating with 0.5 % magnesium stearate.
Dry granulation proceeded smoothly and granules were collected. Both formulations showed
a slight increase in medium particle size when granulating with 5 kN/cm and a similar Ds is
obtained for F1 and F2 (table 3). Bimodal particle size distributions were observed with both

formulations (figure 1) where an increase in the coarse fraction was observed while most of



the initial powder particles remain. Increasing the SCF to 10 kN/cm for formulation 2 further
increased the coarse particle size fraction and an increase in Ds; was observed. A bimodal
particle size distribution is typical for roller compaction processes as the initial powder is
recovered after milling of the ribbon or due to leakage of the powder through the roller seals
(Henriques et al., 2020; Mangal et al., 2016). Additional trials with formulation 1 at 10 kN/cm
SCF were not possible due to limited availability of the SDD. Analysis of bulk density showed
a large increase in bulk density at 5 kN/cm specific compaction force on the roller compactor
(table 4). Further increase in SCF to 10 kN/cm resulted in a slight increase in bulk density.
The Hausner ratio was reduced for both formulations compacted at 5 kN/cm in comparison to
the uncompacted powder and a free-flowing granules were ohtained, whereas both powder
blend could not flow from a funnel (see the video on flow differe, ~e of F2 uncompacted and
compacted at 5 kN/cm: F2 Flow.mp4). This was confirm>d ty compacted formulations
showing a low angle of repose of granules. (Carr, 1965). ~on pacting formulation 2 at higher
specific compaction force of 10 kN/cm did not result in ;" 'rther improvement of powder flow.
Both formulations showed an increase in bulk densiy,” wit1 a small increase in particle size at
low SCF of 5 kN/cm. At low SCF, the compactinrn ¢nergy is hypothetically mostly absorbed
by the hollow spherical ASD particles resulting n _ompressed ASD particles with increase
bulk density, but only a slight increase in pai:icle size. SEM micrographs confirmed the
compressed appearance of ASD particles after granulation at 5 kN/cm (figure 2). When a
higher SCF of 10 kN/cm was applieu to formulation 2, an increase in particle size was
observed, however bulk density ircicased only slightly in comparison to the same
formulation granulated with a “CF of 5kN/cm. At 10 kN/cm, the compaction energy is
absorbed by the ASD particles >nd surplus energy was turned into particle size enlargement,

leading to the observed inc.~ast: in particle size.

Table 3: Particle size ana!,sis ~f pc wders and granules by laser diffraction.

Run Dio (um) Dso (Um) Dgo (LM)
F1 MCC/cl-NaCMC blend 6.95 37.02 95.95
F1 MCC/cl-NaCMC 5 kN/cm  10.01 51.14 702.64
F2 MCC/L-HPC blend 6.93 35.63 94.37
F2 MCC/L-HPC 5 kN/cm 10.17 4741 567.56

F2 MCC/L-HPC 10 kN/cm 19.14 394.3 1068.3
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Figure 1: Particle size distribution for F1 (left) and F2 (right) at different specific compression forces.

SED 1.0kV WD1mmP.C30 HV  x10(

Figure 2:SEM Micrographs of F1 (a, ) anu F2 (c, d) before granulation (left) and after granulation with 5 kN/cm
(right).

Table 4: Powder analysis of ble~~eu owders and granules.

Run ~ Bulk Tapped Hausner Angle of LOD (%)
density density in  Ratio [-] Repose
(g/cm3)  (g/lecm?) ©)
F1 MCC/cl-NaCMC blend 0.344 0.502 1.46 Nd* 1.87
F1 MCC/cl-NaCMC 5
kN/cm 0.566 0.682 1.20 38.79 2.03
F2 MCC/L-HPC blend 0.345 0.500 1.45 Nd* 1.79
F2 MCC/L-HPC 5 kN/cm 0.544 0.678 1.25 37.04 1.78
F2 MCC/L-HPC 10 kN/cm 0.600 0.769 1.28 38.02 1.82

* not determined, no powder flow through the funnel observed.



3.2.Single Punch Compaction Analysis

Powders and granules of F1 and F2 were compacted on a single punch compaction analyzer
at different compression pressures (25-225 MPa). The moisture content of all blends before
compaction was similar (LOD 1.8-2.0 %). Figures 3-5 show the compaction triangle diagrams
tabletability, compressibility, and compactibility for all formulations and processing conditions
(Tye et al., 2005).

50 -
= F1 Powder blend i om
*F15kN/cm s
40 -
= o F2 Powder blend E E
Q o F2 5kN/cm { }
= ]
=304 AF210kN/cm
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G 2.0 ] : } }
220 1
P 4 { :
g }
1.0 - L { $
]
&
0.0 = . . .
0 50 100 15( 200 250

Compaction pressu. * (MPa)

Figure 3: Tabletability plot of compression g ‘e<sL. : vs. tensile strength.[

The tabletability plot reveals the* bou. non-granulated powder blends formulation F1 and F2
showed a similar compression ~rofile. After roller compaction at SCF 5 kN/cm however the
granules F1 or F2 showed o renuced tablet tensile strength after tablet compression. For F1
with MCC/cl-NaCMC. tt.= re luction of tensile strength is higher (59 % reduced TS at 150
MPa compression pressu-e) compared to formulation 2 featuring MCC/L-HPC (32 % reduced
TS at 150 MPa compression pressure). When increasing the specific compaction force from
5 kN/cm to 10 kN/cm a further decrease in tensile strength is observed. For tablets, a tensile
strength of >1.7 MPa at SF<0.85 is considered acceptable for further processing which was
observed with granules prepared with SCF of 5 kN/cm granules for formulations F1 at
175 MPa compression pressure and for formulation F2 at 125 MPa (Leane et al., 2015; Pitt
and Heasley, 2013).
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Figure 4: Compressibility plot of compression pressure vs. solid fracon.

The compressibility plot describes the reduction cf v~lume (porosity) with application of
pressure. Qualitative analysis reveals that the <olid fraction of tablets increased with
increasing compaction force on the roller con.~actor in the dry granulation step and in tablet
compression (figure 4). Typical solid fravtions for pharmaceutical tablets is 0.85+0.05
(Hancock et al., 2003; Leane et &' 201b) which is reached at 100 MPa compression
pressure on the tablet press. Fornmu ~tion F2 processed at 10 kN/cm showed the highest
solid fraction of tablets until 125 *.”a zompression pressure due to the high compression at

the granulation step.

The modified Heckel equ-ation describes the compression behavior of pharmaceutical
powders (Kuentz and L¢ ueriherger, 1999). Compression parameter 1/C and the percolation
threshold p. for the . is given in table 5 (figure Sl4 in the supporting information).
Comparing granules of 1 and F2 compressed at 5 kN/cm specific compaction force on the
roller compactor, the lower 1/C value for formulation 2 with MCC/L-HPC indicates higher
compressibility and plasticity. Increasing the roller compaction force to 10 kN/cm, the
compressibility is reduced as evident from the higher 1/C value, in agreement with work-
hardening processes. Neat L-HPC NBD-021 shows a 1/C value of 99.52 + 4.45 MPa with p.=
0.1704£0.017 (Mishra, S.M., 2020, unpublished results).

Table 5: Fit parameters for the modified Heckel equation.

Formulations Compressibility Percolation R?
Parameters Threshold (p )
(2/C), (MPa)

F1 Powder blend 990.10 +42.85 0.540 +0.070 0.9059



F1 5 kN/cm 740.74 £29.66 0.496 + 0.058 0.9403
F2 Powder blend 558.65 +27.14 0.446 + 0.063 0.9571
F2 5 kN/cm 628.93 +28.10 0.478 + 0.060 0.9525
F2 10 kN/cm 869.56 +37.20 0.542 +0.0.064 0.9209

The compactibility plot describes how reduction of volume (porosity) is transferred into tensile
strength of the compact and is used to characterize powder compactibility independent of
dwell time (Tye et al., 2005) Qualitative analysis reveals as expected highest compactibility
for powder blends of F1 and F2 not processed on the roller compactor (figure 5). Formulation
1 processed at 5 kN/cm showed a reduced compactibility pro.> compared to Formulation 2
processed at 5 kN/cm. Formulation 2 processed at 10 kN/cri chowed similar compactibility
profile compared to formulation 1 at 5 kN/cm, which is =*#n.ued to the work- or granule
hardening phenomenon (Herting and Kleinebudde, 20075; Z** and Himmelspach, 2006; Sun
and Kleinebudde, 2016).
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Figure 5: Compactibility plot of solid fraction vs. tensile strength.

The percolation model is a mathematical description of how reduction of porosity (increase in
solid fraction) is turned into tablet tensile strength (Mishra and Rohera, 2019). Fitting results
are reported in table 6 (figure SI5 in the supporting information). Similar to the Ryshkewitch-
Duckworth model, a higher zero strength porosity describes a higher compactibility. A lower
percolation threshold describes improved compactibility as the solid fraction required to
obtain a stable compact is reduced. The compactibility of non-granulated powder blends F1
and F2, is highest, and their percolation threshold is lowest. When granulating F1 at 5 kN/cm,

the compactibility was reduced in comparison to the uncompacted powder. Such loss in



compactibility in comparison to the uncompacted blend was not observed when F2 was
subjected to roller compaction at 5 kN/cm. The percolation threshold was increased for F1
and F2 when the powder was subjected roller compaction, meaning a higher solid fraction
was required to yield a stable compact. When the roller compaction specific compaction
force for F2 was increased from 5 kN/cm to 10 kN/cm, a reduction in compactibility, and a
further increase in percolation threshold was observed.

Table 6: Fit parameters for the percolation model.

Formulations Compactibility ~ Percolation R?
Oo, (MPa) Threshold
(Pc)

F1 Powder blend 10.19+0.45  0.451+0.032 0.9817
F1 5 kN/cm 6.73£0.49 0.598 £+ 0.015 0.9%c0
F2 Powder blend 9.66 + 0.33 0.439+£0.016 9925
F2 5 kN/cm 9.94 +0.53 0.579£0.013 0L.9936
F2 10 kN/cm 7.91+1.04 0.632+0.023 . 9737

3.3.Rotary Press Compaction

To ascertain the performance of F1 and F. in industrial processes, granules of F1 (SCF of
5 kN/cm) and F2 (SCF of 5 kN/cm and 29 kN/cm) were compressed on the rotary press and
tablets were evaluated. Powder bleiics ot F1 and F2 could not be processed due to the poor
powder flow. The tabletability y'aot (igure 6, left) confirmed the single punch compaction
analysis result with formulatic, 2 showing a higher tablet tensile strength (+45 % at
150 MPa) when granulateu at same SCF than formulation 1 over a compression pressure
range (100-200 MPa) tyhical in industrial processing. Comparing the tabletability plots from
the single punch compacion analyzer (figure 3) and the rotary press (figure 6, left) reveals
that throughout the study, at same compression pressure, the observed tablet tensile
strength is lower on the rotary press compared to the compaction analyzer. However the
order of re-workability on both equipment is the same with formulation 2 showing a higher
tablet TS at same SCF than formulation 1 and the reduction of TS with increasing SCF as
demonstrated in formulation 2. The authors attribute the difference in TS to a lower dwell
time on the rotary press (96 ms vs. 120 ms on the compaction analyzer) which was reported
before to influence tensile strength (Tye et al., 2005). This is supported by the lower solid
fraction of tablets produced on the rotary press in comparison to the compaction analyzer
(figure SI6 in the Sl) and the comparative compactibility plot (figure S17). Tablet friability was
<0.25 % at 150 MPa, and lower for tablets prepared with both formulations granulated at
SCF of 5 kN/cm (figure 6, right). The increase in granulation SCF from 5 kN/cm to 10 kN/cm



increased tablet friability and at 150 MPa compression pressure a friability of 0.75 % was
observed in case of formulation 2.
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Figure 6: Left: Tensile strength vs. compaction pressure. Right: Tablet 1 iabili y vs. compaction pressure (lines
added as guide to the eye).

The disintegration time increased with increasing ten<.le suength in case of formulation 2
using MCC/L-HPC as binder and disintegrant (figue . 1eft). At sufficient tensile strength
(>1.75 MPa), the tablet disintegration time was up 3 tv.2 minutes for F2 granulated at SCF
5 kN/cm. Tablets with formulation 1 with MC:/.1-laCMC showed low disintegration time
(<7 s) independent of tensile strength of tahle.. however maximum tensile strength achieved
is 1.33 MPa at 200 MPa compressio.. furce, which is insufficient for industrial scale
production (Pitt and Heasley, 2013). The dissolution profile of tablets with equivalent tensile
strength prepared from F1 and F2, yr-.~uated with a SCF of 5 kN/cm were virtually identical
despite the different disintegratic.. tin.e of tablets (figure 6, right). The solid dispersion of
nifedipine and HPMCAS AS-MG (1:2) showed a >10 fold solubility improvement with
stabilization of the supersatu-ation over 180 minutes. When increasing the SCF from
5 kN/cm to 10 kN/cm in v, muiation 2, a reduction of initial dissolution rate and maximum
nifedipine dissolved wcos ciserved (figure 8). This is attributed to the larger particle size of

granules in formulation =_ compacted 10 kN/cm which limits dissolution rate.
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Figure 7: Left: Tablet disintegration time vs. tensile strength. Right: Tablets dissolution profile (lines added as
guide to the eye).
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Figure 8: Comparison of dissolution profiles for formulation 2 with different SCF during roller compaction (lines
added as guide to the eye).

4. Conclusion
A tablet formulation with high amount of spray-dried ASD ‘75% Nifedipine:HPMCAS 1:2

ratio) was developed using the widely commercially ap,lied binder/disintegrant combination
of MCCl/croscarmellose, or MCC/L-HPC. Roller :omgaction of the ASDs reduced the
compressibility and compactibility of the formula.ion while increasing bulk density and
powder flow. At low specific compaction forc~ o' 5 kN/cm, the hollow spray-dried ASD
particles were compressed and little gran'..a*ion ‘particle size enlargement) was observed. At
higher compaction force, the compaction -nergy was not fully absorbed by compression of
the ASD particles and surplus en>rgy was available for granulation (particle size
enlargement) while further reducin¢ v.o ..pactibility. However, roller compaction at low SCF
was sufficient to enable a robust 1.hlet production process, showing that when designing
roller compaction processes v.'th spray-dried ASDs with HPMCAS, compression pressure
should be selected carefilly 0 avoid loss of tensile strength in downstream tablet
compression. Tablets wth \ igh ASD load in the formulation, sufficient tensile strength for
downstream coating o. packaging, with rapid disintegration and quick dissolution are

available by rational selection of the binder/disintegrant system.
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