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Table 1. Mean observedin vivo PK parameters> and predicted values for finely milled oxycodone HCI IR and ER tablets and for
P U R P O S E R E S U LTS coarsely milled oxycodone HCI ER tablet, all in the 30 mg strength, with relative percentage differences (A) for C., and AUC, ..
Identifying a reliable in vitro method for assessing abuse deterrence non-inferiority via the intranasal route » DF predictions in the nasal cavity and nasal vestibule for the coarsely milled ER formulation are displayed in Figure 2. For
can facilitate drug deve|0pment of generic Op|o|d drug products with abuse deterrent properties_ A hybnd the fln.ely milled IR anq ER formU|at|0nS, the DF pred|Ct|0nS for both cases (nOt ShOWﬂ) were 99.9% in the nasal CaV|ty and Cmax (ng/m L) AUCO-t (ng'h/m L) tmax (h)
computational fluid dynamics (CFD) and physiologically-based pharmacokinetic (PBPK) model may assist in 0.1% in the nasal vestibule. A (%) A (%)
;Cili?gfn}q’;gge fp;:ﬂ??'?()lllgv\)ilgg() ir?;iti?lZgénTZ?rr?:ZL?[;u?atZﬁbgiy EOZ?)%ZBE)Zrrc?cohollglric\lléa?HC(I:el)veelgtpe?\% etg-rglreeg;cet « Predictions of PK u§|ng the CFD-PB-PK model are shown in Table 1 and Figure 3 Tor the IR and ER form.ulatlons. v | BredFeed i | Bredieed e | Brdfees
ER) tablets. Thi del d the bi dict hilitv of ouslv develoned dissoluti thod  The ranges of relative percentage differences between predicted and mean maximum peak concentration (C,,,) and area IR 30
(ER) tablets. This model assessed the biopredictive capability of a previously developed dissolution method. under the plasma concentration-time curve up to the last recorded data point (AUC,,) were between -0.5% and 3.2% for _ mg 68.2 70.4 3.2 407.1 4290 5.4 1.5 1.4
C....and 3.3% and 5.4% for AUC,,. fine
 Mucociliary clearance of particles was predicted as shown in Figure 4 for the three formulations, where the predicted time ER :_30 mg 60.8 60.8 0.0 503 .4 519.8 3.3 1.0 1.4
at which 50% of the particles remain and the percentage of particles retained were 21 min and 24% for the IR formulation, fine
M ET H O DS /71 min and 23% for finely milled ER formulation, and 25 min and 15% for the coarsely milled ER formulation. ER 30 mg 412 41.0 05 419 1 436.4 41 20 28
* The effect of dissolution method on PK predictions is displayed in Figure 5 for the finely milled IR and ER formulations and Ealior

Nasal vestibule and nasal cavity deposition fractions (DFs) following nasal insufflation of finely (between
106 — 500 um) and coarsely (between 500 — 1000 pm) milled formulations were predicted using a three-
dimensional (3D) CFD model based on methods established in Walenga et al.,! using the commercial
software package ANSYS Fluent 2019 R2 (ANSYS, Inc., Canonsburg, PA, USA). 2 b
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. Figure 4. Percentage of particles predicted to remain in the nasal
‘ cavity following nasal insufflation of finely milled powder of

" oxycodone HCI IR tablet in the 30 mg strength, finely milled
powder of oxycodone HCIER tablet in the 30 mg strength, and
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These predictions were used as inputs to a hybrid CFD-PBPK model that was based in part on the model
developed by Rygg et al.>*
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_ _ _ coarsely milled powder of oxycodone HCI ER tablet in the 30 mg
Another PBPK model was developed using GastroPlus™ 9.7 (Simulations Plus, Inc., Lancaster CA, USA) S e e e strength. Prediction data are compared with in vivo data from
for intravepous (IV) and oral absorption of oxycodone HCI, where available IV and oral data were used to 10 Soane et al.,” which represent mucociliary clearance without
parameterlze the mOdEI. i 0 20 40 60 80 100 120 140 160 180 JElTrI e E e
The distribution and elimination constants obtained in the GastroPlus model were used as inputs to the Y e T T et t (min)
CFD-PBPK model, and the Pulmonary Compartmental and Absorption and Transit (PCAT™) model was DF - 99.8% " fovcectal OIS —IR0mEfne ProesL oL e o Soane etal. (1999) —IR 30 mg fine ~——ER 30 mg fine ——ER 30 mg coarse
used to estimate the nasal absorption constant and permeability. nasal cavity o c
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Dissolution data were collected for the milled drug product used in the in vivo pharmacokinetic (PK) study
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described in Boyce et al.> As shown in Figure 1, the dissolution method developed by Feng et al.® was used g E E E 70
: : ! : : ! g 7 Y Y o8
where eight layers of milled drug product were distributed throughout the United States Pharmacopeia g £ e £ e £ w
USP) Apparatus 4 vessel. : S 5 S 0 S 0
( ) PP DFnose= 0.2% § £ 40 £ 40 | S 4
These data served as nasal dissolution inputs for the simulations of nasal insufflation of finely milled @ g 30 g0 | 3 3
Immediate-release (IR) and ER tablet formulations, as well as coarsely milled ER tablets, all in the 30 mg & b S 2 S 2 S 2
strength. : S tmew g ? 5 e g
e . . . ) ; @ Boyce et al. (2019) —ER 30 mg coarse g 0 2 0 g 0
Mucociliary clearance rate for the IR formulation, similar to that from Soane et al.,” was adjusted for the 0 4 8 - 12{h ) 16 20 a5 o 4 : - 12(h , 6 20 24 0 4 8 , lz(h ) 16 20 24 |
. ime (Nnr ime (nr ime (nr
ER formUIatlonS to CIOSEly matCh the PK dataS . o i i . ) Figure 3. Plasma concentration PK predictions (lines) andinvivodata® as = - USP 4 three layer ----USP 4 five layer —USP 4 eight layer e USP 4 three layer ----USP 4 five layer —USP 4 eight layer - USP 4 three layer  ----USP 4 five layer —USP 4 eight layer
oredict | 9 5 i i B hasi Figure 2. Predictions of DF following insufflation of the coarsely milled observed mean data ¢ standard deviation (dots and error bars, with n = 36
re |-Ct|0n values VYere co.mpare o observed In VIVO .ata on a percentage basis. | ER zorlmULatiorl:]” the ’?’alsal cavity la”d ”35’2: vestibdgle ‘;Si”gt[‘_eﬁ[) CFD for all formulations)f;IIowing nasal insufflation of a) finely miII’ed oowder  Figure5. Plasma concentration PK predictions following nasal insufflation of a) finely milled powder of oxycodone HCI IR tablet in the
The influence of dissolution method was explored by using data from Feng et al.° where three or five (T_O €1, WNETe the particles are color-coded according to particie of oxycodone HCl IR tablet in the 30 mg strength, b) finely milled powder 30 mg strength, b) finely milled powder of oxycodone HCI ER tablet in the 30 mg strength, and c) coarsely milled powder of oxycodone
layers of milled drug product were distributed throughout the USP Apparatus 4 vessel. lameter. of oxycodone HCI ER tablet in the 30 mg strength, and c) coarsely milled HCI ER tablet in the 30 mg strength. The dissolution input data were adjusted to reflectin vitro data from Feng et al.6 collected using
powder of oxycodone HCIER tablet in the 30 mg strength. the USP Apparatus 4 with either three, five, or eight layers of milled drug productdistributed through the vessel.
120

Figure 1. Dissolution data

100 L. __ =¥— ..... % .............. i g s collected (mean * standard
f’ /"i """""" deviation, n = 6) using the
9 v . method described in Feng et CO N C L U S | O N S R E F E R E N C E S
< 80 ,’;_.-‘ al.,® with a USP Apparatus 4
3 i with eight layers of milled . . . . .
© * powder distributedin the A hy_b“d CFD-PBPK model was d_evemp6d to pr§d|ct syst_er_nlc exposure following insufflation of 1. WalengaRL, Tian G, Hindle M, Yelverton J, Dodson K, Longest PW. Variability in nose-to-lung aerosol delivery. J Aerosol Sci. 2014;78:11-29.

% 60 {}_.-'" vessel, for finely milled mampU'_atEd IR and ER .tablets with AD propert_les. | Predictions WETE depgndent on bOth_ nasal 2. Rygg A, Hindle M, Longest PW. Linking suspension nasal spray drug deposition patterns to pharmacokinetic profiles. J Pharm Sci. 2016;105(6):1995-2004.
o ¥ oxycodone HCI IR and ER dissolution and mucociliary clearance, where in vitro measured dissolution was significantly 3. Rygg A, Hindle M, Longest PW. Absorption and clearance of pharmaceutical aerosols in the human nose: effects of nasal spray suspension patrticle size and
s | F tablets and for coarsely milled slower for the ER formulations. Mucociliary clearance was predicted to be about three and a half Zf0£ert'e:'-§wa iss- 2(1_16i33(d4)1|909'21- o o e dovel ta CFD model 1 A Med Pulm Drud Del

g oxycodone HCI ER tablet. The times slower for the finely milled ER tablets as compared with finely milled IR tablets and 2.()1(%/'92%(5’)'4.16.-3.1 SOTPHOn ant tiearante of pharmaceUticalasrosois i te himan hose. deveiopment ot & MOUEL JACTOSOTMED FUIm Drig LEtiv
:_. formulations measured are the coarsely milled ER tablets. A sensitivity analysis was conducted to Investigate the effect of 5. Bo’yce H; Sun D,l Kinjo M, Raofi S, Frost M, Luke M, Kim M-J, Lionberger R, Vince B, et al. Pharmacokinetic study of physically manipulated oxycodone
20 [t brand-name products, where different USP Apparatus 4 dissolution methods on PK predictions, where results showed very hydrochloride products following nasal insufflation in recreational opioid users. AAPS PharmSci 360; November 6, 2019; San Antonio, TX, USA.
the strength is 30 mg for all little change for the IR formulation and the coarsely milled ER formulation, but noticeable 6. Feng X, Zidan A, Kamal NS, Xu X, Sun D, Walenga R, Boyce H, Cruz CN, Ashraf M. Assessing drug release from manipulated abuse deterrent formulations.
0 :OrnTtLil:)al:lfci)tzst.oTtEee\(/ulvaetf;:lat diﬁerer-](-:es for the finely milled ER formulgtion tha-t may-be due to the pr-ediCted reduction In ?Agozsgggniﬁgecl\:ﬂh.Isgrzk(i)r;lilﬁ(\%:):%]-jrll.es NS, Davis SS, lllum L. Evaluation of the clearance characteristics of bioadhesive systemsin humans. Int J Pharm
0 , A . o 0 - V\‘/‘ere used for modeling are mucociliary clearance rate. Altoget.her,. while the dissolution method (_Jlescrlbed by Feng et al.® 1'999;178(1):’55_65 ! ! ! ! ' ' '
may be a useful component of an in vitro-only method that characterizes abuse deterrence of
Time (hr) also shown. nasally insufflated oxycodone HCI| ER tablets, another component would be needed to reflect
= |R 30 me fine: data ® ER30me fine: data 4 ER 30 me coarse: data formulation effects on mucociliary clearance. Future research may include development of an in o |
—IR30 mz fine: fit == ER30 mz fine: fit o ER 30 mz coarse: fit vitro method that mimics nasal mucociliary clearance and characterizes mucociliary clearance LY U.S. FOOD & DRUG D'Sdf“mzri This pOStetrtrﬁﬂeFC[t)i,the.V'eWS o t?e.aUthorS and should not be
due to depOSIted par“CIeS. ADMINISTRATION construed 1o represen e S VIEWS Or pPOlICIeS.
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