
PURPOSE
This work develops a novel in vitro to in vivo extrapolation (IVIVE) method for the 
prediction of in vivo pharmacokinetic (PK) for oral cavity drug products (DP). This 
IVIVE uses in vitro dissolution measurements in artificial saliva; in vitro permeability 
measurements from EpiOral  assays 1,2; and physiologically based PK (PBPK) 
modelling to bridge the critical gap between laboratory testing and clinical performance 
for sublingual (SL) DPs. 

CONCLUSION
• The integration of in vitro dissolution measurements with PBPK models enabled reasonable prediction of PK 

profiles after SL administration, establishing an IVIVE methodology for oral cavity DPs. 
• Clinical Significance: This approach will help formulators explore excipient impact on in vitro dissolution 

and critical biopharmaceutical parameters potentially affecting in vivo PK performance to accelerate the 
development of both innovator and generic oral cavity DPs.

• Future Applications: Extension to other sublingual/buccal formulations and integration with regulatory 
science initiatives for enhanced drug development efficiency.

RESULTS

METHODS 

OBJECTIVE
• To predict systemic PK profiles of sufentanil (SUF) and zolpidem (ZOL) after SL 

administration of Dsuvia® [Sufentanil sublingual tablet, Eq. 0.03 mg base] and 
Edluar® [Zolpidem sublingual tablet, Eq. 10 mg base].

• To estimate the intraoral fraction absorbed (Fa_IO) and the bioavailability (F%) of 
those 2 active pharmaceutical ingredients (APIs) following SL administration of 
Dsuvia® and Edluar®.
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Figure 1: Modeling strategy: OCCAT IVIVE workflow

Figure 2: Mean in vitro dissolution measurements for Dsuvia (A) and 
Edluar (B) DPs over a course of 24 hours (n = 4; error bars = standard 
deviation).

Figure 3: Observed (circles) and simulated (line) SUF (A) and ZOL (B) plasma 
concentration-time courses in healthy subjects following a single sublingual 
administrations of Dsuvia (A) and Edluar (B) DPs. 4, 7 (n = 35; Error bars = Standard 
deviation).

Figure 4: Predicted compartmental absorption in the oral cavity and the different gastrointestinal 
segments following SL administration (30 µg dose for SUF (A); 10 mg dose for ZOL (B)) in 
healthy subjects.

Table 2: Predicted/Observed ratios of SUF and ZOL PK 
parameters for SL simulations captured in Figure 3. 4, 7
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Aspect SUF - Dsuvia® ZOL - Edluar®

IVIVE Outcome Acceptable prediction of PK metrics (Table 
2, Figure 3)

Acceptable prediction of PK metrics (Table 2, 
Figure 3)

Intraoral Absorption (Fa_IO) ~30% of total absorption (Figure 4) Negligible (Figure 4)

Effect on Bioavailability (F%) Enhanced (oral F% ~9%, increased to 
~35% with SL) Unchanged (oral F% ~70%)

Sensitivity Analysis Mucosa thickness, holding time critical 
(Figure 5)

Minimal sensitivity (due to high baseline (i.e., oral) 
F%)

Route Comparaison
Greater systemic exposure for SL (oral 
cavity) route vs swallowed (oral) route due 
to transmucosal absorption

SL Edluar® shows same systemic PK to oral 
route; differences vs SL tablet Intermezzo® 
observed from formulation and IO hold time

Table 1: Summary of SUF and ZOL SL simulations results

Collected clinical PK data for SUF and ZOL following intravenous (IV), oral (PO) and SL 
administration collected from literature 3, 4, 5, 6, 7.

Clinical Data 

Developed in GastroPlus® v9.9 (Simulation Plus Inc., Research Triangle Park, North Carolina, 
USA) and validated against the clinical data previously collected.

Baseline PBPK Models

Enhanced with Oral Cavity Compartmental Absorption and Transit (OCCAT ) models to simulate SL 
administration of Dsuvia® [Sufentanil sublingual tablet, Eq. 0.03 mg base] (SUF) and Edluar® 
[Zolpidem sublingual tablet, Eq. 10 mg base] (ZOL).

Oral Cavity Model

Diffusivity (Dm) and unbound fraction (fut) of selected model APIs were deconvoluted from EpiOral  
assay measurements in MembranePlus  2.

Permeability Parameters

Measurements in artificial saliva (pH 6.7, 60 mL, 37°C) of Dsuvia® and Edluar®  (DPs) for 24 
hours. The Z-factor method was used to capture DP-specific dissolution.

In Vitro Dissolution Parameters 

Incorporated intraoral holding time and dosage form behavior.
Clinical Design Parameters 

Table 1 summarizes the key outcomes from the simulation 
of Dsuvia® and Edluar® DPs. 

Integrating in vitro dissolution data measured in artificial 
saliva (Figure 2) into PBPK models enabled accurate 
IVIVE predictions for both DPs (Figure 3, Table 2). PBPK 
modelling also provided additional insights on differences 
in intraoral (IO) absorption (Figure 4) and bioavailability 
between Dsuvia® (SUF) and Edluar® (ZOL).

Figure 5: PSA on mucosal thickness and oral hold time following SL administration of Dsuvia® and 
their impact on systemic Cmax and AUCt parameters

Drug Product Cmax Ratio AUCt Ratio AUCinf Ratio
SUF (30 µg) 0.73 0.81 0.89
ZOL (10 mg) 1.09 1.13 1.18

j 

I 

TV & PO Baseline PBPK 

Baseline IV Model 

/ '°' 
0 
< • ' • 2 

I 
C 

~, 
10- , 

' ' ' Tho (ho=l 

Baseline PO Model 

' ' ' 
lirm (hours) 

IV PK data PO PK data 

TM 

'" 

'" 

Oral Cavity OCCAT-PBPK 

➔ 

• • SL PK data 
Regional penneability: 

EpiOral tissue£,, and Drn ➔ 
Artificial Saliva Disso lution Integration 

Z-factor Model 

IVIVE Validation 

i 

I 

- · 

' ' 
Tirno (he<Jro) 

TM 

Sublingual PK Clinical Prediction 

Cl and V d characterization F, and F¾ characterization F, 10 and F¾ characterized 

100 

,:J 80 
Q) 
> 
0 60 <J) 
<J) 

0 40 ,?_ 
0 

20 

- 70 
_J 

E60 -Cl) 

~ 50 
C 

.0 40 -C1l 

.;:; 30 
C 

~ 20 
C 
0 
u 10 

A: Dsuvia 

I 
~11 

,, 

I 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Time (h) 

A Dsuvia - 30µg 

tf 

,:J 
Q) 
> 
0 
<J) 
<J) 

0 
,?_ 
0 

0 2 4 6 8 10 12 14 16 18 20 22 24 
Time (h) 

100 
B: Edluar 

80 90 

-~ 
60 • 

• a ,o , 
C 

40 • u 
C • ~ 28.7% 

30 
I ! 

20 
;/ 

0 

0 2 4 6 8 10 12 14 16 18 20 22 24 ,. 
Time (h) ,cJ 

0 

100 
B Edluar - 10mg 

-_J 

E - 80 
Cl) 
C 
~ 

C 60 
0 -C1l 
~ 40 -C 
Q) • " C 20 • 0 • u • • • 

0 2 4 6 8 10 12 
Time (h) 

I 

A: sufentanil 

1M% too 

- 75 
~ • 
• D 

~ 50 
42.1% • u 

C • ~ 
25 

0% 
4, ,. 

0.8% 0.2% 0.1% 0% 0% 0.4% 
0 

t if ' +" ' t' ' " ,s .. ,. 
,1' f ,i' ,,' ,,f ,, 

0 <' ,cl' 
' ◊' _,f .,s cf ,, • • o' 

Compartment 

B: zolpidem 

93.3% 

3~.8% 

10% 

0% - 3.1% 1.1 %- 0.5% 1.8% l:l% 

/ f.f .f'' .f'"" ' +' 
., I ' I' ,' 

"' ,l' o' <' 
0• OJ I #' 

,. 
rJ' 'f'-"'r, • 

Compartment 

PSA Dsuvia 
IP - TCHGBEpilhlc p ... FLRfP,Tid; ~ + llOldTtl'II, I 

1_2 x1 OE-4r --,----,----,----,---,---,----,----,----,-----, 
1.1 x15E-4 
1.1 x10E-4 
1.0 x15E-4 

J t o x10E-4 
E 9.5 x10E-5 
C) 9,0 x10E-5 
2. 8.5 x10E-6 
>< 8 0 x1 0E-5 
~ • 

E 7.5 x10E-5 
U 7,0 x10E-5 

6.5 x10E-5 
6_0 x10E-5 
5.5 x10E-5,1 ~.,-, 
5.0 x10E-5 f-~.---+--+--+-~-+--+--+--.--"l 

1.2e2 1.4e2 1.6e2 1.9e2 2.2e2 2.5e2 3.0e2 3.5e2 4.0e2 4.7e2 
Tongue-bottom Epithelium Thickness (um ) 

58.8 68.6 80. 93.3 1.1e2 1.3e2 1.Se2 1.7e2 2.0e2 2.4e2 
Floor Epithelium Thickness (um) 

2.6 2.92 3.4 3.97 4.63 5 6.4 6.3 7.35 8.57 10. 
Oral Residence Time Hold Time min 

'/:I. 
SimulationsP/us UHSP 

-
2.Sx10E.1 

2.4 x1DE-1 

.J E 2.3 X10E-1 --" 
_!_ 2.2 x1QE-1 

"' ~ = 2.1 x10E.1 
't 
0 (J 2.0 x10E-1 
:, 
,« 1_'9 x1DE-1 

1.S x1DE-1 

PSA Dsuvia 

1.2e2 1.4e2 1.6e2 1.9e2 2.2e2 2.5e2 3.0e2 3.5e2 4.0e2 4.7e2 
Tongue-bottom l=pithelium Thickness (um) 

58.8 68.6 80. 93.3 1.1e2 1.3e2 1.5e2 1.7e2 2.0e2 2.4e2 
Floor Epithelium Thickness (um) 

2.5 2.92 3.4 3,97 4.63 5 5.4 6.3 7.35 8.67 10. 
Oral Residence Time Hold Time min 

U.S. FOOD & DRUG 
ADMINISTRATION 

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/022328Orig1s000MedR.pdf

	Slide Number 1

