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Overview

• Drivers/mechanisms of long acting pharmacokinetics 

• Modelling and simulation of drug-drug interactions

• Prediction of relevant clinical scenarios

• Design of novel formulations

• Future developments and perspectives
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Flip-flop kinetics refers to when the rate of absorption of a compound is 
significantly slower than its rate of elimination from the body. Therefore, the compound's 
persistence in the body becomes dependent on absorption rather than elimination 
processes.

Long-acting ADME



Long acting ADME - Increased clearance

Oral Long-acting

Absorption > Elimination

Changes in clearance result in different 
half-life and concentrations

Absorption < < Elimination

Changes in clearance result in similar 
half-life but different concentrations
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Long acting ADME - Increased release 

Absorption < < Elimination

Changes in absorption release result in 
different half-life and concentrations
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What is modelling & simulation?

INPUT OUTPUT

EXPERIMENTAL VARIABILITY

CLINICAL

UNDERSTAND UNDERPINNING MECHANISMS

SIMULATE RELEVANT SCENARIOS

PREDICT EXPOSURE AND RISK

PRE-CLINICAL EXPOSURE

ADME

EFFICACY/TOXICITY
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DMPK
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CLINICAL APPLICATIONS

PREDICTIONS

MATHEMATICAL FRAMEWORK

MODEL TEST

MODEL QUALIFICATION

Model development and application 



Role of pharmacokinetic modelling in the 
development of long-acting

R&D
Lead selection

Preclinical Clinical Launch
Post-

licensing

Understanding of drug 
disposition

• ADME process
• Tissue penetration
• Preclinical PK

Human pharmacokinetics 
and pharmacodynamics

• Bioavailability, clearance
• Exposure/response 
relationship

Optimisation of patient 
management

• Drug-drug interaction
• Special populations
• Pharmacogenetics

SELECTION OF 
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HUMAN DOSE 
PREDICTION

SIMULATION OF 
CLINICAL 

SCENARIOS



LYMPH NODE

Lymph flow

Blood flow

Metabolism
enzymes
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barriers
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PREDICT DDI MAGNITUDE

EVALUATE RISK OF TOXICITY & LOSS 
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Integrated strategy for the prediction of DDIs



Drug-drug interaction for LA
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Pharmacokinetic IM cabotegravir (800 mg IM –
single) with and without rifampicin (600 mg 
OD oral)

AUC = -25%

Rifampin decreased the cabotegravir AUC  by 
59% and half-life by 57% (Ford et al. 2017)

Long-acting cabotegravir

Oral cabotegravir

Rajoli et al. 2019



Kinvig H et al CROI 2020 Abs 450

PBPK Modelling and Rifampicin Induction: Single dose 

Note: In 14 days DTG Cmin returns to 
approximately 80% of pre-RIF value – indicating 
that 14 days is probably sufficient to wait for 
offset of clinically relevant induction. 

Note: Greater CYP3A4 induction with 1200 v 600 
mg RIF 
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Height

Weight

BMI

Gender

Ethnicity

Age

Organ volume

Cardiac 
output

Regional 
blood flows

% of body fat Liver size

Renal 
functions

Cytochrome 
P450 expression

Plasma 
protein

Transporter 
expression

Definition of  anatomical and physiological 
characteristics – paediatric population 

3.107+(0.012*Weight^1.369))*60 
(5-18 years)

(0.004*Age^2+0.5348*Age+10.92) 
(7-18 years, male)

(271.58+0.163*Age*365)/1000 
(3-18 years, male & female) 

(1.51*BMI-0.7*Age-
3.6+1.4)*Weight/100

(7-18 years, male) 



Model validation against adult clinical data
Simulation of  theoretical PK children and adolescents

14 - 19.9 kg 25 - 29.9 kg

35 - 39.9 kg 45 - 49.9 kg

cabotegravir

65 - 69.9 kg55 - 59.9 kg 

rilpivirine

Rajoli et al. 2018



Weight (kg) Rilpivirine Cabotegravir

Oral Loading dose Maintenance dose Oral Loading dose Maintenance dose

14 - 19.9

25

250 150

10

200 100

20 - 24.9 250 200 250 100

25 - 29.9 250 200 250 100

30 - 34.9 300 250 350 150

35 - 39.9 350 300 350 150

40 - 44.9 400 300 400 150

45 - 49.9 450 350 450 150

50 - 54.9 450 400

20

450 200

55 - 59.9 500 400 500 200

60 - 64.9 500 450 550 200

65 - 69.9 550 500 600 250

Target 

concentration (ng/ml)
70 (25 mg PO Ctrough) 1370 (10 mg PO Ctrough)

Prediction of the dose (in mg) for cabotegravir and rilpivirine for different weight categories of
children and adolescents with initial 4 weeks of oral dose followed by IM loading dose and 11
maintenance doses lasting 4-weeks each Rajoli et al. 2018



Child-Pugh classification
A B C A B C A B C
Edginton et al, 

2008
Johnson et al, 

2010 Li et al, 2015
Blood flow1

Portal vein 0.4 0.36 0.04 0.91 0.63 0.55 0.72 0.6 0.13
Hepatic arterial 1.3 2.3 3.4 1.4 1.62 1.91 1.5 1.7 2.1

Renal 0.88 0.65 0.48 NA NA NA NA NA NA
Other organs 1.75 2.25 2.75 NA NA NA NA NA NA

Haematocrit value2 39 37 35 36.6 32.9 31.9 38 34 34
Functional liver mass 

or liver volume 
fraction1

0.69 0.55 0.28 0.81 0.65 0.53 0.91 0.81 0.64

Gut enzyme quantity 
(CYP3A4)1 NA NA NA 0.84 0.57 0.35 NA NA NA

Hepatic enzyme 
activity1

CYP3A4 1 0.4 0.4 0.59 0.39 0.25 NA NA NA
CYP1A2 1 0.1 0.1 0.63 0.26 0.12 NA NA NA
CYP2E1 1 0.83 0.83 0.74 0.48 0.11 NA NA NA

GFR1 1 0.7 0.36 0.7 0.58 0.55 NA NA NA
Cardiac output1 1.11 1.27 1.36 1.16 1.32 1.4 1.1 1.2 1.3

Albumin3 36.2 30.4 22.4 41.1 33.9 26.3 37.5 30.8 23.7
Glycoprotein3 0.48 0.45 0.24 0.57 0.52 0.46 NA NA NA

GFR, glomerular filtration rate, NA, not applicable; 1 = Fractions of control values, 2 = Percentage (%) and
3 = Concentration (g/L)

Effect of liver impairment on pharmacokinetics



Model validation
RPV simulations – 25mg OD
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Obserbed control

Simulated control

Simulated CP-A

Simulated CP-B

Simulated CP-C

Variables Observed Simulated AAFE

AUC (ng.hr/mL) - Control 2708 2681 1,010

AUC (ng.hr/mL) - CP-A 2844 2380 1,195

AUC (ng.hr/mL) - CP-B 3981 4987 1,252

AUC (ng.hr/mL) - CP-C 5370

Cmax (ng/mL) - Control 111 103 1,076

Cmax (ng/mL) - CP-A 106 94 1,121

Cmax (ng/mL) - CP-B 141 171 1,212

Cmax (ng/mL) - CP-C 176



Model prediction
LA RPV simulations 1200/900mg IM
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Simulated control

Simulated CP-A

Simulated CP-B

Simulated CP-C

Variables Observed Simulated AAFE / %
Fold Mean %

AUC (ng.hr/mL) - Control 209494 253706 1,21
AUC (ng.hr/mL) - CP-A 243539 -4,01% 0,95 CP-A
AUC (ng.hr/mL) - CP-B 499702 96,96% 1,96

-4,34%
AUC (ng.hr/mL) - CP-C 570883 125,02% 2,25

Cmax (ng/mL) - Control 154,4 172,2 1,12
Cmax (ng/mL) - CP-A 167,3 -2,87% 0,97 CP-B
Cmax (ng/mL) - CP-B 314,2 82,43% 1,82

94,72%
Cmax (ng/mL) - CP-C 365,3 112,09% 2,12

Ctrough (ng/mL) - Control 74,4 86,0 1,16
Ctrough (ng/mL) - CP-A 80,7 -6,14% 0,93 CP-C
Ctrough (ng/mL) - CP-B 176,2 104,78% 2,04

123,10%
Ctrough (ng/mL) - CP-C 199,8 132,21% 2,32



Other clinical scenarios

Pharmacogenetics

Penetration into 
tissues

Dose reduction and 
simplification

Management of the PK tail, 
bridging and dosing schedule



Simulation of long acting dosing - TB
IM Dose – 2000 mg/30 days IM release rate – 0.0025 h-1

Drug
AUC

(Mean ± SD)

(µg.h/ml)

Cmax

(Mean ± SD)

(µg/ml)

Ctrough

(Mean ± SD)

(µg/ml)

Cut-off limit
(µg/ml)

Bedaquiline 271 ± 65 0.72 ± 0.16 0.14 ± 0.04 1.6 (ECOFF)

Delamanid 89 ± 16 0.23 ± 0.04 0.05 ± 0.01 0.04 (ECOFF)

Rifapentine 1639 ± 160 4.12 ± 0.38 0.88 ± 0.09 0.06 (MIC)



Optimisation of dosing and formulation characteristics

A) bedaquiline B) delamanid C) isoniazid D) rifapentine





Microneedle array patches

Polymeric MAPs release their 
drug payload as they swell, 
dissolve, or biodegrade in the 
viable skin layers.

• Discreet administration at home:

• Simplified logistics and reduced 
service delivery costs

• Pain free

• Possibility of targeting lymphatic 
HIV reservoirs



Thickness / depth

Stratum corneum1 12 – 20 µm

Epidermis2 50 – 80 µm

Dermis3 300 – 4000 µm

Microneedle 300 – 400 µm

2Sandby-Moller J et al. Acta Dermato-Venereologica. 2003 Nov;83(6):410-3.

1Böhling A et al. Skin Research and Technology. 2014;20(1):50-7.

3Bergman RA et al. Atlas of Microscopic Anatomy - A Functional Approach; 1999.

Dsc

Dve

Stratum corneum

Viable epidermis

Hair 
follicles

Blood / Lymph

Free drug Drug permeation in different skin layers

KTD

KTD

KTD
KTD

KTD

KTD
KTD

PCSC/VE

PCSPCS

PSC

PVE

PHF

PHF

Drug formulation

P – permeability , PC – partition coefficient
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Intradermal 540 mg LD, 360 mg MD (1 × 10-3 h-1)

Intradermal mean Intradermal mean ± SD IM simulated mean LATTE-2 mean PK

Cabotegravir intradermal monthly vs intramuscular bimonthly



TAF MAP: 7 Days with No Loading Dose

Release Rates

0.0005 0.0025 0.005

10mg MAP with a release rates of 0.0025 h-1 and 0.005 

h-1 achieved a Cmin greater than 48 fmol/106 cells over 3 

weeks.

20mg MAP with a release rates of 0.0025 h-1 and 0.005 

h-1 achieved a Cmin greater than 48 fmol/106 cells over 3 

weeks.

30mg MAP with a release rates of 0.0025 h-1 and 0.005 

h-1 achieved a Cmin greater than 48 fmol/106 cells over 3 

weeks.



Is this approach relevant?

Extracts from FDA/EMA guidelines:

PBPK has great potential value to support benefit–risk 
evaluations

PBPK provides a mechanistic basis for extrapolation beyond the 
clinical trial population, reducing uncertainty, and enabling better 
labeling around drug–drug interactions and in special populations

“PBPK-thinking” in drug development is encouraged, as it
leads to a mechanistic understanding of the processes mediating drug 
disposition



Regulatory guidelines



Modelling limitations
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The GIGO 
Principle



APPARENTLY 
INSIGNIFICANT 
CONSTANT

SUGGESTED 
DOSE

• Complex computational framework

• Variability in experimental approaches

• In vitro in vivo extrapolation

• Unknown mechanisms

• Poorly characterised patient specific 
factors

• Inappropriate correction for experimental 
factors 

The domino-butterfly effect



• Complex computational framework

• Variability in experimental approaches

• In vitro in vivo extrapolation

• Unknown mechanisms

• Poorly characterised patient specific factors

• Inappropriate correction for experimental factors 

Model development and application 



- Description of patient characteristics

- Identification of clinical challenges

- Design of clinical studies

- Supporting rational prescription

PBPK and PK/PD 

MODELLING

Dynamic interplay 

- Description of novel ADME processes

- Optimisation of experimental methods

- In vitro in vivo extrapolation

- Use of pre-clinical models

- Integration with population-based 

models

- Inform machine learning algorithms

- Quantitative systems pharmacology

- Transfer of models across platforms

- Identification of “DDI-prone” 

candidates

- Streamline selection of drugs

- Rational design of formulations

- Transfer across platforms



Take home messages

• Mechanisms underpinning LA formulation PK are different than oral 

formulations

• Absorption rate is the main factor controlling half-life

• DDIs are different than oral drugs but are relevant

• Dose stratification for patient populations might be necessary

• Modelling is an impactful tool (with limitations!) to rationalise the 

development and clinical management of long acting formulations
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