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Can we predict magnitude and 

relevance of  DDIs?



• Variety of different mechanisms underpinning DDIs

• Effects on efficacy and potential toxicity

• Effect of comorbidities on drug disposition

• Aging population of HIV patients

• Other special populations

• Increasing frequency of polypharmacy

• Complex therapies

• Constant “flow” of new agents

Why are DDIs complex? 
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Is this approach working?

Yamashita et al 2013

Tod et al 2016

Ohno et al 2006

Goutelle et al 2013

Ohno et al 2008

Castellan et al 2013
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18/465 predictions 
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Experimental methods to characterise drug-drug 

interactions

Intestinal absorption

Hepatobiliary elimination

Swift et al 2010

Protein binding in plasma

Transporter activity

Renal elimination
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Repaglinide, pioglitazone, montelukast and paclitaxel = substrates CYP2C8 +

CYP3A4

Efavirenz = inducer CYP3A4 and inhibitor CYP2C8

Aim = to predict PK and relative DDIs and to simulate potential dose adjustment to

overcome DDI





FIRST PASS METABOLISM

SYSTEMIC CLEARANCE

ORAL IM

Pharmacokinetic IM cabotegravir (800 mg IM) 

with and without rifampicin (600 mg OD oral)

AUC = -25%

Rifampin decreased the cabotegravir area 

under the concentration-time curve from 0 

h to infinity and the half-life by 59% and 

57%

Long-acting cabotegravir

Oral cabotegravir





For Groups 1, 2, 3, and 4, 62, 50, 44, 

and 43% of model-predicted AUCRs, 

respectively, were within a predefined 

threshold of 1.25-fold of observed 

values (0.8–1.25x)

When the threshold was widened to 

twofold, the values increased to 100, 

80, 81, and 86% (0.5–2.0x).





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

“Drug interactions” + PBPK results in around 260 hits on NCBI



Relevance of  DDI magnitude

Sensitive substrates: increase in AUC of ≥5-fold with strong 

inhibitors 

Moderate sensitive substrates:  increase in AUC of ≥2 to 

<5-fold with strong inhibitors

Strong and moderate inhibitors are drugs that increase the 

AUC of sensitive substrates ≥5-fold and ≥2 to <5-fold.

Strong and moderate inducers decreases the AUC of 

sensitive substrates by ≥80% and ≥50% to <80%.

Clinical Drug Interaction Studies - Study Design, Data Analysis, and Clinical 
Implications - Food and Drug Administration - October 2017



PK/PD and therapeutic index

The therapeutic index (TI) — which is typically 
considered as the ratio of the highest exposure to the 
drug that results in no toxicity to the exposure that 
produces the desired efficacy



Age related changes/special populations

Polypharmacy and complex therapies

Pharmacogenetics

Penetration through barriers

Pregnancy and brestfeeding

Integration in clinical scenarios



Plasma protein binding
CYPs expression
GI physiology

Blood flows
Organ volume

Blood flows
Organ volume
Organ function CYPs expression

GI physiology
Blood flows
Organ volume
Organ function



COMORBIDITIES

RENAL IMPAIRMENTS

AGE

PREGNANCY



Regulatory guidelines





Challenges and limitations

• Reliability of input data (clinical & experimental)

• Full understanding of molecular mechanisms underpinning DDIs

• Qualification and refinement of the modelling approach

• Assumptions and structure of the computational environment

• Model reproducibility

• Special populations

• New routes of administration



ADME UNDERSTANDING

Predict DDI magnitude

PK-PD analysis

Identification of dose 
adjustments

Rational design of 
future studies

Prescription tools
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