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Introduction (Plan)

• Almost all TKIs are substrates of cytochromes P450 3A4 (CYP3A4)

• Drug-Drug-Interaction (DDI) is one of the rationale for their TDM

• DDI with clinical impact: those due to either an inhibitor (e.g., antifungal azoles) or 
inducer (e.g., rifamipicin) of their metabolism (CYP3A4 isoenzyme)

• However, this DDI does not impact the same pharmacokinetic (PK) parameter for all 
TKIs

• Moreover, the extent of this DDI is very different from one TKI to another

• Clinical implications of these differences
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TDM of imatinib in Chronic Myeloid Leukemia and GIST

Blood 2007

Trough C = Cmin,ss for patients all 
treated by 400 mg/day
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TDM of cabozantinib in metastatic renal cell carcinoma

Cmin,ss: >536 (efficacy) and <617 µg/L (toxicity)

CYP3A4 inhibitors and inducers have an impact on TKIs concentrations:
DDI clinical trials  (EMA guidelines) are mandatory
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TKIs as victim of inducers: e.g. Ibrutinib vs. Imatinib
Decrease of AUC by:
7-fold (ibrut) vs. 4-fold (imat)

alone
alone

with rifampicinwith rifampicin

AUC =
F . Dose

CL

T1/2 =
0.7 .Vd

CL 









F: oral bioavailability
CL: elimination clearance
T1/2: elimination half-life

Log scale !
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TKIs as victim of inhibitors: e.g. Ibrutinib vs. Imatinib
Increase of AUC by:
= 26.2-fold (ibrutinib) vs. 1.4-fold (imatinib)

alone

alone

with ketoconazole

with ketoconazole
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Link between extent of DDI and oral bioavailability: 
lower F is associated with higher DDI

drug Oral F
AUCinD/

AUC
AUCinH/

AUC

ibrutinib 0.04 0.15 26.20

ceritinib 0.25 0.30 2.90

acalabrutinib 0.25 0.21 4.96

nilotinib 0.30 0.18 3.11

bosutinib 0.34 0.08 8.15

alectinib 0.37 0.26 1.75

crizotinib 0.43 0.18 3.16

entrectinib 0.50 0.23 6.04

axitinib 0.58 0.21 2.06

mean 0.34 0.20 6.48

drug Oral F
AUCinD/

AUC
AUCinH/

AUC

erlotinib 0.59 0.31 1.69

gefinitib 0.59 0.17 1.58

vemurafenib 0.64 0.53 1.31

ponatinib 0.65 0.37 1.66

osimertinib 0.70 0.20 1.26

lorlatinib 0.81 0.15 1.42

afatinib 0.92 0.67 1.47

ruxolitinib 0.95 0.30 1.91

imatinib 0.98 0.26 1.38

mean 0.76 0.33 1.52

more impact of DDI than for

Lower F Higher F

30 June to 2 July 2022 European Conference of Oncology Pharmacy

AUC with inducer/AUC alone vs. F

R² = 0,2067
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R² = 0,5658
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AUC with inhibitor/AUC alone vs. F

0

1

2

3

4

5

6

7

8

9

10

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0

A
U

C
in

h
/A

U
C

Oral bioavailability (F)

High extent of  DDI

Low extent of  DDI

poor full

No 
interaction



22.07.2022

7

30 June to 2 July 2022 European Conference of Oncology Pharmacy

DDI due to CYP3A4 induction or inhibition:
Why the changed PK parameter (CL or F) depends on F value ?
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Other
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Hepatic extraction ratio:

EH =
𝐂𝐚𝐫𝐭𝐞𝐫𝐢𝐚𝐥− 𝐂𝐯𝐞𝐧𝐨𝐮𝐬

𝐂𝐚𝐫𝐭𝐞𝐫𝐢𝐚𝐥

value from low (<30%) (e.g., imatin.) 
to high (>70%) (e.g., ibrutinib)

CL = EH . QH

Oral F  1 – EH

EH depends of the affinity of the drug
(TKI) for the enzyme (CYP3A4)

enzymes

Hepatic blood
flow: QH

Cvenous
Carterial
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Hepatic extraction ratio:

EH =
𝐂𝐚𝐫𝐭𝐞𝐫𝐢𝐚𝐥− 𝐂𝐯𝐞𝐧𝐨𝐮𝐬

𝐂𝐚𝐫𝐭𝐞𝐫𝐢𝐚𝐥

value from low (<30%) (e.g., imatin.) 
to high (>70%) (e.g., ibrutinib)

CL = EH . QH

Oral F  1 – EH

Change of EH due to an inducer
(increase of the enzyme expression) or 
inhibitor (decrease of activity or affinity)

Low (<30%) EH (e.g., imatinib): CL is
changed

High (>70%) EH (e.g., ibrutinib): CL is
 unchanged ( hepatic blood flow) 
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But, considering only the hepatic first-pass effect does not explain
the link: 
a higher extent of DDI is associated with poor oral bioavailability
e.g., if rifampicine increases the expression of CYP3A4 by 4-fold:

for TKIs with high F (low EH): CL increases by 4-fold (and F is  unchanged)

for TKIs with low F (high EH): F decreases by 4-fold (and CL is  unchanged)

Should be associated with a 
decrease of AUC by 4-fold for 
both drugs

AUC =
F . Dose

CL
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Link between F and the extent of the DDI: two hypotheses

Hypothesis 1: “other enzymes are involved or not”

• TKIs with high EH (and then low F) has a strongest affinity for CYP3A4 than those
with low EH (high F)  those with low EH are metabolised by other enzymes not (or 
less) affected by inducers/inhibitors

e.g., ibrutinib (mainly CYP3A4) vs. erlotinib (both CYP3A4 and CYP1A2) 

drug Oral F
AUCinD/

AUC
AUCinH/

AUC

ibrutinib 0.04 0.15 26.20

drug Oral F
AUCinD/

AUC
AUCinH/

AUC

erlotinib 0.59 0.31 1.69

drug Oral F
AUCinD/

AUC
AUCinH/

AUC

imatinib 0.98 0.26 1.38

… but, imatinib (mainly CYP3A4)
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• TKIs with high EH have (also) a
significant intestinal first-pass
metabolism (EG) since CYP3A4
is also expressed in the
enterocyte

• Their enteric extraction ratio
(EG) is also affected by
inducers/inhibitors

• This additional site of DDI is
associated with a higher
extent of DDI (e.g., ibrutinib)

2nd hypothesis : « there is also an intestinal first-pass effect or not »
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2nd hypothesis

Other TKIs with a significant
loss in digestive tractus (e.g., 
pazopanib): low F due to poor
solubility
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Pazopanib: low oral bioavailability (F) due to poor solubility in digestive tractus

R² = 0,5658
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• Food effect: higher F with meal vs. fasted condition

• DDI with gastric acid-suppressive agents (e.g., Proton Pump Inhibitors)

With gastric acid-suppressive agent

Pazopanib: low oral bioavailability (F) due to poor solubility in digestive tractus
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Clinical implications (conclusion 1/2)

• Understanding the mechanism of DDI allows pharmacists to anticipate the extent of 
the interaction, and the final recommendation (contra-indication vs. change of dose)

• Interindividual variability of the extent of DDI justifying Therapeutic Drug Monitoring 
(TDM) of TKIs: e.g., 

Increase of AUC by 1.4-fold (imatinib) in average
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Clinical implications f/u (conclusion 2/2)
• TDM by on Bayesian analysis: Cmin,ss or limiting sampling strategy to estimate whole

exposure (AUC,ss)

choice of the “structural” PK model: 

CL affected by DDI perpetrator vs. F affected by DDI perpetrator ; is it an issue ?

• Another DDI issue: DDI and binding of TKI to plasma protein (albumin, α1-glycoprotein
acid): no clinical implications (unchanged unbound C, Cu) but should be taken into account
with TDM (increased unbound fraction, fu) : low total concentration (C), but optimal Cu

An open-source R package for maximum a posteriori Bayesian

estimation of pharmacokinetic parameters: mapbayr

Félicien Le Louedec et al


