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Interactions of antimicrobials with 
hematologic drugs in the clinical practice 

• No clinically relevant interaction 

• Important interaction: AVOID association 

• Important interaction: modify the dosage of 
the substrate drug 

• Important interaction: no specific suggestion, 
case by case evaluation 

? 



Drug-drug interaction:terminology 
 

 Substrates:  
 drugs that are metabolized as substrates 

by the enzyme 

 Inhibitors:  
 drugs that prevent the enzyme from 

metabolizing the substrates 

 Inducers:  
 drugs that increase the enzyme's ability to 

metabolize the substrates 



P-gp 

Phase I, 
CYP 

Phase II, 
UGT 

S S M G 

S 
S 

S 
P-gp 

P-gp inhibitor, 
increases the levels of 

substrate 

P-gp inducer, 
decreases the levels of 

substrate 

CYP inhibitor, increases 
the levels of substrate 

CYP inducer, decreases 
the levels of substrate 

UGT inhibitor, increases 
the levels of metabolite 

UGT inducer, decreases 
the levels of metabolite 

In general UGTs are considered less prone to drug-drug interactions 
than the CYP450m enzymes, in part because they tend to have 
lower affinity for drug substances (and inhibitors) and have 
substantial overlaps in substrate specificies. UGT-mediated human 
drug interaction studies are difficult to interpret. 

Mechanisms of pharmacokinetic  drug-drug interaction 

Frequently CYP interactions 
overlap with those of  P-gp   

Intestinal 
tract 

Lipophilic                                                                                           Hydrophilic 



• For CYP-mediated clearance: 
• CYP3A family:46% 
• CYP2C9: 16% 
• CYP2C19: 12% 
• CYP2D6: 12% 
• CYP1A family: 9% 
• CYP2B6: 2% 
• CYP2E1: 2% 

 



Metabolism of antimicrobials: antifungals 
Category Drug CYP1A2 CYP2B6 CYP2C9 CYP2C19 CYP2D6 CYP3A4 P-gp No CYP 

OR 
EXCRETI
ON 

Antifunga
ls 

Amphotericin B X 

Caspofungin Inhib X 

Micafungin X 

Anidulafungin X 

Fluconazole Inhib Inhib S 
Inhib 

Inhib X 

Itraconazole Inhib S 
Inhib 

S 
Inhib 

Posaconazole Inhib S 
Inhib 

X 

Voriconazole Inhib S 
Inhib 

S 
Inhib 

Isavuconazole S 
Inhib 

Inhib 



CYP3A4 CYP2C9 CYP2C19 P-gp 

Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate 
 

Fluconazole ++ 0 ++ 0 + + 0 0 

Itraconazole +++ +++ + 0 0 0 +++ ++ 

Voriconazole ++/+++ + + 0 ++ +++ 0 0 

Posaconazole ++ 0 0 0 0 0 ++ + 

Isavuconazole +/++ ++ 0 0 0 0 + 0 

+, mild (ratio level 1-2); ++, moderate (ratio level 2-5); +++, severe (ratio level > 5) 

Potency of cytochrome interactions for azole antifungal agents 



Interactions of antimicrobials with chemotherapy drugs I 
Pharmacokinetic data 

Category Drug CYP1A2 CYP2B6 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP3A4 CYP3A5 No CYP 
OR 
EXCRETI
ON 

Alchilating 
agents 

Cyclophosphamide 
(pro-drug) 

S IND S IND S IND S S S IND 
INHIB 

S 

bendamustine S X 

melphalan X 

chlorambucil X 

cisplatin INHIB INHIB X 

busulfan S X 

treosulfan INHIB INHIB X 

Thiotepa  
(pro-drug) 

INHIB S X 

Antimetab
olites 

methotrexate X 

fludarabine X 

clofarabine X 

cytarabine S X 

azacitidine X 

decitabine X 



Interactions of antimicrobials with chemotherapy drugs II 
Pharmacokinetic data 

Category Drug CYP1A2 CYP2C8 CYP2C9 CYP2C19 CYP2D6 CYP3A4 CYP3A5 No CYP OR 
EXCRETIO
N 

Natural 
antimitotics 

vincristine S INHIB S 

vinblastine S INHIB 
IND 

vindesine S 

etoposide S INHIB S INHIB 
IND 

S 

Antibiotics idarubicine S S INHIB 

daunorubicin S S S INHIB S INHIB IND 

doxorubicin IND S INHIB S INHIB X 

mitoxantron INHIB X 

bleomycin S X 

Other Bortezomib S INHIB S INHIB S INHIB 
 

S INHIB S INHIB 
 

Carfilzomib INHIB INHIB X 

Gentuzumab-
ozogamicin 

X 

Brentuximab-
vedotin 
(monomethyl 
auristatin E,  
MMAE) 

S INHIB X 



Interactions of triazoles with immunosuppressants used in allo-SCT 

CYP3A4 CYP2C9 CYP2C19 P-gp 

Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate Inhibitor Substrate 
 

Fluconazole ++ 0 ++ 0 + + 0 0 

Itraconazole +++ +++ + 0 0 0 +++ ++ 

Voriconazole ++/+++ + + 0 ++ +++ 0 0 

Posaconazole ++ 0 0 0 0 0 ++ + 

Isavuconazole +/++ ++ 0 0 0 0 + 0 

+, weak; ++, moderate; +++, potent 

Drug CYP2C9 CYP2C19 CYP2D6 CYP3A4 P-gp NO CYP 

Cyclosporine S S S Inhib 
Ind 

S Inhib 

Tacrolimus S Inhib S Inhib 

Sirolimus S Inhib S 

Everolimus S Inhib S 

Mychophenolate 
mofetil 

S X 

Dexamethasone S Inhib 
Ind 

S 

Methilprednisolone S Inhib S 



Interactions of antimicrobials with BCR-ABL TKIs 
Pharmacokinetic data 

Drug CYP1A2 CYP2C8 CYP2C9 CYP2D6 CYP3A4 CYP3A5 P-gp 

Imatinib S S, INHIB S, INHIB S, INHIB S S 

Dasatinib INHIB S, INHIB S 

Nilotinib S, INHIB INHIB INHIB S, INHIB INHIB 

Ponatinib S S S 

Bosutinib S 

• Strong CYP3A4 inhibitors: clarithromycin, itraconazole, voriconazole, posaconazole 
• Moderate CYP3A4 inhibitors: ciprofloxacin,  levofloxacin, fluconazole, erithomycin 
• Weak CYP3A4 inhibitors: isoniazid, azithromycin, metronidazole, caspofungin, isavuconazole 
• P-gp inhibitors:  itraconazole, posaconazole, clarithomycin, erithromycin, ofloxacin, levofloxacin 

Ketoconazole interaction in healthy subjects: 
• Imatinib: increased Cmax 1.3 fold, AUC 0-∞ 1.4 fold 
• Dasatinib: increased Cmax 3.6 fold, AUC 0-∞ 4.8 fold 
• Nilotinib: increased Cmax 1.8 fold, AUC 0-∞ 3 fold 
• Ponatinib: increased Cmax 1.5 fold, AUC 0-∞ 1.8 fold 
• Bosutinib: increased Cmax 5.2 fold, AUC 0-∞ 8.6 fold 
Rifampin interaction in healthy subjects: 
• Imatinib: decreased Cmax 54%, AUC 0-∞ 74% 
• Dasatinib: decreased AUC 0-∞ 82% 
• Nilotinib: decreased Cmax 64%, AUC 0-∞ 80% 
• Ponatinib: decreased Cmax 42%, AUC 0-∞ 62% 
• Bosutinib: decreased Cmax 14%, AUC 0-∞ 6% 

 



Interactions of antimicrobials with Ibrutinib, Idelalisib  
Pharmacokinetic data 

Drug CYP3A4 P-gp 

Ibrutinib S Inhib 

Idelalisib S Inhib 

• Strong CYP3A4 inhibitors: clarithromycin, itraconazole, ketoconazole, voriconazole, posaconazole 
• Moderate CYP3A4 inhibitors: ciprofloxacin,  levofloxacin, fluconazole, erithomycin 
• Weak CYP3A4 inhibitors: isoniazid, azithromycin, metronidazole, caspofungin, (isavuconazole?) 
• P-gp inhibitors:  itraconazole, posaconazole, clarithomycin, erithromycin, ofloxacin, levofloxacin 

Ketoconazole interaction in healthy subjects: 
• Ibrutinib: increased Cmax 29 fold, AUC 0-∞ 24 fold 
• Idelalisib: increased Cmax 1.8 fold, AUC 0-∞ 4.8 fold 
Clarithromycin interaction in healthy subjects. 
• Ibrutinib: increased AUC 0-∞ 14 fold 
Rifampin interaction in healthy subjects: 
• Ibrutinib: decreased Cmax 92%, AUC 0-∞ 90% 
• Idelalisib: decreased AUC 0-∞ 82% 

Drug Co-administration 
with strong  CYP3A4 
inhibitors 

Co-administration 
with moderate 
CYP3A4 inhibitors 
 

Co-administration 
with weak CYP3A4 
inhibitors 
 

Co-administration 
with CYP3A4 inducers 
 

Ibrutinib Avoid, if not possible 
reduce TKI dosage 

Avoid, if not possible 
reduce TKI dosage 
 

No dosage reduction 
required 
 

Avoid.  

Idelalisib No dosage reduction 
required 

No dosage reduction 
required 

No dosage reduction 
required 

Avoid 

Clinical implications 



Interactions of antimicrobials with FLT-3 inhibitors 
Pharmacokinetic data 

Drug CYP3A4 P-gp 

Midostaurin S 

Sorafenib S inib 

• Strong CYP3A4 inhibitors: clarithromycin, itraconazole, ketoconazole, voriconazole, posaconazole 
• Moderate CYP3A4 inhibitors: ciprofloxacin,  levofloxacin, fluconazole, erithromycin 
• Weak CYP3A4 inhibitors: isoniazid, azithromycin, metronidazole, caspofungin, isavuconazole 
• Strong/moderate CYP2C9 inhibitors: fluconazole 
• P-gp inhibitors:  itraconazole, posaconazole, clarithomycin, erithromycin, ofloxacin, levofloxacin 

Ketoconazole interaction in healthy subjects: 
• Midostaurin: increased Cmax 1.8 fold, AUC 0-∞ 10 fold 
• Sorafenib: no interaction observed 
Rifampin interaction in healthy subjects 
• Midostaurin: decreased Cmax 4 fold, AUC 0-∞ 13 fold 
• Sorafenib: 37% reduction of the AUC 

Drug Co-dministration 
with strong  
CYP3A4 
inhibitors 

Co-dministration 
with moderate 
CYP3A4 
inhibitors 

Co-dministration 
with weak 
CYP3A4 
inhibitors 

Co-dministration 
with CYP3A4 
inducers 

Co-dministration 
with P-gp 
inhibitors 
 

Midostaurin Avoid Avoid ??? 
 

Avoid No dose 
adjustment 
required 

Sorafenib No implication No implication No implication No implication Dose 
adjustment?? 

Clinical implications 





Fluconazole inhibits CYP2C9 and CYP3A4, which are involved with the activation of CY 





Ciprofloxacin and 
fluconazole prophylaxis 

???????????? 



Drug-drug interactions of triazoles in hematology 

Cyclophosphamide 
Idarubicin 

CYP-2C9 substrates 

Bortezomib 

CYP-2C19 substrates 

Cyclophosphamide 
Busulfan, Thiotepa 

Vinca alcaloids, Etoposide 
Daunorubicin 
Bortezomib 

BCR-ABL TKIs 
Ibrutinib, Idelalisib 

Calcineurin inhibitors 

CYP-3A4 substrates 

Fluconazole 

Itraconazole 

Posaconazole 

Voriconazole 

Isavuconazole 

Severe inhibition Moderate inhibition Mild inhibition 











Prolungamento intervallo QT 
 

 predispone sviluppo torsioni di punta (TdP - gravi tachiaritmie 
ventricolari), sincope e morte cardiaca improvvisa 
 
 effetto noto per antiaritmici, ma poco conosciuto per farmaci con 
indicazioni non cardiache (antibiotici, antimicotici, farmaci SNC, 
antimalarici…) 

 Formula di Bazett: 

 QT: marker surrogato tossicità a scopo regolatorio (TdP rare da osservare) 

Fattori di rischio più frequentemente individuati: 
 

 sesso femminile 
 patologie cardiache (ipertrofia cardiaca, insufficienza cardiaca cronica, 
cardiomiopatie) bradicardia e fibrillazione atriale 
 sindrome del QT lungo congenito 
 bassi livelli ematici K, Ca, Mg 
 elevati livelli ematici di farmaco (sovradosaggio o ridotto metabolismo) 

 
 Interazioni tra farmaci 

 
1. uso concomitante di farmaci che prolungano QT (farmacodinamiche) 

 
2. inibizione del metabolismo del farmaco con azione sul QT e 

conseguente aumento dei suoi livelli plasmatici (farmacocinetiche) 

v.n. 0,3 – 0,45 sec 



List of drugs frequently used in hematologic patients that prolong 
QTc and/or cause torsades de pointes (TdP)  

Antimicrobials Other drugs 

Azithromycin Arsenic trioxide 

Ciprofloxacin Bortezomib 

Clarithromycin Bosutinib 

Erithromycin Dasatinib 

Fluconazole Nilotinib 

Foscarnet Sorafenib 

Itraconazole Tacrolimus 

Levofloxacin 

Metronidazole 

Moxifloxacin 

Posaconazole 

Voriconazole 

http://www.azcert.org/medical-pros/drug-lists/drug-lists.cfm 

• known risk of TdP;  
• prolong the QT interval and 

therefore have a possible tisk of 
TdP (no  strong evidence) 

• conditional risk of TdP that is, 
under certain conditions such as 
overdose, drug - drug interactions 
or when administered to certain 
high-risk individuals (e.g. 
congenital long QT syndrome). 
 

All drugs:avoid in congenital long QTc 




