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SUMMARY

Vancomycin and fluconazole are frequently coadministered in hospitalized patients with mixed or sus-
pected fungal-bacterial infections. Although traditionally considered pharmacokinetically independ-
ent, emerging evidence suggests that active tubular secretion contributes to vancomycin renal clearance
and that azole antifungals may inhibit renal drug transporters involved in this process. In hospital prac-
tice, variability in vancomycin exposure and nephrotoxicity during combined antibacterial-antifungal
therapy highlights the need to explore non-classical interaction mechanisms. We describe the physio-
logical and pharmacokinetic rationale supporting a transporter-mediated interaction hypothesis, illus-
trated through a conceptual model and a synthesis of relevant renal transporters. Recognition of this
mechanism may improve interpretation of therapeutic drug monitoring and prevention of renal toxicity
in vulnerable patients receiving combination therapy.
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RESUMEN

Modulacién de transportadores renales por fluconazol y posible impacto en la farmacocinética de
vancomicina: implicaciones para la monitorizacion terapéutica

La coadministracion de vancomicina y fluconazol es frecuente en pacientes hospitalizados con infeccio-
nes mixtas o riesgo de coinfeccién fiingica. Aunque tradicionalmente se consideran farmacos sin inter-
accion farmacocinética relevante, la evidencia emergente sugiere que la secrecidn tubular activa contri-
buye al aclaramiento renal de vancomicina y que los azoles pueden inhibir transportadores implicados
en este proceso. En la practica clinica hospitalaria, la variabilidad en la exposicion a vancomicina y la
aparicion de nefrotoxicidad durante terapias combinadas antibacterianas-antifiingicas plantean la ne-
cesidad de explorar mecanismos no clasicos de interaccidon. Se presenta el marco fisiopatoldgico y far-
macocinético que sustenta la hipotesis de una interaccién mediada por transportadores renales, ilus-
trada mediante un modelo conceptual y la sintesis de transportadores implicados. El reconocimiento de
este mecanismo puede mejorar la interpretacion de la monitorizacion farmacocinética y la prevencion
de toxicidad renal en pacientes vulnerables.
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RESUMO

Modulacao de Transportadores renais pelo fluconazol e possivel impacto na farmacocinética da van-
comicina: Implica¢des para monitoramento terapéutico

A coadministragao de vancomicina e fluconazol € comum em pacientes hospitalizados com infec¢oes
mistas ou com risco de coinfec¢do fungica. Embora tradicionalmente se considere que esses farmacos
nao apresentam interacdo farmacocinética relevante, evidéncias emergentes sugerem que a secrecao tu-
bular ativa contribui para a depuragao renal da vancomicina e que os azdis podem inibir transportado-
res envolvidos nesse processo. Na pratica clinica hospitalar, a variabilidade na exposigao a vancomicina
e a ocorréncia de nefrotoxicidade durante terapias combinadas antibacterianas e antifungicas destacam
a necessidade de explorar mecanismos de interacao nao classicos. O arcabougo fisiopatoldgico e farma-
cocinético que sustenta a hipdtese de uma interacdo mediada por transportadores renais é apresentado,
ilustrado por um modelo conceitual e pela sintese dos transportadores envolvidos. O reconhecimento
desse mecanismo pode aprimorar a interpretagdo do monitoramento farmacocinético e a prevengao da
toxicidade renal em pacientes vulneraveis.

Palavras-chave: Vancomicina; fluconazol; interacdes medicamentosas; nefrotoxicidade; farmacociné-
tica; monitoramento terapéutico.

Vancomycin remains a cornerstone therapy for severe infections caused by resistant Gram-
positive cocci, whereas fluconazole is one of the most widely used antifungal agents in hospi-
talized patients, particularly those who are immunocompromised or exposed to prolonged
antibiotic therapy. Concomitant administration of both drugs is common in routine hospital
practice, especially in intensive care units and in patients with complex infections. Tradition-
ally, this combination has been considered pharmacokinetically neutral, as both compounds
are predominantly eliminated via the kidneys without significant metabolism.

However, clinical experience indicates that systemic exposure to vancomycin shows con-
siderable variability even when dose adjustments are based on renal function. Moreover, van-
comycin-associated nephrotoxicity correlates more strongly with exposure (AUC) than with
administered dose, suggesting that factors beyond glomerular filtration may modulate its
clearance [1].

Experimental and translational evidence indicates that renal handling of hydrophilic an-
tibiotics involves not only glomerular filtration but also active tubular secretion mediated by
membrane transporters in the proximal tubule. The main transporters involved include or-
ganic anion transporters (OAT1/OAT3) at the basolateral membrane and apical efflux trans-
porters such as P-glycoprotein (P-gp) and MRP2/MRP4. Inhibition of these systems can reduce
tubular secretion and decrease total renal clearance [2,3]. Table 1.

Table 1. Main renal transporters involved in tubular drug secretion.

Transporter Tubular location Representative substrates
OAT1 / OAT3 Basolateral membrane -lactams, NSAIDs

OCT2 Basolateral membrane Metformin, cimetidine
P-gp Apical membrane Digoxin, vancomycin
MRP2 / MRP4 Apical membrane Antivirals, cytotoxics
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Fluconazole has demonstrated inhibitory activity on several transporters, including P-gp and
organic anion transport systems, at clinically relevant concentrations [3]. This effect suggests
a potential non-classical pharmacokinetic interaction mechanism: inhibition of tubular efflux
of vancomycin by fluconazole could reduce the secretory fraction of renal clearance, shifting
elimination toward a predominantly filtration-dependent pattern and increasing systemic ex-
posure.

Figure 1 illustrates the conceptual model of this interaction. From a pharmacokinetic per-
spective, total renal clearance equals the sum of glomerular filtration and tubular secretion.
Even a moderate reduction in tubular secretion may increase vancomycin AUC, particularly
in patients with limited renal reserve. This mechanism is consistent with the pathophysiology
of vancomycin nephrotoxicity, which involves intracellular accumulation in proximal tubular
cells and exposure-dependent mitochondrial oxidative damage [4].
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Figure 1. Conceptual model of transporter-mediated interaction between fluconazole and vancomycin.
Inhibition of tubular secretion transporters may reduce vancomycin renal clearance and increase its
systemic exposure and nephrotoxicity risk.

In clinical practice, the plausibility of this mechanism is supported by three converging obser-
vations. First, vancomycin toxicity correlates with exposure metrics rather than with baseline
renal function alone [1]. Second, azoles are recognized modulators of renal transporters [3].
Third, vulnerable hospitalized patients —older age, chronic kidney disease, polypharmacy, or
combined antimicrobial therapy —have reduced tubular transport reserve and increased sus-
ceptibility to pharmacokinetic perturbations.

In this context, even partial inhibition of tubular secretion could translate into clinically
relevant increases in exposure that are often attributed to fluctuations in renal function or in-
terindividual variability. This phenomenon may contribute to unexpected supratherapeutic
concentrations during therapeutic drug monitoring, particularly in combined antibacterial—-
antifungal regimens [5].

From a hospital pharmacy and public health perspective, recognition of transporter-me-
diated interactions has practical implications. Interpretation of vancomycin concentrations
should consider not only renal function and dosing, but also the coadministration of drugs
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that modulate tubular transport. Accordingly, in high-risk patients, closer monitoring or pre-
ventive dose adjustments may be warranted when systemic azoles are co-prescribed.

Although the clinical magnitude of this interaction is likely modest under normal physi-
ological conditions, it may become relevant in vulnerable populations. The proposed hypoth-
esis integrates pharmacokinetics, transporter biology, and clinical observation, and suggests
that prospective studies evaluating vancomycin clearance during azole coadministration
could clarify its true impact and improve therapeutic drug monitoring strategies.

In conclusion, modulation of renal transporters by fluconazole represents a plausible
mechanism for increased vancomycin exposure and nephrotoxicity risk in hospitalized pa-
tients. Consideration of this mechanism may improve interpretation of pharmacokinetic vari-
ability observed in clinical practice and contribute to safer use of combined antimicrobial ther-
apies.
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