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Background and objectives: Posaconazole is used as prophylaxis of invasive fungal disease in immune-compro-
mised haematological patients with prolonged neutropenia after intensive chemotherapy. During routine thera-
peutic drug monitoring of posaconazole, we repeatedly observed low posaconazole serum concentrations in
patients that were concomitantly treated with flucloxacillin. A possible interaction between flucloxacillin and
posaconazole was explored in this case series.

Patients and methods: Posaconazole trough serum concentrations during and before/after flucloxacillin treat-
ment were collected from 10 patients.

Results: With a median concentration of 0.5 mg/L (IQR 0.3-0.6), the posaconazole trough serum concentration
decreased by 47% during flucloxacillin treatment compared with the concentration before/after flucloxacillin
treatment (0.9 mg/L, IQR 0.6-1.3). As a result, the posaconazole target trough concentration of >0.7 mg/L
was only achieved in five out of nine patients during flucloxacillin treatment.

Conclusions: Careful monitoring of posaconazole serum trough concentrations is recommended when con-

comitant use of flucloxacillin cannot be avoided.

Introduction

Invasive fungal disease (IFD) is one of the primary causes of morbid-
ity and mortality in immune-compromised haematological pa-
tients with prolonged neutropenia after intensive chemotherapy.*
Therefore, antifungal prophylaxis is warranted. Posaconazole is a
triazole antifungal used as prophylaxis for IFD in this patient group.
Therapeutic drug monitoring (TDM) of posaconazole is recom-
mended considering the large intra- and inter-individual variability
in posaconazole exposure and the relationship between a minimal
trough serum concentration of 0.7 mg/L and efficacy.*”
Posaconazole follows linear kinetics in therapeutic doses (sin-
gle dosing of up to 400 mg and multiple dosing of up to 300 mg).
Therefore, dose elevations normally lead to a linear increase of
posaconazole trough concentration.*> Recently, we observed
remarkably low posaconazole serum concentrations in multiple
patients during routine TDM. Posaconazole concentrations re-
mained below the target concentration of >0.7 mg/L despite
dose elevations and switch to IV administration. The cause for
these low concentrations could not be ascribed to factors that

are known to reduce posaconazole concentrations, such as cer-
tain co-medication and mucositis.> Notably, these patients
were treated with flucloxacillin at the moment the low concen-
trations were measured. Recently, Verfaillie et al.® described a
similar case in which a decreased posaconazole serum concen-
tration was observed in a patient during flucloxacillin treatment.

To explore the frequency and characteristics of this potential
interaction, we performed a retrospective study investigating
the effect of flucloxacillin on posaconazole trough concentration
in patients with haematological malignancies.

Patients and methods

Patient selection

Patients from the Haga Teaching Hospital, The Netherlands, with at least
one posaconazole trough concentration measurement during flucloxacil-
lin treatment or within 7 days after flucloxacillin treatment between
January 2017 and August 2022 were selected. Posaconazole concentra-
tions other than trough concentrations were excluded. We obtained a
waiver for the Medical Research Involving Human Subjects Act from the
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Medical Ethical Review Committee (METC) of Leiden Den Haag Delft
(METC-number N22.063). No informed consent from the included pa-
tients was needed.

Data collection

Data about sex, age, indication, dose, drug formulation and route of ad-
ministration of posaconazole and flucloxacillin, posaconazole serum con-
centrations, occurrence of mucositis and co-medication with inducers of
cytochrome P450 (CYP) enzyme CYP3A4, UDP-glucuronosyltransferase
(UGT) enzyme UGT1A% or the transporter P-glycoprotein (P-gp) were col-
lected from the hospital’s electronic information system.

Data analysis

To explore the effect of flucloxacillin on posaconazole concentration, the
median concentrations were compared between two primary compari-
son groups consisting of all concentrations measured during flucloxacillin
treatment and all concentrations measured before/after flucloxacillin
treatment. Concentrations were normalized for the posaconazole dose
by dividing the concentration by the dose followed by multiplication
with the standard daily dose of 300 mg.

We expected a delay in normalization of posaconazole concentrations
after discontinuation of flucloxacillin treatment due to the time needed
for posaconazole to reach steady state and the possibility of a prolonged
effect of flucloxacillin. Therefore, two secondary comparison groups were
formed by placing posaconazole concentrations measured within 1 week
after flucloxacillin treatment into the ‘during flucloxacillin treatment’
group mentioned above. Other analyses included evaluation of the inter-
individual difference in effect of flucloxacillin on posaconazole concentra-
tions for patients with at least one concentration measured during and
before/after flucloxacillin treatment, and evaluation of the effect of route
of administration (oral versus IV) of flucloxacillin on posaconazole
concentration.

Results

In total, 11 patients met the inclusion criteria. After data valid-
ation, one patient was excluded due to incorrectness of posacon-
azole trough concentration measurements. In the remaining 10
patients, a total of 47 posaconazole concentrations were avail-
able for descriptive analyses (Table 1). For two patients, only con-
centrations during flucloxacillin treatment were available.
Concentration measurements of Patient 10 were not included
in the primary comparison groups as for this patient no posacon-
azole concentrations were measured during flucloxacillin treat-
ment. All patients were treated prophylactically with modified
released posaconazole tablets, starting with a loading dose of
300 mg twice daily followed by a maintenance dose of 300 mg
once daily. In six patients, posaconazole dose and/or route of ad-
ministration was adjusted based on measured concentrations.
Treatment with flucloxacillin varied in dose and route of adminis-
tration depending on indication, but the dose remained un-
changed for each patient. The occurrence of mucositis was
equally distributed between the two primary comparison groups
(Table S1, available as Supplementary data at JAC Online).
Posaconazole concentrations during IV and oral posaconazole
treatment were also equally distributed between the two pri-
mary groups (Table S2). During posaconazole treatment, none
of the patients were treated with inducers or inhibitors of
CYP3A4, UGT1A4 or P-gp.

Table 1. Patient characteristics

Number of posaconazole trough
concentration measurements

Flucloxacillin treatment

Posaconazole treatment

Underlying

ge

A
(years)

disease

Sex

Patient

After
flucloxacillin

During

flucloxacillin

Before
flucloxacillin

Total daily dose

Total daily dose

and route of

and route of

treatment treatment

Indication administration treatment

administration

Indication

Cellulitis leg 4000 mg 1V

Prophylaxis 300 mg PO

Male 33 AML
MDS

1
2

4000 mg IV

S. aureus wound

Prophylaxis 300-400 mg PO

66

Male

infection
S. aureus bacteraemia

S. aureus bacteraemia
Furuncle pubic area

12000 mg IV

axis 300-600 mg PO

12000 mg IV

axis 300-600 mg PO/IV

axis 300 mg PO
axis 300 mg PO

4000 mg IV
10000 mg IV

S. aureus bacteraemia

Phlebitis arm

4000 mg PO
4000 mg PO

axis 300-600 mg PO

axis 300 mg PO

Phlebitis arm

Prophy
Prophy
Prophy
Prophy
Prophy
Prophy

61 ALL

Male

3

AML
A

A
34

73

Female

ML

Female
Male

AML
AML

6
7

45

Male

Lymphoblastic

75

Female

lymphoma

AML
AML

2000 mg PO
4000 mg PO

Phlebitis hand

Prophylaxis 300-400 mg PO/IV
Prophylaxis 200-400 mg PO

67

Female

Ecthyma face

Female 47

10

ALL, acute lymphocytic leukaemia; AML, acute myeloid leukaemia; MDS, myelodysplastic syndrome; PO, oral administration.
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Figure 1. Dose-corrected posaconazole trough concentration before/after versus during flucloxacillin treatment. (a) Boxplots of the two primary com-
parison groups (dose-corrected posaconazole trough concentrations measured before/after flucloxacillin treatment versus during flucloxacillin treat-
ment). Posaconazole trough concentrations of Patients 1-9 are included in the boxplots. The y-axis shows the dose-corrected posaconazole trough
concentration in mg/L. The x-axis shows the moment of posaconazole concentration measurement in relation to flucloxacillin treatment. (b)
Individual median dose-corrected posaconazole trough concentration of the two primary comparison groups (before/after flucloxacillin treatment
and during flucloxacillin treatment) for seven patients. On the y-axis the median dose-corrected posaconazole trough concentration is shown in
mg/L. The x-axis shows the moment of posaconazole concentration measurement in relation to flucloxacillin treatment. This figure appears in colour
in the online version of JAC and in black and white in the print version of JAC.

Comparison of the posaconazole concentrations in the two posaconazole concentration during concomitant flucloxacillin
primary groups showed that the median dose-corrected treatment was 47% lower than before/after flucloxacillin
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treatment: 0.5 mg/L (IQR 0.3-0.6) and 0.9 mg/L (IQR 0.6-1.3), re-
spectively (Figure 1a and Table S3). A difference of 62% was ob-
served between the two secondary groups: the median
dose-corrected posaconazole concentrations during/within
1 week after concomitant flucloxacillin treatment and before/at
least 1 week after flucloxacillin treatment were 0.4 mg/L (IQR
0.3-0.6) and 1.1 mg/L (IQR 0.6-1.3), respectively (Figure Sla
and Table S3).

Further exploration of the two primary groups revealed that
before/after flucloxacillin treatment target concentrations were
achieved in 73% of the measurements. During concomitant flu-
cloxacillin treatment, target concentrations were reached in 28%
of the measurements. Similarly, only five out of nine patients
eventually reached the target concentration when concomitant-
ly treated with flucloxacillin while all patients reached the target
concentration when not concomitantly treated with flucloxacillin
(Table S3). Dose adjustments needed to reach the target concen-
tration during flucloxacillin treatment varied among patients;
whereas for Patient 2 a dose elevation to 400 mg oral led to a
trough concentration >0.7 mg/L, Patients 4 and 7 needed dose
elevations to 300 mg IV flucloxacillin twice daily.

For seven patients, posaconazole concentrations both during
and before/after concomitant flucloxacillin treatment were avail-
able. In five patients, the median concentration decreased during
flucloxacillin treatment compared with before/after flucloxacillin
treatment. In two patients, an increase was observed during flu-
cloxacillin treatment (Figure 1b).

In the secondary comparison group consisting of 23 posacon-
azole concentrations measured during/within 1 week after
concomitant flucloxacillin treatment, none of the seven concen-
trations reached the target concentration when flucloxacillin was
orally administered. When flucloxacillin was administered 1V,
6 out of 16 (38%) concentrations reached the target.

Discussion

In this case series we demonstrated a substantial decrease in
posaconazole trough concentration during flucloxacillin treat-
ment in haematology patients. As a result, only five out of nine
patients reached the posaconazole target trough concentration
of >0.7 mg/L when concomitantly treated with flucloxacillin, des-
pite increasing the posaconazole dose. This observation is an im-
portant warning for the simultaneous use of posaconazole and
flucloxacillin in patients that are dependent on adequate IFD
prophylaxis or treatment.

To date, the exact mechanism of the observed interaction be-
tween posaconazole and flucloxacillin is unknown. One possible
explanation is an increased metabolism and/or elimination of
posaconazole by flucloxacillin. An in vitro study demonstrated
that flucloxacillin activates the nuclear hormone pregnane X re-
ceptor (PXR).” PXR induces the expression of P-gp and several en-
zymes including CYP and UGT.%? As posaconazole is both inhibitor
and substrate for P-gp and for 17% metabolized predominantly
by UGT1A4-glucoronidation, activation of PXR by flucloxacillin may
be the cause of decreased posaconazole concentration.!?™?
Several studies and case reports have suggested this theory as
the mechanism for the interaction between flucloxacillin and vari-
ous P-gp, CYP and UGT substrates including the other triazole anti-
fungal voriconazole.”'*"'” Besides for flucloxacillin, similar

observations were described for other isoxazolyl penicillins, which
implies this interaction may be a class effect.'*'® An alternative
explanation for the interaction is alteration of protein binding of
posaconazole by concomitant flucloxacillin use as a result of bind-
ing competition, potentially leading to more unbound posacon-
azole available for metabolism and elimination.**?° Other
possible explanations include decreased absorption and/or in-
creased elimination as a result of altered mRNA stability of P-gp
and/or UGT1A4 by flucloxacillin, or presence of diarrhoea as a
side effect of flucloxacillin. More research is necessary in order
to understand the exact mechanism of the interaction between
posaconazole and flucloxacillin and other isoxazoly! penicillins.

Further exploration of the interaction revealed that in the
secondary comparison group consisting of posaconazole con-
centrations measured during/within 1 week after flucloxacillin
treatment, none of the concentrations reached the target con-
centration when flucloxacillin was orally administered. IV admin-
istration of flucloxacillin resulted in 38% of the concentrations
reaching the target concentration in the same comparison group.
This could imply a potential local effect of flucloxacillin on posa-
conazole absorption. Moreover, in two of the seven patients
where posaconazole concentrations before/after and during flu-
cloxacillin treatment were individually evaluated, no decrease in
concentration was observed during flucloxacillin treatment. This
could be an indication for a potential role of polymorphisms of
genes involved in transporters and metabolizing enzymes, which
needs further exploration. A similarity in these two patients was
that all posaconazole concentrations were above the target
trough concentration. Also interesting is that a larger reduction
in posaconazole concentration as a result of concomitant fluclox-
acillin treatment was observed in the secondary comparison
groups compared with the primary groups. This observation sug-
gests a prolonged effect of flucloxacillin on posaconazole con-
centration, which is plausible when UGT and/or P-gp induction
is assumed to be the mechanism behind this interaction. The
time to maximal effect of induction and de-induction of UGT
and P-gp depends on factors including the elimination half-life
of flucloxacillin and posaconazole and the time required to up-
requlate and degrade UGT enzymes and P-gp.’' This means
that the start and termination of the effect of flucloxacillin on
posaconazole concentration would be delayed.

This study has some limitations. First, only a limited number of
patients were included, making our results susceptible to bias
and making it difficult to account for all variables that might in-
fluence posaconazole exposure. Second, due to the retrospective
character of this study, for none of the patients posaconazole
concentrations were available that were measured at pre-set
timepoints before, during and after flucloxacillin treatment.
Despite these limitations, in this case series a clinically relevant
interaction between posaconazole and flucloxacillin is brought
to the attention.

In conclusion, we demonstrated that concomitant use of flu-
cloxacillin resulted in low and, most of the time, inadequate
posaconazole trough concentrations in haematology patients.
Therefore, we recommend avoiding the combination of posacon-
azole and flucloxacillin when possible or otherwise careful mon-
itoring of posaconazole concentrations and signs of fungal
infections (i.e. monitoring of galactomannan concentration) is
advised. Further pharmacological research is warranted to
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elucidate the mechanism and magnitude of the interaction be-
tween posaconazole and isoxazolyl penicillins.
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