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ABSTRACT
Aim: Metamizole is an analgesic drug with moderate cytochrome P450 (CYP) inductive properties. The antifungal triazoles are 
metabolized by several CYP enzymes, but the interaction with metamizole remains poorly described. We investigated the influ-
ence of metamizole on the exposure of voriconazole, isavuconazole, and posaconazole.
Methods: Patients from UZ Leuven (Belgium) and Ljubljana University Medical Centre (Slovenia) receiving voriconazole, is-
avuconazole, or posaconazole concomitantly with metamizole were included in the study. Routine therapeutic drug monitoring 
(TDM) measurements collected between January 2019 and December 2024 were retrieved retrospectively. TDM concentrations 
outside of concomitant therapy were collected as controls. The influence of metamizole and other clinically relevant covariates 
was analysed using generalized estimating equations (GEE).
Results: A total of 126 distinct treatments with a triazole from 115 patients, accounting for 392 measurements, were included 
in the study. GEE analysis revealed a significant negative association between the 7-day cumulative metamizole dose and lower 
voriconazole and posaconazole concentrations. Additionally, C-reactive protein had a positive association with voriconazole con-
centrations. Only ICU admission and patient characteristics, that is, sex and weight, had a significant influence on isavuconazole 
concentrations.
Conclusion: Concomitant therapy with metamizole led to lower voriconazole and posaconazole concentrations, presumably 
through induction of CYP enzymes and possibly UDP-glucuronyltransferase. We recommend avoiding concomitant use of meta-
mizole with the antifungal triazoles to prevent underexposure and treatment failure or frequent TDM if the combination cannot 
be avoided. Further studies are needed to confirm our findings and investigate the influence of metamizole on other triazoles.
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© 2026 The Author(s). Mycoses published by Wiley-VCH GmbH.

Dorian Vanneste and Ine De Booser are shared first authors.  

https://doi.org/10.1111/myc.70173
https://doi.org/10.1111/myc.70173
https://orcid.org/0000-0002-8871-7385
mailto:dorian.vanneste@uzleuven.be
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fmyc.70173&domain=pdf&date_stamp=2026-05-14


2 of 7 Mycoses, 2026

1   |   Introduction

Metamizole, also known as dipyrone, is a pyrazolone derivate 
with analgesic, antipyretic, and spasmolytic properties. Despite 
its strong analgesic effect and good gastrointestinal tolerabil-
ity, the use of metamizole has been limited in some Western 
countries because of the unpredictable dose-independent risk 
of severe agranulocytosis [1, 2]. However, during the COVID 
pandemic, fears emerged that non-steroidal anti-inflammatory 
drugs and paracetamol could be associated with negative clini-
cal outcomes [3] which led to a renewed interest in metamizole 
as an alternative analgesic and antipyretic option. Currently, 
metamizole is frequently used as an analgesic for moderate 
to severe post-operative pain and fever, especially in those for 
whom other analgesics are contraindicated [1].

Metamizole and its metabolites, 4-methylaminoantipyrine and 
aminoantipyrine, are known inducers of cytochrome P450 
(CYP) enzymes [1]. In vitro hepatocyte studies have confirmed 
an increase in expression of CYP2B6, CYP2C9, CYP2C19, and 
CYP3A4 after exposure to metamizole [4, 5]. The induction is 
mediated through the constitutive androstane receptor (CAR) 
[5]. CYP3A4 activity is significantly higher after 3 days of met-
amizole therapy and reaches peak induction after 6 days. This ef-
fect can last up to 5 days after cessation of metamizole treatment 
[6]. Induction of CYP enzymes by metamizole has the potential 
to cause significant drug–drug interactions (DDI). A recent re-
view summarized the pharmacokinetic and pharmacodynamic 
interactions of metamizole with various compounds. The review 
clearly highlighted the clinical relevance of broad CYP induc-
tion by metamizole [7]. However, little is known about the im-
pact of metamizole on the antifungal triazoles.

The mould-active triazoles are a class of antifungal drugs used 
for prophylaxis and treatment of invasive mould infections, such 
as invasive aspergillosis and mucormycosis. These infections 
are associated with high morbidity and mortality; thus, early 
adequate treatment is essential. Because of a wide intra- and in-
terpatient variability, therapeutic drug monitoring is carried out 
in daily clinical practice. Triazoles are primarily cleared hepati-
cally by CYP enzymes such as CYP3A4, CYP2C9, and CYP2C19 
or by UDP-glucuronyltransferase (UGT). In addition to being 
CYP substrates, most triazoles also inhibit CYP3A4 themselves. 
Interactions with both CYP3A4 substrates or inducers have been 
described [8–10]. However, to date, only two articles describe 
the interaction between metamizole and voriconazole [11, 12]. 
Reports on the impact of metamizole on the exposure of other 
mould-active triazoles are currently unavailable.

This study aims to explore and describe a potential interac-
tion between metamizole and voriconazole, posaconazole, and 
isavuconazole.

2   |   Methodology

2.1   |   Study Design

The study is a retrospective exploratory study in two ter-
tiary care centers, UZ Leuven (Belgium) and the Ljubljana 
University Medical Centre (Slovenia). The study was approved 

by the ethics committee of UZ Leuven (S65215) and the 
National Medical Ethics Committee of the Republic of Slovenia 
(0120-12/2025-2711-3). Individual informed consent was not 
required for this study, in compliance with institutional and 
national ethical standards. All hospitalized patients between a 
period of January 2019 and December 2024 were screened for 
eligibility. Patients who were concomitantly treated with met-
amizole and either voriconazole, isavuconazole, or posacon-
azole, and with at least one routine trough concentration (Cmin) 
sample collected as part of routine therapeutic drug monitoring 
(TDM) could be included in the study. Concomitant treatment 
was defined as receiving any dose of metamizole in a period of 
7 days before the day of TDM. A 7-day threshold was selected to 
capture both the peak induction phase and the residual effects 
of CYP enzyme induction [6]. Patients under 2 years of age were 
not included in the study, as CYP3A4 enzyme activity is not ex-
pected to be fully mature before this age [13].

The following data were collected from eligible patients: demo-
graphic data at time of admission; dosing and timing of metam-
izole and the relevant triazole; triazole Cmin and date; the 7-day 
cumulative metamizole dose prior to TDM. Patient data was ob-
tained from the electronic healthcare systems of both hospitals. 
Separate triazole treatment episodes within the same patient 
were treated as unique events, considering that baseline char-
acteristics may vary across different treatment episodes within 
the same individual.

Triazole Cmin measured in included patients in the absence of 
concomitant therapy were collected as within-patient controls. 
Therapeutic ranges for the azoles were defined as Cmin between 
2–5.5 mg/L for voriconazole, 2–5 mg/L for isavuconazole, and 
1–3.75 mg/L for posaconazole [8].

2.2   |   Statistical Analysis

All statistical analyses were performed using R software (R ver-
sion 3.5.1 or higher, R Core Team, Vienna, Austria). A multivari-
able analysis for voriconazole and isavuconazole, and univariate 
analyses for posaconazole were performed to assess the impact 
of clinically relevant (age, sex, body weight, ICU admission, C-
reactive protein (CRP) levels on day of TDM) and pharmacolog-
ically relevant covariates (triazole dose, administration route of 
the triazole, and the 7-day cumulative metamizole dose prior to 
TDM) on the triazole Cmin. The uni- and multivariable anal-
yses were performed using the “geepack”-package for gener-
alized estimating equations (GEE) [14] using an exchangeable 
correlation structure. The estimated effect was reported with its 
standard error and p-value, which was considered statistically 
significant if less than 0.05.

3   |   Results

A total of 115 patients were included in the study which ac-
counted for 126 distinct triazole treatment episodes. The demo-
graphics describing the study population are shown in Table 1. 
Of the 392 routine Cmin, 200 were collected during concomitant 
therapy with metamizole (Concomitant), and 192 outside of con-
comitant metamizole therapy (Control).
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As shown in Table  2, the median CRP concentration was nu-
merically higher in all three concomitant treatment groups. 
Concerning target attainment, the proportion of Cmin within 
therapeutic range was lower in the concomitant group for isavu-
conazole (54.7% vs. 74.3%) and posaconazole (63.2% vs. 81.8%). 
Similarly, azole Cmin was more frequently subtherapeutic in 
the concomitant group of isavuconazole (35.8% vs. 24.3%) and 
posaconazole (36.8% vs. 18.2%). These trends were not seen for 
voriconazole, which had a relatively low target attainment of 
12.5% and 19.5% in the control and concomitant groups, respec-
tively. The proportion of supratherapeutic voriconazole Cmin 
was lower in the concomitant group (47.7% vs. 53.2%). Median 7-
day cumulative metamizole dose was highest in the voriconazole 
group, followed by the posaconazole and isavuconazole groups. 
Patients with sub-therapeutic posaconazole and voriconazole 
Cmin, had a numerically higher cumulative 7-day metamizole 
dose compared to patients with therapeutic or supra-therapeutic 
Cmin (Table S1).

Multivariable analysis of voriconazole showed a significant 
impact of the patient's age (p = 0.029), CRP concentration 
(p < 0.001), and 7-day cumulative metamizole dose (p = 0.007) 
on voriconazole Cmin. For isavuconazole, sex (p = 0.004), 
body weight (p < 0.001), type of ward (p = 0.021), and isavuco-
nazole dose in the 24 h prior to TDM (p = 0.048) were found to 
be significantly associated. Considering the low sample size of 
posaconazole, only a univariate analysis was performed. This 
revealed a significant influence of posaconazole dose in the 24 h 
prior to TDM (p < 0.001) and 7-day cumulative metamizole dose 
(p < 0.001). Full outputs of all the analyses are shown in Tables 3 
and 4.

4   |   Discussion

We retrospectively investigated the influence of concomitant 
metamizole therapy on the exposure of mould-active triazoles. 
Considering our sample size, we were able to perform multi-
variable analyses using GEE models for voriconazole and is-
avuconazole, and an univariable analysis for posaconazole. We 
found a significant negative association of the 7-day cumulative 
metamizole dose with the trough concentrations of voriconazole 
and posaconazole. Such an association was not found for 

isavuconazole. To date, this represents the largest study explor-
ing the influence of metamizole on the mould-active triazoles.

In our study, concomitant treatment of mould-active triazoles 
with metamizole was associated with a numerically higher 
proportion of subtherapeutic Cmin for isavuconazole and 
posaconazole. This effect has previously been shown as well 
for voriconazole by Horcada et  al. [11] and Baan et  al. [12]. 
Horcada et al. [11] presented two cases where metamizole was 
found to be the cause of reduced voriconazole concentrations. 
Baan et al. [12] compared voriconazole concentrations before, 
during, and after metamizole treatment in a small cohort of 
nine patients. They found that during metamizole treatment, 
voriconazole concentrations decreased by 70% compared to 
concentrations measured prior to concomitant therapy. This 
is in contrast with our findings as we did not notice a dif-
ference in voriconazole concentrations during concomitant 
therapy with metamizole. However, there were some notable 
differences with our study. First, the timeframe used to de-
fine concomitant therapy was 7 days in our study, compared 
to the 5-day window in their study. Additionally, we did not 
require a minimum duration of metamizole exposure prior to 
inclusion. Second, the proportion of subtherapeutic concentra-
tions in their control group was lower compared to ours (14% 
vs. 34%). This is probably attributable to our use of a higher 
threshold of 2 mg/L for the therapeutic range.

Multivariable analysis identified a statistically significant as-
sociation between voriconazole Cmin and the 7-day cumula-
tive metamizole dose, age, and CRP concentration. A negative 
association was found with the 7-day cumulative dose, that 
is, a higher 7-day cumulative metamizole dose was associated 
with a lower voriconazole exposure. This result aligns with the 
findings from previous studies on metamizole-associated CYP-
induction [12, 15]. Age and CRP concentration were positively 
associated with voriconazole concentration. The positive asso-
ciation between age and voriconazole concentrations has been 
well described. Elderly patients, who often have decreased liver 
function, are known to be at risk of higher voriconazole expo-
sure [16, 17]. Similarly, an increase in CRP, as a marker of in-
flammation, has also previously been associated with increased 
voriconazole exposure, supposedly because of downregulation 
of CYP enzymes [18].

Despite identifying a negative association of 7-day metamizole 
cumulative dose with voriconazole exposure, voriconazole 
Cmin was not found to be numerically different between the 
control and the concomitant group. However, some imbalances 
between the groups, notably in CRP, could have masked the 
effect of metamizole. The strong inflammatory response, as 
indicated by elevated CRP levels, may have counteracted the 
CYP-inductive effects of metamizole. This is supported by the 
significant effect of both CRP and metamizole on voriconazole 
concentrations in the GEE model. For drugs with complex phar-
macokinetics, such as voriconazole, sufficiently large cohorts 
are recommended to enable multivariable analyses. These anal-
yses uncover associations that, in simple comparisons, may be 
obscured by multiple confounders. Likewise, because of retro-
spective design, data collection was limited, leading to potential 
confounding factors that could not be controlled for and may 
have impacted the findings.

TABLE 1    |    Baseline demographics of the study population.

Characteristics Overall (N = 126)

Age (years) 62.5 [51.3–69.0]

Female 40 (31.7%)

Body weight (kg) 76.5 [63.4–88.8]

ICU admission 58 (46.0%)

Triazole therapy

Voriconazole 76 (60.3%)

Isavuconazole 34 (27.0%)

Posaconazole 16 (12.7%)

Note: Categorical variables are presented as frequency (%). Continuous variables 
are presented as median [Q1-Q3].
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The multivariable analysis of isavuconazole showed no signifi-
cant association between the measured concentrations and the 
7-day cumulative metamizole dose but revealed a statistically 
significant association with sex, body weight, and ICU admis-
sion. Even though isavuconazole is extensively metabolized by 
CYP3A4, concomitant therapy with metamizole had no influ-
ence on isavuconazole concentrations. We hypothesize that this 

might be the consequence of isavuconazole's long half-life (120 h) 
[9] It takes approximately 20–25 days to reach a steady state con-
centration of isavuconazole following dose adjustments. Thus, 
observation over a longer period would be needed to correctly un-
derstand the impact of pharmacokinetic changes. General patient 
characteristics, i.e., sex [19], body weight [9], and ICU admission 
[9, 10, 20], will have a more meaningful effect on the early phar-
macokinetic profile of isavuconazole. Furthermore, metamizole 
was shown to induce CYP enzymes in a dose-dependent manner 
[7], but the cumulative 7-day metamizole dose was lowest in the 
isavuconazole group. Hence, these limitations could explain the 
lack of association found in our analysis.

The univariate analyses revealed a significant effect of the cu-
mulative 7-day metamizole dose and the daily posaconazole 
dose on the posaconazole concentrations. This analysis was 
severely limited by the sample size; nonetheless, the output 
indicated a negative association of metamizole with posacon-
azole concentration. Posaconazole is primarily metabolized by 
UGT [9, 21], however, some minor metabolization by CYP3A4 
has been described [22]. This could suggest that CYP induction 
could contribute to the observed reduction in Cmin. However, 
the primary enzymes involved in the metabolism of posacon-
azole are the UGTs. The expression of these enzymes is in part 
regulated by CAR [23]. Thus, considering the role of CAR in 
metamizole-related CYP induction, metamizole and/or its me-
tabolites could also induce UGT expression.

Treatment and prevention of invasive fungal infections rely on 
adequate exposure to the antifungal triazole. TDM of triazoles 
is generally recommended to ensure efficacy and safety, or to 
account for high pharmacokinetic variability [10]. Our results 
suggest that concomitant use of metamizole can introduce 
additional intra- and interpatient variability in exposure of 
voriconazole and posaconazole. An effect of isavuconazole could 
not be detected in our study but might be masked by its long 
half-life and the lower cumulative dose of metamizole used in 

TABLE 3    |    Multivariable analysis of voriconazole and isavuconazole. Std. error = standard error. DM7 = median cumulative metamizole dose in 
a period of 7 days before the triazole concentration was measured.

Voriconazole Isavuconazole

Estimate Std. error p Estimate Std. error p

Age 0.03 0.01 0.029 0.01 0.01 0.402

Female sex −0.24 0.39 0.537 −0.70 0.24 0.004

Body weight (kg) −1.05e-03 0.02 0.956 −0.02 5.63e-03 < 0.001

ICU admission −0.02 0.50 0.970 −1.02 0.44 0.021

C-reactive protein (mg/L) 0.01 3.03e-03 < 0.001 1.91e-04 1.52e-03 0.900

24 h triazole dose (mg) 1.28e-03 1.31e-03 0.332 2.15e-03 1.09e-03 0.048

Administration route of the triazole
Ref: Oral

IV 0.41 0.45 0.362 0.14 0.53 0.799

Oral and IV −0.13 0.52 0.802 −0.17 0.52 0.740

7-day cumulative metamizole dose (mg) −6.58e-05 2.43e-05 0.007 7.25e-05 7.35e-05 0.324

Note: Values in bold highlight p-values < 0.05.

TABLE 4    |    Univariate analysis of Posaconazole.

Covariates Estimate Standard error p

Age −2.41e-03 4.71e-03 0.61

Female sex 0.22 0.28 0.42

Body weight 
(kg)

−4.84e-03 3.43e-03 0.16

ICU admission −0.03 0.36 0.92

C-reactive 
protein (mg/L)

6.96e-04 8.86e-04 0.43

24 h 
posaconazole 
dose (mg)

3.27e-03 0.56e-03 < 0.001

Administration 
route of the 
triazole
Ref: Oral

IV −0.22 0.23 0.35

Oral and IV −0.39 0.23 0.10

7-day 
cumulative 
metamizole 
dose (mg)

−8.89e-05 5.37e-06 < 0.001

Note: Values in bold highlight p-values < 0.05.
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these patients. Subtherapeutic exposure following metamizole-
mediated CYP-induction may lead to treatment failure and/or 
development of azole resistance [10]. In  vitro research in he-
patocytes could confirm and elucidate the mechanism behind 
these findings. Additionally, prospective observational trials 
would provide much-needed pharmacokinetic data to describe 
the in vivo extent of the interaction. In the meantime, we advise 
increased caution and a TDM-based dosing approach, or, when 
triazole TDM is unavailable, to consider alternative analgesic 
treatment options.

Our study has several limitations. First, the retrospective de-
sign limited the data collection and interpretation. For example, 
we did not collect data on albumin levels, which are known to 
influence the pharmacokinetics of isavuconazole [20]. Second, 
the limited window of metamizole use in this population poten-
tially prevented us from capturing a potential effect of metam-
izole on isavuconazole metabolism. Third, we could not account 
for any potentially relevant CYP-enzyme polymorphisms. For 
voriconazole, the CYP2C19 genotype is known to significantly 
influence metabolism. Moreover, CYP3A4/5 polymorphisms 
could also be relevant, such as the CYP3A4*22 or CYP3A5*3 al-
lele [24]. Fourth, we did not correct for multiplicity. Considering 
the exploratory nature of the study, the increased risk of false 
positives was considered acceptable in order to minimize the 
likelihood of overlooking potentially meaningful associations. 
Finally, GEE linear models were used to perform the multivari-
able and univariate analyses. This type of equation, however, 
requires complete data, resulting in some datapoints being lost 
in the statistical analysis because of missing data.

5   |   Conclusion

Use of metamizole in the 7 days prior to routine TDM sampling 
was associated with lower routine concentrations of posacon-
azole and voriconazole. Metamizole increases elimination of 
the triazoles, presumably through induction of CYP and UGT, 
in a dose-dependent manner. Given the increased pharmacoki-
netic variability associated with concomitant metamizole use, 
concomitant use should be avoided in the absence of therapeutic 
drug monitoring.
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