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Factors influencing voriconazole plasma level in intensive care patients
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Background: In clinical routine, voriconazole plasma trough levels (Crin) out of target range are often observed
with little knowledge about predisposing influences.

Objectives: To determine the distribution and influencing factors on voriconazole blood levels of patients treated
on intensive- or intermediate care units (ICU/IMC).

Patients and methods: Data were collected retrospectively from patients with at least one voriconazole trough
plasma level on ICU/IMC (n=153) to determine the proportion of sub-, supra- or therapeutic plasma levels.
Ordinal logistic regression analysis was used to assess factors hindering patients to reach voriconazole target
range.

Results: Of 153 patients, only 71 (46%) reached the target range at the first therapeutic drug monitoring, where-
as 66 (43%) patients experienced too-low and 16 (10%) too-high plasma levels. Ordinal logistic regression ana-
lysis identified the use of extra corporeal membrane oxygenation (ECMO), low international normalized ratio
(INR) and aspartate-aminotransferase (AST) serum levels as predictors for too-low plasma levels.

Conclusion: Our data highlight an association of ECMO, INR and AST levels with voriconazole plasma levels,
which should be considered in the care of critically ill patients to optimize antifungal therapy with voriconazole.

Introduction

Voriconazole, known as VFEND®, is a second-generation antifun-
gal drug with a broad use spectrum for prophylaxis and therapy
of fungal infections caused by Aspergillus spp. and Candida
spp.? Infections with fungal pathogens often affect patients
hospitalized within ICUs due to their compromised immune sta-
tus and lead to high rates of morbidity and mortality.* Since vori-
conazole treatment influences availability of several drugs and is
influenced as an inhibitor and a substrate of CYP2C19, CYP3A4
and CYP2C9, its administration has to be well-considered and
critically examined.* This impedes an appropriate adjustment
of plasma levels, which is crucial to ensure therapeutical effects
and avoid adverse clinical events.>® Inflammation, CYP2C19

genotype, variability in body weight measures and liver function
also influence plasma concentration.””® Nevertheless, to ensure
the desired clinical effect of therapy with voriconazole consider-
ing these numerous influencing factors, therapeutic drug
monitoring (TDM) is required within 7 days after treatment initi-
ation.’® Non-attainment of drug levels was associated with anin-
creased risk of breakthrough infections.!**?

ICU patients represent a vulnerable population often requiring
extracorporeal membrane oxygenation (ECMO) and/or renal re-
placement therapy. The use of ECMO has grown in the last dec-
ade also in relation to coronavirus disease pandemic but is still
associated with high mortality.’® Fungal infections due to
Candida and Aspergillus spp. represent a substantially complica-
tion in intensive- or intermediate care units (ICU/IMC) patients by
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increasing morbidity and mortality as well as prolonging ICU
stay.*® Previous data described an influence of ECMO use on
the plasma levels of voriconazole presumably due to its lipophilia
and strong protein-binding properties. Thus, antifungal therapy
needs to be monitored and adapted stringently to provide sufficient
therapy success.’’ ™! In contrast to these results, there are also
data suggesting no impact of ECMO on voriconazole plasma levels,
which highlights the urgent need for further studies.?” Additionally,
known studies are lacking the possible impact of renal replacement
therapy as a renal replacement procedure in ICU patients treated
with voriconazole alone or in combination with ECMO. For this rea-
son, this study aims to further clarify this important clinical topic by
comparing voriconazole trough levels in patients with/without
ECMO and/or renal replacement therapy. These issues are also high-
lighted in transplanted patients, who represent an important part of
the intensive care patients in our hospital, are particularly suscep-
tible to infections due to immunosuppression and their immuno-
suppressive therapy often interacts with antifungals.

Patients and methods

This retrospective observational cohort study included adult patients
(>18 years) with at least one voriconazole plasma trough level (Cpin) dur-
ing hospitalization between January 2020 and March 2023 from nine ICU/
IMC belonging to surgical as well as internal medicine departments in
Hanover Medical School. The following data were collected for each pa-
tient: sex, age, the use of ECMO and renal replacement therapy at the
time of plasma level measurement, solid organ transplantation, stem
cell transplantation or current systemic immunosuppression, treatment
duration with voriconazole in days, co-medication having known influ-
ence on voriconazole plasma level,?® treatment indication, microbiologic-
ally detected invasive aspergillosis and application form (intravenous or
oral). Additionally, international normalized ratio (INR), bilirubin and the
Model for End-Stage Liver Disease (MELD) score {formula, 3.8[log serum
bilirubin (mg/dL)]1+11.2 [log INR]+9.6 [log serum creatinine (mg/dL)]+
6.4} were assessed. None of the included patients received medicaments
directly affecting the INR. For every plasma voriconazole level, the time
after treatment initiation was calculated. Solid organ and stem cell trans-
plantation were combined as transplanted with further differentiation
into the consecutively used immunosuppressive drugs tacrolimus, myco-
phenolate mofetil and prednisolone. Patients with systemic immunosup-
pression either suffered from an acquired immunodeficient disease
(e.g. human immunodeficiency virus infection) or were treated with ei-
ther high-dose prednisolone or rituximab. Empirical voriconazole treat-
ment was initiated due to deterioration unless there was broad
antibacterial therapy and/or laboratory evidence without pathogen de-
tection. In case of therapeutic treatment, clinical, radiological and micro-
biological criteria for invasive aspergillosis according to Ullmann et al.
were fulfilled.?* All analysed voriconazole plasma levels were trough le-
vels and all blood samples were taken a maximum of 2 hours before
the morning dose. Intravenously applied voriconazole was administered
as an intermittent infusion every 12 h in all included patients. The initial
loading dose was 6 mg/kg body weight (within the first 24 h) twice per
day and a maintenance dose of 4 mg/kg body weight (after the first
24 h) twice per day. The initial dose for oral use was 400 mg every
12 hours in the first 24 hours, followed by a maintenance dose of
200 mg every 12 hours.’® Here, 1-5.5 mg/L was defined as target range
for voriconazole trough levels, under or above was defined as too low
or too high.?® All plasma levels were taken from day 3 after treatment ini-
tiation. For patients with available longitudinal course (at least two avail-
able plasma trough levels) the percentage of initial in-range plasma
levels, the percentage of dose adjustment as well as the percentage of
levels never in the target range was determined.

Sample preparation and measurement were carried out according to
the instructions of the IVD-CE certified kit Itraconazole, Posaconazole,
Voriconazole in Serum/Plasma—HPLC (Chromsystems Instruments &
Chemicals, Graefelfing, Germany). HPLC-fluorescence measurements
were performed on an Agilent 1260 Infinity II HPLC (excitation 261 nm,
emission 366 nm).

The study was conducted in accordance with the principles of the
Declaration of Helsinki and approved by the local ethic committee of
the Hannover Medical School (10778 _BO_K_2023). All patients provided
written informed consent allowing the use of their data for scientific
research.

Data analysis was conducted using IBM SPSS Statistics v.28.0 (IBM
Corp., Armonk, NY, USA) and R environment for statistical computing
v.4.1.2 (R Foundation for Statistical Computing, Vienna, Austria).
Categorical variables are stated as numbers (n) and percentages (%)
whereas continuous variables are shown as mean +standard deviation
(SD). For group comparisons, analysis of variance (ANOVA) or Chi-squared
test were used, as appropriate. Ordinal logistic regression was conducted
to assess the factors associated with subtherapeutic and supratherapeutic
levels and consequently hindering patients reaching the therapeutic target
range of voriconazole. All reported P values are two-sided and P < 0.05 were
considered statistically significant.

Results

Patient characteristics

In total, 153 adult patients treated on ICU/IMC with at least one
available voriconazole plasma trough level (Cryin) were included,
of whom 66 were below the target range (1-5.5 mg/L), 71 within
and 16 above with the first voriconazole plasma level. Of 92 pa-
tients of whom longitudinal course was available, 48 were not ini-
tially within the target range. Dose adjustment was subsequently
performed in 37 patients (10 dose reductions, 27 dose increase),
of whom 18 patients did not reach the target range during the
entire course (Figure 1). All patients received the correct dose
described in the Methods section.

In this study, 52 patients (34%) received ECMO support, 49 pa-
tients (32%) renal replacement therapy, 38 patients (25%) were
organ transplanted and 17 patients (11%) immunosuppressed
without organ transplantation. In a following step, we compared
characteristics between patients with too-low, too-high and in-
range plasma levels in Table 1. Herein, patients with too-high ser-
um levels exhibit significant higher INR values (1.2 versus 1.15
and 1.04, P=0.001) whereas patients with too-low serum levels
received more often ECMO support (P=0.001) and oral drug ap-
plication (P=0.037). No significantly statistical differences were
detected for demographic characteristics, therapy duration, use
of renal replacement therapy, transplantation with its underlying
immunosuppressive drugs, immunosuppression, bilirubin plasma
levels, MELD score, inflammatory markers (leucocyte count,
C-reactive protein, procalcitonin), transaminases and serum al-
bumin (Table 1).

Potential factors for not reaching voriconazole target
range

A detailed comparison between patients with subtherapeutic,
therapeutic and supratherapeutic voriconazole plasma level is pre-
sented in Table 1. To determine factors for subtherapeutic and su-
pratherapeutic trough levels ordinal logistic regression was
performed as presented in Table 2. The use of ECMO [OR 4.59
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Figure 1. Flowchart of patient inclusion with consecutive subdivisions in patients with lower-than-target range, in-target range or higher-than-target
range consecutive percentages of ECMO, renal replacement therapy and immunosuppression (IS)/transplantation (Tx) as well as description of the

longitudinal course of therapy.

(1.73-12.2), P=0.002], lower INR values [OR 0.6 (0.41-0.87), P=
0.007] as well as lower serum aspartate-aminotransferase (AST)
levels [OR 0.99 (0.99-1), P=0.019] exhibited significant association
with subtherapeutic voriconazole plasma levels. Additionally, ser-
um albumin levels were significantly associated with too-low vori-
conazole trough levels in univariate analysis [OR 1.89 (1.18-2.76),
P=0.008] but not in multivariate analysis [OR 1.67 (0.91-3.06),
P =0.098]. All further analysed factors did not show a significant
impact. Results for supratherapeutic trough levels in a small sub-
population (n=16) revealed significant association for leukocytes
count [OR 0.91 (0.84-1), P=0.049] but not in multivariate analysis
[OR 0.92 (0.82-1.03), P=0.144] without significant association for
other examined factors (Table 2).

Discussion

Inthis retrospective study, we identified a high percentage of crit-
ically ill patients with voriconazole trough levels out of target
range. Additionally, our data revealed ECMO use as a factor for
lower plasma levels, whereas lower INR values were associated
with lower voriconazole levels.

Achieving an adequate plasma level is a major challenge to
ensure both a sufficient therapeutic effect but also to prevent
side effects due to voriconazole therapy. Despite the

implementation of the recommendations for loading and main-
tenance dose, nearly half of our included patients initially did not
reach the defined target range. Of note, despite dose adjustment,
the target range was not reached in the course of voriconazole
therapy in more than 10% of all included patients. Sebaaly
et al. reported on a comparable percentage of analysed trough
levels out of target range with a higher amount above than below
target range and also an increasing percentage of in-range plas-
ma levels in the course of voriconazole treatment.?® Conversely,
further results observe this aspect only for oral but not intraven-
ous application that in their study reliably ensured sufficient drug
plasma levels.?” Several other studies have described a varying
percentage between 20% and 50% of voriconazole trough levels
not within the target range in different study populations thus—
according to our data—highlighting a considerable proportion of
inadequate voriconazole trough levels.?®! The resulting need
for TDM is corroborated by studies that observed poorer thera-
peutic effects at levels too low and increased side effects or ther-
apy discontinuation at levels too high,?>2?7* whereas studies
also doubt the benefit.?®*> Presumably, the benefit of TDM also
varies between different subgroups and is influenced by their
disease-specific factors, so further studies on these issues are
needed. Owing to a notable number of patients out of target
range even in the course of voriconazole therapy, further
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Table 1. Patient characteristics at the time of the first voriconazole plasma level measurement

Low In range High
All (<1.0 mg/L) (1.0-5.5 mg/L) (>5.5mg/l)

n=153 n=66 n=71 n=16 P value
Age, mean (+SD) 54.6+14.8 52.8+13.9 55.4+15.8 589+13.1 0.271
Female sex, n (%) 98 (64.1%) 46 (70%) 44 (62%) 8 (50%) 0.298*
Therapy duration (days), mean (+SD) 16.7+10.9 16.1+£9.9 17.5+12.1 15.1+9.5 0.644
Measurement after therapy initiation (days), mean (+SD) 5.6+3.3 6.4+4.1 46+2.1 6.4+2.7 0.003
ECMO, n (%) 52 (34%) 33 (50%) 16 (23%) 3 (19%) 0.001*
Renal replacement therapy, n (%) 49 (32%) 25 (38%) 20 (28%) 4 (25%) 0.389*
Tx, n (%) 38 (25%) 19 (29%) 16 (23%) 3 (19%) 0.643*
—Tacrolimus, n (%) 24 (16%) 14 (21%) 8 (11%) 2 (13%) 0.11*
— Mycophenolate mofetil, n (%) 13 (9%) 7 (11%) 5 (7%) 1 (6%) 0.671*
—Prednisolone, n (%) 42 (27%) 20 (30%) 19 (27%) 3 (19%) 0.442*
Immunosuppression, n (%) 17 (11%) 5 (16%) 11 (16%) 1 (6%) 0.428*
Oral application®, n (%) 7 (5%) 6 (9%) 0 (0%) 1 (6%) 0.037*
INR, mean (+£SD) 1.1+0.2 1.04+0.12 1.15+0.24 1.2+0.33 0.001
Bilirubin (mmol/L), mean (+£SD) 41.9+719 34.5+69.1 44.2+62.5 61.9+118.4 0.383
MELD score, mean (+SD) 153+79 14+7.7 16.5+79 16+8.1 0.172
Leucocytes (1.000/mL), mean (+£SD) 14.6+23.8 14.4+79 16.2+32.9 7.7+7.4 0.523
PCT (ug/L), mean (+SD) 5.8+18.7 1.9+3.5 8.7+25.1 8.3+16.7 0.130
CRP (mg/L), mean (+SD) 124.1£95.5 109.5+88.9 138.6+100.2 112.8+95 0.235
ALT (U/L), mean (+SD) 106.4+232.7 68.1+98 137.2+£299.9 114.4+246.5 0.274
AST (U/L), mean (+SD) 183.8+522.1 73.7+96.8 286.8+719.4 130.3+250.6 0.081
Serum albumin (g/L), mean (+SD) 27.5+7.8 29.4+8.8 26+6.8 27.1+59 0.061

Continuous variables are stated as mean and SD and categorical variables are stated as n and percentages (%); tests were performed using ANOVA,

tests marked with an asterisk * were conducted using the chi-squared test.

Statistically significant values are shown in bold.

Tx, transplanted; PCT, procalcitonin; CRP, C-reactive protein; ALT, alanine-aminotransferase.

“Others intravenous.

clarification about the effectiveness of dose adjustment and a
potential need for an additional antifungal treatment are crucial.

Inthe past, anincreasing number of ex vivo studies, case stud-
ies and clinical studies examined the impact of ECMO use on vori-
conazole plasma levels.'®?126739 Compared to our study, the
results of the aforementioned studies are mainly based on non-
clinical approaches or a proportionally small sample size. In a
comparable study concerning patient cohort and design, Ye
et al. published similar results but defined another target range
as subtherapeutic.?* Thus, our study supports the potential influ-
ence of ECMO use independently of underlying target range.
However, van Daele et al. did not detect any influence of ECMO
on voriconazole plasma level.?? Nevertheless, the influences of
ECMO on volume balance, organ perfusion, protein binding and
drug elimination have been described in detail and are thus jus-
tified content for scientific discussion.”® It can be concluded
that for these antifungal drugs clear results are missing with
the urgent need for further studies. As for voriconazole, the cited
data show increasing evidence of an impact of ECMO on trough
levels. Some authors have already discussed an empirical dose
adjustment, which in our opinion should be supplemented by an-
other antifungal treatment in critically ill patients with invasive
aspergillosis as a bridging measure because the therapeutic
range has not been reached in many cases.

As another important aspect, our study detected a significant as-
sociation between INR, AST and voriconazole levels. To our knowl-
edge, the relation between voriconazole, AST and INR in patients
in ICU has not been evaluated yet. Retrospectively analysed data
about trough concentration of orally taken voriconazole in oncology
patients identified a correlation with INR but not AST.** However, re-
sults from different patient cohorts detected an association for AST
and voriconazole levels.**™** Additionally, several studies have fo-
cused on the INR-voriconazole relation in patients with underlying
liver diseases. In patients with Child-Pugh scores of B and C, an in-
fluence of INR on voriconazole plasma levels was described as well
as in a patient cohort after liver transplantation.***>“® Because of
the retrospective design of our study, we were not able to assess
the Child-Pugh score or to perform CYP2C19 genotyping. Through
ordinal logistic regression analysis, we did not detect any correlation
between bilirubin, MELD score and infection parameters, and INR or
voriconazole levels. Thus, a reduced liver function assumed by ele-
vated MELD score and higher bilirubin plasma levels cannot be
used as a simple explanation for not reaching the voriconazole tar-
get range concerning our study results. Furthermore, bilirubin can-
not be considered to be a sensitive or specific predictor of liver
function, so results must always be interpretated carefully in an
individual clinical context.*” On the basis of our results and data
from the aforementioned studies, markers associated with liver
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Table 2. Ordinal logistic regression analysis assessing factors associated with voriconazole levels below or above the target range

Below target range

Above target range

Univariate Multivariate Univariate Multivariate
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Age 0.99 0.293 1.02 0.379
(0.97-1.01) (0.98-1.06)
Sex 0.71 0.342 1.63 0.38
(0.35-1.45) (0.55-4.85)
ECMO 3.44 0.001 4.59 0.002 0.79 0.741
(1.65-7.18) (1.73-12.2) (0.2-3.12)
Renal replacement therapy 1.55 0.228 0.85 0.798
(0.76-3.19) (0.25-2.95)
Immunosuppression 0.93 0.84 0.54 0.33
(0.47-1.86) (0.16-1.86)
Tx 1.39 0.403 0.79 0.741
(0.64-3.01) (0.2-3.13)
—Tacrolimus 2.1 0.118 1.12 0.889
(0.83-5.4) (0.22-5.88)
—Mycophenolate mofetil 1.56 0.464 0.88 0.910
(0.47-5.2) (0.1-8.1)
—Prednisolone 1.19 0.646 0.63 0.508
(0.57-2.5) (0.16-2.46)
INR® 0.68 0.001 0.6 0.007 1.08 0.469
(0.54-0.86) (0.41-0.87) (0.88-1.31)
Bilirubin® 0.98 0.417 1.02 0.442
(0.93-1.03) (0.97-1.08)
MELD score 0.99 0.674 0.99 0.836
(0.98-1) (0.93-1.06)
Leukocytes 0.99 0.896 0.91 0.049 0.92 0.144
(0.98-1.01) (0.84-1) (0.82-1.03)
PCT 0.93 0.072 0.99 0.968
(0.86-1.01) (0.97-1.03)
CRP 0.99 0.066 0.99 0.485
(0.99-1) (0.99-1)
ALT 0.99 0.129 0.99 0.697
(0.99-1) (0.99-1)
AST 0.99 0.037 0.99 0.019 0.99 0.434
(0.99-1) (0.99-1) (0.99-1)
Serum albumin 1.89 0.008 1.67 0.098 1.35 0.426
(1.18-2.76) (0.91-3.06) (0.64-2.86)

Statistically significant values are in bold.

Tx, transplanted; PCT, procalcitonin; CRP, C-reactive protein; ALT, alanine-aminotransferase.

“Value changes by 0.1.
®Value changes per 10 mmol/L.

dysfunction seem to be associated with voriconazole levels in differ-
ent patient cohorts. Because in our cohort of ICU patients low INR
and AST levels, and in the univariate analysis also increased albu-
min levels, are associated with too-low voriconazole levels, liver
function seems to have at least a partial influence as well.
Therefore, we suggest further studies to examine liver function
parameters as risk factors for an azole therapy failure period.

The main advantage of our study is the large amount of vori-
conazole trough levels compared to recently published studies in
a well-defined patient cohort of critically ill patients in ICU.

The limitations include the reduced validity of our study by its
monocentric and retrospective design. Second, the main results
were based on statistical correlations for the first analysed plas-
ma level, and there was no proof of causal relation in ICU patients
in which many as-yet unknown processes take place that can
also potentially have an influence. Concerning longitudinal
courses, there is no information about the reasons for non-
execution of dose adjustment.

This study detected a wide dispersion of voriconazole plasma
levels with a high proportion outside the target range in intensive
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care patients associated with albumin serum levels, INR and the
use of ECMO as potential influencing factors. Further research is
needed to establish these factors mentioned here as part of im-
proved dosing along with continuous TDM in clinical practice to
improve treatment success and prevent adverse clinical events
of voriconazole.
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