Original Research

THERAPEUTIC ADVANCES in

Ther Adv Drug Saf

Therapeutic drug monitoring and safety

DOI: 10.1177/

evaluation of voriconazole in the treatment
© The Author(s), 2022.

of pulmonary fungal diseases

sagepub.com/journals-
permissions

Kunlu Shen"=, Yu Gu, Yu Wang, Yajie Lu, Yueyan Ni, Huanhiuan Zhong, Yi Shi and Xin Su

Abstract

Aims: The gene polymorphism of voriconazole metabolism-related liver enzyme is notable

in East Asia population. It casts a significant influence on the rational use of voriconazole. We

conducted this study to investigate the relationship between steady-state voriconazole trough

concentration (C,,,q,) and adverse effects (AEs), especially hepatotoxicity.

Methods: We conducted a real-world study in the Jinling Hospital from January 2015 to

June 2020. A total of 140 patients receiving voriconazole were enrolled in this study. The

determination and scoring of voriconazole-associated hepatotoxicity were performed

according to the Roussel Uclaf Causality Assessment Method scoring scale and the severity of

hepatotoxicity was graded according to the Common Terminology Criteria for Adverse Events

(CTCAE).

Results: Elevated steady-state voriconazole Cy,,q, with concomitant AEs are the most )C(?nrrsejpondencetm
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the dose. An elevated liver enzyme level was the most common cause for dose adjustment.
After the first dose adjustment, most patients achieved the target drug concentration. A
total of 18 patients were determined as probable or highly probable to have drug-induced
liver injury from voriconazole. Voriconazole drug concentration was significantly higher in
the liver damage and nervous system damage groups as compared with the group without
any side effects, and most liver damage events occurred within 14 days of the first dose.
Voriconazole drug concentration >3.61mg/l was associated with an increased incidence
of liver damage.

Conclusion: In this study, approximately one-third of patients with pulmonary fungal
disease needed to adjust their dose after the standard dose of voriconazole treatment. The
incidence of liver damage and nervous system damage showed an overall increasing trend
with increasing voriconazole baseline concentrations. Initial therapeutic drug monitoring
may be predictive of liver damage. Follow-up monitoring of liver enzymes may be needed.
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Introduction

Therapeutic drug monitoring (TDM) has an
important role in optimizing antifungal therapy
and is routinely recommended for voriconazole in
the Chinese Pharmacological Society guidelines,
the British Society for Medical Mycology guide-
lines, and the Infectious Diseases Society of
America guidelines.!** Different guidelines rec-
ommend different voriconazole trough concen-
tration (Cigyen)- This is most likely due to the
different sources of evidence. Furthermore, the
proportion of slow metabolic genotypes varies
across countries. Asians have a higher proportion
of slow metabolic genotypes compare with
Caucasian or black populations, which suggests
that Asian populations are at greater risk of expo-
sure to high drug concentrations.

In adult clinical trials with voriconazole, the
rates of AEs reported in the instructions differed
from those in clinical practice. A study published
by the French Network of Pharmacovigilance
Centers analyzed the AEs associated with vori-
conazole during first 4 years of marketing. They
found that abnormal liver function was noticea-
ble as the most common adverse effect (AE).>
Other studies also showed that hepatotoxicity
was the most common cause of voriconazole
dose reduction or discontinuation.®® The
results of a multicenter study by Hamada ez al.”
showed that the rate of dose reduction or dis-
continuation due to hepatotoxicity was signifi-
cantly higher than that of visual disturbances.

Therefore, monitoring on hepatotoxicity is war-
ranted compared with other AEs of limited dura-
tion or lower frequency.!?

Clinical trials of voriconazole have reported a
varying incidence of hepatotoxicity, with abnor-
mal liver enzyme elevations reported in the
range of 1-69%.11-15 A large number of stud-
1es8:9:12,16-20 ytilized the Common Terminology
Criteria for Adverse Events (CTCAE) to assess
hepatotoxic events.?! Meanwhile, there was a
number of studies??2> using different defini-
tions. There is a risk that different definitions of
AEs may cause underestimation or overestima-
tion of the incidence of voriconazole toxic events
and lead to errors in other conclusions related to
them.

Controversy still exists regarding the correlation
between voriconazole concentrations and hepato-
toxicity. Several authors have reported a correla-
tion between voriconazole C,,, above 4.0 or
6.0mg/l and hepatotoxicity.!216.18:24:26-28 T deter-
mining drug-induced liver injury (DILI),® several
potential confounding factors need to be taken
into account, such as patients’ previous liver func-
tion, the concomitant use of potentially hepato-
toxic drugs, ethnic groups, and so on. Many
studies failed to assess these factors.

In contrast, several prospective studies found
no relationship between steady-state voricona-

zole C,,,,qn and hepatotoxicity. Pascual er al.?®
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showed that although an increased incidence of
hepatotoxic events were observed when vori-
conazole was >5.5mg/l (8% wersus 19%), the
difference was not statistically significant; Park
er al.® suggested regular TDM with voricona-
zole reduced the incidence of discontinuation
for AEs, but not the overall rate of AEs associ-
ated with voriconazole treatment.

There are no uniform criteria for determining
DILI, and several methods have been devel-
oped to assess the causality of DILI.3° The
Roussel Uclaf Causality Assessment Method
(RUCAM) is a scale that reflects the likelihood
that hepatotoxicity is induced by a drug by
assigning different scores to the clinical, bio-
chemical, serological, and radiological charac-
teristics of hepatotoxicity based on the
aggregated calculated scores.

In this study, we evaluated voriconazole dose
adjustment regimens and target drug concen-
tration attainment rates. RUCAM and CTCAE
were used to measure voriconazole-induced
hepatotoxicity. In order to support voricona-
zole’s rational clinical use, a correlation
between toxic events (especially hepatotoxic-
ity) and voriconazole steady-state C,,., Was
investigated.

Methods

Patients

The study included patients with a diagnosis of
pulmonary fungal disease who visited Jinling
Hospital and received intravenous or oral vori-
conazole (Pfizer) between 1 January 2015 and
30 June 2020. Inclusion criteria were (1) age
=18years; (2) clinical diagnosis of patients
with pulmonary fungal disease; (3) hospitaliza-
tion for =7 days; and (4) at least one steady-
state voriconazole C,,., data obtained.
Exclusion criteria were (1) combined definite
hepatobiliary disease, such as all types of viral
hepatitis, alcoholic liver disease, autoimmune
liver disease, and primary biliary or sclerosing
cholangitis; (2) hepatoprotective and enzyme-
lowering therapy during the study period; (3)
other drugs with definite hepatotoxicity (e.g.
isoniazid, rifampicin, and docetaxel) were used
in combination with voriconazole during vori-
conazole administration.

Definition of research

Definition of voriconazole-induced

hepatotoxicity

The determination and scoring of voriconazole-
associated hepatotoxicity were performed accord-
ing to the RUCAM scoring scale modified by
Danan and Teschke3! in 2016 (Table 3). First,
the liver enzymes that were first measured to indi-
cate the occurrence of DILI were included in the
evaluation, and the R value was obtained by
dividing the number of times the measured ala-
nine aminotransferase (ALT) value was elevated
compared with the upper limit of normal (ULN)
by the number of times the measured alkaline
phosphatase (ALP) value was elevated compared
with the ULN of ALP: an R value =5 indicated
hepatocellular injury; an R value <2 indicated
cholestatic injury; and between 2 and 5 indicates
mixed injury. Then, according to the R value cor-
responding to the type, the scale was used for the
overall score: a score of 0 or below indicates that
the drug is ‘excluded’ as the cause of hepatotoxic-
ity; a score of 1-2 indicates ‘unlikely’; a score of
3-5 indicates ‘possible’; 6—8 points mean ‘proba-
ble’; and more than 8 points means ‘highly prob-
able’. Based on the above definition, an RUCAM
score of =6 was considered in this study as prob-
able or highly probable hepatotoxicity induced by
voriconazole.

Criteria for determining the severity of
hepatotoxicity

In this study, the severity of hepatotoxicity was
graded according to CTCAE v.5.0.2! The general
grading principles of CTCAE can be divided into
five categories. The standard ULN values for
total bilirubin (TBil), ALP, gamma-glutamyl
transpeptidase (GGT), aspartate aminotrans-
ferase (AST), and ALT in the laboratory of the
Jinling Hospital Laboratory were 17.1umol/l,
150U/, 50 U/1, 40 U/l, and 40 U/l, respectively.

Dose adjustment and therapeutic drug

monitoring

Therapeutic drug monitoring in this study was
usually performed on day 4 or day 5 after the first
dose of voriconazole administration. Clinicians
typically used the following strategies for voricon-
azole dose adjustment (compliance rate =93.2%):
in patients with high steady-state voriconazole
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Cirougn Over 5.5mg/l with or without AE, 50%
dose reduction was performed, followed by a fur-
ther 50% dose reduction if the concentration
remained high. If necessary, a direct discontinua-
tion was adopted. On the contrary, 50% dose
increase was adopted when steady-state voricona-
zole C,,,q, Were lower than 1 mg/l.

Definition of steady-state voriconazole Cy., g

For patients receiving a loading dose of intrave-
nous or oral voriconazole (defined as voricona-
zole administered intravenously at 6 mg/kg q12h
twice within first 24h, followed by voriconazole
administered intravenously at 4mg/kg ql2h or
orally at 200mg twice daily), C,,,, measured at
or after 24 h of dosing was considered steady-state
Crougn->? For patients who did not receive a load-
ing dose, the values measured on or after day 6 of
the treatment dose were considered steady-state
Ciougns for patients who reached steady-state
Cirougn during treatment but had subsequent vori-
conazole dose adjustments for various reasons,
the values measured on or after day 4 of the dose

adjustment were considered steady-state C,,q,q->>

Genotyping and genotype classification
Genotyping of three single nucleotide polymor-
phisms (SNPs) from stored DNA using the
TagMan analysis to identify major CYP2C19
alleles. rs4244285, rs4986893, and rs12248560
all had >98% call rates, defining the *2, *3, and
*17 alleles, respectively.34

Patients were classified into metabolizer pheno-
typic categories using the established common
consensus star allele nomenclature.?> Patients
without a *2, *3, or *17 allele (i.e. *1/*1) were
classified as ‘extensive metabolizers’, those with
one *17 allele (i.e. *1/*17) and *17 homozygotes
(i.e. *17/*17) were classified as ‘ultrametaboliz-
ers’. Patients with one *2 or *3 allele (i.e. *1/*2 or
*1/*3) were classified as ‘intermediate metaboliz-
ers’, while patients with two *2 or *3 alleles (i.e.
*2/*2, *2/*3, or *3/*3) were classified as ‘poor
metabolizers’.

Statistical analysis

Normally distributed continuous data are
expressed as mean value (*standard deviation,
SD), non-normally distributed continuous data

are expressed as median (the interquartile range,
IQR), and categorical variables are expressed as
counts (%). Owing to the non-normality of vori-
conazole concentrations, the Mann—Whitney U
test was used to compare the mean values between
the two sample groups. The Chi-square? test or
Fisher’s exact test was used to compare the differ-
ences in frequency distribution between groups.
Binary logistic regression analysis was used for
multifactor analysis. Spearman’s method was
used to study the correlation between variables.
All the above analyses were performed using
SPSS (version 25.0), and values were considered
statistically significant when p value less than
0.05.

Results

Baseline patient characteristics

Of the 216 patients screened for this study, 76
patients were excluded. The reasons including
age less than 18years (n=5), unmeasured steady-
state blood concentration data (z=48), and com-
bined definite hepatobiliary disease prior to
voriconazole treatment (z=23). Finally, a total of
140 patients were enrolled in the study analysis.
According to the CYP2C19 genotype classifica-
tion, there were 14 (32.6%) extensive metaboliz-
ers, 25 (58.1%) intermediate metabolizers, and 4
(9.3%) poor metabolizers with voriconazole
Cirougn Of 2.5mg/l (1.0-7.5mg/l), 6.7mg/l (1.4~
8.9mg/l), and 4.4mg/l (2.5-6.1 mg/l). The demo-
graphic and clinical characteristics of the study
patients are shown in Table 1.

Voriconazole dose adjustment regimen,

reasons, and target therapeutic concentration
attainment rate during treatment

Forty-four (31.4%) patients required dose adjust-
ment during voriconazole treatment (Table 2), of
which 65.9% (29/44) patients adjusted dose
within 1week after the first dose, 72.7% (32/44)
required a reduction of voriconazole dose, 18.2%
(8/44) required an increase of voriconazole dose,
and 9.1% (4/44) voriconazole discontinued due
to adverse event. Voriconazole C,,,., over the
upper threshold (63.3%, 28/44) was the most
common cause of dose adjustments during treat-
ment (Table 3). Of which, the dose was reduced
in 11 patients to prevent AEs simply because of
high voriconazole C,,,q,- Up to 60.7% (17/28) of
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Table 1. Clinical characteristics of the study
population.

Total (n=140)

Age, years 63 (52~72)
Sex, male/female 102/38
Weight, kg 61.45 (£12.4)
Smoking 32(22.9%)
Alcohol consuming 19 (13.6%)

Any comorbidity

Respiratory system disease 69 (49.3%)

Cardiovascular disease 40 (28.6%)
Diabetes 20 (14.3%)
Malignancy 20 (14.3%)
Chronic kidney disease 8 (5.7%)
Hematologic malignancy 3(2.1%)
Solid-organ transplantation 2 (1.4%)
Others® 58 (41.4%)

CYPC219 genotype®

*1%1 14 (32.6%)
*1*2 23 (53.5%)
*1*3 2 (4.7%)
*2*2 2 (4.7%)
*2*3 1 (2.3%)
*3*3 1(2.3%)
Diagnosis
Proven 13 (9.3%)
Probable 97 (69.3%)
Possible 30 (21.4%)

Mode of administration

Oral 64 (45.7%)

Intravenous 58 (41.4%)

Sequential therapy 52 (37.1%)
(Continued)

Table 1. (Continued)

Total (n=140)

Other combination therapies

Antibacterial drugs¢ 109 (77.9%)
Other antifungal drugs? 41 (29.3%)
Antiviral drugse 2 (1.4%)
Glucocorticoid therapyf 29 (20.7%])

Proton-pump inhibitor

Pythonazole 20 (14.3%])

Lansoprazole 20 (14.3%)

Omeprazole 16 (11.4%)
Hospital stays 16 (12.3~26)

Data are n (%), median (IQR), and mean value (SD).
alncluding sinusitis (n=1), allergic rhinitis (n=1],
chronic pulmonary heart disease (n=2), lobectomy
(n=2), gallbladder stones (n=3), postcholecystectomy
(n=2), duodenal ulcer (n=1), splenectomy (n=1),
ulcerative colitis (n=1), postoperative appendicitis (n=1),
hypothyroidism (n=2], thyroid nodule (n=1), anemia
(n=5), prostate enlargement (n=7), bone and joint
injury surgery (n=6), brain atrophy (n=1), postcataract
surgery (n=1), depression (n=1), post-tonsillectomy
(n=1), posthysterectomy (n=1), postoperative left lower
extremity varicose veins (n=1), rheumatoid arthritis
(n=3), ankylosing spondylitis (n=3), systemic lupus
erythematosus (n=3), mechanized pneumonia (n=3),
interstitial pneumonia (n=3), ANCA vasculitis (n=1),
mixed connective tissue disease (n=1), nephrotic
syndrome (n=1), dry syndrome (n=1), gout (n=1), and
hyperthyroidism (n=1).

bSample size of 43 people.

cIncluding B-lactams (cephalosporins, imipenem,
biapenem, piperacillin), quinolones (levofloxacin,
moxifloxacin), tigecycline, glycopeptides (teicoplanin,
vancomycin), linezolid, macrolides (clarithromycin,
azithromycin), ornidazole, tetracyclines (minocycline),
aminoglycosides (etimesine), and compound
sulfamethoxazole.

dIncluding caspofungin, amphotericin B, and polymyxin.
¢Including oseltamivir and ganciclovir.

fIncluding methylprednisolone and prednisone.

patients had elevated voriconazole C,,,, with
AEs, the combination was judged strongly corre-
lated by clinicians, and the dose was subsequently
reduced. The most common AE was elevated
liver enzymes (42.9%, 12/28) followed by central
neurotoxicity (10.7%, 3/28), gastrointestinal
symptom (3.6%, 1/28), and rash (3.6%, 1/28).
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Table 2. Time and program of voriconazole dose adjustment during treatment.

Dose adjustment of voriconazole during hospitalization at a distance from
the first dose administration

<3days 4-7 days 8-14days >14days Total (n)
Dose adjustment program
Dose increase 1 3 4 0 8
Dose reduction 8 16 6 2 32
Discontinue medication 0 1 3 0 4
Total 9 20 13 2

Data are n (%).

Table 3. Reasons for dose adjustment of voriconazole during treatment.

Reasons for dose adjustment during hospitalization (n=44)

Low Cyoygn HighCyy, Elevated Visual Central Gastrointestinal Rash
alone alone liver impairment neurotoxicity discomfort
enzymes
Total 7 (15.9%)]) 11 (25.0%) 162 (36.4%) 3 (6.9%) 50 (11.4%) 1¢ (2.3%) 14 (2.3%)

Data are n (%).

aFour patients were elevated liver enzymes alone, and 12 patients were elevated liver enzymes combined with elevated

voriconazole Cygqp-

bTwo patients were central neurotoxicity alone, and three patients were central neurotoxicity combined with elevated

voriconazole Cyygh-

cThe patient was gastrointestinal discomfort combined with elevated voriconazole C

trough-

dThe patient was rash combined with elevated voriconazole Cygp-

84.1% (37/44) of patients underwent a single-
dose adjustment to achieve the target C,,; range
(i.e. 1.5-5.5mg/l). Only a small percentage of
patients required more than twice dose adjust-
ments (Table 4).

Voriconazole-associated AEs and their

correlation with steady-state Cy,qp

Of the 140 patients, 24.3% (34/140) had at least
one or more AEs during voriconazole treatment.
The most common AE was hepatotoxicity
[12.9%; the median steady-state voriconazole
Chrrougn Was 6.57mg/l IQR=4.28-8.22mg/1)], fol-
lowed by the neurotoxicity group [7.1%; 8.00 mg/1
(IQR=4.73-10.54mg/1)]. As shown in Figure 1,
compared with the steady-state voriconazole
Ciougn In 52 patients without any AEs during
treatment, the visual impairment group (6.89 ver-
sus 4.17mg/l; p=0.543), the gastrointestinal AEs

group (4.49 versus 4.17mg/l; p=0.886), cardiac-
related AEs group (8.28 wversus 4.17mg/l;
p»=0.279), and skin-related AEs group (3.89 wver-
sus 4.17mg/l; p=0.538) were not statistically sig-
nificant differences. Steady-state C,,,q,, however,
were significantly higher in the CTCAE (A =2)
group (8.20 versus 4.17mg/l; p=0.016), hepato-
toxicity group (6.57 wversus 4.17mg/l; p=0.021),
and neurotoxicity group (8.00 wversus 4.17 mg/l;
»=0.031) (Figure 1).

Voriconazole-induced hepatotoxicity

Voriconazole-induced hepatotoxicity staging

and CTCAE grading

Based on RUCAM, a total of 18 patients (12.9%)
were diagnosed as probable or highly probable to
have DILI due to voriconazole, with a mean
RUCAM score of 7.78 (*+1.2). By R value type,
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Table 4. Clinical data of patients who received =2 voriconazole dose adjustments during treatment.

Number Baseline characteristics CYPC219 Initial Reasons for dose Dose adjustment  Follow-up
genotype Ciouan adjustment program measurement
(mg/U) of voriconazole
concentration
(mg/l)
1 70years old, M, *1*1 6.27 Persistent high Cq,qn ~ iv0.29q12h—iv  8.28,4.98
hospitalized for 32days 0.2gqd—iv0.2g
qod
2 62years old, M, *1*2 6.18,6.5  High Cy o qn— low iv0.2gq12h—iv  2.65,0.64,0.9
hospitalized for 24 days o 0.2gqd—iv0.2g
q12h
3 65years old, M, Untested  6.64 Elevated liver enzymes iv0.2gq12h—iv  0.8,0.4
hospitalized for 31days combined with 0.159q12h—iv
elevated Cy4ygn —> low 0.2gq12h
Ctrough
4 80years old, M, Untested 10.6 High Cyougn iv0.2g 9.8,1.72
hospitalized for 23 days q12h—iv 0.2g
qd — 12 days off
medication —iv
0.2gqd
6 90years old, M, *2*2 7.8 Elevated liver iv0.2gq12h—iv  4.02
hospitalized for 15days enzymes combined 0.2g qd— 6days
with elevated Cyoqp off medication
7 36years old, M, Untested 0.6 Low initial iv0.2gq12h—iv 8.5, 3.89, 4.24, 417
hospitalized for 36 days Cirough — rash 0.2g q8h—iv
combined with 0.2gq12h
elevated Cyyygy
(manifests as flaky
erythema)

iv, intravenous drip; M, male; qd, administered once daily; g8 h, administered every 8h; q12 h, administered every 12h; qod, administered every

other day.

five patients (3.8%, 5/140) were hepatocellular
injury type, five patients (3.8%, 5/140) were chol-
estasis type, and eight patients (5.7%, 8/140)
were mixed type. According to the CTCAE grad-
ing, 27.8% (5/18) patients with hepatotoxicity
were evaluated as grade 1, 38.9% (7/18) patients
with hepatotoxicity were evaluated as grade 2,
and 33.3% (6/18) patients with hepatotoxicity
were evaluated as grade 3, and no patients with
grade 4 were identified (Table 5).

Incidence and timing of voriconazole-induced
hepatotoxicity

The incidence of hepatotoxicity and neurotox-
icity increased with the steady-state voricona-
zole G,y Among the four groups, the
incidence of hepatotoxicity and neurotoxicity

ranged between 22.2% and 25% at steady-state
voriconazole C,,, of >4.0mg/l. This was
higher than the incidence at 4.0 mg/l (5-13.3%;
Figure 2). There were 66.7% of patients who
experienced hepatic toxicity within 7 days of the

first voriconazole dose, and 94.4% within
15 days (Figure 3).
Predictive thresholds for Cy,,q, in voriconazole-

induced hepatotoxicity

The analysis of receiver operating characteristic
(ROC) showed that steady-state voriconazole
Ciougn >3.61mg/l were associated with an
increased incidence of hepatotoxic events, with
an area under the ROC curve of 0.645 (95% con-
fidence interval (CI)=0.534-0.757, p=0.047;
Figure 4).

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

THERAPEUTIC ADVANCES in

Volume 13
P=0.016
20+ P=0.021
P=0.031
1
A
5 |
= - A
E 15
= 1
L]
j
P =
s n L]
£ @
o
°
2 10 " =
o
> * A
=] = L Ng
= LR ¥ & U H $ 7
o % .
o —
b ® i —ae
s [ ]
£ 5+ * [
o — *
> L [ 3
[ ]
* &
"
n
[ ) o
' ® v L] gg A
o I 1 1 ] 1 ] 1 1
® & e"’@ a‘}é & \""6 Vs\ 7/’])
o3 5 & ) & s* o >
S e & & § & & {9\
' N2 4% R’ @ & & G
N v & - 8 &
2
\‘\9 Qﬁf"\o ‘6‘ \\0‘ 009 56\\4
o & © &
‘b,_;é (6‘ b
& PG Qﬁ\‘g
Figure 1. AEs and voriconazole C,q, of patients (n=140] during voriconazole treatment.
Table 5. Hepatotoxicity classification and CTCAE classification.
CTCAE classification
0 1 2 3 4

RUCAM phenotype

Hepatocellular injury (n=5)

o
o
w
N
o

Cholestatic injury (n=5) 0 3 1 1 0
Mixed injury (n=8) 0 2 3 3 0
Total (n) 0 5 7 6 0

CTCAE, Common Terminology Criteria for Adverse Events; RUCAM, Roussel Uclaf Causality Assessment Method.
Data are n (%).

Multifactorial analysis of voriconazole-induced [odds ratio (OR) =0.189, 95% CI=0.054-0.652,
hepatotoxicity »=0.008; adjusted OR=0.190, 95% CI=0.065—
Reverse stepwise binary logistic regression mod- 0.554, p=0.002; Figure 5]. After adjusting for
els identified timely voriconazole dose adjustment confounders, patients with elevated voriconazole
as a protective factor in reducing hepatotoxicity  C,,,n, showed an increased risk of hepatotoxicity
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66.7% of liver enzyme elevation occurred by 7 days
94.4% of liver enzyme elevation occurred by 15 days
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Figure 3. The time interval between the onset of hepatotoxicity and the first dose of voriconazole.

(OR=1.088, p=0.390). The model had good
goodness of fit [Hosmer and Lemeshow test Chi-
square =9.96, degree of freedom (df)=1,
p=0.268; Nagelkerke R?=0.187], and its overall
prediction power was 82.1%.

Correlation between voriconazole steady-state
Cirougn @nd liver enzymes

Spearman’s correlation analysis showed a positive
correlation between steady-state voriconazole
C and TBil (r=0.246), ALT (r=0.270),

trough
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Figure 5. Logistic regression analysis of voriconazole-induced hepatotoxicity.
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Figure 4. The optimal voriconazole Cy.,g4, threshold for predicting the occurrence of hepatotoxicity.
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= Oral treatment days . 1018 (0.871-1.188)  0.826 2 -
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Corticosteroid use e 0615(0.143:2.650) D514 5
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= Dose adjustment — 0.189 (0.054-0.652)  D.00B £.190 (0.065-0.554) 0.002
= Underlying disease - 2.483 (0.649-0,504) 0.184 s =
= Intravenaus lrealment days ™ 1.057 (0.958-1.165)  0.271 1.056 (0.992-1.124) 0.087
= Use voriconazole in advance 1.769 (0.504-6.209) 0.374
" Age 0.998 (0.960-1.037) 0918 - -
= Male —_——
0.619 (0.127-3.029) 0.554 . -
Variconazole trough concentration "= 1.088 (0.898-1.318)  0.380 R -
Intravenous administration — 1.310 (0.246-6.985)  0.752
s Current drinking history 1.348 (0.247-7.355)  0.730 - -
= Currenl smaking hislory —_— 0.725 (D.167-3.157) 0669 - -

10

AST (r=0.405), ALP (r=0.276), and GGT
(r=0.185) levels (p value <0.05; Figure 6).

Change in CTCAE classification of liver enzymes
before and after voriconazole treatment

Among 140 patients, TBil, ALT, AST, ALP, and
GGT CTC =3points were 1 (1%), 4 (3%), 3

(2%), 0 (0%), and 19 (17%) patients, respec-
tively. TBil, ALT, AST, ALP, and GGT were
elevated =2 points in 2 (1%), 11 (8%), 6 (4%), 2
(2%), and 32 (29%) patients, respectively.
Considering that GGT was significantly higher
than other liver enzymes after treatment, we fur-
ther performed a subgroup analysis of the

journals.sagepub.com/home/taw


https://journals.sagepub.com/home/taw

K Shen, Y Gu et al.

P=0.000
r=0405

100+ 400+
P=0.004 400~
1=0.246 P=0.001
r=0.270
80 300
300
_ .
3 60+ - g
] o =) .
£ S 0 2 2004
= = T 2
& 40+ 2
’ 100 . 1004
1 1 0
20 20 0
Vor trough 1 ) Vori trough al
700
P=0.001 1000=
r=0.276 P=0.040
600 . r=0.185
800 .
500
- ] .
2 400 g 600
o 2
3 300 .. 5 .
: L © 400+ NI
. Seow " . . .
200 . . [
- e e .
1 1

Voriconazole trough concentration (mcg/ml)

Voriconazole trough concentration (mcg/mi)

Voriconazole trough concentration (mcg/ml)

Figure 6. Spearman’s rank-order correlation coefficient between liver enzymes and voriconazole Cyqp, (n=140).

correlation between GGT and voriconazole, and
the results showed that steady-state voriconazole
Ciougn (#=0.002) and voriconazole treatment
duration (p=0.026) were independent positive
predictors of ACTC (GGT) =2 (Table 6).

Discussion

There are no guideline recommendations for dose
adjustment based on TDM results. Park ez al.®
used a threshold of 1.0, 5.5, and 10.0mg/1 for
adjusting dose based on the exposure data and
the severity of the AEs. By following this strategy,
the percentage of patients achieving their target
therapeutic range increased from 49% to 77%. In
this study, the majority of patients (84.1%, 37/44)
only required one-time dose adjustment to reach
the target concentrations (1.5-5.5mg/l) with this
regimen.

The Dutch Pharmacogenetics Working Group has
provided more specific dose adjustment options

for voriconazole based on pharmacogenomic treat-
ment recommendations. Working group members
suggested determining the initial dose of voricona-
zole in patients according to their CYP2C19 geno-
types. For slow metabolizers, the dose should be
reduced by 50% and for fast metabolizers,
increased by 50%. Similarly, Zubiaur er al.?® used
a physiology-based pharmacokinetic model to ana-
lyze the dose adjustment of voriconazole in a study
and suggested that the standard dosing regimen in
the current guidelines may only be applicable to
the normometabolic phenotype.

Studies have shown that CYP2C19 nonwild
(mutant) phenotypes are prevalent in Asian pop-
ulations (60-70%), whereas this proportion is
only about 30% in Caucasian and African.?* In
this study, the intermediate metabolizers were
also predominant in patients with CYP2C19 gen-
otype, and the mean steady-state voriconazole
Ciougn Was higher than those of the extensive
metabolizers. This may indicate that the dosing
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Table 6. Logistic regression analysis of the increase of GGT after voriconazole treatment.
Influencing factors ACTC (GGT) =2
Single-factor analysis Final model
OR (95% CI) p OR (95% Cl) p

Age 0.998 (0.962-1.035) 0.998 -
Sex 0.765 (0.226-2.584) 0.666 -
Smoking 3.6101(0.712-18.303)  0.121 3.287(0.819-13.197)  0.093
Drinking 0.273 (0.041-1.805) 0.178 0.248 (0.048-1.279) 0.096
Antibacterial drug use 1.011(0.221-4.629) 0.989 -
Other antifungal drug use 0.488(0.156-1.532) 0.219 -
Glucocorticoid use 1.415 (0.348-5.760) 0.628 -
Acid-suppressing drug use 0.740 (0.299-2.395) 0615 -
Dose adjustment 1.408 (0.465-4.266) 0.545 -
Route of administration

Intravenous 0.534 (0.141-2.019) 0.355 -

Oral 1.025 (0.207-5.084) 0.976 -
Any comorbidity

Cardiovascular disease 1.792 (0.476-6.756) 0.389 -

Chronic Obstructive Pulmonary Disease  0.647 (0.144-2.908) 0.571 -

Diabetes 0.829 (0.162-4.255) 0.823 -

Chronic kidney disease 0.656 (0.077-5.555) 0.699 -

Others 0.763 (0.200-2.905) 0.692 -
Steady-state voriconazole Cyyqp 1.276 (1.086-1.499) 0.003 1.239 (1.079-1.423)  0.002
Duration of voriconazole treatment 1.041 (0.963-1.125) 0.316 1.062 (1.007-1.120)  0.026

ACTC, CTCAE grade difference of liver enzyme before and after treatment with voriconazole; Cl, confidence interval; GGT,

gamma-glutamyl transpeptidase; OR, odd ratio.

regimen of voriconazole needs to be adjusted for
Chinese patients.

Of the 140 patients in this study, 44 (31.4%)
experienced a dose adjustment during voricona-
zole treatment. The simultaneous elevation of
Cirougn and liver enzymes (42.9%) was the most
common reason for the first voriconazole dose
adjustment. Among them, 94% of patients had
their voriconazole dose adjusted within 14days,

with the greatest proportion occurring between 4
and 7 days (45.5%, 20/44), which is likely due to
routine monitoring after voriconazole administra-
tion. In addition, we observed that the dose was
not adjusted in 10 patients with elevated Ciq,
and AEs, 13 patients with normal C,,q, and 21
patients with elevated C,,,., but no AEs. Thus, in
clinical practice, therapeutic decisions are influ-
enced by expected or observed toxicity as well as
disease severity and host factors.3”
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In a meta-analysis of 39 randomized controlled tri-
als by Wang ez al.,° the risk of discontinuing vori-
conazole due to elevated liver enzymes was high.
There is still some controversy whether there is a
correlation between hepatotoxicity and voricona-
zole C,ygns however.® Some studies have reported
that steady-state voriconazole C,,,, above 4.0
6.0mg/l are associated with an increased incidence
of hepatotoxicity.12:16,18:24,:26-28,38 Neanwhile, sev-
eral other studies have also shown no correlation
between steady-state voriconazole C,,., and
hepatotoxicity.619:29,39

trouy

A wide variation of hepatotoxicity is observed in
different studies, which is likely due to the differ-
ent study population,?10:25 CYP2C19 genotype,!>
disease severity,!%!® and dose and method of
administration.!”#0 The heterogeneity among
studies may make it difficult to generalize the
results based on population and definition criteria
to all populations. A meta-analysis by Jin ez al.,!°
which included 21 studies, showed a large differ-
ence in the incidence of voriconazole-associated
liver injury between Asian and non-Asian studies.
A reasonable downward adjustment of the upper
target voriconazole concentration threshold rec-
ommended by current guidelines may be war-
ranted in the Asian population.

In this study, compared with the steady-state
voriconazole C,,g, in 52 patients without any
AEs during treatment, there was no statistically
significant difference in other AEs such as visual
disturbances, except for the hepatotoxicity group
and neurotoxicity group, which is consistent with
some other studies.!%!? Using subject curve anal-
ysis, we determined that a steady-state C,,g, Of
3.61 mg/l could predict hepatotoxicity with 94.4%
sensitivity and 41.8% specificity. In other words,
if the steady-state C,,,q, Was considered the only
predictor of hepatotoxicity, 94.4% of patients
would be identified, but 58.2% of the population
would be overestimated. This led us to propose a
more plausible hypothesis that increased voricon-
azole C,,,g, may lead to an increased likelihood
of toxic events. But, there is no perfect positive
linear correlation with toxic events (especially
hepatotoxicity) and that steady-state C,,,g, at a
single time point may not ideally predict the risk
of hepatotoxic events.

Furthermore, logistic regression analysis was
used to analyze the factors influencing

voriconazole-associated hepatotoxicity, and the
results indicated that timely voriconazole dose
adjustment was an effective protection against
hepatotoxicity. In other words, clinicians would
actively reduce the dose or discontinue treat-
ment based on the assessment of liver function
to prevent hepatotoxicity.

Extracellular GGT acts as a membrane-bound
zinc protein with a main function in glutathione
recycling. Several studies have shown that GGT
overexpression is associated with melanoma,*1-43
and the association of long-term voriconazole use
with photosensitivity has been confirmed by sev-
eral studies. 4446

We compared the CTC scores of patients before
and after treatment, and the percentage of GGT in
ACTC =2 was significantly higher than that of the
other enzymes and correlated with steady-state
voriconazole C,,,, and length of voriconazole
treatment during hospitalization. This is consistent
with the observation that a certain proportion of
patients requiring long-term oral voriconazole
treatment showed isolated mild-to-moderate ele-
vations in GGT, which may suggest the presence
of high oxidative stress in this group of patients.
Currently, only sporadic cases of the association
between long-term voriconazole use and melano-
cytoma development exist, but due to the poor
prognosis of melanoma complications, it is worth-
while to be alert to this indicator in clinical
practice.

This study had some limitations. First, the
CYP2C19 genotype polymorphism, which has
been shown in several studies to affect voricona-
zole blood levels, was not identified in this study,
which may be due to the small sample size tested
for the genotype in this study. Second, this is a
study of a specific Asian population and the
findings may be only applicable to Asia
populations.

In conclusion, this study found that around one-
third of Chinese patients with pulmonary fungal
disease required dose adjustment after regular
doses of voriconazole. Hepatotoxicity was the
most common cause of dose adjustment. In
patients with early occurrence of hepatotoxicity,
initial TDM might predict the risk of hepatotox-
icity. Follow-up TDM is also required to predict
late onset hepatotoxicity, however. GGT may be
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used to reflect the level of oxidative stress in
patients on long-term voriconazole.
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