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Purpose: This study aimed to evaluate the predictive value of initial trough concentration (C,,,) of voriconazole (VCZ) and
procalcitonin (PCT) in hepatotoxic adverse events.

Patients and Methods: A retrospective analysis was performed on clinical data from 170 patients administered VCZ at our
institution between January 2021 and July 2025. Risk factors associated with VCZ-induced hepatotoxicity were identified through
binary logistic regression analysis. The diagnostic performance of initial VCZ-C,;, and PCT in predicting hepatotoxicity was
evaluated using receiver operating characteristic (ROC) curve analysis.

Results: The mean loading dose of VCZ was 9.48 mg/kg, with a maintenance dose of 6.62 mg/kg, and an average initial C,;, of
5.58 mg/L. Hepatotoxicity was observed in 20.59% (35/170) of patients during the treatment period. Multivariate logistic regression
analysis, adjusted for confounding factors including weight, maintenance dose, and proton pump inhibitors use, revealed that elevated
initial VCZ-C,;, and high PCT levels were significantly associated with hepatotoxicity. ROC curve analysis identified critical
thresholds for hepatotoxicity risk: an initial VCZ-C,,;, of 5.035 mg/L (AUC=0.663, P=0.003) and a PCT level of 0.835 ng/mL
(AUC=0.754, P<0.001), the predictive probability of their combination was 0.184 (AUC=0.744, P<0.001). After grouping according
to the threshold level of PCT, there was a significant difference in the initial VCZ-C,,;, between patients with high PCT levels and
those with low PCT levels (P=0.005).

Conclusion: VCZ-induced hepatotoxicity is the common adverse reaction, exhibiting significant associations with elevated initial
VCZ-Ci, and increased PCT levels. Both the initial VCZ-C,,;;, and PCT levels are independent risk factors, and either alone or in
combination can predict the occurrence of hepatotoxicity. Among these, PCT levels have the most significant predictive value.
Keywords: voriconazole, initial trough concentration, procalcitonin, hepatotoxicity, therapeutic drug monitoring

Introduction

Voriconazole (VCZ) is a broad-spectrum antifungal agent, serving as the first-line treatment of choice for pulmonary,
sinus, and central nervous system aspergillus infections, as well as the preferred therapeutic option for Scedosporium
apiospermum infections.'” While demonstrating broad-spectrum antifungal activity, VCZ is associated with notable
adverse effects, including visual disturbances, neurological manifestations, and hepatotoxicity. Pharmacovigilance data
from the French Pharmacovigilance Center, encompassing the initial four-year post-marketing period, identified hepatic
function abnormalities as the most frequently reported adverse event.> Subsequent investigations have consistently
demonstrated that hepatotoxicity constitutes the primary cause for VCZ dose reduction or treatment cessation.*>
A multicenter study conducted by Hamada et al further substantiated these findings, revealing a significantly higher
incidence of dose modification or discontinuation due to hepatotoxicity compared to visual disturbances.” Given its

persistent nature and higher prevalence relative to other transient or less frequent adverse effects, VCZ-induced
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hepatotoxicity warrants comprehensive investigation to elucidate its underlying mechanisms and optimize therapeutic
management.’

The relationship between VCZ plasma concentrations and hepatotoxicity remains a subject of ongoing debate in the
scientific literature. A meta-analysis conducted by Hanai et al included 25 studies involving a total of 2554 patients. The
results indicated that the incidence of hepatotoxicity significantly increased with rising VCZ-C ;.. To prevent VCZ-
related adverse events, the study recommended maintaining the optimal VCZ-Cy;, at <3.0 pg/mL.” While some studies
have reported associations between elevated VCZ-C,;, (>4.0 or 6.0 mg/L) and increased hepatotoxicity risk, this
correlation has not been consistently demonstrated across all investigations.®” Notably, a prospective study conducted
by Pascual et al observed a numerical increase in hepatotoxicity incidence (from 8% to 19%) when initial VCZ-Cyy;y,
exceeded 5.5 mg/L, however, this difference did not reach statistical significance.'” Two recent studies have also

demonstrated that there is no correlation between the steady-state VCZ-C,,;, and hepatotoxicity,“’11

suggesting that
other factors may contribute to the development of hepatotoxicity.

During VCZ therapy, dynamic alterations in patients’ inflammatory status significantly influence the concentrations of
inflammatory cytokines. These cytokines exert inhibitory effects on cytochrome P450 isoenzymes through transcriptional
regulation, resulting in decreased mRNA expression, protein synthesis, and enzymatic activity.'*'* Consequently, these
molecular changes modify VCZ’s metabolic rate, ultimately affecting its plasma concentration.'>'® While procalcitonin
(PCT) has been established as a robust biomarker for bacterial infection diagnosis.'” The association between PCT levels
and VCZ-C,,;, remains poorly characterized in the current literature.

This retrospective study investigated the clinical data of patients with fungal infections who underwent VCZ
treatment at our institution in recent years. The primary objectives were to examine the association between the initial
VCZ-Cp,i, and PCT levels, and to evaluate their potential roles as risk factors for hepatotoxicity, as well as their
predictive value in hepatotoxic adverse events, aiming to provide evidence-based insights for optimizing the clinical
application of VCZ.

Patients and Methods

Patients

This single-center retrospective cohort study was conducted at the Affiliated Huaian No. 1 People’s Hospital of Nanjing
Medical University. Patients who received VCZ treatment from January 2021 to July 2025 were included. The inclusion
criteria comprised: (1) patients aged>18 years; (2) a minimum hospital stay of 7 days; and (3) at least one steady-state
VCZ-C,,;, date obtained, concomitant evaluations were conducted, including comprehensive routine blood analyses, PCT
levels, serum albumin concentrations, and additional biochemical parameters, all measured on the same day as the C,;,
assessment. The exclusion criteria included: (1) the presence of definitive hepatobiliary diseases, such as viral hepatitis,
alcoholic liver disease, autoimmune liver disease, or primary biliary or sclerosing cholangitis; (2) the administration of
liver-protective or enzyme-lowering therapies during the study period; and (3) the concurrent use of other medications
with established hepatotoxicity, including isoniazid, rifampin, and docetaxel, during VCZ treatment. In this investigation,
the VCZ-C,,;, was quantitatively assessed using the Siemens Syva Viva-ProE drug concentration analyzer through
enzyme-linked immunosorbent assay (ELISA) methodology, while PCT levels were determined via electrochemilumi-
nescence immunoassay (ECLIA). The study was approved by the ethics committee of Huaian No. 1 People’s Hospital
(approval number: KY-2023-077-01; date: May 11, 2023).

Data Collection

Patient data were systematically extracted from both electronic and paper-based medical records and subsequently
compiled into structured spreadsheets. The collected data encompassed the following key domains: (1) Demographic
characteristics, including age, gender, weight, and length of hospital stay; (2) Diagnostic information pertaining to fungal
infections and associated comorbidities; (3) Hepatic and renal function parameters, measured both prior to and following
VCZ administration, including total bilirubin (TBIL), alkaline phosphatase (ALP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl transferase (y-GGT), and serum creatinine (SCr); (4)
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Pharmacological data, including the initial VCZ-C,;,, prescribed dosage, route of administration, treatment course, time
of hepatotoxicity occurrence, and concomitant medications; (5) Laboratory parameters obtained on the day of initial
VCZ-C,,in measurement, including serum PCT, serum albumin (Alb), white blood cell count (WBC), neutrophil
percentage (NEUT%), total cholesterol (TC), and triglyceride (TG) levels.

Definition of Voriconazole-Induced Hepatotoxicity

This investigation utilized the Roussel Uclaf Causality Assessment Method (RUCAM) scale, as revised by Danan and
Teschke (2016),'® for the systematic evaluation of drug-induced liver injury (DILI). The assessment parameters
incorporated biochemical markers indicative of DILI, with the R value calculated as the ratio of ALT to its upper
limit of normal (ULN) divided by the ratio of ALP to its ULN. The R value served as a diagnostic classifier: values>5
were indicative of hepatocellular injury, values<2 suggested cholestatic injury, and values between 2—5 denoted mixed
injury patterns. The RUCAM scoring system was implemented with the following classification criteria: scores<0
indicated no drug-related hepatotoxicity; 1-2 points were classified as “unlikely”; 3—5 points as “possible”; 6—8 points
as “probable”; and scores >8 as “highly probable”. For the purposes of this study, a RUCAM score >6 was established as
the threshold indicating that VCZ was likely or highly likely to induce hepatotoxicity. Considering the temporal pattern
of VCZ-induced hepatotoxicity, which predominantly manifests within 1-2 weeks of treatment initiation,'® the observa-
tion period was standardized to 30 days following the initial dose administration.

Criteria for Assessing the Severity of Hepatotoxicity

The severity of hepatotoxicity was assessed in accordance with the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0,% as established by the US Department of Health and Human Services. The CTCAE employs a five-
tiered grading system to classify adverse events. The reference ULN values for hepatic function parameters, as determined by
our institutional laboratory, were defined as follows: TBIL at 26 umol/L, ALP at 135 U/L, y-GGT at 60 U/L, AST at 40 U/L,
and ALT at 40 U/L.

Dose Adjustment and Therapeutic Drug Monitoring

In this study, therapeutic drug monitoring of VCZ is systematically performed on the 4th or 5th day post-initial administration.
A standardized dose adjustment protocol is implemented based on C,,;, measurements: for patients exhibiting VCZ-C;,
levels exceeding 5.5 mg/L, irrespective of adverse event manifestation, the dose is reduced by 50%; persistent elevation in
concentration warrants an additional 50% reduction, with potential drug discontinuation if clinically indicated. Conversely,
when VCZ-C,, falls below 1 mg/L, a 50% dose escalation is administered. For individuals requiring dose adjustments
following the attainment of steady-state trough concentrations during therapy, the new steady-state trough concentration is
determined as the concentration measured on or after the fourth day following the dose modification.?!

Definition of Initial VCZ-C,,;,,

In patients administered a loading dose of VCZ (6 mg/kg intravenously every 12 hours for two doses within the initial
24-hour period, followed by 4 mg/kg intravenously every 12 hours or 200 mg orally twice daily), the initial VCZ-Cy, is
defined as the concentration measured at or beyond 24 hours post-administration.**

Statistical Analysis

Normally distributed continuous data were expressed as mean value (fstandard deviation, SD), while non-normally
distributed continuous data were expressed as median (interquartile range, IQR). Categorical variables were expressed as
counts (%). In univariate analysis, a Student’s f-test or Mann—Whitney U-test was performed to compare continuous
variables, and a Pearson chi-square test or Fisher’s exact test was used to compare categorical variables. Binary logistic
regression analysis was employed to conduct multifactorial analysis. The ROC curve was applied to analyze and evaluate
the diagnostic value of initial VCZ-C,,;, and PCT in voriconazole-induced hepatotoxicity. All statistical analyses were
performed using SPSS Statistics version 27 (IBM, Chicago, Illinois, USA). The value of P<0.05 was considered
statistically significant.
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Results

Basic Patient Information

The demographic and clinical characteristics of the patients are detailed in Table 1. Among the 170 patients, 10 were on
prophylactic medication, while 160 were diagnosed with invasive fungal infections. Aspergillus infection was the most
common, accounting for 46.47%, followed by Candida infection at 26.47%. The positive rate of the GM test was
12.35%. Among patients treated with VCZ, respiratory diseases were the most common underlying conditions, account-
ing for 30.59%, followed by cardiovascular diseases and diabetes, each at 17.65%. The average loading dose of VCZ was
9.48 mg/kg/day, with a maintenance dose of 6.62 mg/kg/day. The average treatment duration was 14.29 days, and the
average initial C;, was 5.58 mg/L. Based on the normal reference range of VCZ-C,,;, at our hospital (1-5 mg/L),
patients were categorized into high initial C;, (Cpnin>5 mg/L), accounting for 54.12%; normal initial C,;, (1 mg/L<C ;.
<5 mg/L), accounting for 42.35%; and low initial C;, (Cp,in<l mg/L), accounting for 3.53%.

Hepatotoxicity Types Induced by VCZ and Their CTCAE Grades

As presented in Table 2, hepatotoxic reactions were observed in 20.59% (35/170) of patients treated with VCZ. The
hepatotoxicity manifestations were categorized as follows: Hepatocellular injury (2.9%, 1/35), cholestatic injury (77.1%,
27/35), and mixed injury (20%, 7/35). Based on the CTCAE grading system, the severity distribution of hepatotoxicity
was grade 1 in 25.71% (9/35), grade 2 in 28.57% (10/35), grade 3 in 31.43% (11/35), and grade 4 in 14.29% (5/35), with

Table | Demographic and Clinical Characteristics of the Study

Patients
Variables Overall (n=170)
Age (y) (meanSD) 63.18%14.79
Male sex, n (%) 105(61.76)
Weight (kg), (mean+SD) 65.06x13.69
Primary disease, n (%)
Respiratory diseases 52(30.59)
Cardiovascular diseases 30(17.65)
Diabetes 30(17.65)
Solid malignant tumors 25(14.71)
Chronic Kidney Disease 11(6.47)
Hematologic malignancies 16(9.41)
Others 6(3.53)
Diagnosis, n (%)
Prophylactic use 10(5.88)
GM test positive 21(12.35)
G Test Positive 15(8.82)
Aspergillus 79(46.47)
Candida 45(26.47)
Administration dose (mg/kg/d), (mean+SD)
Loading dose 9.48+3.37
Maintenance dose 6.62%1.79
Route of administration, n (%)
Oral administration 80(47.06)
Intravenous infusion 90(52.94)
Treatment course (d), (mean+SD) 14.29+7.51
VCZ-C,in (mg/L), (meantSD) 5.58+3.15
VCZ-C,,;in>5 mg/L, n (%) 92(54.12)
VCZ-Cin(l mg/LLCin<5mg/L), n (%) 72(42.35)
VCZ-Cin<| mg/L, n (%) 6(3.53)

Abbreviations: GM Test, Aspergillus galactomannan Detection; G Test, |,3-f-
D-Glucan Detection; VCZ-C,n, Initial trough concentration of voriconazole.
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Table 2 Hepatotoxicity Types Induced by VCZ and Their CTCAE Grades

Types of Hepatotoxicity (n=170)

CTCAE Classification

1 2 3 4 5
Hepatocellular injury, n (%), (n=1, 2.9%) 0 0 0 | 0
Cholestaticinjury, n (%), (n=27, 77.1%) 5 9 9 0
Mixed injury, n (%), (n=7, 20%) | 0
Proportion, n (%) 2571 | 2857 | 3143 | 1429 | O

Hepatotoxicity incidence, n (%), (n=170)
Hepatotoxicity proportion, (n=35)
VCZ-C.,in>5mg/L, n (%)

VCZ-Cin(l mg/LSC,,inS5mg/L), n (%)
VCZ-Cin<| mg/L, n (%)

35(20.59)

25(71.43)
10(28.57)
0(0)

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; VCZ-C,,;,, Initial

trough concentration of voriconazole.

no grade 5 cases reported. A significant correlation was identified between hepatotoxicity proportion and initial C,;,: the
proportion was 71.43% (25/35) when C,,;, exceeded 5 mg/L, 28.57% (10/35) when C,,;, ranged between 1 mg/L and

5 mg/L, and 0% when C,,;, was below 1 mg/L.

Univariate Analysis Comparison of the Hepatotoxicity Group and the

Non-Hepatotoxicity Group in Patients Treated with VCZ
As demonstrated in Table 3, the mean initial VCZ-C;, in the hepatotoxicity group (6.79 mg/L) was significantly

elevated compared to that in the non-hepatotoxicity group (5.27 mg/L; P=0.004). Furthermore, significant differences

were observed in several hematological and biochemical parameters between the two groups. Specifically, the

Table 3 Comparison of Clinical Data Between the VCZ Hepatotoxicity Group and the Non-

Hepatotoxicity Group Using Univariate Analysis

Variables Hepatotoxicity Non-Hepatotoxicity | p-value
Group (n=35) Group (n=135)
Age (y) (meanxSD) 60.57£17.63 63.85£13.96 0.243
Male sex, n (%) 21(60.00) 84(62.22) 0.809
Weight (kg), (mean%SD) 69.14+16.54 64.00£12.71 0.093
Primary disease, n (%)
Respiratory diseases 9(25.71) 43(31.85) 0.483
Cardiovascular diseases 3(8.57) 27(20.00) 0.114
Diabetes 9(25.71) 21(15.56) 0.160
Solid malignant tumors 6(17.14) 19(14.07) 0.648
Chronic Kidney Disease 3(8.57) 8(5.93) 0.571
Hematologic malignancies 4(11.43) 12(8.89) 0.647
Others 1(2.86) 5(3.70) 0.809
Diagnosis, n (%)
Prophylactic use 2(5.71) 8(5.93) 0.962
GM test positive 5(14.29) 16(11.85) 0.697
G Test Positive 3(8.57) 12(8.89) 0.953
Aspergillus 13(37.14) 66(48.89) 0.214
Candida 12(34.29) 33(24.44) 0.240
(Continued)
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hepatotoxicity group exhibited markedly higher levels of WBC, NEUT%, TG, and PCT compared to the non-

Table 3 (Continued).

Variables Hepatotoxicity Non-Hepatotoxicity | p-value
Group (n=35) Group (n=135)
Administration dose (mg/kg/d), (mean+SD)
Loading dose 10.19£3.01 9.29+3.44 0.160
Maintenance dose 6.10+1.40 6.75+1.86 0.055
VCZ-Cpin (mg/L), (meanxSD) 6.79+£2.57 5.27+3.22 0.004
Intravenous infusion, n (%) 20(57.14) 70(51.85) 0.576
Combination Therapy, n (%)
Glucocorticoids 10(28.57) 23(17.04) 0.124
PPIs 27(77.14) 80(59.26) 0.051
Laboratory indicators
WBC (g/L), (mean+SD) 11.56+5.90 9.17+4.14 0.030
NEUT%, (meantSD) 82.74+8.25 78.46x12.04 0.049
PCT (ng/mL), median (IQR) 1.656(0.281-10.034) | 0.159(0.055-0.486) <0.001
ALB (g/L), (meantSD) 31.79+4.95 32.17+5.00 0.691
TG (mmol/L), (mean+SD) 2.10£1.37 1.63+0.88 0.014
TC (mmol/L), (meantSD) 3.35%1.21 3.27+1.35 0.752
Treatment course (d), (mean+SD) 16.14+6.07 13.81+7.79 0.103

Abbreviations: GM Test, Aspergillus galactomannan Detection; G Test, |,3-f-D-Glucan Detection; VCZ-C,,, Initial trough
concentration of voriconazole; PPls, Proton Pump Inhibitors; WBC, White Blood Cell Count; NEUT%, Neutrophil percentage;
PCT, Procalcitonin; ALB, Serum Albumin; TG, Triglycerides; TC, Total Cholesterol.

hepatotoxicity group (P<0.05 for all comparisons).

Multivariate Logistic Regression Analysis of VCZ-Induced Hepatotoxicity

Variables demonstrating a univariate association with P<0.1 in Table 3 were subsequently incorporated into
a multivariate binary logistic regression analysis. As presented in Table 4, both elevated initial VCZ-C,;, and increased
PCT levels emerged as independent risk factors for VCZ-induced hepatotoxicity, with odds ratios (OR) of 1.161 (95%
CI=1.033-1.306, P=0.013) and 1.175 (95% CI=1.064-1.298, P=0.001), respectively. Following multivariate adjustment,
the OR values were refined to 1.211 (95% CI=1.046-1.402, P=0.010) and 1.120 (95% CI=1.004-1.248, P=0.041) for

these variables.

Table 4 Multivariate Logistic Regression Analysis of VCZ-Induced Hepatotoxicity

Variables OR (95%Cl) p-value | Adjusted OR (95%Cl) | Adjusted p-value
Weight 1.027(1.000-1.054) | 0.052

Maintenance dose | 0.775(0.596—1.008) | 0.057

VCZ-C.in I.161(1.033-1.306) | 0.013 1.211(1.046—1.402) 0.010

Use of PPls 2.320(0.981-5.486) | 0.055

WBC 1.106(1.025-1.194) | 0.009 1.106(0.999-1.224) 0.053
NEUT% 1.038(1.000-1.078) | 0.052

PCT 1.175(1.064—1.298) | 0.001 1.120(1.004—1.248) 0.041

TG 1.493(1.070-2.084) | 0.019 1.158(0.751-1.786) 0.506

Notes: Adjusted model: Adjusted for weight, maintenance dose, use of PPls, WBC, NEUT%, and TG.
Abbreviations: VCZ-C,,;,, Initial trough concentration of voriconazole; PPls, Proton Pump Inhibitors; WBC, White
Blood Cell Count; NEUT%, Neutrophil percentage; PCT, Procalcitonin; TG, Triglycerides.
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Figure | The predictive value of initial VCZ-C,,;, and PCT levels and their combination on the risk of voriconazole-induced hepatotoxicity.

Evaluation of Initial VCZ-C,,,;,, and PCT Levels and Their Combination as Predictive

Biomarkers for VCZ-Induced Hepatotoxicity

As demonstrated in Figure 1 and Table 5, the ROC curve analysis demonstrated that specific biomarkers had significant
predictive power for VCZ-induced hepatotoxicity. The initial VCZ-C,y;, exhibited an AUC of 0.663 (95% CI:
0.573-0.752, P=0.003), while PCT levels demonstrated an AUC of 0.754 (95% CI: 0.663-0.846, P<0.001). Their
combination demonstrated an AUC of 0.744 (95% CI: 0.660-0.828, P<0.001). The optimal predictive thresholds for
hepatotoxicity were identified as 5.035 mg/L for the initial VCZ-C,,;, and 0.835 ng/mL for PCT levels.

The Influence of PCT Levels on Initial VCZ-C,,;, and Associated Hepatotoxic Adverse
Events

As demonstrated in Table 6, further analysis demonstrated a significantly higher incidence of hepatotoxicity in patients
with PCT levels>0.835 ng/mL (43.14%, 22/51) compared to those with PCT levels<0.835 ng/mL (10.92%, 13/119), with
the difference reaching statistical significance (P<0.001). Furthermore, the mean initial VCZ-C,,;, was significantly
elevated in the PCT>0.835 ng/mL group (6.62 mg/L) relative to the PCT<0.835 ng/mL group (5.14 mg/L), with this

difference also demonstrating statistical significance (P=0.005).

Table 5 The Initial VCZ-C,,,;, and PCT Levels and Their Combination Were Analyzed Using the ROC Curve

Variables AUC | p-value 95% ClI Sensitivity (%) | Specificity (%) | Youden Index | Cutoff Value
VCZ-C in 0.663 0.003 0.573-0.752 714 511 0.225 5.035
PCT 0.754 | <0.001 | 0.663-0.846 62.9 785 0414 0.835
VCZC,,in-PCT | 0.744 | <0.001 | 0.660-0.828 714 68.9 0.403 0.184

Abbreviations: VCZ-C,;,, Initial trough concentration of voriconazole; PCT, Procalcitonin; VCZC,;,-PCT, the combination of VCZ-C,;, and PCT

levels.
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Table 6 The Impact of PCT20.835 ng/mL and PCT<0.835 ng/mL on the Initial VCZ-C,;, and Hepatotoxic
Adverse Reactions

Variables PCT=0.835ng/mL (n=51) | PCT<0.835ng/mL (n=119) | p-value
VCZ-C,in(mg/L) (meanxSD) 6.62+2.83 5.14£3.19 0.005
Loading dose (mg/kg/d), (mean+SD) 9.67+3.61 9.40+3.27 0.634
Maintenance dose (mg/kg/d), (meantSD) | 6.26+1.29 6.77£1.95 0.089
Treatment course (d), (mean+SD) 14.84+7.53 14.06+7.53 0.534
Intravenous infusion, n (%) 27(52.94) 63(52.94) 1.000
Hepatotoxicity incidence, n (%) 22(43.14) 13(10.92) <0.001

Abbreviation: VCZ-C,,, Initial trough concentration of voriconazole.

Discussion

The Dutch Pharmacogenetics Working Group has developed a more precise dosage adjustment scheme for VCZ based on
pharmacogenomic treatment recommendations. This scheme suggests determining the initial dose according to the
patient’s CYP2C19 genotype: for slow metabolizers, the dose should be reduced by 50%; for rapid metabolizers, the
dose should be increased by 50%.%* The study by Pascual et al showed that the C,;,, of patients in the 8 mg/kg daily dose
group was 2.9 mg/L, while the C,,;, of patients in the 7 mg/kg daily dose group was 1.7 mg/L."" Racil et al reported that
only 3.1% of patients achieved a Cpny, of 5.0 mg/L at conventional dosing levels.>* Hamada et al noted that the median
Chnin of patients receiving adequate doses (including loading doses) was 3.9 mg/L, with 30% of patients having an initial
Chin=>5 mg/L and only 7% having an initial C,;,<1.0 mg/L.5 In this study, 170 patients received a daily loading dose of
9.48 mg/kg and a maintenance dose of 6.62 mg/kg. The results showed that 54.12% of patients had an initial C,;,
>5.0 mg/L, only 3.53% had an initial C,;,<1.0 mg/L, and the average initial C,,;, value was 5.58 mg/L. The present
study revealed that patients receiving standard VCZ dosing regimens exhibited significantly higher initial C,,;, compared
to previously reported values, with a substantial proportion of patients demonstrating C,,;, levels exceeding 5.0 mg/L.
These findings suggest that the Chinese population predominantly exhibits a poor metabolizer phenotype for VCZ,
characterized by reduced hepatic clearance, elevated plasma trough concentrations, and consequently, an increased risk of
drug-related adverse events. These observations underscore the critical importance of implementing therapeutic drug
monitoring as a standard clinical practice during VCZ therapy to optimize treatment efficacy and minimize toxicity.

A multicenter investigation by Saito et al identified hepatotoxicity in 6.9% of patients undergoing VCZ therapy for
fungal infections.? In contrast, Luong et al observed a significantly higher incidence, with 51% of VCZ-treated patients
developing hepatotoxicity, leading to treatment discontinuation in 34% of cases.”® A comprehensive systematic review
and meta-analysis conducted by Xing et al reported an intermediate hepatotoxicity rate of 17.7% among VCZ
recipients.”” Notably, multiple studies have consistently demonstrated the absence of a significant association between
initial VCZ-C,;, and hepatotoxicity risk.*'® In the present study, hepatotoxicity was observed in 20.59% of 170 patients
receiving VCZ, with cholestatic type predominating (77.1% of cases). Hepatotoxicity incidence exhibited
a concentration-dependent relationship: 71.43% of patients with initial C,;,>5 mg/L developed hepatotoxicity, compared
to 28.57% in the therapeutic range (1-5 mg/L), while no cases were observed at C,;,<l1 mg/L. These findings indicate
that elevated initial VCZ-C,,;, are associated with increased hepatotoxicity risk, which can manifest even within the
established therapeutic range (1-5 mg/L), primarily presenting as mild to moderate cholestatic hepatotoxicity.

Through a systematic review and meta-analysis, Jin et al identified that a VCZ-C;, exceeding 3 mg/L significantly
increased the risk of hepatotoxicity in the Asian population.® Similarly, Hamada et al established a strong correlation
between Cpni, and the incidence of hepatotoxicity and visual disturbances, with a hepatotoxicity threshold of 3.5 mg/L.>
Shi et al reported that hepatotoxicity, while associated with elevated plasma drug concentrations, could also manifest at
lower levels.?® Shen et al further corroborated these findings, demonstrating that steady-state Cpn;, were predictive of
hepatotoxicity, with a critical threshold of 3.61 mg/L.?° In their clinical practice guidelines for VCZ therapeutic drug
monitoring, Takesue et al recommended maintaining C,,;, below 4.0 mg/L for Asian populations and below 5.5 mg/L for
non-Asian populations, with corresponding maintenance doses of 6 mg/kg and 8 mg/kg, respectively, to minimize
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adverse effects.*® In this investigation, the maintenance dose was established at 6.62 mg/kg. The ROC curve analysis
identified an initial C;, of 5.035 mg/L as a predictive threshold for hepatotoxicity, with an AUC of 0.663. This C;,
value appears elevated compared to prior studies, potentially reflecting interindividual variability in VCZ pharmacoki-
netics or the complexity of patients’ comorbid conditions. In our institutional clinical protocol, according to the Practice
Guidelines of the Therapeutic Drug Monitoring Branch of the Chinese Pharmacological Society, dose adjustment is
typically initiated when VCZ-C i, exceeds 5.5 mg/L.*" However, our ROC analysis revealed a lower critical threshold of
5.035 mg/L for hepatotoxicity prediction. Based on these findings, we recommend considering dose reduction when VCZ
plasma concentrations approach 5.1 mg/L, a strategy that may significantly mitigate the risk of hepatotoxicity develop-
ment or progression.

Emerging evidence suggests that the risk of adverse reactions to VCZ is influenced by multiple determinants,
including plasma drug concentration, genetic polymorphisms, advanced age, gender, hepatic and renal dysfunction, drug-
drug interactions, and administration routes.*”*> Research indicates that serum albumin levels can serve as a novel
biomarker for VCZ clearance.***> Hypoalbuminemia may lead to an increase in the free drug concentration of VCZ,
thereby elevating the risk of toxic adverse reactions.>® However, this study found no significant statistical difference in
serum albumin levels between the hepatotoxicity and non-hepatotoxicity groups, and thus did not further explore the
correlation between albumin and VCZ concentration. This result differs from previous literature reports, which may be
attributed to the timely supplementary treatment of patients with decreased albumin levels in clinical practice. Notably,
recent investigations have highlighted the critical role of systemic inflammation in modulating VCZ pharmacokinetics.’
A study by Zeng et al demonstrated that elevated PCT levels were significantly associated with VCZ-C,;, exceeding the
therapeutic threshold of 5.5 mg/L.*® This finding was further corroborated by Cheng et al, who established a significant
impact of PCT on VCZ-C,,, in geriatric populations.** Moreover, Zhou et al quantified this relationship, revealing
a significant positive correlation (P<0.05) between PCT levels and VCZ-C,,;,, with each two-fold increase in PCT
corresponding to a 0.21 mg/L elevation in VCZ-Cpin.*® Our study (Table 6) demonstrated a statistically significant
disparity in initial VCZ-C,,;, between patients exhibiting PCT levels>0.835 ng/mL and those with PCT levels<0.835 ng/
mL (P=0.005), suggesting that PCT levels may influence VCZ pharmacokinetics. Additionally, the PCT levels>0.835 ng/
mL exhibited a significantly higher incidence of hepatotoxicity compared to the group with PCT levels <0.835 ng/mL
(P<0.001), indicating a potential correlation between elevated PCT levels and increased hepatotoxic risk. Logistic
regression analysis confirmed elevated PCT levels as an independent risk factor for hepatotoxicity. The ROC curve
analysis demonstrated that the AUC values of PCT and its combination with initial VCZ-C,,;, were significantly higher
than that of initial VCZ-C,,;, alone. These findings indicate that PCT may serve as a potential biomarker for therapeutic
drug monitoring during VCZ therapy, particularly exhibiting significant clinical application value in predicting VCZ-
induced hepatotoxicity.

This investigation is subject to several limitations: Firstly, while CYP2C19 gene polymorphisms are known to
influence VCZ pharmacokinetics, patient genotyping was not performed due to experimental constraints. Secondly, the
study’s statistical power was constrained by a limited sample size, particularly the paucity of samples with low trough
concentrations, which consequently precluded their inclusion in the analysis. Future research should incorporate
prospective, large-scale, and multicenter study designs to further elucidate the relationship between initial VCZ-C .y,
PCT levels, and the incidence of hepatotoxicity in clinical populations.

Conclusion

In summary, this study investigated the association between initial VCZ-C,,;, and PCT levels with VCZ-induced
hepatotoxicity. The results indicated that VCZ-induced hepatotoxicity is the common adverse reaction, exhibiting
significant associations with elevated initial VCZ-C,,;, and increased PCT levels. Both the initial VCZ-C,,;, and PCT
level are independent risk factors, and either alone or in combination can predict the occurrence of hepatotoxicity.
Among these, the predictive value of PCT level is the most significant. PCT level has a certain influence on the
monitoring results of initial VCZ-C,;,. By monitoring VCZ-C,;, and PCT levels as well as their combined indicators,
the predictive and diagnostic capabilities for hepatotoxicity can be enhanced, aiding in the identification of patients at
risk of hepatotoxicity during VCZ treatment.
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