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Background: There is a wide debate about the efficacy and safety of voriconazole in patients with impaired hepatic function at Child-
Pugh C level.

Objective: The purpose of this study was to investigate the safety and efficacy between the two groups treated with different dosages
of voriconazole (400mg/day vs 200mg/day) in the treatment of invasive fungal infections (IFIs) in patients with hepatic dysfunction.
Methods: A retrospective study enrolling patients with hepatic dysfunction receiving intravenous voriconazole for IFIs from
January Ist, 2017, to December 30th, 2021 was conducted. Patients were enrolled in the 400mg per day dose group and 200mg
per day dose group. In patients with the same degree of hepatic impairment, factors affecting prognosis were screened and differences
in steady-state blood trough concentrations (C,,;,) of voriconazole, positive G/GM tests and adverse effects (AEs) were compared
between the two groups described above.

Results: In total, 308 patients with IFIs were enrolled. For Child-Pugh C class, patients receiving the halved maintenance dose had
a lower C,,;, and AEs rate but higher recovered rate compared to those receiving maintenance dose, and significant predictors of
recovery were dosage (OR, 5.131; 95% CI, 1.599-16.464; p = 0.006) and diabetes (OR, 0.111; 95% CI, 0.020-0.597; p = 0.010). For
patients of Child-Pugh A & B class, chronic liver disease (OR, 0.334; 95% CI, 0.159-0.704; p = 0.004) was a prognosis-related factor.
Conclusion: Halving maintenance dose ensure the efficacy and safety of voriconazole in patients suffering from invasive fungal
infections with serious hepatic dysfunction.
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Introduction

Patients with hepatic dysfunction are prone to develop IFIs and result in high mortality rate due to immunodeficiency.'
Voriconazole is a first-line antifungal agent in the treatment of invasive aspergillosis and is widely used in high-risk
populations.” The recommended dose of intravenous voriconazole for adults is 400 mg/12 hours on the first day, followed
by 200 mg/12 hours, maintaining a C,;, range of 1.0-5.5 mg/L to ensure efficacy and reduce AEs.>* As voriconazole is
mainly metabolised by liver, the ability of patients with impaired hepatic function to metabolise voriconazole is reduced.
At the same time, impaired protein synthesis results in a reduced proportion of the drug in bound form in the blood,
ultimately leading to increased drug exposure in these patients.” That is why the maintenance dose is halved after the
standard load dose being required in the instructions for patients with mild to moderate hepatic cirrhosis (Child-Pugh

A&B). Nevertheless, clinical data were controversial for patients of Child-Pugh C.° This study was conducted to explore
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the impacts of halving maintenance of dosage on the efficacy and safety of voriconazole comparing to maintenance of
dosage, and patients of Child-Pugh C are our priority. Meanwhile, very few studies have addressed the factors affecting
the prognosis of this group of patients. This retrospective study identified factors associated with the prognosis of patients
with different hepatic functions.

Materials and Methods

Patients

This retrospective study recruited patients with hepatic insufficiency admitted to our infection unit between
1 January 2017 and 30 December 2021. The full course of the experiment is shown in Figure 1. Patients over
18 years old who were treated with intravenous voriconazole (400 mg/day or 200 mg/day) for IFIs lasting more than
72 hours with a documented Child-Pugh scores within 24 hours of starting voriconazole were enrolled. Patients who
were pregnant, using voriconazole as prophylaxis, using CYP2C19 inhibitors or inducers (eg sodium valproate and
rifampicin), having had their voriconazole dosage adjusted or with incomplete medical data were excluded. Patients who
died within 5 days after admission were also excluded from the study population as the stable voriconazole concentra-
tions could not be obtained.

Study Design

The ethics committee of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology
approved the retrospective cohort study and agreed that patient consent to review their medical records was not required.
The authors declare that the procedures followed were in accordance with the regulations of the responsible Clinical
Research Ethics Committee and in accordance with those of the World Medical Association and the Helsinki Declaration.

Patients admitted to infectious disease
department and received voriconazole for IFIs
from Jan 1st, 2017 to Dec 30th, 2021 (n=694)

Exclusion by Computer:

@ Voriconazole duration< 72 h (n=52)

@ Voriconazole dose>>400 mg daily (n=0)
@Mortality (n=36)

y

Patients eligible for chart review (n=606)

Excluded during chart review:

@Pregnancy (n=2)

@ Ceiz was not monitored or lack data (n=32)

@ Voriconazole used for fungal prophylaxis (n=35)
@ Adjust voriconazole dosage during treatment I
(n=80) b 4
@ Receipt CYP2C19 inhibitors or inducers while Patients eligible for study inclusion (n=308)
receiving voriconazole (n=25)

@ Absence of important dosing information or
clinical data (n=16) ¥ ¥

Propensity-Matched Cohort
Voriconazole 400 mg daily (n=66)
Voriconazole 200 mg daily (n=242)

v v
Voriconazole 400 mg daily Voriconazole 200 mg daily
(n=66) (n=242)
Figure | Eligibility screening.
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According to the dose regimens, patients were allocated to two groups. In the maintenance dose group, patients received
the recommended dosing regimen of 400 mg of loading dose intravenously every 12 hours on day 1, followed by 400 mg
daily (200 mg intravenously every 12 hours). In the halved maintenance dose group, patients received the same loading dose,
but a halved maintenance dose of 200 mg daily. Hepatoprotective agents such as glutathione, ademetionine 1,4-butanedi-
sulfonate were used during the treatment. Patients with hepatitis B were treated with entecavir or tenofovir.

Treatment success was defined as IFI patients treated with voriconazole, the clinical manifestations included gradual
recovery of body temperature, white blood cells and C-reactive protein, relief and disappearance of symptoms and signs
at the corresponding infected sites, improvement of imaging and negative culture. Patient was deemed to have failed
treatment without significant improvement in signs and symptoms, or once the use of antifungal medication escalated
during the course of treatment.

The first detectable C,;, of voriconazole was included in the study. Child-Pugh score using data detected at the beginning
of voriconazole treatment were performed for all patients. A patient who discontinued voriconazole treatment was considered
to have had an adverse reaction associated with voriconazole only if the electronic medical record system recorded it.

The revised 2020 EORTC/MSG criteria was adopted as the diagnostic criteria for IFIs.” IFI diagnostic criteria: (1) Proven
diagnosis: the patient obtained histological or microbiological evidence of fungal infection through aseptic culture of specimens
in biopsy or autopsy tissues or normal parts; (2) Probable/Clinical diagnosis: the patient with risk factors of fungal infection and
has evidence of special imaging changes of infection in corresponding parts or two important clinical features (symptoms or
signs of respiratory tract infection have worsened recently, respiratory secretions examination or imaging indicates infection;
symptoms or signs of peritonitis, abnormal biochemical or routine examination of abdominal puncture fluid samples; urinary
tract irritation symptoms such as frequency, urgency, and pain, abnormal biochemical examination of urine and abnormal
number of urine sediment cells). At least one microbiological examination is positive at the same time (direct microscopic
examination or cytological examination of airway secretions shows positive mycelium/spore or fungal culture; two consecutive
urine cultures without urinary catheter show positive yeast, and the urine culture yeast obtained by direct catheterization is
positive; direct microscopic examination/cytological examination of drainage fluid from drainage tubes such as chest, abdo-
men, pelvic cavity and ventricle shows positive mycelium/spore or fungal culture; blood samples G or GM test was positive for
two consecutive times; (3) Possible diagnosis: there are risk factors of fungal infection, at least one microbiological test is
positive, or there is evidence of special imaging changes of corresponding site infection, or two important clinical features.

Blood Sampling and Analytical Assays

A steady-state C,i, was determined as stated method."* High-performance liquid chromatography (HPLC) assays were
used to measure voriconazole plasma concentrations. Liver-related biochemical indexes were measured by automatic
biochemical detector Olympus AU 5000.

Data Collection
All of the clinical data was collected from electronic medical record system by an information-gathering team of trained,
permanent staff using standard form.

Statistical Analysis

Continuous variables were presented as the mean and standard deviation. Categorical variables were reported as
frequencies and percentages. Pearson’s chi-squared test or Fisher’s exact test were used for categorical variables.
Continuous variables were compared by 7-test or the Wald test. Multivariable analyses of factors associated with
prognosis were performed using forward, stepwise, and binary logistic regression. A two-sided p value of <0.05 was
considered statistically significant. Statistical analysis was performed using SPSS 24.0 (IBM SPSS Inc.).
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Result

Univariate Analysis of Characteristics and Clinical Data

A total of 308 patients were considered eligible for inclusion: 96 (31.17%) were proven diagnosed with IFIs, 98 (31.82%)
were probable diagnosed and 114 (37.01%) were possible diagnosed. As summarized in Table 1, 155 fungal strains
isolated from 155 (50.32%) patients were confirmed by psychophysiology. Candida (56, 36.13%) and aspergillus (99,
63.87%) were isolated from samples of sputum culture/alveolar lavage, urine, ascites and drainage.

Of these patients, 242 (78.57%) received halved maintenance doses, and 66 (21.43%) received maintenance doses.
The patient’s demographic and clinical data are listed in Table 2. The two groups were well matched with respect to
demographics and complications.

196 and 112 patients were assigned to Child-Pugh A&B group and Child-Pugh C group respectively, corresponding
to mild & moderate liver damage and severe liver damage, on the basis of Child-Pugh scores. The recovered rates were
58.67% and 53.57% for Child-Pugh A&B group and Child-Pugh C group respectively. Gender and age had no effect on
recovered rates in either group. In the Child-Pugh A & B group, patients receiving a dose of 400 mg/day had a higher
recovered rate than those receiving a dose of 200 mg/day (65.79% vs 56.96%, p = 0.018), while in Child-Pugh Group C,
the opposite was true (p = 0.004). Artificial liver support was effective for patients with severe hepatic impairment (p =
0.004), but did not affect the prognosis of patients with mild or moderate hepatic impairment (p = 0.071). In both groups
representing different liver function states, suffering from diabetes (Child-Pugh A&B, p = 0.041 and Child-Pugh C, p =
0.043) or hematologic diseases (Child-Pugh A&B, p = 0.002 and Child-Pugh C, p = 0.002) was associated with poor
prognosis. Nevertheless, complicating chronic liver disease was associated with the prognosis of patients with mild to
moderate liver injury (p < 0.001), but did not affect the prognosis of patients with severe liver injury (p = 0.792). Details
are presented in Table 2.

Multivariate Analysis

By multivariate analysis correction of confounders, dosage (OR 5.131, 95% CI (1.599-16.464), p = 0.006) and diabetes
(OR 0.111, 95% CI (0.020, 0.597), p = 0.010) were shown to be associated with the recovered rate in Child-Pugh
C group, and suffering from chronic liver disease (OR 0.334, 95% CI (0.159, 0.704), p = 0.004) mean to lower recovered
rate for patients in Child-Pugh A&B group (Table 3).

Voriconazole C,,;, and Efficacy of Antifungal Treatment
Table 4 describes Patient’s clinical outcomes of different Child-Pugh class. Trough concentrations of voriconazole
showed significant individual differences regardless of whether the recommended dose was maintained (242 patients,

Table | Distribution, Composition Ratio and Source of 155 Isolated Fungi

Fungus Number of Cases Source of Sample (Cases) Composition
Category K K K Ratio (%)
Sputum Culture /Alveolar Lavage Urine Ascites Drainage
Candida* 56 36.13
Candida albicans 28 20 4 3 | 18.06
Candida glabrata 22 17 2 3 14.20
Candida tropicalis 5 3 2 3.22
Candida parapsilosis | | 0.65
Aspersgillus 99 63.87
Fumigatus 58 58 3742
Aspergillus flavus 27 23 4 17.42
Aspergillus. sp 14 14 9.03
Total 155 136 6 9 4 100.00

Notes: *The isolation of a fungus from a specific sample from a patient does not mean that the patient has a site-specific infection caused by that fungus.
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Table 2 Patient’s Demographic and Clinical Data
Groups Child-Pugh A & B Child-Pugh C
Variables Category | Outcomes n(%) Fa P value | Outcomes n(%) )(2 P value
R F R F
Gender Male 49 54 2.157 0.154 48 40 0.157 0.818
Female 54 39 12 12
Age <60 54 58 1.971 0.194 40 36 0.084 0.841
260 49 35 20 16
Dosage 200mg 90 68 6.359 0.018 52 32 9.381 0.004
400mg 25 13 8 20
Artificial liver therapy Yes 3 9 3.891 0.071 8 20 9.381 0.004
No 100 84 52 32
Complications
Hypertension Yes 12 20 3.474 0.081 2 4 1.044 0.414
No 91 73 58 48
Cardiovascular disease Yes 5 8 1.108 0.391 8 4 0.927 0.377
No 98 85 52 48
Diabetes Yes 13 23 4.780 0.041 2 8 4.976 0.043
No 90 70 58 44
Hematological disease Yes 14 30 9.781 0.002 7 19 9.668 0.002
No 89 63 53 33
Chronic kidney disease Yes 12 20 3474 0.081 12 8 0.405 0.624
No 91 73 48 44
Respiratory disease Yes 21 18 0 | 12 8 0.405 0.624
No 82 74 48 44
Cerebrovascular disease Yes 8 8 0.045 | 8 4 0.927 0.377
No 95 85 52 48
Chronic liver disease Yes 35 65 25.222 <0.001 52 44 0.096 0.792
No 68 28 8 8
Underlying liver disease
Hepatitis B virus infection Yes 9 31 18.201 <0.001 40 24 4.786 0.036
No 94 62 20 28
Hepatitis C virus infection Yes | 3 1.243 0.347 2 8 4.976 0.043
No 102 90 58 44

Abbreviations: R, recovered; F, treatment failure.

Table 3 Multivariable Analyses of the Association Between Potential Predictor Variables and Recovery Rate Among Different Child-

Pugh Class Patients Receiving Voriconazole

Predictor Variable (Child
-Pugh A & B)

Multivariate

Analysis p-value

Multivariate Analysis
OR (95% CI)

Predictor Variable
(Child -Pugh C)

Multivariate

Analysis p-value

Multivariate Analysis
OR (95% CI)

Dosage (ref="200mg”)

Diabetes (ref="no”)

Hematological disease
(ref="no”)

Hepatitis B virus infection
(ref="no”)

Chronic liver disease

(ref="no”)

0.090
0.073

0.465

0.052

0.004

2.042 (0.894, 4.662)
0.434 (0.175, 1.080)

0.728 (0311, 1.705)

0.391 (0.152, 1.010)

0.334 (0.159, 0.704)

Hepatitis B virus
infection (ref="no”)
Hepatitis C virus
infection (ref="no”)

-

Diabetes (ref="no”)

Hematological disease

(ref="no”)

Dosage (ref="400mg”)

0.006
0.273

0.058

0.010

0.597

5131 (1.599, 16.464)
1638 (0.677, 3.959)

0.172 (0.028, 1.059)

0.111 (0.020, 0.597)

0711 (0201, 2.514)
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Table 4 Patient’s Clinical Outcomes of Different Child-Pugh Class

Clinical 200 mg 400 mg p-value | Child - Pugh Class A & B (n=196) Child - Pugh Class C (n=112)
Outcomes (n=242) (n=66)
200 mg 400 mg p-value 200 mg 400 mg p-value
(n=158) (n=38) (n=84) (n=28)
Cmin, pg/mL 2.73+1.60 2.80+3.20 0.967 1.02£1.23 2.46x1.26 0.012 3.14%1.67 4.94+1.59 0.009
(mean%SD)
G/GM test 64 (26.4) 12 (18.2) 0.169 48 (30.4) 2 (5.3) 0.001 17 (20.3) 10 (35.7) 0.097
positive
Antibiotic / 8 (12.1) / / 5(3.2) / / 3(3.6) /
Escalation
AEs 20 (8.3) 12 (18.2) 0.797 15 (9.5) 2 (5.3) 0.534 5 (6.0) 10 (35.7) 0.000

mean+SD (2.80+3.20 pg/mL)) or halved (122 patients, mean+SD (2.73+£1.60 pg/mL)). The average trough concentration
of voriconazole between this two groups showed no difference (p = 0.967). Interestingly, after stratifying the patients
according to liver function, the mean concentration of voriconazole in patients with the same liver function showed
differences according to the dose (Child-Pugh A&B, p = 0.012; Child-Pugh C, p = 0.009).

For patients in Child-Pugh classes A & B class, higher dosages were associated with lower positive rate of G/GM test
(p = 0.001). But for patients in Child-Pugh classes C class, the situation seems to be the opposite (p = 0.097). The most
common voriconazole-related AEs were neurological disturbance.” "' Up to 10% of patients suffered from AEs including
encephalopathy (n = 6), tremor (n = 4), dizziness (n = 4), consciousness disturbance (n = 5), hallucination (n = 3), etc.
For patients in Child-Pugh groups A and B, the difference in the incidence of AEs between dose groups was not
significant (15/158 vs 2/38, P = 0.534), while for patients with severe liver injury, the odds of AEs were significantly
lower for those on a reduced half dose of voriconazole compared to the regular dose group (5/84 vs 10/28, P = 0.000).

Discussion

Patients with hepatic dysfunction are susceptible to IFIs, which increased year by year according to Infectious Diseases
Society of America (IDSA).> At present, major antifungal agents include triazoles, echinocandins and polyenes. As
a broad-spectrum triazole antifungal agent, voriconazole has the activity of anti-aspergillosis and anti-candida resistant to
fluconazole.'*'® Nevertheless, voriconazole is metabolized in liver, and patients with hepatic dysfunction are vulnerable
to overexposure and adverse reactions. Meanwhile, experience in using voriconazole in patients with severe hepatic
dysfunction (Child-Pugh C) is still scarce. Although existing studies have assessed the safety of regimens with halved
maintenance dose of voriconazole in patients with serious hepatic impairment, the level of evidence is poor. For these
patients, the pros and cons should be fully weighed and voriconazole as a treatment drug should be carefully selected. In
the meantime, close monitoring of the patient’s liver function, as well as voriconazole trough concentrations, is
imperative to ensure the security. That is why we further validated the safety and efficacy of halved voriconazole dosage
in patients of Child-Pugh C.

Due to the decreased metabolic ability of voriconazole in patients with hepatic dysfunction, increased voriconazole
exposure may be accompanied by an increase in AEs, so the voriconazole maintenance dose should be halved in these
patients.'* This study reinforces the view by revealing that higher dosages (400 mg per day) were associated with an
increased treatment failure (p = 0.006) and higher incidence of adverse events (p = 0.000) in patients with serious liver
function impairment.

We discovered that in Child-Pugh C patients, halving the dose resulted in lower C,,;, and a higher recovery rate, with
a lower incidence of adverse reactions. This may be due to the reduced ability to metabolize voriconazole in patients who
develop severe hepatic dysfunction, resulting in saturated voriconazole metabolism at half the maintenance dose. As
found by Gao and Wang, higher doses would only lead to increased exposure and thus metabolic burden or higher
incidence of adverse effects.'> In addition, we found that in patients of Child-Pugh A & B, the halved dose group had
a more positive pre-discharge G/GM test than the maintenance dose group, which could be interpreted as a failure to
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meet serum concentrations. However, for patient of Child-Pugh C, the situation was reversed for causes to be identified.
We found that the antibiotic escalation occurred only in the half maintenance dose group and the failure to achieve the
plasma concentration was the possible cause.

Artificial liver therapy is a therapeutic apheresis that creates an opportunity for hepatocyte regeneration and recovery
of liver function by exchanging toxic and nutrient substances between in vivo and in vitro. Patients receiving plasma
exchange often receive voriconazole for IFIs, and the effect of artificial liver therapy on voriconazole plasma concentra-
tions is also of concern.'®'® Whether the contribution of artificial liver therapy to the plasma concentration of a medicine
is clinically significant depends on two pharmacokinetic parameters of the medicine, namely distribution volume (Vd)
and fraction of protein binding (PB).'*" It is generally acknowledged that drugs with Vd < 0.2 L/kg and PB > 80% are
considered to be easily removed during plasma replacement.”® While voriconazole had a Vd value of 4.5 L/kg and PB of
58%.2! In a case report of a patient with fungal pneumonia requiring plasma exchange who was given voriconazole 2.5
hours prior to the start of plasma exchange, the effect of plasma exchange on drug concentrations was not significant.”’
This is the explanation for not including artificial liver treatment as an exclusion criterion in this study. Furthermore,
artificial liver treatment can eliminate excessive inflammatory response thus regulating the patient’s inflammatory status
and improving liver function.” While the patient’s inflammatory status and liver function can affect the metabolism of
voriconazole, the magnitude of this effect needs to be further examined.

The concentration of anti-microbial drugs is variable due to severe hepatic impairment, and dose adjustment is
necessary at this stage.”>** The description requires that the maintenance dose of voriconazole be halved in patients in
groups A&B, motivated by concerns about the high exposure and more adverse reactions associated with the main-
tenance dose. In our study, for groups A&B, there was no advantage of this regimen over the original dose in terms of
patient recovery rates and incidence of adverse reactions (no impact on recovery rates and incidence of adverse
reactions). Notably, for group C this regimen demonstrated an advantage (higher recovery rate and fewer adverse
reactions). This indicates the urgency of dose reduction for patients with severe hepatic impairment, and how appropriate
a dose reduction needs the comparison of more dosing regimens, such as one-third of the maintenance dose.*” Diabetes,
hematological disease and chronic liver disease reflect the immune status indirectly, which are the risk factors of liver
dysfunction, it is easy to understand that independent correlate with recovery rate.

A limitation of this study was the introduction of patients diagnosed with possible fungal infections, which made up
a large proportion of the sample size. Although we had an infection specialist on our team who was responsible for
keeping the correctness of the final diagnosis, it was inevitable that there would be false-positive patients. Thus, the
inclusion of patients with a possible diagnosis in the study may have inflated the eventual recovery rate of patients by
introducing patients with false-positive infections.

Conclusions

In this study, Child Pugh C patients receiving the halved maintenance dose had a lower C,,;, and AEs rate but higher
recovered rate compared to those receiving maintenance dose. Therefore, the halved maintenance regimen of voricona-
zole for patients with mild to moderate hepatic failure may also be appropriate for Child-Pugh C patients to decrease the
risk of AEs, reduce treatment failure and promote liver function recovery, but further clinical trials are needed.

Disclosure
The authors report no conflicts of interest in this work.
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