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Abstract
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Rationale: Invasive pulmonary aspergillosis is associated with significant morbidity and mortality in patients with liver failure. |
Voriconazole (VRCZ) is recommended as a primary therapeutic agent for the treatment of invasive aspergillosis and metabolized in
the liver. Now, data are still lacking on the safety and appropriate dosage of VRCZ in patients with liver failure. Here, we report a
representative case of invasive pulmonary fungal infection in a patient with liver failure who was treated with low-dose VRCZ.

Patient concerns: A 21-year-old man, presented with subacute liver failure caused suspected by viral infection, was admitted on
June 22, 2014. Liver function was not improved by the treatment of gancicolovir and methylprednisolone. The patient presented with
fever, cough, and hyperpyrexia on July 14. Laboratory tests revealed raised neutrophil percentage (82.1%, normal range [NR] 50—
70), international normalized ratio (INR) (2.32, NR 0.8-1.2) and levels of serum lactic acid (4.308 mmol/L, NR 0.6-2.2), alanine
transaminase (165U/L,NR 0-40), aspartate transaminase (99U/L, NR 8-40), and total bilirubin (654 mmol/L, NR 3.4-20.5).
Furthermore, CD4+ T cell, CD8+T cell, and B cell count were low (169, 221, and I18/mlL, respectively). Sputum smear microscopy for
bacteria was negative, but the direct observation for fungal elements was positive. Thoracic CT scan revealed bilateral pulmonary
high-density shadow. Sputum cultures were positive 2 days later with the presence of Aspergillus fumigatus.

Diagnoses: Therefore, this patient diagnosed with suspected pulmonary a spergillosis.

Interventions: VRCZ was used on July 15th and its dosage was 400 mg twice on day 1 followed by a maintenance dose of 100 mg
twice daily according to drug usage instruction. However, some side effects, such as tremors, lips twitching, and hair loss, occurred.
Plasma VRCZ trough concentration was 8.1 mg/mL which was much higher than the recommend level. Therefore, VRCZ dosage
was adjusted according to its plasma concentration. VRCZ plasma concentration fluctuated between 2.5 to 4.7 mg/mL when its
dosage was 100mg once daily and side effects disappeared.

Outcomes: VRCZ was administered for 2 months. This patient’s symptoms and liver function were improved. A follow-up CT scan
performed at the end of VRCZ therapy indicated that the high-density shadow had diminished.

Lessons: This case demonstrated that low-dose VRCZ (maintenance dose, 100mg/day) can achieve effective plasma
concentration and reduce side effects without liver damage. We believe that VRCZ is safe to be administered in patients with liver

failure, but its plasma concentration should be carefully monitored.
Abbreviations: INR = international normalized ratio, NR = normal range, TBIL = total bilirubin, VRCZ = voriaconazole.
Keywords: fungal pneumonia, liver failure, plasma concentration, voriconazole

1. Introduction

Liver failure is generally characterized by acute deterioration of
liver function. Due to secondary immunodeficiency and long-
term use of antibiotics, patients with liver failure are prone to
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infections.!!! Invasive fungal infections (IFIs), particularly inva-
sive pulmonary aspergillosis, in patients with liver failure is
associated with significant morbidity and mortality.”*! According
to the guidelines published by the Infectious Diseases Society of
America, early initiation of antifungal therapy in patients with
strongly suspected invasive aspergillosis is warranted while
conducting a diagnostic evaluation.! Generally, empirical and
preemptive antifungal therapy should be used immediately after
pulmonary aspergillosis is suspected in patients with liver failure
who have a high risk for fungal infection, including evidence of
fever, history of long-term antibiotic use, fungal positive in
sputum culture, and plaques on computed tomography (CT)
imaging.

The drug is metabolized in the liver, at the level of P450
(CYP2C19, CYP2C9, and CYP3A4), and the products of
metabolism are excreted by the kidneys.[*! Therapeutic and
adverse events are usually closely related to the drug’s plasma
concentration. ¥ Drug plasma concentration monitoring can
help physician adjust the dose of the antifungal therapy and
achieve good results while reducing, or even avoiding unneces-
sary adverse events. The medication label of voriaconazole
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Table 1
Laboratory findings during the treatment.

CD4, /pL B, /pL CcD4/cD8 TBIL, pmol/L ALT, U/L AST, U/L WBC, x10°/L N, % INR MELD score
July 15, 2014 169 5 0.76 654 165 99 9.49 0.82 2.87 329
July 28 827 16 1.37 569 78 71 8.37 0.73 2.81 29.9
August 7 499 48 60 5.69 0.69 2.71 28.8
August 13 513 43 65 5.9 0.70 2.76 30.1
August 19 497 47 77 7.36 0.72 2.74 29.6
August 24 510 0 0.91 466 46 65 6.25 0.74 2.9 27.8
September 17 557 12 1.41 503 36 71 5.07 0.61 2.98 29.7
November 15 500 20 2.26 183 24 7 4.59 0.45 1.67 18.6
January 15, 2015 590 31 1.47 124 46 75 5.58 0.65 1.51 121
May 1, 2015 600 40 2.21 34 30 34 3.44 0.59 1.12 10.3

ALT =alanine aminotransferase, AST =aspartate aminotransferase, B =B lymphocyte, CD4 = cluster of differentiation 4, INR =international normalized ratio, MELD = model end-stage liver disease, TBIL =total

hilirubin, WBC =white blood cell.

(VRCZ) indicates that drug metabolism was in disorder and that
the dose should be halved in patients with liver disease, such as in
patients with cirrhosis and mild-to-moderate liver dysfunction
(Child-Pugh A or B). However, data are still lacking on the safety
and appropriate dosage of VRCZ in patients with severe liver
dysfunction (Child—Pugh C) or liver failure. Here, we report a
representative case of invasive pulmonary fungal infection in a
patient with liver failure who was treated with low-dose VRCZ.
We demonstrated that even low-dose VRCZ can achieve effective
plasma concentration without severe adverse events.

2. Case report

A 21-year-old man, presented with subacute liver failure caused
suspected by viral infection, was admitted on June 22,2014, with
intermittent fever, a maximum body temperature of 39°C, and
hyperbilirubinemia for 20 days. He had no history of alcohol and
drug abuse. The results of blood tests at admission are as follows:
total bilirubin (TBIL), 389 wmol/L; alanine aminotransferase,
254U/L; aspartate aminotransferase, 314 U/L; and INR, 1.65;
serum copper and ceruloplasmin levels were within NR. Routine
blood tests were normal. Serum markers for hepatitis A, B, C, and
E, anti-EBV IgM, anti-CMV IgM, anti-HIVIgM, and autoanti-
bodies were negative. He was diagnosed with subacute liver
failure of unknown etiology. After admission, the patient was
treated with ganciclovir on June 29, because we suspected he had
a viral infection based on the following findings: enlarged lymph
nodes and fever, and ruled out other causes of bacterial infection.
Methylprednisolone was used concurrently to inhibit systematic
inflammation reaction. Body temperature returned to normal on
the second day after the initiation of therapy. However, liver
function deteriorated within 10 days of starting therapy; TBIL
increased to 600 wmol/L and INR increased to 2.6. Therefore,
ganciclovir was stopped on July 14th because it was thought to
not be effective. His model for end-stage liver disease (MELD)
score was 32.9 (Table 1). He then developed worsening fever and
cough for which a sputum culture was obtained with fungal
culture positive at 2 days with Aspergillus fumigatus that was
VRCZ susceptible. Subsequent thoracic CT scan revealed
bilateral pulmonary high-density shadow and we suspected that
the patient had invasive aspergillosis. Considering the severity of
the patient’s condition and since we had a high suspicion that he
had fungal pneumonia, we treated him VRCZ on July 15.
Methylprednisolone dose was reduced gradually and stopped on
July 27. Oral VRCZ 400mg twice on day 1, followed by a
maintenance dose of 100mg twice daily was administered

according to drug usage instruction. However, this patient began
to have tremors, lips twitching, and hair loss on July 27th. Plasma
VRCZ trough concentration was measured according to the
protocol used in other studies.!**®) VRCZ plasma concentration
was 8.1pg/mL on July 28, which was much higher than the
recommend level.”>¥] Therefore, VRCZ dose was reduced to 100
mg once daily. VRCZ trough concentration decreased to 7 pg/mL
on July 31, but the patient’s symptoms had not improved. VRCZ
was stopped on August 1st, and we began to administer 100 mg
every other day on August second. The patient’s symptoms
disappeared on August 3. VRCZ trough concentration (2 hours
before VRCZ administration) decreased to 5.2 wg/mL on August
4th, without any side effects. These symptoms were considered to
be caused by high plasma concentration of VRCZ. Because
VRCZ trough concentration was 1.2 pg/mL on August 8, which
is lower than the recommend level, VRCZ dose was increased to
100 mg once daily until the end of VRCZ treatment on September
18th. VRCZ trough concentration fluctuated between 2.5 and
4.7 pg/mL. The study protocol was approved by the Ethics
Committee at the 302 Hospital. A written informed consent was
systematically obtained.

A follow-up CT scan performed at the end of VRCZ therapy
indicated that the high-density shadow had diminished (Fig. 1).
Liver function was improved: TBIL and INR decreased to
499 umol/L and 1.9, respectively, during antifungal therapy.
The total VRCZ treatment duration was 60 days. In addition, it
should be noted that the patient developed severe spontaneous
bacterial peritonitis and hepatic encephalopathy during
treatment, that is, on September 28th and October 3rd,
respectively. The patient was discharged on November 15th
and 2 months later, follow-up results showed stable liver
function and normal CT imaging findings (Table 1).

3. Discussion

A fumigatus is typically susceptible to VRCZ. VRCZ is a 2nd-
generation broad-spectrum triazole antifungal agent that is
currently being used to treat a wide variety of fungal
infections.”1°! It depletes ergosterol and suppresses fungal cell
growth and replication. It has been recommended as a primary
therapeutic agent for invasive aspergillosis and is available orally
and intravenously. Clinical outcomes and adverse events are
related to VRCZ concentration. Dolton et al'*! reported that
VRCZ concentrations <1.7pg/mL are associated with a
significantly greater incidence of treatment failure and that
neurotoxic adverse events, including visual and auditory
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Figure 1. Chest computed tomography (CT) scan at baseline (A), 2 weeks (B), and 2 months after treatment (C), indicating the disappearance of pulmonary

consolidation.

hallucinations, occurred more frequently with concentrations
>S5 pug/mL. Therefore, monitoring plasma concentrations of
VRCZ is essential.

Adverse events of VRCZ commonly include abdominal pain,
elevated transaminase levels, fever, nausea, phototoxicity, and
vision abnormalities. Research papers on this subject have
disparate assessments. One study showed that adverse symptoms
occurred in 21% of patients with acute myelogenous leukemia or
high-risk myelodysplastic syndrome taking VRCZ.I''! Another
study reported that two-thirds of patients treated with VRCZ
had severe reactions to the drug, including elevated trans-
aminases in 35%, cholestasis in 15 %, or a combination of both in
45% of patients.['?! The most common clinical feature was the
new onset jaundice (41.7%) and skin irritation (41.7%). Several
studies also demonstrated that VRCZ plasma concentration was
closely associated with treatment efficacy and side effects.717!
In one study, researchers concluded that the risk for phototoxic
skin reactions were associated with dosage of VRCZ.['81 A meta-
analysis conducted by Hamada et al"” indicated that the
success rate for fungal infection treatment increased significantly
with VRCZ levels >1.0 ug/mL when a graded cutoff value
was within the range of 1.0 to 3.0 wg/mL was used as the
standard VRCZ trough plasma concentration. However,
the incidence of adverse neurological events increased with
increasing VRCZ plasma concentration. They suggested that
for safety reasons, VRCZ trough blood concentration should
be >1.0 pg/mL from the perspective of efficacy and <4.0 pg/mL.
In another meta-analysis, researchers showed that a VRCZ level
of 0.5 mg/L should be considered the lower threshold associated
with efficacy. A trough concentration of 3.0mg/L is associated
with increased hepatotoxicity, particularly in the Asian popula-
tion, and 4.0 mg/L is associated with increased neurotoxicity.>"!
Blood concentration of VRCZ can be affected by several factors,
including patients’ age, race, drug-drug interactions, route of
administration, and cytochrome P450 (CYP) polymorphism,
predominantly CYP2C19.17-21-271 VR CZ is mainly metabolized
in the liver by cytochromes CYP2C9, CYP 3A4, and
CYP2C19.28! Therefore, the capacity of VRCZ metabolism
by the liver is attenuated in patients with liver failure. One study
showed that the average VRCZ plasma concentration was 1.4
g/mL (range, 0-14.3 pg/mL) when 6.1 mg/kg per 12 hour was
used in patients without liver disease.!*! However, VRCZ plasma
concentration was 8.1 pg/mL in our patient, even at a dose of
1.78 mg/kg per 12 hours without using any other drugs that could
affect VRCZ concentration. Furthermore, methylprednisolone
was used from June 28 to the end of July, which may have
decreased VRCZ plasma concentration. The manufacturer’s
information indicated that VRCZ plasma concentration can be
affected by liver function. However, a retrospective study
suggested that VRCZ concentrations are unpredictable, despite
standardized dosing and that an appropriate concentration on

one occasion cannot necessarily be extrapolated to future dosage
calculation for administration even in the same patient./*’!

To our knowledge, there are currently no uniform standards of
VRCZ dosage and no reports presenting its safety in patients with
severe liver dysfunction (Child-Pugh C), or in patients with liver
failure. The drug label information indicated that VRCZ liver
toxicity manifested as elevated transaminases to mild jaundice,
which occurred more commonly in patients with decompensated
liver diseases, especially when the initial VRCZ initial dose was
greater 300 mg. Multifactor analysis indicated that high plasma
concentration was associated with liver toxicity, which can be
reduced with a VRCZ trough level below 4 pg/mL. However, in
one study, researchers argued that there was little value to
monitoring VRCZ plasma concentration in patients with or
without liver failure.®®! Liver function monitoring was consid-
ered to be more important than VRCZ plasma concentration
monitoring.

The maintenance dose in this patient was half of the
recommended dose, according to the instruction for patients
with Child-Pugh score A and B. In this case, however, plasma
concentration was 8.1 pg/mL, which is much higher than the
recommended plasma concentration. Furthermore, the patient
presented with rare side effects including hand tremors, lip
twitching, and hair loss. These side effects disappeared after the
dose was adjusted, and the lung infection and liver function
improved. Therefore, we argue that only monitoring liver
function is not enough in patients with liver failure. This case
demonstrates that patients with liver failure can have a higher
VRCZ plasma concentration even if they receive a low dose of
VRCZ, and can still have improved liver function following
treatment. This is consistent with other studies indicating that
VRCZ plasma concentration is highly variable and that the
correlation between dose and levels is weak in adult patients. We
believe that VRCZ trough concentration should be monitored
every 3 days to maintain the VRCZ treatment efficacy and avoid
adverse events in patients with liver failure until its trough
concentration achieve stable level.

In conclusion, this case demonstrates that steroids are a risk
fact for fungal infection in patients with liver failure. It is safe to
administer VRCZ in patients with fungal pneumonia, but VRCZ
plasma concentration should be carefully monitored. VRCZ
plasma concentration should be maintained within 1-1.5 to 5—
6 ng/mL, according to studies and guidelines. Side effects should
be monitored closely if VRCZ plasma concentration monitoring
is not available. Dosage should be reduced once side effects occur
or liver function deteriorates. VRCZ plasma concentration
monitoring was not a routine test in our hospital; therefore, we
tested VRCZ plasma concentration only after side effects
occurred. VRCZ dose should be optimized for a better
therapeutic outcome and minimize side effects by monitoring
VRCZ plasma concentration. Our case report has several
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limitations. First, fungal pneumonia was diagnosed without
performing pathological examination. Second, cytochrome P450
polymorphism was not detected, which may have affected VRCZ
metabolism. This case demonstrates that VRCZ can be used
safely in patients with liver failure patients using dose-adjust-
ments and that plasma concentration monitoring is necessary.
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