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Abstract: Voriconazole is the therapy of choice for aspergillosis. However, hepatotoxicity is the most common reason for the 
discontinuation of voriconazole. In contrast, posaconazole is well tolerated, with a low incidence of hepatotoxicity. In most cases, 
hepatotoxicity is associated with high voriconazole trough concentration influenced mainly by cytochrome P450 (CYP) 2C19 gene 
polymorphism. Compared with normal metabolizers, intermediate and poor metabolizers generally have higher voriconazole trough 
concentrations with an increased risk of hepatotoxicity. Here, we describe changes in hepatotoxicity throughout azole therapy in 
a patient with pulmonary aspergillosis (PA). Nevertheless, the patient with the normal metabolism genotype of CYP2C19 developed 
severe hepatotoxicity caused by voriconazole but tolerated posaconazole well, with a lack of direct cross-hepatotoxicity between the 
both. Interestingly, the patient had a high risk of hepatotoxicity at a low voriconazole trough concentration. Fortunately, elevated liver 
enzymes declined to the baselines with posaconazole treatment. 
Keywords: hepatotoxicity, drug-induced liver injury, drug trough concentrations, voriconazole, posaconazole, pulmonary aspergillosis

Introduction
Triazoles, especially voriconazole, are preferred agents for treating and preventing aspergillosis in most patients.1 Despite its 
efficacy, clinical use of voriconazole appears complicated by its adverse events and narrow therapeutic range. Hepatotoxicity is 
a joint adverse event of azoles, but voriconazole appears to have a higher risk of liver injury than other modern antifungals.2 

There was increasing evidence of a significant correlation between hepatotoxicity and voriconazole trough concentrations.3–5 But 
voriconazole plasma concentrations present wide interpatient variability, primarily due to gene polymorphism of cytochrome 
P450 (CYP) 2C19.6 High voriconazole trough concentrations are more likely to be observed in poor metabolizers than in normal 
metabolizers, with an increased risk of hepatotoxicity.6–9 Instead, we describe a normal metabolism patient with pulmonary 
aspergillosis (PA) who developed significant hepatotoxicity not associated with voriconazole plasma exposure.

Posaconazole, another triazole antifungal, is well-tolerated, with a lower incidence of treatment-related adverse events 
and discontinuation than voriconazole.10 Long-term posaconazole treatment does not increase the risk of any individual 
adverse events with a low incidence of hepatotoxicity.11 Even so, there remains concern that hepatotoxicity maintains or 
worsens when switching between a class of azoles. Here, we also reported that posaconazole successfully replaced 
voriconazole without the same adverse event, indicating a lack of direct cross-hepatotoxicity between the both.

Case Presentation
A 44-year-old man patient was admitted to another hospital for hemoptysis and diagnosed with pulmonary aspergillosis based 
on the pathological result (Figure 1). The patient had a history of old tuberculosis and chronic gastritis, not currently treated 
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with any medication. Subsequently, the patient was admitted to Tongji Hospital for fungal infection and started antifungal 
treatment with a standard dose (200 mg twice daily) of intravenous voriconazole for one week without liver enzyme 
abnormalities (Figure 2). After discharge, he was prescribed oral voriconazole at the same dose.

After six weeks, severe hepatotoxicity with significant liver enzyme elevations was found at the first liver function test, 
including alanine transaminase (ALT) [899U/L (≤41 U/L)], aspartate transaminase (AST) [821 U/L (≤40 U/L)], alkaline 
phosphatase (ALP) [256 U/L (40~130U/L)], and gamma-glutamyl transpeptidase (γ-GGT) [451 U/L (10~71U/L)]. It was 
worth noting that the patient has not received any other medications recently, including herbal products or dietary 
supplements, besides voriconazole. Therefore, he was advised to discontinue voriconazole due to consideration of 
voriconazole-induced hepatotoxicity and elevations of ALT and AST more than five times the upper limit of normal 
(ULN). After five days, liver enzymes slightly declined, including ALT (826 U/L), AST (598 U/L), ALP (227 U/L), and γ- 
GGT (427 U/L). As a result, the patient was re-admitted to our hospital with hepatic insufficiency.

After admission, laboratory tests revealed increased levels of ALT (879 U/L), AST (529 U/L), ALP (219 U/L), γ-GGT 
(410U/L), direct bilirubin [16.7 μmol/L (≤8.0 μmol/L)], lactate dehydrogenase [409 U/L (135~225 U/L)], 5’-nucleotidase 
[11.2 U/L (≤10 U/L)], α-L-fucosidase [52 IU/L (5~40 IU/L)], and blood ammonia [91 μmol/L (16~60 μmol/L)]. The patient 
was then given hepatoprotective medications for injection (Polyene Phosphatidylcholine, Glutathione, Compound 
Ammonium Glycyrrhetate S) and Micafungin Sodium for injection (150 mg once daily). Some examinations, including 
ultrasound and tests for viral hepatitis and autoimmune liver diseases, revealed no abnormalities except for small cysts. 
Serum ceruloplasmin was within the normal range [0.49 g/L (0.22~0.58 g/L)]. After eight days of discontinuation and three 
days of treatment, the patient was discharged with a significant decline of liver enzymes, including ALT (350 U/L), AST 
(100 U/L), ALP (145 U/L) and γ-GGT (309 U/L). The blood ammonia also returned to normal (58 μmol/L).

Based on the above information and the Roussel-Ucalaf Causality Assessment Method (RUCAM), the patient scored 
six points, indicating a “probable” drug-induced liver injury (DILI). According to the judgment criteria of the Council for 
International Organizations of Medical Sciences (CIOMS), the type of liver injury in the patient was characterized as 
a mixed hepatocellular-cholestatic injury due to ALT ≥ 3 ULN, ALP ≥ 2 ULN, and 2 < R < 5 (the R-value was obtained 

Figure 1 Microscopic view of lung tissue from the upper lobe of the right lung (HE stain, 10*10). A small mass of fungal mycelium-like structure (black arrow) was seen 
around the lung tissue, with a relatively uniform thickness of the mycelium, which was considered morphologically as an Aspergillus infection.
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by dividing the ratio of the measured ALT value to the ULN of ALT by the ratio of the measured ALP value to the ULN 
of ALP).12

After discharge, the patient was advised to continue hepatoprotective therapy and to follow up regularly. One week 
later, liver enzymes declined further, including ALT (123 U/L), AST (69 U/L), APL (116 U/L), and γ-GGT (225 U/L). 
Then the patient was prescribed posaconazole suspension at 100 mg once daily due to concerns about the same adverse 
event. Fortunately, liver enzymes remained progressively lower after two weeks. But posaconazole trough concentrations 
were below the therapeutic range (≥1.0 μg/mL) according to weekly therapeutic drug monitoring (TDM) (Figure 2). 
Hence, he was prescribed posaconazole suspension at 100 mg twice daily starting the third week. The trough 
concentration reached 1.17 μg/mL, within the therapeutic range. All liver enzymes returned to normal after three 
weeks and to the baselines after five weeks. During antifungal therapy, the patient’s symptoms gradually resolved, and 
chest computed tomography (CT) showed gradual resorption of the lesion in the upper lobe of the right lung (Figure 3).

However, the patient strongly requested antifungal therapy with the remaining previous voriconazole for his family 
economy. Considering its safety, the patient was advised to take oral voriconazole at 50 mg twice daily. One week later, 
liver enzyme elevations, including ALT (111 U/L) and AST (60 U/L), were found again, suggesting intolerance to 
voriconazole. Therefore, according to the RUCAM scoring scale, the patient scored an additional three points for nine 
points, indicating a “high probable” DILI. Meanwhile, the TDM of voriconazole revealed a trough concentration of 0.32 
μg/mL (reference range: 1~5.5 μg/mL). The pharmacogenetic test showed that the patient was a normal metabolizer with 
a genotype of CYP2C19*1/*1 and could be treated with the standard dose of voriconazole. Finally, the patient 
discontinued voriconazole and was prescribed posaconazole suspension at 100 mg twice daily for continuous antifungal 
treatment. Liver enzymes returned to the baselines after two weeks.

Figure 2 Changes in liver enzyme levels and drug trough concentrations during azole treatment. Symbols: *Voriconazole therapy; #Posaconazole therapy. 
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; γ-GGT, gamma-glutamyl transpeptidase.
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Discussion
With the increase in immunosuppressed patients, invasive aspergillosis with high mortality has increased dramatically,13 and 
so has the demand for antifungal drugs. Voriconazole serves as the primary treatment for invasive PA and as the first-line 
treatment for chronic PA.1,14 However, hepatotoxicity is the most frequent adverse effect of voriconazole and the common 
reason for dose adjustments.15 A meta-analysis involving more than 8000 patients showed that 19.7% of voriconazole users 
developed serum elevations of liver enzymes.16 According to the Common Terminology Criteria for Adverse Events 
(CTCAE, v.5.0), the severity of hepatotoxicity can display Grades 1 through 5, ranging from mild, middle, severe, to life- 
threatening consequences and even death. Although abnormalities in liver enzymes are common during voriconazole 
treatment, severe adverse event in the liver does not always occur. Hepatotoxicity in our patient was classified as Grade 4 
due to an ALT over 20 times the ULN, indicating life-threatening consequences or urgent intervention. There are still no 
specific biomarkers for diagnosing DILI in the clinical practice, relying mostly on excluding other causes of liver disease and 
diagnostic scales. Some scales are available to assess the causality of adverse drug reactions, such as the Naranjo’s Scale, the 
WHO-UMC causality assessment system, and the RUCAM scoring scale, an assessment tool for DILI. Based on the patient 
information above, all three scales suggested that liver injury was highly associated with voriconazole.

Hepatotoxicity may be associated with drug exposure, particularly voriconazole.17 The safety administration of voriconazole 
presents challenges due to the narrow therapeutic range and wide variability in plasma concentrations. Most recent studies 
reported hepatotoxicity correlated with high voriconazole trough concentrations.3–6,18,19 Some studies reported that voriconazole 
trough concentrations >3.0~6.0 μg/mL were associated with increased hepatotoxicity.5,15,19,20 In contrast, no correlation between 
the both was also reported in other studies.21,22 Overall, no specific voriconazole trough concentration thresholds can clearly 
predict hepatotoxicity. Liver metabolism plays a crucial role in voriconazole plasma exposure that varies wildly due to CYP2C19 
gene polymorphism, co-medications, liver function, and age.23 Voriconazole is primarily metabolized by CYP2C19 in the liver, 
whose gene polymorphism can affect the voriconazole plasma concentrations.6,24 Based on the ability of CYP2C19 to metabolize 
substrates, individuals can be classified into five categories: ultrarapid metabolizers (UM, CYP2C19*17/*17), rapid metabolizers 
(RM, CYP2C19*1/*17), normal metabolizers (NM, CYP2C19*1/*1), intermediate metabolizers (IM, CYP2C19*1/*2, 
CYP2C19*1/*3, CYP2C19*2/*17) and poor metabolizers (PM, CYP2C19*2/*2, CYP2C19*2/*3, CYP2C19*3/*3).25 

Figure 3 Changes in the images of the upper lobe of the right lung shown on chest CT before and after pulmonary Aspergillus infection and during antifungal procedures. 
Image (A) shows a chest CT image before the Aspergillus infection. Images (B–D) are chest CT images after the Aspergillus infection, representing images after 2, 4, and 5 
months of antifungal therapy. Images (A–D) all show irregular nodular shadows in the upper lobe of the right lung with cavity formation. Images (A and B) show lesions of 
approximately similar extent but with increased density and fungus ball formation. Images (B–D) all show fungus ball formation but gradual resorption of the lesion.
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Compared with NMs, IMs and PMs are easier to present higher trough concentrations with an increased risk of hepatotoxicity, 
especially in Asians.6,8,24

However, the relationship between hepatotoxicity and voriconazole exposure and the effect of CYP2C19 genotype on 
the relationship cannot be applied to all populations due to individual differences. Our patient with a CYP2C19 genotype 
of 1*1 and normal liver function could be given a standard dose of voriconazole.25 But he developed severe hepato-
toxicity without co-medications, herbal products, or dietary supplements. Furthermore, we further found by TDM that 
liver enzyme elevations still occurred at a low trough concentration of 0.32 μg/mL. Consequently, the hepatotoxicity 
experienced by our patient may not be associated with the CYP2C19 genotype and the voriconazole plasma levels. Other 
factors may contribute to voriconazole-induced hepatotoxicity, except for some factors influencing drug exposure.

The exact mechanism of hepatotoxicity induced by voriconazole remains unclear. It was reported that oxidative stress 
was the leading cause of voriconazole-induced hepatotoxicity.26,27 Damaged hepatocytes, caused by cumulative oxidative 
stress, release damage-associated molecular patterns that activate innate immune cells via pattern recognition receptors 
and induce an inflammatory response. The severe inflammatory response promotes oxidative stress, so the positive 
feedback effect between both further leads to hepatocyte dysfunction and liver injury. Moreover, the immune response 
may contribute to voriconazole-induced hepatotoxicity. It was reported that adaptive immune responses mediate the 
process of hepatocyte injury in most idiosyncratic drug-induced liver injuries.28 Reactive metabolites of the drugs bind to 
modified proteins to form neoantigens, which are taken up and presented by the antigen-presenting cell, contributing to 
the full activation of adaptive immune responses, notably CD8+ T cell-mediated cytotoxicity. Therefore, we propose the 
hypothesis that immune responses probably play a role in voriconazole-induced hepatotoxicity and that the infectious or 
inflammatory state of the liver potentially contributes to its development, which may explain our patient had a high risk 
of hepatotoxicity even though he was a normal metabolizer with a low trough concentration. However, few studies have 
discussed the role of immune responses triggered by voriconazole in hepatotoxicity. More extensive studies are expected 
to confirm the impact of immune mechanisms on voriconazole-associated hepatotoxicity.

In general, there is no perfect positive correlation between voriconazole exposure and hepatotoxicity. It remains 
challenging to establish an appropriate therapeutic range to balance the efficacy and safety of voriconazole. Although 
hepatotoxicity occurs at higher voriconazole trough concentrations in most cases, careful monitoring of liver enzymes 
seems more critical than TDM to prevent severe hepatotoxicity in non-typical patients, such as those with hepatotoxicity 
not associated with voriconazole exposure. Hence, careful follow-up with close liver function tests and TDM in the early 
course of therapy is necessary for all patients receiving long-term antifungal treatment to detect potential hepatotoxicity 
and to avoid subtherapeutic concentrations.

If liver enzymes elevate ≥ 5 × ULN, switching to another agent is reasonable in clinical practice.17 However, a cross- 
reactivity concerning hepatotoxicity needs to be taken into account when switching between azoles. Our case confirmed 
the possibility of replacing voriconazole with posaconazole without a class of hepatotoxicity, as has been reported in 
other cases.29,30 A retrospective study supported the feasibility of posaconazole for salvage therapy in patients with prior 
administration of another triazole.31 A clinical trial investigation found that posaconazole was not inferior to voricona-
zole in the treatment of invasive aspergillosis and also was better tolerated.10 Consequently, posaconazole may be an 
effective alternative to voriconazole after intolerant hepatotoxicity, especially in outpatients receiving long-term anti-
fungal treatment. Additionally, patients with PA may be treated with antifungals and intravenous hepatoprotective 
medications for transition in the acute phase of significant hepatotoxicity. In our case, micafungin supplemented with 
hepatoprotective therapy decreased liver enzymes significantly within three days. Further research is expected to provide 
more effective and safe strategies for selecting and switching a class of antifungal agents in treating aspergillosis.

Conclusion
Our case report highlights the importance of the management of azoles during the antifungal treatment of aspergillosis, 
especially voriconazole. Because normal metabolism patients with the genotype of CYP2C19*1/*1 have a potential risk 
of severe hepatotoxicity with the standard dose of voriconazole and without co-medications, and liver enzymes still 
elevated at a low voriconazole trough concentration of 0.32 μg/mL. It indicated that other factors may contribute to 
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voriconazole-induced hepatotoxicity, except for some factors influencing drug exposure. Furthermore, our case may 
provide an experience of safe and effective alternative treatment of PA after intolerant hepatotoxicity to voriconazole.

Abbreviations
CYP29C19, cytochrome P450 (CYP) 2C19; PA, pulmonary aspergillosis; IFD, invasive fungal diseases; ALT, alanine 
transaminase; AST, aspartate transaminase; APL, alkaline phosphatase; γ-GGT, gamma-glutamyl transpeptidase; ULN, 
the upper limit of normal; DILI, drug-induced liver injury; TDM, therapeutic drug monitoring; UM, ultrarapid meta-
bolizers; RM, rapid metabolizers; NM, normal metabolizers; IM, intermediate metabolizers; PM, poor metabolizers.
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