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THAI ABSTRACT 

มณฑิรา ตนัตสวสัดิ ์: การศกึษาเภสชัจลนศาสตร์/เภสชัพลศาสตร์ของวอริโคนาโซลส าหรับรักษาการ
ติ ด เ ชื ้ อ แ อ ส เ ป อ ร์ จิ ล ลั ส ช นิ ด รุ ก ร า น ใ น ผู้ ป่ ว ย ผู้ ใ ห ญ่ ช า ว ไ ท ย 
(PHARMACOKINETIC/PHARMACODYNAMIC STUDY OF VORICONAZOLE FOR INVASIVE 
ASPERGILLOSIS TREATMENT IN THAI ADULT PATIENTS) อ.ท่ีปรึกษาวิทยานิพนธ์หลกั: ผศ. 
ภก. ดร.ชาญกิจ พฒุิเลอพงศ์, อ.ท่ีปรึกษาวทิยานิพนธ์ร่วม: รศ. ภญ. ดร.ดวงจิตต์ พนมวนั ณ อยุธยา
, อ. นพ. ประวฒัน์ จนัทฤทธ์ิ{, 116 หน้า. 

วอริโคนาโซลเป็นยาต้านเชือ้รากลุม่เอโซลซึ่งมีเภสชัจลนศาสตร์แบบไม่เป็นเส้นตรงเน่ืองจากเกิดการ
อิ่มตวัของเมทาบอลสิม และมีหลายปัจจยัท่ีมีผลตอ่เภสชัจลนศาสตร์ของยา ปัจจุบนัยังไม่มีการศึกษาถึงค่าทาง
เภสชัจลนศาสตร์ของวอริโคนาโซลในผู้ ป่วยผู้ ใหญ่ชาวไทยจึงไม่สามารถท านายระดบัยาวอริโคนาโซลได้อย่าง
แมน่ย า การศึกษานีจ้ึงมีวตัถุประสงค์เพ่ือหาค่าทางเภสชัจลนศาสตร์ของวอริโคนาโซลในผู้ ป่วยผู้ ใหญ่ชาวไทย  
ปัจจยัท่ีมีผลตอ่พารามิเตอร์ดงักล่าว รวมถึงหาความสมัพนัธ์ระหว่างระดบัยาวอริโคนาโซลกับผลทางคลินิกใน
การรักษาการติดเชือ้แอสเปอร์จิลลสัชนิดรุกราน โดยเก็บข้อมลูผู้ ป่วยย้อนหลงัจากการทบทวนเวชระเบียน ณ 
โรงพยาบาลรามาธิบด ีตัง้แต ่มกราคม พ.ศ. 2556 ถึง มีนาคม พ.ศ. 2559 

มีผู้ ป่วยจ านวน 53 รายท่ีสามารถค านวณพารามิเตอร์ทางเภสชัจลนศาสตร์ของวอริโคนาโซลได้  
คา่มธัยฐานของ Km ของวอริโคนาโซลเท่ากับ 0.26 มิลลิกรัมต่อลิตรและ 0.67 มิลลิกรัมต่อลิตรในผู้ ป่วยท่ีมีการ
ท างานของ CYP 2C19 ปกตแิละต ่ากวา่ปกตติามล าดบั (p = 0.008) ในขณะท่ีคา่มธัยฐานของ  Vmax ของวอริโค
นาโซลในผู้ป่วยทัง้สองกลุ่มไม่แตกต่างกัน (0.43 และ 0.48 มิลลิกรัมต่อกิโลกรัมค่อชั่วโมงส าหรับผู้ ป่วยท่ีมีการ
ท างานของ CYP 2C19 ปกตแิละต ่ากวา่ปกติตามล าดบั) นอกจากฟีโนไทป์ของ CYP2C19 แล้วปัจจัยท่ีมีผลต่อ
คา่ Km คือ อาย ุระดบับลิรูิบนิและแอลคาไลน์ฟอสฟาเทสในเลือด ในขณะท่ีไม่มีปัจจัยใดของผู้ ป่วยท่ีท านายค่า 
Vmax ได้ เม่ือประเมินความสมัพนัธ์ของระดบัยาวอริโคนาโซลกับผลทางคลินิกในผู้ ป่วยจ านวน  81 ราย พบว่า
อตัราความส าเร็จในการรักษาคิดเป็นร้อยละ 76.5 ในขณะท่ีอัตราการเกิดพิษต่อตบัจากยาคิดเป็นร้อยละ  13.6 
เม่ือระดบัยาวอริโคนาโซลต ่าสดุมีค่า 3-4 มิลลิกรัมค่อลิตร อัตราความส าเร็จในการรักษาจะสงูกว่าร้อยละ 90 
และเม่ือระดบัยาวอริโคนาโซลต ่าสดุมีคา่สงูกว่า 5 มิลลิกรัมต่อลิตร อัตราการเกิดพิษต่อตบัจากยาจะเพิ่มสงูขึน้
อย่างชดัเจนเม่ือเปรียบเทียบกบัระดบัยาท่ีต ่ากวา่ 

การศกึษานีใ้ห้คา่ Km และ Vmax ของยาวอริโคนาโซลในผู้ป่วยผู้ใหญ่ชาวไทย ซึ่งยังมีช่วงท่ีกว้าง แสดง
ให้เห็นถึงความแปรปรวนระหว่างบุคคลท่ีสงู ดงันัน้การเร่ิมการรักษาตามขนาดยาท่ีแนะน าและท าการติดตาม
ระดบัยาในเลือดจึงมีความสมเหตุสมผล ระดับยาวอริโคนาโซลต ่าสุดท่ีแนะน าส าหรับการรักษาการติดเชือ้
แอสเปอร์จิลลสัชนิดรุกรานในผู้ปวยผู้ใหญ่ชาวไทยคือ 3-4 มลิลกิรัมตอ่ลติร เน่ืองจากให้อัตราความส าเร็จในการ
รักษาท่ีสงูและสามารถหลีกเล่ียงการเกิดพษิตอ่ตบัจากยาได้  
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An azole antifungal , voriconazole (VRZ), exhibits nonlinear pharmacokinetics (PK) due to 
saturated metabolism and several factors influence its PK. Currently, PK parameters of VRZ in adult 
Thai patients have not been identified, which causes uncertainty in VRZ level estimation. This study 
aimed to determine the VRZ PK parameters for adult Thai patients, factors influencing these 
parameters and the association between the VRZ concentration and clinical outcome in invasive 
aspergillosis (IA) treatment. Medical records of eligible patients at Ramathibodi Hospital during 
January 2013 and March 2016 were retrospectively reviewed. 

Of all 53 patients including in pharmacokinetic study, the median Km of were 0.26 mg/L 
and 0.67 mg/L for CYP2C19 EM and non-EM, respectively (p = 0.008). The Vmax of voriconazole were 
not different between each CYP2C19 phenotype (0.43 vs. 0.48 mg/kg/h for CYP2C19 EM and non-
EM, respectively). Other than CYP2C19 phenotype, age, TB, and ALP were the significant factors 
influencing the Km, while none of patient’s factors could predict Vmax. Among eighty-one patients who 
were eligible for clinical outcome assessment, overall treatment success rate was 76.5 % and 
hepatotoxicity rate was 13.6%. The treatment success rate at VRZ Ctr of 3-4 mg/L was more than 
90%. When compare to lower Ctr level, the hepatotoxicity rate was dramatically increased with VRZ 
Ctr of more than 5 mg/L. 

This study provided Km and Vmax of VRZ for Thai adult patients with IA, however their wide 
range indicated the high variability between individuals. Therefore, the need to start VRZ treatment 
with the recommended doses followed by therapeutic drug monitoring was warranted. 
Recommended VRZ Ctr for IA treatment for Thai adult patients was 3-4 mg/L because of its high 
treatment success rate together with avoiding drug-induced hepatotoxicity.  
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CHAPTER I 

INTRODUCTION 

 
The antifungal agent voriconazole (VRZ) is a synthetic broad-spectrum triazole 

that is derived from fluconazole, and is recommended for the treatment of invasive 
fungal infections (IFIs) caused by common pathogens, such as Aspergillus, Candida 
and Cryptococcus neoformans, as well as less common pathogens, such as Fusarium 
and Pseudallescheria .  Without treatment, IFIs are an important cause of mortality and 
morbidity, especially in immunocompromised patients, such as those receiving 
chemotherapy or immunosuppressive therapy (e.g., solid organ or bone marrow 
transplant patients, systemic lupus erythematous (SLE) patients), or those infected with 
human immunodeficiency virus (HIV). The pharmacokinetics of VRZ is non-linear and 
exhibits high inter- and intra-individual variability because it has saturated hepatic 
metabolism as well as different patient characteristics. The catabolism of VRZ is mainly 
mediated by CYP2C19, but also to a lesser extent by CYP3A4 and CYP2C9. Thus, 
CYP2C19 polymorphisms may explain some of the inter-individual variability in VRZ 
exposure. Many studies have shown that the frequency of CYP2C19 polymorphisms 
varies among different ethnic groups. In addition to CYP2C19 polymorphism, various 
other factors, such as the patient’s age, liver diseases, drug interactions, albumin level, 
C-reactive protein level, and body weight have been identified as influencing factors on 
VRZ plasma concentrations. Meanwhile, some studies have reported no significant 
relationship between the VRZ plasma concentrations and genotype, age, sex, or use of 
concomitant proton pump inhibitors. Consequentially, the inability to predict the VRZ 
plasma concentrations complicates its usefulness in clinical practice.  

Pharmacodynamic studies using time-kill curve and murine candidiasis model 
suggested an exposure-response relationship. In clinical practice, the association 
between a low VRZ concentration and poor clinical outcome has been reported, but this 
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relationship is still equivocal and inconsistent. Some clinical studies have not found an 
association between the treatment outcome and VRZ drug level. Other than the VRZ 
concentration, many other factors influence the treatment outcome, including the 
patient’s immune status and age, co-morbidities and removal of infected tissue. Adverse 
effects associated with VRZ include hepatotoxicity or elevated serum levels of hepatic 
enzymes, neurotoxicity, which may present with hallucination or visual disturbance, and 
rash. Disagreement on the relationship between the adverse events and VRZ 
concentration has also been reported.  

Therefore, we performed this study to identify correlation between the factors 
(CYP2C19 polymorphism, drug-drug interactions, patient’s demographic data, etc.) and 
voriconazole pharmacokinetic (PK) parameters and develop the model to predict 
pharmacokinetic parameters (Km, Vmax) of voriconazole in Thai adult patients and to 
identify association between pharmacokinetic parameters (Ctr) and clinical outcome. 

This study would provide pharmacokinetic parameters of voriconazole for Thai 
adult patients that will further be used in exploration of exposure-response relationship, 
therapeutic drug monitoring, and dosage adjustment for individual patients. In addition, 
the optimal dosage regimen of voriconazole for invasive aspergillosis treatment for Thai 
adult patient would be determined in order to maximize efficacy together with minimize 
toxicity. 
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CHAPTER II 

LITERATURE REVIEW 

 
1. Invasive fungal diseases (IFD)  

 
Invasive fungal diseases (IFD) are associated with significant morbidity and 

mortality in immunocompromised or other high-risk patients, including patients with 
hematologic or other malignancies, and hematologic stem-cell transplant (HSCT) or 
solid-organ transplant (SOT) recipients receiving immunosuppressive therapy (1). 
The most common IFD are invasive candidiasis (IC) and invasive aspergillosis (IA). 
IFD is categorized into three subgroups; proven, probable, and possible diseases 
based on host factors, clinical, mycobiological, and radiological findings (2). 
Diagnosis of IFD by blood culture is almost always negative, the nonculture 

diagnostic approaches have been developed such as assay of 1,3--D glucan for 
detection of IC and IA, galactomannan for detection of IA, and PCR-based assays 
for detection of Aspergillus spp. DNA (3).  

 
1.1 Antifungal therapy for IFD 

 
Although the antifungal options are increase, the treatment outcomes are still 

unsatisfactory with mortality rates often more than 50%, depending on the pathogen 
and disease (4). Currently available antifungal agents approved for invasive fungal 
disease treatment and prophylaxis are polyenes (amphotericin B), triazoles 
(fluconazole, itraconazole, voriconazole, and posaconazole), echinocandins 
(caspofungin, micafungin, and anidulafungin), and flucytosine. These agents differ 
in mechanism of action, spectrum of pathogen coverage, 
pharmacokinetic/pharmacodynamic properties, indications, adverse drug reactions, 
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cost, and convenience to use. Among of them, triazole antifungals are available in 
both oral and injectable form while the others are available only the injection. 
Furthermore, triazole antifungals are generally well tolerated when compare to 
amphotericin B (5). These support the widely use of triazole antifungals. 

Fluconazole and itraconazole are the first-generation triazole antifungals which 
still have roles in current routine clinical practice including prophylaxis, empirical 
therapy, and treatment of both superficial and invasive yeast infection for 
fluconazole and treatment of fungal skin and nail infections, dematiceous fungi and 
endemic mycoses such as coccidiodomycosis, histoplasmosis, blastomycosis, and 
sporotrichosis for itraconazole (6). Voriconazole and posaconazole are the new- or 
second-generation triazole antifungals which have broader spectrum of activity. At 
the present time, voriconazole is prominent and extensively used for many invasive 
fungal diseases treatment and prophylaxis especially in case of fluconazole or 
itraconazole is not an appropriate option. Voriconazole pharmacokinetics have large 
intra- and interindividual variability and its pharmacokinetic data in Thai patients 
remains limit, therefore, pharmacokinetic study of voriconazole in this population 
should be performed.    
 
2. Voriconazole and its pharmacokinetic and pharmacodynamic profile 

 
2.1 Voriconazole pharmacology and clinical use 

Voriconazole is a synthetic derivative of fluconazole developed by substitution of 

the fluoropyrimidine ring for one of the azole group and an added -methyl group 
lead to provide fungicidal activity against Aspergillus spp. and other molds (7). 

Voriconazole inhibits the cytochrome P-450 dependent enzyme 14--sterol 
demethylase as a result of disrupting the fungal membrane and halting fungal 
growth (8). Because of the potent activity against Aspergillus spp., voriconazole is 
recommended as a primary therapy for many types of aspergillus diseases such as 
invasive pulmonary aspergillosis, invasive sinus aspergillosis, tracheobronchial 
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aspergillosis, and aspergillosis of the CNS (9). Besides invasive aspergillosis, 
voriconazole has been approved from US FDA for following indications: candidemia 
(nonneutropenics) and disseminated candidiasis in skin, abdomen, kidney, bladder 
wall, and wounds; esophageal candidiasis; serious infections caused by 
Scedosporium apiospermum and Fusarium spp. including Fusarium solani, in 
patients intolerant of, or refractory to, other therapy (10, 11).   

Voriconazole is typically well tolerated, and its side effect profile is similar to 
other triazole antifungals with few differences (Table 1). In a study compare 
voriconazole and fluconazole in esophageal candidiasis treatment, more treatment-
related adverse events were reported in voriconazole treated group (30%) than 
those receiving fluconazole (14%) (12). Gastrointestinal side effects were common 
(9%) and similar between voriconazole and fluconazole groups. However, the 
majority of patients experiencing a reported adverse reaction from voriconazole was 
abnormal vision (23%) that was transient, infusion related and without sequelae. This 
side effect of voriconazole is uncleared understood, and no pathologic retinal 
changes or long-term sequelae have been found (13). This effect typically occurs 30 
minutes after infusion and recovers 30 minutes after onset. In a randomized, 
international, multi-center trial compared between IV voriconazole and liposomal 
amphotericin B as empirical therapy in febrile neutropenic patients, infusion related 
side effects were the most common adverse events attributed to voriconazole 
therapy, with 21.9% of patients described flashing lights (photopsia) or similar visual 
disturbance (14). Discontinuation of voriconazole therapy due to side effects was 
infrequent in these trials. Other well-known adverse reactions of voriconazole 
therapy include skin rash and transaminase elevation (15). There was a 
recommendation to monitor hepatic function at baseline and during voriconazole 
therapy. Similar to other triazole antifungals, prolong QTc interval has been reported 
in voriconazole therapy (16). Elevated serum trough voriconazole concentrations 
have been associated to the majority of side effects encountered in clinical practice, 
and higher levels (> 5.5 mg/l) although attributed with favorable outcomes, have 
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also been suggested responsible for the uncommon potential side effects of 
encephalopathy or hallucinations (17-19).  
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Table 1 Profile of common or important adverse effects of voriconazole (20) 

Organ system Description 
Gastrointestinal disorders  
 

Nausea, vomiting (< 5%) 
Abdominal pain (< 10%) 

Skin and appendages  
 

Pruritis, rash (< 10%) 
Potentially exfoliative 

Liver and biliary system  
 

Elevation of hepatic transaminases (< 15%), 
hepatitis (rare) 

Kidney  - 
Bone marrow  - 
Immunologic  Anaphylaxis reported 
Endocrine system  Adrenal insufficiency (rare) 
Cardiovascular system Potential to prolong QTc interval 
Special senses  Altered/enhanced perception of light; 

photophobia, blurred vision (< 30%) 
Nervous system  Hallucinations, confusion (10%), headache 
Maximum tolerated dosage in clinical trials 
and limiting events for a period of 14 days 

800 mg/day (10 mg/(kg day)) have been 
tolerated without dose-limiting events 

 
2.2 Voriconazole pharmacokinetics 

Voriconazole is available in both intravenous and oral formulations. As it has 
rapidly absorption within 2 hours and oral bioavailability of more than 90% allowing 
prompt to switch from intravenous-to-oral when clinically appropriate (8). After 
initiation of multiple administration of voriconazole, steady state plasma 
concentration will be achieved after approximately 5 days for both oral and 
intravenous dosing without a loading dose regimen. Oral or intravenous loading 
doses ensure that steady state plasma concentrations are attained within 24 hours 
(11, 21, 22). Oral absorption of voriconazole is reduced by food (11) but is not 
affected by gastric pH or by co-administration of oral ranitidine, cimetidine, or 
omeprazole (21). The volume of distribution of voriconazole is estimated to be 4.6 
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L/kg, suggesting extensive distribution into tissues. Plasma protein binding is 
estimated to be 58% and was shown to be independent of plasma voriconazole 
concentrations (21, 22). Multiple-dose studies showed nonlinear pharmacokinetics 
with maximum plasma concentration (Cmax) and area under the plasma 
concentration-time curve increasing disproportionately with increasing dose for both 
intravenous and oral formulations (23). It is likely due to saturation of voriconazole 
metabolism with respect to dose.  The major metabolite of voriconazole is the N-
oxide, which accounts for 72% of the circulating radiolabelled metabolites in 
plasma. Since this metabolite has minimal antifungal activity, it does not contribute 
to the overall efficacy of voriconazole. Voriconazole is eliminated mostly via hepatic 
metabolism with less than 2% of the dose excreted unchanged in the urine (21, 22). 
Pharmacokinetic parameters of VRZ were shown in Table 2 (20, 22).  
 
2.3 Factors influence pharmacokinetics and pharmacodynamics of voriconazole 

 
2.3.1 CYP2C19 polymorphisms 

Voriconazole is both a substrate and an inhibitor of CYP2C19 (major), CYP2C9, 
and CYP3A4 enzymes (22, 23), relationships of voriconazole and various CYPs were 
shown in Table 3 (22). In vivo studies indicated that CYP2C19 was significantly 
involved in the metabolism of voriconazole. This enzyme exhibits genetic 
polymorphism with more than 30 allelic polymorphisms have been identified that 
were associated with decreased, increased, or unaltered enzymatic activity (24). 
About 15-20% of Asian populations may be expected to be poor metabolizers 
(PMs). For Caucasians and Blacks, the prevalence of poor metabolizers was 3-5% 
(21).  In Thai population, there was a CYP2C19 polymorphism study collected data 
from 1,051 patients and 40.72% of the patients were predicted as extensive 
metabolizers (EM), 41.95% as intermediate metabolizers (IM), 13.03% as poor 
metabolizers (PM), and 4.30% as ultra-rapid metabolizers (UM) (25). Another study 
performed in 115 Thai patients reported the frequency of CYP2C19 phenotypes of 
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51.30% as EM, 36.52% as IM, and 12.18% as PM (26). The PM phenotype was 
caused by the CYP2C19*2 (681G>A, splicing defect) and CYP2C19*3 (636G>A, 
W212X, premature stop codon) polymorphisms. On the other hand, CYP2C19*17 
was reported to be associated with increased gene transcription linked to -806C>T 
causing ultra-rapid metabolism. However, the magnitude of this effect seems to be 
considerably smaller than that of the *2 and *3 alleles [23].    

 
Table 2 Pharmacokinetic parameters of voriconazole in healthy volunteers and patients (20, 22)  

Parameter Value 
Oral bioavailability (%)  >90 
Food effect Empty stomach 
Plasma protein binding (%)  58 
Volume of distribution (L/kg)  4.6 
Penetration  
  CSF (%) 
  Vitreal (%) 
  Urine (%) 

 
60 
38 
< 2 

Clearance (L/h/kg)  0.2”0.5 
Peak plasma concentration (μg/mL) 
  6 mg/kg IV q12h on day 1; maintenance dose 3 mg/kg q12h 
  400mg PO q12h on day 1; maintenance dose 200mg q12h 

 
3”4.7 
2”2.3 

AUC (μg “ h/mL)a 
  6 mg/kg IV q12h on day 1; maintenance dose 3 mg/kg q12h 
  400mg PO q12h on day 1; maintenance dose 200mg q12h 
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9”11 

Elimination half-life (h)  6 
Time to reach peak plasma concentration (h)  <2 
Major routes of elimination  
 

hepatic (CYP2C19; major, 
CYP3A4 and CYP2C9; 

minor) and renal 
(metabolites) 

aAUC values are calculated over a dosing interval of 12 hours. 

AUC = area under the plasma concentration-time curve during a dosage interval ; CSF = cerebrospinal fluid; IV = 
intravenous; PO = orally; q12h = every 12 hours. 
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Table 3  Relationships of voriconazole and various cytochrome P450 (CYP) isoenzymes (22) 
Variable  CYP3A4 CYP2C19 CYP2C9 
Levels in human liver microsomes +++ + + 
Genetic polymorphism  ++ +++ ++ 
Voriconazole induces ” ND ND 
Voriconazole inhibits ++ ++ +++ 
Voriconazole is substrate ++ +++ + 
ND = not determined; + indicates low; ++ indicates medium; +++ indicates high;  
” indicates no. 

 
Studies conducted in Caucasian and Japanese healthy subjects have shown 

that poor metabolizers had, on average, 4-fold higher voriconazole exposure (AUC) 
than their homozygous extensive metabolizer counterparts. Subjects who were 
heterozygous extensive metabolizers had, on average, 2-fold higher voriconazole 
exposure than their homozygous extensive metabolizer counterparts. However, 
currently, no dosage adjustments were recommended with regard to this 
observation (21). Lee S et. al. also reported the effect of CYP2C19 polymorphism on 
pharmacokinetic of voriconazole in 18 healthy volunteers. They found that 
bioavailability was not significantly different among the CYP2C19 genotypes. After a 
single intravenous or oral dose, voriconazole exposure in PMs was approximately 3 
times higher when compared with EMs. At steady state, the plasma trough 
concentration (just before next dose) and area under the concentration-time curve 
for PMs were about 5 times and 3 times higher than EMs, respectively (27). In the 
patients, there were some studies demonstrared that patients with CYP2C19 PM had 
voriconazole trough concentration higher than EM (26, 28, 29) and IM (29). Dolton’s 
group reported that among 240 patients receiving 200 mg of voriconazole twice 
daily, predicted trough concentrations on day 7 were < 2 mg/L for oral and 
intravenous regimens for 72% and 63% of patients without CYP2C19 loss-of-function 
(LoF) alleles, respectively, with 49% and 35% below this threshold with 300 mg twice 
daily dosing (30). Conversely, these regimens resulted in 29%, 39%, 57% and 77% 
of patients with CYP2C19 LoF alleles with voriconazole trough concentrations > 5 
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mg/L. These results suggested that current dosing regimens of voriconazole 
resulting in subtherapeutic levels in many patients without CYP2C19 LoF alleles, 
suggesting the need for higher doses, whereas, these regimens resulting in 
supratherapeutic level in a high proportion of patients with reduced CYP2C19 
activity. They also found that participants with one or more CYP2C19 LoF alleles had 
a 41.2% lower Vmax for voriconazole (30). On the contrary, Hamadeh’s group 
reported that compared with patients with the other phenotypes, heterozygous 
ultrarapid metabolizers (HUMs)/ ultrarapid metabolizers (UMs) had a lower steady-
state trough level (4.26 ± 2.2 mg/L vs. 2.86 ± 2.3 mg/L, p = 0.0093) and a higher 
prevalence of subtherapeutic trough concentration (16% vs. 52%, P=0.0028), with 
an odds ratio of 5.6 (95% CI: 1.64”19.24, p = 0.0044) (31). These findings indicated 
that adults with the CYP2C19 HUM or UM phenotype were more likely to have 
subtherapeutic concentrations with weight-based voriconazole dosing (31). Table 4 
showed the summary of studies evaluating the association between CYP2C19 
polymorphisms and voriconazole concentrations. 

Effects of CYP2C19 polymorphism on clinical outcome of voriconazole therapy 
still controversy. Meta-analysis of 10 studies involving 598 patients performed by Li’s 
group found that PM phenotype was associated with a higher voriconazole 
treatment success rate compared with EM phenotype (risk ratio (RR), 1.31; 95 % CI, 
1.04”1.67; P = 0.02) (28). However, there was no significant association between 
CYP2C19 polymorphisms and daily maintenance dose, overall adverse events, 
hepatotoxicity, and neurotoxicity (28).  In the contrary, some studies reported the 
association between CYP2C19 polymorphism and voriconazole toxicity or adverse 
events. Sienkiewicz and coworker found that patients with at least one loss of 
function allele (*2) were more likely to experience adverse drug reactions than those, 
with different genotypes (32). In addition, Trubiano’s group also reported that 
voriconazole exposure and toxicity was highest for IM and lowest for HUM/UM 
phenotypes (33).  

 



 

 

17 

 
Table 4  Summary of studies evaluating the association between CYP2C19 polymorphisms and voriconazole 

concentrations 

Ref Study design Patient population Intervention 

Demonstrated 
CYP2C19” 

voriconazole 
concentration 
relationship 

Conclusions 

(34)  35 healthy drug-
free individuals 

Single VRZ 400-mg 
dose; genotyped 
for CYP2C19*2, *3, 
and *17 
 

Yes AUC differed significantly 
between CYP2C19 
phenotype groups: 3 times 
greater in PMs vs EMs 
(p<0.01); CYP2C19 genotype 
accounts for 49% of VRZ’s 
AUC variability after multiple 
regression analysis 
(p<0.0001) 

(35) Single-center 
randomized 
crossover trial 

18 Chinese male 
volunteers 
 

Crossover between 
placebo and 
erythromycin 500 
mg 3 times/day for 
4 days + VRZ 200 
mg given 30 min 
after 10th 
erythromycin dose 

Yes Significant differences in t1/2, 
AUC0”24, and AUC0-∞ 
between PMs, IMs, and EMs 
(p<0.05), with PMs having the 
highest concentrations and 
longest half-life; authors 
recommended dosage 
reduction in PMs and IMs for 
VRZ monotherapy 

(27) Open-label 
single- and 
multiple-dose 
parallel-group 
study 

18 healthy Korean 
male volunteers 
 

VRZ 200 mg IV 91 
dose, then a 1-wk 
washout followed 
by a VRZ 200-mg 
oral single dose, 
then 200 mg 
twice/day for 5 
days 
 

Yes Mean AUC∞ of IMs and PMs 
after IV dose was 1.5 and 3.4 
times higher than EMs, 
respectively (p=0.002); these 
findings exhibited similar 
differences after oral 
administration (p=0.002); 
mean troughs were 2.8 times 
higher in IMs than in EMs 
(p=0.005) and 5.1 times 
higher in PMs than in EMs 
(p=0.008) 
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Table 4. (cont.)  Summary of studies evaluating the association between CYP2C19 polymorphisms and  
                           voriconazole concentration 

Ref Study design Patient population Intervention 

Demonstrated 
CYP2C19” 

voriconazole 
concentration 
relationship 

Conclusions 

(36) Retrospective 
analysis 

37 Japanese 
pediatric patients 
 

Patients received 
IV VRZ; 
genotyped for 
CYP2C19*2, *3, 
and *17 

Yes All patients with troughs >5 
µg/ml (units corrected) were 
PMs or IMs; troughs were 
also higher in PMs and IMs 
compared with EMs and 
UMs (p=0.004); two UMs 
had very low concentrations 
(0.09 and 0.12 µg/ml (units 
corrected); VRZ plasma 
concentration in children is 
significantly correlated with 
CYP2C19 phenotype 

(37) Controlled 
open-label 

20 unrelated 
healthy Han 
Chinese male 
volunteers 
 

Single 200-mg 
oral dose of VRZ 
after being 
smoking, coffee, 
alcohol, and 
medication free 
for 1 wk 
 

Yes Cmax in UMs was higher than 
in EMs (p=0.036) and PMs 
(p = 0.035); t1/2 of UMs was 
51% of t1/2 of PMs (p = 
0.002); UM AUC0”∞ was 
48% and 85% lower than 
that of EMs (p = 0.001) and 
PMs (p < 0.001), 
respectively; significant 
differences in t1/2, AUC, 
CL/F values were noted 
among all three groups 
(EMs, PMs, and UMs) 

(38) Observational 
study 

12 healthy 
Japanese 
subjects 
 

VRZ 200 mg or 
300 mg orally 
twice/day for 10 
days 

Yes VRZ plasma concentration 
was 3 times higher in PMs 
than in EMs 
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Table 4. (cont.)  Summary of studies evaluating the association between CYP2C19 polymorphisms and  
                           voriconazole concentration 

Ref Study design Patient population Intervention 

Demonstrated 
CYP2C19” 

voriconazole 
concentration 
relationship 

Conclusions 

(39) Randomized 
two-phase 
crossover study 

14 healthy 
Chinese males: 7 
Ms and 7 PMs 
 

VRZ 200-mg 
single dose in 
control group; 
treatment group 
had ginkgo biloba 
120 mg twice/day 
for 12 days 
 

Yes PMs had 4 times higher 
AUC and 4 times lower CL/F 
than EMs (p<0.05 for both); 
CYP2C19 determines 
pharmacokinetics of VRZ; 
gingko biloba (inhibitor of 
CYP2C19 and CYP3A4) did 
not significantly affect the 
pharmacokinetics of single-
dose VRZ 

(40) Retrospective 
analysis 

335 patients with 
747 plasma or 
blood samples 
collected during 
routine TDM vs 
control group of 
51 healthy 
nonsmoking 
subjects 
 

Single dose of 
VRZ 400 mg IV or 
orally was 
administered to 
controls; plasma 
samples were 
analyzed from 
patients who 
received IV VRZ 
and had observed 
VRZ 
concentrations of 
< 0.2 µg/ml during 
routine TDM; 
genotyped for 
CYP2C19*2, *3, 
and *17 

Yes TDM group with low VRZ 
concentrations had 
significantly higher 
frequency of UMs compared 
with the control group (p = 
0.01) 
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Table 4. (cont.)  Summary of studies evaluating the association between CYP2C19 polymorphisms and  
                           voriconazole concentration 

Ref Study design Patient population Intervention 

Demonstrated 
CYP2C19” 

voriconazole 
concentration 
relationship 

Conclusions 

(41) Single-center 
open-label two-
period 
crossover study 

20 healthy whites Single doses of 
VRZ 400 mg orally 
and IV assigned in 
a randomized 
order; genotyped 
for CYP2C19*2 
and *3 
 

Yes AUC in PMs was 3 times 
higher than in EMs and 2 
times higher than in IMs 
regardless of route of 
administration; PMs had 
bioavailability of 94.4% vs 
75.2% in EMs (p=NS); PMs 
had 3”4 times slower CL/F 
than EMs (p<0.05) 

(42) Retrospective 
exploratory 
study 

24 white lung 
transplant 
recipients with 
cystic fibrosis who 
received VRZ 
therapy 
 

Treatment and 
prophylactic 
doses of VRZ 
 

Yes Daily doses were 
significantly higher in *17 
carriers (35% more; 14.1  
3.9 mg/kg) and EMs (29.6% 
more; 13.6 + 3.2 mg/kg) vs 
IMs (9.5 + 1.7 mg/kg) 
(p<0.05); multivariate 
analysis revealed that 
CYP2C19 accounted for 
38% of maintenance (steady 
state) dose variability; time 
to achieve therapeutic range 
was significantly longer in 
carriers of *2 and *17 
compared with EMs 
(p=0.012); mean time to 
therapeutic range 7 + 5 
days (range 2”20 days); 
CYP2C19 polymorphisms 
accounted for 38% of 
maintenance dose variability 
according to multivariate 
analysis;  
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Table 4. (cont.)  Summary of studies evaluating the association between CYP2C19 polymorphisms and  
                           voriconazole concentration 

Ref Study design Patient population Intervention 

Demonstrated 
CYP2C19” 

voriconazole 
concentration 
relationship 

Conclusions 

     authors recommended 
CYP2C19 genotyping prior 
to VRZ therapy initiation to 
help determine initial dose to 
promptly achieve 
therapeutic plasma 
concentrations without out-
of-range troughs 

Adapted from Obeng AO et. al. (43) 

 
CYP2C19 polymorphism tended to affect voriconazole dosage requirement. The 

study on the impact of CYP2C19 genetic polymorphisms on voriconazole dosing 
and exposure in 35 genotyped adult patients with invasive fungal infections reported 
that the mean voriconazole dosage required to achieve target concentration was 
significantly higher in CYP2C19*17 carriers compared with CYP2C19*1/*1 
individuals (P < 0.001): 2.57 ± 0.25 mg/kg twice daily in CYP2C19*1/*1 patients 
versus 3.94 ± 0.39 mg/kg and 6.75 ± 0.54 mg/kg in *1/*17 and *17/*17 patients, 
respectively (44). In addition, exposure to voriconazole correlated with the 
CYP2C19*17 variant. Indices of exposure for CYP2C19*2 carriers were in line with 
the functional effect of this polymorphism compared with CYP2C19*1/*1 individuals, 
however, comparison of dosage required to achieve target concentration were not 
statistically different (44). Another study in 144 patients with a probable or proven 
IFD requiring voriconazole therapy found that PM patients could be safely and 
effectively treated with 200 mg twice daily orally or intravenously, while non-PM 
patients with 300 mg twice daily orally or 200 mg twice daily intravenously (29).  A 
recent study by Teusink’s group compared the standard dosing of voriconazole with 
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genotype-directed dosing. A pilot study in 25 individuals undergoing hematopoietic 
stem cell transplantation who received an initial dose of voriconazole of 5 mg/kg 
twice daily, regardless of CYP2C19 genotype was reported. Their doses were then 
adjusted until the levels were within the target therapeutic range of 1”5.5 mg/L. A 
subsequent study performed in 20 genotyped individuals for CYP2C19 *2, *3, and 
*17 before voriconazole administration, and adjusted the initial voriconazole dose 
based on their genotype and the predetermined dosing schematic was created 
based on the median doses for each genotype seen in the pilot study as follows: 
PMs received 5 mg/kg/dose every 12 h, IMs or unknown metabolizers received 6 
mg/kg/dose every 12 h, and EMs or UMs received 7 mg/kg/dose every 12 h. No 
PMs were present and only one UM (*1/*17) was present in the genotype-directed 
dosing arm (45). Doses were then adjusted, as in the pilot study, until they were 
within the target range. Comparison of the genotype-directed dosing arm with the 
standard dosing arm showed that patients in the genotype directed dosing arm took 
a median of 6.5 days to achieve the target therapeutic range, whereas, patients in 
the standard dosing arm took a median of 29 days, a statistically significant 
difference (45). 
 
2.3.2 Drug interactions 

As voriconazole is a substrate and inhibitor of CYP2C19, CYP3A4, and CYP2C9, 
multiple drug interactions are likely. The patient’s current medications should be 
reviewed for potentially deleterious drug interactions. Many drugs are 
contraindicated for concomitant use with voriconazole including rifampin, rifabutin, 
carbamazepine, efavirenz, long-acting barbiturates, high-dose ritronavir (400 mg q 
12 hours), and St. John’s Wort because voriconazole plasma exposure were 
significantly reduced (46). A recent systematic review by Li’s study in 2017, the 
influence of combination use of CYP450 inducers on the pharmacokinetics of 
voriconazole, found that the combination use of high-dose efavirenz, high-dose 
ritonavir, St John’s wort, rifampin, phenobarbital, or carbamazepine with 
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voriconazole was contraindicated as instructed in the drug label (47). Low-dose 
efavirenz, low-dose ritonavir, rifabutin and phenytoin may be used together with 
voriconazole provided TDM and dose adjustment of voriconazole. Moreover, this 
study shows there is low risk of drug”drug interactions when voriconazole is co-
administered  with etravirine or Gingko biloba; however, whether the use of 
glucocorticoids has a clinically significant effect on voriconazole still requires more 
evidence (47). 

The plasma exposure of these following drugs were significantly increased, so 
coadministration with voriconazole is contraindicated; sirolimus, rifabutin, efavirenz, 
quinidine, ergot alkaloids, and pimozide. Interactions between voriconazole and 
agents which were a substrate, inhibitor, or inducer of these three isozymes lead to 
frequent monitor for adverse events and toxicity together with efficacy of affecting 
drugs (11, 21, 22). The main drug interactions observed with voriconazole is shown 
in Table 5 (48).    

Proton pump inhibitors (PPIs) are widely used medications that undergo 
CYP450-dependent metabolism by CYP2C19, CYP3A4 and CYP2C9, which makes 
these drugs competitive inhibitors of voriconazole. A recent study aimed to 
determine the influence of PPIs on the pharmacokinetics of voriconazole and to 
characterise potential drug”drug interactions (DDIs) between voriconazole and 
various PPIs (omeprazole, esomeprazole, lansoprazole and rabeprazole) were 
reported (49). Using adjusted physicochemical data and the pharmacokinetic (PK) 
parameters of voriconazole and PPIs, physiologically based pharmacokinetic 
(PBPK) models were built and were verified in healthy subjects using GastroPlusTM to 
predict the plasma concentration”time profiles of voriconazole and PPIs. These 
models were then used to assess potential DDIs for voriconazole when administered 
with PPIs. The results indicated the PBPK model-simulated plasma concentration”
time profiles of both voriconazole and PPIs were consistent with the observed 
profiles. In addition, the DDI simulations suggested that the PK values of 
voriconazole increased to various degrees when combined with several PPIs. The 
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area under the plasma concentration”time curve for the time of the simulation   
(AUC0-t) of voriconazole was increased by 39%, 18%, 12% and 1% when co-
administered with omeprazole, esomeprazole, lansoprazole and rabeprazole, 
respectively. Omeprazole was the most potent CYP2C19 inhibitor tested, whereas 
rabeprazole had no influence on voriconazole (omeprazole > esomeprazole > 
lansoprazole > rabeprazole). However, in consideration of the therapeutic 
concentration range, dosage adjustment of voriconazole was unnecessary 
regardless of which PPI was co-administered (49). These results were concordant 
with Yasu’s study which reported that lansoprazole had more effect on voriconazole 
level than rabeprazole (50). There was one prospective observational study 
perfomed in Thai patients to study the effect of PPIs on plasma voriconazole 
concentration in Thai Patients who had IFD (21).  They found that of 54 patients 
enrolled, forty-one patients (87.2%) received PPIs, among which 37 (90.2%) were 
omeprazole. Patients with PPIs use had no difference in plasma voriconazole 
concentration, when compared with those without PPIs use, at day 3 (5.89 vs 5.44 
mg/L, p = 0.744), day 7 (5.4 vs 5.29 mg/L, p = 0.471), day 14 (2.40 vs 3.13 mg/L, p 
= 0.372) and day 28 (1.77 vs 3.23 mg/L, p = 0.314). Although there was a trend 
toward higher plasma voriconazole concentration in patients receiving higher 
omeprazole dose (>20 mg/day), the difference between those treated with high (>20 
mg/day) and low (20 mg/day) doses of omeprazole was not statistically significant at 
day 3 (6.27 vs 4.87 mg/L, p = 0.429), day 7 (7.44 vs 3.78 mg/L, p = 0.166), day 14 
(2.52 vs 1.68 mg/L, p = 0.534) and day 28 (2.51 vs 1.44 mg/L, p = 0.154). Similarly, 
the duration of omeprazole use in concurrent with voriconazole treatment was not 
associated with plasma voriconazole concentration in infected patients (21). 
 
2.3.3 Gender  

In a multiple oral dose study, the mean Cmax and AUC  for healthy young 
females were 83% and 13% higher, respectively, than in healthy young males (18-45 
years), after tablet dosing. In the same study, no significant differences in the mean 
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Cmax and AUC were observed between healthy elderly males and healthy elderly 
females (>65 years). In a similar study, after dosing with the oral suspension, the 
mean AUC for healthy young females was 45% higher than in healthy young males 
whereas the mean Cmax was comparable between genders. The steady state trough 
voriconazole concentrations (Cmin) seen in females were 100% and 91% higher than 
in males receiving the tablet and the oral suspension, respectively. In the clinical 
program, no dosage adjustment was made on the basis of gender. The safety profile 
and plasma concentrations observed in male and female subjects were similar. 
Therefore, no dosage adjustment based on gender is necessary (21). 
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Table 5  Important drug interactions observed with voriconazole (48) 
Mechanism 

of interaction 
Drug Comment 

CYP3A4 
substrates 

Alfentanil  Voriconazole reduces alfentanil and fentanyl clearance 
and prolongs their half-life 

 Alprazolam  Voriconazole is likely to increase the plasma 
concentrations of benzodiazepines that are metabolized 
by CYP3A4 (risk for prolonged sedative effect) 

 Astemizole  Concomitant use with voriconazole is contraindicated 
(risk for QT prolongation) 

 Buspirone  Buspirone concentrations may be increased with 
concurrent voriconazole use 

 Calcium channel 
blockers 

Voriconazole may increase the plasma concentrations of 
calcium channel blockers that are metabolized by 
CYP3A4 

 Cisapride  Concomitant use with voriconazole is contraindicated 
(risk for QT prolongation) 

 Contraceptives  Voriconazole increases Cmax and AUC of oral 
contraceptives by 36 and 61% (ethinyl estradiol), and 15 
and 53% (norethindrone), respectively; voriconazole 
Cmax and AUC is also increased by 14 and 46%, 
respectively 

 Cyclosporine  
 

Voriconazole increases cyclosporine Cmax and AUC by 
1.1 and 1.7 times, respectively (higher risk for 
nephrotoxicity) 

 Delavirdine  The metabolism of voriconazole may be inhibited by 
delavirdine, which is also a CYP3A4 inhibitor and a 
CYP450 inducer 
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Table 5. (cont.) Important drug interactions observed with voriconazole (48) 
Mechanism 

of interaction 
Drug Comment 

CYP3A4 
substrates 

Efavirenz  
 

Concomitant use with voriconazole is contraindicated 
(two-way interaction). Efavirenz is also a CYP3A4 
inhibitor and a CYP450 inducer 

 Ergot alkaloids  Concomitant use with voriconazole is contraindicated 
(may lead to ergotism) 

 HIV protease 
inhibitors 
 

Voriconazole may inhibit the metabolism of HIV protease 
inhibitors (e.g., saquinavir, amprenavir and nelfinavir, 
but not indinavir), and voriconazole metabolism may be 
inhibited by drugs such as saquinavir and amprenavir. 
These drugs are also CYP3A4 inhibitors 

 Ibuprofen  Voriconazole increases the levels of exposure to 
ibuprofen by twofold. Ibuprofen is also a CYP3A4 
inhibitor 

 Indinavir  
 

No significant drug interactions with voriconazole in 
healthy subjects. Indinavir is also a CYP3A4 inhibitor. 
For other HIV protease inhibitors, see above 

 Lovastatin  
 

Voriconazole is likely to increase the plasma 
concentrations of statins that are metabolized by 
CYP3A4 (higher risk for rhabdomyolysis) 

 Methadone  Voriconazole increases Cmax and AUC of the 
pharmacologically active R-methadone by 31 and 47%, 
respectively (risk for QT prolongation). Methadone is 
also a substrate for CYP2C19 and CYP2C9 

 Methylprednisolone  Voriconazole may increase exposure to steroids, 
including betamethasone, dexamethasone, 
hydrocortisone, fludrocortisone, budesonide and 
fluticasone. The effects on prednisolone are less 
pronounced (see below) 
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Table 5. (cont.) Important drug interactions observed with voriconazole (48) 
Mechanism 

of interaction 
Drug Comment 

CYP3A4 
substrates 

Midazolam  Voriconazole is likely to increase the plasma 
concentrations of benzodiazepines that are metabolized 
by CYP3A4 (risk for prolonged sedative effect) 

 Nevirapine  
 

The metabolism of voriconazole may be inhibited by 
nevirapine, which is also a CYP3A4 inhibitor and a 
CYP450 inducer 

 Omeprazole  Omeprazole increases Cmax and AUC of voriconazole 
by 15 and 40%, respectively; voriconazole increases 
Cmax and AUC of omeprazole by twofold and fourfold, 
respectively. Omeprazole is also a CYP2C19 inhibitor 
and substrate 

 Pimozide  Concomitant use with voriconazole is contraindicated 
(risk for QT prolongation) 

 Prednisolone  
 

Voriconazole increases Cmax and AUC of prednisolone 
by an average of 11 and 34%, respectively 

 Quinidine  Concomitant use with voriconazole is contraindicated 
(risk for QT prolongation) 

 Ritonavir Co-administration of voriconazole and high-dose 
ritonavir (e.g., 400 mg b.i.d.) is contraindicated. 
Voriconazole is also best avoided with low-dose 
regimens of ritonavir (e.g., 100 mg b.i.d.). Ritonavir is 
also a CYP3A4 inhibitor and a potent CYP450 inducer 

 Sildenafil Voriconazole may potentially increase/prolong the 
pharmacologic effects of sildenafil (also vardenafil and 
tadalafil) 

 Sirolimus Voriconazole results in sirolimus Cmax and AUC 
increments by 7- and 11-fold, respectively. Co-
prescription with voriconazole is not recommended 
(although a study reported a successful experience with 
co-administration based on TDM) 
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Table 5. (cont.) Important drug interactions observed with voriconazole (48) 
Mechanism 

of interaction 
Drug Comment 

CYP3A4 
substrates 

Tacrolimus Voriconazole increases tacrolimus Cmax and AUC by 
twofold and fourfold, respectively (higher risk for 
nephrotoxicity) 

 Terfenadine Concomitant use with voriconazole is contraindicated 
(risk for QT prolongation) 

 Triazolam Voriconazole is likely to increase the plasma 
concentrations of benzodiazepines that are metabolized 
by CYP3A4 (risk for prolonged sedative effect) 

 Vinblastine Voriconazole may increase the plasma concentrations of 
the vinca alkaloids (higher risk for neurotoxicity) 

 Vincristine  Voriconazole may increase the plasma concentrations of 
the vinca alkaloids (higher risk for neurotoxicity 

CYP3A4 
inhibitors 

Delavirdine See above. Delavirdine is also a CYP3A4 substrate and 
a CYP450 inducer 

 Efavirenz See above. Efavirenz is also a CYP3A4 substrate and a 
CYP450 inducer 

 Everolimus Voriconazole may increase the serum concentration of 
everolimus by 7.5-fold. Avoid combination 

 HIV protease 
inhibitors 

See above. These drugs are also CYP3A4 substrates 

 Ibuprofen See above. Ibuprofen is also a CYP3A4 substrate 
 Indinavir  See above (no significant drug interactions with 

voriconazole in healthy subjects). Indinavir is also a 
CYP3A4 substrate 

 Nevirapine See above. Nevirapine is also a CYP3A4 substrate and 
a CYP450 inducer 

 Ritonavir See above. Ritonavir is also a CYP3A4 substrate and a 
potent CYP450 inducer 
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Table 5. (cont.) Important drug interactions observed with voriconazole (48) 
Mechanism 

of interaction 
Drug Comment 

CYP450 
Inducers 

Carbamazepine Carbamazepine is likely to significantly decrease 
plasma voriconazole concentrations and concomitant 
use is contraindicated 

Delavirdine See above. Delavirdine is also a CYP3A4 substrate and 
inhibitor 

 Efavirenz See above. Efavirenz is also a CYP3A4 inhibitor and 
substrate 

 Mephobarbital  
 

Long-acting barbiturates are likely to significantly 
decrease plasma voriconazole concentrations and 
concomitant use is contraindicated 

 Nevirapine See above. Nevirapine is also a CYP3A4 substrate and 
inhibitor 

 Phenobarbital Long-acting barbiturates are likely to significantly 
decrease plasma voriconazole concentrations and 
concomitant use is contraindicated 

 Phenytoin Phenytoin decreased the steady state Cmax and AUC of 
voriconazole by 50 and 70%, respectively; voriconazole 
also increases the Cmax and AUC of phenytoin by 70 
and 80%, respectively. Phenytoin is also a CYP2C9 
substrate 

 Rifabutin Rifabutin is a potent CYP450 inducer and concomitant 
use with voriconazole is contraindicated 

 Rifampin Rifampin decreases the steady state Cmax and AUC of 
voriconazole by 93 and 96%, respectively. Co-
administration of rifampin with voriconazole is 
contraindicated 

 Ritonavir  See above. Ritonavir is also a CYP3A4 inhibitor and 
substrate 
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Table 5. (cont.) Important drug interactions observed with voriconazole (48) 
Mechanism 

of interaction 
Drug Comment 

CYP450 
Inducers 

Saint John’s wort  
 

A 59% decrease in mean voriconazole AUC is observed 
after multiple doses of St John’s Wort, which is also a P-
gp inducer. Concomitant use is contraindicated 

 Warfarin  
 

Concomitant use with voriconazole with oral coumarin 
anticoagulants may increase prothrombin time by 2 
times. Warfarin is also a CYP2C9 substrate 

CYP450 
inhibitors 

Cimetidine Cimetidine increases voriconazole Cmax and AUC by 
18 and 23%, respectively 

CYP2C9 
substrates 

Methadone See above. Methadone is also a substrate for CYP3A4 
and CYP2C19 

Glipizide Voriconazole may increase plasma concentrations of 
sulfonylureas that are substrates for the CYP2C9 and 
lead to hypoglycaemia 

 Glyburide Voriconazole may increase plasma concentrations of 
sulfonylureas that are substrates for the CYP2C9 and 
lead to hypoglycaemia 

 Tolbutamide Voriconazole may increase plasma concentrations of 
sulfonylureas that are substrates for the CYP2C9 and 
lead to hypoglycaemia 

 Phenytoin See above. Phenytoin is also a potent CYP450 inducer 
 Warfarin See above. Warfarin is also a CYP3A4 substrate 
 Zolpidem Zolpidem concentrations may be increased with 

concurrent voriconazole use  
CYP2C19 
substrates 

Methadone See above. Methadone is also a substrate for CYP3A4 
and CYP2C9 

Omeprazole See above. Omeprazole is also a CYP2C19 inhibitor and 
a CYP3A4 substrate 

CYP2C19 
inhibitors 

Omeprazole See above. Omeprazole is also a substrate for CYP2C19 
and CYP3A4 

Contraceptives See above. Oral contraceptives are also CYP3A4 substrates 
TDM = therapeutic drug monitoring 
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2.3.4 Food 

The effect of food on the pharmacokinetics of voriconazole was studied in 
healthy male volunteers. Single and multiple oral administration of voriconazole 200 
mg with food lowered the bioavailability by approximately 22% and delayed 
absorption by a mean of 1.1 hours compared with drug administration in the fasted 
state (51). Multiple dose administration of voriconazole with high fat meals reduced 

mean Cmax and AUC values by 34% and 24%, respectively. For this reason oral 
dose administration was recommended either 1 hour before or 1 hour after meals 
(46). 
 
2.3.5 Age  

a. Geriatrics 

 In an oral multiple dose study the mean Cmax and AUC in healthy elderly males 
(>65 years) were 61% and 86% higher, respectively, than in young males (18-45 

years) (46). No significant differences in the mean Cmax and AUC were observed 
between healthy elderly females (>65 years) and healthy young females (18-45 
years). In the clinical program, no dosage adjustment was made on the basis of 
age. An analysis of pharmacokinetic data obtained from 552 patients from 10 
voriconazole clinical trials showed that the median voriconazole plasma 
concentrations in the elderly patients (> 65 years) were approximately 80% to 90% 
higher than those in the younger patients (< 65 years) after either IV or oral 
administration (46). However, the safety profiles of voriconazole in young and elderly 
subjects were similar, therefore, no dosage adjustment was necessary for the elderly 
(46). 
 
b. Pediatrics 

 For children under the age of 12 years, clinical studies revealed that 
voriconazole in paediatric doses followed near-linear pharmacokinetics, and 
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clearance is more rapid, requiring higher doses to achieve AUCs similar to those in 
adults (22). A population pharmacokinetic analysis was conducted on pooled data 
from 35 immunocompromised pediatric patients aged 2 to <12 years old who were 
included in two pharmacokinetic studies of intravenous voriconazole (single dose 
and multiple doses) (46). Twenty-four of these patients received multiple intravenous 
maintenance doses of 3 mg/kg and 4 mg/kg. A comparison of the pediatric and 
adult population pharmacokinetic data revealed that the predicted average steady 
state plasma concentrations were similar at the maintenance dose of 4 mg/kg every 

12 hours in children and 3 mg/kg every 12 hours in adults (medians of 1.19 g/mL 

and 1.16 g/mL in children and adults, respectively) (46). 
 
c. Adolescents  

A pharmacokinetic study was conducted in 26 immunocompromised 
adolescents aged 12 to less than 17 years following intravenous voriconazole to oral 
switch regimens: 6 mg/kg IV every 12 h (q 12 h) on day 1 followed by 4 mg/kg IV q 
12 h, then switched to 300 mg orally q 12 h (52). Area under the curve over a 12-
hour dosing interval (AUC0”12) was calculated using a noncompartmental method 
and compared to the value for adults receiving the same dosing regimens. On 
average, the AUC0”12 in adolescents after the first loading dose on day 1 and at 

steady state during IV treatment were 9.14 and 22.4 g.h/mL, respectively 
(approximately 34% and 36% lower than values for adults, respectively). At steady 
state during oral treatment, adolescents also had lower average exposure than 

adults (16.7 versus 34.0 g.h/mL). Larger intersubject variability was observed in 
adolescents than in adults. There was a slight trend for some young adolescents 
with low body weight to have lower voriconazole exposure. It was likely that these 
young adolescents may metabolize voriconazole more similarly to children than to 
adults. Overall, with the same dosing regimens, voriconazole exposures in the 
majority of adolescents were comparable to those in adults (52). The young 
adolescents with low body weight during the transitioning period from childhood to 
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adolescence (e.g., 12 to 14 years old) may need to receive higher doses to match 
the adult exposures. Safety of voriconazole in adolescents was consistent with the 
known safety profiles of voriconazole (52). 
 
2.3.6 Hepatic impairment 

After a single oral dose (200 mg) of voriconazole in 8 patients with mild (Child-
Pugh Class A) and 4 patients with moderate (Child-Pugh Class B) hepatic 
insufficiency, the average systemic exposure (AUC) was 3.2-fold higher than in age 
and weight matched controls with normal hepatic function (53). There was no 
difference in average peak plasma concentrations (Cmax) between the groups. When 
only the patients with mild (Child-Pugh Class A) hepatic insufficiency were 
compared to controls, there was still a 2.3-fold increase in the average AUC in the 
group with hepatic insufficiency compared to controls. In an oral multiple dose 

study, AUC was similar in 6 subjects with moderate hepatic impairment (Child-Pugh 
Class B) given a lower maintenance dose of 100 mg twice daily compared to 6 
subjects with normal hepatic function given the standard maintenance dose of 200 
mg twice daily. The average peak plasma concentrations (Cmax) were 20% lower in 
the hepatic impairment group. It was recommended that the standard loading dose 
regimens could be used but that the maintenance dose should be halved in patients 
with mild to moderate hepatic cirrhosis (Child-Pugh Class A and B) receiving 
voriconazole. No pharmacokinetic data are available for patients with severe hepatic 
cirrhosis (Child-Pugh Class C) (21, 53). 
 
2.3.7 Renal impairment 

In a single oral dose (200 mg) study in 24 subjects with normal renal function 
and mild to severe renal impairment, systemic exposure (AUC) and peak plasma 
concentration (Cmax) of voriconazole were not significantly affected by renal 
impairment (21). Therefore, no adjustment was necessary for oral dosing in patients 
with mild to severe renal impairment. In a multiple dose study of IV voriconazole (6 
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mg/kg IV loading dose x 2, then 3 mg/kg IV x 5.5 days) in 7 patients with moderate 
renal dysfunction (creatinine clearance 30-50 mL/min), the systemic exposure (AUC) 
and peak plasma concentrations (Cmax) were not significantly different from those in 
6 subjects with normal renal function (21). However, in patients with moderate renal 
dysfunction (creatinine clearance 30-50 mL/min), accumulation of the intravenous 
vehicle, sulfobutylether-beta-cyclodextrin (SBECD), could occured. The mean 
systemic exposure (AUC) and peak plasma concentrations (Cmax) of SBECD were 
increased 4-fold and almost 50%, respectively, in the moderately impaired group 
compared to the normal control group (54). Intravenous voriconazole should be 
avoided in patients with moderate or severe renal impairment (creatinine clearance 
<50 mL/min), unless an assessment of the benefit/risk to the patient justified the use 
of intravenous voriconazole (10). A pharmacokinetic study in subjects with renal 
failure undergoing hemodialysis showed that voriconazole was dialyzed with 
clearance of 121 mL/min. The intravenous vehicle, SBECD, was hemodialyzed with 
clearance of 55 mL/min. A 4-hour hemodialysis session did not remove a sufficient 
amount of voriconazole to warrant dose adjustment (46). 
 
2.3.8 Obese patients 

The AUC0” values observed in obese subjects were comparable to those from a 

historical data set of non-obese subjects (55). Voriconazole dose-normalized AUC0” 
values had a modestly better correlation with lean body weight (r2 = 0.42) than total 
body weight (r2 = 0.14). An excellent linear relationship (r2 = 0.96) was identified 

between Cmin values and AUC0” value (55). A retrospective study of 92 patients with 
hematologic malignancies and/or hematopoietic stem cell transplant demonstrated 
that patients with higher body mass index (BMI) tended to have significantly higher 
median random voriconazole levels with intravenous administration (6.4 mg/L for 
BMI > 25 kg/m2 vs 2.8 mg/L for BMI < 25 kg/m2, p = 0.04). This trend was more 
notable with the IV than the oral formulations. With the oral formulation, patients with 
a BMI of > 25 kg/m2 had a median random level of 2.8 mg/L compared with 2.0 mg/L 
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in patients with a BMI < 25 kg/m2 (p = 0.18). Patients with a BMI of > 25 kg/m2 also 
received a higher median daily voriconazole dose (640 mg vs 400 mg, p < 0.001). 
Standard voriconazole dosing based on actual body weight in obese and 
overweight patients resulted in higher associated serum concentrations. Dosing 
based on adjusted body weight may be necessary in this population in order to 
achieve optimal concentrations while preventing the potential for increased toxicity 
(56). These findings were in line with the results of Koselke’s study which compared 
voriconazole serum trough levels and toxicities between obese (BMI > 35 kg/m2) 
and normal-weight (BMI 18.5”24.9 kg/m2) patients receiving 4 mg/kg voriconazole 
every 12 h. They found that the obese group (n = 21) had significantly higher mean 
voriconazole Ctr than the normal-weight group (n = 66) (6.2 and 3.5 mg/L, 
respectively, p < 0.0001) (57). Patients in the obese group also had higher rates of 
supratherapeutic voriconazole concentrations (> 5.5 mg/L) than those in the normal-
weight group (67% vs 17%, respectively, p < 0.0001). However, the rates of 
hepatotoxicity and neurotoxicity did not differ between groups. When dosed at 4 
mg/kg based on ideal body weight, adjusted body weight and actual body weight in 
the obese patients, the mean voriconazole Ctr were statistically significantly different 
at 3.95, 3.3 and 6.2 mg/L, respectively (p = 0.0009). Therapeutic voriconazole 
concentrations (2.0”5.5 mg/L) occurred in 29% of obese patients when dosed on 
actual body weight, and 45% and 80% of patients when dosed on ideal body weight 
and adjusted body weight, respectively. These results suggested a strong 
association between supratherapeutic concentrations and morbidly obese patients 
when dosed at 4 mg/kg actual body weight. Dosing voriconazole based on an ideal 
body weight or adjusted body weight may be appropriate for morbidly obese 
patients (57). 

 
2.4 Voriconazole dosing 

Loading doses with the use of both oral and IV formulations have been 
recommended to expedite steady state (10). For IV administration in patients 12 
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years and older, 6 mg/kg twice daily for 2 doses, followed by 4 mg/kg IV twice daily 
until complete the duration of therapy was recommended. The oral dosages in 
adults were weight based. For those weighing > 40 kg, 400 mg twice daily for 2 
doses, followed by 200 mg twice daily for the duration of therapy was suggested, 
while those weighing < 40 kg should receive 200 mg twice daily for 2 doses followed 
by 100 mg twice daily (10). 

Pediatric patients were known to rapidly metabolize voriconazole, therefore, an  
IV dose of 7 mg/kg twice daily and oral dosing of 200 mg twice daily without loading 
was recommended (46). 

Dose adjustments were necessary for patients with liver dysfunction which 
defined as child-pugh class A and B. In these patients, standard loading doses 
should be given, but with the maintenance dose should be reduced by 50%. There 
were no dosage recommendation for patients with child-pugh class C and the safety 
of voriconazole used in severe liver disease remained uncertain (58). Dosage 
adjustment was not required if oral drug was administered to patients with renal 
insufficiency. However, IV formulation of voriconazole contained a cyclodextrin 
vehicle and caused concerns about vehicle accumulation in renal insufficiency or 
dialysis dependent patients. Intravenous administration of voriconazole should be 
avoided in patients with a ClCr < 50 mL/min unless potential benefit outweighs risks 
(10).  

Similar to the other azoles, voriconazole was teratogenic in animals and was 
best avoided during pregnancy or while the mother was breastfeeding (59). 

 
3. Voriconazole concentration and clinical outcomes 

 
 A multicenter retrospective study (n = 201) found the association between 
voriconazole trough concentration of < 1.7 mg/L and significantly incidence of 
treatment failure for invasive fungal infection (IFI) and between trough concentration 
of > 5 mg/L and neurotoxic adverse events. Increasing patient weight, oral 
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administration of voriconazole, and coadministration of phenytoin or rifampin were 
correlated with significantly reduced voriconazole trough concentrations, whereas 
patient age and coadministration of proton pump inhibitors or corticosteroids were 
increased voriconazole trough concentration (60). Another retrospective cohort 
study collected data from 25 patients treated in  solid organ and bone marrow 
transplant units in a tertiary-referral hospital and received voriconazole for treatment 
of proven or probable IFI observed a large interpatient and intrapatient variability of 
plasma trough voriconazole concentrations, with no correlation between dose and 
concentration (r = 0.065) (61). Classification and regression tree analysis revealed 
an association between IFI-related mortality and initial (within 10 days after 
voriconazole initiation) trough voriconazole concentrations, with patients more likely 
to die when their initial trough concentration was < 0.35 mg/L (p = 0.004; OR = 11, 
95% CI = 2.9-41.2). Successful outcomes were more likely among patients with a 
median trough voriconazole concentration > 2.2 mg/L (p = 0.003; OR = 2.7, 95% CI 
= 1.4-5). Patients with severe adverse events had higher median voriconazole 
concentration than the remaining cohort (2.38 mg/L vs 1.30 mg/L; p < 0.04). 
Therefore, the authors recommended that voriconazole therapeutic drug monitoring 
was appropriate for all patients as soon as steady statewais achieved (61). For non-
responding patients with low trough concentrations, the association with IFI-related 
mortality indicated the need for dose adjustments to achieve and sustain 
voriconazole concentration (61). Pascual‘s group also demonstrated the association 
between voriconazole trough concentration and responses (17). Lack of response to 
therapy was more frequent in patients with voriconazole trough level < 1 mg/L than 
in those with voriconazole trough level > 1 mg/L (46% vs 12%; p = 0.02). Among 
patients with voriconazole trough levels > 5.5 mg/L, 5/16 patients (31%) presented 
with an encephalopathy, whereas, none of the patients with levels < 5.5 mg/L 
presented with neurological toxicity (p = 0.002) [16]. In addition, there were some 
studies reported the association between voriconazole trough concentration and 
adverse events. Kim’s group found that a trough concentration of > 5.83 mg/L was a 
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significant independent risk factor of a severe adverse event (62). The sustained 
high trough voriconazole concentration of more than 4 mg/L may increase the risk of 
hepatotoxicity (63). Conversely, some studies reported that voriconazole drug levels 
were not associated with either clinical outcomes or adverse events (64, 65). Other 
than above-mentioned studies, there were a number of trials that studied the 
relationship between voriconazole concentrations and clinical outcome, both 
efficacy and safety, as shown in Table 6 and 7, respectively. 
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Table 6  Summary of studies evaluating the relationship between voriconazole trough concentration 
and clinical efficacy 

Ref Study design 
Patient 

population 
Intervention 

Demonstrated 
VRZ 

concentration” 
response 

relationship 

Conclusions 

(17) Single-center 
observational study 
(patients receiving 
TDM were 
evaluated 
prospectively; 
patients not 
receiving TDM 
were evaluated 
retrospectively) 

52 adults (of 96 
study patients) 
had VRZ 
dosages 
adjusted with 
TDM (all were 
white) 
 

Various VRZ 
doses for 
treatment of 
various fungal 
infections 
 

Yes No correlation found between 
VRZ dose and trough 
concentration (r2 = 0.07); lack 
of response in patients with 
VRZ trough < 1 µg/ml vs > 1 
µg/ml: 46% vs 12% (p = 0.02); 
logistic regression showed that 
VRZ trough concentration is a 
significant predictor of 
response to therapy: 70% 
probability of response at 
trough of 1 µg/ml 

(15) Open-label 
noncomparative 
multicenter study 

137 patients 
aged > 14 y 
with invasive 
aspergillosis 
 

Two loading 
doses of VRZ 6 
mg/kg IV, then 3 
mg/kg IV q12 h, 
then 200 mg 
orally twice/day 
for 4”24 wks 

Yes 60% of patients with VRZ 
troughs < 0.25 µg/ml failed 
therapy; 40% had either stable 
response or deteriorated and 
then improved after dose 
escalation 

(60) Multicenter 
retrospective study 

201 adults with 
at least one 
administered 
VRZ dose and 
one VRZ 
concentration 

85% received 
treatment doses 
vs 15% 
prophylactic 
doses; 97 
patients received 
oral VRZ, 76 
received IV and 
oral VRZ, and 28 
received IV VRZ 
 

Yes Median VRZ concentration was 
significantly lower in patients 
who failed therapy (0.9 µg/ml) 
vs patients who had treatment 
success (2.1 µg/ml, p<0.05); 
VRZ concentration was a 
significant predictor of 
treatment success; VRZ 
concentration > 1.7 µg/mL 
minimized the incidence of 
treatment failure (p < 0.05) 
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Table 6. (cont.) Summary of studies evaluating the relationship between voriconazole trough 
concentration and clinical efficacy 

Ref Study design 
Patient 

population 
Intervention 

Demonstrated 
VRZ 

concentration” 
response 

relationship 

Conclusions 

(66) Retrospective study 28 patients who 
received VRZ 
and were 
monitored for 
therapeutic 
concentrations 
due to disease 
progression or 
adverse events 

All patients 
received a VRZ 
loading dose and 
200 mg orally 
twice/day for at 
least 2 wks 
 

Yes 100% of patients who had 
treatment failures (n=17) had 
VRZ concentrations < 2.51 
µg/ml; VRZ concentration < 2 
µg/ml prompted dose 
increases in 11 patients, and 8 
of the 11 patients survived; 
disease progression was 
significantly associated with 
VRZ concentration (p < 0.025); 
100% (10/10) of patients with 
random concentrations >2.05 
µg/ mL had positive clinical 
responses; 8/18 patients died 
who had random 
concentrations < 2.05 µg/ mL 

(67) Prospective clinical 
study 

29 Japanese 
patients 
 

6 mg/kg 
twice/day for 1 
day, then 3.6 + 
0.8 mg/kg twice/ 
day 

Yes VRZ response was observed in 
21/29 patients (72%) who had 
troughs > 1.2 µg/ mL; troughs 
< 1.2 µg/mL were associated 
with treatment failure 
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Table 6. (cont.) Summary of studies evaluating the relationship between voriconazole trough 
concentration and clinical efficacy 

Ref Study design 
Patient 

population 
Intervention 

Demonstrated 
VRZ 

concentration” 
response 

relationship 

Conclusions 

(68) Prospective clinical 
study 

34 adult 
Japanese 
patients with 
hematologic 
disorders 
 

Investigators 
conducted TDM 
and analyzed 
VRZ plasma 
concentrations; 
oral VRZ was 
initially used 
according to the 
manufacturer’s 
recommendation; 
if oral was not 
tolerated, 
patients were 
switched to IV 
VRZ 

Inconclusive 
findings 

 

100% of patients who had 
troughs >2 µg/ml responded 
vs 33.3% of patients with 
troughs <2 µg/ml failed 
therapy; recommended trough 
range: 2”6 µg/ml 

(69) Observational 
analysis of data 
from 9 phase II and 
phase III clinical 
trials completed 
before 2000 

825 patients 
receiving VRZ 
for primary or 
salvage 
therapy 
 

Various VRZ 
doses; patients 
had recorded 
clinical 
responses and 
VRZ plasma 
concentrations 
from a total of 
3,052 plasma 
samples 
 

Yes Logistic modeling revealed a 
significant nonlinear 
relationship between mean 
VRZ plasma concentration and 
clinical response (p < 0.003); 
probability of maximum clinical 
response was best with trough: 
MIC ratio of 2”5; better efficacy 
observed with primary therapy, 
yeast infections, candidiasis, 
and lower baseline bilirubin 
and alkaline phosphatase 
levels 
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Table 6. (cont.) Summary of studies evaluating the relationship between voriconazole trough 
concentration and clinical efficacy 

Ref Study design 
Patient 

population 
Intervention 

Demonstrated 
VRZ 

concentration” 
response 

relationship 

Conclusions 

(70) Retrospective study 46 pediatric 
patients from a 
pediatric 
referral hospital 

Various VRZ 
doses; patients 
had recorded 
clinical 
responses and 
VRZ plasma 
concentrations 
from a total of 
227 
concentrations 
 

Yes Each VRZ trough concentration 
<1 µg/ml was associated with 
a 2.6 fold increase in the odds 
of death 

Adapted from Obeng AO et. al. (43) 

 
Although voriconazole showed excellent antifungal activity, there were many 

concerns about its use. Voriconazole exhibited non-linear pharmacokinetic behavior 
and the plasma concentrations showed large inter- and intraindividual variability with 
many factors influencing its pharmacokinetics. Although receiving the same 
recommended dosage regimen, the plasma concentrations were ranging from 0.2 to 

12 g/mL and there were a number of prior studies reported that the plasma 
voriconazole concentration was associated with both efficacy and adverse effects 
(17, 60, 67). The voriconazole concentration that caused therapeutic effect was 
closed to the concentration that caused adverse effects, i.e., narrow therapeutic 
index. For these reasons, therapeutic drug monitoring may ameliorate the efficacy 
and safety in invasive fungal diseases therapy by voriconazole. Because of the large 
pharmacokinetic variability and the lacking of pharmacokinetic data in Thai patients, 
the pharmacokinetic study of voriconazole in this patient group was necessary.      
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Table 7  Summary of studies evaluating the relationship between voriconazole concentration and adverse 

events 

Ref Study design 
Patient 

population 
Intervention 

Demonstrat
ed VRZ 

concentratio
n” response 
relationship 

Conclusions 

(36) Retrospective 
analysis 

37 
Japanese 
children 

Patients received 
IV VRZ at a median 
dose of 7.7 mg/kg/ 
day (range 3.5” 
18.8 mg/kg/day); 
patients were 
genotyped for 
CYP2C19 *2, *3, 
and *17 alleles 

No Severe hepatotoxicity was not 
associated with high 
voriconazole exposure 

(17) Single-center 
observational 
study (patients 
receiving TDM 
were evaluated 
prospectively; 
patients not 
receiving TDM 
were evaluated 
retrospectively) 

52 adults 
(of 96 
study 
patients) 
had VRZ 
dosages 
adjusted 
with TDM 
(all were 
white) 
 

Various VRZ doses 
for treatment of 
various fungal 
infections 
 

Yes Neurologic AEs occurred 
more frequently in patients 
with troughs >5.5 µg/ml vs 
patients with troughs < 5.5 
µg/ ml (p=0.002) after 1 wk of 
therapy; logistic regression 
confirmed significant 
association between VRZ 
trough concentration and 
neurotoxicity: odds ratio after 
a 2-fold increase of VRZ 
concentration = 284 (95% 
confidence interval 0.96”
84,407, p=0.05); 15% 
probability of neurotoxicity at 
trough of 5.5 µg/ml vs 90% at 
8 µg/ml; trend showed 
increased hepatotoxicity in 
patients with troughs > 5.5 
µg/ml vs patients with troughs 
< 5.5 µg/ ml: 19% vs 8% 
(p=NS) 
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Table 7. (cont.) Summary of studies evaluating the relationship between voriconazole concentration and  
                         adverse events 

Ref Study design 
Patient 

population 
Intervention 

Demonstrat
ed VRZ 

concentratio
n” response 
relationship 

Conclusions 

(60) Multicenter 
retrospective 
study 

201 adults 
with at 
least one 
administer
ed VRZ 
dose and 
one VRZ 
concentrat
ion 
 

85% received 
treatment doses vs 
15% prophylactic 
doses; 97 patients 
(48%) received 
oral VRZ, 76 
received IV and 
oral VRZ, and 28 
received IV VRZ 

Yes 21 patients (10.5%) had 
neurotoxic AEs (visual or 
auditory hallucinations); 
median trough was higher in 
patients with AEs vs those 
without AEs: 6.5 vs 1.6 µg/ml 
(p<0.01); trough concentration 
<5 µg/ml was found to 
minimize neurologic AEs 
(p<0.001); all AEs resolved 
after VRZ discontinuation or 
dosage reduction 

(53) Retrospective 
clinical study; 
analysis of safety 
and 
pharmacokinetic 
data from 10 
phase II and 
phase III 
therapeutic trials 

1053 
patients 
(81.8% 
white, 
9.8% 
AfricanAm
erican, 
8.5% 
Asian) 
 

VRZ empiric and 
treatment doses; 
1053 patients had 
a total of 2925 
plasma 
voriconazole 
concentrations 

Yes Relationship between plasma 
VRZ concentration and visual 
AEs (p=0.011); weaker but 
statistically significant 
association with VRZ plasma 
concentration and AST, ALP, 
or bilirubin level, but not ALT 
level, abnormalities; 1-µg/ml 
elevation of VRZ concentration 
increased odds of LFT 
abnormalities from 1.07 ”1.17; 
individual VRZ plasma 
concentration cannot predict 
subsequent LFT abnormalities 
according to receiver 
operating characteristic curve 
analysis 
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Table 7. (cont.) Summary of studies evaluating the relationship between voriconazole concentration and  
                         adverse events 

Ref Study design 
Patient 

population 
Intervention 

Demonstrat
ed VRZ 

concentratio
n” response 
relationship 

Conclusions 

(67) Prospective 
clinical study 

29 
Japanese 
patients  
 

6 mg/kg twice/day 
for 1 day, then 3.6 
+ 0.8 mg/kg 
twice/day 

Yes Hepatotoxicity (CTCAE v.3)a 
associated with troughs > 4 
µg/ml in 9 of 12 patients (p < 
0.01); trough was a predictor 
of hepatotoxicity 

(15) Open-label 
noncomparative 
multicenter study 

137 
patients 
>14 yrs of 
age with 
invasive 
aspergillos
is 
 

Two loading doses 
of VRZ 6 mg/kg IV, 
then 3 mg/kg IV 12 
h, then 200 mg 
orally twice/day for 
4”24 wks 

Inconclusive 
findings 

 

6 of 22 patients (27.3%) with 
VRZ troughs > 6 µg/ml 
developed abnormal liver 
function (>3 or 5 times the 
upper limit of normal) or liver 
failure (not defined in this 
study) 

Adapted from Obeng AO et. al. (43) 
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CHAPTER III 

MATERIALS AND METHODS 

 
1. Scope of Research (study design, population and sample, setting, duration) 

This retrospective study was performed in Thai adult patients who were 
diagnosed invasive aspergillosis and received voriconazole as an anti-fungal 
treatment at Ramathibodi Hospital during January 2013 to March 2016. It aimed to 
identify correlation between patient’s factors and voriconazole pharmacokinetic 
parameters, and relationship between voriconazole concentration and clinical 
outcome in Thai adult patients. The protocol was approved by the institution review 
board, Faculty of Medicine Ramathibodi Hospital, Mahidol University (for more 
information see Appendix A). 
 
1.1 Conceptual framework 

 
 
 
 
 
 
 
 
 
 
 
 
 

Patient’s factors 
- age 
- gender 
- CYP2C19 polymorphism 
- liver function 
- underlying diseases 
- concurrent medications 

Pathogen’s factors 
- type of organism 
- sensitivity to treatment 

Clinical outcomes  
(Efficacy and safety 

Pharmacokinetics of voriconazole  
- PK parameters: Cl,  ke, t1/2 or Km, Vmax 
- concentration time profile of 
voriconazole 

Voriconazole dosage 
regimen 
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1.2 Population and sample 

 
Population: Thai adult patients who were diagnosed invasive aspergillosis and 
received voriconazole as an anti-fungal treatment at Ramathibodi Hospital during 
January 2013 to March 2016 
Sample: Subjects would eligible for this study if they met these following inclusion 
and exclusion criteria 
 

This study was separated into 2 parts to serve 2 study’s objectives which are: (i) 
part A: nonlinear pharmacokinetic study of voriconazole in Thai adult patients, and 
(ii) part B: clinical outcome assessment and factors influencing clinical outcome. 
Part A aimed to determine pharmacokinetic parameters (Km, Vmax) of voriconazole in 
Thai adult patients and identify correlation between the factors (e.g., CYP2C19 
polymorphism, patient’s demographic data, laboratory data, etc.) and voriconazole 
pharmacokinetic (PK) parameters and develop the model to predict 
pharmacokinetic parameters. Part B aimed to identify association between 
pharmacokinetic parameters (Ctr), pharmacodynamic (PD) parameters (MIC (if 
available)), or PK/PD parameters (Ctr/MIC) and clinical outcome. 

 
Inclusion criteria 

For part A: nonlinear pharmacokinetic study of voriconazole in Thai adult 
patients 

1. Adult patients with age over than 18 years old. 
2. Patients with diagnosis of possible, probable, or proven invasive 

aspergillosis. 
3. Patients who received voriconazole as antifungal treatment during 

January 2013 to March 2016. 
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4. Patients who were received two different doses of voriconazole and had 
at least one trough concentration for each dose.  

For part B: clinical outcome assessment and factors influencing clinical outcome 
1. Adult patients with age over than 18 years old. 
2. Patients with diagnosis of possible, probable, or proven invasive 

aspergillosis. 
3. Patients who received voriconazole as antifungal treatment during 

January 2013 to March 2016. 
 

Exclusion criteria 
For part A: nonlinear pharmacokinetic study of voriconazole in Thai adult 

patients 
1. Patients with severe hepatic impairment defined as CTCAE (Common 

Terminology Criteria for Adverse Events) grade > 4. (see Appendix B) 
2. Pregnant women and women with child bearing potential. 

For part B: clinical outcome assessment and factors influencing clinical outcome 
1. Patients with severe hepatic impairment defined as CTCAE (Common 

Terminology Criteria for Adverse Events) grade > 4. (see Appendix B) 
2. Pregnant women and women with child bearing potential. 
3. Patients whose data was not sufficient for clinical outcome assessment. 

(for part B: clinical outcome assessment group) 
 
1.3 Sample size calculation 

 
Assumed that the predictor with the coefficient of determination (r2) of 30% or 

0.3 was considered as a significant predictor. The sample size for pharmacokinetic 
study could be calculated by the test of significance of one correlation as following 
formula.  
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where 

 H0:  0 = 0 (no correlation) 

 H1: 1 = 0.5477 (r2 = 0.3 so r = 0.3 = 0.5477) 

 Z/2 = Z0.025 = 1.96 
 Power = 80% 

 = 0.2 

Z = Z0.2 = 0.842 
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1.4 Operational definition 

 
1.4.1 IFD diagnosis 

IFD was classified into three classes which are proven, probable, and 
possible IFD.  
- Proven IFD was defined as microscopic analysis of sterile material revealed 
histopathologic, cytopathologic, or direct microscopic examination of a 
specimen obtained by needle aspiration or biopsy in which hyphae or melanized 
yeast-like forms are seen accompanied by evidence of associated tissue 
damage or culture of sterile material found recovery of a mold or ‚black yeast‛ 
by culture of a specimen obtained by a sterile procedure from a normally sterile 
and clinically or radiologically abnormal site consistent with an infectious 
disease process, excluding bronchoalveolar lavage fluid, a cranial sinus cavity 
specimen, and urine.   
- Probable IFD was defined as positive signs of fungal infection on imaging (CT 
scan or MRI) such as dense, well-circumscribed lesions(s) with or without a halo 
sign or air-crescent sign or cavity for lunf infection together with positive 
laboratory test of fungal infection (i.e., galactomannan for aspergillus infection).  
- Possible IFD was defined as positive either signs of fungal infection on imaging 
or positive laboratory test of fungal infection. 
 

1.4.2 Voriconazole trough concentration 

In this study, blood samples for voriconazole measurement were drawn 
approximately half hour before next dose. The time after last administered dose 
were ranging from 9 to 14 hours depending on meal time. To evaluate the 
relationship between voriconazole concentration and clinical outcomes, in term of 
efficacy and safety, the most current steady state voriconazole trough levels before 
treatment outcome or toxicity assessment were used.   
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1.4.3 Treatment outcome 

Treatment response had been assessed as following: 
a. Successful was classified into two types of response which were complete 
response and partial response. 
- Complete response: Survival within the pre-specified period of observation, 
and 
resolution of all attributable symptoms and signs of infection and radiological 
abnormalities, and mycological evidence of eradication of infection. 
- Partial response: Survival within the pre-specified period of observation, and 
improvement in attributable symptoms and signs of infection and radiological 
abnormalities, and evidence of sterilization of cultures or reduction of fungal 
burden assessed by a quantitative and validated laboratory marker. 
b. Failure was classified into three groups; stable response, progression of 
fungal disease, and death. 
- Stable response: Survival within the pre-specified period of observation and 
minor or no improvement in fungal disease, but no evidence of progression, 
based on a composite of clinical, radiologic, and mycologic criteria; or  
- Progression of Fungal Disease: Evidence of progressive fungal disease based 
on a composite of clinical, radiologic, and mycologic criteria; or  
- Death: Death during the pre-specified period of evaluation regardless of 
attribution. 
c. Non-evaluable or indeterminate was inability to assess global response. 
Potential reasons included inadequate diagnostic evaluation, conflicting clinical, 
radiographic, or mycological data, or presence of other factors such as an 
unrelated infection or relapse of malignancy that confound assessment of 
response to antifungal therapy. 
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1.4.4 Drug-induced liver injury (DILI) or hepatotoxicity (71) 

Patients would be counted for developed DILI or hepatotoxicity if they 
had abnormal liver function tests (LFTs) at least one of following criteria. 
- ALT level > 3 times ULN and symptomatic (nausea, vomiting, abdominal pain, 
jaundice); or 
- ALT level > 5 times ULN and asymptomatic; or 
- Total serum bilirubin concentration > 2 times ULN. 
 

2. Data collection  

 
The eligible patients were included into the study and their hospital medical 

records were be reviewed for these following information 

- Patient demographic data e.g. age, gender weight, ward of admission 

- Clinical data such as underlying diseases, clinical signs and symptoms, 
history of allergy 

- Laboratory data such as baseline liver function tests (e.g., AST, ALT, ALP, 
GGT, TB, DB), renal function tests (SCr, BUN), WBC count 

- Radiologic data (CT scan or MRI) 

- Pharmacogenetic data: CYP2C19 polymorphism 

- Voriconazole dosage regimen and concentraton 

- Microbiological data including infection focus, organism, culture and 
sensitivity tests 

- Medication that potentially interacted with voriconazole such as proton pump 
inhibitors, steroids, co-trimoxazole, other antifungals  
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3. Blood sampling and specimen  

 
3.1 Measurement of voriconazole levels (26)  

Blood sample was collected at steady state (at least 5 days after voriconazole 
initiation) before next dose (Ctr). Time after last administration dose to blood 
sampling (TAD) may vary depended on meal time. In this study, voriconazole 
concentrations with TAD ranging from 9-14 hours were considered to be trough 
concentration (Ctr). Voriconazole concentration were measured by validated 
method using LC/MS/MS performed by pharmacogenomics or toxicology 
laboratory, Faculty of Medicine, Ramathibodi Hospital, Thailand.  Blood samples 
from each patient were collected into EDTA tubes. Plasma was collected by 
centrifugation at 3000 rpm for 15 min. Standard solutions were prepared at eight 
concentrations; 10,000, 5000, 2500, 1200, 800, 400, 100 and 50 ng/ml, 
respectively. Fluconazole was used as an internal standard (IS). Samples (100 ml) 
were precipitated protein by 100% Acetonitrite (200 ml) and vortex-mixed (60 s) 
and centrifuged (MIKRO 200) at 15,000 rpm for 5 min, then vacuum dried at 50 °C 
for 1 h and 50 min. 0.1% formic acid in 10 mM ammonium acetate-acetronitrile 
(50:50) (100 ml) was added before further centrifugation at a speed of 15,000 rpm 
for 5 min. The supernatant was analyzed with LC/MS/MS Model API 3200. The 
Linear Regression Equation for measurement of voriconazole in the bloodstream 
was calculated from an average of three samples from each patient: y = 0.01334X 
+ 3.1, r = 0.9994. 

  
3.2 DNA extraction and diagnosis of polymorphism in CYP2C19 (26)   
 

DNA extraction 
Blood samples were collected from all individuals into 

ethylenediaminetetraacetic acid (EDTA) tubes. Genomic DNA was extracted 
from whole blood using the MagNa Pure automated extraction system according 
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to the manufacturer's instructions. The quantity and purity of the extracted DNA 
was assessed with a Nanodrop ND-1000. DNA concentration was subsequently 
adjusted to a concentration of 5 ng/ml. The samples were stored at -80 °C. 

 
Diagnosis of polymorphism in CYP2C19  

The genetic material (DNA) extracted from each subject’s blood sample was 
analyzed by LightMix® to detect human CYP2C19*2 and CYP2C19*3 sequences. 
LightMix® uses principles of Real-time PCR with a growing number of CYP2C19 
genes and the divergent alleles (CYP2C19*2 and CYP2C19*3). Probe specificity 
of CYP2C19*2 was checked by SimpleProbe®. CYP2C19*3 was checked with 
LightCycler® Red 640, and then analyzed and interpreted for patterns indicating 
abnormal genotype. For the divergence of gene CYP2C19*17 was analyzed 
using a series of tests TaqMan® Drug Metabolism Genotyping Assays by 
increasing the gene CYP2C19 with primers that are specific and the divergence 
of alleles with specific TaqMan® MGB probes (FAMTM and VIC® dye-labeled) 
and TaqMan® MGB probes were labeled with reporter dye and quencher dye, 
which can emit light at different wavelengths. Genetic variations of the gene 
CYP2C19 can be analyzed by the ratio of the fluorescence signal of the wild-
type and mutant probes. The presence of the wild type allele CYP2C19*1 was 
inferred from the absence of the *2, *3 and *17 alleles. 

 
4. Data analysis 

 
4.1 Part A: Nonlinear pharmacokinetic study of voriconazole in Thai adult patients 

 
4.1.1 Pharmacokinetic parameters estimation 

To estimate voriconazole pharmacokinetic parameters (Km and Vmax), we used 
Michaelis-Menten equation (eq. 1) which two dosing rates (R) and voriconazole Ctr 
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from each dose were required. Km and Vmax could be calculated by equation 2 and 
3, respectively. 
  R    =     Vmax . C    (1) 
      Km + C 
  Km    =     R1 ” R2    (2) 
     R1 ” R2 
        C1    C2 
  Vmax   =    Km ( R ) + R   (3) 
                                             C 
Where  R   =   dosing rate (mg/kg/h) 
  Vmax  =  maximum metabolism rate (mg/kg/h) 
  Km  =  VRZ concentration at half Vmax (mg/L) 
  C =  VRZ trough concentration (mg/L) 
 

Then the calculated Km and Vmax calculation would be futher used to estimate the 
recommend dosing rate (R) for our patient group using equation 4. After round up 
the dose, voriconazole trough concentration could be estimated by equation 5.  

 
   R      =    Vmax . C   (4) 
          Km + C 
   C    =      Km  .  R    (5)   
                   Vmax ” R 
 Furthermore, the times to reach 90% of steady state (t90%) were then be 
calculated to indicate the appropriate blood sampling time for voriconazole level 
measurement using equation 6.  
  t90% = Km . V  (2.3Vmax ” 0.9R)  (6) 
                              (Vmax ” R)2 
t90%   =   time to reach 90% of steady state (3.3 t1/2) 
V   =  volume of distribution of VRZ = 4.2 L/kg 
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4.1.2 Statistical analysis 

Descriptive statistics such as percentage, mean, standard deviation, median, 
interquartile range were used to describe demographic data and other variables in 
the study. To determination of patient’s factors that influenced pharmacokinetic 
parameters, Correlation test (Spearman rank correlation for categorical data and by 
Pearson’s correlation for continuous data) was used. ANOVA or Kruskal-wallis test 
was used to compare mean or median of Km and Vmax across group. Stepwise 
multiple linear regression was used to built the model for Km and Vmax prediction. 
Statistical significance was defined by 2-sided p value < 0.05 for all tests. The 
analysis was performed with SPSS (Statistical Package for the Social Sciences, 
version 22, SPSS Inc., Chicago, IL). 

 
4.2 Part B: Clinical outcome assessment and factors influencing clinical outcome 

 
4.2.1 Statistical analysis 

          Categorical variables were reported as frequencies and percentages. 
Optimal therapeutic range was selected considering the range with high 
success rate together with low adverse events rate.      
 

5. Ethical Consideration (For more information see Appendix C) 
 

This study was planned and conducted in agreement with the principles as 
stated in the Declaration of Helsinki after approval by an independent Ethics 
Committee (Faculty of Medicine Ramathibodi Hospital, Mahidol University). The 
process for obtaining participant informed consent was in accordance with the 
Recruitment & Employment Confederation (REC) guidance, and Good Clinical 
Practice (GCP) and any other regulatory requirements that might be introduced. The 
investigator had informed the participant of any relevant information that became 
available during the course of the study, and discussed with them, whether they 
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wished to continue with the study. The decision regarding participation in the study 
was entirely voluntary. The investigator emphasized to them that consent regarding 
study participation may be withdrawn at any time without penalty or affecting the 
quality or quantity of their future medical care, or loss of benefits to which the 
participant was otherwise entitled. The investigator and the participant both sign and 
date the Consent Form when they could.  
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CHAPTER IV 

RESULTS AND DISCUSSION 

 
RESULTS 

 
Part A: Nonlinear pharmacokinetic study of voriconazole in Thai adult patients  

 
1. Subjects and clinical characteristics  

 
The blood samples of 53 adult patients with IA who were treated with VRZ were 

analyzed for their plasma VRZ Ctr in this study. The demographic and clinical 
characteristics of the patient population were summarized in Table 8. Median age 
and body weight of the patients was 52.98 ± 15.64 y and 57.97 ± 9.99 kg, 
respectively. Just over half (n = 29, 54.7%) of the patients were male. Underlying 
diagnoses were hematological malignancies (n = 42), immunosuppressive therapy 
(n = 3), solid tumor (n = 3) and HIV infection (n = 1). The major Aspergillus infection 
site was the lung (n = 42, 79.25%) followed by the sinus. Most patients were 
diagnosed with probable IA (n = 31), followed by proven IA (n = 12) and possible IA 
(n = 10), respectively. Considering the baseline laboratory tests, patients in this 
study had normal renal functions, mild liver disorders and mild anemia. 

The number and frequencies of variant alleles of CYP2C19 in this study 
population were shown in Tables 8. Of those patients, the *1/*1 genotype was the 
majority (n = 26, 49.1%) followed by *1/*2 (n = 19, 35.8%). With respect to the 
classification of patients based on the ability to metabolize CYP2C19 substrates, 
they were 49.1% EM, 41.5% IM and 9.4% PM. 
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Table 8  Demographic and clinical characteristics of the studied patient population (N = 53) 

Characteristics Number (percentage) 
Gender, number (%) Male: 29 (54.7) 

Female: 24 (45.3) 
Age, median ± IQR (range) 52.98 ± 15.64 (18.09”82.48) 
Body weight, median ± IQR (range) 57.97 ± 9.99 (38.80”84.00) 
Underlying diagnosis  
  Hematological malignancies 42 (79.2) 
  Immunosuppressive therapy 3 (5.7) 
  Solid tumor 3 (5.7) 
  HIV/AIDS 1 (1.9) 
  Othera 2 (3.8) 
  None  2 (3.8) 
Aspergillosis infection site  
  Lung 42 (79.2) 
  Sinus  11 (20.8) 
IA diagnosis  
  Proven 12 (22.6) 
  Probable  31 (58.5) 
  Possible 10 (18.9) 
Baseline laboratory tests  (normal range)b median ± IQR (N) 
  SCr (0.4”1.2 mg/dL) 1.12 ± 0.66 (52) 
  ClCr (mL/min) 71.95 ± 36.57 (52) 
  AST (15”37 U/L) 35.90 ± 22.16 (52) 
  ALT (30”65 U/L) 56.58 ± 547.49 (52) 
  ALP (50”136 U/L) 187.90 ± 162.92 (52) 
  GGT (male: 15”85 U/L, 
            female 5”55 U/L) 

Male:207.03 ± 136.98 (28) 
Female: 262.2 ± 291.2 (24) 

  TB (0.2”1.2 mg/dL) 1.11 ± 0.61 (52) 
  DB (0.0”0.3 mg/dL) 0.63 ± 0.45 (51) 
  Albumin (35”50 g/L) 25.69 ±  6.25 (51) 
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Table 8. (cont.) Demographic and clinical characteristics of the study patient population  
                         (N = 53) 

Characteristics Data 
Baseline laboratory tests  (normal range)a median ± IQR (N) 
  WBC (4,000”10,700 cells/cm3) 5,993.32 ± 7,249.85 (53) 
  % N (40”74%) 57.80 ± 35.16 (47) 
  ANC (1,500”8,000 cells/mm3) 4,982.72 ± 6,821.12 (47) 
  Hb (male: 14.0”17.5 g/dL,  
         female: 12.0”16.0 g/dL) 

Male: 9.48 ± 1.42 (29) 
Female: 9.58 ± 1.42 (24) 

  Hct (male: 40”54% 
         female: 36”48%) 

Male: 27.72 ± 5.89 (29) 
Female: 28.21 ± 4.21 (24) 

  Plt (140”450 x103/mm3) 133.64 ± 130.59 (53) 
CYP2C19 phenotype and genotype Number (percentage) 
- Extensive metabolizer; EM (N = 26)  
  *1/*1 26 (49.1) 
- Intermediate metabolizer; IM (N = 22)  
  *1/*2 19 (35.8) 
  *1/*3 3 (5.7) 
- Poor metabolizer; PM (N = 5)  
  *2/*2 2 (3.8) 
  *3/*3 1 (1.9) 
  *2/*3 2 (3.8) 
aOne hypertension, one diabetes mellitus. 
bReference data from clinical pathology laboratory, Ramathibodi hospital, Bangkok, Thailand. 
Abbreviation: Alb; albumin, ALP; alkaline phosphatase, ALT; alanine aminotransferase, ANC; absolute 
neutrophil count, AST; aspartate aminotransferase; ClCr; creatinine clearance, DB;  direct bilirubin, EM; 

extensive metabolizer, GGT;  -glutamyl transpeptidase, Hb; haemoglobin, Hct; haematocrit, IM; intermediate 
metabolizer, Plt; platelet,  PM: poor metabolizer, SCr; serum creatinine, TB; total bilirubin.  
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Table 9  Subgroup analysis of demographic and clinical characteristics of  the studied patient 
population across CYP2C19 Phenotype (N = 53) 

Characteristic 
Median ± IQR 

EM (n = 26) Non-EM (n = 27) p-value 

Age 48.37 ± 21.86 57.21 ± 21.55 0.126 

Body weight 56.05 ± 9.33 58.00 ± 15.50 0.600 
Baseline laboratory tests (normal 
range) a 

   

 SCr (0.4”1.2 mg/dL) 1.12 ± 0.57 0.18 ± 0.58 0.135 
 ClCr (mL/min) 63.18 ± 31.43 76.59 ± 47.54 0.318 
 AST (15”37 U/L) 34.00 ± 42.50 25.00 ± 67.00 0.070 
 ALT (30”65 U/L) 48.00 ± 63.00 40.50 ± 31.75 0.191 
 ALP (50”136 U/L) 178.00 ± 194.50 121.00 ± 64.00 0.027* 

 
GGT (male: 15”85 U/L, 
female 5”55 U/L) 

253.00 ± 272.25 115.00 ± 134.25 0.079 

 TB (0.2”1.2 mg/dL) 1.20 ± 0.95 0.85 ± 0.53 0.029* 
 DB (0.0”0.3 mg/dL) 0.70 ± 0.80 0.40 ± 0.33 0.001** 

 Albumin (35”50 g/L) 21.85 ± 4.68 27.70 ± 10.05 0.012* 
 WBC (4,000”10,700 cells/cm3) 2,525.00 ± 8,732.50 5,020.00 ± 6,570.00 0.439 
 % N (40”74%)    
 ANC (1,500”8,000 cells/mm3) 3,230.92 ± 6,639.89 3,283.9 ± 6,567.00 0.813 

 
Hb (male: 14.0”17.5 g/dL 
female: 12.0”16.0 g/dL) 

9.35 ± 1.90 9.60 ± 1.90 0.880 

 
Hct (male: 40”54%, 
       female: 36”48%) 

28.15 ± 6.13 29.00 ± 6.40 0.936 

 Plt (140”450 x103/mm3) 104.00 ± 162.50 107.00 ± 141.00 0.838 
aReference data from clinical pathology laboratory, Ramathibodi hospital, Bangkok, Thailand. 
Abbreviation: Alb; albumin, ALP; alkaline phosphatase, ALT; alanine aminotransferase, ANC; absolute 
neutrophil count, AST; aspartate aminotransferase; ClCr; creatinine clearance, DB;  direct bilirubin, EM; 

extensive metabolizer, GGT;  -glutamyl transpeptidase, Hb; haemoglobin, Hct; haematocrit, IM; intermediate 
metabolizer, Plt; platelet,  PM: poor metabolizer, SCr; serum creatinine, TB; total bilirubin.  
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2. Pharmacokinetic analysis 

The patient’s factors found to influence the Km of VRZ were the CYP2C19 
phenotype, age, TB, and ALP, while none of patient’s factors could predict the Vmax.  
The median Km of VRZ was 2.92-fold lower in the EM than in the non-EM (p-value = 
0.008), while the Vmax was only 1.14-fold lower in the EM than the non-EM, which was 
not significant (Table 10). The median plasma VRZ Ctr after initiation of the same 
maintenance dose of 8 mg/kg/d, divided into two doses, was 1.1-fold lower in the 
EM than in the non-EM, but this was not significant (Table 10). Based on the 
calculated pharmacokinetic parameters (median Km of 0.262 and 0.666 mg/L for the 
EM and non-EM groups, respectively, and a median Vmax of 0.467 mg/kg/h for 
patients), the optimal VRZ dose was estimated using Eq. (1) to keep the Ctr within 
the therapeutic range of 1.0”5.0 mg/L. The recommended doses then ranged from 
8.9”10.7 and 6.7”9.9 mg/kg/d, divided into two equal doses and given every 12 h, 
for the EM and non-EM groups, respectively, to keep the Ctr within the 1.0”5.0 mg/L 
range, respectively (Table 11). 

 
Table 10  Pharmacokinetic parameters of VRZ classified by CYP2C19 phenotype 
CYP2C19  Median ± IQR 
phenotype  Km  

(mg/L) 
p-value Vmax  

(mg/kg/h) 
p-value Initial Ctr 

(mg/L) 
p-value 

EM (n = 26)  0.262 ± 0.29 
0.008** 

0.425 ± 0.14 
0.262 

1.870 ± 3.20 
0.845 

Non-EM (n = 27)  0.666 ± 1.78 0.483 ± 0.25 2.060 ± 4.69 
Total (n = 53)  0.391 0.467  
**statistically significant at p < 0.01 

 
 To be more applicable in clinical practice, we recommended a VRZ daily dose of 
10.3 and 9.2 mg/kg/d for the EM and non-EM, respectively, to keep the plasma VRZ 
Ctr at approximately 3 mg/L. The t90% for each phenotypic group at each dose was 
consequently determined, where at the recommended dose (10.3 and 9.2 mg/kg/d 
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for the EM and non-EM groups, respectively) the t90% was 20.5 and 16.5 d for the EM 
and non-EM groups, respectively (Table 12). Therefore, the appropriate blood 
sampling time for the VRZ Ctr measurement was around 21 and 17 d after VRZ 
initiation for the EM and non-EM patients, respectively, when our recommended 
dose was used. If patients received a higher dose, the t90% would be longer. 

 
Table 11  Recommended VRZ dose for IA treatment according to CYP2C19 phenotype 

Target Ctr (mg/L) 
Dose (mg/kg/d) 

EM Non-EM 
1 8.9 6.7 

1.5 9.5 7.8 
2 9.9 8.4 

2.5 10.2 8.9 
3 10.3 9.2 

3.5 10.4 9.4 
4 10.5 9.6 

4.5 10.6 9.8 
5 10.7 9.9 

Recommended dose (mg/kg/d) 10.3”10.5 9.2-9.6 

 

Additionally, we conducted a correlation test to determine association between 
patient’s factors and pharmacokinetic parameters. The correlation coefficients 
between patient’s factors and Km and Vmax were shown in Table 13 and 14, 
respectively. Then, multiple linear regression were performed to determine the 
model to predict the Km and Vmax for an individual patient that can be used when 
CYP2C19 polymorphism was not available. The significant predictors for Km were 
age, baseline TB and ALP as shown in model 1 (Table 15, adjusted R2 = 0.262) but 
none of patient’s factors could predict Vmax. Because Vmax value did not much differ 
between each CYP2C19 phenotype, the median value of Vmax (0.47 mg/kg/h) could 
be used for each patient. After Km was estimated by model 1 and Vmax was fixed to 
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0.47 mg/kg/h, and required VRZ Ctr was selected, dosing rate (R) for each patient 
then could be calculated using equation 4. 

 Model 1: Km = -1.907 + 0.042Age + 1.195TB ” 0.003ALP 

 
Table 12  Time to reach 90% of steady state (t90%) across the phenotypic groups 

Dosing rate 
(mg/kg/d) 

EM  non-EM 
C

tr,SS
 (mg/L) t

90% 
(d)  C

tr,SS
 (mg/L) t

90% 
(d) 

7 0.44 1.24  1.11 3.70 
7.25 0.48 1.39  1.22 4.17 
7.5 0.53 1.57  1.34 4.73 
7.75 0.59 1.78  1.49 5.42 

8 0.65 2.05  1.65 6.28 
8.25 0.73 2.38  1.85 7.36 
8.5 0.82 2.81  2.08 8.74* 
8.75 0.93 3.37  2.36 10.56 

9 1.06 4.13  2.70 13.03 
9.25 1.32 5.19  3.13 16.50 
9.5 1.45 6.73  3.68 21.58 
9.75 1.74 9.12  4.43 29.45 

10.00 2.15 13.09*  5.47 42.63 
10.25 2.78 20.49  7.06 67.26 
10.50 3.84 36.82  9.75 121.86 
10.75 6.03 85.70  15.32 285.97 

* t
90% 

if the recommended dose (10 and 8.5 mg/kg/d for EM and non-EM, respectively) was administered. 
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Table 13  Spearman’s rho correlations between Km and patient’s factor 
Variables Correlation coefficient p-value 

Gender  0.020 0.888 
Age  0.418 0.002 
Weight  0.105 0.452 
Hematologic malignancies -0.070 0.619 
SCr -0.096 0.498 
ClCr 0.005 0.971 
AST -0.233 0.097 
ALT -0.340 0.014 
ALP -0.366 0.008 
GGT -0.299 0.031 
TB -0.172 0.223 
DB -0.317 0.023 
ALB 0.088 0.539 
Non-EM 0.370 0.006 
Abbreviation:  ALB; albumin,  ALP; alkaline phosphatase,  ALT; alanine aminotransferase,  AST; aspartate 

aminotransferase, ClCr; creatinine clearance, DB; direct bilirubin, GGT; -glutamyl transpeptidase;  Non-
EM; non-extensive metabolizer (CYP2C19), SCr; serum creatinine, TB; total bilirubin. 
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Table 14  Spearman’s rho correlations between Vmax and patient’s factor 
Variables Correlation coefficient p-value 

Gender  -0.107 0.448 
Age  0.086 0.540 
Weight  -0.239 0.085 
Hematologic malignancies -0.082 0.559 
SCr -0.066 0.640 
ClCr 0.018 0.899 
AST -0.256 0.067 
ALT -0.177 0.209 
ALP -0.378 0.006 
GGT -0.206 0.143 
TB -0.011 0.940 
DB 0.018 0.900 
ALB -0.172 0.228 
Non-EM 0.155 0.266 
Abbreviation: ALB; albumin,  ALP; alkaline phosphatase,  ALT; alanine aminotransferase,  AST; aspartate 

aminotransferase, ClCr; creatinine clearance, DB; direct bilirubin, GGT; -glutamyl transpeptidase;  Non-
EM; non-extensive metabolizer (CYP2C19), SCr; serum creatinine, TB; total bilirubin. 

 
 

Table 15  Multiple linear regression for Km prediction 

 Unstandardized coefficient 
Standardized 

coefficient t p-value 
 B Standard error Beta 

Constant -1.907 0.925  -2.062 0.045 
Age 0.042 0.014 0.388 3.095 0.003 
TB 1.195 0.369 0.428 3.234 0.002 

ALP -0.003 0.001 -0.305 -2.307 0.026 
Model adjusted R2 = 0.262 (p = 0.001) 
Abbreviation: ALP; alkaline phosphatase, TB; total bilirubin. 
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Part B: Clinical outcome assessment and factors influencing clinical outcome  

 
A total of 81 patients were included in clinical outcome assessment group. Forty 

(50.6%) of the patients were male, the median age of all patients was 56.1 y (range, 
18.1”86.5 y), and the median weight at the start of the VRZ therapy was 56.1 kg (range, 
38.8”82.0 kg). Sixty (74.1%) patients had hematologic malignancies. Forty-seven 
(58.0%) of patients were diagnose with probable IA with the most frequent source of 
infection was lung (N = 62, 82.7%). Considering the baseline liver function tests (LFTs), 
our patients had median ALP and GGT serum levels above the ULN values and a 
median albumin level lower than the normal value. Moreover, their median hemoglobin, 
hematocrit and platelet counts were lower than the normal ranges, while other laboratory 
tests were in the normal range. According to their CYP2C19 phenotype, 34 (47.9%) 
patients were extensive metabolizers, 31 (43.6%) patients were intermediate 
metabolizers and only 6 (8.4%) patients were poor metabolizers (Table 16). 

Considering to voriconazole administration, most of patients (89.0%) received 
VRZ as oral dose with median loading dose of 12 mg/kg/day followed by median 
maintenance dose of 8 mg/kg/day. After VRZ initiation, blood samples were drawn for 
VRZ concentration measurement with median of 11.5 h after last dose administration on 
day 9 (range 3-164 d). For three patients with blood sampling before day 5, they all 
received VRZ loading doses, therefore, steady state was assumed after 24 h.  The 
median initial, second, and third VRZ Ctr was 2.17 mg/L, 2.40 mg/L, and 2.34 mg/L 
which was not significant difference and were in the present recommended therapeutic 
range. The median sampling time was 103 d with median outcome evaluation on day 73. 
Overall success rate in this study was 76.5%. Among 19 patients with failure to 
response, 12 patients were dead due to any cause (mortality rate = 14.8%) as shown in 
Table 16. After excluded patient with possible IA (N = 64),  demographic data of 
remaining patients was not different from all patients and treatment outcome was also 
comparable with overall success and mortality rate of 73.4% and 17.2%, respectively 
(Table 17). 
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Table 16  Demographic data and treatment outcome of individuals eligible for clinical outcome 

assessment (N = 81) 
Characteristics  Data  

Age ” median, years (range)  54.6 (18.1-86.5) 
Gender, male (%)  40 (49.4) 
              female (%)  41 (50.6) 
Weight ” median, kg (range)   56.1 (38.8-82.0) 
Underlying condition ” number (%)   
 Hematologic malignancy  60 (74.1) 
 Solid tumor  4 (4.9) 
 Immunosuppressive Therapy  9 (11.1) 
 HIV/AIDS  2 (2.5) 
 Other condition  2 (2.5) 
 None  4 (4.9) 
Fungal Infection ” number (%)   
 Proven  17 (21.0) 
 Probable  47 (58.0) 
 Possible  17 (21.0) 
Source of infection ” number (%)   
 Lung  67 (82.7) 
 Sinus  13 (16.0) 
 Disseminated  1 (1.2) 
Baseline laboratory tests (normal range) a  Median (IQR) 
 SCr (0.4-1.2 mg/dL)  0.91 (0.55) 
 ClCr (mL/min)  70.0 (45.8) 
 AST (15-37 U/L)  35 (28) 
 ALT (30-65 U/L)  43 (44) 
 ALP (50-136 U/L)  160 (187) 
 GGT (male: 15-85 U/L, female 5-55 U/L)  319 (418), 258 (337) 
 TB (0.2-1.2 mg/dL)  0.7 (0.6) 
 DB (0.0-0.3 mg/dL)  0.3 (0.4) 
 Albumin (35-50 g/L)  28.3 (11.3) 
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Table 16. (cont.) Demographic data and treatment outcome of individuals eligible for clinical outcome  
                           assessment (N = 81) 

Characteristics  Data  
Baseline laboratory tests (normal range) a  Median (IQR) 
 WBC (4,000-10,700 cells/cm3)  5,745 (6,690) 
 % N (40%-74%)  70 (33) 
 ANC (1,500-8,000 cells/mm3)  3,781 (4,917) 

 
Hb (male: 14.0-17.5 g/dL 
       female: 12.0-16.0 g/dL) 

 10.2 (2.0)  
9.4 (1.9) 

 
Hct (male: 40%-54% 
       female: 36%-48%) 

 30.1 (6.2) 
29.2 (6.0) 

 Plt (140-450 x103/mm3)  129 (118) 
CYP2C19 phenotypes and genotypes (N=71) ” number (%)   
 EM (N = 34, 47.9%)   
   *1/*1   34 (47.9) 
 IM (N = 31, 43.6%)   
   *1/*2   26 (36.6) 
  *1/*3   5 (7.0) 
 PM (N = 6, 8.4%)   
   *2/*2   4 (5.6) 
   *2/*3   1 (1.4) 
   *3/*3   1 (1.4) 
Route of administration ” number (%)   
 Switch from intravenous to oral  17 (21.0) 
 Oral  64 (89.0) 
Voriconazole daily dosing ” median, mg/kg/day (range)   
 Loading dose (oral or intravenous)  12 
 Maintenance dose  8 (5.3-9.8) 
No. of samples per patient ” median, number (range)  3 (1”18) 
Days from the start of therapy to sampling ” median, days (range)  9 (3-164) 
Hours between last dose and trough drug level ” median, hours 
(range) 

 
11.5 (9-14) 
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Table 16. (cont.) Demographic data and treatment outcome of individuals iligeble for clinical outcome  
                           assessment (N = 81) 

Characteristics  Data  
Voriconazole level ” median, mg/L (range)   
 Initial level (N=81)  2.17 (0.11-12.40) 
 Second level (N=67)  2.40 (0.52-9.71) 
 Third level (N=55)  2.34 (0.17-10.17) 
Duration of therapy ” median, days (range)  103 (8-655) 
Duration of outcome evaluation ” median, days (range)  73 (7-341) 
Treatment outcome ” number (%)   
 Success  62 (76.5) 
  Complete response  13 (16.0) 
  Partial response  49 (60.5) 
 Failure ” number (%)  19 (23.5) 
  Stable response  3 (3.7) 
  Progression of fungal disease  4 (4.9) 
  Dead due to any causes  12 (14.8) 
aReference data from clinical pathology laboratory, Ramathibodi hospital, Bangkok, Thailand. 
Abbreviation: Alb: albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferase; ANC: absolute neutrophil 
count; AST: aspartate aminotransferase; ClCr: creatinine clearance; DB: direct bilirubin; EM: extensive metabolizer; 

GGT: -glutamyl transpeptidase; Hb: hemoglobin; Hct: hematocrit; IM: intermediate metabolizer; Plt: platelet; PM: poor 
metabolizer; SCr: serum creatinine; TB: total bilirubin. 
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Table 17  Demographic data and treatment outcome of individuals eligible for clinical outcome 
assessment excluding for possible IA (N= 64) 

Characteristics   Data  
Age ” median, years (range)  56.1 (26.8) 
Gender, male (%)  33 (51.6) 
              female (%)  31 (48.4) 
Weight ” median kg (range)   56.7 (13.2) 
Underlying condition, number (%)   
 Hematologic malignancy  47 (73.4) 
 Solid tumor  4 (6.3) 
 Immunosuppressive Therapy  8 (12.5) 
 HIV/AIDS  1 (1.6) 
 Other condition  2 (3.1) 
 None  2 (3.1) 
Fungal Infection ” number (%)   
 Proven  17 (26.6) 
 Probable  47 (73.4) 
Source of infection ” number  (%)   
 Lung  54 (84.4) 
 Sinus  9 (14.1) 
 Disseminated  1 (1.6) 
Baseline laboratory tests (normal range) a  Median (IQR) 
 SCr (0.4-1.2 mg/dL)  0.88 (0.56) 
 ClCr (mL/min)  64.95 (46.46) 
 AST (15-37 U/L)  35 (29) 
 ALT (30-65 U/L)  43 (43) 
 ALP (50-136 U/L)  161 (191) 

 
GGT (male: 15-85 U/L, 
         female 5-55 U/L) 

 317 (422) 
258 (352) 

 TB (0.2-1.2 mg/dL)  0.7 (0.6) 
 DB (0.0-0.3 mg/dL)  0.3 (0.4) 
 Albumin (35-50 g/L)  27.6 (11.1) 
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Table 17. (cont.) Demographic data and treatment outcome of individuals eligible for clinical  
                            outcome assessment excluding for possible IA (N= 64) 
Characteristics   Data  
Baseline laboratory tests (normal range) a  Median (IQR) 
 WBC (4,000-10,700 cells/cm3)  5,965 (6,755) 
 % N (40%-74%)  71 (33) 
 ANC (1,500-8,000 cells/mm3)  4,026 (4,120) 

 
Hb (male: 14.0-17.5 g/dL 
       female: 12.0-16.0 g/dL) 

 10.4 (2.4) 
9.3 (2.1) 

 
Hct (male: 40%-54% 
       female: 36%-48%) 

 30.2 (6.8) 
28.5 (6.8) 

 Plt (140-450 x103/mm3)  129 (118) 
CYP2C19 phenotypes and genotype (N=56)   
EM (N = 28, 50%)    
  *1/*1   28 (50) 
IM (N = 23, 41.1%)    
  *1/*2   19 (33.9) 
  *1/*3   4 (7.1) 
PM (N = 5, 8.9%)    
  *2/*2   3 (5.4) 
  *2/*3   1 (1.8) 
  *3/*3   1 (1.8) 
Voriconazole daily dosing ” median, mg/kg/day (range)   
 Loading dose (oral or intravenous)  6 
 Maintenance dose  8 (5.3-9.8) 
Duration of therapy ” median, days (range)  100 (8-655) 
Duration of outcome evaluation ” median, days (range)  80 (7-341) 
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Table 17. (cont.) Demographic data and treatment outcome of individuals eligible for clinical  
                            outcome assessment excluding for possible IA (N= 64) 
Treatment outcome ” number (%)   
 Success  47 (73.4) 
  Complete response  7 (10.9) 
  Partial response  40 (62.5) 
 Failure  17 (26.6) 
  Stable response  3 (4.7) 
  Progression of fungal disease  3 (4.7) 
  Dead due to any cause  11 (17.2) 
aReference data from clinical pathology laboratory, Ramathibodi hospital, Bangkok, Thailand. 
Abbreviation: Alb: albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferase; ANC: absolute neutrophil 
count; AST: aspartate aminotransferase; ClCr: creatinine clearance; DB: direct bilirubin; EM: extensive metabolizer; 

GGT: -glutamyl transpeptidase; Hb: hemoglobin; Hct: hematocrit; IM: intermediate metabolizer; Plt: platelet; PM: 
poor metabolizer; SCr: serum creatinine; TB: total bilirubin. 

  
Considering the effect of site of infection on success rate and duration of 

treatment, when maintain similar VRZ Ctr, aspergillus lung infection seem to had 
higher success rate (p = 0.0016) and require the shorter duration of treatment when 
compare to sinus infection (Table 18).  

There were nineteen patients fail to response to voriconazole treatment. Eleven 
patients were male and only three patients were aged over than 65 y. Most of them 
(17/19 cases) were diagnosed as probable or proven IA. Of all, twelve patients were 
dead and among 12 dead cases, inavasive aspergillosis was supposed to be the 
cause of death in 4 cases. Table 19 showed the description of patients who had 
failure to treatment. 
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Table 18  Comparison of VRZ level, treatment outcome, and duration of treatment between 
Aspergillus lung and sinus infection (N = 80) 

 Lung (N=67)a  Sinus (N=13)a p-value 
VRZ level (mg/L)     
  median ± IQR (range) 2.74 ± 2.08 (0.56-8.20)  2.51±0.96 (1.33-4.13) 0.917 
Success treatment, number (%) 58 (86.6)  10 (76.9) 0.0016* 
Duration of treatment (d)     
  median ± IQR (range) 104 ± 99 (33 -363)  282 ± 557 (46-655) 0.013* 
aexclude one patient who had disseminated aspergillosis 
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Table 19  Descriptions of patients who failure to the treatment (N =19) 

Pt. no. 

Patient characteristic Duration of 
VRZ 

treatment 
(d) 

Treatment outcome 
 Gender, age and UD 

IA diagnosis and 
source of 
infection 

4 F 67 y 
HIV/AIDS 

Probable IPA 12 Dead due to septic 
shock 

16 M 22 y 
Hematologic malignancy 

Proven IA 
sinusitis 

86 Stable response then 
FESS 

17* M 38 y 
Hematologic malignancy 

Proven IPA 42 Dead due to sudden 
cardiac death 

26 M 33 y  
Hematologic malignancy 

Probable IPA 51 Progression of fungal 
disease then switch 
to amphotericin B 

45 F 29 y 
Immunosuppressive 
therapy 

Probable IPA 56 Dead - Pneumonia 
due to other gram 
negative bacilli 

48 F 63 y 
Hematologic malignancy 

Probable IPA 111 Dead due to bacterial 
pneumonia 

50 F 58 y 
Hematologic malignancy 

Probable IPA 9 Dead due to ARDS 

55 F 80 y 
Hematologic malignancy 

Possible IPA 193 Dead due to IPA 

60* M 63 y 
Hematologic malignancy 

Probable IPA 9 Dead due to IPA, CA 
lung, pneumonia 

62 M 65 y 
Solid tumor (lung) 

Probable IPA 12 Dead due to IPA, CA 
lung, pneumonia 

68 M 57 y 
Hematologic malignancy 

Possible IA 
sinusitis 

123 Progression of 
disease  then FESS 

71* F 45 y  
Immunosuppressive 
therapy 

Probable IPA 26 Stable ” continue 
VRZ 

74 M 54 y 
HIV 

Proven IA 
sinusitis 

64 Stable then Lt. 
middle turbinectomy 
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Table 19. (cont.) Descriptions of patients who failure to the treatment (N =19) 

Pt. 
no. 

Patient characteristic Duration of 
VRZ 

treatment (d) 

Treatment outcome 
 Gender, age and UD 

IA diagnosis and 
source of infection 

80 M 57 y 
Hematologic malignancy 

Proven IPA  23 Progression of 
disease then switch 
to Amphotericin B + 
Caspofungin 

81* M 67 y 
Immunosuppressive 
therapy 

Probable IPA 16 Dead due to septic 
shock 

84 M 82 y 
Hematologic malignancy 

Probable IPA 45 Dead due to S. 
aureus septicemia  

87 M 55 y 
Hematologic malignancy 

Probable IPA 59 Dead due to 
septicemia 

92 F 46 y 
Hematologic malignancy 

Probable IPA 95 Treatment 
termination; end of 
life care 

99 F 72 y 
Hematologic malignancy 

Probable IPA 64 Dead due to 
disseminated 
Aspergillosis 

*also developed drug-induced liver injury. 
ARDS; Acute Respiratory Distress Syndrome, CA; cancer, F; female, FESS; Functional Endoscopic Sinus 
Surgery, HIV; human immunodeficiency virus, IA; invasive aspergillosis, IPA; invasive pulmonary aspergillosis; 
M; male, UD; underlying disease(s). 

 
Regarding to correlation between VRZ Ctr and treatment success, we found the 

success rate of more than 90% with VRZ Ctr of 4 mg/L and more than 95% with VRZ Ctr 
of 5 mg/L. This finding indicated that the optimal VRZ Ctr for IA treatment success should 
be ranging from 3 to 4 mg/L, but for level of 4-5 mg/L, the success rate increase only 
4.9% (Table 20). 
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Table 20  Number of patients with success response stratified by voriconazole trough 
concentrations (N=62) 

VRZ Ctrough Number of patients % success Cumulative % success 
< 1 6 9.7 9.7 

> 1-2 19 30.6 40.3 
> 2-3 16 25.8 66.1 
> 3-4 15 24.2 90.3 
> 4-5 3 4.9 95.2 
> 5 3 4.8 100.0 

Level of patients with success response, median + IQR (range) = 2.48±1.75 (0.56-8.20) 

 
 

 With respect to adverse side effects, hepatotoxicity or drug-induced liver injury 
(DILI) was the only adverse effect observed during this study. Hepatotoxicity developed 
in 11 (13.6%) patients which the description of the patients, VRZ dose and level, the 
abnormal LFT, and treatment outcome were shown in Table 21. Seven (63.6%) patients 
were male, only one patient aged over than 65 y, and 4 (40%) were CYP2C19 *1/*2 
genotype while the remaining were CYP2C19 *1/*1 genotype. Three patients had 
chronic HBV or HCV infection and one patient had alcoholic cirrhosis of liver. Onset of 
DILI was ranging from 5 to 326 d after VRZ initiation. The dose of VRZ that caused DILI 
ranging from 400 mg to 600 mg daily with VRZ Ctr of 0.63-10.17 mg/L. The last VRZ Ctr 
previous to the onset of DILI was 2.50-12.30 mg/L (range 5-97 d before the onset of 
DILI). DILI did not seem to correlate with treatment response because 8/11 patients who 
developed DILI had success treatment (Table 21). 

To search out the relationship between VRZ Ctr and DILI, patients were stratified 
by VRZ Ctr. We found that the rate of DILI increased sharply with VRZ Ctr of more than 5 
mg/L for both VRZ Ctr at the onset of DILI and the last VRZ Ctr previous to the onset of 
DILI (Table 22).  
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Table 21  Characteristics, VRZ dosage description, hepatic investigation, and treatment outcome of patients 
who developed DILI (N = 11) 

Pt. 
no. 

Patient characteristic VRZ regimen (level, mg/L) 

Hepatic 
investigation 

Treatment 
outcome 

Gender, 
age and 

CYP 
2C19 

Underlying disease TTT TTT-1 

17 
M 38 y 
*1/*2 (IM) 
 

- hematologic 
malignancy 
- chronic HBV and 
HCV 

d41, 
200 mg bid 

(10.17) 

d26, 
200 mg 

bid (4.67) 
TB 2.5x 

Dead due to 
sudden cardiac 

death 

25 M 50 y  
*1/*2 (IM) 

- Hematologic 
malignancy 
- Chronic HBV 

d326, 
250 mg bid 

(5.10) 

d229, 
300 mg 

bid 
(5.30) 

TB 3.17x Success - partial 
response 

60 M 63 y 
 

- Hematologic 
malignancy 

d5, 
200 mg bid 

(7.48) 

 
- 

TB 3.25x Dead due to 
septicemia 

71 F 50 y 
*1/*1 
(EM) 

- Immunosuppressive 
therapy 
- Chronic HBV 

d37, 
250 mg bid 

(6.31) 

d16, 
250 mg 

bid 
(5.74) 

TB 2.08x Failure- stable 
response 

72 M 59 y 
*1/*1 
(EM) 

- Solid tumor (lung 
- Alcoholic cirrhosis of 
liver 

d25, 
200 mg bid 

(3.23) 

d12, 
200 mg 

bid 
(3.12) 

TB 5.92x Success- partial 
response 

79 F 44 y 
*1/*2 (IM) 

- Hematologic 
malignancy 

d9, 
200 mg bid 

(0.63) 

 
- 

ALT 5.78x Success- partial 
response 

81 M 67 y 
*1/*1 
(EM) 

- Immunosuppressant 
therapy 

d11, 
250 mg bid 

(2.73) 

d6, 
250 mg 

bid 
(4.99) 

TB 2.50x Success- partial 
response 

91 M 39 y 
*1/*2 (IM) 

- Hematologic 
malignancy 

d40, 
300 mg bid 

(6.58 ) 

d32, 
300 mg 

bid 
(2.50) 

ALT 11.40x Success- partial 
response 
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Table 21. (cont.) Characteristics, VRZ dosage description, hepatic investigation, and treatment outcome of  
                           patients who developed DILI 

Pt. 
no. 

Patient characteristic VRZ regimen (level, mg/L) 

Hepatic 
investigation 

Treatment 
outcome 

Gender, 
age and 

CYP 
2C19 

Underlying disease TTT TTT-1 

93 M 37 y 
*1/*1 
(EM) 

- Hematologic 
malignancy 

d76, 
250 mg bid 

(1.56) 

d59, 
250 mg 

bid 
(4.29) 

TB 2.83x Success- partial 
response 

105 F 35 y 
*1/*1 
(EM) 

- Immunosuppressive 
therapy 

d80, 
250 mg 
/200 mg 
(2.21) 

d64, 
250 mg 
/200 mg 
(5.10) 

ALT 13.20x 
 

Success- partial 
response 

106 F 38 y 
*1/*1 
(EM) 

- Hematologic 
malignancy 
- Chronic HBV 

d83, 
250 mg 
/200 mg 
(4.00) 

d72, 
250 mg 

bid 
(12.30) 

TB 4.58x Success- partial 
response 

DILI; drug-induced liver injury, HBV; hepatitis B virus, HCV; hepatitis C virus, TTT; time to toxicity, TTT-1, the 
last investigation previous to TTT.  

 
 

Table 22  Number of patient with DILI stratified by voriconazole trough concentrations         
(N = 11) 

DILI (N =11)  DILI-1 (N = 9) 
VRZ Ctr Number of patients (%)  VRZ Ctr Number of patients (%) 

< 1 1 (9.1)  < 1 0 
> 1-2 1 (9.1)  > 1-2 0 
> 2-3 1 (9.1)  > 2-3 2 (22.2) 
> 3-4 1 (9.1)  > 3-4 1 (11.1) 
> 4-5 2 (18.2)  > 4-5 2 (22.2) 
> 5 5 (45.5)  > 5 4 (44.4) 

DILI; drug-induced liver injury, DILI VRZ Ctr were the level between 0-14 d before DILI occur, DILI-1; 
indicated the last investigation previous to DILI occurred. 
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DISCUSSION 

 
 The calculated Km for the EM group was lower than that in the non-EM group, 
which was reasonable because the lower Km was related to the higher VRZ metabolizing 
activity. Although the baseline liver function test (LFT), as in the serum ALT level, of the 
EM group were worse than the non-EM group, the Km of the EM group still was lower 
than that of the non-EM group. The median Km for all our patients was 0.391 mg/L, which 
was 3.38-fold lower than that reported previously (1.32 mg/L), although this may reflect 
the higher frequency of CYP2C19 EM in our study compared to that in the Japanese 
population (43). Another factor that could possibly explain the low value of our patient’s 
Km was the low frequency of the CYP2C19*17 gain of function allele in the Asian 
population of this study. Besides CYP2C19, CYP3A4 was also responsible for VRZ 
metabolism and so CYP3A4 polymorphism could play a role as well. However, CYP3A4 
variants were not determined in this study and so their effects on the VRZ Km and Vmax in 
our patients were unknown. 
 With respect to the calculated Vmax, it was not much different between the 
patients in this study and that in previous studies based upon populations as 
Matsumoto, Hope and Dalton’s groups (30, 67, 72), suggesting the maximum rate of 
VRZ metabolism was not significantly different between different ethnic groups. 
 When the patients’ factors were studied for the effect on the Km and Vmax of 
VRZ, we found that other than the liver function (ALT), the renal function (SCr and ClCr) 
also influenced the Km, while only SCr affected the patient’s Vmax. It was known that VRZ 
was mainly eliminated by liver metabolism, with excretion unchanged by the kidneys 
accounting for only 2%. For our patients who had abnormal baseline LFTs, the kidneys 
might have had a significant role in VRZ elimination. 
 The recommended VRZ doses derived in this study were not equal to those in 
the VRZ package insert, which recommended a daily dose of 12 mg/kg/d for 1 d as a 
loading dose followed by 8 mg/kg/d as a maintenance dose for adult patients. Based on 
our calculations, if the EM individuals received the VRZ dose recommended in the 
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package insert, their VRZ plasma Ctr would be lower than 1 mg/L, which was insufficient, 
although the IM or PM groups would maintain the VRZ plasma Ctr within the therapeutic 
range. Since CYP2C19 EM was found in the majority of the Thai population, as well as 
Asian populations (25, 26, 73), then CYP2C19 polymorphisms were an important factor 
in determining the VRZ dosing levels to optimize the VRZ plasma Ctr. 
 The calculation of the Km and Vmax values had a high degree of uncertainty due 
to the fairly wide range of values compared to the median value. Furthermore, the 
median Ctr after receiving the same maintenance dose did not differ significantly 
between the EM and non-EM groups because those values also showed a wide range of 
variation, masking the reasonable trend. Thus, the initiation of VRZ treatment with our 
recommended dose followed by therapeutic drug monitoring was warranted. 
 The overall success rate in the present study (76.5%) was higher than that 
reported in previous studies  (11, 61, 64), which was possibly due to the restricted VRZ 
use in our setting that has not yet selected for increased resistance of Aspergillus spp. 
to VRZ. Although the minimum inhibitory concentration (MIC) of VRZ for Aspergillus spp. 
was only determined in two cases (< 0.1 mg/L in both cases), these were lower than 
those reported in another study (74). In that study, more than 80% of the most frequent 
Aspergillus spp. (A. fumigatus (2778 isolates), A. flavus (589 isolates), A. terrueus (462 
isolates) and A. niger (479 isolates)) had a VRZ MIC of > 0.125 mg/L and more than 
50% of them had a VRZ MIC of > 0.25 mg/L (74). Therefore, for all our patients who had 
a median VRZ concentration of more than 0.5 mg/L, the drug levels were several-fold 
higher than the MIC value which were sufficient to control the pathogen, leading to the 
high success rate. 
 The blood sampling time varied over the diverse range of 9 to 16 h because 
there was no definitive VRZ administration protocol in our institution, especially for oral 
administration. Oral VRZ should be administered on an empty stomach which was 1 h 
before or 2 h after a meal, and so the VRZ administration times were adjusted to the 
patients’ meal time. For example, breakfast and dinner time in our setting were 7 AM 
and 5 PM so the drug administration times were 6 AM and 4 PM. For monitoring the VRZ 
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Ctr, the blood samples were collected around 30 min before administration of the next 
VRZ dose, and so the blood sampling time depended on the drug administration time. 
This could explain the high variation in VRZ concentrations. 
 This study found the association between VRZ Ctr and treatment success 
which was concordant with previous studies that found a significant relationship 
between treatment failure and VRZ concentrations of less than 1.7 mg/L was reported in 
patients with IFIs (60), while another study determined that the IFI-related mortality was 
correlated with an initial VRZ Ctr of < 0.35 mg/L and success outcomes were more likely 
among patients with a median VRZ Ctr of more than 2.2 mg/L (61). Nevertheless, they 
also reported that patients with a median VRZ Ctr of 2.38 mg/L were more likely to face 
severe adverse effects than those with a median VRZ Ctr of 1.30 mg/L. In addition, in 
another study, the VRZ prophylaxis was reported to be most effective at a VRZ C tr of > 
1.5 mg/L in lung transplant recipients (75). 
 With respect to adverse side effects, only hepatotoxicity was observed in this 
study. We found the dramatically increased rate of hepatotoxicity with VRZ Ctr of more 
than 5 mg/L which was confirmed the previous finding that reported a correlation 
between the VRZ concentration and toxicity, where a higher rate of neurotoxicity was 
found when the VRZ Ctr was more than 5 mg/L (60), while the median VRZ 
concentrations were significantly higher in patients with severe adverse events (6.32 
mg/L vs. 2.15 mg/L) (62). On the other hand, some studies could not elucidate a 
relationship between VRZ concentrations and adverse events (64, 65). In addition, this 
study’s results indicated that DILI were associated with VRZ Ctr at the time of DILI and 
previous VRZ Ctr before DILI. This finding confirmed the result of Suzuki’s study which 
reported that sustained high trough concentration of voriconazole may increase the risk 
of hepatotoxicity, and decreasing trough concentration to less than 4 mg/L by dose 
adjustment after the initial TDM may reduce the incidence of hepatotoxicity in patients 
treated with voriconazole (63).  
 The limitations of this study were the retrospective design, and that the VRZ 
plasma concentration assays were performed by two separate laboratories where inter-
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laboratory variation might occur. In addition, since there were only five members of the 
PM group included in this study, we could not calculate the recommended dose for 
each phenotypic group (EM, IM and PM), which might be more optimal for each 
individual. Furthermore, the time after last administration dose to the blood sampling 
was varied depending on meal time, ranging from 9 to 14 h, VRZ Ctr then had high 
variation. Based on our findings, time to steady state were different between CYP2C19 
phenotypes and also dose dependent, blood sampling on the same day, such as on 
day 5, for every patients may not be appropriated and monitoring two consecutive C tr 
might be useful to comfirm steady state level. Therefore, further prospective studies with 
a relatively large number of patients with each CYP2C19 phenotype were needed. 
Because MICs of Aspergillus spp. were identified only two cases in this study, the 
correlation between MIC or Ctr/MIC and clinical outcome could not be determined.  
 In conclusion, we recommended starting VRZ treatment with the recommended 
doses followed by therapeutic drug monitoring to maintain VRZ Ctr of 3-4 mg/L to get the 
successful of IA treatment and to avoid hepatotoxicity.   
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CHAPTER V 

CONCLUSIONS 

 

 The Km of voriconazole for Thai adult patients were 0.26 mg/L and 0.67 mg/L 
for individuals with CYP2C19 EM and non-EM, respectively. The Vmax of voriconazole 
were 0.43 mg/kg/h and 0.48 mg/kg/h for individuals with CYP2C19 EM and non-EM, 
respectively. 
 For Thai adult patients, invasive aspergillosis treatment by VRZ should be 
started with recommended loading dose of 12 mg/kg/d divided into two equal doses 
every 12 hours to expedite steady state. Maintenance dose should be based on 
CYP2C19 phenotype and followed by VRZ Ctrough monitoring because of high variation in 
its pharmacokinetics. Our recommended doses for CYP2C19 EM and non-EM were 
approximate 10.3 mg/kg/d and 9.2 mg/kg/d divided into two equal doses every 12 
hours, respectively, to maintain voriconazole trough concentration of around 3 mg/L.  
Based on our data, if our recommended doses were given, steady state levels would 
achieved on approximately 20 d and 17 d for EM and non-EM, without loading dose, 
respectively. Therefore, in individual who received loading dose, VRZ level would 
achieve steady state sooner and sampling time would be earlier than 20 d and 17 d, 
respectively. This finding also indicated the necessity of CYP2C19 genotyping. In case 
of CYP2C19 genotyping is not available, Km for individual patient could be estimated by 
reported equation where age, TB, and ALP were the predictors for Km and none of 
patient’s factors could predict Vmax, so the median Vmax (0.47 mg/kg/h) was 
recommended.  Then, the maintenance dose will be further calculated by Michaelis-
Menten equation.  
 Since we found the high treatment success rate with VRZ Ctr of 3-4 mg/L and the 
dramatically increased hepatotoxicity rate with VRZ Ctr of more than 5 mg/L, we 
recommended maintaining VRZ Ctr within the range of 3-4 mg/L. 
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APPENDIX A
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APPENDIX B 

 
Common Terminology Criteria for Adverse Events (CTCAE) Version 4.03 
Published: June 14, 2010 (U.S.DEPARTMENT OF HEALTH AND HUMAN SERVICES, 
National Institutes of Health, National Cancer Institute) 
 
CTCAE Terms 
An Adverse Event (AE) is any unfavorable and unintended sign (including an abnormal 
laboratory finding), symptom, or disease temporally associated with the use of a medical 
treatment or procedure that may or may not be considered related to the medical 
treatment or procedure. An AE is a term that is a unique representation of a specific 
event used for medical documentation and scientific analyses. Each CTCAE v4.0 term is 
a MedDRA LLT (Lowest Level Term). 
 
Grades 
Grade refers to the severity of the AE. The CTCAE displays Grades 1 through 5 with 
unique clinical descriptions of severity for each AE based on this general guideline: 
Grade 1:  Mild; asymptomatic or mild symptoms; clinical or diagnostic observations 
only;  

intervention not indicated. 
Grade 2:    Moderate; minimal, local or noninvasive intervention indicated; limiting 

age-appropriate instrumental Activities of Daily Living (ADL). 
Grade 3:   Severe or medically significant but not immediately life-threatening; 

hospitalization or prolongation of hospitalization indicated; disabling; 
limiting self care ADL. 

Grade 4:   Life-threatening consequences; urgent intervention indicated. 
Grade 5:   Death related to AE. 
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Hepatobiliary disorders 
 Grade 

Adverse 
Event 

1 2 3 4 5 

Bile duct 
stenosis 

Asymptomatic; 
clinical or 
diagnostic 
observations 
only; intervention 
not indicated 

Symptomatic; 
altered GI 
function; IV 
fluids indicated 
<24 hrs 

Severely altered GI 
function; radiologic, 
endoscopic or 
elective operative 
intervention 
indicated 

Life-threatening 
consequences; 
urgent 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by a narrowing of the lumen of the bile duct. 
Biliary fistula - Symptomatic 

and intervention 
not indicated 

Severely altered GI 
function; TPN 
indicated; endoscopic 
intervention indicated; 
elective operative 
intervention indicated 

Life-threatening 
consequences; 
urgent 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by an abnormal communication between the bile ducts and another 
organ or anatomic site. 
Cholecystitis - Symptomatic; 

medical 
intervention 
indicated 

Severe symptoms; 
radiologic, 
endoscopic or 
elective operative 
intervention indicated 

Life-threatening 
consequences; 
urgent 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by inflammation involving the gallbladder. It may be associated with the 
presence of gallstones. 
Gallbladder 
fistula 

Asymptomatic 
clinical or 
diagnostic 
observations 
only; intervention 
not indicated 

Symptomatic 
and intervention 
not indicated 

Symptomatic or 
severely altered GI 
function; TPN 
indicated; radiologic, 
endoscopic or 
elective operative 
intervention indicated 

Life-threatening 
consequences; 
urgent 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by an abnormal communication between the gallbladder and another 
organ or anatomic site. 
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Hepatobiliary disorders 
 Grade 

Adverse 
Event 

1 2 3 4 5 

Gallbladder 
necrosis 

- - - Life-threatening 
consequences; 
urgent 
radiologic or 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by a necrotic process occurring in the gallbladder. 
Gallbladder 
obstruction 

Asymptomatic; 
clinical or 
diagnostic 
observations 
only; intervention 
not indicated 

Symptomatic; 
altered GI 
function; IV 
fluids indicated 
<24 hrs 

Symptomatic and 
severely altered GI 
function; tube feeding, 
TPN or hospitalization 
indicated; 
nonemergent 
operative intervention 
indicated 

Life-threatening 
consequences; 
urgent 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by blockage of the normal flow of the contents of the gallbladder 

Gallbladder 
pain 

Mild pain Moderate pain; 
limiting 
instrumental 
ADL 

Severe pain; limiting 
self care ADL 

- - 

Definition: A disorder characterized by a sensation of marked discomfort in the gallbladder region. 

Gallbladder 
perforation 

- - - Life-threatening 
consequences; 
urgent 
intervention 
indicated 

Death 

Definition: A disorder characterized by a rupture in the gallbladder wall 
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Hepatobiliary disorders 
 Grade 

Adverse 
Event 

1 2 3 4 5 

Hepatic 
failure 

- - Asterixis; mild 
encephalopathy; 
limiting self-care ADL 

Moderate to 
severe 
encephalopathy; 
coma; life 
threatening 
consequence 

Death 

Definition: A disorder characterized by the inability of the liver to metabolize chemicals in the body. 
Laboratory test results reveal abnormal plasma levels of ammonia, bilirubin, lactic dehydrogenase, and 
alkaline phosphatase. 
Hepatic 
hemorrhage 

Mild; intervention 
not indicated  
 

Symptomatic; 
medical 
intervention 
indicated 

Transfusion indicated  
 

Life-threatening 
consequences; 
urgent 
intervention 
indicated 

Death 

Definition: A disorder characterized by bleeding from the liver. 
Hepatic 
necrosis 

- - - Life-threatening 
consequences; 
urgent 
radiologic or 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by a necrotic process occurring in the hepatic parenchyma. 
Hepatic pain  
 

Mild pain Moderate pain; 
limiting 
instrumental 
ADL 

Severe pain; limiting 
self care ADL 

- - 

Definition: A disorder characterized by a sensation of marked discomfort in the liver region. 
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Hepatobiliary disorders 
 Grade 

Adverse 
Event 

1 2 3 4 5 

Perforation 
bile duct 

- - Radiologic, 
endoscopic or 
elective operative 
intervention indicated 

Life-threatening 
consequences; 
urgent 
operative 
intervention 
indicated 

Death 

Definition: A disorder characterized by a rupture in the wall of the extrahepatic or intrahepatic bile duct. 
Portal 

hypertens
ion 

- Decreased 
portal vein flow 

Reversal/retrograde 
portal vein flow; 
associated with 
varices and/or ascites 

Life-threatening 
consequences; 
urgent 
intervention 
indicated 

Death 

Definition: A disorder characterized by an increase in blood pressure in the portal venous system 
Portal vein 
thrombosis 

- Intervention not 
indicate 

Medical intervention 
indicate 

Life-threatening 
consequences; 
urgent 
intervention 
indicated 

Death 

Definition: A disorder characterized by the formation of a thrombus (blood clot) in the portal vein 
Hepatobiliary 
disorders - 
Other, 
specify 

Asymptomatic or 
mild 
symptoms; 
clinical or 
diagnostic 
observations 
only; intervention 
not indicated 

Moderate; 
minimal, local 
or 
noninvasive 
intervention 
indicated; 
limiting 
ageappropriate 
instrumental 
ADL 

Severe or medically 
significant but not 
immediately  life 
threatening; 
hospitalization or 
prolongation of 
existing 
hospitalization  
indicated; disabling; 
limiting self care ADL 

Life-threatening 
consequences; 
urgent 
intervention 
indicated 

Death 
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APPENDIX C 
 
Ethical considerations 

The process for obtaining participant informed consent will be in accordance 
with the Recruitment & Employment Confederation (REC) guidance, and Good 
Clinical Practice (GCP) and any other regulatory requirements that might be 
introduced. The investigator and the participant shall both sign and date the 
Consent Form before the person can participate in the study. 

The participant will receive a copy of the signed and dated forms and the 
original will be retained in the Study records. A second copy will be filed in the 
participant’s medical notes together with a signed and dated note that informed 
consent was obtained for the study.  

The decision regarding participation in the study is entirely voluntary. The 
investigator shall emphasize to them that consent regarding study participation may 
be withdrawn at any time without penalty or affecting the quality or quantity of their 
future medical care, or loss of benefits to which the participant is otherwise entitled. 
No study activity will be done before informed consent has been obtained. 

The investigator will inform the participant of any relevant information that 
becomes available during the course of the study, and will discuss with them, 
whether they wish to continue with the study. If applicable they will be asked to sign 
revised consent forms. 

If the Consent Form is amended during the study, the investigator shall follow all 
applicable regulatory requirements pertaining to approval of the amended Consent 
Form by the REC and use of the amended form (including for ongoing participants). 

All study staff and investigators will endeavor to protect the rights of the study’s 
participants to privacy and informed consent, and will adhere to the Data Protection 
Act, 1998. All source documents will be held securely, in a locked cabinet. Access 
to the information will be limited to investigators and any relevant regulatory 
authorities. Computer held data including the study database will be held securely 
and password protected. Information about the study in the participant’s medical 
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records / hospital notes will be treated confidentially in the same way as all other 
confidential medical information. Electronic data will be backed up every month to 
local media. Any data used externally of the study stable will be anonymous.  
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APENDIX D 
 

Km, Vmax and characteristics of individual patients in pharmacokinetic study 
 

Pt. No. Pt. ID Gender Age 
CYP2C19 
genotype 

CYP2C19 
phenotype 

Km 
(mg/L) 

Vmax 
(mg/L/h) 

1 1 F 86.5 *1/*2 IM 1.19 0.41 
2 3 F 57.2 *1/*2 IM 0.28 0.34 
3 10 F 59.7 *1/*2 IM 0.22 0.48 
4 12 M 66.4 *1/*2 IM 1.68 0.45 
5 13 M 68.2 *1/*2 IM 2.94 0.63 
6 14 M 18.0 *1/*1 EM 0.03 0.26 
7 16 M 22.7 *1/*1 EM 0.05 0.41 
8 20 M 82.3 *1/*2 IM 2.05 0.48 
9 24 M 45.6 *1/*1 EM 0.09 0.40 

10 25 M 50.1 *1/*2 IM 0.59 0.51 
11 28 M 32.5 *1/*1 EM 0.39 0.42 
12 30 M 35.8 *1/*2 IM 0.33 0.64 
13 31 M 60.1 *1/*2 IM 0.47 0.34 
14 32 M 40.6 *1/*2 IM 0.88 0.73 
15 37 F 52.7 *1/*1 EM 0.32 0.55 
16 38 F 44.3 *1/*1 EM 0.17 0.52 
17 39 F 44.0 *1/*1 EM 0.48 0.56 
18 44 F 47.2 *1/*2 IM 0.01 0.40 
19 46 F 32.9 *1/*2 IM 2.90 0.79 
20 47 F 59.2 *1/*1 EM 7.06 0.66 
21 48 F 63.9 *2/*2 PM 1.20 0.64 
22 49 F 61.2 *1/*1 EM 1.10 0.37 
23 52 F 75.7 *1/*1 EM 0.03 0.33 
24 55 F 80.0 *1/*2 IM 0.29 0.64 
25 64 M 32.3 *1/*2 IM 0.27 0.34 
26 65 F 27.5 *1/*2 IM 0.69 0.73 
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Pt. No. Pt. ID Gender Age 
CYP2C19 
genotype 

CYP2C19 
phenotype 

Km 
(mg/L) 

Vmax 
(mg/kg/h) 

27 66 M 65.7 *1/*1 EM 0.21 0.47 
28 67 M 74.5 *1/*1 EM 0.27 0.43 
29 68 M 57.6 *1/*2 IM 4.67 0.69 
30 69 M 36.5 *1/*1 EM 0.13 0.42 
31 72 M 59.8 *1/*1 EM 2.33 0.56 
32 73 M 68.6 *2/*3 PM 0.45 0.33 
33 74 M 54.5 *1/*2 IM 2.98 0.46 
34 75 F 53.4 *1/*2 IM 0.67 0.69 
35 77 M 52.0 *1/*2 IM 0.05 0.33 
36 79 F 44.6 *1/*2 IM 0.04 0.43 
37 80 M 57.4 *1/*1 EM 0.14 0.41 
38 82 F 31.7 *1/*1 EM 0.01 0.32 
39 84 M 82.5 *3/*3 PM 8.60 0.77 
40 86 M 50.4 *1/*1 EM 0.14 0.49 
41 87 M 54.6 *1/*1 EM 0.19 0.52 
42 89 M 53.6 *1/*1 EM 0.42 0.42 
43 90 F 44.9 *2/*3 PM 0.02 0.41 
44 91 M 38.8 *1/*1 EM 0.26 0.61 
45 92 F 46.3 *1/*1 EM 0.39 0.35 
46 93 M 37.0 *1/*1 EM 0.51 0.51 
47 94 F 74.0 *1/*1 EM 0.86 0.79 
48 95 F 62.8 *2/*2 PM 1.03 0.49 
49 97 M 44.1 *1/*1 EM 0.27 0.42 
50 98 F 58.9 *1/*2 IM 2.86 0.55 
51 102 M 54.5 *1/*2 IM 0.61 0.39 
52 105 F 36.0 *1/*1 EM 0.23 0.53 
53 106 F 38.5 *1/*1 EM 0.28 0.34 
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APPENDIX E 
 

Case record form 
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