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Abstract 
The objective of this study was to investigate the probability of target attain-
ment of various posaconazole dosing regimens against Mucorales species in pa-
tients with mucormycosis. According to pharmacokinetic/pharmacodynamic 
parameters of posaconazole in adults, the dosage regimen of posaconazole for 
mucormycosis included 50, 100, 200 and 400 mg orally q12h. Monte Carlo 
Simulation analysed the published parameters of pharmacokinetics and the 
MIC values of mucormycosis in Mucorales species. The results showed that 
posaconazole did not affect Rhizopus arrhizus and Mucor sp. The optimal 
dosage of posaconazole for Rhizopus microsporus and Rhizomucor pusillus 
was 400 mg orally q12h and the best dosage regimen for Lichtheimia corym-
bifera was 200 mg orally q12h. The antifungal activity of posaconazole against 
mucormycosis was different, and the dosage regimen needs to adjust accord-
ing to fungal species. 
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1. Introduction 

Mucormycosis was a fatal fungal infection caused by Mucorales, which was a 
subdivision of mucoromycotina. Mucormycosis was the second common fungal 
infection in hematological malignancies and organ transplantation [1]. It has 
been reported more and more not only in patients with diabetes or ketoacidosis 
but also after trauma in patients with normal immune function, even in healthy 
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people with food-borne outbreaks caused by Trichoderma [2] [3] [4] [5]. There 
were many kinds of pathogens creating mucormycosis, such as Rhizopus, Mucor, 
Lichtheimia, Apophysomyces and Saksenaea, and so on [3] [6]. 

Posaconazole was the first triazole drug to treat mucormycosis, which was used 
in refractory mucormycosis or polyene resistant patients [7]. The pharmacolog-
ical mechanism of posaconazole on fungal infection was that the affinity of fun-
gal P450 demethylase (CYP51) increases, which leads to the rise of penetration or 
decrease of outflow of the fungal cell membrane [8]. Currently, there are limited 
reports on the treatment of mucormycosis by the dose of posaconazole, with the 
maximum daily dose of 800 mg [9]. Therefore, in this study, the administration 
scheme of posaconazole for the treatment of mucormycosis needs to be opti-
mized, and the optimal drug administration scheme optimised to provide a basis 
for clinical application. 

2. Materials and Methods 
2.1. Pharmacokinetic Parameter  

The pharmacokinetic (PK) parameters of posaconazole were derived from the 
previously published literature [10]. The research reported that the age of people 
was from 18 to 44 years old, and four different dosages of posaconazole included 
50, 100, 200 and 400 mg orally q12h. The PK data of posaconazole was estab-
lished according to the blood drug concentration at different time in the pre-
viously published literature, and those data were summarised in Table 1. 

2.2. Minimum Inhibition Concentration (MIC) Distribution of  
Mucorales 

The MICs data for Mucorales were obtained from Andrew M. et al. [11]. Posa-
conazole was assessed against 238 isolates of Mucorales using Clinical and La-
boratory Standards Institute (CLSI) broth microdilution methods (see Table 2). 
The number of MIC distributions of posaconazole against Lichtheimia corymbi-
fera, Rhizopus arrhizus, Rhizopus microsporus, Mucor sp. and Rhizomucor pu-
sillus were gathered and were used for each simulation to calculate the probabil-
ity of target attainment (PTA) and the cumulative fraction of response (CFR). 

2.3. Monte Carlo Simulation 

Briefly, 10,000-subject Monte Carlo simulations were performed to calculate the 
PTA of each dosage through the PK/PD parameters of posaconazole and MICs 
distribution of Mucorales. The CFR also was computed as the weighted average 
of the PTAs across the MIC strata, as shown below [12]: 

1
CFR PTAi Fi

n

i=
= ×∑  

PTAi is the probability of estimating the target value at a specific MIC; Fi is the 
probability of each MIC distribution under a certain fungal sample size. Posacona-
zole activities against Mucorales are concentration-dependent and correlate with 
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Table 1. PK parameters of posaconazole in healthy adults. 

Parameters 
Posaconazole (orally q12h) 

50 mg 100 mg 200 mg 400 mg 

AUC0-24 (ng h/ml) 8295 (36) 21,778 (40) 31,106 (26) 73,105 (20) 

t1/2 (h) 19.2 (16) 24.1 (20) 23.9 (26) 31.0 (46) 

CL (L/h) 13.5 (34) 10.3 (32) 13.9 (34) 11.5 (25) 

 
Table 2. MICs distribution of posaconazole for 5 Mucorales. 

Species n 
MIC (μg/ml) 

0.032 0.064 0.125 0.25 0.5 1 2 4 8 16 

Lichtheimia corymbifera 58 0 3 16 26 13 0 0 0 0 0 

Rhizopus arrhizus 20 0 0 2 3 6 7 0 0 0 2 

Rhizopus microsporus 49 0 1 1 13 27 1 3 2 0 1 

Mucor sp. 79 3 3 3 9 18 21 10 6 1 5 

Rhizomucor pusillus 32 0 7 2 5 12 4 1 1 0 0 

 
the AUC/MIC. For Mucorales, the free-drug 24-h AUC/MIC (fAUC/MIC) was 
set more than one as the target value. A CFR value of ≥90% was considered to be 
the minimum for achieving optimal empirical therapy [9]. The binding rate of 
serum protein of posaconazole was 98% [13]. The application software is crystal 
ball (version 11.1.2.4.600, Oracle), in which the free and dose of posaconazole 
are uniformly distributed, clearance is normal log distribution, MIC is custom 
distribution. 

3. Results  
3.1. Probability of Target Attainment (PTA) Analysis  

In this study, the results Monte Carlo simulation of four different administration 
dosage of posaconazole showed that the patients with mucormycosis meet the 
requirement of PTA ≥ 90% in the dosage of 400 mg orally q12h. However, the 
dosage of posaconazole 50 mg could not be up to standard. The results of dosage 
of posaconazole 100 mg showed that PTA ≥ 90% at the highest MIC values for 
Lichtheimia corymbifera, Rhizopus arrhizus, Rhizopus microsporus, Mucor sp., 
and Rhizomucor pusillus were 0.125 μg/mL, 0.25 μg/mL, 0.25 μg/mL, 0.125 
μg/mL, 0.25 μg/mL, respectively. Also, the highest MIC values of 200 mg posa-
conazole for five Mucorales (Lichtheimia corymbifera, Rhizopus arrhizus, Rhi-
zopus microsporus, Mucor sp., and Rhizomucor pusillus) were PTA more than 
90% at 0.25 μg/mL, 0.5 μg/mL, 0.5 μg/mL, 0.25 μg/mL, 0.25 μg/mL, respectively 
(see Figure 1). 

3.2. Cumulative Fraction of Response (CFR) Analysis  

The CFR values of each dose regimen simulated by Monte Carlo were shown in 
Table 3. Rhizopus arrhizus and Mucor sp. had not the bacterial effect on CFR in 
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each dose regimen of posaconazole. When the dosage of posaconazole were ad-
ministered 400 mg orally q12h in Rhizopus microsporus, and Rhizomucor pu-
sillus, the CFR values with more than 90% indicated that posaconazole had a 
good effect on the two Mucorales mentioned above. When the dosage of posa-
conazole were 200 mg bid and 400 mg orally q12h, those CFR were more than 
90%.  
 
Table 3. CFR (%) of posaconazole in patients with mucormycosis. 

Species 

The different administration dosage of  
posaconazole orally q12h (CFR, %) 

50 mg 100 mg 200 mg 400 mg 

Lichtheimia corymbifera 34.95 66.89 95.89 100 

Rhizopus arrhizus 9.26 28.63 55.07 88.60 

Rhizopus microsporus 7.34 52.80 85.32 90.03 

Mucor sp. 10.95 25.53 42.91 71.53 

Rhizomucor pusillus 27.19 48.23 74.21 93.37 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 
(e) 

Figure 1. PTA of posaconazole estimated at different administration dosage 
in patients with mucormycosis. Different letters represent different Mucorales 
((a), Lichtheimia corymbifera, (b), Rhizopus arrhizus, (c), Rhizopus micro-
sporus, (d), Mucor sp., and (e), Rhizomucor pusillus).  
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4. Discussion 

Currently, the antifungal studies on mucormycosis were limited. Considering 
the range of fungal pathogens and the limited availability of antifungal agents, it 
was recommended to conduct in vitro antifungal susceptibility tests for individ-
ual isolates of invasive fungal infections in high-risk patients, to optimise treat-
ment strategies and detect drug-resistant strains [11]. Posaconazole was recom-
mended for treating the patients with mucormycosis by the European Society for 
Clinical Microbiology and the European Confederation of Medical Mycology 
[14].  

Posaconazole was a concentration-dependent antifungal drug, which the main 
parameter of PK/PD analysis was the AUC/MIC. According to before the neu-
tropenia model of mouse, AUC/MIC was set more than 100 for as to the target 
values of posaconazole for treatment mucormycosis [15]. In this study, the re-
sults of Monte Carlo simulation of multiple administration schemes of posaco-
nazole showed that the optimal dosage administration for five Mucorales were 
different recommended dosage. The Monte Carlo simulation of posaconazole 
showed that the best dosage regimen for Lichtheimia corymbifera was 200 mg 
orally q12h. The optimal dosage of posaconazole for Rhizopus microsporus and 
Rhizomucor pusillus was 400 mg orally q12h. However, the dosage of posaco-
nazole including from 50 to 400 mg orally q12h had poor antifungal effects on 
Rhizopus arrhizus and Mucor sp. in this Monte Carlo simulation. Lewis RE et al. 
reported that the recommended maximum dose of posaconazole was 400 mg 
orally q12h because of the lack of clinical dosage of it [9]. When the fungus cul-
ture results were shown to be the fungus mentioned above, the clinical decision 
would be changed to use other antifungal drugs. Therefore, clinicians needed to 
conduct fungus culture and measure MIC in the treatment of mucormycosis, to 
rationally use posaconazole dose, avoid the occurrence of its resistance caused by 
practical use, reduce adverse reactions and the cost of a drug, and improve the 
chances of curing patients. Moreover, early TDM was necessary for dosing ad-
justment with posaconazole because of the posaconazole with insufficient PTA 
at the beginning of treatment [15]. 

Although the Monte Carlo simulation based on certain PK and strain data was 
convenient to optimise the type and dose of antibacterial drugs for treatment, 
the results of this study also had some limitations. First of all, because there were 
many kinds of pathogenic bacteria about mucormycosis [16]. The sample size 
was limited, the only reaction of certain people. Secondly, the Monte Carlo si-
mulation in this paper only considered the serum concentration of posacona-
zole, while in clinical practice, the MIC value obtained from non-blood samples 
such as sputum or effusion was not included, which results in the fact that the 
MIC value of samples for some site infections was inconsistent. Finally, the source 
of bacterial MIC value is only the data of some regions and previous years, so the 
sample determination results of this part were not appropriate and cannot reflect 
the change of future trend. 
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5. Conclusion 

In summary, Monte Carlo simulation was simple, with optimisation design, econ-
omy, safety and predictability of clinical characteristics in determining antimi-
crobial activity. In this study, none of the simulated posaconazole dosage regi-
mens were effective against Rhizopus arrhizus and Mucor sp. For Rhizopus mi-
crosporus and Rhizomucor pusillus, high doses of posaconazole (400 mg orally 
q12h.) should be recommended and used for patients with mucormycosis. How-
ever, when patients with mucormycosis caused by Lichtheimia corymbifera, the 
dosage of posaconazole with 200 mg orally q12h could achieve better target at-
tainment. So patients with mucormycosis by using posaconazole were not only 
Monte Carlo simulation but also in combination with the clinical condition. 
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