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Abstract 
Dalbavancin is a novel semi-synthetic glycopeptide antibiotic. In this study, 
we aimed to optimize the dosage regimen of dalbavancin in patients with he-
patic or renal impairment by Mote Carlo simulation. Pharmacokinetic para-
meters and microbiological data were collected about dalbavancin. 10,000 pa-
tients with renal or hepatic impairment analyzed by Crystal Ball to calculate 
probability of target attainment (PTA) and cumulative fraction of response 
(CFR). We found that all bacterial PTA and CFR were more than 90% for 
dalbavancin in patients with hepatic or renal impairment, except for Entero-
coccus faecium. There is no need to adjust the dosage regimen of dalbavancin 
in patients with hepatic or renal impairment. 
 

Keywords 
Mote Carlo Simulation, Dalbavancin, Hepatic Impairment, Renal  
Impairment 

 

1. Introduction 

Dalbavancin is a novel semi-synthetic glycopeptide antibiotic currently used 
clinically to treat infections of skin and soft tissues caused by Gram-positive 
bacteria [1]. Unlike other glycopeptide antibiotics such as vancomycin and tei-
coplanin, which are excreted almost exclusively through kidney [2] [3], the ex-
cretion of dalbavancin includes renal and non-renal pathways of elimination. 
Therefore, it is necessary to optimize the dosage regimen of dalbavancin in pa-
tients with hepatic or renal impairment, so as to further improve the efficacy of 
the drug and reduce adverse reactions. 

In order to maximize the clinical effect of antibiotics and reduce the possibili-
ty of antibiotic resistance, we used the Monte Carlo simulation (MCS) method. 
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MCS is a very useful tool for dose decision-making in most therapeutic areas [4] 
[5] [6], not only in the application of multiple antimicrobials, but also in MIC 
breakpoints [7] [8] [9]. Therefore, in this study, MCS was performed to study 
the dosage effect of dalbavancin in patients with different hepatic or renal im-
pairment, so as to determine the optimal dosage regimen. 

2. Materials and Methods 
2.1. Pharmacokinetic Parameters 

PK data for dalbavancin in patients with different hepatic and renal functions 
are from the literature [10], with the specific data shown in Table 1 and Table 2. 
Hepatic function damage was classified into mild (Grade A), moderate (Grade 
B), and severe (Grade C) according to the Child-Pugh classification for Severity 
of liver disease. Renal impairment was divided into mild (creatinine clearance; 
CLCR: 50 - 80 ml/min), moderate (CLCR: 30 - 49 ml/min), severe (CLCR: <30 
ml/min) and patients with advanced kidney disease dialysis. The protein binding 
rate of dalbavancin is 93%, so the free percentage (f) is 7%. 

2.2. Microbial Information 

The minimum inhibitory concentration (MIC)data of dalbavancin for 11 species 
of bacteria was from the report of the Sentinel Surveillance Program for Antimi-
crobial Resistance in the U.S. 2011 (shown in Table 3), and the broth microdilu-
tion method was determined by the Clinical and Laboratory Standards Institute 
[11]. 

2.3. Monte Carlo Simulation 

The ratio of the area under the concentration time curve (AUC) and the MIC, 
AUC24 h/MIC, is an important parameter for evaluating the efficacy of dalba-
vancin [12]. The calculation formula is as follows: 

( ) ( )24h dosefAUC MIC f CL MIC= × ×  

According to the above formula, the acquisition probability of the target value 
of Pharmacokinetic/pharmacodynamic (PK/PD) is calculated, that is, the proba-
bility of target attainment (PTA). The expected probability of the corresponding 
strain to the target value was calculated according to the following formula, and 
marked as cumulative fraction of response (CFR): 

 
Table 1. Pharmacokinetic parameters of Dalbavancin in patients with different grades of 
hepatic impairment. 

Parameter Normal (n = 9) 
Hepatic Impairment 

Mild (n = 6) Moderate (n = 6) Severe (n = 5) 

Dose (mg/d) 1000 1000 1000 1000 

CL (L/h) 0.047 ± 0.011 0.047 ± 0.008 0.065 ± 0.010 0.074 ± 0.020 
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Table 2. Pharmacokinetic parameters of Dalbavancin in patients with different grades of 
renal impairment. 

Parameter 
Normal  
(n = 9) 

Renal Impairment End-stage renal disease 

Mild 
(n = 6) 

Moderate 
(n = 6) 

Severe 
(n = 6) 

Severe 
(n = 4) 

Predialysis 
(n = 3) 

Postdialysis 
(n = 3) 

Dose 
(mg/d) 

1000 1000 1000 500 1000 500 500 

CL (L/h) 
0.042 ± 
0.008 

0.038 ± 
0.005 

0.027 ± 
0.005 

0.022 ± 
0.006 

0.024 ± 
0.007 

0.026 ± 
0.006 

0.035 ± 0.011 

 
Table 3. MIC values of Dalbavancin against 11 strains of bacteria. 

MIC (μg/ml) 

0.002 0.004 0.008 0.016 0.032 0.064 0.125 0.25 0.5 1 2 4 8 

0 0 0 113 1231 632 58 3 2 3 7 12 10 

0 0 0 22 88 178 102 30 18 21 16 41 120 

0 0 10 366 10,805 16,195 1502 309 41 17 2 0 0 

0 0 20 925 1944 2173 837 339 84 25 12 1 0 

0 0 0 483 1225 316 76 31 4 8 0 0 0 

0 0 0 17 30 95 171 39 9 7 3 0 0 

0 0 0 56 106 34 12 0 0 0 0 0 0 

1 1 50 290 267 162 59 18 0 0 0 0 0 

6 23 435 1174 89 53 9 1 0 0 0 0 0 

0 0 68 105 13 8 1 0 0 0 0 0 0 

0 0 0 162 72 77 19 2 1 0 0 0 0 

 

1

n

i
CFR PTAi Fi

=

= ×∑  

PTAi is the probability of estimating the target value at a specific MIC; Fi is 
the probability of each MIC distribution under a certain bacterial sample size. 
Therefore, our study determined a reasonable dose of dalbavancin in patients 
with renal or hepatic impairment when PTA achieves the highest (>90%) or CFR 
achieves the best (>90%). 

Monte Carlo simulations were performed by using Crystal Ball software (ver-
sion 11.1.2.4.600, Oracle). The PK parameter clearance (CL) is lognormal dis-
tributed. The dose was how much given to patients in 24 h (mg) and f is un-
iformly distributed. The MIC is subject to a custom distribution. The previous 
studies showed the best antibacterial effect with fAUC24 h/MIC ≥ 300 as the 
target value, so the present study generated 10,000 simulated patients with he-
patic and renal impairment to obtain PTA and CFR [13] [14]. 

3. Results 
3.1. PTA 

From the Monte Carlo simulation of dalbavancin for patients with renal and 
hepatic impairment, PTA values with fAUC24 h/MIC ≥ 300 as target value at 
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different MIC values were shown in Figure 1 and Figure 2. As shown in the 
Figure 1, the concentration and clearance of dalbavancin decrease and increase 
with changes in the level of hepatic impairment (Grade B-C), respectively. For 
patients with hepatic impairment, PTA > 90% results showed that the highest 
MIC value for different levels of hepatic impairment was 2 μg/mL. As shown in 
Figure 2, the dalbavancin concentration was significantly increased in patients 
with severe renal impairment. In patients with advanced renal impairment, al-
though the clearance rate before and after drug dialysis had increased slightly, 
PTA > 90% results showed that the highest MIC value was 0.5 μg/mL. 

3.2. CFR 

From the Monte Carlo simulation of dalbavancin for patients with renal and 
hepatic impairment, CFR values with fAUC24 h/MIC ≥ 300 as the target value at 
different MIC values were shown in Table 4 and Table 5. Results showed that 
except for the poor effect on Enterococcus faecium, the dosage of dalbavancin in 
patients with renal and hepatic impairment reached the target value for other 
bacteria (Table 4 and Table 5). 

4. Discussion 

As an FDA-approved drug to treat acute bacterial infections of skin and soft tis-
sues, dalbavancin has an initial dose of 1000 mg/d and a sustained dose of 500 
mg/d on day 8 [15]. Clinical studies have reported that dalbavancin has linear 
and dose-related pharmacokinetics with a half-life of 346 h [10] [14] [16]. About 
33% of dalbavancin was excluded from the urine as a prototype, indicating that 
non-renal metabolic pathways are important in dalbavancin [10]. In this study, 
Monte Carlo simulation was used to analyze whether the dose of dalbavancin in 
patients with hepatorenal impairment reached the target value of PK/PD so that  
 

 
Figure 1. PTA of dalbavancin estimated at different MIC values 
in patients with hepatic impairment. Different letters represent 
different grades of liver injury. A, normal; B, mild; C, moderate 
and D, severe. 
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Figure 2. PTA of dalbavancin estimated at different MIC values 
in patients with renal impairment. Different letters represent 
different grades of renal injury and the corresponding dosages. 
A, normal (1000 mg/d); B, mild (1000 mg/d); C, moderate (1000 
mg/d); D, severe (500 mg/d); E, severe (1000 mg/d); F, predialy-
sis (500 mg/d), and G, postdialysis (500 mg/d). 

 
Table 4. CFR (%) of dalbavancin in patients with hepatic impairment. 

Strains 
Hepatic impairment (Dosage (mg/d)) 

Normal (1000) Mild (1000) Moderate (1000) Severe (1000) 

E. faecalis 92.91 92.91 92.57 92.58 

E. faecium 61.85 62.06 58.59 58.70 

Staphylococcus pyogenes aureus 99.99 99.99 99.99 99.99 

Coagulase-negative staphylococci 99.99 99.99 99.99 99.99 

Staphylococcus epidermidis 100 100 100 100 

Staphylococcus haemolyticus 99.99 99.99 99.99 99.99 

Staphylococcus hominis 100 100 100 100 

Streptococcus agalactiae 100 100 100 100 

Streptococcus pyogenes 100 100 100 100 

Group G Streptococcus 100 100 100 100 

Streptococcus viride 100 100 100 100 

 

patients can achieve better therapeutic effect. The simulation results show that 
the given dose of dalbavancin reaches the target value of PK/PD for allpatients 
with hepatorenal impairment, except for those who has Enterococcus faecium 
infection. This is consistent with the previous report that the antibacterial spec-
trum of dalbavancin includes methicillin-sensitive Staphylococcus aureus, me-
thicillin-resistant Staphylococcus aureus, coagulase-negative Staphylococci and 
Streptococci [17]. Salem A H et al. [18] reported that patients with moderate 
renal impairment treated with dalbavancin (initial dose 1000 mg/d, subsequent  
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Table 5. CFR (%) of dalbavancin in patients with renal impairment. 

Strains 
Renal Injury (Dosage (mg/d)) 

Normal 
(1000) 

Mild  
(1000) 

Moderate 
(1000) 

Severe  
(500) 

Severe  
(1000) 

Predialysis 
(500) 

Postdialysis 
(500) 

E. faecalis 92.37 92.44 92.48 92.19 92.49 92.19 92.15 

E. faecium 57.19 57.58 57.83 55.95 57.88 55.86 55.30 

Staphylococcus pyogenes aureus 99.99 99.99 99.99 99.98 99.99 99.97 99.69 

Coagulase-negative staphylococci 99.91 99.94 99.97 99.77 99.97 99.75 99.68 

Staphylococcus epidermidis 100 100 100 99.97 100 99.94 99.89 

Staphylococcus haemolyticus 99.66 99.83 99.92 99.09 99.95 98.99 98.64 

Staphylococcus hominis 100 100 100 100 100 100 100 

Streptococcus agalactiae 100 100 100 100 100 100 100 

Streptococcus pyogenes 100 100 100 100 100 100 100 

Group G Streptococcus 100 100 100 100 100 100 100 

Streptococcus viride 100 100 100 100 100 100 100 

 
500 mg/d) had a CFR of 100% for methicillin-resistant Staphylococcus aureus, 
which was consistent with our results. 

Although the concentration of dalbavancin decreased and itsclearance rate 
increased with the different grades of liver injury (grade B-C), the cytochrome 
P450 enzyme was not involved in the metabolism of dalbavancin and the drug 
concentration did not increase as the liver injury grade went up. So for patients 
with hepatic impairment, the results of PTA > 90% showed a MIC value was up 
to 2 μg/mL. The study reported that dalbavancin was maintained at a dose 
greater than 20 mg/L during the 14-day clinical treatment of patients with he-
patic injury, which was consistent with its antibacterial concentration in vivo. It 
suggested that the dose of dalbavancin may not be adjusted for patients with any 
levels of hepatic impairment. 

For patients with severe renal insufficiency, the concentration of dalbavancin 
was significantly increased. Both the doses of 500 mg/d and 1000 mg/d can reach 
the target value. For the safety of the drug, the former dose can be selected for 
clinical treatment. In patients with end-stage renal disease (ESRD), although the 
clearance rate before and after drug dialysis was changed from small to large, the 
results of PTA > 90% showed that the MIC value was up to 0.5 μg/mL. Moreo-
ver, it was reported that the concentration of dalbavancin was not detected in the 
dialysate of patients because of its large molecular weight resulting in the diffi-
culty to move across the dialysis membrane. This indicates that dialysis in pa-
tients with ESRD has no effect on the metabolism of dalbavancin, thus no dose 
adjustment is needed during dialysis. 

Although Monte Carlo simulation is hypothesized and analyzed based on cer-
tain PK and strainsand it is easy to optimize the types of antibacterial drugs and 
dose selection for treatment, the results of this study still have certain limita-
tions. First of all, there is no complete unification of the target value of dalba-
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vancin fAUC24 h/MIC. For examples, it has been reported that the target value 
was set to either 292 [18] or 300 [14]. Secondly, we only considered the serum 
concentration drug when the Monte Carlo simulation was performed in this 
study. During the clinical trial, however, MIC values were evaluated from 
non-blood samples from sputum or effusion, which was not included in the 
present analyses of Monte Carlo simulation, further resulting in the inconsistent 
MIC values of the infected sample from different tissues. Finally, the source of 
bacterial MIC values is from the data of limited regions in previous years, so the 
results of this part of the samples are not suitable and do not reflect the changes 
in future trends. 

5. Conclusion 

In summary, our data demonstrate that the dose of dalbavancin in patients with 
hepatic and renal insufficiency simulated by MCS does not need to be adjusted. 
In clinical, patients with hepaticand renal dysfunction can obtain a certain ref-
erence according to MCS when using dalbavancin, but also using drugs in com-
bination with clinical actual conditions. 
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