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Background: The objectives of the present prospective observational study conducted in patients receiving 
conventional dosage of linezolid was to define the pharmacodynamic range of linezolid exposure, to assess 
the inter-individual variability in linezolid concentrations, and to define if therapeutic drug monitoring 
(TDM) of linezolid may be necessary for Chinese population. 
Methods: Patients included in this study underwent linezolid TDM trough concentration (Cmin) during 
treatment with a standard regimen in the period between January 2019 and October 2019. Linezolid Cmin 

was analyzed with high-performance liquid chromatography (HPLC) method. Logistic regression was used 
to define the desired range of linezolid Cmin. Linear regression and univariate logistic regression analysis were 
carried out to investigate variables associated with inappropriate linezolid plasma exposure.
Results: A total of 84 patients who had 153 linezolid Cmin assessed were included in the study. Median 
linezolid Cmin was 3.43 mg/L (IQR 1.59–5.93). The estimated probability of thrombocytopenia was 50% in 
the presence of Cmin of 7.85 mg/L. Approximately 57.52% (88/153) of the samples fell within the desired 
range of linezolid Cmin (2–8 mg/L) while 31.37% (48/153) experienced underexposure, and overexposure 
occurred in 11.11% (17/153) of the patients. No significant linear relationships between either body weight 
or estimated creatinine clearance (CrCL) and Cmin were detected. Estimated CrCL ≥100 mL/min was 
significantly associated with linezolid underexposure (OR 4.121; 95% CI, 1.945–8.731; P<0.001). Estimated 
CrCL ≤40 mL/min was significantly associated with linezolid overexposure (OR 3.761; 95% CI, 1.324–
10.681; P=0.013). 
Conclusions: Our results suggest that the pharmacodynamic range of linezolid Cmin can be defined as 2– 
8 mg/L for the Chinese population. Renal function partially accounts for the inter-interindividual variability 
of exposure. The application of TDM might be especially valuable in optimizing linezolid exposure in the 
majority of patients to avoid therapeutic failure and/or dose-dependent adverse reactions.
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Introduction

Linezolid, the first commercially available oxazolidinone 
antibiotic, is a synthetic antibiotic that inhibits the growth 
of a variety of Gram-positive bacteria such as Streptococci, 
Staphylococci, and Enterococci by preventing bacterial protein 
synthesis (1). It also has strong antimicrobial activity against 
resistant Gram-positive bacteria including methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-
resistant Enterococci (VRE) (2). It has been approved for the 
treatment of infections including bacterial pneumonia, skin 
and skin structure infections, and VRE infections (3).

The pharmacokinetics of linezolid in healthy subjects 
has been well studied. Linezolid is well absorbed after oral 
administration with a bioavailability of 100% (4). The 
volume of distribution approximates 0.5–0.8 L/kg, indicating 
excellent penetration in almost all tissues (5). Linezolid is 
metabolized by oxidation of the morphine ring to inactive 
metabolites including PNU-142586 and PNU-14230 in 
a non-enzymatic process (6). The clearance rate is 80± 
29 mL/min with approximately one-third of the linezolid 
eliminating via a renal route and the remaining eliminating 
through non-renal clearance (4,7). The elimination of the 
half-life of linezolid is about 5–7 h. Based on those intrinsic 
pharmacokinetics characteristics, a fixed standard dosing of 
linezolid at 600 mg every 12 h is recommended for all adult 
patients (8,9). Moreover, it has been assumed that the plasma 
exposure of linezolid remains similar in different categories 
of patients, thus dose adjustment and therapeutic drug 
monitoring (TDM) are unnecessary in most cases.

However, recent studies have noticed a high variability 
of linezolid plasma concentrations in critically ill patients 
treated with this standard regimen (10-13). Extensive 
evidence is now available showing significant inadequate 
plasma concentrations with increased risk of treatment 
failure in patients (14,15). Conversely, high linezolid trough 
plasma concentrations with risk of thrombocytopenia has 
been documented in some patients (16). Therefore, routine 
TDM of linezolid has been proposed for certain occasions 
to prevent therapeutic failure and adverse events.

The purposes of this prospective observational study 
were to define the desired range of linezolid Cmin, to assess 

the interindividual variability in linezolid serum exposure, 
to identify the prevalence of attainment of the desired range 
of linezolid exposure, and to define if TDM of linezolid may 
be necessary in some settings for the Chinese population. 

Methods

Study design 

This prospective observational study was carried out 
between January 2019 and October 2019 at Ruijin Hospital, 
Shanghai, China. Adult patients treated with oral and/
or intravenous linezolid at the standard dosage of 600 mg 
every 12 h for suspected or documented multidrug-resistant 
(MDR) Gram-positive bacterial infections were included in 
this study. Patients with hematological disease or malignant 
cancer were excluded. 

This study was approved by the regional ethical 
committee. 

Measurement of linezolid serum concentrations 

Venous blood samples were drawn 30 min before the next 
administration to assess the Cmin of linezolid. Linezolid 
serum concentrations were tested by means of the high-
performance liquid chromatography (HPLC) method. 
Chloramphenicol was used as the internal standard. The 
separation was performed on a Symmetry C18 Column  
(4.6 mm × 150 mm, 5 μm) at 30 ℃. The mobile phase 
consisted of acetonitrile-water (28:72) with a flow rate 
of 1.0 mL/min. The ultraviolet (UV) detection wave 
length was 254 nm. The calibration curves of linezolid 
showed good linear regression in the range of 0.25– 
50 mg (r2=0.9997). The limit of detection was 0.05 mg/L. 
The mean absolute recovery was 95.68%, and the method 
recovery was 100–102%. Intra and inter-day variations 
were less than 6%.

Estimation of creatinine clearance 

Creatinine clearance (CrCL) was estimated by the 
Cockcroft and Gault formula.
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Toxicity analysis 

Thrombocytopenia was defined as a platelet count of 
<100×103 cells/μL at any time during linezolid treatment 
for patients with platelet at or above the lower limit of 
normal (100×103 cells/μL) at baseline. For patients with 
lower platelet counts at baseline (<100×103 cells/μL), 
thrombocytopenia was defined as a 30% reduction from 

baseline. 

Desired therapeutic range 

Cmin values of >2 mg/L were used for efficacy evaluation 
since linezolid trough concentration has been linearly 
correlated with estimated area under the curve (AUC)24 (12), 
and Cmin value of >2 mg/L has been identified as a predictor 
of >80% probability of bacterial eradication (17,18). 
Cmin values of <2 mg/L were defined as underexposure. 
A logistic regression model was used to estimate the 
correlation between linezolid Cmin and the probability of 
thrombocytopenia. The higher limit of normal linezolid 
plasma exposure was defined as Cmin value associated with 
≥50% odds of thrombocytopenia. Cmin values higher than 
the upper limit of normal linezolid exposure were defined as 
overexposure. 

Statistical analysis 

The Kolmogorov-Smirnov test was conducted to assess if 
the data were normally distributed. Descriptive data were 
expressed as medians and interquartile ranges (IQR) or 
means ± standard deviations (SD) accordingly. Continuous 
variables were compared by the Student’s t-test. A P value of 
<0.05 was considered to achieve statistical significance. The 
statistical analysis was conducted with the SPSS statistical 
package (version 23.0, SPSS Inc., Chicago, IL, USA).

Results

A total of 84 patients who had 153 Cmin assessed during 
treatment with a conventional dosage of linezolid were 
included in the study. Detailed patient characteristics are 
shown in Table 1. Mean age was 69.6 years. The majority 
of patients were male (57/27, 67.9%). Median estimated 
CrCLC-G and serum albumin were 77.4 mL/min and  
11.9 g/dL respectively.

Thrombocytopenia appeared in 21.43% (18/84) of 
patients treated with conventional dosing of linezolid. A 
logistic regression model showed significant correlation 
between the probability of thrombocytopenia and 
linezolid Cmin (Figure 1). The estimated probability of 
thrombocytopenia was 50% in the presence of a Cmin of  
7.85 mg/L and rose to 95% in the presence of a Cmin of 
10.55 mg/L.

Median linezolid trough concentration was 3.43 mg/L 
(IQR 1.59–5.93) (Figure 2). Among all samples, only 57.52% 

Table 1 Patients’ characteristics

Characteristics Value

No. of patients, n 84

No. of Cmin, n 153

Age (years), mean ± SD 69.6±13.8

  Range 23–93

Gender (male/female) 57/27

Body weight (kg), mean ± SD 60.6±14.8

  Range 32–150

Duration of therapy (days), mean ± SD 10.0±5.3

  Range 3–30

Aspartate aminotransferase (U/L),  
median [IQR]

29 [20–44]

Alanine aminotransferase (U/L),  
median [IQR]

21 [13–37]

Total bilirubin (mg/dL), median [IQR] 31 [28–33]

Creatinine clearance (mL/min), median [IQR] 77.4 [42.1–102.4]

Serum albumin (g/dL), median [IQR] 11.9 [9.0–15.9]

Figure 1 The logistic regression model of linezolid trough 
concentrations and the probability of platelet reduction.
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(88/153) fell within the desired range of linezolid Cmin (2– 
8 mg/L), 31.37% (48/153) had trough concentrations lower 
than 2 mg/L, and overexposure occurred in 11.11% (17/153) 
of the patients. 

Beeswarm plots of linezolid Cmin showed similar 
distributions between the oral and the intravenous route for 
the administration of linezolid (median 3.61 vs. 3.41 mg/L,  
P=0.09) (Figure 3). No significant linear relationship between 
age (r2=0.007) and Cmin was observed. There was also no 
significant difference of linezolid distribution between 
males and females (median 3.46 vs. 3.30 mg/L, P=0.80). 
Furthermore, no significant linear relationships between 
either body weight (r2=0.06) (Figure 4) or estimated CrCLC-G 
(r2=0.11) (Figure 5) and Cmin were detected. Univariate 
analyses of weight or CrCLC-G for association with the risk of 
linezolid underexposure and overexposure were conducted 
(Tables 2,3). Results showed that weight was not associated 
with either linezolid underexposure or overexposure. 
Estimated CrCLC-G ≥100 mL/min was significantly associated 
with the risk of linezolid underexposure (OR 4.121; 95% CI, 
1.945–8.731; P<0.001). Estimated CrCLC-G ≤40 mL/min was 
significantly associated with the risk of linezolid overexposure 
(OR 3.761; 95% CI, 1.324–10.681; P=0.013).

Discussion

To the best of our knowledge, this is the largest prospective 

Figure 5  The correlation between CrCL and l inezolid 
concentrations. CrCL, creatinine clearance.

Figure 4 The correlation between body weight and linezolid 
concentrations.

Figure 2 The distribution of linezolid trough concentrations.

Figure 3 The distribution of trough concentrations for intravenous 
and oral linezolid.
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observational study of linezolid TDM conducted in Chinese 
population. 

Linezolid is  an oxazolidinone antibiotic with a 
bioavailability of almost 100% (3). The metabolism of 
linezolid mainly involves a non-enzymatic pathway (19).  
Non-renal clearance accounts for 65% of linezolid 
clearance (19). Based on its physicochemical characteristics, 
it has been assumed that the plasma exposure of linezolid 
remains similar across different categories of patients, and 
the recommended dosage of linezolid is a fixed standard 
regimen of 600 mg every 12 h for all adult patients (1,8). 

Our study found a high variability of linezolid plasma 
concentrations in patients treated with conventional 
dosage of linezolid at 600 mg every 12 h. Although median 
linezolid trough concentration in this study was similar 
to that observed in healthy volunteers (7,20), the range of 
Cmin was significantly wider (0.40–18.13 mg/L). Several 
recent studies have also identified great variability in 
linezolid exposure. One study that aimed to summarize 
the pharmacokinetics of linezolid in critically ill patients 
found significant changes of protein-binding, volume 
distribution, and metabolism of linezolid (21), which may 
be accounted for by the high inter-individual variability 
of linezolid exposure. Another retrospective observational 
study carried out in 92 patients receiving a standard dose of 
linezolid showed that the ranges of Cmin, Cmax, and AUC24 
were significantly higher than those observed in healthy  
subjects (12). Other studies have also suggested that 
linezolid plasma exposure may vary greatly during 
treatment with conventional doses (10,11). The great 
variability observed in linezolid exposure suggests that some 
patients treated with this standard regimen may be at risk 
of underexposure or overexposure. From this perspective, it 
would be of interest to clarify the desired therapeutic range 

of linezolid in patients.
Linezolid is a time-dependent antibiotic with a minimal 

to modest post-antibiotic effect (22). In vivo studies have 
identified AUC/MIC and fT > MIC as the best predictors 
of efficacy (22). Higher success rates were achieved when T 
> MIC exceeded 85% and the AUC/MIC ratio was between 
80 and 120 (23). Several studies (12,24) have identified a 
superior linear correlation between Cmin of linezolid and 
AUC24. The linear relationship between Cmin and AUC24 
suggests that Cmin could be used as a predictor of linezolid 
exposure.

Pea et al. (12) defined the efficacy threshold for linezolid 
as Cmin of ≥2 mg/L due to the notion that the MIC90 for 
linezolid against both MR staphylococci and VR enterococci 
is 2 mg/L. Cmin value of >2 mg/L has been identified as a 
predictor of >80% probability of bacterial eradication in 
other studies as well (17,18). A logistic regression model 
was used to estimate the correlation between linezolid 
Cmin and the probability of thrombocytopenia in our 
study. The results showed that the estimated probability 
of thrombocytopenia was 50% in the presence of Cmin of  
7.85 mg/L. Therefore, the desired therapeutic range of 
linezolid was defined as 2–8 mg/L based on the experience 
from this study. In the past few years, other studies have 
provided further evidence in supporting the reliability of 
this range. The desired range of linezolid Cmin was defined 
as 2 to 7 mg/L to obtain efficacy and to prevent dose-
dependent adverse effects (25). Dong et al. (18) also found 
that Cmin ≥2 mg/L was associated with clinical efficacy, 
while Cmin >6.3 mg/L could result in a probability more 
than 50% of thrombocytopenia. Likewise, a toxicodynamic 
model showed that linezolid Cmin of 8.06 mg/L may result in 
thrombocytopenia by 50% (26).

Of note, only 57.52% fell within the desired range of 

Table 3 Univariate analyses of variables tested for potential association with linezolid overexposure (Cmin >8 mg/L)

Variables OR (95% CI) P

TBW ≤40 kg 3.024 (0.732–12.490) 0.126

CrCLC-G ≤40 mL/min 3.761 (1.324–10.681) 0.013

Table 2 Univariate analyses of variables tested for potential association with linezolid underexposure (Cmin <2 mg/L)

Variables OR (95% CI) P

TBW ≥80 kg 1.133 (0.200–6.413) 0.887

CrCLC-G ≥100 mL/min 4.121 (1.945–8.731) <0.001
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linezolid Cmin in the present study. Significant underexposure 
with increased risk of treatment failure occurred in 
31.37% of the patients, while overexposure with increased 
toxicity risk was observed in 11.11% of the patients. This 
phenomenon indicates that TDM might be valuable for 
linezolid. Recently, several studies further supported the 
necessity of TDM for linezolid in some categories of 
patients (12,18,25). Moreover, it would be of importance to 
clarify the factors which might account for this variability.

According to the drug specification, mean trough 
concentration is 6.15±2.94 mg/L for oral linezolid at 
a dosage of 600 mg every 12 h, while mean trough 
concentration for intravenous linezolid at standard dosing 
is 3.68±2.36 mg/L. The results of this study showed similar 
median trough concentrations between the oral and the 
intravenous route for the administration of linezolid 
(median 3.61 vs. 3.41 mg/L, P=0.09). We indeed found a 
difference in the desired range achieved rate between oral 
(60.45%) and intravenous (31.58%) linezolid. However, 
it is important that we do not jump to the conclusion that 
lower proportion of desired therapeutic range was attained 
for intravenous linezolid due to the significant difference 
in the sample sizes between oral and intravenous linezolid 
(134 vs.19). Future research is needed to clarify the issue by 
expanding the samples' quantity.

There was no significant difference of linezolid 
distribution found between males and females in this study. 
No significant linear relationships between either body 
weight or age and Cmin were detected. This is in agreement 
with findings of Pea et al. (11) who reported that the 
distribution of linezolid trough concentration was not 
associated with body-mass index (BMI) and/or total body 
weight (TBW), implying that dose adjustment based on 
body weight alone is not necessary. Bhalodi et al. also found 
that linezolid Cmin in obese volunteers was similar to that 
of non-obese patients (27). However, underexposure to 
linezolid was observed among obese patients in other studies 
(12,15,28,29). Based on the above-mentioned conflicting 
results, we assume that linezolid exposure may be associated 
with the degree of obesity. No definite conclusions can be 
drawn based on the limited numbers of this study.

No significant linear relationship between estimated 
CrCLC-G and linezolid trough concentration was detected 
in this study. Univariate analyses of CrCLC-G for association 
with linezolid exposure found that estimated CrCLC-G 
≥100 mL/min was significantly associated with the risk 
of linezolid underexposure, while estimated CrCLC-G  
≤40 mL/min was significantly associated with the risk of 

linezolid overexposure, implying that CrCLC-G was a factor 
that might independently predict the risk of inappropriate 
linezolid exposure. This is in agreement with findings from 
other studies (11,29,30). 

Drug-drug interactions also contribute to the extreme 
inter-individual variability of linezolid exposure. Linezolid 
is a substrate of P-gp. Induction or inhibition of P-gp has 
been assumed to be mechanism of drug-drug interaction. 
Concomitant application with potent inhibitors of P-gp 
such as omeprazole, amiodarone, amlodipine has been 
identified as a risk factor for linezolid overexposure (12). In 
a case report, cotreatment with clarithromycin resulted in 
significant higher linezolid concentrations (31). Conversely, 
it has been reported that co-administration with P-gp 
inducers [i.e., rifampin (14,32-34), venlafaxine (35), and 
levothyroxine (36)] could result in exceedingly lower 
linezolid levels. In our study, linezolid underexposures were 
observed in some patients who were co-administered with 
levothyroxine, although the limited sample size in this study 
could not yield a definite conclusion. 

We are aware that our study has several limitations, 
including its observational nature, the lack of data on 
clinical efficacy, and the limited sample size, and thus we 
cannot draw definite conclusions from these findings. 
However, we indeed observed wide inter-individual 
variability of linezolid exposure in critically ill patients, 
which supports the fact that TDM of trough concentrations 
might be a useful approach to predict linezolid efficacy and 
toxicity. The desired range was confirmed to be 2–8 mg/L 
for the Chinese population in our study. We plan to expand 
the sample size of this study to further clarify some critical 
issues about TDM of linezolid in the future.

In conclusion, our study suggests that the desired range 
of linezolid for the Chinese population is 2–8 mg/L.  
Linezolid plasma concentrations may vary widely in adult 
patients receiving standard dosage of linezolid at 600 mg 
q12h. This variability is partly due to the variability in renal 
function, but other factors such as TBW and/or drug-drug 
interactions might also contribute to this. TDM may be 
valuable in helping to avoid the risk of treatment failure 
and dose-dependent toxicity. Further work is required 
to develop a guideline of dose adjustment in specific 
populations. 
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