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Abstract: 27 

Individualization of fosfomycin dosing based on therapeutic drug monitoring (TDM) of plasma 28 

concentrations could reduce drug-related adverse events and improve clinical outcome in complex 29 

clinical conditions.  30 

Quantification of fosfomycin in plasma samples was performed by a rapid ultraperformance liquid 31 

chromatography mass spectrometry method. Sample preparation involved protein precipitation with 32 

[13C3]-fosfomycin benzylamine salt as internal standard. The calibration curve ranged from 2 to 800 33 

mg/L. Within- and between-day precision and accuracy, sensitivity, selectivity, dilution integrity, 34 

recovery were investigated and the results met the acceptance criteria. In patients, multiple drug 35 

dosing (every 6 or 8 hours) or in continuous administration were adopted, resulting in a large 36 

interpatient variability in drug concentrations (from 7.4 mg/L and 644.6 mg/L; CV: 91.1%).  37 

In critical care patient setting TDM can represent an important tool to identify the best fosfomycin 38 

dosing in single patients, taking into consideration clinical characteristics, infection sites and 39 

susceptibility of the treated pathogens. 40 

 41 
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1. Introduction  54 

Nowadays, antimicrobial resistance represents a public health concern worldwide. According to the 55 

European Antimicrobial Resistance Surveillance Network (EARS-Net), in several European 56 

countries the bacterial species most frequently responsible for invasive infections display high levels 57 

of antimicrobial resistance, with a stable trend over the last years [1]. More than 670.000 infections 58 

due to bacteria resistant to antibiotics occur each year in the EU, and approximately 33.000 people 59 

die as a direct consequence of these infections [2]. The paucity of new antibiotic drugs active against 60 

drug resistant pathogens brings to a reassessment and reintroduction of already existing therapeutic 61 

options such as fosfomycin [3-7].  62 

Discovered almost four decades ago, fosfomycin inhibits the very initial phase of bacterial cell wall 63 

biosynthesis by irreversibly inactivating the enzyme UDP-N-acetyl-glucosamine-3-o-enolpyruvyl 64 

transferase responsible for catalyzing the formation of N-acetylmuramic acid, a precursor of 65 

peptidoglycan [8]. Since both gram-positive and gram-negative bacteria require the formation of N-66 

acetylmuramic acid for bacterial cell synthesis, fosfomycin displays activity against several genera 67 

found in clinical practice such as Staphylococcus spp., Enterococcus spp., Enterobacterales, and, to 68 

less extent, Pseudomonas spp. [3,9]. Its unique mechanism of action also prevents fosfomycin to be 69 

affected by cross-resistance to other class of antibiotics and confers a rapid bactericidal effect and a 70 

synergic effect with several antimicrobial drugs (i.e., beta-lactams, colistin, daptomycin, 71 

vancomycin) [3,7,9]. 72 

Fosfomycin is a low molecular weight (138 g/mol), hydrophilic agent with negligible protein binding. 73 

It is rapidly adsorbed and penetrates well into the tissues, achieving clinically relevant concentrations 74 

in sites such as serum, soft tissues, lung, bone, cerebrospinal fluid; it is excreted unchanged in urine.  75 

Fosfomycin has also the ability to penetrate into biofilms. Experimental studies showed not only a 76 

reduction or eradication of clinically significant bacteria from biofilms, but also modifications of the 77 

biofilm structure [3].  78 
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While oral fosfomycin remains one of the first-line agents for the treatment of acute uncomplicated 79 

urinary tract infections, parenteral administration is growingly used in the treatment of serious 80 

systemic infections [10-12]. Accordingly, thanks to its rapid bacterial killing, its synergic effect with 81 

other antibiotics and its high tissue and biofilm penetration, fosfomycin is currently used for the 82 

treatment of severe bacterial infections caused by multidrug resistant (MDR) pathogens and for 83 

device-associated infections (endocarditis, implant-associated infections), usually in combination 84 

with other antibiotics. Yet parenteral fosfomycin is associated with some clinically relevant adverse 85 

events, mostly gastrointestinal disorders and electrolytic disturbances [13,14]. Hypokalemia has been 86 

reported in up to 26% of treated patients, and hypernatremia secondary to the high sodium content of 87 

fosfomycin could limit its use in patients with heart failure or those on hemodialysis [13,15].  88 

Considerable interpatient variability in the plasma concentrations of fosfomycin has been 89 

demonstrated in critically ill patients [16-17], posing this population at risk of over- or under- drug 90 

dosing [18-19]. Indeed, it has been shown that older age and impaired renal function result in lower 91 

kidney elimination and high plasma fosfomycin concentrations [20-21]. However, these factors 92 

explain only a part of the observed pharmacokinetic variability. This scenario is further complicated 93 

by the great heterogeneity in the doses of fosfomycin adopted in different clinical settings, ranging 94 

from less than 12 up to 24 grams given 2-to-4 times daily or as continuous infusion. The issue of the 95 

adequate antibiotic dosing in intensive care units has been recently recognized by the recently updated 96 

EUCAST guidelines (www.eucast.org), which underlines the need to reach optimal PK/PD targets to 97 

ensure in vivo antibiotic efficacy, especially in the treatment of MDR and/or intensive care unit  98 

infections.  99 

Currently the optimal pharmacokinetic/pharmacodynamics (PK/PD) index of fosfomycin 100 

microbiological activity is yet to be defined, and both concentration- and time-dependent activities 101 

have been suggested [22]. In particular, recent findings indicate that efficacy of fosfomycin might be 102 

more related to Area under the concentration-time curve for some strains, and more time-dependent 103 

for others. [23-25]. 104 

http://www.eucast.org/
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Therapeutic drug monitoring (TDM) of fosfomycin can, therefore, help to tailor the therapy by 105 

providing effective plasma concentrations in respect to the minimum inhibitor concentration defined 106 

for the pathogen, when available. The application of TDM in the routine clinical practice of hospital 107 

laboratories requires, however, the availability of robust and reliable analytical methods. 108 

Here, we aimed to develop and validate a rapid ultraperformance liquid chromatography (UPLC) 109 

mass spectrometry method for the determination of fosfomycin according to the principles established 110 

in the Food and Drug Administration Guideline on Bioanalytical Method Validation [26-27], and to 111 

test its clinical application in plasma patients undergoing fosfomycin therapy.  112 

  113 
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2. Materials and Methods 114 

2.1 Chemicals and reagents 115 

Fosfomycin sodium was purchased by Sigma Aldrich (Milan, Italy, purity: 98.3%) and its isotopically 116 

labeled internal standard [13C3]-fosfomycin benzylamine salt (fosfomycin IS; purity 96%) from 117 

Toronto Research Chemicals (North York, Canada). 118 

Because of high hygroscopicity of fosfomycin powder, weighing resulted very challenging. For this 119 

reason, the whole content (100 mg) of the glass vial as received by the supplier was dissolved in 10 120 

mL volume of water:methanol mixture (70:30) for obtaining the concentration of 10 mg/mL, and 121 

working solutions at the concentration of 10 mg/L, 100 mg/L and 1000 mg/L were prepared by 122 

dilution with the same solution of water:methanol (70/30). To be sure of the procedure, fosfomycin 123 

disodium powder (20 mg) was purchased by another supplier (Divbio Science Italia, Verona, Italy) 124 

and used to prepare solutions for quality control samples. All the solutions were stored at −20◦C.  125 

Internal standard powder was dissolved in the appropriate volume of water:methanol (70/30) to obtain 126 

a concentration of 1 mg/mL in [13C3]-fosfomycin. Working solution was obtained per dilution 1 to 127 

10 with of water:methanol (70/30). 128 

Acetonitrile and formic acid (VWR, Milan, Italy) were mass spectrometry (LC-MS) grade. 129 

Ammonium formate, analytical grade, was received from Sigma Aldrich (Milan, Italy). Milli-Q type 130 

water obtained from a Milli-Q water purification system (Millipore, Milan, Italy) was used for the 131 

preparation of all the solutions. 132 

Drug-free blank plasma used for the preparation of calibration and control samples was obtained from 133 

healthy volunteers participating in local blood donation programs after written informed consent 134 

collection. 135 

 136 
2.2 Instruments 137 

Chromatographic separation was performed with a Waters Acquity H Class UPLC (Waters, Italy) on 138 

an Acquity BEH HILIC column (1.7μm 2.1 x 50mm, Waters, Milan, Italy) set at 30 °C.  139 
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Final selected mobile phase consisted of HCOONH4 50 mM pH 4.2 (solvent A) and CH3CN / 140 

HCOONH4 50mM (90/10) 0.1% formic acid (solvent B) delivered at 0.65 mL/min and regularly 141 

prepared prior to each analytical series.  142 

A gradient elution programme from 100% to 50% of B in 3.70 min and a re-equilibration step to the 143 

initial solvent composition up to 5 min was applied. The autosampler was maintained at 4 °C. 144 

Ionization and detection of analyte and IS were carried out on a TQS micro MS/MS system (Waters, 145 

Milan, Italy) operating in a negative electrospray ionization (ESI) mode. For quantification, multiple-146 

reaction monitoring (MRM) mode was applied. The precursor ions m/z 136.85 for fosfomycin and 147 

m/z 139.85 for IS fosfomycin were filtered in the first quadrupole (Q1), and submitted to collision 148 

induced fragmentation in the second quadrupole (Q2). The corresponding product ions m/z 78.87 149 

(collision energy 20 eV, for fosfomycin quantification and for fosfomycin IS) and 62.83 (collision 150 

energy 12 eV, for fosfomycin confirmation) were monitored via the third quadrupole (Q3) under the 151 

optimized identification and quantification parameters. The measurements were made under 152 

conditions of a source and capillary temperatures of 125 and 350 ◦C, respectively, while the capillary 153 

voltage was set at 2.6 kV. Desolvation gas was nitrogen while high-purity argon was the collision 154 

gas. MassLynx software was used for instrument control and data acquisition. 155 

 156 

2.3 Calibration curve and quality control samples 157 

A seven-point standard calibration curve on plasma was prepared over the concentration range of 2 158 

to 800 mg/L (2, 10, 20, 40, 100, 200, 800 mg/L), in addition to a blank calibrator, using least square 159 

weighted (1/x) linear regression of the peak area ratio of the analyte to IS versus the respective analyte 160 

nominal concentration. 161 

Quality control (QC) samples were prepared as calibrators from independent solutions to obtain four 162 

concentrations within the linear concentration range at lower limit of quantification (2 mg/L) low (6 163 

mg/L), medium (30 mg/L), and high (600 mg/L) levels. 50 µL QC samples were stored frozen at −20 164 

◦C until analysis.  165 
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 166 

2.4 Sample preparation 167 

Plasma samples were obtained after centrifugation of blood samples collected in EDTA tubes at 168 

3000×g for 10 min at the temperature of 4°C and then stored at −80◦C. Before analysis, the plasma 169 

sample was thawed to room temperature and 50 µL volume of calibration, QCs and patient plasma 170 

samples, were pipetted into labelled disposable polypropylene Eppendorf tubes and added with 10 171 

µL of IS solution. The tubes were vortex-mixed for 20 s, and then diluted with 0.1 mL of water. For 172 

protein precipitation, 0.4 mL of CH3CN was added. The tubes were vortex-mixed for further 30 173 

seconds and left 15 minutes at room temperature. Sample were then centrifuged at 13000×g for 12 174 

min at 4°C. 100 µL were transferred to glass vials and 5 µL were injected into the UPLC -MS/MS 175 

for analysis. 176 

 177 

2.5 Method validation 178 

Method validation was performed according to the principles established in the Food and Drug 179 

Administration Guideline on Bioanalytical Method Validation [26]. The validation parameters 180 

included specificity, linearity, intra and inter-assay precision and accuracy, recovery and process 181 

efficiency and stability. 182 

Matrix effect analysis was performed to determine the possible ionization enhancement or 183 

suppression by sample matrices. Six different drug-free blank plasma were processed according to 184 

the sample preparation procedure described above and then spiked with the antibiotic and with the IS 185 

after extraction at low (6 mg/L) and high concentrations (600 mg/L). The ratio between the peak area 186 

in presence of matrix (spiked blank plasma) to the peak area in absence of matrix (standard solution 187 

at the same concentration) was quantified (MF). A value close to 1 indicate the absence of any direct 188 

or indirect alteration or interference in response because of the presence of unintended analytes or 189 

other interfering substances in the sample. Acceptance criteria require the coefficient of variation 190 

(CV) % of matrix factors to be less than 15%. 191 
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Per FDA recommendations, studies have to be performed to ensure the dilution integrity of specimens 192 

that may either be sample limited or contain analyte levels above the upper limit of quantification. 193 

The dilution integrity of high and medium QC plasma samples was tested by performing 2-fold 194 

dilution of these samples with blank plasma (n=6). The calculated concentrations were compared to 195 

the nominal concentration. Accuracy and precision should be within ±15%. 196 

The stability of the analytes was investigated on QC samples after storage at room temperature for 197 

24 hours, at +4 °C for 36 hours, and after three freeze-thaw cycles from -20°C to room temperature. 198 

Post-preparative stability in the autosampler was also assessed by leaving the extracted sample at +4 199 

°C for 36 hours and 72 hours. Finally, the long term stability was also assessed by keeping one set of 200 

aliquots at −20 °C for 28 weeks. For all experiments, percent difference in analyte concentrations was 201 

determined by comparison to the nominal levels. The relative standard deviations of the set of 3 202 

samples were calculated.  203 

Incurred sample reanalysis was performed on patient samples at different concentrations (n=20). 204 

Samples were analysed in two different analytical runs, the bias of repeat [(result 2 − result 1)/result 205 

1) × 100] was calculated and had to be within 20% in at least 67% of the repeats as requested [26]. 206 

The acceptability of re-analysed samples was also investigated using the method proposed by M. 207 

Rocci et al [28]. 208 

 209 

2.6 Clinical application 210 

The present method was successfully applied to samples collected for clinical purposes of patients in 211 

therapy with fosfomycin from the IRCCS Ca’ Grande Ospedale Maggiore Policlinico of Milan. 212 

Treatment initiation and follow up were managed by Infectious Diseases Consultants as per clinical 213 

practice.  214 

All patients provided informed consent for the medical procedures used for the purpose of routine 215 

treatment. 216 
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Blood samples were collected into EDTA plasma sampling tubes at different time intervals. Samples 217 

were promptly centrifuged after sampling, sent to the laboratory on ice and frozen at −20 °C until 218 

analysis.  219 
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3. Results 220 

 221 

3.1 In vitro method validation 222 

Under the chromatographic conditions described, the total run time was 4.5 min; retention times for 223 

fosfomycin and fosfomycin IS were 1.16 ± 0.02 and 1.15 ± 0.01, respectively. 224 

Representative chromatograms of extracts from human drug-free whole-blood samples, control 225 

human plasma sample at the lower limit of quantification for fosfomycin, and a patient sample are 226 

shown in Figure 1. No detectable interfering peaks from other possible co-eluting compounds of the 227 

matrix were found with retention times of the analytes considered. Similarly, no interferences were 228 

detected due to drugs co-administered to the patients (most common antifungal, antihypertensive, 229 

hypolipidaemic and antiepileptic drugs as well as other antibiotics) (see Supplementary table).  230 

The mean correlation coefficient for regression equation was 0.9997 (SD ± 0.0002; range 0.9995–231 

1.0000, n=6). The percentage deviations from nominal values determined for mean back calculated 232 

concentrations for each calibrator, ranged from −10.1 to +9.3, indicating a satisfactory fit of the 233 

concentration/response data to the weighted linear regression equation. 234 

The within- and between-day precision, expressed as percent relative standard deviation (% RSD) at 235 

the mean measured concentration, determined in one day and on five different days, respectively (n 236 

= 5) at all QCs concentration levels was below 7.5% (acceptance criteria <15%). 237 

Accuracy, expressed as the percentage ratio of nominal concentration to mean measured 238 

concentration, was between 86.5-110% (acceptance criteria 85-115%) (Table 1). 239 

Minimal ion enhancement was observed and was consistent at low and high concentrations: mean 240 

MF 1.10 + 0.04 (CV:3.7%) and 1.12+ 0.05 (CV:4.3%), respectively. 241 

Mean drug recovery determined by comparing the mean area response of extracted QCs to extracts 242 

of blank plasma samples spiked with pure standard solutions of fosfomycin post-extraction at the 243 

same concentrations, was 70.9% (SD ± 2.6%) and was reproducible. 244 
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The total process efficiency, calculated as the ratio between mean area response of extracted QCs 245 

(n=3 for every concentration) to area of pure standard solution at the same concentrations, was 78.2% 246 

(SD, ± 1.98) and demonstrated no concentration dependency (see Table 1). 247 

No significant carryover was observed: the ratio between the area of the peaks in the blank sample 248 

after the injection of the highest calibrator and the area of the first calibrator was 2.4% of the signal 249 

measured with the lowest calibrator, (n=10, carry-over effect = 0.096 mg/L). 250 

The dilution integrity of high and medium QC plasma samples was tested by performing 2-fold 251 

dilution of these samples with blank plasma (n=6) (Table1). 252 

Stability studies on QCs showed that fosfomycin is stable at 4 °C, over a 24-hour and 72-hours storage 253 

period (mean concentration variation 2.3%). The variation of drug concentrations after three freeze–254 

thaw cycles revealed no significant loss for fosfomycin (mean deviation from fresh QCs -3.6%). No 255 

evidence of decomposition was found during plasma samples storage in the freezer at −20 °C for 28 256 

weeks (maximum deviation for low QCs of -6.7%). Autosampler stability at 4°C of extracted samples 257 

confirmed the stability of samples (mean variation: -2.1%). These data are in accordance with 258 

previous ones reported in literature [29]. 259 

3.2 In vivo method validation 260 

In-vivo validation of the proposed method was carried out by analyzing plasma sample from patients 261 

on therapy with fosfomycin.  262 

Sample reanalysis was performed on 20 samples with concentrations between 2 mg/L and 700 mg/L. 263 

The percentage difference in results between the concentration of repeat and the original sample was 264 

within the threshold limit of 20% in 19 samples (0.0 ± 7.7 %; highest difference +21.5%). Considering 265 

the more conservative approach by Rocci et al [28], the mean ratio obtained for fosfomycin was 1.00 266 

with ratio limits of 0.97-1.04 and limits of agreement 0.93-1.08 that contain all the determinations. 267 

Paired t- test revealed that, statistically, the mean difference between the paired observations the in 268 

the two samples is zero (p = 0.5513). 269 

3.3 Therapeutic drug monitoring of fosfomycin 270 
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Eighteen patients undergoing the routine TDM of fosfomycin were given fosfomycin in combination 271 

with other antibiotics (Table 2). Daily fosfomycin doses ranged from 2 g to 24 g, depending on 272 

patient’s weight (pediatric dose) or renal function and minimum inhibitory concentration (MIC) of 273 

the pathogen involved (adult dose). Fosfomycin was administered either as intermittent or as 274 

continuous intravenous infusion (Table 2). 275 

Measured fosfomycin plasma concentrations in patient samples ranged from 7.4 mg/L and 644.6 276 

mg/L; fosfomycin trough samples had mean trough concentrations (Cmin) of 181.1 (CV: 91.1%). All 277 

TDM assessments felt within the calibration range established for the present method.  No dilution 278 

steps were required and no patient samples resulted below the lower limit of quantification of the 279 

method.  280 

Of note, 4/18 (22.2%) patients had more than one drug evaluation to assess plasmatic levels after 281 

significant alteration of renal function (Table 2). In particular, in one patient with augmented renal 282 

clearance (patient #6) fosfomycin concentration was below the MIC value at the first TDM. Total 283 

dose was maintained at 24g/die but the infusion was modified from fractioned to “in continuous” and 284 

a second plasma concentration reached a higher value (from Cmin 7.36 to average concentration 285 

(Cavg) 142.6 mg/L). On the contrary, patients #9, #17 and #18 obtained a second drug plasmatic 286 

evaluation because of high fosfomycin concentration at the first TDM. In patients #9 and #18 the 287 

dose was reduced with a consequent decrease in plasmatic levels (from Cmin 644.6 to Cmin 69.9 288 

mg/L and from Cavg 209.3 to Cavg 61 mg/L, respectively). In patient #17, drug administration was 289 

not changed and plasmatic levels decreased after an improvement of renal function (from Cavg 411.3 290 

to Cavg 198.5 mg/L). 291 

  292 
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4. Discussion and conclusions 293 

Reversed phase chromatography is the most employed technique in bioanalysis due to its versatility 294 

to retain and resolve numerous compounds. However, it is not particularly suitable for polar 295 

hydrophilic compounds such as fosfomycin, which has an octanol/water partition coefficient of -1.6. 296 

Actually, using an Acquity UPLC BEH C18, fosfomycin elute in the void volume of the column, 297 

unretained (retention time (tr): 0.26 minutes). 298 

Hydrophilic interaction chromatography (HILIC) has been used to successfully improve the retention 299 

of this polar compound while enhancing ESI response through the use of high organic mobile phase 300 

(acetonitrile) and the direct compatibility with sample protein precipitation solvent. 301 

Different columns were initially tested in particular an Acquity UPLC HSS T3 column, an Acquity 302 

UPLC BEH Amide and an Acquity UPLC BEH C18 HILIC with different solvents, but best results 303 

in terms of retention time and peak shape were obtained with the last one. Peak distortion was 304 

mitigated by maintaining final composition of the extract sample as the starting mobile phase 305 

conditions. 306 

To achieve good reproducibility, the use of a buffered mobile phase resulted necessary: in particular, 307 

the addition of ammonium formate due to its solubility as well as its volatility was the better solution. 308 

Despite the gradient elution program, with the re-equilibration step, that was found to be essential for 309 

stability in the retention time of the peaks, the use of the UPLC allowed a great reduction of the 310 

chromatographic times with a significant improvement in the turnaround times.    311 

This method permits high throughput analysis of samples and can be easily applied for TDM of 312 

fosfomycin in different clinical settings. 313 

In recent years, fosfomycin has gained renewed interest as combination partner in treating MDR 314 

pathogens or other difficult-to-treat infections, due to its rapid bacterial killing, high synergistic 315 

and/or cumulative antibacterial effect and high tissue penetration [3,7,9,30]. This is evident also from 316 

our study: since the majority of infections were caused by MDR gram negative bacteria, fosfomycin 317 

was intravenously administered in combination regimens associated mostly with carbapenems, 318 
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cephalosporins and tigecycline. Therefore, the actual use of fosfomycin goes beyond the treatment of 319 

urinary tract infections, being expanded to the treatment of bacteremias especially in severe settings, 320 

including critically ill patients [12, 20, 31]. The wide variety of fosfomycin dosages employed in our 321 

study was chosen considering PK/PD parameters, namely renal function and pathogen MIC (Table 322 

2). 323 

The excellent distribution in different body sites due to its ability to penetrate in most tissue and reach 324 

sufficient concentrations at the site of infection, the safety and tolerability profile, make in clinical 325 

practice fosfomycin a therapeutic option worth considering in difficult-to-treat infections also in 326 

pediatric population. This is confirmed in our population in which sites of infection were mostly lung 327 

for which it has been demonstrated a concentration half of that of plasma [4], but also blood and bile 328 

and in one case cerebrospinal fluid. 329 

Several doses and strategies of administration have been proposed. Fosfomycin was initially 330 

categorized as a time dependent antibiotic and T>MIC was indicated as the appropriate 331 

pharmacokinetic/pharmacodynamic index. Therefore, multiple drug dosing (every 6 or 8 hours) or in 332 

continuous administration are adopted, resulting in a large interpatient variability in drug 333 

concentrations as demonstrated in our population. In fact, the observed interindividual variability of 334 

fosfomycin trough and steady state concentrations in our patients was marked, with a nearly ten-fold 335 

distribution of the daily drug doses adopted. Taken together, these evidences underline the importance 336 

of TDM as tool to identify the best fosfomycin dosing in single patients, taking into consideration 337 

peculiar clinical characteristics, infection sites and sensibility of the treated pathogens.  338 

In the settings of critically ill patients and severe infections due to MDR bacteria, TDM of fosfomycin 339 

could offer great advantages in terms of both optimization of therapeutic target attainment and 340 

reduction of dose-related adverse events. This was evident also in the case of our small population 341 

with the use TDM to guide dose adjustment: in particular, the determination of fosfomycin 342 

concentrations revealed underexposure in one patient and large overexposure in others. This could be 343 
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faced trough dosage modification and subsequent evaluations of drug concentrations, in order to 344 

reduce adverse events and eventually maximize clinical outcomes. 345 

 Compared to the few analytical methods proposed so far [32-37], the present method offers an 346 

important innovation for the TDM of fosfomycin particularly in consideration of the wide range of 347 

linearity, which corresponds to the actual MIC values and to concentrations available in real clinical 348 

applications. Furthermore, the use of UPLC associated with a great reduction in chromatographic 349 

times and the very simple and fast extraction procedures allow a significant improvement in the 350 

turnaround time. 351 

  352 
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Table 1.: Results of the in-vitro validation of the proposed method  466 

Fosfomycin  concentrations  Results 
Within day   
LLQC (2 mg/L) Mean  ± SD (mg/L) 1.76 ± 0.07 
 CV (%) 3.8 
 Accuracy (%) 88 
Low (6 mg/L ) Mean ± SD (mg/L) 5.42 ± 0.27 
 CV (%) 4.9 
 Accuracy (%) 90.3 
Medium (30 mg/L ) Mean ± SD (mg/L) 30.5 ± 0.7 
 CV (%) 2.6 
 Accuracy (%) 95.1 
High (600 mg/L ) Mean ± SD (mg/L) 612 ± 12 
 CV (%) 2.0 
 Accuracy (%) 102 
Between day   
LLQC (2 mg/L) Mean  ± SD (mg/L) 1.73 ± 0.04 
 CV (%) 2.3 
 Accuracy (%) 86.5 
Low (6 mg/L ) Mean ± SD (mg/L) 6.0  ± 0.45 
 CV (%) 7.5 
 Accuracy (%) 100.3 
Medium (30 mg/L ) Mean ± SD (mg/L) 31.1 ± 1.5 
 CV (%) 4.9 
 Accuracy (%) 103.6 
High (600 mg/L ) Mean ± SD (mg/L) 662 ± 45 
 CV (%) 6.8 
 Accuracy (%) 110.3 
Dilution Integrity   
Medium (30 mg/L ) Mean ± SD (mg/L) 29.3 ± 4.1 
 CV (%) 13.9 
 Accuracy (%) 97.6 
High (600 mg/L ) Mean ± SD (mg/L) 664 ± 86 
 CV (%) 13.0 
 Accuracy (%) 110.6 
Matrix effect   
Low (6 mg/L ) Mean ± SD (mg/L) 1.10 ± 0.04 
 CV (%) 3.7 
High (600 mg/L ) Mean ± SD (mg/L) 1.12 ± 0.05 
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 467 
  468 

 CV (%) 4.3 
Extraction efficiency   
Low (6 mg/L ) Mean (%)  78.1  
Medium (30 mg/L ) Mean (%)  78.2 
High (600 mg/L ) Mean (%)  78.4 
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Table 2. Main clinical features of patients undergoing TDM of fosfomycin  469 

 470 

Patient 
# Dyalisis eGFR° Site of 

infection Pathogen MIC Dose/frequency of the intravenous 
injection 

Fosfomycin 
(mg/L) 

Concomitant antibiotic 
therapy 

1 HD 7 lung NA NA 2g (infusion over 2h) 80.9 meropenem 

2*  79 CSF S. epidermidis NA 7.2 g: 1.8g q6h (infusion over 30 
min) 

7.6 (Cmin) vancomycin 

110.8 (Cmax) vancomycin 

3  194 lung S. aureus 
/P. aeruginosa NA/32 24 g: 8g q8h (infusion over 1h) 52.2 ceftobiprole 

ceftolozane/tazobactam 

4  199 lung P. aeruginosa <= 16 24g: CI  132.9 ( Cavg) ceftolozane/tazobactam 
tobramycin 

5  25 lung P. aeruginosa 64 16g:4g q6h (infusion over 3h) 625.6 meropemem 

6  
170 

bile/ blood K. pneumoniae 32 
24g:8g q8h (infusion over 3h) 7.4 ceftazidime/avibactam 

metronidazole 
217 24g: CI 142.6 ( Cavg) meropenem/vaborbactam 

7  75 lung P. aeruginosa 32 16g: CI 148.4 ( Cavg) imipenem 

8 CVVHDF 31 lung P. aeruginosa <= 16 24g:8g q8h (infusion over 3h) 
248.8 (Cmin) ceftolozane/tazobactam 

382,7 (Cmax) ceftolozane/tazobactam 

9  
29 

bile/ blood K. pneumoniae 64 
20g:8g/4g/8g q8h (infusion over 4h) 644.6 meropenem/vaborbactamt

igecycline 

84 12g:4g q8h (infusion over 1h) 69.4 meropenem/vaborbactam 
tigecycline 

10  61 lung P. aeruginosa 64 10g:4g/2g/2g/2g q6h (infusion over 
4h) 65.9 ceftolozane/tazobactam 

11  80 lung P. aeruginosa 32 
16g: 4g q6h (infusion over 3h) 87.4 imipenem 

16g: 4g q6h (infusion over 3h) 174.2 imipenem 

12 HD 7 lung NA NA 2g (infusion over 2h) 173.8 meropenem 

13  90 blood S. aureus NA 
24g:6g q6h (infusion over 2h)  237.6 daptomycin 
16g:4g q6h (infusion over 4h) 71.5 daptomycin 

14  128 lung P. aeruginosa 64 16g:4g q6h (infusion over 4h) 301 meropenem 

15  200 lung K. aerogenes <= 16 24g: CI 100 ( Cavg) cefepime 
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471 

daptomycin 

16  118 lung P. aeruginosa 32 24g: CI 164.5 ( Cavg) cefepime 

17  
43 

lung P. aeruginosa <= 16 
16g:CI 411.3 ( Cavg) meropenem 

ciprofloxacin 
79 16g:CI 198.5 ( Cavg) cefiderocol 

18 CVVHD 
75 

blood  K. pneumoniae <= 16 
20g: CI 209.3 ( Cavg) cefotaxime 

66 16g: CI 61 (Cavg) cefotaxime 
CI: continuous infusion; CSF: cerebrospinal fluid; Cmin: trough concentration; Cmax: peak concentration; Cavg: average concentration; eGFR: estimated glomerular filtration 
rate; NA: not available. 

HD: hemodialysis; CVVHD: continuous veno-venous hemodialysis; CVVHDF:  continuous veno-venous hemodiafiltration 

°eGFR was estimated with Cockcroft-Gault formula 
*pediatric 
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Legend to the Figures  472 
 473 

Figure 1  474 

Extracted Ion Current Chromatograms. A: Negative MRM (136.85>78.87) for detection of 475 

fosfomycin in human drug-free plasma sample (solid black line); control human plasma sample 476 

spiked with known amounts of drug (dashed black line), lower limit of quantification 2 mg/L) and in 477 

a patient plasma in therapy with fosfomycin. (dashed grey line, 102 mg/L). B: Negative MRM 478 

(139.85>78.87) for detection of fosfomycin IS. 479 

 480 


