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Introduction

Daunorubicin, doxorubicin and epirubicin are anthracycline antineoplastic drugs (AD) which can intercalate between DNA bases or generate free radicals, and also can interact with cellular membranes and inhibit the nuclear enzyme topoisomerase II [1]. Thus, NIOSH [START_REF]NIOSH, NIOSH Alert-Preventing Occupational Exposures to Antineoplastic and Other Hazardous Drugs in Health Care Setting[END_REF] listed anthracyclines AD as "hazardous drugs for handling". IARC [START_REF]IARC, Some Antineoplastic and Immunosuppressive Agents[END_REF][START_REF]Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1-42[END_REF][START_REF]IARC, Some Antiviral and Antineoplastic Drugs, and Other Pharmaceutical Agents[END_REF] classified daunorubicin and doxorubicin respectively as possibly carcinogenic to humans (group 2B) and probably carcinogenic to humans group 2A. Epirubicin has not been evaluated yet by IARC. The FDA [START_REF] Law | FDA pregnancy risk categories and the CPS[END_REF][START_REF]NIOSH, List of Antineoplastic and Other Hazardous Drugs in Healthcare Settings[END_REF] classified these three AD as reprotoxic substances (category D: positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience or studies in humans). Doxorubicin and epirubicin are prescribed in the treatment of various cancers, including breast, digestive, haematological, bronchopulmonary and ovarian cancers. Daunorubicin is prescribed in the treatment of haematological cancers [START_REF] Devita | Rosenberg's Cancer: Principles and Practice of Oncology[END_REF]. These AD are thus widely handled by healthcare professionals who are exposed and can be contaminated by dermal, oral or respiratory route [START_REF] Connor | NIOSH -Preventing occupational exposures to antineoplastic drugs in health care settings[END_REF]. Occupational exposure to anthracyclines drugs can occur in pharmaceutical industry, in hospital (in preparation unit as well as in healthcare unit) and in veterinary clinic and concerns different trades (pharmacy technicians, pharmacists, nurses, cleaning persons, assistant nurses, veterinarians…).

Due to the danger of these drugs, it is necessary to evaluate and monitor occupational exposures and workers internal contamination. The best tool for internal contamination assessment is biomonitoring i.e. detection and quantification of exposure biomarkers in urine of workers occupationally exposed to antineoplastic drugs, using analytical methods. Indeed, biomonitoring allows to take into account at the level of each individual, all exposure pathways (respiratory, dermal, oral), the wearing or not of the individual protective equipment, their effectiveness, gestures and professional practices, personal hygiene practices and AD amount handled [START_REF] Lehman-Mckeenan | Absorption, distribution, and excretion of toxicants[END_REF][START_REF] Aylward | Sources of variability in biomarker concentrations[END_REF][START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF]. Since the main route of absorption is the dermal route [START_REF] Sessink | Drugs hazardous to healthcare workers. Evaluation of methods for monitoring occupational exposure to cytostatic drugs[END_REF], contamination of working surface can be recognized as a major source of workers AD contamination. Working surface monitoring by surface sampling is a relevant complementary tool to biological monitoring [START_REF] Tranfo | The Growing Importance of the Human Biomonitoring of Exposure[END_REF] in the assessment of AD occupational exposure but no correlation exists between them [START_REF] Kibby | A review of surface wipe sampling compared to biologic monitoring for occupational exposure to antineoplastic drugs[END_REF]. Surface sampling allows to monitor workplaces external contamination, to identify sources of environmental contamination, to help in the implementation of corrective measures and to verify the effectiveness of the surface decontamination process [START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF][START_REF] Connor | Surface wipe sampling for antineoplastic (chemotherapy) and other hazardous drug residue in healthcare settings: Methodology and recommendations[END_REF]. Some anthracycline analytical methods have been published in human urine matrix using liquid chromatographic separation coupled with fluorescence detection and more recently with mass spectrometric detection [START_REF] Maudens | Quantitative liquid chromatographic analysis of anthracyclines in biological fluids[END_REF][START_REF] Mathias | A review of high performance liquid chromatographic-mass spectrometric urinary methods for anticancer drug exposure of health care workers[END_REF][START_REF] Izzo | A UHPLC-MS/MS-based method for the simultaneous monitoring of eight antiblastic drugs in plasma and urine of exposed healthcare workers[END_REF]. For daunorubicin and doxorubicin, the lower published limit of quantification (LOQ) is of 10ng/L by UHPLC-MS/MS [START_REF] Izzo | A UHPLC-MS/MS-based method for the simultaneous monitoring of eight antiblastic drugs in plasma and urine of exposed healthcare workers[END_REF] and for epirubicin, LOQ is of 100ng/L by LC-MS/MS [START_REF] Sottani | Trace determination of anthracyclines in urine: a new high-performance liquid chromatography/tandem mass spectrometry method for assessing exposure of hospital personnel[END_REF] and by UHPLC-MS/MS [START_REF] Fabrizi | Dispersive solid-phase extraction procedure coupled to UPLC-ESI-MS/MS analysis for the simultaneous determination of thirteen cytotoxic drugs in human urine[END_REF].

Only one author published a LC-MS/MS method that quantify simultaneously the three anthracycline AD with LOQ value of 30ng/L for daunorubicin and 100ng/L for doxorubicin and epirubicin) [START_REF] Sottani | Trace determination of anthracyclines in urine: a new high-performance liquid chromatography/tandem mass spectrometry method for assessing exposure of hospital personnel[END_REF].

For biological monitoring occupational exposure to anthracyclines, analytical methods with high sensitivity are essential for trace detections, as there is no threshold value and the aim of the monitoring is not having any detectable contamination.

For anthracyclines trace detection in urine of workers occupationally exposed to these drugs, an ultra high-performance liquid chromatographic method coupled with a tandem mass spectrometer (UHPLC-MS/MS) was optimized for high sensitivity and was then validated.

Materials and methods

Experimental

Reagents and chemicals

Daunorubicin hydrochloride (Dauno), Doxorubicin hydrochloride (Doxo) and Epirubicin free base (Epi) are analytical standards with 97.7-98.6% of purity. They were purchased from Alsachim (Illkirch, France) as well as isotopic internal standard (IS) 13 C,d3 Doxorubicin trifluoroacetate salt (95% of purity). For specificity and selectivity assays, 12 analytical standards of widely used AD were purchased from Alsachim (Illkirch, France)): cyclophosphamide monohydrate, ifosfamide, etoposide, mitomycin, gemcitabine hydrochloride, methotrexate monohydrate, cytarabine, dacarbazine, paclitaxel, pemetrexed disodium salt, vincristine sulfate and 5-fluorouracil. For all these analytical standards the purity was greater than 96.9%.

Phosphate-buffered saline (PBS) (Gibco TM ) was bought at Thermo Fischer Scientific (Bordeaux, France). Formic acid was ordered from Scharlab.S.L. (Barcelona, Spain).

Isopropyl alcohol was obtained from Carlo Erba Reagents (Val-de-Reuil, France).

Dichloromethane and acetonitrile were purchased from JT Baker (Deventer, Netherlands) and methanol from Biosolve (Dieuze, France). Reagent and chemicals were of analytical quality.

Water was deionized and purified using a Milli-Q system (Millipore, Saint Quentin-en-Yvelines, France).

The reversed-phase analytical column (Acquity Phenyl-hexyl; 100mm x 2.1mm, 1.7µm) and solid phase extraction cartridges (SPE) (Oasis HLB ® ; 60mg/3cc) were purchased from Waters (Saint Quentin-en-Yvelines, France).

Stock and standard solutions

Stock solutions were made separately by dissolving each compound in pure water at 1mg/mL and stored at -20 °C. Spiked urine standard solutions for calibration curves were extemporaneously prepared by diluting stock solution in drug-free urine to obtain final concentrations of 10, 25, 50, 80, 100, 300, 500ng/L. Drug-free urines came from pooled urines from laboratory staff and were previously analyzed before their use in the preparation of urine standard solutions.

Linear calibration curves were plotted with compound-to-IS peak area ratios versus concentrations in ng/L. Independent stock solutions were prepared for quality controls (QC) and further diluted in drug-free urine to obtain concentrations of 10, 30, 250 and 375ng/L.

Lab analyst occupational safety

To the safety of lab analysts, our lab applied safety international guidelines in terms of personal protective equipment [START_REF]NIOSH, NIOSH Alert-Preventing Occupational Exposures to Antineoplastic and Other Hazardous Drugs in Health Care Setting[END_REF][START_REF]NIOSH, Workplace solutions. Personal Protective Equipment for Health Care Workers Who Work with Hazardous Drugs[END_REF][START_REF]Controlling Occupational Exposure to Hazardous Drugs[END_REF] and in terms of collective protection [START_REF]NIOSH, NIOSH Alert-Preventing Occupational Exposures to Antineoplastic and Other Hazardous Drugs in Health Care Setting[END_REF][START_REF]Controlling Occupational Exposure to Hazardous Drugs[END_REF].

Equipment and UHPLC-MS/MS conditions

UHPLC-MS/MS system was composed of a Shimadzu® LC-20A chromatographic system (Kyoto, Japan) associating two pumps (LC-20ADXR) with an auto-sampler (SIL-20ACXR), a column oven (CTO-10A), a degasser (DGU-20A3R), a valve unit (FCV-11AL) and coupled with QTRAP 5500 tandem mass spectrometer (Sciex®, Framingham, USA) equipped with Turbo V ionization source, triple quadrupole and ion trap. Data acquisition and reprocessing were performed using Analyst ® (1.6.2) and Multiquant ® (3.0.1) softwares (Sciex®, Framingham, USA).

Chromatographic conditions

Chromatographic separation was executed with an Acquity Phenyl-hexyl analytical column (100mm x 2.1mm, 1.7µm; Waters, Saint Quentin-en-Yvelines, France). Mobile phases were combination of water with 0.01% formic acid (phase A) and acetonitrile (phase B).

Conditions for chromatography mobile phase were as follows: phase B was initiated at 10% of mobile phase during 1min; 1.00-6.00min, solvent B increased to 35%; Then, 6.00-8.00min solvent B grew to 90%; at 8.00 to 8.10min, solvent B decreased to 10%. Previous the next injection, UHPLC system was re-equilibrated during 1.9min. Total analysis run time was 10min per sample. Flow rate was set at 0.4mL/min. Temperatures of auto-sampler and column were set at +15 °C and +50 °C, respectively. Injection volume was 30µl.

Mass spectrometry conditions

Analysis was performed using positive electrospray ionization (ESI+), in multiple reaction monitoring (MRM) mode. Ion source conditions were as follows: curtain gas was set at 55psi, collision gas at medium value, ionspray voltage at +5500V, temperature at 500 °C, desolvation gas at 60psi and nebulization gas at 40psi. MS collision gas was nitrogen set at 2.7x10 -5 torr. Two MRM transitions were used, one for quantification and the second for confirmation.

Sample preparation

Dauno, Epi and Doxo extraction was carried out using SPE method optimized from the one published by Sottani and al. in 2004 [20] and 2008 [START_REF] Sottani | Simultaneous determination of cyclophosphamide, ifosfamide, doxorubicin, epirubicin and daunorubicin in human urine using high-performance liquid chromatography/electrospray ionization tandem mass spectrometry: bioanalytical method validation[END_REF]. Oasis HLB ® (60mg/3cc, Waters ® ) cartridges were tested. To reduce urine matrix effect, different proportions of water/methanol mixture (from 10/90 to 90/10; v/v) were tested for the washing step. Best result was obtained with 3mL of water followed by 3mL of 50/50 (v/v) water/methanol mixture. Extraction method started with equilibration step of each cartridge by 3ml of methanol, followed by 2mL of water. In parallel, 5mL of urine sample was introduced in 10mL-glass tube with 2mL of PBS and 100µL of IS (Doxorubicin- 13 C,d3 at 12.5µg/L). After conditioning SPE cartridge, second step consisted of loading urine. Washing steps were made up of adding 3ml of water, followed by 3ml of water/methanol mixture (50/50; v/v). Analytes were eluted twice, once with 3mL of dichloromethane/isopropyl alcohol/methanol mixture (50/35/15; v/v/v) and second time with 2mL. Eluent was then transferred to 10mL-glass tube and was evaporated to dryness under nitrogen stream at room temperature. Dry residues were resuspended in 500µL of mobile phase: water 0.01% formic acid/acetonitrile mixture (90/10; v/v). After vortexing, resulting solution was then transferred into an injection vial from which a sample of 30µL was then injected into the UHPLC column.

Assay validation procedures

Analytical method validation was performed on human drug-free urine spiked with all compounds respecting EMEA "Guidelines on biological method validation 2012" [START_REF] Emea | Guideline on bioanalytical method validation[END_REF].

Specificity and selectivity

Endogenous urine compounds interferences were examined by analyzing six various drugfree human urines extracted with or without IS. According to EMEA guideline [START_REF] Emea | Guideline on bioanalytical method validation[END_REF], response less than 20% of the lower LOQ for analyte and 5% for IS was considered as no interference for compounds.

Interferences from other AD with MRM channels of the three studied drugs and IS were verified by individually injecting drugs in pure standard solution (cyclophosphamide, ifosfamide, etoposide, mitomycin, gemcitabine, methotrexate, cytarabine, dacarbazine, paclitaxel, pemetrexed, vincristine and 5-fluorouracil; all these analytical standards were purchased from Alsachim (Illkirch, France)) at concentration level equivalent to an extracted 500ng/L spiked urine sample. Total absence of signal in MRM channels of the other recorded drugs (both quantification and confirmation transitions) was studied.

Linearity

The equation relating peak-area ratio (drug vs. IS) and concentration of compound in the calibrators was calculated with a weighted linear regression model. Inverse concentration (1/x) was used as weighting factor. Linearity was assessed by seven extracted standard spiked urine solutions of calibration range (10 to 500ng/L) replicated on three independent days.

Precision and accuracy and sensitivity

Method validation was performed by extracting five replicates of urine QC samples spiked at 10, 30, 250 and 375ng/L of Dauno, Epi and Doxo during the same working day (intra-day variation) and on three different days (inter-day variation). To determine precision of the method, the coefficient of variation (CV) was calculated. To determine accuracy of the method, the bias was calculated as the percentage of difference from theoretical concentration according to the following equation: Bias (%)=((concentration measured-concentration theoretical)/concentration theoretical)x100

The limit of detection (LOD) was defined as the lowest concentration of analyte in a sample that can be detected but not necessarily quantified as an exact value [START_REF] Emea | ICH Topic Q 2 (R1) Validation of Analytical Procedures: Text and Methodology. Note for guidance on validation of analytical procedures: text and methodology[END_REF]. The LOD of the method has been determined by the analysis of different free-urine samples (n=6) spiked with known concentrations (1, 2.5, 5ng/L) of anthracyclines and by establishing the minimum level at which the analyte can be reliably detected [START_REF] Emea | ICH Topic Q 2 (R1) Validation of Analytical Procedures: Text and Methodology. Note for guidance on validation of analytical procedures: text and methodology[END_REF].

The LOQ was defined as the lowest concentration for which data could be obtained with precision and accuracy within ± 20% of nominal value. For other QC samples, CV and bias should be less than 15%.

Extraction recovery

Extraction recoveries were calculated by comparison of the area under the peak obtained from drug-free human urine samples spiked before and after extraction with known quantities (30, 250, 375ng/L). Three replicates were performed for each concentration level.

Matrix effect

Matrix effect was determined by addition of analyte to extracts of drug-free human urine.

Analyte response was compared to a standard solution not extracted at the same nominal concentration. Any difference from 100% recovery could be attributed to matrix effect. Drugfree urine samples (n=6 from different persons) were tested in triplicate. For each sample, drug-free urines were extracted and residues were suspended with standard solution containing the compounds at 300ng/L for Dauno, Epi, Doxo and 2.5µg/L for IS. These concentrations take into account the concentration factor (factor 10) of the extraction method and they correspond to a concentration of 30ng/L and 250ng/L in spiked urine before extraction for anthracycline drugs and IS.

Carry-over and dilution

Carry-over was evaluated by injection of blank urine extracted samples following high concentration (500ng/L) sample injection. Different dilutions of urine were evaluated: 1/2, 1/5, and 1/10 (v/v), using spiked urine at 800, 2000 and 4000ng/L (n=4 for each concentration).

Stability

Compound stability was studied in urine samples after storage at +20 °C for 24h, +4 °C for 96h and 1 year at -20 °C. It was also tested after three freeze-thaw cycles of urine and in dry residue at +4 °C for 48h. Post-preparative stability was confirmed by analyzing samples of extracted urine kept under auto-sampler conditions (+15 °C) for 48h. Quality Controls were prepared by our lab at two different concentration levels (30 and 250ng/L; n=3 replicates per concentration) for each test of stability test. The stability study was evaluated on the same urine samples containing the three selected compounds only.

A compound was considered as stable if each level concentration mean was within ± 15% of the nominal concentration [START_REF] Emea | Guideline on bioanalytical method validation[END_REF].

Application to occupational biological monitoring

The validated method was applied in occupational health field, as part of /for routine biological monitoring. Anthracyclines analysis were prescribed by occupational physicians to assess anthracyclines drugs internal contamination of workers.

Workers concerned were healthcare professionals handling Dauno and/or Doxo and/or Epi AD and/or nursing patients treated with this drug and/or cleaning patients room. Biological monitoring was proposed by using urine matrix, because this later is easier to collect than blood. Indeed, the sampling is non-invasive, without infectious risk, painless and does not require the intervention of a third person. Moreover, urinary matrix is preferred than blood because it widens the window for biomarker detection over time.

For each worker, urine sampling was advocated to be collected between 7 to 10 hours after work-shift of one and if it was possible after several working days exposure to anthracycline drugs [START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF][START_REF] Hirst | Occupational exposure to cyclophosphamide[END_REF].

Before sampling, to avoid urine external contamination, workers were advised to remove their work clothes and to wash their hands [START_REF] Who | Biological Monitoring of Chemical Exposure in the Workplace[END_REF]. Urine spot samples collection were done in 50mlpolypropylene urine container with screw cap.

The urine samples from French workers as well as Mauritanian workers were all stored at +4°C within 72hours after their collection. Indeed, results of the stability study did not show any compounds degradation under this condition for 96h (maximum studied value). Then, 6ml urine aliquots were transferred to 14ml-polypropylene tubes and were frozen at -20°C.

The transport of urine aliquots between hospitals (including African hospital) and the pharmacology and toxicology laboratory of Bordeaux University Hospital Center were carried out at -20°C. The temperature during transport was monitored and the transport conditions complied with the ISO 15189. Standard. In the laboratory, urine aliquots were stored at -20°C until analysis.

For urine samples from Mauritania, the Laboratoire Cerba was responsible for ensuring the transport in accordance with the ISO standard 15189. All urine analysis were performed within 3 months following urine collection.

On each day that urine samples were assayed, calibration curve using 7 extracted standard spiked urines, QC samples including LOQ, were systematically prepared, extracted and analyzed.

Healthcare professional was considered to be contaminated with anthracyclines if his urine sample provided a chromatographic peak of Dauno and / or Doxo and / or Epi having a signal equal to or greater than that of the LOQ value or at a "trace level", that is, with a signal between the LOD and LOQ values.

Ethical considerations

Anthracyclines occupational exposure results presented here come from biological analyses pre-scribed by occupational physicians during routine monitoring. According to the statutory and ethical obligations of observational (non-interventional) studies in France (Jarde ́ law on biomedical research), these occupational health interventions do not require prior submission to or approval from an Institutional Review Board and do not require informed written consent.

Results and discussion

The aim of this work was to develop highly sensitive and specific method. SPE method was improved for elimination of urine endogenous interferences, sample purification, and for compound concentration. The method developed here used UHPLC system coupled with tandem mass spectrometry detector in ESI + and MRM modes.

Chromatography and mass spectrometry

Parent ions, corresponding daughter ions, declustering potential (DP), entrance potential (EP), collision energy (CE), cell exit potential (CXP) and dwell times optimized for the three compounds and IS are presented in Table 1.

Drug-free urine chromatogram showed the absence of endogenous substances in human urine at the retention time of interest, indicating clean-up efficiency of the extraction method (Fig. 2A,2C,2E). Analytical run time was 10min and a very good repeatability of the retention time for all compounds was achieved: 5.50min for Doxo and IS, 5.70min for Epi, 6.44min for Dauno (Fig. 2B, 2D, 2F).

Specificity and selectivity

No interference from endogenous urine molecule was detected in MRM channels of Dauno, Epi, Doxo and IS (both quantification and confirmation transitions), by analyzing six drugfree urines from several humans. No interference with other AD, such as cyclophosphamide, ifosfamide, etoposide, mitomycin, gemcitabine, methotrexate, cytarabine, dacarbazine, paclitaxel, pemetrexed, vincristine and 5-fluorouracil, widely used simultaneously with anthracyclines, was detected in MRM channels of the three studied drugs and IS (both quantification and confirmation transitions).

Linearity

Method linearity was obtained over a concentration range from 10 to 500ng/L for the three compounds (n=3). Mean correlation coefficient (standard deviation) was 0.996 (0.004) for Dauno; 0.999 (0.001) for Epi and 0.998 (0.001) for Doxo, with a bias less than 11% for each spiked standard sample. Method linearity was verified and was compliant.

Precision, accuracy and sensitivity

Good inter-and intra-assay precision and accuracy were achieved for all QC samples level with bias and coefficient of variation (CV) less than 14.4% for Dauno 13.8% for Epi and 10.0% for Doxo (Table 2).

The presented method was very sensitive, lowering LOQ compared to those published methods for Epi (best LOQ=100ng/L by LC-MS/MS [START_REF] Sottani | Trace determination of anthracyclines in urine: a new high-performance liquid chromatography/tandem mass spectrometry method for assessing exposure of hospital personnel[END_REF] and by UHPLC-MS/MS [START_REF] Fabrizi | Dispersive solid-phase extraction procedure coupled to UPLC-ESI-MS/MS analysis for the simultaneous determination of thirteen cytotoxic drugs in human urine[END_REF]) and equalizing LOQ values from those published methods for Dauno and Doxo (best LOQ=10ng/L by UHPLC-MS/MS [START_REF] Izzo | A UHPLC-MS/MS-based method for the simultaneous monitoring of eight antiblastic drugs in plasma and urine of exposed healthcare workers[END_REF]. The LOD value obtained was 5ng/L.

Absolute recovery and matrix effect

For each tested QC, absolute recoveries values were between 83.58% and 110.46% for all the compounds and IS (Table 3). Mean matrix effect values were below 41% for all the compounds and IS (Table 3).

Carry-over and dilution

Blank urine extracted sample injections following high concentration injections (500ng/L) showed no carryover phenomenon as the peak area of the blank sample is lower than 20% of the LOQ peak area for all compounds and lower than 5% of the IS peak area. For all compounds, the tested dilutions of urine showed maximum bias value less than 14%.

Stability (Table 4)

A short-term stability study was conducted at two concentrations (30 and 250ng/L) with spiked urine samples kept at different conditions. For Dauno, Epi and Doxo, mean loss maximal value was 13.3% for 24h at +20 °C and 8.2% for 96h at +4 °C. During a long-term stability study performed by stocking spiked urine samples at -20 °C over one year: Dauno, Epi and Doxo were stable with a mean loss maximal value of 14.6%. Spiked urine samples were subjected to three freeze-thaw cycles and no chemical degradation was found (mean loss maximal value 9.3%). Moreover, Dauno, Epi and Doxo in the dry residue stored at +4 °C for 48h were stable (mean loss maximal value 10.3%). The compounds were stable after the post-preparative extraction step under auto-sampler conditions (+15 °C for 48h; mean loss maximal value 13.1%).

Biological monitoring of occupational exposure to anthracyclines (Table 5)

This method has been successfully applied to nine hospitals including one non-french from an African country. More than 77 workers have been monitored for occupational AD exposure, including 29 nurses, 10 cleaning persons, 18 assistant nurses, 13 pharmacy technicians, 2 pharmacists and 5 veterinarians. A total of 77 urine samples were collected and were assayed with the presented method. Two urine samples have been found to be positive to Doxo or Epi. Urinary concentration levels for Doxo and Epi was respectively to 218ng/L and 17.7ng/L. Two healthcare professionals were found to be contaminated by anthracycline AD which representing 2.6% of the population monitored. Regarding the category of healthcare professionals, one nurse and one assistant nurse were found to the contaminated. Among the two contaminated workers, one was an assistant nurse from a hospital of an African country with the highest measured urine concentration (218ng/L of Doxo). The other was a nurse having urine concentration of 17.7ng/L for Epi. The Epi contamination would not has been detected and quantified with previous published method [START_REF] Sottani | Trace determination of anthracyclines in urine: a new high-performance liquid chromatography/tandem mass spectrometry method for assessing exposure of hospital personnel[END_REF] [START_REF] Fabrizi | Dispersive solid-phase extraction procedure coupled to UPLC-ESI-MS/MS analysis for the simultaneous determination of thirteen cytotoxic drugs in human urine[END_REF] whose lower LOQ value defined as 10 times background was 100ng/L by LC-MS/MS method.

Five studies on biological monitoring occupational exposure to anthracyclines were published on healthcare professionals in Europe. Two studies reported Doxo and/or Epi contamination rate similar in magnitude to the one reported here: Pethran 5.5% [START_REF] Pethran | Uptake of antineoplastic agents in pharmacy and hospital personnel. Part I: monitoring of urinary concentrations[END_REF] and Pieri et al: 8.9% [START_REF] Pieri | Biological monitoring of nurses exposed to doxorubicin and epirubicin by a validated liquid chromatography/fluorescence detection method[END_REF]. Two studies do not reported any cases of contamination [START_REF] Izzo | A UHPLC-MS/MS-based method for the simultaneous monitoring of eight antiblastic drugs in plasma and urine of exposed healthcare workers[END_REF][START_REF] Fabrizi | Dispersive solid-phase extraction procedure coupled to UPLC-ESI-MS/MS analysis for the simultaneous determination of thirteen cytotoxic drugs in human urine[END_REF]. Only Sottani et al [START_REF] Sottani | Simultaneous determination of cyclophosphamide, ifosfamide, doxorubicin, epirubicin and daunorubicin in human urine using high-performance liquid chromatography/electrospray ionization tandem mass spectrometry: bioanalytical method validation[END_REF] reported a higher contamination rate (20%), in technicians working in a drug-manufacturing plant. Until now no cases of Dauno contamination have been reported.

In our analytical method application, for the same urine sample, medical prescriptions of anthracycline assays were often coupled with other AD urine biomarkers such as the 5fluorouracile metabolite [START_REF] Dhersin | Biomonitoring of occupational exposure to 5-FU by assaying α-fluoro-β-alanine in urine with a highly sensitive UHPLC-MS/MS method[END_REF], and/or cyclophosphamide and ifosfamide [START_REF] Canal-Raffin | Highly sensitive LC-MS/MS methods for urinary biological monitoring of occupational exposure to cyclophosphamide, ifosfamide, and methotrexate antineoplastic drugs and routine application[END_REF], and/or methotrexate [START_REF] Canal-Raffin | Highly sensitive LC-MS/MS methods for urinary biological monitoring of occupational exposure to cyclophosphamide, ifosfamide, and methotrexate antineoplastic drugs and routine application[END_REF]. Indeed, anthracyclines drugs are often handled daily with other AD by workers. Thus, before leading a biological monitoring, a workplace study is needed to identify the most relevant urinary biomarkers of AD to prescribe [START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF]. The choice of the most relevant AD urinary biomarkers is based on the nature, danger, frequency, amount of handled AD in health care department and the available sensitive analytical methods [START_REF] Mathias | A review of high performance liquid chromatographic-mass spectrometric urinary methods for anticancer drug exposure of health care workers[END_REF][START_REF] Dhersin | Biomonitoring of occupational exposure to 5-FU by assaying α-fluoro-β-alanine in urine with a highly sensitive UHPLC-MS/MS method[END_REF][START_REF] Canal-Raffin | Highly sensitive LC-MS/MS methods for urinary biological monitoring of occupational exposure to cyclophosphamide, ifosfamide, and methotrexate antineoplastic drugs and routine application[END_REF].

Anthracyclines drugs were chosen because they are part of the most relevant AD urinary biomarkers, based on criterion of broad indications (haematology, pneumology, urology, gynecology, hepato-gastro-enterology…) [START_REF] Devita | Rosenberg's Cancer: Principles and Practice of Oncology[END_REF], use frequency, dangerousness [START_REF]IARC, Some Antineoplastic and Immunosuppressive Agents[END_REF][START_REF]Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1-42[END_REF][START_REF]IARC, Some Antiviral and Antineoplastic Drugs, and Other Pharmaceutical Agents[END_REF][START_REF] Law | FDA pregnancy risk categories and the CPS[END_REF] urine elimination and available urine biomarkers [START_REF] Mathias | A review of high performance liquid chromatographic-mass spectrometric urinary methods for anticancer drug exposure of health care workers[END_REF].

Although Idarubicin is increasingly used, currently its indications are much more limited than the other 3 anthracyclines and its indications overlap with the indications of them [START_REF] Devita | Rosenberg's Cancer: Principles and Practice of Oncology[END_REF][START_REF] Ansm | Directory of pharmaceutical specialties[END_REF][START_REF]FDA, Drug approvals and databases[END_REF].

The parent molecules of the 3 anthracycline drugs (doxorubicin, epirubicin, daunorubicin) were chosen as urine biomarkers instead of their urine metabolites (doxorubicinol, epirubicinol and daunorubicinol) because, for the latter, urine concentrations are lower than those of the parent molecules [START_REF] Mross | Pharmacokinetics and metabolism of epidoxorubicin and doxorubicin in humans[END_REF][START_REF] Camaggi | Epirubicin and doxorubicin comparative metabolism and pharmacokinetics. A cross-over study[END_REF]. Furthermore, the terminal half-live of these three anthracycline drugs were relatively long: doxorubicin, epirubicin and daunorubicin half-lives were respectively 28.3h [START_REF] Mross | Pharmacokinetics and metabolism of epidoxorubicin and doxorubicin in humans[END_REF] or 48.4h [START_REF] Camaggi | Epirubicin and doxorubicin comparative metabolism and pharmacokinetics. A cross-over study[END_REF], 19.0 h [START_REF] Mross | Pharmacokinetics and metabolism of epidoxorubicin and doxorubicin in humans[END_REF] or 31.2h [START_REF] Camaggi | Epirubicin and doxorubicin comparative metabolism and pharmacokinetics. A cross-over study[END_REF] and 47.4h [START_REF] Robert | Comparative pharmacokinetic study of idarubicin and daunorubicin in leukemia patients[END_REF]. Thus, parent molecules are relevant urine biomarkers in spot urine.

Currently, risk assessment for healthcare professionals occupationally exposed to AD is not possible because no biological limit values (BLVs) or biological guidance values (BGVs) [START_REF] Scoel | List of recommended health-based biological limit values (BLVs) and biological guidance values (BGVs), European commission. Employment, Social Affairs & Inclusion. Scientific Committee on Occupational Exposure Limits[END_REF] are available. Indeed, health impact of low internal contamination level to AD (i.e. their presence in urine) is not currently known and urine AD amount cannot be interpreted. Bearing in mind, the carcinogenic and reprotoxic effect of these drugs, the ALARA principle "As Low-level As Reasonably Achievable" should be adopted [START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF][START_REF] Koller | Environmental and biological monitoring on an oncology ward during a complete working week[END_REF]. Then, it is important to obtain the lowest possible urinary concentrations of these 3 anthracyclines i.e. less than the LOQ of the analytical method. A biological monitoring should be conducted to assess internal contamination to AD of healthcare professionals. A spot urine sample should be collected between 7 to 10 hours after work-shift of one and if it is possible after several working days exposure to anthracyclines [START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF][START_REF] Hirst | Occupational exposure to cyclophosphamide[END_REF].

This sampling time should be chosen because cutaneous way is the main route of internal contamination [START_REF] Connor | NIOSH -Preventing occupational exposures to antineoplastic drugs in health care settings[END_REF] and this time allows taking into account delayed absorption by this route as indicated by Hirst et al. [START_REF] Hirst | Occupational exposure to cyclophosphamide[END_REF]. Due to a terminal half-life of the three anthracyclines greater than 10h [START_REF] Who | Biological Monitoring of Chemical Exposure in the Workplace[END_REF], a possible accumulation after several days of work with the handling of the anthracyclines may occur which allows urine to be collected after several days of work.

According to guidelines for biological monitoring to industrial chemical exposure [START_REF] Lauwerys | Industrial Chemical Exposure. Guidelines for Biological Monitoring[END_REF], a work-shift spot urine sample is preferred to 24-hour post work-shift urine collection. The latter is most often reserved for research protocols and entails greater risks of samples external contamination and forgetting to collect urine [START_REF] Lauwerys | Industrial Chemical Exposure. Guidelines for Biological Monitoring[END_REF].

For AD urine result interpretation, several information (AD handling (nature, frequency and quantity), performed tasks, wearing of individual protective equipment, industrial hygiene practices …) should be collected in a Medical and Professional Information Sheet [START_REF] Lepage | Occupational exposure to antineoplastic drugs: informations for biological monitoring[END_REF]. The latter should be performed simultaneously with each urine sample.

The mere presence of AD in the urine makes it possible to establish the internal contamination of the worker and should trigger corrective measures by the occupational physician. Indeed, internal contamination must be considered as a preventive measures failure (effectiveness of collective equipment, wearing of individual protective equipment and respect of industrial hygiene practices).

During the workplace studies of the two hospitals where contamination was detected, occupational physicians observed that the contaminated healthcare workers wore gloves irregularly. To reduce this healthcare workers internal contamination, the NIOSH recommendations [START_REF]NIOSH, NIOSH Alert-Preventing Occupational Exposures to Antineoplastic and Other Hazardous Drugs in Health Care Setting[END_REF][START_REF]NIOSH, Workplace solutions. Personal Protective Equipment for Health Care Workers Who Work with Hazardous Drugs[END_REF] were reminded them and surface sampling were proposed to assess workplace contamination and effectiveness of the surface decontamination process.

Anthracyclines urine concentration level measured here, were below the analytical method LOQ value in most samples, which is the target concentration to reach. Consequently, it is important to use analytical method with high sensitivity and specificity.

Conclusions

UHPLC-MS/MS method presented here is specific and highly sensitive which is essential for reliable highlight of contamination during routine biological monitoring of healthcare professionals occupationally exposed to anthracycline AD. This biological monitoring allows to assess the effectiveness of collective and individual protective measures, to ensure traceability of occupational exposure to AD and to document work accidents involving exposure to these compounds. The monitoring of healthcare professionals anthracycline exposure is routinely used in our hospital using this method. 
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 13 Figure 1. Chemical formula and structure of Daunorubicin, Epirubicin, Doxorubicin and its internal standard Doxorubicin-13 C,d 3 .

Figure 2 .

 2 Figure 2. Chromatograms of drug-free urine (A, C, E) and 10ng/L (LOQ) doxorubicin (B), 10ng/L (LOQ) epirubicin (D) and 10ng/L (LOQ) daunorubicin (F) spiked urine with 2.5µg/L of internal standard Doxorubicin-13 C,d 3 .

Table 2

 2 Intra-day precision, Inter-day precision (CV) and bias of Daunorubicin, Epirubicin and Doxorubicin in spiked urine.

	Intra-day

Table 3

 3 Matrix effect and absolute extraction recovery.

			Spiked urine quality control	
			30ng/L	250ng/L	375ng/L
		Matrix effect -mean (SD), %	Absolute recovery -mean (SD), % Absolute recovery -mean (SD), % Absolute recovery -mean (SD), %
		n=18	n=3	n=3	n=3
	Daunorubicin	-40.93 (15.30)	104.89 (17.06)	96.31 (15.88)	83.58 (12.55)
	Epirubicin	-38.96 (12.93)	97.16 (20.70)	95.22 (15.92)	85.84 (17.84)
	Doxorubicin	-38.61 (12.34)	110.46 (23.23)	102.25 (16.87)	95.31 (20.21)
	Doxorubicin-13 C,d 3	-40.69 (11.72)	103.24 (23.39)	-	-

Table 4

 4 Stability data of Daunorubicin, Epirubicin and Doxorubicin in spiked urine.

	biais (%)*
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