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Abstract: Epirubicin, olaparib and ribociclib are three anti-tumoral molecules currently used in
cancer therapy. Since serum levels of these drugs reveal a large inter-individual variability,
validation of a fast, simple and reliable analytical method for quantitative determination of these
molecules in human serum, with Therapeutic Drug Monitoring (TDM) purposes would be
necessary. Papers in literature describe separation, identification and quantitation of the drugs in
pharmaceutical formulas and biological matrices. The large majority of these approaches use protein
precipitation for sample pre-treatment, followed by LC separation and tandem-mass-spectrometry
(MS/MS) detection. We propose an alternative method using Solid Phase Extraction (SPE) with
Oasis PRiIME HLB® cartridges followed by high-performance liquid chromatography (HPLC) using
a C18 (4.6 x 50 mm) column. A gradient mobile phase with 0.1% formic acid/acetonitrile was
utilized. MS detection in single ion recording (SIR) mode was employed. A 13-minutes run-time
analysis, including column re-equilibration was assessed. Data for all molecules were validated
according to ICH Guidelines. Calibration curves for all analytes were linear with correlation
coefficient larger than 0.997. Values for precision were less than 6%. The method was applied on
serum samples from patients up-taking the drugs, proving its suitability in TDM assisted
adjustment of doses in therapy.

Keywords: epirubicin; olaparib; ribociclib; human serum; SPE; LC-MS; TDM

1. Introduction

Epirubicin (4'-epidoxorubicin) belongs to the class of anthracyclines, which are very effective
drugs in the treatment of various types of cancers, both in mono- and combined therapy. Side effects
of epirubicin include nausea, hair-loss, myelosuppression, anemia and the most important,
cardiotoxicity [1]. Due to various factors, such as inter-individual variability, age, concomitant
diseases and co-administered drugs, epirubicin standard dosing (per body weight) might generate
serum toxic effects. Quantitation methods usually use LC with fluorescence detection [2-4],
ultraviolet detection [5,6], electrochemical detection [7] and tandem mass spectrometry (MS/MS) [8—
10].

Olaparib is a potent inhibitor of poly (ADP-ribose) polymerase (PARP), approved by European
Medicines Agency (EMA) in 2014 for treatment of ovarian cancer [11]. Pharmacokinetic data of this
class of drugs (regarding uptake, metabolism, elimination) reveal large differences between subjects.
Most of quantification techniques that papers present use LC-MS/MS [12,13], a very sensitive and
specific technique, but with high-cost instrumentation. An LC method with diode array detection
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(DAD) was also validated by Daumar et al. [14] for intracellular level estimation of olaparib in cancer
cells.

The last drug molecule involved in our study, ribociclib, is part of cyclin-dependent kinases
(CDKs) inhibitors family, which also includes palbociclib, milciclib and abemaciclib. Some LC-
MS/MS methods have been used in different clinical studies, which also reveal inter-individual
differences in plasma/serum concentrations [15-19]. Besides the fact that they are expensive and
laborious approaches, the methods are not fully validated; some of them only present the calibration
curves as validation data [16,17].

Considering data presented above, especially the pharmacokinetic variability of the three
anticancer compounds, the need of a simple and reliable analytical method for simultaneous
quantitation of epirubicin, olaparib and ribociclib would be expected. The aim of our research was to
provide a LC-MS method which could be further used in Therapeutic Drug Monitoring (TDM). Oasis
PRiME HLB® cartridges were used for serum sample preparation in Solid Phase Extraction (SPE)
procedure. Proteins and phospholipids could generate serious problems when large quantities are
injected in LC columns. Therefore, when developing this method, an important target was to adjust
the cleaning procedure, which is reflected in less problems that may occur in LC-MS interface. MS
parameters were also assessed, obtaining the best signal-to-noise ratio for all compounds. The
method was fully validated according to International Council of Harmonization (ICH) guideline
M10 on bioanalytical method validation and study sample analysis.

2. Results
2.1. Validation Data

Typical chromatograms of standard samples in SIR mode, for all analytes, with elution times of
6.11, 6.60 and 3.45 min for epirubicin, olaparib and ribociclib, respectively are presented in Figure 1-
3. Identification of all peaks were made by spiking the extracts with corresponding standards before
final injection in the analytical column. Selectivity was also investigated. After evaluation of 6
individual sources of serum, peak areas of blank samples were compared with peak areas of spiked
samples at Lower Limit of Quantitation (LLOQ) levels of the analytes. No significant increase
attributable to unknown compounds in serum was observed. Interference was less than 7% at the
LLOQ of each analyte at specified retention times and m/z values (544 and 435).
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Figure 1. Chromatogram (SIR mode — m/z 544) for the extract of epirubicin standard serum (50
ng/mL).
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Figure 2. Chromatogram (SIR mode — m/z 435) for the extract of spiked olaparib standard serum (1000
ng/mL).
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Figure 3. Chromatogram (SIR mode — m/z 435) for the extract of spiked ribociclib standard serum
(2000 ng/mL).

Having the same molecular weight, the large chromatographic resolution of olaparib and
ribociclib (elution times of 6.60 and 3.45 min, respectively) is important for the specificity of the
method.

Evaluation of matrix effect on 3 replicates of low and high Quality Control (QC) samples

provided from 6 different serum sources revealed accuracy in the +15% segment and precision less
than 15%.
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Results for calibration curves (CCs) are presented in Figure 4. The ordinate axis indicates
detector response, represented by the peak area of each analyte; X axis presents nominal serum
concentration level. Regression equations with correlation coefficients show the linear response in

the selected concentration range.
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Figure 4. Calibration curves, linear regression equations, and correlation coefficients for epirubicin

(A), olaparib (B) and ribociclib (C).

Regarding extraction recovery, results for all molecules and target standard concentrations were
more than 84%. Carry-over data were all below 10%. LLOQs were 5, 10 and 100 ng/mL for epirubicin,
olaparib and ribociclib, respectively. Stability tests results in the matrix (human serum) are presented
in Table 1. Long-term, freeze-thaw, and room temperature stability were larger than 95% in all cases.

Table 1. Stability tests of the analytes (mean + SD and percentage, n =5).

Analyte / Long Term  Freeze-Thaw  Room Temperature
Target Concentration (ng/mL) Stability Stability Stability
Enirubicin / 5 477008  476+0.07 476 +0.08
P (95.40%) (95.20%) (95.20%)
Epirubicin / 50 4801054  47.85+048 48.05 = 0.62
P (96.02%) (95.70%) (96.10%)
o 195.04+3.75  193.08 +3.24 194.20 + 3.56
Epirubicin /200 (97.52%) (96.54%) (97.10%)
490.25+4.57  489.05+5.67 487.80 = 6.55
pirubicin /500 (98.05%) (97.81%) (97.56%)
989.21+8.65  991.13+9.05 984.05 + 10.16
Eoirubicin /1
pirubicin /1000 (98.92%) (99.11%) (98.40%)
9.52+0.25 9.59 = 0.32 9.62+0.28
Olaparib / 10
aparib / (95.22%) (95.91%) (96.23%)
9691224  97.33+2.48 96.58 = 3.05
laparib / 1
Olaparib /100 (96.91%) (97.33%) (96.58%)
. 973421125 969.52 +10.89 976.87 +11.75
Olaparib /1000 (97.34%) (96.95%) (97.68%)
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1958.41 +£23.04 1965.08 +27.51 1955.23 £26.35

Olaparib / 2000 (97.92%) (98.25%) (97.76%)
Olaparib / 5000 489(3;5217:;,?‘25 494(39‘51;_?;52‘2504 494(59.221:02;1‘84
Ribociclib / 100 9?9257;73/0 ?7 9(()9062023/51 9?93673173/0?4
Ribociclib / 250 24(19.22;2')23 24(29‘;112‘2.)94 24(29.;.78;:02‘)58
Ribociclb /2000 195(59.;27 ; 0/1?.68 193(89.239 Z ()/1?.36 194(39.2.21 ; 02?.58
Ribociclib / 5000 486(99';13;:) ?'36 487(39';1;2?62 490(69'2220/?,?66
Ribociclb /10,000 9%3 '2* 988514 +109.33  9907.72 + 124.98

(97.75%) (98.85%) (99.07%)

Results for accuracy and precision are represented in Table 2. Intra- and inter-day precision data
were between 4.32 and 8.56%. Accuracy was in the 95-109.20% range.

Table 2. Precision and accuracy data (mean + SD, n =5).

Target Mean Found Level (ng/mlL) RSD % Accuracy %
concentrat
Analyte . Intra-
ion Intra-Day Inter-Day Inter-Daylntra-Day Inter-Day
Day
(ng/mL)
5 475+0.19 546+023 825 854 95.00 109.20
50 50.8+1.89 51.15+193 745 757 101.60  102.30
R 200 195.80+6.79 196.20+6.91 694  7.05 97.90 98.10
Epirubicin

500  496.50 +13.80 493.00 + 13.95 556  5.66 99.30 98.60
1000  994.00 +21.86 1021:2;) T o440 461 99.40 101.40
10 9.73+0.39 1015+043 814 856 97.30 101.50
100 102.50+3.94 100.10+3.88 7.70 7.76 102.50  100.10
1000 994.00 +33.49 976.00 +33.28 6.74  6.82 99.40 97.60

Ol ib .00 =
A 2000 1958.00:52.47 19: 26 gg T 536 540 9790  96.80

4930.00+107.9  4865.00 =
5000 6 109.94 438 452 98.60 97.30
100 9530+3.78 9510+3.95 795 832 95.30 95.10
250 256.00 +8.81 257.25+9.06 6.89  7.05 102.40  102.90
2000  1946.00+67.62 1940.00+ 695  6.78 97.30 97.00

b 65.76

Ribociclib 5100.00£146.6  5135.00 +
5000 5 149.94 575  5.84 102.00  102.70

10190.00£220.  10210.00 +
10,000 10 25490 432 498 101.90  102.10

2.2. Concentration Levels in Real Serum Samples

Linear regression equations presented in Figure 4 were used to calculate concentration levels of
epirubicin, olaparib and ribociclib in real serum patients. Epirubicin levels at 2 hours post-dose, for
three different patients were 124.70, 210.50 and 220.13 ng/mL, respectively. For other three patients,
calculated values for olaparib serum levels at 10 hours post-dose were 1322.91, 2991.34 and 2764.20
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ng/mL. The only sample available for ribociclib revealed a concentration of 547.13 ng/mL, 2 hours
post-dose.

3. Discussion

Pre-treatment of blood serum represents an important step when processing a biological sample.
Within the development of an analytical method, the assessment of sample preparation process can
increase sensitivity and selectivity. The most used method is simple protein precipitation, usually
using an organic solvent, which produces a supernatant with low compatibility with all types of MS
detectors. Liquid-liquid extraction (LLE) is used less nowadays because it is tedious and generates
large quantities of residual solvents. Considering all the facts previously presented, after proper
research in the literature, we concluded that sample preparation by SPE using Oasis PRIME® HLB
cartridges (Waters, Bucharest, Romania) is the best choice. These cartridges contain a water-wettable
hydrophilic polymer which makes them capable of interactions with slightly polar compounds. The
method in this case is based on a very simple working protocol. By skipping the conditioning and
equilibration steps, solvent consumption is reduced and also time analysis is significantly decreased.
The producer of these cartridges recommends a simple “three step clean-up” protocol which can be
slightly modified according to the characteristics of the target analytes within the sample. First step,
is represented by applying of an aliquot (100 uL) of sample, using a positive pressure to the cartridge
when the analytes are adsorbed to sorbent surface; the second step is the washing procedure which
involves 500 pL solution containing 5% methanol and 95% HPLC water. Finally, the elution is
performed by the addition of 500 pL methanol. Manufacturer working protocol proposes the use of
acetonitrile in elution step but, in our case, this solvent is not recommended due to low solubility of
our analytes, especially CDK inhibitor ribociclib in this solvent. Our preliminary findings revealed
around 40% extraction recovery when acetonitrile was used as elution solvent. This final sample
extract was obtained by eliminating a large amount of proteins and phospholipids in the washing
step with the solution containing 95% aqueous phase, so interference with serum matrix compounds
is diminished. Concentration of the final extract solution was needed to enhance sensitivity of the
method. Eluting solution was first evaporated in a gentle stream of nitrogen, then redissolved in 50
pL aliquot of mobile phase (initial gradient), generating an additional 10-fold increase in compounds
concentration.

Investigation of HPLC parameters was also performed. CORTECS C18 chromatographic column
(Waters, Bucharest, Romania) was the choice for separation of the analytes. Regarding the mobile
phase, a gradient elution of acetonitrile/formic acid 0.1% aqueous solution produced a proper
separation of the three compounds related to the matrix components. Different buffer solutions were
tested as mobile phases, but they did not provide better peak shapes or significant modification of
retention times. Mobile phase flow rate was set to 0.6 mL/min. Column compartment and
autosampler temperatures were adjusted to 30°C and 20°C respectively, to obtain best resolution and
peak shapes.

Regarding MS conditions, parameters were optimized considering the above mentioned mobile
phase. The acidic mobile phase favors positive ionization in mass spectrometry, so positive ionization
mode was used. In all MS detection methods, the main goal is to generate the best signal for the
analytes of interest. Consequently, both capillary and cone voltage were assessed. In order to achieve
the necessary compromise for all analytes, values were set to 0.8 kV for capillary and 25 V for cone
voltage.

Data regarding stability tests were all larger than 95% and did not reveal degradation of the
analytes, which could occur during stock or sample preparation. Calibration curves were linear with
correlation coefficients larger than 0.996). Data for precision (as RSD) was less than 10% (even for
LLOQ standards). Accuracy data were in the range 95-109.20% to spiked levels.

This validated method was used for finding of serum drugs levels on real patients. The samples
were collected 2 hours after the daily dose for epirubicin and ribociclib and 10 hours for olaparib.

The interindividual variability of epirubicin, olaparib and ribociclib was also stated in other
papers [2,4,7,13,19]. Variability represents the outcome of complex factors, consisting in intestinal
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absorption and/or catabolism rates, depending on the izo-enzymes of cytochrome P450, simultaneous
intake of food or other drugs (inhibition or induction supported by enzymes) and patient’s adherence
to the treatment. Serum levels for real samples were all in the concentration range of each calibration
curve, respectively. The large interindividual variability of serum levels for epirubicin, olaparib and
ribociclib, especially due to pharmacokinetics, makes TDM appropriate for individual dose
adjustment.

4. Materials and Methods
4.1. Materials

Epirubicin and olaparib were provided from Sigma-Aldrich (Taufkirchen, Germany). Ribociclib
came from Selleck Chemicals (Houston, USA). Formic acid and LC-MS analytical grade solvents
(acetonitrile, water, methanol) were purchased from Merck (Bucharest, Romania). Oasis PRIME
HLB® SPE cartridges were provided from Waters (Romania). Blood Transfusion Center (Craiova,
Romania) supplied blank serum samples used in method validation procedures. Figure 5 presents
the structures of epirubicin, olaparib and ribociclib.

H
N N_N__ N O
(\N Pz N = N—
HN._ . /

Figure 5. Chemical formulas of epirubicin (1), olaparib (2) and ribociclib (3).

4.2. Methods
4.2.1. HPLC-MS Instruments and Optimized Conditions

Chromatographic analysis implied a Waters (Milford, USA) Arc System and detection was
performed by coupling with an ACQUITY QDa Waters mass detector. Waters CORTECS C18
analytical column (4.6 x 50 mm, 2.7 um particle size) was employed for sample components
separation. Two solvent tanks were prepared: solvent A - containing acetonitrile with 0.1% formic
acid and solvent B —0.1% formic acid aqueous solution. A gradient elution was performed: 0-1 min -
10% solvent A and 90% B; then, between 1-10 min, eluent B was increased to 50% and to 70% in 10—
12 min time range; solvent B was decreased back to 10% between 12-13 min. Temperature for column
compartment was adjusted at 30°C. Final re-dissolved extracts were placed in the autosampler and
kept at 20°C while waiting for the analysis. Best mobile phase flow rate was found to be 0.6 mL/min.
A 5 uL aliquot was injected in the LC column.
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The QDa mass detector mechanism is based on electrospray ionization (ESI) of molecules.
Parameters adjustment implied capillary voltage, which was set to 0.8 kV, cone voltage with a value
of 25 V. Mass spectra were recorded in positive ion mode (ESI+) in the 100-600 m/z range for
epirubicin and 100-500 for olaparib and ribociclib. Quantitative analysis was assessed in SIR mode
using protonated molecular ions at m/z 544 in case of epirubicin and m/z 435 for the other two
compounds. Method settings and data processing was controlled using EmPower 3 software.

4.2.2. Preparation of Standard Solutions

Methanol was used as solvent for preparing standard solutions. Separate stock solutions for each
analyte were prepared, by weighing appropriate amounts of standard substances, to get the
concentration of 1 mg/mL. Stock solutions were mixed to obtain adequate working solutions by
dilution with methanol, to obtain final solutions to be added to blank serum and also to perform
validation data. Each level working solution contains a mix of the three analytes in the next
concentrations: 0.05, 0.50, 2, 5 and 10 pg/mL for epirubicin; 0.10, 1, 10, 20 and 50 pg/mL for olaparib;
1, 2.50, 20, 50 and 100 pg/mL for ribociclib. Standard solutions were re-prepared every 30 days, if
necessary.

4.2.3. Sample Preparation Procedure for Serum Standards and Samples

First, a volume of 10 pL mixed working solution (concentrations presented above) was
evaporated with nitrogen in a 2 mL conical ampoule to eliminate methanol and the residue was
diluted in 100 pL blank serum. Then, the sample obtained was added to Oasis PRIME HLB SPE
cartridges by using overpressure with a syringe. 500 uL aqueous solution with 5% methanol was
used in the washing step. Elution step consisted of 500 pL methanol. Resulting solution was
evaporated to dryness in nitrogen stream and an aliquot of 50 pL solution consisting of the initial
composition of the mobile phase: acetonitrile/formic acid (0.1%), 10:90 (v/v) (10% organic phase) was
added. Reconstituted solution was placed in the autosampler. 5 puL were injected in the
chromatographic column.

4.2.4. Validation Data

Investigations regarding validation parameters were assessed according to International
Council for Harmonisation (ICH) guidelines. Determining selectivity was performed on 6 different
individual serum sources, non-lipaemic and non-haemolysed, by comparing responses of interfering
compounds with responses of spiked analytes at LLOQ levels. Interfering molecules should not
represent more than 20% of the LLOQ peak signal.

Matrix effect is due to the unidentified compounds in serum samples which can modify the
signal response. Investigation was performed on 3 replicates of lowest and highest points of the CC,
provided from 5 different sources. Accuracy should be in 85-115% range and precision no more than
15%.

Classic calibration curves were traced by plotting the peak areas against the concentration of
each analyte with the linear model. Five calibration levels were prepared and also five injections were
made for each level. Finding LLOQ corresponds to the criteria that accuracy would be no larger than
+20%. For higher levels, £15% accuracy would be admitted.

Extraction recovery was calculated as the percentage ratio between peak area of the analyte
processed according to SPE procedure and peak area of the same analyte, in the same concentration
but directly introduced in LC system. At least 80% values would be acceptable.

ICH Guidelines states that stability of analytes in the matrix must be investigated. Long-term
stability was carried out by keeping samples for 30 days at —20°C (n=5); freeze—thaw stability of the
analytes in serum was evaluated by performing three freeze-thaw cycles (n = 5). Room temperature
stability (at 20°C) was assessed for 12 h (n = 5) to investigate possible decomposition of analytes
during SPE procedure or by staying in autosampler, waiting for injection in LC column.
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Accuracy and precision were evaluated for all five CC levels of each analyte. A +15% value, both
for accuracy and precision is mandatory for all concentration levels and a maximum of +20% is
accepted for LLOQ level (n=5). To avoid bias problems, working solutions were prepared from
different stock solutions.

Carry-over effect is mandatory within MS detection methods. It was determined by analyzing a
blank serum sample after the injection of the analytes in the highest level of the CC. Peak areas
resulted for all blank samples should not exceed 20% compared to LLOQ peak areas. To avoid further
interferences, autosampler needle injection was cleaned-up (ten times) with the initial percentage
ratio of the mobile phase after if previously, high concentration levels of the analytes were injected.

4.2.5. Serum Samples Quantification

Patients have written the informed consent about acquisition of blood. The method was applied
to real serum samples; epirubicin blood samples were collected 2h post-dose from three patients
treated with 145 mg epirubicin (Epirubicina Teva, 2mg/mL); samples for olaparib were collected 10
h post-administration of a 300 mg dose, from three patients undergoing treatment with Lynparza®
150 mg ribociclib was determined in the serum obtained from one patient treated with a 600 mg dose,
two hours after up-taking the drug (Kisqali® 200 mg). In all cases, 2 mL venous blood was collected
into a vacutainer which was then centrifuged at 10,000 rpm for 5 min. When serum was not
immediately analyzed, samples were frozen at -20°C. Before analysis, frozen samples were thawed
at 20°C and extracted like sample preparation procedure states.

5. Conclusions

A validated chromatographic method with simple MS detection was developed for
quantification of three different class anti-cancer molecules in human serum. 100 pL human serum
was necessary for sample preparation. The SPE technique produced proper “sample clean-up” with
low chromatographic base-line “noise” and, therefore, high sensitivity for all compounds. Epirubicin,
olaparib and ribociclib concentrations were determined in the serum of seven patients up-taking the
drugs. Innovation of this approach is represented by the three steps SPE procedure, but also the
simple MS detection, accessible to regular clinics. Full validation makes this method appropriate for
quantification of the analytes in human serum.
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