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a  b  s  t  r  a  c  t

Few  time-consuming  bioanalytical  methods  are currently  available  for trabectedin  quantification  in  clin-
ical  investigations.  Here  we  present  a  novel,  fast  and sensitive  method  for trabectedin  determination  in
human plasma  based  on  hydrophilic  interaction  liquid  chromatography  and  tandem  mass  spectrometry
(HILIC-MS/MS).  Plasma  samples  are treated  with  acetonitrile–0.1  % formic  acid  and  the solvent  extract
is  directly  injected  into  an  Acquity  BEH  Amide  column  (2.1  × 100  mm,  1.7  �m) operating  in HILIC mode
at  0.2 mL/min  with  80:20  acetonitrile–0.1  % formic acid  in  water.  The  analyte  is separated  by an  organic
solvent  gradient  and  quantified  by  an  Agilent  Ultivo  triple  quadrupole  mass  spectrometer  operating  in
multiple  reaction  monitoring  (MRM)  mode.  The  quantitative  MRM  transitions  were  m/z  762→234  and
C-MS/MS
ancer
harmacokinetics

m/z 765→234  for  trabectedin  and  its d3-labeled  derivative,  respectively.  The  lower  limit  of  quantification
(LLOQ)  was  0.01  ng/mL  and  the  assay  was  linear  up  to 2.5  ng/mL.  The  intra-  and  inter-day  relative  error
ranged  from  1.19  % to 8.52  %,  while  the relative  standard  deviation  was  less  than  12.35  %. The  method  was
used to determine  the pharmacokinetic  profiles  of trabectedin  in 26  patients  with  soft  tissue  sarcoma,
showing  that  this  new  HILIC-MS/MS  method  is suitable  for use  in clinical  research.

© 2020  Elsevier  B.V.  All  rights  reserved.
. Introduction

Trabectedin is a natural anticancer drug first isolated from the
arine tunicate Ecteinascidia turbinate and nowadays synthetically

roduced (ATC code: L01CX01). It exerts its antitumoral activity
y alkylating guanines in the minor groove of DNA [1] and, con-
ersely from other DNA alkylating agents, it induces a cascade of
vents that interfere with the function of several transcription fac-
ors, DNA binding proteins, and DNA repair pathways, leading to
ancer cell death [1,2]. In addition to this toxic mechanism, tra-
ectedin blocks the production of growth factors and cytokines by
oth normal and tumor cells, suggesting that its antitumor activity
lso involves tumor microenvironment modifications [3].
Trabectedin is indicated for the treatment of advanced soft tis-
ue sarcoma (STS) and platinum-sensitive recurrent ovarian cancer
4]. It is currently being tested, alone or in combination, in clinical

∗ Corresponding author at: Immunopathology and Cancer Biomarkers Unit, Trans-
ational Research Department, IRCCS CRO Centro di Riferimento Oncologico Aviano,
3081, Aviano (PN), Italy.

E-mail address: giuseppe.corona@cro.it (G. Corona).

ttps://doi.org/10.1016/j.jpba.2020.113261
731-7085/© 2020 Elsevier B.V. All rights reserved.
trials for these and other malignancies [5–8]. Dosage of trabecte-
din is critical for the development of phase I and II studies where
drug concentrations in plasma are normally very low. Thus, to
investigate the clinical pharmacokinetic and pharmacodynamic
properties of this drug in different clinical settings, highly sensitive
bioanalytical methods are needed.

Currently, a few methods for trabectedin determination
involving liquid chromatography-tandem mass spectrometry (LC-
MS/MS) are available. However, these methods generally require
large sample volumes and involve time-consuming pre-analytical
steps. The first LC-MS/MS method for trabectedin quantification,
which had a lower limit of quantification (LLOQ) of 0.01 ng/mL,
required a complex plasma solid-phase extraction (SPE) process
and 500 �L of sample [9]. Successively, an online column-switching
extraction step, coupled with tandem MS,  was introduced to
automatize the pre-analytical purification and concentration steps
[10]. This online-SPE LC-MS/MS method needed only 100 �L of
sample but had a LLOQ of 0.05 ng/mL [10]. Nonetheless, the use of

this bioanalytical approach was limited by the need for an uncon-
ventional LC instrumental configuration. Recently, an LC-MS/MS
method with an improved LLOQ of 0.025 ng/mL was  described and

https://doi.org/10.1016/j.jpba.2020.113261
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2020.113261&domain=pdf
mailto:giuseppe.corona@cro.it
https://doi.org/10.1016/j.jpba.2020.113261
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Fig. 1. Chemical structures of tr

ested pharmacokinetically in one patient under treatment [11].
espite the low LLOQ, this method involves an extended sample
re-treatment process consisting of extraction and solvent drying
teps.

Here we describe a simpler, more direct analytical method
or trabectedin quantification in human plasma. To overcome the
rawbacks of existing methods, our new method combines a sim-
le sample preparation process with hydrophilic interaction liquid
hromatography and tandem mass spectrometry (HILIC-MS/MS).
his analytical integration results in good sensitivity for trabecte-
in determination in patient-derived plasma, making it suitable for
igh-throughput human clinical pharmacokinetic investigations.

. Materials and methods

.1. Chemicals and plasma samples

Acetonitrile (LC-MS grade) was purchased from Carlo Erba
eagents (Milan, Italy) and further purified by distillation. Formic
cid and dimethyl sulfoxide (DMSO) were obtained from Sigma-
ldrich. Ultrapure water was generated by a Milli-Q Plus system

Millipore, Billerica, MA,  USA).
Analytical reference standards of trabectedin (C39H43N3O11S,

W 761.837 g/mol, Fig. 1a) and its deuterium-labeled deriva-
ive d3-trabectedin (C39H40D3N3O11S, MW 764.837 g/mol, Fig. 1b),
sed as an internal standard, were provided by PharmaMar (Colme-
ar Viejo, Madrid, Spain). Drug-free human plasma, used to prepare
aily standard calibration curves and quality control (QC) samples,
as from healthy blood donors at CRO Aviano.

Clinical plasma samples were obtained from STS patients who
ere receiving trabectedin at a dose of 1.5 mg/m2 by continuous

4 -h intravenous infusion. Whole blood was collected before the
tart of infusion and after 2, 8, 24, 24.5, 25, 28, 32, and 48 h, in tubes
ontaining EDTA as anticoagulant. Samples were centrifuged at
◦C for 10 min  at 1900 g (Thermo Scientific Heraeus Megafuge 16R
entrifuge). The plasma was transferred to polypropylene Eppen-

orf tubes and stored at −30 ◦C until analysis. The study protocol
as approved by the CRO Institutional Ethical Committee (no.

015.004CE, 09/03/2015), and all patients gave written informed
onsent.
edin (a) and d3-trabectedin (b).

2.2. Preparation of standard and QC solutions

Two stock solutions each of trabectedin and d3-trabectedin at
100 �g/mL in DMSO were prepared. The trabectedin stock solu-
tions were diluted into two  series of working solutions at the
nominal concentrations of 100, 10 and 1 ng/mL in acetonitrile–0.1
% formic acid in water (70:30, v/v). These solutions were used
to prepare plasma calibrators and QC samples. A d3-trabectedin
working solution (internal standard) was  prepared at 100 ng/mL in
acetonitrile–0.1 % formic acid in water (70:30, v/v) and stored at
−30 ◦C.

Eight-point calibration curves were set up for each batch
of analysis and during the validation study. Plasma calibra-
tors were obtained by diluting working solutions of trabectedin
in drug-free plasma at final concentrations of (A) 2.5 ng/mL,
(B) 1.0 ng/mL, (C) 0.5 ng/mL, (D) 0.25 ng/mL, (E) 0.1 ng/mL, (F)
0.05 ng/mL, (G) 0.025 ng/mL, and (H) 0.01 ng/mL. Three QC sam-
ples, at high (0.80 ng/mL, QC-H), medium (0.16 ng/mL, QC-M) and
low (0.04 ng/mL, QC-L) concentrations, were also prepared in drug-
free plasma. Each batch of analysis included a double blank (plasma
without the internal standard) and a blank (plasma with the inter-
nal standard).

2.3. Pre-analytical sample processing

After thawing, plasma, calibrators and QC samples (50 �L each)
were transferred to 1.5 mL  Eppendorf polypropylene tubes for sol-
vent extraction. Then, acetonitrile solution containing 1 % formic
acid and 0.1 ng/mL d3-trabectedin (200 �L) was added. The tubes
were vigorously vortexed and centrifuged at 20,800 g for 10 min
at 4 ◦C using a 5430R Eppendorf centrifuge. The supernatant was
transferred to an auto-sampler glass vial, and 3 �L was injected into
the LC-MS/MS system.

2.4. Liquid chromatography
The ultra-performance liquid chromatography (UPLC) system
consisted of a 1290 Infinity II binary pump with an integrated
degassing unit equipped with a column thermostat and a 1290
auto-sampler (Agilent Technologies). Chromatography was  run on
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Table  1
MRM transitions and optimized parameters for trabectedin and d3-trabectedin.

Precursor (m/z) Product (m/z) CE (V) Fragmentor (V)

Quantifier MRM
trabectedin 762 234 30 150
d3-trabectedin 765 234 30 150
Qualifier MRM
trabectedin 762 206 30 150
trabectedin 762 557 25 150
d3-trabectedin 765 206 30 150
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d3-trabectedin 765 560 25 150

E,  collision energy; MRM, multiple reaction monitoring.

n Acquity BEH Amide 2.1 × 100 mm,  1.7 �m column (Waters, Mil-
ord, MA,  USA) operating in HILIC mode. The column was  kept at
5 ◦C and equilibrated with 80 % mobile phase B (acetonitrile–0.1

 formic acid) and 20 % mobile phase A (water–0.1 % formic acid)
elivered at a flow rate of 0.2 mL/min. The gradient started with an

socratic step at 80 % B for 1.5 min, then fell to 50 % B at 5 min  and
as followed by an isocratic step of 1 min  before returning to the

nitial condition of 80 % B at 6.1 min. An equilibration time of 3 min
as allowed before the next sample was injected.

.5. Tandem mass spectrometry

The UPLC system was  coupled with an Ultivo triple quadrupole
ass spectrometer (Agilent Technologies). Trabectedin was quan-

ified using positive electrospray ionization (ESI) and multiple
eaction monitoring (MRM)  mode. The trabectedin MS  parameters
ere optimized through the flow injection of the standard solu-

ions at a concentration of 1.0 �g/mL in acetonitrile–1 % formic acid
n water (1:1 v/v). The quantifier MRM  transitions were selected
n the basis of the most intense fragment ion. They were m/z
62→234 and m/z 765→234 for trabectedin and d3-trabectedin,
espectively. Moreover, the MRM  transitions used as qualifier were
/z 762→206 and m/z 762→557 for trabectedin, and m/z 765→206

nd m/z 765→560 for d3-trabectedin (Table 1). The ESI Jet Stream
ource parameters were optimized to have the most intense MRM
ignals. They were: gas temperature, 350 ◦C; gas flow, 10 L/min;
ebulizer gas, 30 psi; sheath gas temperature, 400 ◦C; sheath gas
ow, 12 L/min; capillary voltage, 4000 V; and nozzle voltage, 50 V.
ata were processed with Mass Hunter Quantitative Data Analysis

oftware.

.6. Method validation

The method was validated according to US Food and Drug
dministration guidelines [12]. The examined parameters were lin-
arity, LLOQ, intra- and inter-day accuracy and precision, recovery,
atrix effect, selectivity and stability.
Linearity was evaluated by plotting relative peak area ratio

analyte/internal standard) vs. the analyte concentration from
hree independent plasma calibration curves. Linear least-squares
egression analysis and weighting factors were applied to deter-
ine slope, intercept and correlation coefficient (R2). The accuracy

nd precision of back-calculated concentrations of calibrators were
xpected to be ≤15 %. Accuracy was expressed as the relative error
RE), i.e. the percentage of deviation from the nominal value:

E = observed concentration − nominal concentration
nominal concentration

x 100

Precision was expressed as the relative standard deviation

RSD), calculated as:

SD = standard deviation
mean

x 100
ceutical and Biomedical Analysis 185 (2020) 113261 3

LLOQ was assessed as the lowest plasma trabectedin concen-
tration within the calibration curve with RE (accuracy) and RSD
(precision) ≤20 %. Intra-day and inter-day accuracy and precision
were determined by analyzing 6–12 replicates of each QC sample
on three different days (days 1–3). Accuracy and precision were
required to be ≤15 % for all QC sample determinations.

Overall recovery of trabectedin was estimated by comparing in
triplicate the peak area of the plasma QC samples with the sig-
nal obtained from neat solutions. Matrix effect was estimated by
comparing in triplicate the peak responses of protein-free plasma
extract spiked with trabectedin and d3-trabectedin with those of a
neat solution, as described [13].

Selectivity was studied by investigating if the endogenous
matrix compounds could interfere with the quantification of tra-
bectedin and d3-trabectedin. Six different plasma samples were
analyzed alone (double blank) or with trabectedin added at the
LLOQ. Selectivity was defined by the absence of matrix peaks near
the trabectedin retention time, allowing trabectedin quantification
with RSD and RE ≤ 20 %.

Stability experiments were performed in triplicate at each QC
concentration. Short-term stability was evaluated after 4 h for sam-
ples maintained at 4 ◦C or at room temperature. Plasma extract
stability was  investigated in samples maintained at 4 ◦C in the
autosampler injector for 24 h. Freeze-thaw stability was assessed
on samples frozen at −30 ◦C for 24 h for each cycle, thawed and
then kept at room temperature for 1 h. Long-term stability was
assessed by analyzing samples after 3 months of storage at −30 ◦C.
Samples were considered stable when the difference in trabectedin
concentration from the nominal value was  less than ±15 %.

2.7. Clinical suitability

The method was used to quantify trabectedin in plasma from
26 STS patients treated with 1.5 mg/m2 trabectedin administered
as a 24 h continuous intravenous infusion. Pharmacokinetic param-
eters were calculated using a non-compartmental model, with Cmax

value being directly obtained from the pharmacokinetic profile
data. The area under the curve up to 48 h (AUC0-48 h) was calcu-
lated using the trapezoidal method, the area under the moment
curve (AUMC0-48 h) as (concentration • time) time data plot, and
the mean resident time (MRT) as AUC0-48 h/AUMC0-48 h ratio.

3. Results and discussion

3.1. Mass spectrometry

The ESI-positive scans of trabectedin and its d3-labeled deriva-
tive showed multiple peaks due to the presence of different ion
species (Fig. 2). Under the solvent conditions used, the main peak
corresponded to the protonated molecule ion [M+H]+ at m/z  762
and m/z  765 for trabectedin and d3-trabectedin, respectively. The
less intense signals at m/z 744 and m/z 747 derived from loss of
water [M–H2O+H]+ of the molecular species. These results dif-
fer from previous reports where such dehydrated molecular ion
species were more abundant [9–11]. The lower secondary peaks at
m/z 784 and m/z 787 for trabectedin and d3-trabectedin, respec-
tively, are attributed to their sodium adducts [M + Na]+ (Fig. 2a,b).
Moreover, when unpurified acetonitrile was used as solvent, the
trabectedin spectrum displayed an unexpected peak at m/z  771,
explained by the addition of cyanide to dehydrated trabecte-
din [M–H2O+H+27]+ (see Electronic Supplementary Materials, Fig.

S1). Analogously, when methanol was used, an ion at m/z 776
was observed due to the formation of a methoxy derivative or a
methanol cluster, as previously suggested [9]. Formation of the
cyanide and methoxy derivatives could be explained by the high
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Fig. 2. Scan mass spectra of trabectedin (a) and d3-trabectedin (b).

eactivity of the carbinolamine moiety in position C-21, which
ay be susceptible to nucleophilic substitution. Since the source

f cyanide was identified as an impurity of acetonitrile, for all suc-
essive experiments as well as for mobile phase preparation only
istilled acetonitrile was used.

Product ion scans of trabectedin and its d3-derivative are shown,
long with a proposed fragmentation pattern, in Fig. 3a,b. Both
cans have a representative intense ion fragment at m/z  234 that
as selected to build the quantifier MRM  transitions. The less abun-
ant ion fragments with m/z  206, 557 (for trabectedin) and 206,
60 (for d3-trabectedin) were instead chosen to build the quali-
er MRM  transitions. Collision energy and fragmentor voltage were
ptimized for all MRM  transitions to obtain the highest MS  sig-
als.

.2. Liquid chromatography

To develop the current method, we coupled an HILIC separa-
ion step to MS.  In the presence of a high concentration of organic
olvent, trabectedin showed good retention on the BEH Amide
olumn, likely due to interactions of its hydrogen bond donors
nd acceptors with the polar stationary phase. Its column elution,
ccurring at about 70 % acetonitrile, favored droplet desolvation
nd ESI ion formation. As a result, the MS  signal improved as
id the sensitivity of the method, in agreement with previous
ILIC investigations [14–16]. Trabectedin was eluted selectively at
.7 min  during a total chromatographic run of 9 min. The overall
un time was comparable to that of existing analytical methods for
rabectedin [9–11]. However HILIC offered the advantage to sim-

lify sample preparation because the plasma extract was directly

njected into the LC/MS system. This approach avoided sample dilu-
ion and time-consuming concentration steps, making the method
traightforward and ideal for large-scale analyses.
Fig. 3. Product ion mass spectra of trabectedin (a) and d3-trabectedin (b) obtained
at a collision energy of 30 V.

3.3. Method validation

3.3.1. Linearity and LLOQ
Calibration curves in the range of 0.01–2.5 ng/mL (interpo-

lated with a 1/x weighting factor) showed a correlation coefficient
≥0.9902, indicating good linearity of the method. Back-calculated
concentrations, evaluated over three independent runs, gave a RE
ranging from -13.31 % to 10.68 %, while the RSD ranged from 0.04
% to 13.83 %. These results indicate good accuracy and precision.

The LLOQ was assigned to the lowest calibrator concentration
with both RE and RSD ≤ 20 %. Under the current experimental con-
ditions, the method maintained this level of accuracy and precision
at 0.01 ng/mL trabectedin (RE ≤ 7.80 %; RSD ≤ 13.83 %). MRM  chro-
matograms of a plasma blank and a plasma sample with trabectedin
at the LLOQ are shown in Fig. 4a,b.

3.3.2. Intra- and inter-day accuracy and precision
The intra-day accuracy expressed as RE was in the range of -8.52

% to 1.19 % for the QC samples, while the precision expressed as RSD
ranged from 3.95 % to 12.35 % (Table 2). The inter-day accuracy and
precision for the QC samples, investigated over three days, ranged
from -6.78 % to -1.92 % and from 6.57 % to 10.74 %, respectively.
These analyses fulfill the validation criteria.

3.3.3. Recovery and matrix effect
Several solvent extraction trials were carried out to maximize

the overall recovery of trabectedin from the plasma matrix. Ace-
tonitrile was the best solvent, especially when it contained 1 %
formic acid, giving a mean overall recovery of 54.4 % (SD = 3.8 %)

(Fig. S2). The matrix effect was  assayed by comparing the trabecte-
din MS  signals between protein-free plasma samples with the drug
at QC concentrations and neat solutions of drug [13]. The pres-
ence of matrix reduced the trabectedin MS  signal by a mean of
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Fig. 4. Multiple reaction monitoring (MRM)  chromatograms: (a) plasma blank; (b)
plasma with trabectedin added at the LLOQ (0.01 ng/mL); and (c) plasma supple-
mented with d3-trabectedin (internal standard).

Table 2
Intra- and inter-day precision and accuracy for trabectedin in plasma.

Sample concentration
Intraday Interday

Day 1
(n = 12)

Day 2
(n = 6)

Day 3
(n = 6)

Days 1–3
(n = 24)

LLOQ, 0.01 ng/mL
RSD (%) 13.83 9.30 11.22 12.49
RE  (%) −0.20 −7.16 7.80 0.72
QC-L, 0.04 ng/mL
RSD (%) 12.35 3.95 11.66 10.74
RE  (%) −3.21 −6.24 1.19 −2.87
QC-M, 0.16 ng/mL
RSD (%) 6.26 7.97 6.76 6.57
RE  (%) −1.50 −1.37 −3.32 −1.92
QC-H, 0.80 ng/mL
RSD (%) 4.75 6.30 10.61 7.00
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Table 3
Stability of trabectedin in different experimental conditions and concentrations.

Conditions Nominal
concentration
(ng/mL)

RE (%)

Short-term stability: 4 ◦C, 4 h 0.04 10.72
0.16 −0.44
0.80 −4.47

Short-term stability: room temperature, 4 h 0.04 10.39
0.16 1.59
0.80 9.60

Plasma extract stability: 4 ◦C, 24 h 0.04 2.16
0.16 8.43
RE  (%) −7.75 −3.10 −8.52 −6.78

SD, relative standard deviation; RE,  relative error.

4.5 % (SD = 5.1 %), indicating a suppressive effect. Inclusion of d3-
rabectedin, as an internal standard, kept this substantial matrix
ffect under control, highlighting its mandatory use for the quan-
ification of trabectedin in plasma.

.3.4. Selectivity
Analysis of six different plasma samples alone (double blanks)
nd spiked with trabectedin at the LLOQ revealed the absence of
nterfering peaks close to the trabectedin retention time in the

RM  chromatograms of the double blanks. The RE in these analy-
Fig. 5. Plasma concentration-versus-time profile of trabectedin in soft tissue sar-
coma patients (n = 26) determined using the new HILIC-MS/MS method. Trabectedin
was administered at the dose of 1.5 mg/m2 as a 24 h intravenous infusion.

ses ranged from -10.59 % to 6.02 %, demonstrating good selectivity
of the method.

3.3.5. Stability
QC samples were found to be stable at both 4 ◦C and room tem-

perature for 4 h, indicating that the sample preparation procedure
can also be performed at room temperature within 4 h of collec-
tion (Table 3). Moreover, the freeze-thaw cycles did not noticeably
affect the stability of trabectedin, and the plasma extracts kept at
4 ◦C in the auto-sampler showed good stability up to 24 h with
an accuracy of the QC concentrations less than 8.63 %. Lastly, the
long-term stability of QCs at −30 ◦C over 3 months was character-
ized by a slow degradation that did not exceed 15 %. Overall, these
results are in agreement with those reported in previous studies
[9].

3.4. Clinical suitability

The developed method was tested in a clinical setting by mon-
itoring the trabectedin pharmacokinetic profile in plasma from
26 STS patients treated with a 24 h continuous intravenous infu-
sion of trabectedin at a dose of 1.5 mg/m2. As soon as the infusion
had started, the level of trabectedin in blood rose quickly (Fig. 5).
The level reached a steady state at about 8 h and stayed almost
constant up to 24 h. The concentration promptly decreased after
completion of the infusion, and the drug was  quickly eliminated by
bi-exponential kinetics.

Pharmacokinetic analyses (Table 4) revealed a median drug
exposition, expressed as AUC0-48 h, of 33.28 �g·h·L−1 (range,
19.0–55.5) and a median Cmax of 1.8 �g/L (range, 0.7–2.2). Median

MRT  was  18.17 h (range, 13.9–20.4), in agreement with previously
reported data [17,18]. These data document the suitability and util-
ity of this bioanalytical method for clinical use.
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[18] I. Poggesi, B. Valenzuela, D. Ouellet, M.  Gonzalez, V. Hillewaert, S. Baruchel, E.
 E. Di Gregorio, G. Miolo, A. Steffan et al. / Journal of Ph

. Conclusions

A novel LC-MS/MS method for trabectedin quantification based
n HILIC has been developed and validated. The method is highly
elective, linear, precise and accurate. Its sensitivity, straightfor-
ard pre-analytical process and short analytical cycle time make

his a useful bioanalytical method for high-throughput pharma-
okinetic monitoring in trabectedin clinical trials.
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