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Abstract: Background: Different liquid chromatography tandem mass spectrometry (LC-MS/MS)
methods have been published for quantification of monoclonal antibodies (mAbs) in plasma but thus
far none allowed the simultaneous quantification of several mAbs, including immune checkpoint
inhibitors. We developed and validated an original multiplex LC-MS/MS method using a ready-
to-use kit to simultaneously assay 7 mAbs (i.e., bevacizumab, cetuximab, ipilimumab, nivolumab,
pembrolizumab, rituximab and trastuzumab) in plasma. This method was next cross-validated
with respective reference methods (ELISA or LC-MS/MS). Methods: The mAbXmise kit was used
for mAb extraction and full-length stable-isotope-labeled antibodies as internal standards. The
LC-MS/MS method was fully validated following current EMA guidelines. Each cross validation
between reference methods and ours included 16-28 plasma samples from cancer patients. Results:
The method was linear from 2 to 100 pg/mL for all mAbs. Inter- and intra-assay precision was
<14.6% and accuracy was 90.1-111.1%. The mean absolute bias of measured concentrations between
multiplex and reference methods was 10.6% (range 3.0-19.9%). Conclusions: We developed and cross-
validated a simple, accurate and precise method that allows the assay of up to 7 mAbs. Furthermore,
the present method is the first to offer a simultaneous quantification of three immune checkpoint
inhibitors likely to be associated in patients.
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1. Introduction

Currently more than 25 monoclonal antibodies (mAbs) have been approved for treat-
ing cancer by the US Food and Drug Administration (FDA), and European Medicines
Agency (EMA). Usually, “classical” monoclonal antibodies (e.g., bevacizumab, cetuximab,
rituximab, trastuzumab) are distinguished from immune checkpoint inhibitors (e.g., ipili-
mumab, nivolumab, pembrolizumab, atezolizumab) because of their mechanism of action.
mAbs usually target circulating or membrane antigens involved in tumor proliferation
such as EGFR (epithelial growth factor receptor), VEGF (vascular endothelial growth fac-
tor), CD20 or HER-2 receptor. Over the last decade, the use of mAbs able to modulate
anti-tumor immune response has been spreading. These immunotherapies such as check-
point inhibitors are directed against targets involved in silencing anti-tumoral immune
response like PD-1 (programmed cell death receptor), PD-L1 (programmed death-ligand 1),
or CTLA4 (cytotoxic T-lymphocyte antigen-4). As such, they do not interfere directly with
proliferation and differentiation of cancer cells, but rather aim at harnessing tumor immu-
nity to trigger some kind of immune-related cell death. Although those mAbs have usually
proven clinical benefit with acceptable safety in daily clinical practice in paradigmatic
settings such as lung cancer, melanoma, head and neck or renal cancer, the variability in the
clinical outcomes remains largely unpredictable. In the context of personalized medicine,
the determinants of this clinical variability should be identified to optimize response or to
propose other treatment modalities.

The inter-individual variability observed in clinical response could be, at least in part,
attributed to the pharmacokinetics variability of mAbs. Indeed, exposure levels or more
rarely, pharmacokinetic parameters, such as total clearance have already been associated
with pharmacodynamic endpoints (i.e., overall and progression-free survival, efficacy)
for bevacizumab [1], rituximab [2,3] and cetuximab [4,5]. For instance, 34 pg/mL plasma
level threshold for efficacy was proposed for cetuximab in head and neck cancer [4] and
15.5 ng/mL for bevacizumab in metastatic colorectal cancer [1]. Given the large interindi-
vidual pharmacokinetic variability reported with most biologics [6,7], predicting whether a
patient will be adequately exposed to ensure maximal target engagement can be tricky. Re-
garding immunotherapies, data are less convincing thus far. It has been clearly documented
that exposure-response relationships exist for anti-CTLA4 ipilimumab [8] as shown both in
phase II [9,10] and phase IlI studies [11]. By contrast, pharmacokinetic/pharmacodynamics
(PK/PD) data about nivolumab and pembrolizumab are more contradictory. Most studies
reported that the PK/PD relationships are flat for both mAbs, whereas a single study
evidenced an exposure efficacy with nivolumab [12-14]. Some authors argue that PK/PD
relationships do exist with immune checkpoint inhibitors, but with respect to the extremely
high dosing approved for those drugs, usually plasma levels largely exceed the threshold
concentration required to ensure a maximal target engagement [15]. However, to what
extent those theoretical large amounts of mAbs are sufficient to ensure proper target en-
gagement despite the PK variability remains unclear. In addition to possible impact on
drug efficacy, several groups have suggested that patients treated with immune checkpoint
inhibitors could be overdosed with respect to the efficacy thresholds. This calls for de-
veloping therapeutic drug monitoring (TDM) to possibly customize the frequency of the
administration, i.e., by adapting the scheduling to the decay in plasma levels [16].

Regardless of the context, plasma monitoring of mAbs could be a useful tool for
clinical decision making. To achieve TDM with biologics, robust, specific, and validated
bioanalytical methods are required. As of today, most of the methods for mAbs quantification
in plasma such as phase I studies are based upon ELISA methods [5,17-23] which do not
necessarily meet the time- and cost-effectiveness requirements of routine drug monitoring,
especially in real-world patients. In addition, the limitations in terms of specificity have led to
the development of alternative analytical strategies that should be therefore both time- and cost-
effective. Finally, ELISA methods are not easily adaptable for multiplexed assays. Recently, some
multiplex assays based on liquid chromatography coupled with tandem mass spectrometry
(LC-MS/MS) were proposed [23-25]. Most of these methods can simultaneously quantify
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several biologics in a single run, but thus far none allowed the simultaneous quantification of
several immune checkpoint inhibitors. The increasing number of mAbs used in monotherapy
or in combination with other mAbs support the need of multiplex assays for mAbs, to meet the
time- and cost-effectiveness requirements of routine TDM.

Here, we developed and validated a multiplexed LC-MS/MS method using a ready-
to-use kit for the simultaneous plasma quantification of up to 7 mAbs frequently used
in oncology (i.e., bevacizumab, cetuximab, nivolumab, ipilimumab, pembrolizumab, rit-
uximab, and trastuzumab), over a large range of concentrations in order to be used for
drug monitoring as well as PK/PD studies. Then, this method was cross-validated with
published reference methods (i.e., ELISA or LC-MS/MS).

2. Results
2.1. Validation
2.1.1. Chromatograms

Figure 1 presents typical chromatographic profiles.
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Figure 1. Panels (1), (2) and (3) present chromatographic profiles of double blank drug-free plasma matrix, lower limit of
quantification (LLOQ) and upper limit of quantification (ULOQ), respectively. Int: interference. These chromatograms
were obtained using a BioZen™ 2.6 um Peptide XB-C18 LC column and the LC-MS parameters were those described in
the Materials and Methods section. Two proteotypic peptides were selected for trastuzumab because both are unique and
give intense signals in LC-MS. For the other mAbs, the list of proteotypic peptides was limited because of the sequence
homology of mAbs with endogenous IgG (other peptides are not specific). In this context, a single peptide was selected
in the quantification method of all mAbs except trastuzumab. Panels (4), (5), (6), (7), (8) and (9) display chromatograms
obtained from plasma samples of patients treated with bevacizumab (Beva) (4), cetuximab (Cetux) (5), pembrolizumab
(Pem) (6), rituximab (Rit) (7), trastuzumab (Trastul & Trastu 2) (8) and combination therapy nivolumab (Nivo) + ipilimumab
(Ipi) (9). The retention times of mAbs shown in these panels are different with those observed in panels (1), (2) and (3)
because of the use of different chromatographic systems and columns in each laboratory using the kit. Thus, panels (1), (2),
(3) were analyzed on SCIEX 6500QTRAP by Promise Proteomics. Panels (4) and (9) were analyzed on SCIEX 6500 QTRAP
by PROMISE Proteomics with distinct LC parameters. Panels (5), (6), (7) and (8) were analyzed on a THERMO TSQ Altis
at Cochin hospital (Paris, France). Importantly and as visible on (1), (2) and (3), an interfering signal (Int) is present for
nivolumab peptide when analyzing plasma samples with a QQQ mass spectrometer. It elutes very close to the peak of
interest. This interference can be separated with an appropriate gradient. Lower limit of quantification and linearity.
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For all mAbs, the LLOQ was 2 pg/mL corresponding to the lowest level of calibration.
Standards curves were linear from 2 to 100 pg/mL for all mAbs. Over this concentration
range, the regression coefficient (r?) of the calibration curves was always greater than
0.994 with back-calculated calibration samples within £15% (£20% at LLOQ), as shown in
Figure 2. Signal to noise (S/N) ratios calculated by dividing signal area at LLOQ by signal
area in double blank samples were 33, 41, 11, 8, 25, 10, 30 and 8 for Beva, Cetux, Ipi, Nivo,
Pembro, Ritux, and Trastu-1 or Trastu-2 peptides, respectively. All the validation criteria
for linearity were fulfilled.

1_FTISADTSK

‘4. Nivo_ASGITFSNSGMHWVR .

2. Cetux_YASESISGIPSR

LightHeavy Peak ata Ratl

...........

®  Standard ¢ Quality Control

4 Blank Calibration Curve

Figure 2. Slopes, intercepts and coefficient of determination mean values were respectively as follows (n = 6):
y = 0.15X + 0.025 (2 = 0.999) for bevacizumab (Beva), y =0.14X + 0.012 (2 = 0.999) for cetuximab (Cetux), y =0.052X + 0.26
and (> = 0.986) for Ipi, y = 0.11X + 0.32 (> = 0.995) for Nivo, y = 0.13X + 0.032 (r2 = 0.998) for pembrolizumab
(Pembro), y = 0.16X + 0.044 (2 = 0.996) for rituximab (Ritux), y =0.05X + 0.018 (2 = 0.997) for trastuzumab_pep1 (Trastul)
and y = 0.08X + 0.040 (2 = 0.994) for trastuzumab_pep?2 (Trastu2) where x is the concentration in p1g/mL and y is the area

ratio. Selectivity, carry-over and matrix effect.

No interference was observed at the retention times of analytes and IS in blank samples
extracted from the five tested human samples. Regarding Nivo peptide detection (i.e.,
peptide ASGI), based on our experience, an interference can be observed in most of the
patient samples. It was crucial to correctly separate this interference, using adequate LC
parameters. Regarding matrix effect (Figure 3), the mean for the 7 mAbs was —12.7%
(CV =35.5%). The lowest value was —54% for Nivo and the highest of +33% for Ipi.
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Figure 3. Matrix effect for the different mAbs. Black histograms represent the total area measured for the peptide (mean

of MRM transitions) in the absence of plasma, while the grey histograms represent the total area measured for the same

peptide and same concentration (mean of MRM transitions) in the presence of plasma. Samples, without and with plasma,

were analyzed in 6 replicates from a pool of human plasma samples. CV% between replicates were consistent and below 9%

in the absence of matrix, and below 11% in the presence of matrix, except for Nivo where CV% was 19% in the presence

of matrix.

The matrix effects measured are —24%, —25%, +33%, —54%, —23.5%, +25.8%, —39.7%
and —22.1% for Beva, Cetux, Ipi, Nivo, Pembro, Ritux, Trastu-1 and Trastu-2 peptides,
respectively.

2.1.2. Accuracy and Precision

Table 1 presents the results of within-day and between-day precision (expressed as
coefficient of variation, CV) and accuracy. Inter-assay precision and accuracy for all mAbs
ranged from 1.0-13.1% and 91.3-107.1%, respectively. Intra-assay precision and accuracy
were <14.6% and ranged from 90.1 to 111.1%, respectively. Bias and CV did not exceed 20%
for LLOQ and 15% for three levels of internal quality control (IQC) for at least 1 peptide,
therefore the acceptance criteria for accuracy and precision were therefore met for all mAbs.
In addition, we evaluated the performance of the method with one of Trastu biosimilar
(Ontruzant®). The accuracy and precision for 3 IQCs (1 = 6 for each) ranged from 99.8 to
110.4% and from 2.1 to 8.9%, respectively (Table S1).
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Table 1. Intra- and inter-assay accuracy and precision of OTDM1 monoclonal antibodies measured in plasma with mAbXmise kit. Results obtained with originator drugs (linear regression
1/X) n = 3 (IQC: internal quality control; LLOQ: lower limit of quantification) # Precision is expressed as coefficient of variation (%). *n =4, ** n =8.

Within-Run Between-Run
Nominal L Mean Calcul.ated Intra-Day Precision ? Intra-Day Accuracy Mean Calcul.ated Inter-Day Precision 2 Inter-Day Accuracy
Concentration (ug/mL) evel Concentration (%, n = 6) (%, n = 6) Concentration (%, D =4,n=16) (%, D =4,n=16)
(ug/mL) (ug/mL)
BevacizumabFTFSLDTSK
2 LLOQ 2.1 34 103.0 2.0 1.5 101.2
6 Low IQC 6.3 3.1 105.1 6.2 33 102.8
15 Mid IQC 15.5 1.8 103.1 15.8 1.7 105.4
75 High IQC 75.4 1.1 100.5 75.7 1.0 100.9
Cetuximab
YASESGIPSR
2 LLOQ 2.0 14 102.0 2.0 4.6 98.6
6 Low IQC 6.2 1.9 104.0 6.1 34 102.5
15 Mid IQC 15.2 1.9 101.0 15.4 1.7 102.4
75 High IQC 73.8 0.9 98.4 741 1.1 98.8
Ipilimumab
GLEWVTFISYDGNNK
2 LLOQ 22 34 111.1* 2.0 11.5 99.4 **
6 Low IQC 6.2 14.6 102.7 6.0 7.2 100.0 **
15 Mid IQC 14.5 12.2 97.0 14.4 24 96.0 **
75 High IQC 81.3 3.9 108.0 78.7 52 105.0 **
Nivolumab
ASGITFSNSGMHWVR
2 LLOQ 2.1 6.5 103.0 2.0 12.4 100.1
6 Low IQC 54 6.5 90.1 5.79 13.1 96.5
15 Mid IQC 141 7.7 94.0 15.6 7.3 104.0

75 High IQC 74.2 2.8 99.0 74.2 1.2 99.0
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Table 1. Cont.

Within-Run Between-Run
Nominal L Mean Calcul.ated Intra-Day Precision ? Intra-Day Accuracy Mean Calcul.ated Inter-Day Precision ? Inter-Day Accuracy
Concentration (ug/mL) evel Concentration (%, 1= 6) (%, 1 = 6) Concentration (%, D =4, 1 =16) (%, D =4, 1 =16)
(ug/mL) (ug/mL)
Pembrolizumab
DLPLTFGGGTK
2 LLOQ 1.9 4.2 95.7 1.9 2.1 93.0
6 Low IQC 6.0 2.1 100.4 6.1 44 100.7
15 Mid IQC 14.9 1.4 99.3 154 2.5 102.3
75 High IQC 73.1 1.5 97.5 74.8 1.6 100.0
Rituximab
FSGSGSGTSYSLTISR

2 LLOQ 2.0 6.9 100.5 2.1 4.6 106.8
6 Low IQC 6.5 54 107.8 6.4 2.1 106.0
15 Mid IQC 16.1 3.8 107.5 16.1 1.8 107.1
75 High 1QC 77.5 4.0 103.3 77.5 1.8 103.3

Trastuzumab

DTYIHWVR
2 LLOQ 2.0 7.6 98.9 21 52 103.4
6 Low IQC 5.7 3.8 95.4 6.1 5.9 101.4
15 Mid IQC 149 5.1 99.2 15.5 4.2 103.2
75 High IQC 72.4 2.7 96.5 74.0 1.7 98.7

Trastuzumab

FTISADTSK
2 LLOQ 1.9 3.1 93.4 1.8 8.1 91.3
6 Low IQC 6.2 2.0 103.1 6.0 42 99.6
15 Mid IQC 15.0 1.1 100.0 14.9 2.3 99.6
75 High IQC 74.8 1.0 99.7 73.3 1.9 97.8
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2.1.3. Dilution Effect

The accuracy and precision of 5-fold diluted plasma sample (1 = 6 for each mADb)
ranged from 92.4 to 106.8% and from 1.4 to 9.3%, respectively (Table S2).

2.2. Comparison of mAbs Levels with LC-MS/MS Method versus References Methods

A total of 142 plasma samples were assayed. The median concentration (range)
was 88.5 (6.1-225.2) pg/mL for Beva (n = 16), 152.7 (13.2-288.0) ng/mL for Cetux (n = 21),
3.9 (1.1-14.2) pg/mL for Ipi (n = 12), 28.0 (11.4-63.5) pg/mL for Nivo (n = 21),
26.8 (4.2-55.5) pg/mL for Pembro (n = 21), 57.7 (7.4-234.9) ug/mL for Ritux (n = 28) and
95.4 (30.4-241.0) pg/mL for Trastu (n = 23). The interchangeability of the present multiplex
LC-MS/MS method could not be tested for Ipi due to the lack of international laboratories
able to assay this mAb. Overall, 130 plasma samples were analyzed for the cross-validation.
Figure 4 presents Passing Bablok and Bland—Altman plots for each assay pair.
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Figure 4. Passing-Bablok and Bland-Altman plots: Passing-Bablok regression plot of concentrations
measured by LC-MS/MS and reference method for (A) bevacizumab (n = 16), (B) cetuximab (n = 21),
(C) nivolumab (1 = 21), (D) pembrolizumab (n = 21), (E) rituximab (n = 28), (F) trastuzumab (n = 23)
in patients with advanced cancers. Bland—-Altman analysis of the difference between LC-MS/MS
and reference method for (A) bevacizumab, (B) cetuximab, (C) nivolumab, (D) pembrolizumab,
(E) rituximab, (F) trastuzumab. The mean + 1.96 standard deviation lines (95% limits of agreement)
are plotted for reference.

The Passing-Bablok regression revealed no significant deviation from linearity for all
mAbs (Cusum test). In comparison with reference methods, the multiplex LC-MS/MS
method overestimated concentrations by 13.2% for Beva and 4.9% for Pembro, while it
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underestimated concentrations for Cetux, Nivo, Ritux and Trastu (17.1%, 3.0%, 9.1%, and
11.6%, respectively). Table 2 summarizes the method agreement between each assay pair.
Results showed that the mean absolute bias of measured concentrations between multiplex
and reference methods was 9.82% (range 3.0-17.1%). Overall, these results suggest the
interchangeability of the present multiplex LC-MS/MS method with published reference
methods for Beva, Cetux, Nivo, Pembro, Ritux and Trastu.

Table 2. Summary of method agreement for each monoclonal antibody (mAb): Estimated parameters and 95% confidence
interval (95% CI) of slope and intercept for each monoclonal antibody comparison. p-Value of Cusum test. Mean and 95%
limits of agreement (LOA) of bias for each mAb comparison.

Bland-Altman

Passing-Bablok Absolute Differences

Parameters Slope (95% CI) Intercept (95% CI) Cusum Test Bias (95% LOA)
(p-Value)
Bevacizumab LC-MS/MS vs. ELISA Reference 1.132 4.16 058 16.1
Method [26] (n = 16) (1.043; 1.242) (—1.41;10.35) ’ (—8.7;40.8)
Cetuximab LC-MS/MS vs. LC-MS/MS 0.829 —2.72 072 —-17.9
Reference Method [27] (n = 21) (0.788; 0.900) (—4.53; 6.20) ’ (—60.9; 25.0)
Nivolumab LC-MS/MS vs. LC-MS/MS 0.970 2.59 0.72 27
Reference Method [28] (n = 21) (0.811; 1.221) (—3.05;7.37) ’ (—7.2;12.6)
Pembrolizumab LS-MS/MS vs. LC-MS/MS 1.049 —-0.19 072 1.1
Reference Method [29] (n = 21) (0.947;1.159) (—2.34;2.04) ’ (—5.8,7.9)
Rituximab LS-MS/MS vs. LC-MS/MS 0.909 -1.30 0.89 -75
Reference Method [30] (n = 28) (0.784; 1.054) (—5.82;1.92) ’ (—40.5; 25.5)
Trastuzumab LS-MS/M/S vs. LC-MS/MS 0.884 19.42 078 13.8
Reference Method [31] (n = 23) (0.740; 1.178) (—0.23; 32.47) ’ (—47.8;75.3)

3. Discussion

Over the last decade, the literature about pharmacokinetics and pharmacodynamics
of mAbs used in oncology has significantly expanded [32-34]. A large inter-individual vari-
ability in pharmacokinetics parameters and subsequent exposure levels is usually reported,
regardless of the type of mAbs considered. By contrast, inconsistencies were observed
when reporting on PK/PD relationships with mAbs. For instance, trough levels or clear-
ance values were repeatedly associated with the efficacy of anti-EGFR cetuximab either in
colorectal or head and neck cancers [4,5,35,36]. Similar exposure—effects relationships were
found with anti-VEGF bevacizumab [1] or anti-HER?2 trastuzumab [19]. With immune
checkpoint inhibitors, both efficacy and toxicity endpoints seemed to be associated with
plasma concentrations of anti-CTLA4 ipilumumab [9]. Oppositely, contradictory findings
were published with anti-PD1 nivolumab in lung cancer patients [35,36] and flat relation-
ships were suggested with anti-PD1 pembrolizumab [37]. Overall, the very existence of
PK/PD relationships with mAbs remains a controversial issue in clinical oncology. Several
explanations can help in understanding those erratic findings. First, clearance of mAbs
can be influenced by target-mediated drug disposition (TMDD), a phenomenon making
PD endpoints such as tumor burden a relevant covariate for predicting clearance values
of mAbs, the higher the antigenic mass, the higher the clearance and the lower the drug
plasma levels [38]. Therefore, whether low concentrations of mAbs are the cause or the
consequence of increase in tumor burden is tricky to understand. Of note, TMDD does not
apply to anti-CTLA4 or anti-PD1 mAbs since target engagement is not related to the tumor
burden but rather to the immune system. Another possible confounding factor is the fact
that low albumin levels (i.e., cachexia frequently observed in patients with progressive
disease) is another factor likely to increase mAbs clearance [35], thus further blurring
the picture when trying to understand whether PK is the cause or the consequence of
disease evolution. In addition, to better understand PK/PD relationships, the fact that
most, if not all, immune checkpoint inhibitors administered now as flat doses could yield
plasma levels largely exceeding the threshold required for target engagement [16,39,40]
calls for developing tools for evaluating exposure to mAbs. For example, TDM of immune
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checkpoint inhibitors (ICIs), could be interesting, not necessarily as an attempt to tailor
dosing to increase efficacy, but at least to customize the frequency of administrations,
in a drug cost saving perspective [16]. Indeed, TDM-based determination of individual
PK parameters could allow simulating the time to reach the efficacy threshold, and to
determine when the next dose should be administered for a given patient [41]. A new
bioanalytical method for TDM application in routine should meet different analytical
requirements such as sensitivity, precision, and accuracy, in addition to ease of use, cost
and time effectiveness considerations. Furthermore, the increasing use of combination
therapy with multiple mAbs calls for multiplex assays. As far as we know, this is the
first report of a validated LC-MS/MS method able to simultaneously assay up to 7 ther-
apeutic mAbs including three check point inhibitors (i.e., Ipilimumab, Nivolumab and
Pembrolizumab). Co-administration of ICIs such as Ipi plus Nivo or Pembro has become a
common practice. To date, only 10 bioanalytical methods [18,20,28,39,40,42-46] including
5 LC-MS/MS methods [28,39,40,43,44] have been published for these 3 mAbs, but none
proposes a simultaneous assay as ours. The present method could become the bioanalytical
method of choice to explore PK/PD relationship of ICIs, especially in patients treated in
combination.

According to the EMA guidelines for bioanalytical method evaluation [47], the present
multiplex LC-MS/MS method meets all the current validation criteria, except for ma-
trix effect evaluation. Different MRM transitions used as “quantifier” gave consistent
quantification data, regardless of the mAb. In this context, we preferred calculating the
mAb concentration by averaging the signal of multiple quantifiers to gain sensitivity and
reliability. The validation showed satisfying intra- and inter-day accuracy (90.1-111.1%)
and precision (<14.6%) for all mAbs. Regarding Nivo quantification, an interference was
observed using QQQ mass spectrometer. However, this interference would not be expected
with HRMS mass spectrometer because of its greater precision in 7/z measurement as
compared with QQQ (~10 ppm vs ~ 0.6-0.7 Da, respectively). During the analytical valida-
tion steps, this interference was correctly separated and always eluted a few seconds before
the peak of nivolumab (Figure 1, panel 1). In case of insufficient separation, the accuracy at
LLOQ and low IQC for Nivo did not meet the acceptance criteria, thus impacting on low
plasma concentrations (i.e., <6.0 ng/mL). This interference is probably due to a peptide
from a plasma protein such as physiological IgG which has a m/z and a sequence very
close to the peptide of interest when assaying Nivo. To be sure that the interference is
correctly separated from Nivo, users should therefore analyze double-blank plasma sample
and a blank plasma sample (i.e., matrix spiked with the stable labelled internal standard,
which does not show any interference). The contaminating peak visible in the double-blank
should have a different retention time than the peak of the labeled peptide visible in the
blank sample.

Based on our knowledge, mAbXmise kit is the first solution including stable-labeled
mAbs and reagents and consumables for performing therapeutic mAb quantification.
The use of full-length stable-isotope-labeled antibodies is an asset in comparison with
most other LC-MS/MS methods which use a labeled reference peptide [4,48-50]. Indeed,
adding a full-length stable-isotope-labeled antibody at the very beginning of extraction
procedure is known to better compensate recovery and matrix effect than labeled peptides
or universal stable labeled mAb [48]. In the present study, the matrix effect of all mAbs,
is significant, especially for nivolumab for which a previous study already reported a
high matrix effect [28]. Given the fact that the matrix effects of full-length stable-isotope-
labeled antibodies were not assessed and therefore not taken into account for estimation of
the matrix effect of mAbs, these results should be interpreted cautiously. However, one
can expect that the use of full-length stable-isotope-labeled antibody should significantly
minimize the matrix effect. Finally, the satisfying results of the cross-validation for all
mAbs (except Ipi) suggests the absence of significant impact of matrix effect on the present
LC-MS/MS assay.
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LC-MS/MS methods decrease the inter-batch and inter-operator analytical variability
as compared with canonical ELISA methods. Here, the use of ready-to-use industrial
kits is a further plus ensuring better inter-batch and inter-laboratory consistency in a
context of TDM or multicentric PK study. A large range of plasma concentrations (i.e.,
2-100 pg/mL) was covered by the assay, including the concentrations reported during clin-
ical PK studies [1,4,9,12,18,24,25]. Furthermore, the evaluation of dilution accuracy showed
that concentrations up to 5-fold above ULOQ were adequately quantified. Our 2 ug/mL
LLOQ is usually higher than those previously reported with ELISA methods [5,17-23],
indicating a poorer sensitivity of the LC-MS/MS technique. However, with respect to
the plasma concentrations usually upon mAbs administration, this LLOQ at 2 pg/mL
was considered as sensitive enough in routine setting because the range of concentrations
is consistent with the concentrations expected in daily clinical practice. In the present
study, many samples had concentrations above the ULOQ), especially for Beva, Cetux,
Ritux and Trastu. For those mAbs, blood samples were collected in patients from clinical
trials. The methodology of these studies included measuring peak plasma levels, which
explains that many samples were superior to ULOQ. This could be fixed by a systematic
dilution of all samples withdrawn at the end of the infusion. According to a recent review
of literature [6], target trough concentrations >15.5, 33.8, 25 and 20 pg/mL are proposed
for Beva (colorectal cancer), Cetux (head and neck cancer), Ritux (lymphoma) and Trastu
(breast cancer), respectively. Therefore, the range of plasma concentrations (2-100 pug/mL)
covered by our multiplex LC-MS/MS method is fully suitable to drug monitoring in daily
clinical practice.

Finally, this multiplex LC-MS/MS method outperforms standard ELISA methods
in terms of time- and cost-saving perspectives, thus fully meeting the requirements for
implementing routine TDM in oncology.

The LC-MS/MS methods previously published for measuring plasma mAb levels
were appropriately validated following the EMA guidelines [47]. However, very few of
them were cross-validated with another method [22,24,28,30,51-53]. In a context of TDM,
the cross-validation issue is critical for determining whether the obtained data are reliable,
and whether they can be compared and used with respect to data from the literature. The
present LC-MS/MS method was successfully cross-validated for all mAbs (except Ipi) as
demonstrated by the consistent results between our multiplex LC-MS/MS method and
reference bioanalytical methods. Indeed, the Cusum test was not statistically significant for
each mAD, thus confirming the linear relationships between the methods. Furthermore,
the under or overestimation of the results from this multiplex LC-MS/MS method ranged
from —17.1% to 13.2%, which was satisfying. The intercept of Passing-Bablok regression
for Nivo was higher than those for other mAbs. However, two PK/PD studies reported
that the trough plasma concentration of nivolumab ranges from 10 to 25 ug/mL after
a single infusion and 45 to 80 ug/mL at steady-state [35,36]. Consequently, this higher
intercept should not have any significant consequence on drug monitoring and further
decision making. Bland—Altman analysis showed that mean estimated bias for each mAb
was acceptable with respect to plasma concentrations observed in patients and should have
no incidence on results interpretation either. Following EMA guidelines for bioanalytical
method validation [47], more than 67% of individual concentration differences must lower
than 20% for each mAb when comparing bioanalytical methods. This condition was
verified here.

Altogether, our data suggest that the present multiplex LC-MS/MS method could be
used instead of the reference methods for routine TDM purpose. Five French clinical PK
laboratories were involved in the cross-validation campaign, thus reinforcing the robustness
of our results. As previously mentioned, we could not compare the performance of our
method for Ipi. However, Ipi plasma concentrations were assayed in patients treated at
different doses (i.e., 1 or 3 mg/kg) for melanoma or lung cancer. These concentrations were
consistent with those previously reported elsewhere for these indications [7,49], which
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suggests a good reliability of our method. A cross-validation for Ipi should be conducted
in the future.

Over the last decade, several mAbs (i.e., Beva, Cetux, Ritux and Trastu) have become
available in most countries. Since 2018, the different health authorities worldwide have
promoted the use of biosimilars in oncology as a means to cut drug costs. However, some
practitioners are worried during the switch procedure from princeps mAbs to biosimilar
mADb, because of concerns regarding possible loss of efficacy as PK of biosimilar may
not perfectly match that of the princeps mAb. The use of TDM before and after such a
switch could help to ensure that plasma mAb levels remain stable with biosimilars. In this
context, a versatile LC-MS/MS method capable of assaying both originator and biosimilar
mADbs would be very useful. The present multiplex LC-MS/MS method exhibited a
similar performance (accuracy and precision) to assay plasma concentration with actual
Herceptin® and biosimilar Trastu. This result suggests the analytical reliability of our
method, regardless the mAb. However, this reliability should be further confirmed with
other biosimilars of Beva, Cetux and Ritux, for fully confirming that our technique enables
assaying both originator and biosimilar mAbs.

Despite the relatively long run time of our assay, its versatility is a major asset when
implementing routine TDM for various reasons: Samples can be gathered in a unique
laboratory and results can be released more quickly. Thus, the loss of time caused by
a longer run time is offset by the large benefits of multiplexing. Overall, this may help
spreading the monitoring of mAbs in cancer patients as a daily clinical practice. Further-
more, the treatment paradigm of some cancers such as melanoma and lung cancer has
dramatically changed in recent years with the introduction of immunotherapy. A better
understanding of PK/PD relationship for ICI therapies could contribute to optimizing
individual treatment in the era of personalized medicine [7,15].

4. Materials and Methods
4.1. Reagents and Consumables

mAbXmise kit-multiplex 7 mAbs (Beva, Cetux, Ipi, Nivo, Pembro, Ritux, Trastu) was
obtained from Promise Proteomics (Grenoble, France). mAbXmise is a ready-to-use kit
enabling the simultaneous plasma quantification of 7 mAbs using full-length isotopic
versions of each as internal standards (SIL-Trastu, SIL-Beva, SIL-Cetux, SIL-Ritux, SIL—
Nivo, SIL-Ipi, SIL-Pembro). mAbXmise kit contains all reagents, calibration standards
(n = 6 including zero), three levels of IQCs (2 IQCs included in the kit and 1 additional IQC
made for the validation), consumables (mAbXmise plate, PuriXmise plate) and solutions
(CutXmise enzyme and CutXStop) to prepare samples before the LC-MS/MS injection.
LC-MS/MS grade acetonitrile and formic acid were purchased from Merck-Sigma (St.
Louis, MO, USA) and Fisher Chemicals (Illkirch, France), respectively. Ultrapure water
(resistivity 18.2 m() cm) was obtained using a Milli-Q Plus® system (Millipore, Molsheim,
France).

4.2. Calibration Curve and Internal Quality Control Preparation

Calibration curves and IQCs were designed according to the expected concentrations
for the 7 mAbs. Seven independent stock solutions were prepared for each mAb: one was
used for the preparation of calibration standards and the other for the IQCs. All stock
solutions were prepared from reference solutions of Trastu (Herceptin®, 120 mg/mL), Beva
(Avastin®, 25 mg/mL), Cetux (Erbitux®, 5 mg/mL), Ritux (Mabthera®, 10 mg/mL), Nivo
(Opdivo®, 10 mg/mL), Ipi (Yervoy®, 5 mg/mL) and Pembro (Keytruda®, 25 mg/mL)
obtained from Myonex (Leicester, United Kingdom). Briefly, a volume of 4 mL of pre-
diluted CAL and IQC solutions, at 10, 50, 125, 250, 500, 30, 75 and 375 ug/mL, were
prepared in PBS 1X. Then, the 4 mL pre-diluted solutions were diluted in 16 mL of blank
plasma to get the calibration standards and IQCs at the final concentrations: 2, 10, 25, 50,
100 and 6, 15 and 75 pg/mL.
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4.2.1. Sample Preparation with mAbXmise Kit

Samples were prepared according to manufacturer’s instructions. Briefly, samples
were prepared as follows (Figure 5): 20 uL of plasma sample (calibration standard, IQC or
patients’ sample) were loaded in wells of the mAbXmise plate and diluted with 80 uL of
Buffer A solution provided in the kit. Then, they were agitated for 1 h at room temperature.
The 7 mAbs as well as their full-length isotopically labelled forms (SIL-mAbs) were
extracted by immunocapture on the PuriXmise plate. After an elution step, extracted
samples were dried in a speed vacuum (Martin Christ, Osterode am Harz, Germany).
Samples were re-solubilized and then digested with CutXmise enzyme overnight at 37 °C.
Digestion was stopped with CutXStop, then 20 uL of digested samples were injected in the
LC-MS/MS system.

u SIL-mAbx

¢ ‘ SIL-mAb1 J_Yk\(

CAL, 1QC and plasma samples are loaded on mAbXmise plate,
then incubated to enable the SIL-mAbs coated to resuspend.
The samples are then loaded on PuriXmise plate (Step 2).

PuriXmise plate is made of an affinity resin, allowing to purify
1gG from plasma samples. The total sample recovered from
Step 1 is loaded and washing steps are performed to eliminate
the contaminant proteins.

Using this purification step, the total IgG, including therapeutic
mAbs and SIL-mAbs, are collected (Step 3).

1gG eluate is digested. The generated peptides are then
injected on the mass spectrometer.

®» © ©

Figure 5. mAbXmise process summarized: collected plasma samples are loaded on mAbXmise plate as well as calibrators
and QC samples provided in the kit. Full-length isotopically labelled mAbs, coated on the plate, are resuspended in the
plasma samples and will serve as internal quantification standard. Total IgG are purified, recovered, and then digested. At
the end of the process, the samples collected are ready to be injected.

4.2.2. Selection of Peptides for Quantification

The final list of proteotypic peptides selected and their corresponding MRM transitions
is given in Table 3. For all listed peptides, the MRM transitions were used as “quantifier”
as all gave consistent quantification data. In the presented data, the mean of multiple MRM
transitions was used to calculate mAb final concentration.
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Table 3. Surrogate peptides used for OTDM1 monoclonal antibodies quantification in plasma and their corresponding
MRM transitions. All peptide listed were used as “quantifier”.

NX);?S)O‘;;I Peptide Sequence Q1 m/z Pi‘giiglzn Q3 mlz Fragment Ion
797.404 y7+
650.336 v+
FTFSLDTSK 523.263664 563.304 ys*
450.219 yat
Bevacizumab 2+ 335.193 ys"
805.418 y7*
658.350 e+
FTFSLDTS [13C6,15N2] K 527.270764 571318 ys*
458.234 yat
343.207 y3*
1103.569 vyt
YASESISGIPSR 633.819866 1032.532 yi0"
816.457393 ys*
Cetuximab 2+ 1113.577 it
YASESISGIPS [13C6,15N4] R 638.824001 1042.540 yi0©
826.466 ys*
1257.611 vyt
1158.543 yi0*
1057.495 yo+
GLEWVTFISYDGNNK 871.922851 910,426 ve"
797.342 y7*
710.310 e+
Ipilimumab 2+ 547.247 ys*
1265.625 vyt
1166.557 yi0*
GLEWVTEISYDGNN 1065509 yo©
[13C6,15N2] K 875929951 918.441 v
805.357 y7+
718.325 e+
555.261 ys*
1073.495 yo+
986.462 v+
ASGITFSNSGMHWVR 550.599946 872.420 y7+
785.387 e+
Nivolumab 3+ 661.309 yn**
1083.503 yo+
996.471 yg+
ASCITESNSGMHIY 553936036 w2425 "
795.396 e+

666.313 yi 2t
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Table 3. Cont.

Monoclonal . Charge
Antibody Peptide Sequence Q1 m/z Parent Ion Q3 ml/z Fragment Ion

877.478 yo©
780.425 ys*t

DLPLTFGGGTK 553.298038
566.293 vt
Pembrolizumab 2+ 419.225 ys"
885.4920 yo*
788.439 yg*

DLPLTFGGGT [13C6,15N2] K 557.305138
574.307 ve©
427.239 ys*t
1084.563 Y10+
1027.542 yo©

FSGSGSGTSYSLTISR 803.889009
926.494 ys*t
Rituximab 2+ 839462 y7*
1094.572 yio"
1037.550 *

FSGSGSGTSYSLTIS 808.893143 Y9

[13C6,15N4] R 936.502 ve*
849.470 yr*
873.473 ye
710.410 ys*
597.326 ya©

DTYIHWVR 54527744
460.267 yst
630.288 bs*
2+ 816.368 be*
883.481 ve©
720.418 y5*
+

DTYIHWYV [13C6,15N4] R 550.281575 007.354 ya

470.275 ys*t
Trastuzumab 630.288 bs*
816.368 bt
822.420 ys*
608.289 vt

FTISADTSK 485.248014
521.257 ys*
450.219 yat

2+

830.435 ys*t
616.303 6"

FTISADTS [13C6,15N2] K 489.255114
529.271 ys*t
458.234 ya*

4.2.3. Chromatographic and Mass Spectrometric Conditions and Instrumentation

The chromatographic system used consisted of an Exion system with binary pumps,
autosampler set at 15 °C, and a column oven maintained at 40 °C (Sciex, Framingham, MA,
USA). Chromatographic separation of peptides was achieved using a BioZen™ 2.6 um
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Peptide XB—C18 LC column 100 x 2.1 mm (Phenomenex, Torrance, CA, USA) or a XSelect
CSH C18 LC column 100 x 2.1 (Waters, Milford, MA USA). A gradient elution program
was conducted for chromatographic separation with mobile phase A (water, 0.1% formic
acid) and mobile phase B (acetonitrile, 0.1% formic acid) as follows: 0-1 min (95% A),
1-2 min (from 95% to 80% A), 2-12 min (from 80% to 60% A), 12-12.1 min (from 60% to
10% A), 12.1-14.5 min (10% A), 14.5-14.6 min (from 10% to 95% A), 14.6-20 min (95% A).
The flow rate was 100 uL/min. Analysis for method validation was performed using a
6500 QTRAP (Sciex, Framingham, MA, USA). Source conditions were optimized with the
curtain gas at 20 psi, lonspray voltage at 5500 V, temperature at 500 °C, ion source gas
1 at 40 psi and ion source gas 2 at 45 psi. Declustering potential, entrance potential and
collision cell exit potential values were 60, 12 and 19 for compound parameters. Analyses
for cross-validation were performed using a TSQ Altis (Thermo Fisher Scientific, San Jose,
CA, USA) for Beva, Ipi, Ritux, and Trastu, XEVO TQ-XS (Waters, Milford, MA USA) for
Nivo, Pembro and Cetux.

4.2.4. Selectivity, Carry-Over and Matrix Effect

The selectivity was evaluated by analyzing plasma samples (n = 6) from naive treat-
ment cancer patients and carry-over by analyzing the signal intensities for peptides (from
mAbs and IS) in a blank sample (mobile phase) injected just after the sample CAL5
(100 pg/mL of each mADb). To determine the matrix effect, a mix of the 7 pure mAbs
was digested with CutXmise. This mix was then divided in two fractions (2 x 30 puL). One
fraction was supplemented with 30 uL mobile phase A, while the second fraction was
supplemented with 30 uL digested blank plasma from a pool of human plasma samples
(n = 6). The peak areas of each peptide were determined in both conditions and the matrix
effect for each mAb was determined by dividing the peak area in the presence of plasma
by the peak area in absence of plasma.

4.2.5. Method Validation

The method was fully validated according to the EMA Guidelines for Industrial
Bioanalytical Method Validation [47] for linearity, accuracy, carry-over, dilution integrity,
matrix effect and selectivity. For the linearity assessment, double blank, zero samples
and CAL samples (between 2 ug/mL and 100 pg/mL) were prepared and analyzed on
6 different days. Samples were prepared by spiking different known concentrations of
the pure mAb solution in drug-free plasma samples as described before. The response for
each mAbs was evaluated with respect to the theoretical concentration of each calibration
standard. Linear regression (1/x) was applied to fit the calibration curves (area peak ratio
vs. concentration). The five calibration levels in each run should be within +15% of the
nominal value, except the LLOQ which must be between +20% of the nominal value. The
regression coefficient was calculated for each analytical run and should be over 0.99. These
tests were replicated six times as independent experiments. Inter-accuracy and precision
were determined as four separate validation runs by injecting IQC samples (1 = 4) at low
(6 ug/mL), medium (15 ug/mL) and high concentrations (75 ng/mL) and LLOQ samples
(2 pg/mL). For intra-run tests, six replicates of IQC and LLOQ samples were injected
in the same day. Intra-run and inter-run accuracies were expressed as the relative bias.
The intra-run and inter-run precisions were calculated as the coefficient of variation (CV).
At each concentration level of IQC, the bias should be within £15% and the precision
<15%. For the LLOQ), both concentration bias and precision should be within £20%. The
instrument carry-over was tested by injecting three blank samples after an ULOQ sample.
The carry-over was calculated as the ratio of the peak area in the blanks and the peak area
of the LLOQ. The carry-over was considered acceptable if signal at the analyte was <20% of
the LLOQ in each blank. Dilution integrity was demonstrated by diluting a plasma sample
(at the concentration of 2.5 times higher than the ULOQ of each mAb) with free-drug
plasma or PBS 1X by 5-fold. Six aliquots of both dilutions were processed. Both accuracy
and precision should be within +15% of the nominal value.
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4.2.6. Cross Validation

All patients were treated with mAbs for solid cancers, except for Ritux. Patients
receiving Ritux were treated for vasculitis. All whole blood sampling were collected as part
of clinical trials. All patients provided written informed consent for blood sampling. Whole
blood was collected in heparin lithium-containing tubes just prior to the next infusion
(trough concentration) or at peak (end of the infusion). After centrifugation at 3000 rpm
during 15 min, plasma was aliquoted in polypropylene tubes, then stored at —20 °C
until analysis.

A cross validation between the multiplex LC-MS/MS method and a published ref-
erence method was conducted for all mAbs except for Ipi. The multiplex LC-MS/MS
method was applied in French laboratories of pharmacology: Cochin Hospital (Paris,
France) for Ipi, Beva, Ritux and Trastu; La Timone University Hospital (Marseille, France)
for Nivo, Pembro and Cetux. Reference techniques [26-31] including Beva, Cetux, Nivo,
Pembro, Ritux and Trastu were performed in other French laboratories of Pharmacology at
Grenoble, Lyon, and Tours according to protocol recommendations previously published.
All participating laboratories are GPCO-Unicancer members.

4.2.7. Statistical Analysis

All statistical analyses were performed using MedCalc statistical package version
19.2.6 (MedCalc Software, Mariakerke, Belgium). The Passing-Bablok regression was used
to estimate the relationship between the multiplex LC-MS/MS method and the reference
method [50]. The regression equation was expressed with the 95% confidence interval
(95% CI) for the estimates of slope and intercept. The Bland—Altman plot was used to
evaluate method agreement [54]. The numerical results were reported both mean bias and
the limits of agreement, including respective 95% confidence intervals (95% LOA).

4.2.8. Ethic Committee Approval

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by Ethics Committee: Minister or Research and Innovation (number DC2016—
2739) for bevacizumab, Sud-Méditerrannée III (number 2012.03.02) for cetuximab, Sud-Est
IV (number DC-2008-72) for ipilimumab, CLEC (number 2442) for nivolumab and CPP
fle de France (MAINRITSAN? study, ClinicalTrials.gov NCT02119559) for rituximab. The
collection of blood samples during a regular medical visit was approved by the local review
board of Oncology (Assistance Publique des Hopitaux de Paris) for patients treated with
pembrolizumab or trastuzumab.

5. Conclusions

We described here a completely validated multiplexed MS method for seven mAbs
quantification. To our best knowledge, this work is the first to present a method that has been
cross-validated in several laboratories. Moreover, it is the first approach to allow simultaneous
determination of immune checkpoint inhibitors (ipilimumab, nivolumab, pembrolizumab).

Supplementary Materials: The Supplementary Materials are available online at https:/ /www.mdpi.
com/article/10.3390/ph14080796/s1.

Author Contributions: Conceptualization, J.C., D.L. and B.B.; methodology, ]J.C., D.L. and B.B;
software, C.M., N.K,, D.L. and B.B; validation, C.M., D.L., P.B. and N.K.; formal analysis, C.M., N.K.,
AM.,, ET. and D.T.; investigation, C.M., N.K. and A.M.; resources, J.C., D.L. and B.B.; data curation,
CM.,, AM, ET, D.T,, D.L, P.B. and B.B.; writing—original draft preparation, CM., ].C., D.L. and
B.B.; writing—review and editing, N.K., P.B., AM., ET,, D.T,, J.G. and B.L.; visualization, ].C., D.L.
and B.B.; supervision, ].C. and B.B.; project administration, B.B.; funding acquisition, D.L. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.


ClinicalTrials.gov
https://www.mdpi.com/article/10.3390/ph14080796/s1
https://www.mdpi.com/article/10.3390/ph14080796/s1

Pharmaceuticals 2021, 14, 796 18 of 20

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by Ethics Committee: Minister or Research and Innovation
(number DC2016-2739) for bevacizumab, Sud-Méditerrannée III (number 2012.03.02) for cetuximab,
Sud-Est IV (number DC-2008-72) for ipilimumab, CLEC (number 2442) for nivolumab and CPP ile
de France (MAINRITSAN?2 study, ClinicalTrials.gov NCT02119559) for rituximab. The collection of
blood samples during a regular medical visit was approved by the local review board of Oncology
(Assistance Publique des Hopitaux de Paris) for patients treated with pembrolizumab or trastuzumab.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: The Promise team, and especially Guillaume Picard, Marina Iannello, Charles
Solard and Jonathan Perot are acknowledged for the production of SIL-mAbs used in this study
and for assistance on a few experiments. The authors thank the Immunology Cancer Research
(ImmuCare) program for providing samples from patients treated with ipilimumab.

Conflicts of Interest: Clémence Marin coordinates a clinical trial sponsored by Merck. Joseph
Ciccolini received a research grant from Institut Roche. Benoit Blanchet has served on advisory
boards and received Honoria from Bristol-Myers Squibb, and consulting fees from Promise. Dorothée
Lebert and Pauline Bros are employees of Promise Proteomics. Other authors declare no conflict
of interest.

References

1.

10.

11.

12.

13.

Caulet, M.; Lecomte, T.; Bouché, O.; Rollin, J.; Gouilleux-Gruart, V.; Azzopardi, N.; Léger, J.; Borg, C.; Douillard, J.-Y.; Manfredj, S.;
et al. Bevacizumab Pharmacokinetics Influence Overall and Progression-Free Survival in Metastatic Colorectal Cancer Patients.
Clin. Pharmacokinet. 2016, 55, 1381-1394. [CrossRef]

Igarashi, T.; Kobayashi, Y.; Ogura, M.; Kinoshita, T.; Ohtsu, T.; Sasaki, Y.; Morishima, Y.; Murate, T.; Kasai, M.; Uike, N.; et al.
IDEC-C2B8 Study Group in Japan, Factors affecting toxicity, response and progression-free survival in relapsed patients with
indolent B-cell lymphoma and mantle cell lymphoma treated with rituximab: A Japanese phase II study. Ann. Oncol. 2002, 13,
928-943. [CrossRef]

Tobinai, K.; Igarashi, T.; Itoh, K.; Kobayashi, Y.; Taniwaki, M.; Ogura, M.; Kinoshita, T.; Hotta, T.; Aikawa, K.; Tsushita, K ; et al.
IDEC-C2B8 Japan Study Group, Japanese multicenter phase II and pharmacokinetic study of rituximab in relapsed or refractory
patients with aggressive B-cell lymphoma. Ann. Oncol. 2004, 15, 821-830. [CrossRef]

Becher, F,; Ciccolini, J.; Imbs, D.-C.; Marin, C.; Fournel, C.; Dupuis, C.; Fakhry, N.; Pourroy, B.; Ghettas, A.; Pruvost, A.; etal. A
simple and rapid LC-MS/MS method for therapeutic drug monitoring of cetuximab: A GPCO-UNICANCER proof of concept
study in head-and-neck cancer patients. Sci. Rep. 2017, 7, 2714. [CrossRef] [PubMed]

Azzopardi, N.; Lecomte, T.; Ternant, D.; Boisdron-Celle, M.; Piller, F.; Morel, A.; Gouilleux-Gruart, V.; Vignault-Desvignes, C.;
Watier, H.; Gamelin, E.; et al. Cetuximab pharmacokinetics influences progression-free survival of metastatic colorectal cancer
patients. Clin. Cancer Res. 2011, 17, 6329-6337. [CrossRef]

Paci, A.; Desnoyer, A.; Delahousse, J.; Blondel, L.; Maritaz, C.; Chaput, N.; Mir, O.; Broutin, S. Pharmacokinetic/pharmacodynamic
relationship of therapeutic monoclonal antibodies used in oncology: Part 1, monoclonal antibodies, antibody-drug conjugates
and bispecific T-cell engagers. Eur. . Cancer 2020, 128, 107-118. [CrossRef] [PubMed]

Desnoyer, A.; Broutin, S.; Delahousse, J.; Maritaz, C.; Blondel, L.; Mir, O.; Chaput, N.; Paci, A. Pharmacokinetic/pharmacodynamic
relationship of therapeutic monoclonal antibodies used in oncology: Part 2, immune checkpoint inhibitor antibodies. Eur. J. Cancer
2020, 128, 119-128. [CrossRef]

Fleisher, B.; Ait-Oudhia, S. A retrospective examination of the US Food and Drug Administration’s clinical pharmacology reviews
of oncology biologics for potential use of therapeutic drug monitoring. OncoTargets Ther. 2018, 11, 113-121. [CrossRef] [PubMed]
Feng, Y.; Roy, A.; Masson, E.; Chen, T.-T.; Humphrey, R.; Weber, ].S. Exposure-response relationships of the efficacy and safety of
ipilimumab in patients with advanced melanoma. Clin. Cancer Res. 2013, 19, 3977-3986. [CrossRef]

Wolchok, ].D.; Neyns, B.; Linette, G.; Negrier, S.; Lutzky, J.; Thomas, L.; Waterfield, W.; Schadendorf, D.; Smylie, M.; Guthrie, T.;
et al. Ipilimumab monotherapy in patients with pretreated advanced melanoma: A randomised, double-blind, multicentre, phase
2, dose-ranging study. Lancet Oncol. 2010, 11, 155-164. [CrossRef]

Ascierto, P.A.; del Vecchio, M.; Robert, C.; Mackiewicz, A.; Chiarion-Sileni, V.; Arance, A.; Lebbé, C.; Bastholt, L.; Hamid, O.;
Rutkowski, P; et al. Ipilimumab 10 mg/kg versus ipilimumab 3 mg/kg in patients with unresectable or metastatic melanoma: A
randomised, double-blind, multicentre, phase 3 trial. Lancet Oncol. 2017, 18, 611-622. [CrossRef]

Chatterjee, M.S.; Elassaiss-Schaap, J.; Lindauer, A.; Turner, D.C.; Sostelly, A.; Freshwater, T.; Mayawala, K.; Ahamadi, M.;
Stone, J.A.; de Greef, R.; et al. Population Pharmacokinetic/Pharmacodynamic Modeling of Tumor Size Dynamics in
Pembrolizumab-Treated Advanced Melanoma. CPT Pharmacomet. Syst. Pharmacol. 2017, 6, 29-39. [CrossRef] [PubMed]
Freshwater, T.; Kondic, A.; Ahamadi, M.; Li, C.H.; de Greef, R.; de Alwis, D.; Stone, J.A. Evaluation of dosing strategy for
pembrolizumab for oncology indications. J. Immunother. Cancer 2017, 5, 43. [CrossRef] [PubMed]


ClinicalTrials.gov
http://doi.org/10.1007/s40262-016-0406-3
http://doi.org/10.1093/annonc/mdf155
http://doi.org/10.1093/annonc/mdh176
http://doi.org/10.1038/s41598-017-02821-x
http://www.ncbi.nlm.nih.gov/pubmed/28578404
http://doi.org/10.1158/1078-0432.CCR-11-1081
http://doi.org/10.1016/j.ejca.2020.01.005
http://www.ncbi.nlm.nih.gov/pubmed/32037061
http://doi.org/10.1016/j.ejca.2020.01.003
http://doi.org/10.2147/OTT.S153056
http://www.ncbi.nlm.nih.gov/pubmed/29343970
http://doi.org/10.1158/1078-0432.CCR-12-3243
http://doi.org/10.1016/S1470-2045(09)70334-1
http://doi.org/10.1016/S1470-2045(17)30231-0
http://doi.org/10.1002/psp4.12140
http://www.ncbi.nlm.nih.gov/pubmed/27896938
http://doi.org/10.1186/s40425-017-0242-5
http://www.ncbi.nlm.nih.gov/pubmed/28515943

Pharmaceuticals 2021, 14, 796 19 of 20

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Li, H.; Yu, J.; Liu, C,; Liu, J.; Subramaniam, S.; Zhao, H.; Blumenthal, G.M.; Turner, D.C.; Li, C.; Ahamadi, M.; et al. Time
dependent pharmacokinetics of pembrolizumab in patients with solid tumor and its correlation with best overall response.
J. Pharmacokinet. Pharmacodyn. 2017, 44, 403-414. [CrossRef] [PubMed]

Le Louedec, F.; Leenhardt, F;; Marin, C.; Chatelut, E.; Evrard, A.; Ciccolini, J. Cancer Immunotherapy Dosing: A Pharmacoki-
netic/Pharmacodynamic Perspective. Vaccines 2020, 8, 632. [CrossRef] [PubMed]

Ratain, M.].; Goldstein, D.A. Time Is Money: Optimizing the Scheduling of Nivolumab. J. Clin. Oncol. 2018, JCO1800045.
[CrossRef] [PubMed]

Feng, Y.; Masson, E.; Dai, D.; Parker, S.M.; Berman, D.; Roy, A. Model-based clinical pharmacology profiling of ipilimumab in
patients with advanced melanoma. Br. J. Clin. Pharmacol. 2014, 78, 106-117. [CrossRef] [PubMed]

Kato, R; Ikarashi, D.; Matsuura, T.; Maekawa, S.; Kato, Y.; Kanehira, M.; Takata, R.; Tokuyama, R.; Tamai, K.; Harigai, N.; et al.
Analyses of Nivolumab Exposure and Clinical Safety Between 3-mg/kg Dosing and 240-mg Flat Dosing in Asian Patients with
Advanced Renal Cell Carcinoma in the Real-World Clinical Setting. Transl. Oncol. 2020, 13, 100771. [CrossRef]

Cosson, V.E; Ng, VW.; Lehle, M.; Lum, B.L. Population pharmacokinetics and exposure-response analyses of trastuzumab in
patients with advanced gastric or gastroesophageal junction cancer. Cancer Chemother. Pharmacol. 2014, 73, 737-747. [CrossRef]
Pluim, D.; Ros, W.; van Bussel, M.T.].; Brandsma, D.; Beijnen, J.H.; Schellens, ].H.M. Enzyme linked immunosorbent assay for the
quantification of nivolumab and pembrolizumab in human serum and cerebrospinal fluid. . Pharm. Biomed. Anal. 2019, 164,
128-134. [CrossRef]

Berinstein, N.L.; Grillo-Lépez, A.J.; White, C.A.; Bence-Bruckler, I.; Maloney, D.; Czuczman, M.; Green, D.; Rosenberg, J.;
McLaughlin, P; Shen, D. Association of serum Rituximab (IDEC-C2B8) concentration and anti-tumor response in the treatment of
recurrent low-grade or follicular non-Hodgkin’s lymphoma. Ann. Oncol. 1998, 9, 995-1001. [CrossRef]

Iwamoto, N.; Takanashi, M.; Shimada, T.; Sasaki, ].; Hamada, A. Comparison of Bevacizumab Quantification Results in Plasma
of Non-small Cell Lung Cancer Patients Using Bioanalytical Techniques Between LC-MS/MS, ELISA, and Microfluidic-based
Immunoassay. AAPS J. 2019, 21, 101. [CrossRef] [PubMed]

Suarez, I.; Salmeron-Garcia, A.; Cabeza, J.; Capitan-Vallvey, L.F.; Navas, N. Development and use of specific ELISA methods for
quantifying the biological activity of bevacizumab, cetuximab and trastuzumab in stability studies. J. Chromatogr. B Anal. Technol.
Biomed. Life Sci. 2016, 1032, 155-164. [CrossRef]

Truffot, A.; Jourdil, J.-F.; Seitz-Polski, B.; Malvezzi, P.; Brglez, V.; Stanke-Labesque, F.; Gautier-Veyret, E. Simultaneous quantifica-
tion of rituximab and eculizumab in human plasma by liquid chromatography-tandem mass spectrometry and comparison with
rituximab ELISA kits. Clin. Biochem. 2021, 87, 60-66. [CrossRef] [PubMed]

Schokker, S.; Fusetti, F.; Bonardi, F; Molenaar, R.J.; Mathot, R.A.A.; van Laarhoven, HW.M. Development and validation of an
LC-MS/MS method for simultaneous quantification of co-administered trastuzumab and pertuzumab. mAbs 2020, 12, 1795492.
[CrossRef]

Ternant, D.; Cézé, N.; Lecomte, T.; Degenne, D.; Duveau, A.-C.; Watier, H.; Dorval, E.; Paintaud, G. An enzyme-linked
immunosorbent assay to study bevacizumab pharmacokinetics. Ther. Drug Monit. 2010, 32, 647-652. [CrossRef] [PubMed]
Millet, A ; Lebert, D.; Picard, G.; You, B.; Ceruse, P; Guitton, J. Determination of Cetuximab in Plasma by Liquid Chromatography-
High-Resolution Mass Spectrometry Orbitrap with a Stable Labeled 13C,15N-Cetuximab Internal Standard. Ther. Drug Monit.
2019, 41, 467-475. [CrossRef]

Millet, A.; Khoudour, N.; Bros, P,; Lebert, D.; Picard, G.; Machon, C.; Goldwasser, E.; Blanchet, B.; Guitton, J. Quantification of
nivolumab in human plasma by LC-MS/HRMS and LC-MS/MS, comparison with ELISA. Talanta 2021, 224, 121889. [CrossRef]
Millet, A.; Khoudour, N.; Guitton, J.; Lebert, D.; Goldwasser, F.; Blanchet, B.; Machon, C. Analysis of pembrolizumab in human
plasma by LC-MS/HRMS. Method validation and comparison with ELISA. Biomedecines 2021, 9, 621. [CrossRef]

Millet, A.; Khoudour, N.; Lebert, D.; Machon, C.; Terrier, B.; Blanchet, B.; Guitton, J. Development, Validation, and Comparison
of Two Mass Spectrometry Methods (LC-MS/HRMS and LC-MS/MS) for the Quantification of Rituximab in Human Plasma.
Molecules 2021, 26, 1383. [CrossRef] [PubMed]

Willeman, T.; Jourdil, ].-F.; Gautier-Veyret, E.; Bonaz, B.; Stanke-Labesque, F. A multiplex liquid chromatography tandem mass
spectrometry method for the quantification of seven therapeutic monoclonal antibodies: Application for adalimumab therapeutic
drug monitoring in patients with Crohn’s disease. Anal. Chim. Acta 2019, 1067, 63-70. [CrossRef]

Centanni, M.; Moes, D.J.A.R; Trocéniz, LE,; Ciccolini, J.; van Hasselt, ].G.C. Clinical Pharmacokinetics and Pharmacodynamics of
Immune Checkpoint Inhibitors. Clin. Pharmacokinet. 2019, 58, 835-857. [CrossRef]

Chatelut, E.; le Louedec, F; Milano, G. Setting the Dose of Checkpoint Inhibitors: The Role of Clinical Pharmacology.
Clin. Pharmacokinet. 2020, 59, 287-296. [CrossRef] [PubMed]

Chatelut, E.; Hendrikx, J.J.M.A.; Martin, J.; Ciccolini, J.; Moes, D.J.A.R. Unraveling the complexity of therapeutic drug monitoring
for monoclonal antibody therapies to individualize dose in oncology. Pharmacol. Res. Perspect. 2021, 9, e00757. [CrossRef]
[PubMed]

Basak, E.A.; Koolen, S.L.W.; Hurkmans, D.P.; Schreurs, M.W.].; Bins, S.; Hoop, E.O.; Wijkhuijs, A.J.M.; den Besten, L; Sleijfer, S.;
Debets, R.; et al. Correlation between nivolumab exposure and treatment outcomes in non-small-cell lung cancer. Eur. J. Cancer
2019, 109, 12-20. [CrossRef] [PubMed]


http://doi.org/10.1007/s10928-017-9528-y
http://www.ncbi.nlm.nih.gov/pubmed/28573468
http://doi.org/10.3390/vaccines8040632
http://www.ncbi.nlm.nih.gov/pubmed/33142728
http://doi.org/10.1200/JCO.18.00045
http://www.ncbi.nlm.nih.gov/pubmed/30148658
http://doi.org/10.1111/bcp.12323
http://www.ncbi.nlm.nih.gov/pubmed/24433434
http://doi.org/10.1016/j.tranon.2020.100771
http://doi.org/10.1007/s00280-014-2400-5
http://doi.org/10.1016/j.jpba.2018.10.025
http://doi.org/10.1023/A:1008416911099
http://doi.org/10.1208/s12248-019-0369-z
http://www.ncbi.nlm.nih.gov/pubmed/31432293
http://doi.org/10.1016/j.jchromb.2016.05.045
http://doi.org/10.1016/j.clinbiochem.2020.10.007
http://www.ncbi.nlm.nih.gov/pubmed/33096054
http://doi.org/10.1080/19420862.2020.1795492
http://doi.org/10.1097/FTD.0b013e3181ef582a
http://www.ncbi.nlm.nih.gov/pubmed/20720519
http://doi.org/10.1097/FTD.0000000000000613
http://doi.org/10.1016/j.talanta.2020.121889
http://doi.org/10.3390/biomedicines9060621
http://doi.org/10.3390/molecules26051383
http://www.ncbi.nlm.nih.gov/pubmed/33806585
http://doi.org/10.1016/j.aca.2019.03.033
http://doi.org/10.1007/s40262-019-00748-2
http://doi.org/10.1007/s40262-019-00837-2
http://www.ncbi.nlm.nih.gov/pubmed/31701469
http://doi.org/10.1002/prp2.757
http://www.ncbi.nlm.nih.gov/pubmed/33745217
http://doi.org/10.1016/j.ejca.2018.12.008
http://www.ncbi.nlm.nih.gov/pubmed/30654225

Pharmaceuticals 2021, 14, 796 20 of 20

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bellesoeur, A.; Ollier, E.; Allard, M.; Hirsch, L.; Boudou-Rouquette, P.; Arrondeau, J.; Thomas-Schoemann, A.; Tiako, M.;
Khoudour, N.; Chapron, J.; et al. Is there an Exposure-Response Relationship for Nivolumab in Real-World NSCLC Patients?
Cancers 2019, 11, 1784. [CrossRef]

Turner, D.C.; Kondic, A.G.; Anderson, K.M.; Robinson, A.G.; Garon, E.B.; Riess, ] W.; Jain, L.; Mayawala, K.; Kang, J.;
Ebbinghaus, S.W.; et al. Pembrolizumab Exposure-Response Assessments Challenged by Association of Cancer Cachexia
and Catabolic Clearance. Clin. Cancer Res. 2018, 24, 5841-5849. [CrossRef] [PubMed]

Keizer, R.]J.; Huitema, A.D.R.; Schellens, ].H.M.; Beijnen, ].H. Clinical pharmacokinetics of therapeutic monoclonal antibodies.
Clin. Pharmacokinet. 2010, 49, 493-507. [CrossRef] [PubMed]

Irie, K.; Okada, A.; Yamasaki, Y.; Kokan, C.; Hata, A.; Kaji, R.; Fukushima, K.; Sugioka, N.; Okada, Y.; Katakami, N.; et al. An
LC-MS/MS Method for Absolute Quantification of Nivolumab in Human Plasma: Application to Clinical Therapeutic Drug
Monitoring. Ther. Drug Monit. 2018, 40, 716-724. [CrossRef] [PubMed]

Chiu, H.-H,; Liao, H.-W.; Shao, Y.-Y; Lu, Y.-S.; Lin, C.-H.; Tsai, L.-L.; Kuo, C.-H. Development of a general method for quantifying
IgG-based therapeutic monoclonal antibodies in human plasma using protein G purification coupled with a two internal standard
calibration strategy using LC-MS/MS. Anal. Chim. Acta 2018, 1019, 93-102. [CrossRef]

Peer, C.J.; Goldstein, D.A.; Goodell, J.C.; Nguyen, R.; Figg, W.D.; Ratain, M.]. Opportunities for using in silico-based extended
dosing regimens for monoclonal antibody immune checkpoint inhibitors. Br. J. Clin. Pharmacol. 2020, 86, 1769-1777. [CrossRef]
[PubMed]

Basak, E.A.; Wijkhuijs, A.J.M.; Mathijssen, R.H.].; Koolen, S.L.W.; Schreurs, M.W.]. Development of an Enzyme-Linked Immune
Sorbent Assay to Measure Nivolumab and Pembrolizumab Serum Concentrations. Ther. Drug Monit. 2018, 40, 596-601. [CrossRef]
[PubMed]

Ohuchi, M.; Yagishita, S.; Taguchi, K.; Goto, Y.; Fukahori, M.; Enoki, Y.; Shimada, T.; Yamaguchi, M.; Matsumoto, K.; Hamada, A.
Use of an alternative signature peptide during development of a LC-MS/MS assay of plasma nivolumab levels applicable for
multiple species. |. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2021, 1162, 122489. [CrossRef]

Iwamoto, N.; Shimada, T.; Terakado, H.; Hamada, A. Validated LC-MS/MS analysis of immune checkpoint inhibitor Nivolumab
in human plasma using a Fab peptide-selective quantitation method: Nano-surface and molecular-orientation limited (nSMOL)
proteolysis. |. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2016, 1023-1024, 9-16. [CrossRef] [PubMed]

Sureda, M.; Mata, ].J.; Catalan, A.; Escudero, V.; Martinez-Navarro, E.; Rebollo, J. Therapeutic drug monitoring of nivolumab in
routine clinical practice. A pilot study. Farm Hosp. 2020, 44, 81-86. [CrossRef] [PubMed]

Puszkiel, A.; Noé, G.; Boudou-Rouquette, P.; Cossec, C.L.; Arrondeau, J.; Giraud, J.-S.; Thomas-Schoemann, A.; Alexandre, J.;
Vidal, M.; Goldwasser, E; et al. Development and validation of an ELISA method for the quantification of nivolumab in plasma
from non-small-cell lung cancer patients. J. Pharm. Biomed. Anal. 2017, 139, 30-36. [CrossRef]

EMEA. Bioanalytical Method Validation, European Medicines Agency—Commission. 2018. Available online: https://www.ema.
europa.eu/en/bioanalytical-method-validation (accessed on 19 February 2019).

Carr, S.A.; Abbatiello, S.E.; Ackermann, B.L.; Borchers, C.; Domon, B.; Deutsch, E.-W.; Grant, R.P.; Hoofnagle, A.N.; Hiittenhain, R.;
Koomen, ].M.; et al. Targeted Peptide Measurements in Biology and Medicine: Best Practices for Mass Spectrometry-based Assay
Development Using a Fit-for-Purpose Approach. Mol. Cell Proteom. 2014, 13, 907-917. [CrossRef]

Kverneland, A.H.; Enevold, C.; Donia, M.; Bastholt, L.; Svane, I.M.; Nielsen, C.H. Development of anti-drug antibodies is
associated with shortened survival in patients with metastatic melanoma treated with ipilimumab. Oncoimmunology 2018, 7,
e1424674. [CrossRef]

Passing, H.; Bablok, W. Comparison of several regression procedures for method comparison studies and determination
of sample sizes. Application of linear regression procedures for method comparison studies in Clinical Chemistry, Part II.
J. Clin. Chem. Clin. Biochem. 1984, 22, 431-445. [CrossRef] [PubMed]

Bults, P.; Bischoff, R.; Bakker, H.; Gietema, J.A.; van de Merbel, N.C. LC-MS/MS-Based Monitoring of In Vivo Protein Biotransfor-
mation: Quantitative Determination of Trastuzumab and Its Deamidation Products in Human Plasma. Anal. Chem. 2016, 88,
1871-1877. [CrossRef] [PubMed]

Vialaret, J.; Broutin, S.; Pugnier, C.; Santelé, S.; Jaffuel, A.; Barnes, A.; Tiers, L.; Pelletier, L.; Lehmann, S.; Paci, A.; et al. What
sample preparation should be chosen for targeted MS monoclonal antibody quantification in human serum? Bioanalysis 2018, 10,
723-735. [CrossRef] [PubMed]

Shibata, K.; Naito, T.; Okamura, J.; Hosokawa, S.; Mineta, H.; Kawakami, ]. Simple and rapid LC-MS/MS method for the absolute
determination of cetuximab in human serum using an immobilized trypsin. J. Pharm. Biomed. Anal. 2017, 146, 266-272. [CrossRef]
[PubMed]

Bland, ].M.; Altman, D.]J. Regression analysis. Lancet 1986, 1, 908-909. [CrossRef]


http://doi.org/10.3390/cancers11111784
http://doi.org/10.1158/1078-0432.CCR-18-0415
http://www.ncbi.nlm.nih.gov/pubmed/29891725
http://doi.org/10.2165/11531280-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20608753
http://doi.org/10.1097/FTD.0000000000000558
http://www.ncbi.nlm.nih.gov/pubmed/30048380
http://doi.org/10.1016/j.aca.2018.02.040
http://doi.org/10.1111/bcp.14369
http://www.ncbi.nlm.nih.gov/pubmed/32424951
http://doi.org/10.1097/FTD.0000000000000534
http://www.ncbi.nlm.nih.gov/pubmed/29847460
http://doi.org/10.1016/j.jchromb.2020.122489
http://doi.org/10.1016/j.jchromb.2016.04.038
http://www.ncbi.nlm.nih.gov/pubmed/27155936
http://doi.org/10.7399/fh.11319
http://www.ncbi.nlm.nih.gov/pubmed/32452306
http://doi.org/10.1016/j.jpba.2017.02.041
https://www.ema.europa.eu/en/bioanalytical-method-validation
https://www.ema.europa.eu/en/bioanalytical-method-validation
http://doi.org/10.1074/mcp.M113.036095
http://doi.org/10.1080/2162402X.2018.1424674
http://doi.org/10.1515/cclm.1984.22.6.431
http://www.ncbi.nlm.nih.gov/pubmed/6481307
http://doi.org/10.1021/acs.analchem.5b04276
http://www.ncbi.nlm.nih.gov/pubmed/26713683
http://doi.org/10.4155/bio-2018-0027
http://www.ncbi.nlm.nih.gov/pubmed/29771137
http://doi.org/10.1016/j.jpba.2017.08.012
http://www.ncbi.nlm.nih.gov/pubmed/28888713
http://doi.org/10.1016/S0140-6736(86)91008-1

	Introduction 
	Results 
	Validation 
	Chromatograms 
	Accuracy and Precision 
	Dilution Effect 

	Comparison of mAbs Levels with LC–MS/MS Method versus References Methods 

	Discussion 
	Materials and Methods 
	Reagents and Consumables 
	Calibration Curve and Internal Quality Control Preparation 
	Sample Preparation with mAbXmise Kit 
	Selection of Peptides for Quantification 
	Chromatographic and Mass Spectrometric Conditions and Instrumentation 
	Selectivity, Carry-Over and Matrix Effect 
	Method Validation 
	Cross Validation 
	Statistical Analysis 
	Ethic Committee Approval 


	Conclusions 
	References

