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a b s t r a c t

The incidence of malignant melanona has increased over the past decades, particularly in Caucasian
population. This disease presents defavourable prognosis in terms of survey, especially when detection
occurs at the metastatic phase. Reliable analytical methods for biomarker determination are thus an
interesting tool in pathology detection and follow-up. In this context, a method using SPE-LC–ESI–MS–MS
for the determination of 5-S-cysteinyldopa (5-SCD) in human plasma was optimized. The presence of
vailable online 13 January 2011
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C–MS–MS
lasma

matrix effect was investigated in details while 5-SCD stability was studied according to FDA requirements
for the validation of bioanalytical methods. Pre-study and in-study validations of the entire method were
then successfully performed by applying the approach based on total measurement error and accuracy
profiles over a concentration ranges from 1.6 to 200 ng/ml. Good results with respect to accuracy, trueness
and precision were obtained. The maximum risk of observing future measurements falling outside the
acceptance limits during routine analysis was also estimated.
elanoma biomarker

. Introduction

The term melanoma indicates a malign tumor developed at the
xpense of melanocytes. It affects principally the skin, rarely the
ails or the mucous membrane. Melanoma represents less than 10%
f skin cancers but is responsible of 80% mortality due to this type of
ancer. Prognosis in terms of survey is in relation with cancer stage
t the first clinical presentation and is particularly unfavourable for
etastatic melanoma. For the 30 last years, incidence of melanoma

as been growing, in the light colour skin population in majority
ut seems to have reached a plate in some parts of the world due

o prevention campaigns [1–3].

Early detection of melanoma is thus of utmost importance
ssentially due to the limited choice of therapeutics. Tumor
xcision remains now the treatment of choice for early stage

Abbreviations: 5-SCD, 5-S-cysteinyldopa; AAPS, American Association of
harmaceutical Scientists; ESI, electrospray ionization; DA, food and drug admin-
stration; LC, liquid chromatography; LLOQ, lower limit of quantification; MeD,

ethyldopa; MRM, multiple reaction monitoring; MS, mass spectrometry; SPE, solid
hase extraction; ULOQ, upper limit of quantification.
∗ Corresponding author. Tel.: +32 4 366 4347; fax: +32 4 366 4347.

E-mail address: Marianne.fillet@ulg.ac.be (M. Fillet).

039-9140/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.12.047
© 2011 Elsevier B.V. All rights reserved.

melanoma. If needed, adjuvant chemotherapy or biochimiotherapy
(i.e. interferon-� and interleukin-2) can also be prescribed [1,4–6].
In addition to the histologic exam of biopsy, medical imagery tech-
niques are principally used as diagnostic tools. The most popular
methods are echography, MRI, tomography and scintigraphy. Nev-
ertheless, micro-metastasis may escape to their detection.

Interest in finding new melanoma markers led to the evaluation
of different molecules such as S100B protein, Ki-67, HMB45, osteo-
pontin, MIA factor, etc. [4,7–23]. These markers are often significant
for advanced stages of malignant melanoma but are sensitiveless
in the early stages (except HMB45) [14]. In addition, specificity
of these markers is not always completely ensured. Among blood
markers, 5-SCD (Fig. 1), an intermediate in the metabolic path-
way of pheomelanin synthesis, seems to constitute one of the best
markers of melanoma detection and progression in the metasta-
sis development (stages III and IV) [4,10,24–27]. 5-SCD sensitizes
DNA to UV oxidative damages, indicating its implication as risk fac-
tor in melanoma induction by ultraviolet radiations [28]. But, in
the same time, it protects melanocytes from membraneous dam-

ages (permeability) induced by the same kind of radiations, UVA
particularly [28].

The elevation of 5-SCD plasma concentrations would precede
clinical appearence of metastasis and their detection by classi-
cal imagery methods, establishing a real prognostical interest for
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Fig. 1. 5-SCD strucutre.

ysdopa. 5-SCD would be a useful marker for the follow-up of
atients treated by immuno- or chemotherapy because it would
llow distinguishing responsive from non-responsive patients.
ndeed, a decrease of the plasma concentration of this marker was
bserved within 3–5 weeks after a successful treatment (resection
r therapy). 5-SCD would thus reflect the sickness stage with a
hort latency of response. The 5-SCD rates appeared to be unin-
uenced by other tumors or skin pathologies ensuring a high
pecificity for this marker. Nevertheless, exposition to UV radiation
nfluences 5-SCD levels. Wolber et al. would have recently estab-
ished that cysdopa concentration can be 4 times higher for the
kins exposed in a repetitive way to UVB radiations for 2 weeks
29].

Environmental and physical factors, as well as sometimes unap-
ropriated analytical conditions with respect to 5-SCD sensitivity
owards oxidation, led to doubtful determination of normal values
nd sensitivity of this biomarker. Nevertheless, plasma concentra-
ions of 1.6 and 3.2 ng/ml seem to be generally accepted as reference
alues corresponding to the maximum of normal rate and the
athological threshold, respectively. It is worth noting that plasma
oncentrations of 5-SCD should be more reliable than urinary ones
ven if they are approximately 100 times lower. Indeed, metabolic
rocesses such as oxidation, methoxidation or conjugaison influ-
nce the urinary content in 5-SCD.

Until now, 5-SCD determination was performed by chro-
atographic methods associated with electrochemical detection

4,26,27,30]. We previously developed a SPE sample preparation
rocedure and a LC–MS method for the determination of 5-SCD

n human plasma [39]. In the present study, the SPE-LC–MS–MS
ethod was fully validated, including method selectivity and
atrix effect evaluations, and was tested in a pilot study. The com-

lete validation taking into account all the prescriptions of the FDA
uidelines relative to bioanalytical method validation was success-
ully performed.

. Materials and methods

.1. Chemicals and reagents

5-SCD (97.2%) was graciously offered by NIMH (National Insti-
ute of Mental Health, USA). �-Methyldopa (MeD, 99.0%), the
nternal standard, was supplied by Acros Organics (New Jersey,
SA). Hydrochloric acid (37%) and formic acid (98–100%) were

upplied by Merck (Darmstadt, Germany). Water and methanol
f LC–MS grade were obtained from Biosolve (Valkenswaard,
he Netherland). Ascorbic acid was from Certa (Braine-l’Alleud,
elgium) and o-phosphoric acid (min. 85%) from UCB (Leuven,
elgium). All reagents were of analytical grade. Water used in most

xperiments was of Milli-Q quality (Millipore, Bedford, MA, USA).
asis MCX sorbents (30 mg/ml) were obtained from waters (Mil-

ord, MA, USA). Nitrogen (alphagaz 1) and argon (alphagaz 2) were
urchased from Air Liquide (Milmort, Belgium).
4 (2011) 280–286 281

2.2. Apparatus

The HPLC system was composed of a quaternary pump, a
vacuum degasser, an autosampler and a thermostated column
compartment (HP 1100 series, Agilent Technologies, Waldbronn,
Germany) controlled by a LC Chemstation. MS detection was car-
ried out using an Ultima triple quadrupole instrument (Waters, UK)
operating under MassLynx 3.5 and configured with a Z-spray elec-
trospray ionization source. The separation was performed on an
Atlantis dC18 column (100 mm × 2.1 mm, i.d.; particle size: 3 �m)
from Waters. A manual extraction system, Manifold® (Merck), was
used for the sample preparation during the validation phase; the
flow rate applied for the sample loading was set at 0.5 ml of plasma
per minute.

All the results obtained during the pre-study validation, the in-
study validation as well as the pilot study were treated by the
e.noval® and new-daily® softwares (Arlenda, Liège, Belgium).

2.3. Chromatographic conditions

The chromatographic separation of 5-SCD from the internal
standard and other catecholamines (cf. [39]), was achieved by gra-
dient elution on an Atlantis dC18 column compatible with mobile
phases with very low content of organic modifier. The mobile phase
consisted for one part of 0.1% (v/v) formic acid in water and for the
other part of 0.1% (v/v) formic acid in methanol. The content of
organic modifier increased from 0 to 10% in 10 min. Prior to use,
mobile phases were degassed for 15 min in an ultrasonic bath. The
chromatographic separation was performed at 20 ◦C using a con-
stant flow rate of 0.25 ml/min. The injected volume was 20 �l and
the thermostatted autosampler was set at 10 ◦C.

2.4. Extraction technique

Sample preparation was performed by applying solid phase
extraction technique on Oasis MCX cartridges. The following opti-
mized procedure was applied: (i) conditioning of the extraction
support: the sorbent was treated first by 1.0 ml of methanol and
then by 1.0 ml of 0.1 M hydrochloric acid. (ii) Loading of the plasma
sample (flow rate: 0.5 ml/min): 1 ml acidified plasma sample was
applied on the sorbent. (iii) Washing: the sorbent was succes-
sively washed with 1.0 ml of 0.1 M hydrochloric acid and 1.0 ml of
methanol. (iv) Elution: 5-SCD and �-methyldopa were eluted from
the sorbent with 0.5 ml of the mixture methanol/water/ammonia
(80:10:10; v/v/v) containing 0.1% ascorbic acid. This step was fol-
lowed by the acidification of the eluate with 100 �l of formic acid in
order to minimize the analyte oxidation. The eluate was collected
and gently evaporated for 1 h under a nitrogen stream. The dried
extract was finally reconstituted in 250 �l of water containing 0.1%
formic acid and 0.1% ascorbic acid, the solution was submitted to
centrifugation and the supernatant was injected into the LC system.

2.5. Mass spectrometry detection

Mass spectrometry detection was carried out using an Ultima
triple quadrupole apparatus equipped with an electrospray inter-
face operating in the positive ion mode. 5-SCD and its internal
standard were detected by multiple reactions monitoring (MRM)
performed on electrospray positive generated ions. The source was
heated up to 120 ◦C and the desolvation temperature was settled
respectively 3.0 kV and 30 V and the gas flow rates were set at
160 L/h for the cone and 750 L/h for the desolvation. The mass spec-
trometer generated and selected the pseudomolecular ions [MH+]
for both 5-SCD and �-methyldopa (see Table 1).
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Table 1
Followed transitions and values of collision voltage for 5-SCD and the internal
standard.

Compound Precursor ion
(m/z)

Fragment
ion (m/z)

Collision
(eV)

5-SCD 317 155 30 Quantification
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317 228 15 Identification

�-Methyldopa 212 166 15

.6. Standard solutions used for validation phase

An appropriate amount of 5-SCD was dissolved in 10 mM
ydrochloric acid solution in order to obtain a concentration of
2 �g/ml (stock solution). Dilutions of the stock solution were per-
ormed to reach final concentrations of 64, 192, 384, 4000 and
000 ng/ml. In the same way, stock and diluted solutions of �-
ethyldopa were prepared in order to obtain a final concentration

f 2000 ng/ml. All diluted solutions were freshly prepared.
Daily, plasma stored at −80 ◦C was first thawed at ambient tem-

erature in the darkness and centrifuged at 4500 rpm for 10 min. A
ixture containing 25 �l of the ascorbic acid stock solution, 25 �l of

he 5-SCD solution and 25 �l of the internal standard solution was
repared. Plasma previously acidified by 2% phosphoric acid was
hen added up to 1 ml and the final sample was mixed. The spiked
lasma samples were treated by solid phase extraction. Calibra-
ion curves ranging from 1.6 to 200 ng/ml were performed in the

atrix, every one by using diluted solutions and each calibration
tandard was injected in duplicate. In addition, daily, a calibration
urve without the matrix was directly injected into the LC–MS–MS
ystem.

. Results and discussion

In a previous work [38], we optimized and carried out a prevali-
ation of a SPE-LC–MS/MS method for the determination of 5-SCD

n human plasma. The aim of this study was to evaluate the reliabil-
ty of the method by performing a complete validation according to
DA guidelines and carrying out a pilot study on patient samples.

.1. Determination of stability

A stability study of 5-SCD and its internal standard (MeD) was
erformed in order to reflect accurately the situations met during
ample handling in all process phases. Stability was evaluated in
tock solutions but also in the matrix before and after solid phase
reatment, as well as in storage conditions similar to these of the
eal samples and after three freeze/thaw cycles. Experiments rela-
ive to the stability in the matrix were performed using QC at two
oncentration levels, 4.8 and 200 ng/ml, i.e. three times the lower
imit of quantification and the upper end of the concentration range,
espectively. A pool of plasma spiked at the two concentrations was
repared, aliquoted and freezed if necessary. For each tested con-
ition, three QC of each concentration level were submitted to the
xtraction process and analysed by SPE-LC–MS–MS.

.1.1. Stability of the stock and diluted solutions
Stability of the stock solutions stored at +4 ◦C was evaluated at

V and MS concentration levels for a period of minimum 4 weeks.
eekly, diluted solutions were prepared from stock solutions and
nalysed immediately. All peak responses were included between
5 and 105% of the initial value (T0) attesting the stability of the
tock solutions of 5-SCD and MeD in the prescribed conditions.

Stability of the diluted solutions was also investigated at room
emperature for a 24 h period of time and the obtained peak
4 (2011) 280–286

responses were comparable to the T0 ones. The diluted solutions
are thus allowed to be used for one day before rejection.

3.1.2. Bench-top and post-preparative stabilities
As a first series of plasma samples was treated and analysed in

order to constitute the reference data base (T0), a second batch was
stored at room temperature and in darkness, after the addition of
the internal standard and 0.1% of ascorbic acid as anti-oxidative
substance. This second series was submitted to the extraction pro-
cess 4 h after its preparation as prescribed by the FDA [31] and
directly analysed. Indeed, a 4 h period of time was sufficient to
cover the entire preparation time and the extraction process. Post-
preparative stability was evaluated by analysing samples after 24 h
in the LC autosampler.

In biological media, cysdopa will be considered stable in the
prescribed conditions if the obtained value is comprised between
85 and 115% of the T0 value. Compared to the initial time (T0), the
mean calculated ratio (±SD) for the low concentration level were
101.3% (±5.4) and 100.3% (±2.8) for T4 h and T24 h, respectively. Val-
ues obtained for the samples at the upper concentration level were
99.9% (±9.6) and 101.8% (±4.5) for the same stability times. These
results attest the bench-top and post-preparative stability of 5-SCD
in the experimental conditions.

3.1.3. Long-term and freeze/thaw cycles stabilities
In order to meet the recommendations of FDA guidelines for

bioanalytical method validation, long-term stability was estimated
for a period of time covering sample collection, validation and end
of the routine analysis which took place within 4 weeks. QC sam-
ples were frozen at −80 ◦C and analysed weekly. At the end of this
period, mean values obtained for the assay (±SD) were 95.6% (±3.0)
and 99.3% (±4.2) for the lower and upper concentration levels,
respectively.

Three aliquots of QC samples spiked at the two concentration
levels were stored at −80 ◦C for 24 h and thawed unassisted at room
temperature. When completely thawed, the samples were trans-
ferred back to the original freezer at −80 ◦C and kept frozen for
12–24 h. The cycles of thawing and freezing were repeated twice
and the specimens were analysed after the third cycle. Results of the
determination (±SD) were 98.9% (±3.7) and 95.9% (±3.9) respec-
tively, confirming the stability of samples for the two concentration
levels.

3.2. Method selectivity and matrix effect

Matrix effects were described as phenomenon observed when
components issued from the biological matrix coeluted with the
analyte of interest, affecting the detection capability, the preci-
sion or the accuracy of the method [32]. Evaluation of the matrix
effect and its impact on precision, selectivity and/or sensitivity
is of utmost importance, especially when a quantitative method
is optimized. This is clearly expressed in the FDA and AAPS rec-
ommendations [31,33] relative to bioanalytical method validation,
particularly when the selected internal standard is not a labelled
isotope. Several strategies have been described, giving the oppor-
tunity to determine which step of the method is influenced by the
matrix presence (i.e. solid phase extraction, MS detection). In this
study, two methodologies were retained: post-column infusion as
described by Bonfiglio et al. and the determination of the matrix fac-
tor [33–36]. Absence of matrix interferences at the retention times
and at the selected transitions of 5-SCD and MeD was first evalu-

ated by post-column infusion. A constant quantity of the analytes
was delivered in the chromatographic eluant before entering in the
MS source. MRM detection of the infused analytes was performed
during injection of 6 different blank treated samples. Each endoge-
nous compound which would be eluted and cause a variation in the
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Fig. 2. MS profiles of mobile phase and blank plasma in

onisation process of the infused analyte would induce a variation
f the response. As illustrated in Fig. 2A and B, no interference was
bserved at 5-SCD and methyldopa retention times (TR: 5.2 min and
R: 6.3 min, respectively). Identical profiles were actually obtained
or the other plasma batches (data not shown).

In addition, a quantitative approach for the assessment of the
atrix effect was performed in accordance with the recommen-

ations of AAPS report [33]. Accordingly, post-extraction blank
amples spiked with 5-SCD and MeD and neat solutions at the same
oncentration level were analysed. The peak response was the ratio
f the peak areas for 5-SCD and MeD. The matrix factor (MF) was
efined as:

F = A

B

here A and B are the analyte peak responses in the presence and
n the absence of matrix ions, respectively.

A matrix factor equal to 1.00 ± 0.05 (mean ± SD, n = 6) was
btained, demonstrating the absence of any matrix effects during
C–MS–MS analysis. One of the most important parameters in the
laboration of a reliable bioanalytical method is not the value of the
atrix factor but its variations. Expression of this variability was

btained by the determination of the RSD of all the matrix factors,
.e. 5.5% for this study. This value was clearly under the maximum
5% recommended by the AAPS. Therefore, influence of the matrix
n MS detection can be considered as non significant [33,34].

Influence of the matrix on the extraction step can be evaluated
y calculating the ratio of the responses obtained when plasma is

piked before or after SPE. Actually, matrix effects on LC–MS–MS
tep are in this case the same whatever the type of sample is
nalysed [36]. The obtained ratio being 0.59 ± 0.10, plasma can
e considered as influencing significantly the sample preparation
hase in this study. This was confirmed by the global recovery of
Time
7.00 8.00 9.00

ns during (A) cysdopa and (B) �-methyldopa infusions.

the process which was found lower after application of the plasma
samples (61.6% ± 7.1%) than the neat samples (93.7% ± 4.0%).

3.3. Method pre-study validation

The pre-study validation of an analytical method is manda-
tory before its routine application in order to ensure its fitness
for purpose which is quantifying analytes with a known accuracy
[38]. The optimized method being relatively complex, several per-
formances of the analytical procedure were tested before actual
validation [39]. During this pre-validation phase, the pertinence of
the selected calibration model was evaluated as well as the estima-
tion of the limit of quantification and the dosing range. With this
aim in view, the strategy using accuracy profiles based on tolerance
intervals for the total error, including both bias and standard devi-
ation for intermediate precision, was followed [40,41]. During the
validation step, acceptance limits were enlarged with, in corollary,
a risk decrease. The first ones were set up at ±30%, a value accepted
by the AAPS guidelines when the validation results are expressed
in terms of total error, while the risk was settled at 5%.

3.3.1. Fit for purpose of selecting the calibration curve
The response function of a process represents, within a dosing

range, the relationship between the response (i.e. the ratio of 5-SCD
and methyldopa area) and the concentration (quantity) of 5-SCD in
the considered sample [40]. As observed during the pre-validation
[39], the accuracy profile obtained using a quadratic regression

weighted by 1/x2 offers the best performances in terms of true-
ness and precision (cf. Fig. 3). In addition, the ability of the method
to quantify the compound of interest over the whole concentra-
tion range considered is established as the tolerance interval. It is
comprised in the acceptance limits over the entire dosing range.
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Table 2
Validation results of the analytical method dedicated to the quantification of 5-SCD in human plasma.

Validation criterion Results (weighted 1/x2 quadratic regression, calibration range (m = 4), 1.6–200 ng/ml)

Series 1 Series 2 Series 3

Response function (k = 3, n = 2)
Slope 0.01843 0.01713 0.01990
Intercept −0.01958 −0.01462 −0.02131
Quadratic term −0.00000761 0.00000568 −0.00000820
r2 0.9942 0.9963 0.9988

Validation criterion Results

Trueness (k = 3, n = 4), relative bias (%)
1.6 ng/ml 0.9
4.8 ng/ml 1.7
9.6 ng/ml 6.2
100 ng/ml −2.7
200 ng/ml 4.0

Precision (k = 3, n = 4), repeatability/intermediate precision (R.S.D.%)
1.6 ng/ml 6.9/6.9
4.8 ng/ml 7.3/7.4
9.6 ng/ml 8.3/8.3
100 ng/ml 7.9/9.3
200 ng/ml 3.0/4.4
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p
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s
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Accuracy (k = 3, n = 4), relative �-expectation lower and upper limits (%)
1.6 ng/ml
4.8 ng/ml
9.6 ng/ml

The calibration curves obtained from the selected model are
epresented by the following equation:

= a + bX + cX2

here Y is the analytical response, X the introduced concentration
in ng/ml), a the intercept, b the slope and c is the quadratic term.
he regression parameters are presented in Table 2.

.3.2. Precision and trueness

Precision and trueness are not considered here as decisional

arameters but their determination allows assessing the quality
f the analytical method as they correspond to random errors and
ystematic, respectively [40]. As can be seen in Table 2, the over-
ll relative bias does not exceed 6.5% and the relative standard

ig. 3. Accuracy profiles obtained considering a weighted 1/x2 quadratic regression:
cceptance limits, 30%, risk, 5%. Plain line: relative bias; dashed lines: �-expectation
olerance limits; dotted curves: acceptance limits; dots: relative back-calculated
oncentrations.
[−14.8, 16.7]
[−15.4, 18.7]
[−12.9, 25.3]

deviations for repetability (intra-day) and intermediate precision
are below 10%, all these results being in accordance with the FDA
guidelines criteria (i.e. 15%).

3.3.3. Linearity
The linearity of the results is demonstrated by fitting a regres-

sion line on the back-calculated concentrations of the validation
standards as a function of the introduced concentrations. Applica-
tion of a linear regression model based on the least squares method
led to the following equation:

Y = −0.8168 + 1.032 X,

where Y is the back-calculated concentration (ng/ml) and X is
the introduced concentration (ng/ml). The calculated coefficient of
determination is equal to 0.9948. All these elements allow attesting
the linearity of this analytical method.

3.3.4. Accuracy
The accuracy of the results should be estimated by considering

the overall measurement error, i.e. the simultaneous combination
of the systematic and random errors, arising from the experimental

results [37]. This is achieved by computing the �-expectation tol-
erance interval or accuracy profiles which guarantees that routine
results will be with a minimum risk different from the conven-
tional true values [38]. The method will be declared accurate if
�-expectation tolerance limits entirely fit the ±30% acceptance

Table 3
Risk in % of having future measurements falling outside the ±30% acceptance lim-
its in routine analysis for the quantification of 5-SCD in human plasma using the
selected response function.

Concentration
level (ng/ml)

Risk (%)

1.6 0.17
4.8 0.41
9.6 2.62
100 3.75
200 0.09
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Fig. 5. Examples of chromatogram for plasma samples obtained after SPE-
= 4.8 ng/ml, level 2 = 100 ng/ml and level 3 = 200 ng/ml) of 5-SCD in human plasma
n relative values (%). The dots are the relative back-calculated concentrations, the
ontinuous lines are the ±15% acceptance limits for the run and the dotted line is
he 0% relative error line.

nterval irrespective of the concentration level, as demonstrated
n the present application (Table 2).

.3.5. Risk assessment
As previously stated, the maximum risk (1 − ˇ) to find future

esults falling outside the acceptance limits was set up at 5%. The
ffective probability to obtain such measurements was estimated
sing accuracy profiles [38]. As can be seen in Table 3, the risk to
btain results outside the acceptance limits set at ±30% is max-
mum 3.75% for 5-SCD quantification in plasma during routine
nalysis using the selected response function. It can be noticed that
DA prescription in this matter tolerates a 33% risk, following the
-6-15 rule [31].

.3.6. Limits of detection and quantification and evaluation of
arry-over

The lower and upper quantification limits are the lowest and
ighest analyte concentrations which can be reliably determined
ith an acceptable accuracy under the defined experimental con-
itions [38]. In the present application, the quantification limits
re the extreme concentration levels of the tested dosing range
ince the accuracy profile, which characterizes the overall measure-
ent error, is confined within the acceptance limits over the whole

oncentration range (1.6–200 ng/ml). The detection limit estimated
n the basis of the mean intercept of the calibration line build in
he matrix and the residual variance of the regression [38], was
.5 ng/ml for 5-SCD.

Absence of any carry-over effect was demonstrated by inject-
ng water immediately after injection of highly spiked samples.
o peak could be detected at the retention times and transitions
orresponding to 5-SCD and methyldopa.

Finally, absolute recoveries calculated on the basis of data issued
rom validation are 56.9 ± 9.0, 62.3 ± 7.9, 64.0 ± 4.8 and 59.6 ± 4.8
mean (%) ± SD) for the following concentration levels, 4.8 ng/ml
n = 12), 20 ng/ml (n = 6), 100 ng/ml (n = 18) and 200 ng/ml (n = 18),
espectively.

.4. Method in-study validation

An in-study validation including 9 QC of 3 concentration lev-
ls selected in 4.8–200 ng/ml concentration range was performed

uring a pilot study of twenty samples. This answers to the in-
tudy validation recommendation edited by the FDA, namely the
ncorporation of QC at 3 concentration levels minimum into the
nalysis sequence: the first one corresponding to three times
he LLOQ, the second in the middle of the selected concentra-
LC–MS–MS process: peak 1, cysdopa; peak 2, �-methyldopa. (A) Blank plasma (pool
of controls) with internal standard; (B) plasma at the LLOQ; (C) a negative con-
trol sample; (D) a positive melanoma patient sample in terminal phase (5-SCD
>200 ng/ml).

tion range and the third one at the ULOQ (namely 4.8, 100 and
200 ng/ml). The response function applied for the results deter-
mination is a quadratic regression weighted by 1/x2 which was
predisposed to offer the best performances in terms of accuracy
[31].

Back-calculated QC values allow establishing acceptability of
the series of experiments following FDA recommendations, namely
67% of the QC must be in the acceptance limits set at ±15%. As this
criterion was filled, the series of analysis can be accepted (Fig. 4).

3.5. Pilot study
This work was finalized by carrying out a pilot study involv-
ing determination of plasma samples. Ten patients with melanoma
treated at CHU of Liège and five control subjects were included
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n this preliminary study. All the patients and controls gave their
nformed consent for the search and the assay of serum melanoma

arkers.
Examples of chromatogram obtained during this study is pre-

ented in Fig. 5. Plasma 5-SCD levels obtained for control individuals
ere all inferior to 2.5 ng/ml (below the pathologic threshold which

s generally set at 3.2 ng/ml). Samples from 10 patients were anal-
sed and only one value superior to 200 ng/ml (ULOQ) was found.
his corresponded to the plasma sample of a patient in an advanced
tage of the disease. 7 others were found to have 5-SCD levels
nferior to the 3.2 ng/ml limit. From a clinical point of view, these
atients were either in remission stade (5) or treated by chemother-
py (1) or presented adjuvant melanoma without metastasis (1).
he low 5-SCD value obtained in case of chemotherapy could be
xplained by the fact that 5-SCD levels should decrease up to
ormality after a successful treatment. Finally, the 2 last patients
f this pilot study either carried a high number of naevi or an
ntensive sunshine likely to explain the observed 5-SCD levels, 3.2
nd 4.5 ng/ml respectively. As all these results were promising,
dditional analysis of samples from patients with intermediate or
dvanced stage of this pathology should be ideal in order to test
ore completely the method. After that, a large scale study should

e envisaged.

. Conclusions

This paper describes the pre-study and in-study validation of
LC–MS/MS method for the determination of 5-SCD in human

lasma.
An original strategy, based on total measurement error and

ccuracy profiles as a decision tool, allowed to demonstrate that the
ethod was reliable for its intended use over a dosing range com-

rised between 1.6 and 200 ng/ml. The maximum risk of observing
uture measurements falling outside the acceptance limits during
outine analysis was below 4%. All the validation results complied
ith the FDA recommendations.

From the results obtained during the in-study validation, the
ethod applicability was demonstrated, since all results of the QC

amples were included in their respective �-expectation tolerance
ntervals.
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