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Abstract
AIM: To test the methodical and pre-analytical perfor-
mance of a new multiplex cancer biomarker panel us-
ing magnetic beads. 

METHODS: The MILLIPLEX® MAP Human Circulating 
Cancer Biomarker Magnetic Bead Panel 1 comprises the 
tumor markers carcinoembryonic antigen, alpha-feto-
protein, total prostate-specific antigen, cancer antigen 
15-3, cancer antigen 19-9, cancer antigen 125, cyto-
keratine 19-fragment, β-human chorionic gonadotropin, 
human epididymis protein 4, osteopontin, prolactin, the 
cell death and angiogenesis markers soluble Fas, solu-
ble Fas-ligand, tumor necrosis factor related apoptosis-
inducing ligand, vascular endothelial growth factor and 

the immunological markers interleukin-6 (IL-6), IL-8, 
tumor necrosis factor-α, transforming growth factor α, 
fibroblast growth factor-2, macrophage migration inhib-
itory factor, leptin, hepatocyte growth factor, and stem 
cell factor. We determined intra- and inter-assay impre-
cision as well as dilution linearity using quality controls 
and serum pools. Furthermore, the stability of the 24 
biomarkers examined in this panel was ascertained by 
testing the influence of different storage temperatures 
and time span before centrifugation.

RESULTS: For all markers measured in the synthetic 
internal quality controls, the intra-assay imprecision 
ranged between 2.26% and 9.41%, while for 20 of 24 
measured markers in the physiological serum pools, it 
ranged between 1.68% and 12.87%. The inter-assay 
imprecision ranged between 1.48%-17.12% for 23 bio-
markers in synthetic, and between 4.59%-23.88% for 
18 biomarkers in physiological quality controls. Here, 
single markers with very low concentration levels had 
increased imprecision rates. Dilution linearity was ac-
ceptable (70%-130% recovery) for 20 biomarkers. Re-
garding pre-analytical influencing factors, most markers 
were stable if blood centrifugation was delayed or if 
serum was stored for up to 24 h at 4 ℃ and 25 ℃ after 
centrifugation. Comparable results were obtained in 
serum and plasma for most markers. However, great 
changes were observed for single markers.

CONCLUSION: MILLIPLEX® MAP Human Circulating 
Cancer Biomarker Magnetic Bead Panel 1 assay is a 
stable and precise method for detection of most bio-
markers included in the kit. However, single markers 
have to be interpreted with care.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study, the methodological quality of a 
new research-use-only multiplex magnetic bead assay, 
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particularly designed for cancer diagnosis, was evaluat-
ed. This attractive panel includes 24 biomarkers: estab-
lished as well as auspicious tumor markers and markers 
deriving from the fields of apoptosis, immunology and 
angiogenesis. Herewith, the complexity and multifacto-
rial background of a cancer disease is depicted. Mea-
surements were performed with physiological serum 
pools and intra- and inter-assay imprecision as well as 
dilution linearity were assessed. Furthermore, the influ-
ence of preanalytical factors was investigated.
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INTRODUCTION
Despite of  essential achievements in cancer research 
concerning diagnosis, therapy options and follow up 
methods, cancer diseases still present a global health 
problem[1]. A great variety of  clinical and imaging tools 
are applied to diagnose tumor masses and screening pro-
grams have been established for certain entities[2]. Some 
serum tumor markers, such as alpha-fetoprotein (AFP), 
cancer antigen 125 (CA 125), CA 15-3, CA 19-9, carcino-
embryonic antigen (CEA) or prostate-specific antigen 
(PSA), have been introduced as supplementary diagnostic 
tools, but none of  the above is recommended as a singu-
lar method to define a cancer diagnosis[3-5]. 

Cancer is nowadays perceived as a complex disease 
involving inflammatory and immunological systems and 
programs of  cell death[6,7]. Thus, the diagnostic opportu-
nity could be greatly enhanced by measurement of  more 
than one marker as a fraction of  information required 
to understand a complex pathological state[8,9]. Based on 
these findings, methods for parallel tumor marker testing 
have become more and more interesting in cancer re-
search. Here, biomarkers, representing different systemic 
processes, such as inflammation, angiogenesis or cell 
death, can be combined with established tumor markers in 
one panel and potentially increase diagnostic accuracy[10-12].

Multiplex based immunoassays belong to the leading 
methods in this field. They are based on flow cytometry 
principles applied to labeled microspheres and depict an 
“ELISA on a bead”[13]. They offer several advantages, 
such as high-throughput performance, low material re-
quirement, wide range application and cost- and time-
effective multiplexing of  more than 20 parameters[8,13].

However, the implementation of  bead based multi-
plex assays has not yet been established in clinical rou-
tine[14]. Currently used tumor markers are mainly tested 
with single parameter assays. Not least due to the great 
potential of  differently composed assays or marker pan-
els, respectively, this field requires further research in 

order to assess assay quality, increase comparability of  
multiplex assays, and to encourage consistent guidelines 
which as of  yet are non-existent[3,9,15]. 

As already shown by other research groups marker 
combination has the potential to greatly improve the 
quality of  early diagnosis and other therapeutically rel-
evant applications[12,16,17]. Several manufacturers offer 
diverse panels of  markers, mainly for the combined mea-
surement of  many immunological and metabolic markers. 
For oncological purposes, the MILLIPLEX® Map Hu-
man Circulating Cancer Biomarker Magnetic Bead Panel 
Kit (EMD Millipore) was recently released. It represents 
an attractive option particularly for study settings. This 
kit includes reagents for the detection of  24 biomarkers, 
which portray a widespread spectrum of  already validated 
as well as upcoming auspicious oncological, cell death, 
angiogenesis and immunological biomarkers, such as 
CEA, AFP, total prostate-specific antigen (total-PSA), CA 
15-3, CA 19-9, CA 125, cytokeratine 19-fragment (CY-
FRA 21-1), β-human chorionic gonadotropin (β-HCG), 
human epididymis protein 4 (HE4), osteopontin (OPN), 
prolactin, soluble Fas (sFas), soluble Fas-ligand (sFasL), 
tumor necrosis factor related apoptosis-inducing ligand 
(TRAIL), vascular endothelial growth factor (VEGF), in-
terleukin-6 (IL-6), IL-8, tumor necrosis factor-α (TNFα), 
transforming growth factor α (TGFα), fibroblast growth 
factor-2 (FGF2), macrophage migration inhibitory factor 
(MIF), leptin, hepatocyte growth factor (HGF) and stem 
cell factor (SCF).

However, in order to be used in studies and for clini-
cal measurements, this panel must fulfill certain require-
ments, such as high reliability, accuracy, robustness as 
well as high analytical and clinical sensitivity and specific-
ity[18,19]. Furthermore, the analytes must be stable against 
potentially influencing pre-analytical factors[3]. This study 
was carried out to critically test whether all or only some 
of  the markers fulfill these basic methodical quality crite-
ria and can thus be recommended for application in clini-
cal or study conditions.

MATERIALS AND METHODS
In order to assess the methodological performance of  
MILLIPLEX® MAP Human Circulating Cancer Bio-
marker Magnetic Bead Panel 1, 96 Well Plate Assay we 
tested intra- and inter-assay imprecision as well as dilution 
linearity. 

Standard samples plus quality controls QC 1 and QC 
2 delivered by the kits were used for the internal method-
ological control. Standard 7 depicted the basis for a dilu-
tion line with the factor 1:3 from high to lower biomarker 
concentrations. The standard dilution line as well as the 
concentrations of  QC 1 and QC 2 were predefined by 
the manufacturer.

For external control, we produced two serum pools 
with levels in the moderate to high and in the very low 
value range for most markers (pool 1 and pool 2). To 
create pool 1, 37 residual and anonymized sera of  daily 
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clinical routine diagnostics were combined. Inclusion 
criteria were present high levels of  the inflammation pa-
rameter C-reactive protein and well above average levels 
of  the biomarkers AFP, β-HCG, CA 15-3, CA 125, CA 
19-9, CEA, NSE and PSA. Here, patient history was not 
considered. Pool 2 is a combination of  two sera taken 
from young healthy women (mean age 23.5 years). The 
sera pools, standard samples and quality controls QC 1 
and QC 2 were run in duplicate as minimum within each 
plate.

In order to evaluate the linearity of  dilution, a 50% 
dilution of  the higher concentrated pool 1 was prepared 
by mixing the pool 1 sample with the appropriate amount 
of  serum matrix enclosed in our kit. We defined the ac-
ceptable range for the recoveries as values between 70% 
and 130%. 

Next, the estimation of  possible affecting pre-ana-
lytical issues was tested. Briefly, samples of  two different 
patients were stored at 25 ℃ (room temperature) for 6 
and 24 h prior to centrifugation and subsequent freezing 
at -80 ℃. In a further experiment, samples were stored 
at 4 ℃ and 25 ℃ for 6, 24 and 48 h, respectively, after 
centrifugation and before freezing at -80 ℃. As reference 
control we used the corresponding samples, which were 
directly frozen after centrifugation. Finally, biomarkers 
were tested in serum and EDTA-plasma samples that 
were taken in parallel from the two healthy donors. All 
different conditions were measured in a single plate at a 
later time point to avoid inter-assay interferences.

MILLIPLEX® MAP Kit on the Bio-Plex® 200 System
The MILLIPLEX® MAP Human Circulating Cancer 
Biomarker Magnetic Bead Panel 1, 96 well plate assay 
purchased from EMD Millipore included all the reagents 
as well as an appropriate plate required by the assay. The 
procedure was conducted by experienced staff  accord-
ing to the manufacturer’s protocol. For washing steps, 
the Bio-Plex® Pro Ⅱ wash station was applied. All plates 
were run on the Bio-Plex® 200 System. Before each as-
say run, the system was calibrated with the Bio-Plex® 
calibration kit and validated with the Bio-Plex® validation 
kit 4.0. Bio-Plex® sheath fluid served as the delivery me-
dium for the samples. Analysis was performed with Bio-
Plex® manager 6.1. Within the device settings, 50 events 
per bead region were defined as minimum criterion.

Principle
MILLIPLEX® MAP Kit Human Circulating Cancer Bio-
marker Magnetic Bead Panel 1 was developed as an im-
munoassay on the surface of  fluorescent-coded magnetic 
beads (MagPlex™-C microspheres). The proportion 
of  two fluorescent dyes on these beads forms the code 
and determines in such way up to 100 different kinds of  
beads. Here, we have 24 differently coded bead groups, 
each of  which is coated with a specific capture antibody 
to detect one of  the 24 biomarkers which are CEA, AFP, 
PSA, CA 15-3, CA 19-9, CA 125, CYFRA 21-1, β-HCG, 
HE4, osteopontin and prolactin, the cell death and angio-

genesis markers sFas, sFasL, TRAIL and VEGF as well 
as the immunological markers IL-6, IL-8, TNFα, TGFα, 
FGF-2, MIF, leptin, HGF and SCF.

The binding of  specific analytes begins in the bead 
mixture suspended with a test sample. Next, a biotinylated 
detection antibody is introduced and subsequent incuba-
tion with streptavidin-phycoerythrin (PE) conjugate is 
performed to complete the reaction on the microspheres.

Finally, the assay is analyzed by the Bio-Plex® 200 sys-
tem. Here, the beads coupled with the capture antibody 
bound to the specific analyte, biotinylated detection an-
tibody and streptavidin-PE on its surfaces pass through 
a laser, which excites the internal dyes. A second laser 
excites the signal of  PE. High-speed digital-signal proces-
sors identify the beads and detect the fluorescent signal 
intensity in order to quantify the assay result.

Procedures
All reagents and sera were brought to room temperature 
before use. Wash buffer, assay buffer, serum matrix, stan-
dard 7, quality controls 1 and 2, beads, detection antibod-
ies, and streptavidin-PE were prepared as recommended 
by the manufacturer. Serum samples were thawed and 
individually vortexed for 15 s. Thereafter, they were cen-
trifuged (Eppendorf  centrifuge 581OR) at 3500 rpm 
for one min. Next, 15 µL of  sample was mixed with 
75 µL of  serum matrix creating a 1:6 dilution. To cre-
ate a homogeneous mixture of  all antibody conjugated 
beads, every vial containing one set of  microspheres was 
sonicated for 30 s and then vortexed for one minute. 
One hundred and fifty microliter of  each vial was trans-
ferred into a mixing bottle that was vortexed again for 
one minute. The beads were protected from exposure to 
light throughout the assay. For pre-wetting, 200 µL assay 
buffer was pipetted into each well, the plate was covered 
with a sealer and then shaken at 700 rpm for 10 min. The 
fluid was removed by tapping the plate on a paper towel 
and centrifuging it briefly at 3500 rpm lying top down 
on a paper sheet in the centrifuge. Twenty-five microliter 
of  background, standard 1-7 and quality controls 1 and 
2 were pipetted in duplicate into the appropriate wells 
and 25 µL of  serum matrix was added. Next, sample 
wells were filled with 25 µL of  assay buffer and 25 µL of  
the diluted sera was pipetted into the appropriate wells. 
Finally, the magnetic bead mixture was vortexed for 1 
min and 25 µL were pipetted into each well. The plate 
was sealed, covered with aluminum foil and then shaken 
at 700 rpm for 16 h at 4 ℃. After incubation time the 
magnetic bead plates were washed as recommended by 
the method protocol three times using assay buffer by 
means of  Bio-Plex® Pro Ⅱ wash station. Then 25 µL of  
detection antibodies were added to each well, the plate 
was sealed and covered with aluminum foil and shaken 
at 700 rpm for 1 h. Now 25 µL of  streptavidin-PE per 
well were added and the plate was again sealed, covered 
with aluminum foil and shaken at 700 rpm for 30 min. 
Thereon the three washing steps were performed as de-
scribed above. One hundred microliter of  sheath fluid 
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RESULTS
Intra-assay imprecision
The intra-assay imprecision as the mean CV (in %) over 
all plates for synthetic quality controls QC 1, QC 2 and 
standard 5 as well as for physiological serum pools 1 and 
2 was calculated for five different magnetic plates relating 
to each tested biomarker. Here, only results within the 
measuring range were included.

In QC 1 and QC 2, 22 and 24 markers had an FI-
based CV below 10%. In QC 2, 21 biomarkers were mea-
sured with a CV less than 5%. The CVs ranged between 
3.81% (AFP) and 13.38% (FGF2) for QC 1 and between 
2.06% (total PSA) and 5.56% (β-HCG) for QC 2. Ob-
served concentration-based CVs ranged between 4.23% 
(AFP) and 9.41% (FGF2) for QC 1 and between 2.26% 
(TRAIL) and 7.69% (CA 19-9) for QC 2 (Table 1).

In the standard 5-sample, all of  the 24 biomarkers 
were measured with CV values below 5%. The range was 
between 0.91% (OPN)-4.41% (VEGF). 

In the physiological serum pool 1, all biomarkers 
showed an FI-based CV below 10%, while 13 biomark-
ers had a CV below 5%. The values ranged from 1.89% 
(MIF) to 8.71% (FGF2). Observed concentration-based 
CVs ranged from 1.68% (MIF) to 36.09% (β-HCG) with 
12 biomarkers measured with a CV below 5% and four 
biomarkers exceeding the 10% range (Table 1).

In physiological serum pool 2, FI-based imprecision 
ranged from 1.65% (CA 19-9) to 14.31% (MIF) with only 
one CV (MIF) found to be higher than 10%. CVs of  11 
biomarkers fell below 5%. Observed concentration-based 
imprecision ranged from 1.47% (sFas)-15.66% (MIF) 
with seven biomarkers measured with a CV below 5% 
and seven biomarkers exceeding the 10% range (Table 1).

When intra-assay imprecision was evaluated for all ten 
plates, the CVs were somewhat higher for pools and QC 
samples (Table 2).

Inter-assay imprecision
FI-based imprecision: The inter-assay imprecision was 
performed by calculating the CV in % involving all fluo-
rescence intensity results for QC 1, QC 2, standard 5, 
pool 1 and pool 2 over five different magnetic plates re-
lating to each tested marker. Here, only results within the 
measuring range were included.

For synthetic QC 1, QC 2 and standard 5, 16, 17 and 
18 markers had imprecision below 20%, ranging between 
8.85% (IL-8) and 45.75% (OPN), 8.88% (CEA) and 
29.04% (OPN) as well as between 8.61% (total PSA) and 
42.71% (CYFRA 21-1) (Table 3).

In the higher-concentrated physiological serum pool 
1, the inter-assay imprecision fell below 20% for 18 bio-
markers with the total range between 4.49% (β-HCG) 
and 46.72% (OPN). In the very low serum pool 2, only 
four biomarkers were measured with a CV below 20%, 
collectively ranging between 10.19% (HGF) and 85.54% 
(OPN) (Table 3).

were pipetted into each well, the plate sealed and covered 
with aluminum foil and shaken at 700 rpm for 5 min in 
order to resuspend the beads. Lastly, the plates were run 
on the Bio-Plex® 200 system.

Expected concentrations of  each tested biomarker 
for standards 1-7 were entered into the system prior to 
running the assay. The device detects appropriate fluo-
rescence intensities (FI) and creates a standard curve for 
each marker. These curves are generated by linking the 
measured FI values with the expected concentration of  
markers in standards 1-7. Further translation of  FI-values 
in concentration levels of  all the following samples is 
based on these curves. Depending on the five parameter 
logistic, the function possesses predefined points of  ac-
cepted extrapolation, which are the minimum and maxi-
mum asymptotes. For the lower limits in our study, we 
accepted an extrapolation in round terms in the middle 
between the lowest standard and the minimum asymptote 
point. Due to the phenomenon of  heteroscedasticity to-
wards higher concentrations, here, the accepted extrapo-
lation was defined as an approximation of  the highest 
standard value. These limits consequently illustrate our 
measuring range.

As all physiological serum samples were diluted 1:6 
with serum matrix included into the kit, the dilution fac-
tor 6 was considered by the software before yielding the 
final concentration of  the samples. For convenience of  
comparability in added tables, we multiplied all non diluted 
concentrations (accepted measuring range, observed con-
centration of  QC 1, QC 2 and standard 5) with the factor 6.

The results from the software of  Bio-Plex® 200 con-
tain the measured FI and when duplicates were run, also 
the corresponding means, standard deviation and coef-
ficients of  variation (CV in %) as well as the correspond-
ing concentrations.

Statistical analysis 
In order to assess intra- and inter-assay imprecision FI-
based CVs were used. We also determined the CVs based 
on the observed concentration for the analysis. Means 
and ranges were calculated for all comparisons. In order 
to quantify the dilution linearity, we determined observed 
concentration-based recoveries related to the correspond-
ing expected values for the 50% dilution of  pool 1. The 
evaluation of  the pre-analytical influence of  different 
storage conditions is represented by calculated recoveries 
based on FI results. 

All in all, we tested ten kits or rather ten plates. The 
first five plates were ordered as a batch and were mea-
sured subsequently and strictly under the same condi-
tions. The following five plates were of  the same lot, but 
were ordered and measured about six months later under 
different conditions. Therefore, the main method evalua-
tion in our study is based on the first five kits. However, 
results of  the overall evaluation are also shown. In one 
assay, a pipetting error of  the pool samples occurred and 
the respective values were omitted.
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All in all, ten plates were run. The first five kits were 
ordered in one batch and applied subsequently under 
strictly identical conditions. The following plates were or-
dered and run six months later under the same standards 
of  procedure. However, we perceived a striking discrep-
ancy when comparing the results of  the first five and the 
last five plates. As the lot number was the same, we as-
sume an influence of  surrounding conditions, e.g., room 
temperature, pipettes used and different laboratory staff  
constellation. In order to represent accurate and relevant 
results in our main method evaluation, we divided our 
evaluation into two steps: First, we considered only the 
first five assays as they were done under homogeneous 
conditions. In the second step, an overall analysis of  all 
assays was performed. Nevertheless, this critical fact elu-
cidates once more the importance of  standardized pro-
cedures in clinical routine laboratories, the application of  
internal quality controls and the participation in external 
quality assessment programs[3,18].

In general, the assay showed an acceptable intra- and 
inter-assay imprecision. Apart from the synthetic internal 
controls QC 1 and QC 2 we included the physiological 
external control samples pool 1 and pool 2 as a further 
reference source. In comparison to the internal controls 
QC 1 and QC 2 this resulted in an interesting finding. 
As expected, the method precision was slightly more 
accurate for the synthetic samples. Although evidently 
the composition of  serum pools is more complex, this 
physiological type of  quality control is more relevant as 
it reflects the situation of  the clinical samples more accu-
rately. Nevertheless, the comparability between synthetic 
and physiological samples was still given. However, we 
perceived higher variation in samples with lower con-
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Figure 2  Preanalytical factors: Storage before centrifugation. Behavior of 
biomarkers undergoing different pre-analytical conditions: Blood samples were 
stored at room temperature for 0, 6 and 24 h before centrifugation, definitive 
storage at -80 ℃ and measurement. Values are FI-based and depicted as re-
coveries corresponding to the values of directly centrifuged and frozen serum 
as reference. AFP: Alpha-fetoprotein; CA 125: Cancer antigen 125; CEA: Car-
cinoembryonic antigen; CV: Coefficient of variation; CYFRA 21-1: Cytokeratine 
19-fragment; FGF2: Fibroblast growth factor-2; FI: Fluorescent intensity; HE4: 
Human epididymis protein 4; HGF: Hepatocyte growth factor; IL-6: Interleu-
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Conc: Concentration; OPN: Osteopontin; QC 1: Quality control 1; SCF: Stem 
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growth factor-α; TNFα: Tumor necrosis factor-α; total PSA: Total prostate-
specific antigen; TRAIL: Tumor necrosis factor related apoptosis-inducing 
ligand; VEGF: Vascular endothelial growth factor; β-HCG: β-human chorionic 
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centrations of  the biomarkers, particularly seen in the 
imprecision results of  pool 2 where most marker concen-
trations were below or at the lower end of  the accepted 
range.

Comparing the precision data provided by the manu-
facturer (range: 4.9% to 15.0% and 4.1% to 16.2% for 
intra- and inter-assay imprecision, respectively) with our 
results a very good accordance concerning the intra-assay 
results was observed.

The inter-assay imprecision is partly higher in our 
tests. However, for most markers we could achieve the 
corresponding coefficients of  variation considering the 
results of  the quality controls provided by the manufac-
turer. CYFRA 21-1, a highly valuable tumor marker for 
non small cell lung cancer[16,23,24], was found to be the only 
marker exceeding the 20% limit of  CV concurring with 
the given imprecision by the manufacturer where it also 
yields the maximum coefficient of  variation in the panel. 
As the marker concentration is within the appropriate 
range and the variation is found to be not acceptable we 
assume a non-applicability of  this biomarker in the as-
sessed method. In our higher concentrated pool 1, five 
markers were found to be measured with a non-accept-
able CV. Close observation of  these biomarkers revealed 
that the observed concentrations were very low, even be-
low the first standard (such as for FGF2) indicating only 
limited clinical relevance in these cases. In conclusion, 

with an inter-assay imprecision in a reasonable range be-
tween 4.59% (total PSA)-23.88% (TGFα), this is a rather 
satisfying result.

Comparing the values of  variance of  fluorescence 
intensity and observed concentration revealed some strik-
ing discrepancies. This phenomenon is obviously based 
on the transformation of  measured fluorescence inten-
sity into biomarker concentration, which is neither linear 
nor predetermined to be equal in all the tests, but corre-
sponding to the course of  the standard curve calculated 
anew for every single test. FI values are matched to the 
concentrations that are provided by the standard curve. 
Thus, the same FI values in two different plates could 
lead to two different concentrations and are therefore less 
comparable when it comes to a crossover comparison 
between the plates. This phenomenon is shown in the 
attached Table 3 comparing FI values and observed con-
centration-based CVs. Hence, the inter-assay imprecision 
based on concentration values provided a more relevant 
result for the methodological evaluation. 

Testing the dilution linearity, our study yields satisfy-
ing results with a tendency to a recovery in the upper 
field of  the defined acceptable range.

Within the Bio-Plex® 200 System, it is possible to 
vary the minimal number of  events needed for measure-
ment. With 50 events as minimum per bead we chose a 
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compromise between a time-effective measurements and 
sufficiently precise results. Obviously, the accuracy of  
measurements increases with higher number of  events. 
Nevertheless, our findings could achieve acceptable CV 
values in most cases despite the low minimum number 
of  events set. Therefore, we did not compare absolute 
number of  detected events and their calculated CVs. 

The MILLIPLEX® MAP Human Circulating Cancer 
Biomarker Magnetic Bead Panel 1 offers a wide spectrum 
of  applicable biomarkers. However, it is obviously neither 
clinically relevant nor cost-effective to apply the com-
plete panel in diagnostics. After definition of  the relevant 
markers for each tumor type, the panel must be focused 
and applied as a biomarker pattern of  clinical interest de-
pending on the contemplated entity of  disease.

For implementation into clinical diagnostics, further 
studies evaluating its performance in a large cohort of  
cancer patients and appropriate control groups, which are 
relevant for differential diagnosis, i.e., healthy individuals 
and patients with organ related benign disease, are defi-
nitely required. Currently, we are performing such clinical 
validation studies with cohorts of  patients suffering from 
gastrointestinal, gynecological and urological cancers.

Apart from the method quality itself, preanalytical 
handling of  samples prior to analysis in the laboratory 
can influence the final results, as is known for several re-
search and routine parameters[25-27]. Hence, we examined 
the stability of  the tested markers. As often observed in 
the clinical routine, samples are not directly transferred 
to the central laboratory and instead remain exposed to 
room temperature without centrifugation. In order to 
depict this highly relevant situation, samples were centri-
fuged after 6 and 24 h. However, most markers remained 

stable, except MIF and IL-8. These two markers pre-
sented a considerable increase in marker levels. Our find-
ings for IL-8 agree with the recommendations made by 
Hoch et al[28] to centrifuge the blood samples within less 
than 2 h to avoid interactions between IL-8 and blood 
cells. An increase of  MIF levels in samples, which were 
not directly prepared, is also predescribed by Sobierajski 
et al[29]. These pre-analytical facts must be observed by the 
clinicians as prolonged storage before processing could 
lead to fatal misinterpretation in these markers.

Sample storage up to 48 h after centrifugation at a tem-
perature of  4 ℃ showed a good outcome for all markers 
except OPN, which presented a decline after 6 h storage. 

Storage at 25 ℃ after centrifugation showed a stronger 
effect on marker levels. While stability is given until 24 h, a 
more or less increase of  marker concentrations can be ob-
served after longer storage time. For example, the recov-
ery of  HE4 rises over 200% after 48 h. Again, OPN is the 
only marker showing a decline to nearly 80% in recovery 
supporting our above mentioned findings. Also, Cristaudo 
et al[30] found an instable performance of  OPN after stor-
age of  serum samples at room temperature.

Furthermore, we observed good comparability be-
tween serum and EDTA-plasma samples. Only OPN 
and leptin-recoveries exceeded the 130% mark of  the ac-
cepted range. These results correspond with the findings 
of  Lanteri et al[31] and Gröschl et al[32] where an increase 
of  these biomarkers in plasma samples compared with 
serum samples was observed. HGF presented a recovery 
of  60.7% as the unique marker undergoing the accepted 
70% mark, also concurring with previous HGF stability 
analysis[33].

In our study, the evaluated method is demonstrated 
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to be a stable and precise tool for detection of  most bio-
markers included in the kit. Unfortunately, for CYFRA 
21-1, the method did not achieve acceptable inter-assay 
precision values. This should be further investigated. In 
general, we recommend that “research use only”-tests 
are assessed before implementation into further research 
and clinical routine. Here, certain preconditions, such as 
ordering tests in a batch, use of  physiological quality con-
trols in addition to the provided control samples as well 
as relevant pre-analytical aspects of  some markers, should 
be observed. 

All in all, this study shows that the MILLIPLEX® 
MAP Human Circulating Cancer Biomarker Magnetic 
Bead Panel 1 could offer new diagnostic perspectives 
while further studies are necessary to show its clinical ap-
plicability, usefulness and comparability with established 
routine assays.
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