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BACKGROUND: Candidate biomarkers discovered with
high-throughput proteomic techniques (along with
many biomarkers reported in the literature) must be
rigorously validated. The simultaneous quantitative as-
sessment of multiple potential biomarkers across large
cohorts presents a major challenge to the field. Multi-
plex immunoassays represent a promising solution,
with the potential to provide quantitative data via par-
allel analyses. These assays also require substantially
less sample and reagents than the traditional ELISA
(which is further limited by its ability to measure only a
single antigen). We have measured the reproducibility,
reliability, robustness, accuracy, and throughput of
commercially available multiplex immunoassays to as-
certain their suitability for serum biomarker analysis
and validation.

METHODS: Assay platforms MULTI-ARRAY (Meso
Scale Discovery), Bio-Plex (Bio-Rad Laboratories), A?
(Beckman Coulter), FAST Quant (Whatman Schlei-
cher & Schuell BioScience), and FlowCytomix (Bender
MedSystems) were selected as representative examples
of technologies currently used for high-throughput im-
munoanalysis. All assays were performed according to
protocols specified by the manufacturers and with the
reagents (diluents, calibrators, blocking reagents, and
detecting-antibody mixtures) included with their kits.

ResULTS: The quantifiable interval determined for each
assay and antigen was based on precision (CV < 25%)
and percentage recovery (measured concentration
within 20% of the actual concentration). The MULTI-
ARRAY and Bio-Plex assays had the best performance
with the lowest limits of detection, and the MULTI-
ARRAY system had the most linear signal output over
the widest concentration range (10° to 10°). Cytokine
concentrations in unspiked and cytokine-spiked serum
samples from healthy individuals were further investi-
gated with the MULTI-ARRAY and Bio-Plex assays.

concrusions: The MULTI-ARRAY and Bio-Plex mul-
tiplex immunoassay systems are the most suitable for
biomarker analysis or quantification.
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Brief Communication

Clinical proteomic research is directed toward the
identification of biomarkers that can aid in diagnosing
disease, estimating prognosis, and monitoring treat-
ment (1, 2). Large numbers of candidate biomarkers
are typically identified in the discovery phase of a pro-
teomic screen, and many candidate biomarkers have
been reported in the literature (3). These candidates
must be further evaluated to identify those markers
that have a statistically significant association with dis-
ease (4,5). In the biomarker verification/validation
phase, the concentrations of candidate proteins must
be measured across clinical cohorts (6, 7).

The concentrations of circulating proteins in
plasma or serum can be measured with ELISAs (8).
Although ELISAs provide precise and accurate results,
they measure only a single antigen. Recent advances in
mass spectroscopy—based protein identification have
generated an avalanche of candidate biomarkers,
thereby creating a market for high-throughput multi-
plex immunoassays that allow simultaneous quantifi-
cation of many analytes. Two basic assay formats have
been developed to facilitate simultaneous quantifica-
tion of multiple antigens: planar array assays and mi-
crobead assays. In the first format, different capture
antibodies are spotted at defined positions on a
2-dimensional array. In the second, the capture anti-
bodies are conjugated to different populations of mi-
crobeads, which can be distinguished by their fluores-
cence intensity in a flow cytometer. In this study, we
evaluated the performance of 3 planar array assays
[MULTI-ARRAY (Meso Scale Discovery), A* (Beck-
man Coulter), and FAST Quant (Whatman Schleicher
& Schuell BioScience)] and 2 microbead assays
[Bio-Plex (Bio-Rad Laboratories) and FlowCytomix
(Bender MedSystems)]. For details about the various
platform characteristics, see the Data Supplement that ac-
companies the online version of this Brief Communica-
tion at http://www.clinchem.org/content/vol56/issue2.

The accuracy of quantification for multiplexed
immunoassays depends, as with all ELISAs, on the
quality of the calibration curves, which is determined
by the following: appropriate curve-fitting procedures,
assay imprecision (CV), recoveries, and assay linearity
(the limits of quantification). The performance char-
acteristics of all the platforms were evaluated with re-
spect to these parameters. For each assay system, dupli-
cate or triplicate wells of supplier-provided calibrators
were serially diluted as recommended by the manufac-
turer to produce calibration curves. We were unable to
investigate cross-reactivity between analytes because
the manufacturers provided the calibrators as pre-
mixed solutions containing all of the analytes.

It is important to note that none of the cytokine
assays on the 5 platforms have been cleared by the US



Food and Drug Administration for clinical testing.
They are to be used only in research applications.

The FlowCytomix assay was not further evaluated
as a platform for clinical validation, owing to substan-
tial losses of beads that might adversely affect perfor-
mance. In this assay, multiplexing is achieved by cou-
pling the detector antibodies to internally fluorescent
beads of 2 different sizes (4.4 wm and 5.5 wm); how-
ever, we experienced substantial losses of the small
beads when we assayed human serum samples. The loss
of the small beads may have been due to the viscosity of
the serum because, in contrast to the other kits, the
manufacturer of the FlowCytomix kit did not supply a
diluent specifically formulated for serum.

Most of the currently available multiplex immu-
noassays have been designed to quantify the concentra-
tions of various cytokines, because cytokine concentra-
tions can provide information about numerous
diseases and inflammatory conditions (9, 10). There-
fore, performance was analyzed for the remaining plat-
forms, and the results were compared with data ob-
tained for serial dilutions of 5 common cytokines [Fig.
1 for interleukin-6 (IL-6)* Fig. 1 in the online Data
Supplement for data for IL-12p70, IL-2, IL-10, and IL-
1B]. All assays were performed on at least 3 different
days.

The MULTI-ARRAY system had the greatest lin-
ear signal output, over the widest range (10 to 10°), for
every cytokine. By comparison, the signal output range
was 10> to 10* for the Bio-Plex assay, 10° for the A2
assay, and 10 for the FAST Quant assay (Fig. 1A and
Table 1; Fig. 1A in the online Data Supplement).
Within each batch, CVs varied broadly, depending on
the analytes: 0.4%-23% for the MULTI-ARRAY assay,
0.6%—40% for the Bio-Plex assay, 0.5%—-39% for the
A? assay, and 0.8%—13% for the FAST Quant assay
(Fig. 1B; Fig. 1B in the online Data Supplement).

Because cytokines are present at low concentra-
tions in nonpathologic sera, curve fitting has a direct
effect on the accuracy of the results. Although each as-
say system includes software for curve fitting by non-
linear regression, differences among the algorithms
and parameters embedded in these proprietary soft-
ware programs made it impossible to compare the 4
different systems directly with regard to the quality of
the results. To standardize the analytical process, we
reanalyzed the data with Prism software (GraphPad
Software). We used a 4-parameter algorithm and a 1/*
weighting function to fit each data set to a sigmoidal
dose—response curve with a variable slope.

4 Nonstandard abbreviations: IL-6, interleukin-6; ULOQ, upper limit of quantifi-
cation; LLOQ, lower limit of quantification.

To assess the quality of the fit at each concentra-
tion, we determined and compared actual and ex-
pected values to calculate percentage recovery (Fig. 1C;
Fig. 1C in the online Data Supplement). Percentage
recovery is an important measure for evaluating the
accuracy of quantitative data from the lower limit of
detection across the entire dynamic range of an assay
(Fig. 1C; Fig. 1C in the online Data Supplement). We
defined an upper limit of quantification (ULOQ) as the
value below which the percentage recovery was 80%-—
120% and the CV was <<25%. The lower limit of quan-
tification (LLOQ) was defined as an analyte concentra-
tion that has (a) a response at least 3 times that of a
blank sample, (b) a percentage recovery of 80%—120%,
and (c¢) a CV <25%. We then calculated ULOQ and
LLOQ values for the 5 cytokines on each assay platform
(Table 1). Overall, the MULTI-ARRAY platform from
Meso Scale Discovery had the largest quantifiable con-
centration interval (2.4-2500 ng/L).

Our assessments identified deficiencies in the A*
and FAST Quant platforms that may limit their overall
suitability. The LLOQ was relatively poor on the A*
platform; similarly, the FAST Quant assay was not as
sensitive as the other assays (Table 1). The FAST Quant
software uses a point-to-point curve-fitting method
and does not provide data on the back-fitting of a cal-
ibration curve (percentage recovery), making it diffi-
cult to evaluate the accuracy of the data.

The MULTI-ARRAY and Bio-Plex platforms
demonstrated the best performance for quantifying
purified cytokines. Although both systems were highly
sensitive, the MULTI-ARRAY had a wider dynamic
range because it had a higher ULOQ. On the other
hand, the Bio-Plex system was able to quantify more
analytes. We tested the ability of the MULTI-ARRAY
and Bio-Plex systems to measure a common set of 9
cytokines in the complex milieu of human serum. Hu-
man serum samples from 12 healthy male individuals
between 20 and 60 years of age were purchased from
Bioreclamation. As expected, the concentrations of
most cytokines in these healthy controls were very low,
with many of the readings below the LLOQ (see Table 1
in the online Data Supplement). For samples of un-
spiked serum, the MULTI-ARRAY platform had better
performance for 6 cytokines (IL-2, IL-10, IL-12p70,
granulocyte-macrophage colony-stimulating factor,
interferon <y, and tumor necrosis factor-«), and the
Bio-Plex system had a better performance for 1 cyto-
kine (IL-8). The 2 platforms performed similarly for
IL-6. IL-1B could not be quantified with either plat-
form. The inter- and intraplate CVs for duplicate assays
were low for both platforms (mean interplate CVs of
8% and 10% for the MULTI-ARRAY and Bio-Plex
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Fig. 1. Calibration curve performance and comparison of MULTI-ARRAY (blue), Bio-Plex (green), A? (light blue), and FAST
Quant (red) multiplex assays.

The following cytokine kits were compared: Human Pro-Inflammatory 9-Plex MULTI-ARRAY kit [granulocyte-macrophage colony-
stimulating factor (GM-CSF), interferon vy (IFN-y), IL-183, IL-2, IL-6, IL-8, IL-10, IL-12p70, tumor necrosis factor-a (TNF-o)] from Meso
Scale Discovery; Bio-Plex Human Cytokine 27-Plex Panel [IL-183, IL-1RA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IL-13, IL-15,
IL-17, eotaxin, basic fibroblast growth factor, granulocyte colony-stimulating factor, GM-CSF, IFN-y, IFN-y—induced protein 10 (IP-10),
monocyte chemoattractant protein 1 (MCP-1/MCAF), macrophage inflammatory protein 1 (MIP-1a), MIP-1, platelet-derived growth
factor BB (PDGF-BB), RANTES (regulated upon activation, normal T cell expressed and secreted), TNF-c, VEGF (vascular endothelial
growth factor)] from Bio-Rad Laboratories; A* human 13-cytokine assay kit (GM-CSF, IFN-y, IL-16, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-10,
IL-12p70, IL-13, TNF-c) from Beckman Coulter; FAST Quant Human Il Kit 10-plex assay (IL-18, IL-10, IL-2, IL-12p70, IL-4, GM-CSF, IL-6,
RANTES, IL-8, MCP-1) from Whatman Schleicher & Schuell BioScience. (A), Log plots of raw IL-6 data (fluorescence signal intensity
vs IL-6 concentration). (B), Corresponding plot of CV vs IL-6 concentration. The CV was calculated from 2 spots (2 wells in
MULTI-ARRAY), 8 spots (2 pads in FAST Quant), 12 spots (3 wells in A%), and 2 wells (in Bio-Plex). (C), Plot of percentage calibrator
recovery vs IL-6 concentration. A 4-parameter algorithm and a 1/y* weighting function were used to fit (with Prism software) each
data set from the MULTI-ARRAY, Bio-Plex, A%, and FAST Quant systems to a sigmoidal dose—response curve with a variable slope.
Curve back-fitting is done by calculating the observed concentration of each calibrator and then comparing it with the original
concentration (expected concentration) used in each analyte assay. For these tests, actual and expected concentrations were
calculated, and the percentage recovery of calibrator was calculated as: [(observed concentration)/(expected concentration)] < 100.

platforms, respectively; mean intraplate CVs of 6% and
9% for the MULTI-ARRAY and Bio-Plex platforms,
respectively).

To investigate the accuracy of cytokine quantifica-
tion in human serum, we measured cytokine concen-
trations in serum samples supplemented with pure cy-
tokines (see Fig. 2 in the online Data Supplement).
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Because we added each cytokine to a concentration of
50 ng/L, the difference between the measured cytokine
concentrations in the supplemented and unspiked
samples should have been 50 ng/L. On the MULTI-
ARRAY platform, the differences varied from 53 ng/L
to 70 ng/L. The Bio-Plex platform had larger differ-
ences (15-78 ng/L). One limitation of this study is that



Table 1. Comparison of the performance of 4 multiplex immunoassay platforms.?

IL-12p70

Manufacturer's calibrator interval, ng/L®

Quantifiable interval, ng/L®

Signal interval®

Mean CV within quantifiable interval®
IL-2

Manufacturer’s calibrator interval, ng/L

Quantifiable interval, ng/L

Signal interval

Mean CV within quantifiable interval
IL-6

Manufacturer’s calibrator interval, ng/L

Quantifiable interval, ng/L

Signal interval

Mean CV within quantifiable interval
IL-10

Manufacturer’s calibrator interval, ng/L

Quantifiable interval, ng/L

Signal interval

Mean CV within quantifiable interval
IL-18

Manufacturer’s calibrator interval, ng/L

Quantifiable interval, ng/L

Signal interval

Mean CV within quantifiable interval
Calibrators

Calibration curve

Whatman Schleicher & Schuell (FAST Quant).

the standard calibrators.

<100% = 20% with the standard calibrators.

Manufacturer's recommended standard dilution factor’ 1/4 Dilution

MULTI-ARRAY Bio-Plex A? FAST Quant
2500-0.6 4411-0.3 4800-6.5 50 000-12.2
2500-0.6 4411-0.27 577-7.1 625-2.4

=2700000-200 =23 000-30 =1000-25 =16 000-100
9.60% 2.80% 8.70% 3.40%
2500-0.6 2161-0.1 6630-9.1 10 000-2.4
2500-2.4 540-2.1 245-9 10 000-2.4
=600 000-200 =18 000-100 =4000-100 =2000-30
5.00% 5.90% 10.00% 3.20%
2500-0.6 2215-0.1 5200-7.1 10 000-2.4
2500-0.6 138-2.1 577-7.1 625-2.4
=1 300 000-400 =6000-80 =1000-25 =16 000-100
4.70% 2.80% 8.70% 3.40%
2500-0.6 4311-0.3 4750-6.5 50 000-12.2
2500-0.6 269-1.05 175-6.5 50 000-195
=500 000-300 =70 000-20 =3000-70 =1500-300
5% 8% 6% 4%
2500-0.6 3794-0.2 4840-6.6 10 000-2.4
2500-0.6 59-0.2 538-6.6 625-2.4
=1 300 000-500 =9000-50 =3000-50 =20 000-400
6.60% 5.30% 8.40% 5.00%
1/4 Dilution 1/3 Dilution 1/4 Dilution
7 Concentrations 8 Concentrations 7 Concentrations 7 Concentrations

2 The manufacturers of the different multiplex platforms are Meso Scale Discovery (MULTI-ARRAY), Bio-Rad Laboratories (Bio-Plex), Beckman Coulter (A%), and

b With the manufacturer's recommended serial dilution of calibrators (see manufacturer's recommended standard dilution factor).
¢ The quantifiable interval of each analyte is defined as the concentration interval in which the CV is <25% and the percentage recovery is <100% =+ 20% with

94 The signal interval of each analyte is defined as the signal output between upper and lower quantification limits with a CV <25% and a percentage recovery

€ The mean CV within the quantifiable interval is calculated with a CV of <25% and a percentage recovery <100% = 20% with the standard calibrators.
fSerial dilution factors are expressed as the fraction of the concentration before dilution.

we did not evaluate potential effects related to patho-
physiological changes in serum composition or the
molecular form of the analytes. Thus, this study pre-
sents the best possible performance of the assays, and
performance with real-world samples could be sub-
stantially worse.

The performance of multiplex assay platforms is
analyte, sample type (matrix), and concentration de-
pendent. Optimal assay performance depends on pro-
prietary information about the antibody pair, the com-
position of diluents, and the software. Therefore, no

single assay platform is suitable for all analytes. The
MULTI-ARRAY and the Luminex-based Bio-Plex as-
says performed best overall, but their performance
characteristics were not uniform (see Table 1 in the
online Data Supplement). The 2 platforms performed
similarly in detecting high concentrations (50 ng/L) of
spiked cytokines (see Fig. 2 in the online Data Supple-
ment). Although the MULTI-ARRAY platform was su-
perior for quantifying cytokines in unspiked serum, it
was severely limited by the small number of analytes
that can be assayed with commercially available kits,
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which are provided exclusively by Meso Scale Discov-
ery. In contrast, assays for a large selection of analytes
are available from a network of Luminex partners. Lu-
minex assays also have the potential to multiplex up to
100 analytes, whereas MULTI-ARRAY assays are lim-
ited to 10-plex.

In summary, the simultaneous analysis of multiple
antigens makes it possible to identify combinations of
biomarkers that have greater disease specificity and
sensitivity than results obtained from the analysis of
any single marker (11-15). We compared 5 commer-
cial multiplex immunoassay platforms (representing
both planar array and microbead assays) and found the
MULTI-ARRAY and Bio-Plex systems to be the most
suitable for biomarker verification and validation;
however, the performance of even these systems was
analyte dependent. Our results highlight the impor-
tance of an assay’s dynamic range, linearity, CV, and
percentage recovery in obtaining accurate and repro-
ducible assay results.
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Supplement Table |

#samplesin
12 control |concentration range intra-plate inter-plate
Quantifiable range serum (neat serum >LLOQ)|ooncentration| concentration
Platform Gytokine (ng/ L) 1! >1 0Q? (ng/L) 3 Qv4 Qs
Il-1b 25000.6 1/12 0.7 6% 7%
IL-2 2500-0.6 8/12 0.6-4.3 6% 8%
-6 25000.6 12/12 0.96.1 7% 7%
IL-8 2500-0.6 12/12 2.8-195 6% 12%
MULTI-ARRAY IL-10 2500-0.6 12/12 0.9-14.5 10% 9%
IL-12(p70) 2500-2.4 5/12 1.4-23.2 5% 8%
GM -CSF 2500-0.6 8/12 0.8-2.2 7% 9%
IANg 25002.4 9/12 2.49.7 4% 9%
TNFa 2500-0.6 12/12 3.2-14.5 7% 9%
Il-1b 600.60.2 0/12 <LLOQ 2% 8%
IL-2 5439-1.3 3/12 2.9-17.2 21% 21%
JES) 80282.4 12/12 2.57.2 5% 8%
Bio-Pex IL-8 6613-0.4 1112 2.3-84.1 11% 9%
IL-10 1758-0.1 7/12 0.3-0.7 0% 8%
11-12(p70) 96300.6 0/12 <LLOOQ 5% 5%
GM -CSF 11547-2.8 0/12 <LLOQ 12% 14%
1IANg 66137.8 1/12 27.9 8% 8%
TNF-a 22533-1.4 1/12 6.7 11% 8%

! Quantifiable range of each analyte is defined by a concentration range where CV was <25%
and % recovery was <100+/- 20% from standard calibrators. For LLOQ, the signal was at least 3
x above the blank wells.

2 # of samples > LLOQ represents the number of control serum samples out of 12 samples (out
of 12 samples) were measured and calculated to be above LLOQ for specified cytokines.

® Specified cytokine concentration range represents the control samples (out of 12 samples)
which neat concentration are > LLOQ. If all 12 serum samples’ concentration < LLOQ for
specified cytokines are labeled as <LLOQ.

*CV was calculated from the value obtained from the two aliquots of the same spiked sample
measured on the same plate in duplicate.

> CV was calculated from the value obtained from the two aliquots of the same spiked sample
measured on the two difference plates in duplicate.



Supplement materials:
Multiplex platform characteristics

In the MUTI-ARRAY, from Meso Scale Discovery (MSD), capture antibodies are spotted on carbon
surfaces at the bottoms of the wells of a MULTI-SPOT plate. Antigen levels are quantified using specific
detector antibodies labeled with a SULFO-TAG™, which emits light upon electrical stimulation. In the
A?protein microarray system, from Beckman Coulter, capture antibodies are conjugated to specific
oligonucleotides and then bound to complementary oligonucleotides which are microspotted in the wells
of a 96-well plate. Antigens are detected with a biotinylated detector antibody and a streptavidin-
conjugated fluorophore. In the Fast Quant multiplex cytokine quantification system, from Whatman
Schleicher & Schuell BioScience, capture antibodies are spotted on 16-pad FAST Slides, which have a
nitrocellulose surface. Biotinylated detector antibodies and streptavidin-Cy5 are used for quantification.
In the Bio-Plex suspension array, from Bio-Rad, capture antibodies are coupled to a family of
fluorescently-tagged beads developed by Luminex (Luminex’s XMAP technology). A flow cytometer
with two lasers can distinguish between different beads based on their fluorescence intensity, and then
quantify the amount of a fluorescent reporter (phycoerythrin or PE) coupled to the detector antibody. The
FlowCytomix system, from Bender MedSystems, employs capture antibodies coupled to fluorescent
polystyrol beads of different sizes. A dual-laser flow cytometer can identify the beads based upon their
size and fluorescence intensity, and then quantify the amount of antigen by measuring fluorescence
emitted from Streptavidin-Phycoerythrin (PE) associated with a biotinylated detector antibody.

Method
Re-analyzing the data with PRISM software

In addition to the missing information regarding to the percent recovery, the output result
(pg/ml) from Fast Quant software is an average of 3 spots, and the software excluded spots with
signal intensities less than the background (e.g. diluents-only spots) which can result in the
“averaged reported data” being from less than three spots and thereby reducing the reported
CV%. The results could be misleading. For one sample, there were three signals with values of
0, 442, and 19. The final output of 619 ng/L from the FastQuant software was based on only the
highest signal (442) because the spots with lower signals were excluded from the calculation
because their values were below the background from the diluents. The reported CV of 0% was
inaccurate because it was based on only one spot out of three replicated spots.

Using GraphPad software PRISM software (GraphPad, La Jolla, CA) to re-process the raw data, the
LLOQs (based on our definition of recovery between 80-120%, and CV< 25%) in general were higher
(indicating a less sensitive assay) than the values reported by the manufacturers. As well, we were able to
flag samples were the calculated concentrations were less than the LLOQ of neat serum samples
(supplement table 1), which should reduce the false positive rate.

Supplement figure legend:

Supplement Figure 1 : Standard curve performance and comparison of MULTI-ARRAY, Fast Quant,
Bio-Plex and AZ The following cytokine kits were compared: Human pro-inflammatory (9-Plex)



MULTI-ARRAY kit from Meso Scale Discovery; Bio-Plex Human Cytokine 27-Plex panel from Bio-
Rad Laboratories; A% human 13 cytokine assay kit from Beckman Coulter; Fast Quant Human II 10-plex
from Watman Schleicher & Schuell BioScience; and FlowCytomix human TH1/Th2 10-plex kit from
Bender Medsystem. Panel A shows the raw data log plotting fluorescent signal intensity versus
concentration of 1L-12p70, IL-2, IL-4, IL-10 and IL-1b. The corresponding coefficient of variation (CV)
versus concentration is presented in panel B. The % CV was calculated from two spots (two wells in
MULTI-ARRAY), eight spots (two pads in Fast Quant), 12 spots (three wells in A% and two wells in Bio-
Plex. Panel C shows standard recovery versus concentration. Each data set from MULTI-ARRAY, Fast
Quant, Bio-Plex, and A” was fit (utilizing PRISM software from GraphPad) to a sigmoidal dose-response
curve with a variable slope, using a four-parameter algorithm and a 1/y? weighting function. Curve back-
fitting is done by calculating the actual, observed concentration of each standard, and then comparing it to
the original concentration (expected concentration) used in each analyte/assay. For these tests, actual and
expected concentrations were calculated, and the standard, or percent, recovery (observed concentration /
expected concentration X 100) is presented in 1C.

Supplement Figure 2: Measurement of 50 pg/ml cytokine in the context of control human serum
samples. Nine cytokines were quantified on the MULTI-ARRAY and Bio-Plex platforms in neet serum
samples and in serum samples spiked with a mixture of 50 ng/L of each cytokine. The data presented
represent the difference between the two readings (N=12, error bars = standard deviation). If the reading
for neat serum was below the LLOQ, 0 ng/L was subtracted. The assay was done with duplicate wells. A
8 point standard standard curve was established for MULTI-ARRAY and a 11 point standard curve was
established for Bio-Plex. Concentrations were calculated by utilizing PRISM software from GraphPad to
a sigmoidal dose-response curve with a variable slope, using a four-parameter algorithm and a 1/y?
weighting function.



