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/Abstract )

Objective: We set out to address and widen the knowledge about the i-CHROMA™ PSA method in its performance using the
(Internal Quality Control) IQC and with a wide range of PSA methods enrolled in the United Kingdom National External Assess-
ment Scheme (UKNEQAS) and Randox International Quality Assessment Scheme (RIQAS).

Design and Methods: Thirty-three Internal Quality Controls (IQC), and distributions of the UKNEQAS PSA scheme between
February 2013 and December 2014 and samples from the RIQAS scheme were analysed for PSA using the i-CHROMA™ PSA
method. The PSA results obtained from samples of the NEQAS and RIQAS were compared with the other PSA methods included
in the schemes.

Results: The PSA estimations for IQC material were 2.48 - 4.13 ng/ml, with an average of 3.5 ng/ml. All estimations apart from
the first one of 2.48 ng/ml, fell within the lower and higher values of 2.6 ng/ml and 4.33 ng/ml, respectively. The i-CHROMA™
PSA method’s results correlated very well with the PSA estimations of the methods enrolled in the external quality schemes
(RIQAS and UKNEQAS). The bias ranged between -2.99 ng/ml and +6.8 ng/ml with an average of +0.88 ng/ml with the methods
in the RIQAS and +0.53 ng/ml and + 2.65 ng/ml with an average of +1.46 ng/ml with the methods in the UKNEQAS.

Conclusion: The i-CHROMA™ PSA method performed quite well with the IQC with almost all the values falling within the
central, lower and higher values. The i-CHROMA™ PSA method also showed a very good correlation with the other PSA meth-
ods enrolled in the EQA schemes: RIQAS and UKNEQAS, showing a positive bias greater than 1.0 ng/ml in over 50% of the
methods. Therefore, it is important to take these positive biased into consideration when using the i-CHROMA™ PSA method and
adjust the reference ranges accordingly. )
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Introduction

The estimation of PSA levels in the blood is the most im-
portant biomarker in the diagnosis of prostate cancer [1] and at
present, there are several laboratory PSA assay systems from dif-
ferent manufacturers in the market. The NHS Centre for Evidence-
Based Purchasing (CEP) recently evaluated three quantitative
methods, the Qualigen™ FastPack®, VEDALAB PSA-CHECK-1,
Mediwatch PSAwatch™ and Bioscan™ systems, and one semi-
quantitative method, Sure Screen PSA test [2]. These methods did
not compare favourably with assays currently used routinely in
the laboratory and all of the systems demonstrated poor precision,
with the exception of the FastPack® and the VEDALAB PSA-
CHECK-1. Furthermore, none of these POCT PSA tests satisfied
the acceptable performance criteria for use when testing asympto-
matic men as part of the NHS Prostate Cancer Risk Management
Programme [3]. Therefore, in view of the poor performance of the
POCT PSA assays and the incomparability between laboratory and
POCT PSA methods, the report concluded that it was doubtful that
the introduction of a POCT PSA testing service could offer any
significant improvement in the diagnosis and monitoring of pros-
tate cancer.

Recently, more quantitative Point of Care Testing (POCT)
PSA methods have been developed such as the PSAWatch [4],
the FREND™ PSA Plus [5], the OPKO 4Kscore® Test [6] and the
i-CHROMA™ PSA method [7]. With most of these POCT PSA
assays, their comparative performance has been with a few other
PSA methods: the PSAwatch method correlated well with the Ro-
che Elecsys total PSA method (r*=0.88), the OPKO 4Kscore® test
using a finger stick of whole blood correlated extremely well with
laboratory assays over the clinically relevant range of PSA, includ-
ing at very low PSA concentrations [5] ; and the i-CHROMA™ PSA
system showed a good correlation when compared with the Abbott
AXSYM and Centaur PSA methods, r>= 0.993 and r’>= 0.992, re-
spectively [7]. In addition, we demonstrated that the i-CHROMA™
PSA method correlated well with the Roche COBAS® ¢602 [8]
and Abbott Architect [9] PSA method with values of r’=0.9841 and
r’=0.90845 respectively, with a positive bias. However, the per-
formance of these POCT PSA methods have not been thoroughly
undertaken and demonstrated using Internal Quality Assessment
(IQA) and External Quality Assessment (EQA), which is a man-
datory laboratory practice. We set out to address and widen the
knowledge about the i-CHROMA™ PSA method in its perform-
ance using the (Internal Quality Control) IQC and with a wide
range of PSA methods enrolled in the United Kingdom National
External Assessment Scheme (UKNEQAS) and Randox Interna-
tional Quality Assessment Scheme (RIQAS).

Methods
I-CHROMA™ Materials

i-CHROMA™ uses a sandwich immuno-detection principle,
such that the fluorescence-labelled detector antibody binds to the
target protein in the sample. The sample is then applied onto a
test strip (Figure 1) and the fluorescence labelled antigen-antibody
complex is captured by a second antibody embedded in the solid
phase. The signal intensity of fluorescence of the captured com-
plex is directly proportional to the amount of PSA present and thus
allows for the calculation of sample PSA concentration and the
result is displayed on the reader (Figure 2) as nanograms per mil-
lilitre (ng/mL). A fluorescence-labelled control protein is included
in the reaction and the intensity of the control line is measured as
a quality check.
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Figure 1: PSA test strip and detection buffer containing fluorescence-
labelled anti-PSA monoclonal antibodies and anti-rabbit IgG.

Figure 2: i-CHROMA™ reader.

The assay was performed following the manufacturer’s in-
structions. In brief, 75uL of serum was mixed with a pre-measured
volume of detection buffer containing fluorescence-labelled anti-
PSA monoclonal antibodies and anti-rabbit IgG, then 75uL of the
mixture was then loaded into the sample well of the test strip and
the cartridge was incubated at room temperature for 15 minutes
(Figure 2). The intensity of the captured fluorescence-labelled
PSA-antibody complexes was measured using the supplied meter,
and the concentration of PSA in the sample was calculated.

Method
PSA Concentration estimations

For measurement of the PSA concentration, a sandwich im-
mune chromatography technology is used. 75 pL is mixed with
detection buffer containing fluorescence labelled anti-PSA mono-
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clonal antibodies and anti-rabbit [gG. The mixture is loaded onto
the well of the test strip and will stop the PSA complexes immo-
bilised on the matrix by anti-PSA bound to the matrix and after 15
minutes of immune reaction, the test and control lines are scanned
for fluorescence intensity. The fluorescence intensities converted
into a P - PSA concentration calculated by pre-programmed cali-
bration process. The result of the tests is displayed on the reader as
micrograms per litre (ng/ml).

Test procedure

1. Collect 75 pL of serum or control using a pipette

Add the sample into the tube containing detection buffer
Shake the tube up and down 10 times or more

Collect 75 ul of the mixture

Transfer the mixture onto the sample well of the test device

Wait 15 minutes

NS kWD

Place the test device on the test device holder of the i-CHRO-
MA™ device

8. Press “select”

9. Read the results on the display screen

Materials
Internal Quality Control (IQC)

Thirty-three internal quality control solutions were analysed
during the assays for the EQA quantification. The internal control
provided by the manufacturer was i-CHROMA™ UNIVERSAL
Control I made up of 1ml of sterilized water and analysed dur-
ing each UKNEQAS quantification, the PSA expected values were
2.60-4.33 ng/ml with a mean of 3.46 ng/ml (2.48 - 4.13 ng/ml).

UKNEQAS

Forty-three distributions of the UKNEQAS PSA scheme be-
tween February 2013 and December 2014 were analysed for PSA
using the i-CHROMA™ PSA method as described in PSA con-
centration estimations. There were 9 methods registered with the
scheme: Abbott Architect (n=43), Beckman Access standardised
to WHO (n=43), Beckman DXI standardised to Hybritech (n=43),
Ortho Vitros (n=43), Roche Modular E-170 (n=43), Roche Elec-
sys, (n=43), Siemens Advia Centaur (n=43), Siemens Immulite
1000 (n=43), Roche COBAS® (n=43).

RIQAS

Samples 2-12 of Cycle 41 from the RIQAS scheme were ana-
lysed for PSA using the i-CHROMA™ PSA method as described in
PSA concentration estimations. There were 21 methods registered
with the scheme: Abbott Architect (n=12), Beckman Access stand-
ardised to WHO (n=12), Beckman DXI standardised to Hybritech

(n=12), Ortho Vitros (n=12), Roche Modular E-170 (n=12), Roche
Elecsys (n=12), Siemens Advia Centaur (n=9), Siemens Immulite
1000 (n=12), Roche COBAS® (n=12), Abbott Axsym Monoclonal
(n=12), Abbott Axsym polyclonal (n=11), BioMerieux Vidas
(n=12), Siemens Centaur XP/XPT/Classic (n=12), Siemens/Dade
Dimension (n=8), Siemens Immulite 2000/2500 (n=12), Siemens
Immulite 1000 3™ generation (n=12), DiaSorin, Liaison (n=12),
Monobind Inc ELISA/CLIA (n=12), Roche COBAS® 4000/e411
(n=12), Beckman DXI standardised to WHO IRP96/670 (n=12).

Results
Internal Quality Control (IQC)

The PSA estimations for IQC material for the (i-CHROMA™
UNIVERSAL Control I) were 2.48 - 4.13 ng/ml, with an average
of 3.5 ng/ml. The figure below shows that all estimations apart
from the first one of 2.48 ng/ml, fell within the lower and higher
values of 2.6 ng/ml and 4.33 ng/ml, respectively.

INTERNAL QUALITY
CONTROL VALUES (PSA

Figure 3: Internal quality control values.

External Quality Control (RIQAS and UKNEQAS) -
Correlations

The results of the i-CHROMA™ PSA method correlated very
well with the Abbott Architect, Beckman Access standardised to
WHO, Beckman DXI standardised to Hybritech, Ortho Vitros, Ro-
che Modular E-170, Roche Elecsys, Siemens Advia Centaur, Sie-
mens Immulite 1000, Roche Cobas, Abbott Axsym Monoclonal,
Abbott Axsym polyclonal, BioMerieux Vidas, Siemens Centaur
XP/XPT/Classic, Siemens/Dade Dimension, Siemens Immulite
2000/2500, Siemens Immulite 1000, Siemens Immulite 2000
/2500 3% generation, DiaSorin, Liaison, Monobind Inc. ELISA/
CLIA, Roche COBAS® 4000/e411, Beckman DXI standardised to
WHO IRP96/670 (Table 1). The best correlation was with the Ro-
che Elecsys (r*=0.9938) in the RIQAS and Siemens Advia Centaur
(r*=0.9909) in the UKNEQAS. The method with the worst corre-
lation was the Siemens Advia Centaur (r>=0.1753) in the RIQAS.
Upon further investigation of the poor correlation between the i-
CHROMA™ and the Siemens Advia Centaur methods, we found
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that about a third of the results were discordant compared to the
i-CHROMA™ PSA methods and other methods in the scheme.
For example, the correlation between The Roche Elecsys method,
when compared with the Siemens Advia centaur result, produced a
similar poor correlation (r=0.029), as seen with the i-CHROMA™
and Siemens Advia centaur results.

Twelve out of the 21 (57%) methods in the RIQAS had a posi-
tive bias. 3 methods (Abbott Architect, Siemens/Dade Dimension
and Siemens Immulite 2000 3™ generation) had a positive bias of
between +1 and +2 whilst 7 methods (Ortho Vitros, Siemens Im-
mulite 1000, Abbott Axsym, Abbott Axsym polyclonal, Siemens
Immulite 2000/2500, Siemens Immulite 1000 and Diasorin Liai-
son) had a positive bias of greater than +2. Nine of the 21 (43%)

Method RIQAS | UKNEQAS methods in the RIQAS had a negative bias. 5 methods (Beckman
Abbott Architect 0.9917 0.9834 DXI, Roche Modular E-170, Roche Elecsys, BioMerieux Vidas
and Roche C 4000/e411) had a negative bias of between -1 and
Beck A Wh 0.9904 0.9902 . . ; .
eckman Access (Who) -2 whilst 2 methods (Siemens Advia Centaur and Monobind Inc
Beckman DXI 0.9927 0.991 ELISA/CLIA method) had a negative bias of greater than -2. 9 out
Ortho Vitros 0.959 0.9892 of the 9 (100%) methods in the UKNEQAS.
Roche Modular E-170 0.9908 0.9889
Method RIQAS ng/ UKNEQAS
Roche Elecsys 0.9938 0.9895 ml ng/ml
Siemens Advia Centaur 0.1753 0.9909 Abbott Architect 1.24 1.69
Siemens Immulite 1000 0.9841 0.9718 Beckman Access (Who) -0.22 2.65
Roche Cobas 0.7511 0.99 Beckman DXI -1.14 0.53
Abbott Axsym 0.9887 Ortho Vitros 6.8 1.56
Abbott Axsym Polyclonal 0.9492 Roche Modular E-170 -1.25 1.38
Biomerieux Vidas 0.9836 Roche Elecsys -1.48 1.38
Siemens Centaur 0.9925 Siemens Advia Centaur 2.1 1.71
Siemens/Dade Dimension 0.9891 Siemens Immulite 1000 2.65 0.89
Siemens Immulite 2000/2500 0.9801 Roche Cobas 073 1.39
Siemens Immulite 1000 0.9899 Abbott Axsym 23
Si I lite 200 3rd G ti 0.9859
lemens Tmmuite r¢ Leneration Abbott Axsym Polyclonal 2.89
Diasorin Liaison 0.9854 - - -
Biomerieux Vidas -1.26
Monobind Inc. ELISA/CLIA Method 0.9789
Siemens Centaur 0.69
Roche C 4000/E411 0.9909 ‘ —
Beckman DXI Standardised To WHO 0.9903 Siemens/Dade Dimension 117
IRP ) Siemens Immulite 2000/2500 2.68
Table 1: Correlation values for the RIQAS and UKNEQAS PSA sam- Siemens Immulite 1000 2.84
ples. Siemens Immulite 2000 3rd Genera- 176
External Quality Control (RIQAS and UKNEQAS) - tion
Bias Diasorin Liaison 5.71
. . M ind Inc. ELISA/CLIA
The Bland-Altman plots show that over 95% of all data points lie OnObdevIIlecthO d SA/C -2.99
within the two standard deviations proving that the i-CHROMA™ Roche C 4000/E411 L6
PSA method and all other laboratory PSA methods yield similar i i
. s Beckman DXI Standardised To
results. Most of the data points are evenly distributed below and WHO IRP 0.59

above that of the mean, which demonstrates that the i-CHROMA™
PSA values are sometimes higher than those seen with other labo-
ratory PSA methods, but also sometimes lower. The bias results of
the i-CHROMA™ PSA method to the other PSA methods are shown
in (Table 2). The bias ranged between -2.99 and +6.8 with an av-
erage of +0.88 with the methods in the RIQAS and +0.53 and +
2.65 with an average of +1.46 with the methods in the UKNEQAS.

Table 2: Bias values for the RIQAS and UKNEQAS PSA samples.

Discussion

The PSA estimations for IQC material for the (i-CHROMA™
UNIVERSAL Control I) were 2.48 - 4.13 ng/ml, with an aver-
age of 3.5 ng/ml. All the estimations apart from the first one of
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2.48 ng/ml, fell within the lower and higher values of 2.6 ng/ml
and 4.33 ng/ml, respectively. The average mean value of the IQC
estimations was 3.5 ng/ml, which was comparable and consistent
with the expected mean of the IQC of 3.46 ng/ml. This was a very
good performance of the i-CHROMA™ PSA method with the IQC
provided by the manufacturer.

In this study, the performance of the i-CHROMA™ PSA
method with all the PSA methods (Abbott Architect, Beckman
Access standardised to WHO, Beckman DXI standardised to
Hybritech, Ortho Vitros, Roche Modular E-170, Roche Elecsys,
Siemens Advia Centaur, Siemens Immulite 1000, Roche Cobas,
Abbott Axsym Monoclonal, Abbott Axsym polyclonal, BioMer-
teux Vidas, Siemens Centaur XP/XPT/Classic, Siemens/Dade Di-
mension, Siemens Immulite 2000/2500, Siemens Immulite 1000,
Siemens Immulite 2000 /2500 3 generation, DiaSorin, Liaison,
Monobind Inc. ELISA/CLIA, Roche COBAS® 4000/e411, Beck-
man DXI standardised to WHO IRP96/670) enrolled in both the
RIQAS and UKNEQAS was very good. The estimated correlations
of the following methods in this study: Abbott Architect (0.9917
and 0.9834), Abbott AxSYM (0.9887) and Centaur (0.9909) were
consistent with previous findings from independent studies where
the i-CHROMA™ PSA method correlated well with the Abbott
Architect (0.90845), Abbott AXSYM (0.993) and Centaur (0.992)
methods [1,2,9].

In this study, using the Bland-Altman plots, we observe the
level of bias ranged between -2.99 ng/ml and +6.8 ng/ml with an
average of +0.88 ng/ml with the methods in the RIQAS and +0.53
ng/ml and +2.65 ng/ml with an average of +1.46 ng/ml with the
methods in the UKNEQAS. Twelve out of the 21 (57%) methods
in the RIQAS had a positive bias, while 9 out of the 9 (100%)
methods in the UKNEQAS had a positive bias. The following
methods: Ortho Vitros, Siemens Immulite 1000, Abbott Axsym,
Abbott Axsym polyclonal, Siemens Immulite 2000/2500, Siemens
Immulite 1000 and Diasorin Liaison had a positive bias of greater
than +2. Nine of the 21 (43%) methods in the RIQAS had a nega-
tive bias with Siemens Advia Centaur and Monobind Inc ELISA/
CLIA method) having a negative bias of greater than -2. This ob-
servation is comparable and consistent with another independent
study that also found the i-CHROMA™ PSA method to have a pos-
itive bias [1]. When interpreting PSA values especially in screen-
ing programmes, it is important to be aware that even a difference
of 0.5ng/ml could make a difference between being grouped as
having a slightly abnormal PSA when the individual has a normal
PSA or abnormal PSA when the individual has a slightly abnormal
PSA. Therefore, it would be very important to take this positive
bias into consideration when comparing the i-CHROMA™ PSA
method results with the aforementioned methods.

In summary, the i-CHROMA™ PSA method performed quite
well with the IQC with almost all the values falling within the
central, lower and higher values. The i-CHROMA™ PSA method
also showed a very good correlation with the other PSA methods
enrolled in the EQA schemes: RIQAS and UKNEQAS, showing
a positive bias greater than 1.0 ng/ml in over 50% of the methods.
Therefore, it is important to take these positive biases into consid-
eration when using the i-CHROMA™ PSA method and adjust the
reference ranges accordingly.
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