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Summary: Data collected in the 1993 and 1994 cycles of an international External Quality Assessment (EQA)
programme were cumulatively analysed to evaluate the analytical performance of the methods currently in use for
routine assay of mucinous tumour markers CA 19-9, CA 15-3 and CA 125. On average the between-laboratory
variability was 14.7 and 15.8 CV% for CA 15-3 and CA 125 respectively. For CA 19-9, a markedly worse between-
laboratory variability (on average 27.2 CV%) was found; the agreement of CA 19-9 results worsened in the last
few years when new non-isotopic techniques became available. The variability component attributable to systematic
differences between methods/kits was relatively small for CA 15-3 and CA 125 (17% and 21% of the total variabil-
ity), while it was markedly larger for CA 19-9 (45% of the total variability). The precision of the methods/kits most
often used in the survey ranged from 9.6 to 13.9 CV% for CA 125 and from 10.8 to 14.1 CV% for CA 15-3. For
these two tumour markers the precision of the traditional IRMAs does not appear to be different from that of the
new fully automated non-isotopic techniques. The precision of CA 19-9 methods was on average worse (from 11.9
to 19.2 CV%), even though the precision of the two automated systems was better than that of IRMAs. In conclu-
sion, the results of this study indicate that the between-laboratory agreement for CA 15-3 and CA 125 assays
appears satisfactory, while the CA 19-9 assay shows larger differences between methods and is affected by poorer

precision of kits.

Introduction

Determination of mucinous tumour markers CA 19-9,
CA 15-3 and CA 125, recognized by monoclonal anti-
bodies, is generally considered a useful tool in the moni-
toring of cancer patients (1, 2). The assay of these tu-
mour markers is routinely carried out by many laborato-
ries, and numerous methods/kits have been developed
and are commercially available. Immunoradiometric
(IRMA) techniques with !?I-labelled antibody as a
tracer were used earlier for the assay of mucinous mark-
ers; more recently non-isotopic immunoassays, based on
antibodies labelled with enzymes, fluorescent dyes or
chemiluminescent compounds have been developed.
The assays performed with these latter techniques can
also be carried out with fully automated systems.

The increasing number of different methods/kits avail-
able and the large number of samples routinely assayed
prompted the setting up of external quality assessment
(EQA) schemes to evaluate the analytical performance
of the laboratories and of the methods; for this reason
the EQA for carcinoembryonic antigen and a-foetoprot-
ein organized by our Institute and sponsored by CNR
was extended to the mucinous markers (3, 4). Starting
from 1991 the CNR programme joined with the On-
cocheck International EQA organized by Service de Ra-

diopharmacie et Radioanalyse, University of Lyon and
by Cis Biolnternational (5).

Data collected in 1993 and 1994 cycles of Oncocheck
EQA have been cumulatively analysed in this paper to
evaluate the performance of the routinely used methods.

Materials and Methods
Outline of the Oncocheck EQA program

The Oncocheck programme includes, at present, six tumour mark-
ers: u-foetoprotein, carcinoembryonic antigen, CA 19-9, CA 15-3.
CA 125 and prostate-specific antigen. The scheme does not sub-
stantially differ from other EQAs (6, 7): participants measure 24
samples every year (2 samples each month); they are asked to per-
form the assay routinely and to return results indicating the
method/kit used; collected results are computer processed by the
organizing centers of Lyon and Pisa; monthly and cumulative (six
month period) reports are prepared and sent back to the partici-
pants. At present, the Oncocheck programme involves more than
250 laboratorics of many European countries (mainly in Italy and
France).

Control materials are normal pools with added sera from patients
with high concentrations of tumour markers; control samples (con-
taining all six tumour markers) are prepared from these pools and
freeze-dried.

During an EQA cycle (six month) control samples derived from
the same pool are mailed out in different batches, as hidden repli-
cates, to estimate the reproducibility of the laboratorics and of the
kits.
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clinical decision, the biological variation and the 95%
in limit analytical state-of-the-art. (It should be noted
here that since January 1995 Denmark, Norway, Iceland
and Finland have been using mutual limits).

— Croatia (CR) reported the use of limits which were
twice the maximum within-laboratory CV, without ex-
plaining how the respective CV data were derived.

— Lithuania reported the use of fixed limits, but again
without explaining the underlying concept.

— The United Kingdom (GB) uses average CV values
based on historical observed data from the scheme,
established around 20 years ago (CCV) (8), for partici-
pant assessment.

— Ireland (IE) has adopted the GB system, but classifies
participants as poor only when their results are “far
away” from those of the majority.

ii) eight countries base their limits for EQA on the actual
outcome of each survey. Therefore, the values given in
tables 2—4 represent an average of results from recently
conducted surveys.

— Spuin (ES), Italy (IT) (Lombardia), France (FR) and
Portugal (PT) judge all results acceptable which fall
within the 95% or 99% interval (depending on the quan-
tity) around the mean.

— Iceland (IS) participates in a commercial scheme
(Murex Diagnostics) which uses statistical acceptance
criteria similar to those described above, but the actual
limits were not reported.

— The EQA scheme in Russia is merely informative
without using acceptance limits.

— Sweden started an EQA scheme as recently as 1992
and has not yet formulated acceptance limits; the same
is true for Greece.

The limits reported by the different countries are pre-
sented in tables 2—4 (country grouping is identical to
that in tab. 1). It should be noted here that most schemes
work with single analysis of specimens and participant
assessment in each survey (except the Netherlands and
the United Kingdom, which use cumulative survey data
for performance assessment). As mentioned above, no

Tab.2 Currently used European EQA limits (given in % deviation from the target)

Na Cl Ca Mg Albumin Protein Glucose K Creatinine
Denmark 0.9 2.1 2.7 35 42 42 6.6 8.2 6.6
Netherlands 0.9 21 2.7 33 42 4.2 10.0 7.2 6.6
Belgium 2.0 3.0 4.5 9.5 6.2 55 14.0 8.0 8.0
Germany® 6.0 6.0 10.0 12.0 18.0 9.0 15.0 8.0 18.0
Finland® 3.0 3.0 3.0 5.0 5.0 5.0 5.0 3. 5.0
Switzerland 2.0 3.0 4.0 4.0 6.0 3.0 7.0 3.0 15.0
Croatia 3.0 4.0 5.0 - - 8.0 5.0 5.0 10.0
Lithuania 3.0 3.0 2.0 - 3.0 3.0 5.0 2.0 5.0
United Kingdom 1.6 22 4.0 10.0 7.5 3.9 7.7 29 89
Spain 6.6 10.0 10.0 - 14.0 9.2 9.8 7.4 14.0
Italy 2.0 4.0 5.5 - 4.0 4.0 6.0 3.0 8.8
France 3.5 4.0 4.6 12.0 10.0 10.0 11.0 6.8 11.0
Portugal 2.5 6.0 7.0 - - 5.0 6.0 5.0 12.0
2 same limits for Czech Republic and Luxembourg
b same limits for Norway
Tab.3 Currently used European EQA limits (given in % deviation from the target)

Cholesterol P; Lithium Lactate Urate Alkaline Amylase

dehydrogenase phosphatase

Denmark 8.1 12.0 - 12.0 13.0 10.0 11.0
Netherlands 8.1 - 5.0 3.0 10.0 8.0 10.0
Belgium 8.4 14.0 10.0 15.0 15.0 10.0 17.0
Germany® 18.0 15.0 12.0 21.0 18.0 21.0 21.0
Finland 5.0 5.0 5.0 10.0 5.0 10.0 10.0
Switzerland 3.0 10.0 6.0 15.0 10.0 15.0 20.0
Croatia 10.0 10.0 - 20.0 10.0 20.0 -
Lithuania 7.0 5.0 - 7.0 7.0 7.0 10.0
United Kingdom 7.6 7.8 11.0 13.0 7.7 15.0 11.0
Spain 9.8 12.0 22.0 17.0 15.0 22.0 56.0
Italy 55 9.5 - 10.0 8.0 18.0 -
France 16.5 - 10.0 20.0 16.0 20.0 25.0
Portugal 5.0 8.0 - 16.0 9.0 29.0 -

? same limits for Czech Republic and Luxembourg
> same limits for Norway
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data are shown in tables 2—4 for the Czech Republic,
Luxembourg, Norway and Ireland because they have
adopted values from other countries. In addition, Russia,
Sweden, Greece and Iceland are not represented, either
because acceptance limits are not used in those coun-
tries, or because they were not reported. Further, quanti-
ties have been arranged according to increasing biologi-
cal variation.

This principle was also used for creating figure 1, which
is intended to give a rapid overview of the limits without
indicating the countries applying them. In figure 1 also,
the values derived from the concept of the Working
Group (see below) are included, using the symbol “a”.
As can be seen from figure 1 and tables 2—4, the cur-
rently used European EQA limits show relatively high
variation for nearly all quantities. For example, for so-

dium they vary between 0.9% in Denmark and 6.6% in
Spain (tab. 2), for cholesterol from 3% in Switzerland
to 18% in Germany (tab. 2), and for urea from 5% in
Finland to 24% in Germany (tab. 4). The same wide
disagreement may be seen in figure 2, where data have
been grouped according to the type bf limits used: fixed
limits on the left and variable limits on the right.

This is not surprising because the different EQA
schemes have different aims and are conducted under
different constraints. Countries basing their limits on
biology (e.g. Denmark and The Netherlands) have nar-
row limits for analytes with a low biological variation
and wide limits for analytes with high biological varia-
tion. But the former in particular are primarily intended
as goals to be reached in the future. In practice, they are
often widened for quantities with a narrow biological

Tab.4 Currently used European EQA limits (given in % deviation from the target)

Fe

Urea Aspartate Bilirubin v-Glutamyl- Triacyl- Alanine Creatine
amino- transferase  glycerol amino- kinase
transferase transferase

Denmark 19.0 22.0 34.0 22.0 34.0 41.0 48.0 62.0
Netherlands 19.0 7.0 33.0 18.0 33.0 10.0 30.0 63.0
Belgium 16.0 16.0 24.0 15.0 20.0 20.0 - 20.0
Germany 24.0 21.0 24.0 21.0 21.0 21.0 21.0 24.0
Finland® 5.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Switzerland 7.0 15.0 30.0 15.0 10.0 15.0 12.0 20.0
Croatia 7.0 20.0 10.0 20.0 10.0 20.0 10.0 20.0
Lithuania 7.0 7.0 - 10.0 7.0 7.0 5.0 7.0
United Kingdom 5.7 12.0 19.0 13.0 - 15.0 15.0 18.0
Spain 10.0 17.0 28.0 18.0 14.0 17.0 16.0 52.0
Italy 9.5 10.0 - 13.0 8.5 13.0 9.0 16.0
France 16.0 20.0 15.0 20.0 15.0 20.0 20.0 25.0
Portugal 6.0 12.0 13.0 11.0 7.0 11.0 7.0 14.0
* same limits for Czech Republic and Luxembourg
b same limits for Norway
80
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Fig. 1 Current European EQA limits.

Analytes arranged in ascending biological variation.
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Fig. 2 Interlaboratory variation limits for cholesterol.

variation, in order to reach realistic acceptance figures
which can be presented to the participants (Belgium
and The Netherlands). Germany, with a mixture of
biology and state-of-the-art limits, as well as providing
a scheme acceptable by the health insurance system,
has to use relatively large limits, except for quantities
where the current analytical performance is much bet-
ter than required by biology (e.g. enzyme activity
assays). EQA limits set by experts (Finland and Swit-
zerland) take account of current analytical perfor-
mance, in turn leading to relatively wide limits for
quantities with narrow biological variation like so-
dium, albumin or calcium. On the other hand, they
show a tendency to set a general upper EQA limit
which is 10% in the case of Finland. Interestingly,
Lithuania follows the Finnish limits very closely, pos-
sibly because these two countries are geographically
close. Croatia, did not reported the basis of its limits,
and sets an upper limit of 20%.

Among the countries using variable limits, reflecting the
“real” state-of-the-art, Spain generally shows the highest
limits, while Italy mostly shows the lowest. This might
be due to the different statistical levels applied for ac-
ceptance, the wide diversity of procedures used or the
different types of laboratories participating (e. g. studies
made in Spain revealed that in certain areas all laborato-
ries use the same procedures with a consequent general
agreement of results, and that the group of public
laboratories had less variation than the overall group; in
the case of Italy only one specific geographical area has
submitted data to our questionnaire), or the different
targets used (e. g. overall mean or group target). In addi-
tion, also in this group, there seems to be a tendency
for setting upper limits (e.g. in France, 20—25% for
enzymes). As pointed out above, the United Kingdom is
unique because performance is judged from cumulated
data, which mostly allows more narrow limits to be used
than in the other countries in this group. Other issues

such as common standardization (including calibrators,
control materials with minimum matrix effect, etc) and
reliable target values may also be addressed in this
context. But these considerations are beyond the scope
of this work.

The concept of the Working Group

Considering the data received, we believe that there is a
strong need for harmonization of EQA limits in Europe.
But, it is clear that harmonized European EQA limits
are only possible with a harmonized analytical design of
the schemes (e. g. single or multiple measurements, sin-
gle target or multiple targets, 95 or 99% confidence in-
terval).

Therefore, the Group first had to define the situation to
which their concept should be applicable. Because most
schemes use single measurements and certain cut-off
values for judgement of performance, the Working
Group restricted itself to this design. This does not mean
that the Working Group recommends this approach for
the future. On the contrary, it recommends development
of alternative EQA models (9), more appropriate for in-
structive purposes, but which are out of the scope of this
presentation. The model presented below, therefore, is
primarily intended as a realistic working basis for EQA
schemes as they are conducted today. In any case, the
Working Group is convinced that a theoretical concept
based on biology should be the starting point for deriv-
ing EQA limits for every situation. Moreover, EQA lim-
its have to be built on quality specifications for routine
methods. The Group therefore chose, as the principal
underlying concept for deriving EQA limits, the desir-
able specifications for routine method bias and random
error combined (5, 10), which are the sources of uncer-
tainty affecting a single analysis. Then, the desirable
EQA limits (or desirable maximum deviation of a partic-
ipant from the target = D%) can be expressed as fol-
lows:
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D < K X 0.5 CV; + 0.25(CV? + CV2)!”2
K = 1.65 or 2.33 for 95 or 99% acceptance
CV; = average within-subject biological variation

CV, = average between-subject biological variation

We preferred the use of coefficient of variation over
standard deviation because nearly all EQA schemes use
the former.

According to this formula, the percentage deviations of
a single analysis derived from biology (99% confidence
interval) for the quantities studied are shown in table 5.
Figure | shows that quantities with low biological varia-
tion (sodium, chloride, calcium and albumin) have nar-
row acceptance limits. At present very few countries
maintain interlaboratory variation within these restricted
intervals, but a general application of these limits would
spur manufacturers to develop improved analytical pro-
cedures. However, we emphasize that other mechanisms

Tab.5 Percentage deviations of a single analysis derived from
biology (99% confidence interval)

Quantity Deviation
(%)
Na 0.90
Cl 2.13
Albumin 4.36
Total protein 4.8
Glucose 7.0
K 7.2
Creatinine 79
Cholesterol 10.4
Inorganic phosphate 124
Li 12.6
Lactate dehydrogenase 13.2
Urate 13.8
Alkaline phosphatase 14.3
Amylase 15.1
Urea 20.8
Aspartate aminotransferase 23.1
y-Glutamyl transferase 29.2
Bilirubin 36.2
Triacylglycerol 42.6
Alanine aminotransferase 45.3
Fe 459
Creatine kinase 68.0
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