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Demands on reference materials for optimized
quality control in tumor marker diagnosis

Dr. Manfred ZWIRNER, University Tuebingen, Germany

The accuracy and precision of
tumaor marker testing is of high
clinical importance demanding
the implementation of effective
quality control procedures in
the diagnostic laboratory. For
the internal quality control the
use of reference materials is
obligatory. Several require-
ments should be met by the
reference materials applied: In
particular; they should be
stable, easy to handle and of
patient-like composition.
Different sources of reference
materials for nanor marker
diagnostics have been applied
in the past: individual patient
sera, pocled patient seva, test kit
controls, lyophilized external
controls and liguid BIOREF
controls. This article is focused
on the different demands on
tumor marker reference materi-
als and how they are met by
different sources of reference

materials.

BACKGROUND

Reliable tamor marker diagnostics
are of high importance especially
in the follow-up of patients under-
going cancer therapies. For this
purpose maialy immunological
tests are applied which require an
effective quality control using ref-
erence materials [!, 2]. The Euro-
pean Group on Turnor Markers
(BEGTM} recornmencded that sever-
al requirements should by met by
the internal quality control in a tu-
mor marker laberatory [3]: These
recommendations include the use
of reference materials with concen-
trations appropriate to the clinical
application which should closely
resemble authentic patient sera.
The reference materials should be
used in order to assess the repro-
ducibility of the test system. Crite-
ria like the Westgard-rles should
be established for the acceptabili-
ty of the internal quality control
results [4]. The importance of us-
ing reference materials in mmor
marker diagnostics has been
shown by several proficiency
studies in the past e.g. for the m-
mormarkers CA 125,CA 19-9,SCC
and PS A [5,6,7, 8, 9], These stud-
ies revealed that the comparability
of results obtained by different test
systems can be very low. Addition-
ally, the precision of testresults in

some laboratories was rather bad.
This observation was on the one
hand due to mistakes of the labo-
ratory staff on the other hand this
was due to the test systerns used
in the labaratories. In conclusion,
these studies showed that refer-
ence materials are of help for the
comparison of test results ob-
tained with different test systems
and for the detection of impreci-
sion especially due to lot to lot
chianges of the test kits used.

REQUIREMENTS TO BE
METBY REFERENCE
MATERIALS

In order to ensure an effective in-
ternal quality control in tumor mark-
er diagnostics the reference mate-
rials used should fuifil a number of
criteria which are summarized in
Table 1.

One of the main issues demanded
by the Buropean Group on Tumor
Markers (EGTM) as well as by the
(German Bundesérztekammer is that
a control seynm should closely re-
semble anthentic patient sera [3,
10.] This implies that a control
serum should consist of a human
seram matrix and native human
antigens. The use of controls con-
gisting of buffered matrices and
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chemically or biochernically treat-
ed antigens cannot be recom-
mended since such artificial con-
trols will not react like patient sera.
For this reason the EGTM recomn-
mends the use of an authentic
serum marix control from a source
independent from the test kitused.

According to the EGTM and the
German Bundesérztekammer refer-
ence materials with antigen con-
centrations appropriate to the clin-
ical application should be used [3,
10]. This ensures that the test sys-
tem is working properly in the con-
centration range critical for dia-
grostics and therapy control of tu-
mor patients. The EGTM recom-
mends the use of negative, low
positive and higher positive con-
trols for mmor diagnostics [3]. The
German Bundesérztelanumer claims
that at least two controls with dif-
ferent analyte concentrations
have to be used [10].

Especiaily in the follow-up of -
mor patients, which is a process
taking years, it is of ontstanding
importance that the reference ma-
terial used has a long shelflife, This

Table 1.

enables the faboratory staff to use
one lot of the same control over
years and to compars patient
values obtained with the control
values measured. The change of
test kit lots as well as the change
of the whole test systern can be
monitored using one and the same
control. One prerequisite for along
shelf fife is a high long-term stabil-
ity of the reference material. The
other prerequisite is that large
hatches of one reference material
can be produced.

It is of big advantage when the
reference material can be handled
in an easy way. Liquid centrols
reduce mistakes and costs effi-
ciently compared to lyophilized
conirols which have to be recon-
stituted and sometimes have to be
stored ir aliquots.

Stabilizers and other components
of the reference material should
not interfere with the test systems
used. Especially artificial controls
containing e.g. acetate, nickel, gly-
cerine or bovine serum afbumin
can cause erreneot:s results as
shown by O. Sonntag for some

Requirements to be met by tumor marker reference materials

human serum matrix
antigens of buman origin
native antigens

high long-term stability

clinically relevant antigen concentrations

fong shelflife
easy handling

stabilizer not interfering with test systems
certified absence of infectious diseases

target values

tests on the Vitros test system of
Ortho Clinical Diagrostics [11].

For security reasons the reference
materials should be checked for
infectious diseases. According to
the European Guideline for in vitro
Diagnostics (98/7%EG) products
must be designed or checked ina
way that the risk of infection for
the laboratory staff is at least min-
imized [12]. It is advisable to check
reference materials at least for
HBsAg, anti-HCV, HCV-RNA and
anti-HIV 142 since these are the
established security checks per-
formed cn bleod and bicod prod-
ucts in transfusion medicine.

The German Bundesirztekamimer
claims that reference materials sup-
plied with target values have tobe
used - at least for the analytes cov-
ered by the rew directive for qual-
ity control of the Bundesarztekam-
roer [10}. These target values have
to be included into the evaluation
of test performace of the internal
quality control. The target values
should provide a measure for the
evaluation of the accuracy as well
as for the precision of test results.

COMPARISON OF
DIFFERENT SOURCES OF
REFERENCE MATERIALS

Several different sources of refer-
ence materials are applied for the
internal quality control in tumor
marker diagnostics like individual
patient sera, pooled patient sera,
lyophilized kit controls, lyophilized
kit-independent controls and lig-
uid BIOREF controls. The general
characteristics of these different
sources with respect to the
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requirernents which have to be met
by reference materials in tumor
marker diagnostics are summarized

inTable 2.

analyte of interest in a clinically
relevant concentration. Since the
stability of most aralytes is rather
poor these sera have to be stored

frozen in aliquots.

Individual patient sera with known

tumor marker concentrations are
ideal controls with respect to the
composition since they exactly
correspond to the patient sera to
be measured. The main disadvant-
age of these sera is that there is
only a very smail amount of such
individual sera available. A long-
term quality controf cannot be per-
formed with such sera. Addition-
ally, these sera only contain the

By pocling individual patient sera
in order to obtain a pooled patient
serumm the probiem of small batch
sizes js minimized but not sclved
since the batch sizes are still low.
In principle it is possible to pro-
duce multi-analyte controls by this
method but the risk of unwanted
protein interactions cannot be
mled out. Such a serum also re-
quires storage in frozen aliquots

Table 2 Characteristics of different sources of reference materials

due to the poor stability of the ana-
Iytes. The main advantage of the
pooled patient serum is siill that it
is of patient-like composition.

Kit controls are unsuitable for
long-term quality control, too,
since they are only available as one
batch for a short period of time.
Additionally, the kit controls often
consist of an artificial matrix since
they are often derived from the kit
calibrators. This means that they
da not reflect the composition of a
patient serum. In many cases the
matrix is adapted to the test kit.
Therefore kit controls can be
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recommended to check for hand- T

ling mistakes of the laboratory staff 400 |

only. - RT
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The main advantage of the lyophi- 200 - ‘ ey

lized kit-independent controls is 100 e e b b e

that they are produced in big 0 e CA125 o

batches so that a long-term quali-
ty control in principle is possible.
But in many cases batch reserva-
tions are still necessary in order to
ensure to acquire one and the
same lot over a longer period of
time (years). Unfortunately, the
stability of the analytes is rather
low after reconstitution which
makes il necessary to store the

Demands on ideal
tumor marker controd

human serum matrix

human origin
nalive antigens

broad analyte spectrum
clinically relevant analyte
concentrafons

high {ieng-termn) stability

long shelflife

aasy handling

stabifizer not interferring with
testsystems

cerlified absence of infectious
diseases

farget values

Patient serum
yes
yes

yes

no

difficultto realze
ne (only saveral
weeks at +4°C)

1o {onty small lots)

no {requires
aliquictation}

yes
ne

no

Pooled
patient sera

yes

yes
yes

no

difficultio realze
ne {enly several
weeks at +4°C)

no(only smali lots)

no (requires
aliquotation)

yes

no

no

Lyophilized Lyophilized kit-

kit control independent controf
often buffered matrix often buffered matrix
scmetimesanimalor  somelimes animalor
recombinant orlgin recombinant ofigin
ofter {biojchemical often (biejchemical
manipulations manipulations

no yes

yes yes

no {only few yes (severai years
menths at+4°C) at +4°C)

no {enlyprovided with  no {onlyprovided with
specifictest it lof) speciictest kit lot)

1o {requires ne (requires
reconstituiion & reconstiution &
aliquatation) aliquotation)

yes yes

yes yes

yes yes

Liquid BIOREF
control

yes

yas

yes

yes

yes

yes

(several years

at +4°C)

yes

yes

yes

yes

yes
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Fig, 1. Stability of some BIOREF fimor markers. BIOREF
reference material was stored at room temperature (RT) and

+4 °C. After different periods of time the analyte concentra-
tion was measured using the Roche ES 600 assay.
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Example of a shift of measured values due to the change of a test kit lot.
AFP routine determinations were done in the author’s laboratory using
the Roche Cobas Core assay. BIOREF control serum was stored at +4 °C.,

reconstituted material in aliquots
in a freezer, In many cases these
centrols consist of an artificial
matrix with biochemically freated
antigens which can result in dis-
crepant immunoreactive behav-
iour compared to patient sera.

An alternative o the above men-
tioned sources of turmnor marker
reference materials are liquid BIO-
REF controls which contain all rel-
evant tumor markers. They consist
of a haman serum matrix and temor
derived, native antigens which are
not treated by chemical or bio-
chemical procedures. Therefore
they are very similar in composi-
tion to patient sera. Due to the lig-
uid nature and the high stability of
the antigens {see Fig. i) these con-
trols are very easy to handle and
are an ideal tool for the long-term
quality contrel. BIOREF reference
matenals can be used as atest sys-
tem independent extemal control
to reveal batch variation of tests
[see Fig. 2] and suppost the user
when a change beiween different
test systems has to be performed.
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