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Definition
Any macro-molecule, regardless of function can be
called tumor marker

e Polypeptide
e Protein
e Nucleic acid

e Enzyme
e Hormone
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An 1deal tumor marker

* The quality should be included
eHigh sensitivity
eHigh specificity
eCan be qualified
e Safe
eConvenience
eOw price



How to identify tumor marker ?

* On cell
e Cytochemistry, Flow cytometry

* On tissue
e Histochemistry, Cytosol assays

*|n body fluids
e Blood, urine, CSF, Amniotic fluid



~ TUMOR MARKERS

What are they?

« Are substances usually proteins, that are produced by the
body In response to cancer growth or by the cancer tissue
itself and certain benign (noncancerous) conditions

« Detected in higher than normal amounts in the blood,
urine, or body tissues

« Some tumor markers are specific for one type of cancer,
while others are seen in several cancer types

« Measurements can be useful —when
used along with x-rays, or other tests in
the detection and diagnosis of some
types of cancer



TUMOR MARKERS

‘+Measurements of tumor marker levels alone
are not sufficient to diagnose cancer for the
following reasons:

e Tumor marker levels can be elevated in people with benign
conditions

e Tumor marker levels are not elevated in every person with
cancer — especially in early stages of the disease

e Many tumor markers are not specific to a particular type of
cancer
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e
Assay technology

Monoclonal antibody (MoADb)
e Specificity

e mass production

Sandwich technique

e MoADbs1 + Tumor marker

e MoADbs2 + Tracer




~ Sandwich Technigues

e Tumor markers as a antigen between two MoAbs

e The first is bound onto a solid support (tubes or
wells...)

e The second, unbound upon introduction into the
assay carries the signal (tracer: radionuclide,
enzyme, fluorochrome...)



Sandwich tchniques
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Tumor marker in Oncology
eScreening
eDiagnosis
eStaging
*Prognosis
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Tumor markers play a limited role for
tumor screening, just because....

e relatively low sensitivity

e lack of specificity and relation to tumor size
Inappropriate for the detection of small in situ
cancer

In some cases, tumor markers can be equal
to other examinations envisioned for
screening

e PSA & prostate cancer
e calcitonin
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Diagnosis

Tumor Is not the key diagnhostic examination,
but can be a complementary sign to clinical
finding or medical imaging

e AFP & hepatoma

Sometimes implicate the existence within the
tumor of an exclusive secretary histological
contingent

e NSE & SCLC




Staging

* The tumor markers and medical imaging
are complementary in the pre-therapeutic
and post-therapeutic staging
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Prognosis

The pre-therapeutic level of certain tumor marker
can contributes a prognostic factor because of
links with...

» Metabolic activity
e Tumor size
e |nvasion

More valuable in that it is independent or other
usual prognostic factors for the pathology




e Allow doctors to refine therapeutic strategy by
selecting groups with risk of failure response to
treatment

e This property is one of the major aspects
of current use of the tumor marker
o CEA & colon cancer
e CA19-9 & pancreatic cancer
e CYFRA 21-1 & lung squamous cell cancer




During treatment

High markers level before treatment generally

e Not only correlate very well with the therapeutic
result but are sometimes superior to this result in
the assessment of complete remission

The assay must be taking into account the
marker half-life when during treatment and all
post-therapeutic re-evaluation




During monitoring

e Contribute to a valuable mean and lead to suspicion
for...

e local or metastasis
e curable recurrence
e much earlier before clinical or radiological detection

* The protocol of the follow-up must be very strict

e CA15-3 measured every 3 months for
1 year and then every 6 months in
breast cancer patient



Diagnosis or monitoring

Measuring patients’ levels of AFP, CA 19-9,
CEA, Free PSA, and Total PSA are clinically

useful in the monitoring of cancers



Classification

e Carcino-embryonic protein » Carbohydrate antigen
s ARR o CA125
* CEA e CA19-9
e Carcino- associated protein e CA15-3
e B2M e SCC
: bon e Hormone
s 16 « CT

.« TPA



guality requirements relevant to all tumor marker
measurements

Pre-analytical requirements :

choice of tumor marker, specimen type,
specimen timing, sample handling.

Analytical requirements :

assay standardisation, internal and external
guality control, interferences.

Post-analytical requirements :

reference intervals, interpretation and
reporting of tumor marker results



Pre-analytical quality requirements

Reporting of erroneous tumor marker results is more likely
to cause undue alarm to patients than is the case for many
other laboratory tests.

The laboratory must therefore exercise extra vigilance in ensuring that
correct results are reported.

Errors in the pre-analytical phase reportedly occur ten
times as often as in the analytical phase

the majority of pre-analytical errors for tumor markers will
be simple specimen handling errors — e.g. inappropriate
sampling handling, hemolyzed specimens, insufficient
specimens, and incorrect specimens — and their
occurrence should be minimized by adherence to good
laboratory practice and assessment in an effective audit
cycle.



Quality requirements in the pre-analytical phase &

Requirements | Recommendations

Comments / specific
examples

Analyte-
related

Type of
specimen

Specimen
stability

Requirements should be checked in the product
information supplied with the kit. It is the
laboratory’s responsibility to provide clear advice
about the appropriate tube type for each test,
thereby ensuring that manufacturers’
instructions are always followed.

Tumor markers are generally stable, but serum or
plasma should be separated from the clot and
stored at 4°C (short-term) or -30°C (long-term) as
soon as possible. For longer term storage
specimens should be stored at -70°C.

Heat treatment (e.g. to deplete serum

complement components or to inactivate HIV)
<hotild be avoided particuilarly for hCCG and PSA

Serum or plasma are
usually (but not always) equally
appropriate. Gel tubes may not
be suitable for some assays.
Anti-coagulating agents such as
ethylene- diamine tetraacetic
acid (EDTA) may interfere in
some detection methods.

The stability of total and free PSA
under different storage conditions is
especially critical in the context of a

screening programme

HCG may dissociate at elevated
temperature to form its free - and (-
subunits



Quality requirements in the pre-analytical phase =

Requirements Recommendations Comments / specific examples

Patient-related

Test selection

Specimen timing

Ordering of tumor marker tests
should be according to locally
agreed protocols, based on
established national and

international guidelines.
Although in certain circumstances
tumor markers may aid in diagnosis,
speculative measurement of panels of
tumor markers (“fishing”) should be

discouraged

No strong evidence of diurnal variation for
most markers, so specimens can be taken
at any time of day.

Blood for PSA should be taken before
any clinical manipulation of the
prostate. Any measurements taken too soon
should be repeated

Blood for CA125 should not be taken
during menstruation, which may
increase the serum concentration two to
three-fold. A confirmatory specimen
avoiding sampling during menses should be
requested

g

NACB recommendations for use of tumor
markers in routine clinical practice are
summarized in Table 1,

PSA should never be measured routinely
in females.

CA125 should never be measured routinely
in males.

CA15.3 should only be measured routinely
in males with an established diagnosis of

breast cancer.
Interpretation of subsequent results is aided by
knowledge of the pre-treatment “baseline” level

Prostatic biopsy, transurethral resection
of the prostate, or traumatic
catheterization may markedly elevate
serum PSA and/or free PSA .repeat of
PSA recommended in sampling after
these events



Analytical quality requirements
_» The almost universal useMoassay

analysers for many commonly requested tests means
that responsibility for analytical quality now rests

largely with the diagnostic industry, which must meet quality

requirements defined by national or international regulatory authorities [e.g. US Food
and Drug Administration (FDA) regulations, European Commission In Vitro
Diagnostics Directive (IVDD)].

It iIs nevertheless crucial for satisfactory measurement of
any analyte that laboratories independently monitor their
own performance carefully, both to ensure that analyzers
are being used appropriately and to confirm that individual
methods are performing according to specification.

This Is best achieved by implementation of
rigorous Internal Quality Control (IQC) and
participation in well-designed Proficiency Testing

[External Quality Assessment (EQA)] programs (1).



Analytical quality requirements
Wmonitoring presentmﬂe\/Wts may

change hospital and laboratories may change the tumor marker
methods during the relevant time period. While ideally results obtained
in different methods would be fully interchangeable, data from PT
schemes confirm that this is not the case, with between-method
coefficients of variation in excess of 20% still observed for some tumor
markers .Major causes of observed between-method variation for these
complex analytes include poor calibration, differences in the specificity
of antibodies used, and differences in method design.

It should be possible to achieve reasonably standardized and accurate
calibration, but only for those analytes for which a recognized
International Standard (IS) or Reference Reagent (IRR) is both available
and universally adopted by diaghostic manufacturers for primary
calibration of their methods. Unfortunately, as yet there are no IS for
any of the important CA series of tumor markers, a major gap that
should be addressed urgently. Long-term PT scheme data can also confirm
the effect of successful introduction of a new IS. Data from the UK National
External Quality Assessment Scheme (UK NEQAS) for PSA, for example,
confirm that mean geometric coefficients of variation (which reflect scatter)
decreased from 21.9% in 1995, before the 15 IRR was introduced, to 9.5% in 2004



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

Recommendations Comments / specific examples

Assay
validation

Well- Prior to their introduction in It is critically important that

characterized 1., ine clinical practice, both  methods are properly validated

methods immunoassay and prior to their introduction to
immunohistochemical avoid misleading reports both
methods must be validated  in routine clinical practice and
by defined and well- in the scientific literature.

characterized protocol that  Failure to have done so accounts
meet regulatory guidelines  for some of the past issues with

(e.g. FDA approval in the diagnostic tests, particularly for
United States, CE markingin =~ immunohistochemistry and
Europe). fluorescence in situ hybridization

(FISH) testing.



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

=
Recommendations Comments / specific examples

Internal
Quality Control

Assessmentof  Tntra-assay variability <s%;  Manual and/or research assays

R inter-assay variability <10%. may be less precise but PT data
suggests these targets should
be readily achievable for most
analytes

Established Limits for assay acceptance I1QC data should be recorded,

objective should be pre-defined and inspected and acted upon (if

criteria for = preferably based on logical necessary) prior to release of
assay criteria such as those of

any clinical results for the run.
acceptance  Westgard



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

Internal
Quality Control

Appropriate =~ The number of IQC specimens
number of included per run should allow
1QC identification of an unacceptable
run with a given probability

Specimens. acceptable for the clinical

application.
Specimens At least one authentic serum Kit controls may provide an
closely matrix control from an overly optimistic impression of
resembl.lng fndepend.ent source should be performance, particularly if
authentic included in addition to any QC

they are prepared by adding

. ial . h oo o .
patient sera  materials provided by the standard to an artificial matrix.

method manufacturer



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

e
Internal
Quality Control

1QC Negative and low Where clinical decision points
specimens of positive controls should 2re commonly employed (e.g.
?pltjﬁ‘)p?at,e ' S LSS ROV hCG, 5 U/L), IQC specimens of

otheclnical tymor markers. The these concentrations should be
application.

broad concentration range  included.
should also be covered and

IQC specimens should

ideally include a high

control to assess the

accuracy of dilution.



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

=
Proficiency
Testing

PT specimens Concentrations Distribution of occasional
of appropriate hould £ . -

analyte should assess performance  specimens of high
concentration ©Ver the working range concentration to check

linearity on dilution and of
specimens containing analyte-
free serum to check baseline

security for certain analytes
(e.g. AFP, hCG) is desirable.

PT PT specimens should ideally be PT specimens prepared by spiking
specimens  prepared from authentic purified analyte into serum base
closely patient sera, which for tumor )5 provide an overly optimistic
resembling markers may require dilution of

impression of between-method
performance (e.g. for CEA, mean
CVs of 14% cf 20% for pools
containing patient sera)

authentic high concentration patient sera
patientsera into a normal serum base pool.



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

=
Recommendations Comments / specific examples

Proficiency
Testing

PT Evidence of the stability of PT
specimens  gpecimens in transit should be
thatare available.

stable in

transit

Accurate The validity of the target

and stable values (u sually consensus

target values means) should be demonstrated
by assessing their accuracy,
stability and linearity on dilution.

Stability in hot climates is
particularly relevant for hCG and
free PSA, but reliable data should
be available for all tumor
MARKER

Accuracy should be assessed by
recovery experiments with the relevant
International Standard . stability by
repeat distribution of the same pool
and linearity by issue of different
dilutions of the same sera in the same
serum base pool. Issue of PT
specimens containing the IS can also
for some analytes elucidate the extent
to which different methods recognise
different isoforms (e.g. hCG, PSA).



NACB recommendations: Quality requirements for Assay Validation, Internal Quality
Control and Proficiency Testing

Proficiency
Testing

Assessment of (Occasional specimens should The volume of sera required may preclude
assay undertaking this for all participants, but

, ideally be issued to check for S E .

interferences | £ £ by distributing such specimens to eg 5
inter erer.lc.e (e°g° e users of a number of different methods
heterophilic and other valuable information about method

antibodies, high dose robustness can be obtained and
hooking etc) subsequently provided to all participants.
b} o

Evaluation of  interpretation of the pathologistas Since immunohistochemistry
interpretation well as the technical aspects of the reports routine include an

as well as test must be evaluated. interpretive comment, the

tEChHIC:‘:ﬂ accuracy of these should be
results is rigorously and independentl
required for = Y P !
o assessed

immunohisto

chemical

tests



NACB recommendations: Quality requirements for Assay Validation,
Internal Quality Control and Proficiency Testing

=
Recommendations Comments / specific examples

Proficiency
Testing

Interpretative  (Qccasional surveys are PT schemes can make a
:ﬁizls:s and  Jegirable to compare practice ~ powerful contribution to
Y in difference laboratories. national audit by highlighting

differences in reference
intervals, reporting practice
and interpretation of clinical
results,

Provision of = Incorporating regular updates to Surveys of recent literature can
educational  participants on new developments  provide a helpful monthly
updatestoall relevant to provision of a tumor addition to PT reports.
participants ~ marker service is desirable and can

be conveniently done in

Comments sections accompanying

reports.



NACB recommendations: Quality Requirements for minimizing risk of
method-related errors in tumor marker results

Recommendations Comments / specific examples

Type of
interference

Cross- Manufacturers should Often helpful (eg when
reactionof  provide clear information = measuring PSA or hCG) but
closely about the specificity of their differences in recognition of
relé;tedl methods. the cross-reacting isoforms are
HotecHies Users should be aware of likely to contribute to
the characteristics of the numerical differences in
methods used. results.
High dose Tumor marker concentrations tumor marker concentrations is
hook effect  range over several orders of critically important where the

Laboratories magnitude and may exceed the malignancy is potentially fatal but
should have in  capacity of the solid-phase.

: - , curable, e.g. hCG in
placedefined  Recognition of extremely high 7S €5
protocols for choriocarcinoma.
identifying
specimens that

have “hooked”.



NACB recommendations: Quality Requirements for minimizing risk of method-related
errors in tumor marker results

Recommendations Comments / specific examples

Type of
interference

Interference
from
heterophilic
or human
anti-mouse

antibodies
(HAMA)

Laboratories should be aware of the
possibility of interference from

heterophilic or human anti-mouse

antibodies, particularly when
results are not in accord with the
clinical picture. Where
interference is suspected this
should be investigated, e.g. by re-
assaying the specimen

1. After treatment with commercially
available antibody blocking tubes

2. After addition of further
immobilized normal, non-immune
serum, Protein A or Protein G

3. After precipitation of
immunoglobulins with polyethylene
glycol (PEG)

4. In a different method, preferably
using a different methodology (eg
radioimmunoassay)

5. At several dilutions to assess

Falsely high or low results may be
obtained for patient specimens
containing anti-IgG antibodies
capable of reacting with antibodies
used in the assay.

Such antibodies may be of
particularly high titre in patients who
have undergone treatment with
mouse monoclonal antibodies for
imaging or therapeutic purposes.
Serious clinical errors as a result of
failure to recognise such
interference have been most
frequently reported for hCG. A
high degree of suspicion is usually
required for identification, which is
facilitated by good communication
between clinical and laboratory staff.



NACB recommendations: Quality requirements in the post-analytical phase

Recommendations Comments / specific examples

Factual
requirements
Clinical Brief clinical information Such information is essential if any
information indicating t}}e source of ﬂ}e laboratory interpretation is to be
from the suspected/diagnosed malignancy 1,3 4e and may help to identify

. and the treatment stage (e.g. post- . .
requesting occasional laboratory errors (e.g. mis-
d op) should accompany the I I

octor oeetien sampling on an analyser).
A\f/ailability Reference intervals Relferencg intervals are usually most
o relevant for cancer patients pre-
appropriate should b.e ) treatment, after which the patient’s
reference apPI'Opl'latEIY derived own “baseline” provides the most
intervals llSiIlg an appropriate %mportant 1.‘eference point for
health lation interpretation of marker results. If
caltily popuiation. this is well-established, increases even

within the reference interval may be
significant.



NACB recommendations: Quality requirements in the post-analytical phase

Recommendations Comments / specific examples

Factual
requirement

Knowledge percentage increase or decrease A confirmed increase or decrease
of what that constitutes a significant of + 25% is frequently considered

constitutesa changeshould be defined and to be of clinical significance
should take account of both

significant : : : o but more work is required in this
h analytical and biological variation. hei fwhich h

change Laboratories should be willing and CLEEHUL lmpo.rtance ot wiich ias

able to advise on this issue. recently been illustrated for PSA

Definedl Laboratories should havea This may necessitate
rotoco : - .

p . defme.d protocol when analyzing the previous

when changing tumor marker specimen bv the new

g methods. P y

methods method or requesting a
further specimen to re-
establish the baseline
and/or confirm the trend
in marker level.



NACB recommendations: Quality requirements in the post-analytical phase

Recommendations Comments / specific examples

Factual
requirements

Knowledge of Laboratories should be able to Half-lives are defined as the
tumor marker provifle calculated tumor marker time to 50% reduction of
half-lives half-lives for the markers for ) lati 1
which these are relevant (e.g. AFP, circulating tumor marker
hCG). concentration following
complete removal of tumor
tissue.
Objective Laboratories should be This remains a priority
audit of i i _goi : - - -
involved in on-going audit  , 1 ig being considered

tumor marker f the clinical utility of the

GlEL57 results they provide. by a number of

professional
organizations.



NACB recommendations: Quality requirements in the post-analytical phase

Recommendations Comments / specific examples

requirements
Cumulation Laboratories should  Helpful reports facilitate
of tumor provide fully camulated tumor interpretation and
marker marker results. Graphical communication between
results representations may also be laboratory and clinic. It is helpful
helpful. if the reports incorporate any brief
clinical information available,
particularly dates of operation etc.
Tumor Laboratories should
marker indicate the method used
method used  ,p, the report form and
highlight whether any
change of method is likely
to have affected

interpretation of the trend
in marker result.




NACB recommendations: Quality requirements in the post-analytical phase

Recommendations Comments / specific examples

Reporting
requirements

Recommendations [ .aboratories should be An apparent rise in marker
as to the willing to advise on the concentration should always
appropriate . . )

frequency of frequency of monitoring  be confirmed by repeat
tumor marker and the need for measurement.

measurements  confirmatory specimens.

Communicatio Laboratories should Good communication
t (] L] L)
;‘ Il;e ween . always welcome and facilitates appropriate use
fooa oy 2 encourage good of these (and other) tests
glinicaSsiatt communication with '

clinical users of the
service.
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CONCLUSION

e Optimal use of tumor markers
requires care and attention to detail
in the pre-analytical, analytical and
post-analytical phases of analysis,
and should be achievable in
laboratories fulfilling the quality
requirements described here.



Testicular No tumor AFP, hCG,LDH AFP,hCG,LDH AFP,hCG,LDH AFP, hCG, LDH
RS markers
recommended

Prostate PSA, cPSA, PSA, cPSA, PSA, cPSA PSA, cPSA PSA, cPSA
cancer %fPSA %fPSA

Colorectal  FOB No tumor CEA CEA CEA
A [In sub{ef:ts >50  markers
yearsold; recommended
Genetic testing
in high risk
subjects]
Liver cancer AFP AFP AFP AFP AFP
[In high risk

subjects



Ovarian
cancer

Breast
cancer

Gastric
cancer

Bladder
cancer

CA125

[Only in combination
with TVUS for early

detection in

hereditary syndromes

No tumor
markers

recommended

No tumor markers

recommended

No tumor markers

recommended

CA125
[Post-
menopausal
women only]

No tumor
markers
recommended

No tumor
markers
recommended

No tumor
markers
recommended

CA125

ER, PR, HER-2,

uPA, PAI-1

No tumor markers

recommended

No tumor markers

recommended

CA125

No tumor
markers
recommended

No tumor
markers
recommended

No tumor
markers
recommended

CA125

CA 15-3,
CEA
[Monitoring
advanced
disease]

No tumor
markers
recommended

No tumor
markers
recommended



Pancreatic
cancer

Cervical
cancer

Thyroid
cancer

No tumor
markers
recommended

No tumor
markers

recommended

No tumor
markers

recommended

CA19-9

[1f used, only
with CT or EUS
and in an
appropriate
clinical context

No tumor
markers
recommended

CA19-9

No tumor
markers
recommended

No tumor
markers
recommended

Thyroglobulin;

thyroglobulin
antibodies

CA19-9
[During
palliative therapy
with imaging
tests or after
potentially
curative surgery]

Thyroglobulin;
thyroglobulin
antibodies



PSA & Free PSA

® Total PSA can also be used in the early detection of
prostate cancer.

* And the use of % Free PSA aids in discriminating
between prostate cancer and benign disease, thus
helping to eliminate unnecessary biopsies.
Therefore,it is imperative for manufacturers to provide

reliable tumor marker assays which produce
consistent laboratory results over time.
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The consistency of ARCHITECT tumor markers

The consistency of ARCHITECT tumor markers was
previously reported at the 2001 ISOBM meeting which
covered manufactured reagent lots over one to two
years.

This study is an extension of this previous report and
reviewed the consistency of tumor marker serum
panel values and control values produced in an
artificial matrix as reported by the ARCHITECT
assays covering manufactured reagent lots over
four to five years.



tumor marker Methods

* Methods

e Internal quality control procedures at Abbott
Laboratories require the testing of both serum

panels and controls at various concentration
levels throughout the assay range.




Serum control & patient

e The testing of serum panels imitates values expected
with patient samples tested in clinical laboratories.

e The testing of controls validates reported patient
results.

e Serum panels were prepared from patient samples or
spiked analyte in a human serum matrix.

e These panels and controls were tested with each
manufactured reagent lot of AFP, CA 19-9, CEA, Free
PSA, and Total PSA over four to five years. Mean
values and % coefficient of variation were determined
for each level of serum panels and controls.
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= Conclusion

e Consistent results between manufactured lots were
demonstrated for ARCHITECT AFP, CA 19-9, CEA,
Free PSA, and Total PSA assays.

e Consistent performance over time allows
laboratorians to have greater confidence in the
results they provide to physicians resulting in better
clinical decisions and management of patients.

Physicians can be confident that changes
In the concentrations of tumor markers in
patients’ serum is indicative of changes in
the patients’ disease status and not a result
of variability in assay manufacturing
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Principle of

Immunoassay



labeled material

o All immunoassays require the use of labeled material in order to
measure the amount of antigen or antibody present.

* A label is a molecule that will react as part

of the assay, so a change In signal can be measured in the
blood:reagent solution.



Examples of a label include a radioactive compound, an
enzyme that causes a change of color in a solution, or
that produces light.

The label can be applied during the manufacture of the reagent
to either the antibody (Ab*, see Figure 1-5) or antigen (Ag*,
see Figure 1-6).

Immunoassay technologies utilize different formats to
distinguish the bound antigen-antibody complex from the free
unbound label.






Copetitive and Noncompetitive
lmmunoassays

The measurement of analyte in an immunoassay Is achieved by
using either

a competitive
or
a honcompetitive format.



~Competitive Format

In competitive formats,

unlabelled analyte (usually antigen) in the test sample is
measured by its ability to compete with labeled antigen in
the Immunoassay.

The unlabeled antigen blocks the ability of the labeled
antigen to bind because that binding site on the antibody is
already occupied.
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Thus In a competitive immunoassay, less label measured in the
assay means more of the IS

present. The amount of antigen in the test sample is inversely
related to the amount of label measured in the

competitive format (Figure 1-7).

Indirect Relationship

FIGURE 1-7

Amount of antigen is indirecthy
related to the amount of label
(signal) in competitive formats

Signal

Concentration




~ One step competitive format

In the one step competitive format (see Figure 1-8), both the
labeled antigen reagent (Ag*) and the unlabeled specimen (or test
sample analyte) compete for a limited amount of antibody.



- Two step competitive format

In the two step competitive format, the antibody concentration
of the reaction solution is present in excess In comparison to
the concentration of antigen. Antibody reagent is first
Incubated with specimen containing antigens of interest; then
In the second step, labeled antigen is added. Remember that in
the competitive format, less bound labeled antigen indicates
more antigen present in the test sample.

assay formats provide several fold improved assay sensitivity
compared to one step assay formats.






Noncompetitive (Sandwich) Method

Noncompetitive assay formats generally provide the highest
level of assay sensitivity and specificity and are applied to the
measurement of critical analytes such as cardiac and hepatitis
markers. This format Is referred to as a “sandwich’ assay because
analyte Is bound (sandwiched) between two highly specific
antibody reagents (Figure 1-10).






Noncompetitive assay

Noncompetitive assay formats can also utilize either one step or
two step methods, as with the competitive assay.

The two step assay format employs wash steps in which the
sandwich binding complex is isolated and

washed to remove excess unbound labeled reagent and any other
Interfering substances.

The two step noncompetitive format usually offers the
highest specificity and sensitivity of all the assay formats
discussed here.



Direct Relationship

Signal

_

Concentration

FIGURE 1-11 Amount of antigen is directly related to the
amount of [abel (signal) in competitive formats

In noncompetitive assays, the measurement of
labeled analyte, usually antibody, is directly
proportional to the amount of antigen present in
the sample. This can be represented by a dose
response curve (Figure 1-11). The X-axis plots
concentration of an antigen. The Y-axis plots
response, which in this case is signal. Thus, the
more antigen that is present, the more [abeled
antibody that will bind. This direct proportionality
i5 in contrast with the indirect proportionality of
competitive immunoassays discussed earlier.
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ELISA TROUBLESHOOTING
No Signal or Weak Signal

High Background

Poor Duplicate

Poor Standard Curve

Poor Linearity

Poor Assay Sensitivity

Poor Correlation

Unexpected Clinical Classification
Apparent Shift in Reference Interval






Expire date,
Incorrect storage,
reagent not to RT

Omission of key
reagents

I Collection system Iq— ‘

-

Scratch I Inactivation, Incomplete
or incorrect preparation
of chromogen

incubation

L Wrong filter

Incorrect time or temperature

Wash too
stringent

v

Inactivation of
conjugate
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Wrong filter in ELISA
reader

Contaminating

Improperly set up blank

enzyme present

In sample

Chromogen exposed to light

Cross
contamination from
other specimen or
positive control

Incorrect assay temperature

Concentration of

Evaporation of well conjugate too high
during incubation

Contaminated substrate
solution with metal ions
or oxidizing reagent

Contamination of pipette , dispenser
or substrate with conjugate

Inadequate washing
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Dirty microwell

Particulate or
precipitate

in sample

P a—
/ ——
Plate scratch /

Incorrect dispensing of reagents

sample
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Reagent from
different kit or

different lot

L

Pipetting error

poor dilution

}

Poor mixing of reagents

Plate not clean

Improper , insufficient washing

Plate scratch
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—> Kit lot at fault

Incomplete mixing
of reagents

—| Poor kit design or

optimization

Kit reagents not

allowed to RT

Dirty tube or
wells

| Y

Variation of Insufficient slop of
wells curve at very low

e

v
concentration

Incomplete mixing of

zero calibrator Deterioration of kit

during shelf life or

exposure to extreme
temperature
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Incorrect .
Kit ot at fault

Standardization of Kit

Instability of
reference
standard

Used of old
samples e

Use of different
units or
International
standard

Curve fit bias with
Equipment fault either or both kits

Limited range of Limited number of patient Only one or two assay
concentration used sample used for study performed
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Unusual type of Change in

patient sample protocol

o et g Kitlotatfauit
\ Error or instability
Interference by in store calibration

Cross reactant curve
(drug metabolites) /

Incomplete mixing or Poor assay design
warming up of reagents Equment fault
wrong label

Incorrect storage of

sample or reagents
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Change in Use of expired
waw = kit

technician

Error or instability
In store calibration
curve

—_—

Change in sample __

collection method

Change in laboratory Equipment fault Change in curve fit
temp/humidity program

Change in protocol

Poorly calibrated or
unstable calibrator
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/

ALL WELL YELLOW

e Contaminated substrate
e Contaminated stop solution

e Incorrect dilution

* Inefficient washing




/

/ ALL WELL CLEAR

ELISA not performed correctly

Contaminated conjugate
Incorrect storage of kit

Over washing of plate
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