
The advent of a novel category of
anticancer drugs targeting indi-
vidual genes is greatly affecting

pathology and it appears that a new
discipline—predictive molecular
pathology—will become important in
our field. For example, Herceptin (tras-
tuzamab) treatment can only be used
against tumours expressing the HER-2
oncogene1 and STI571 (Glivec) is highly
efficient against tumours expressing
c-kit (CD117).2 Because these target
genes can be expressed in many differ-
ent tumour types, oncologists are now
increasingly demanding HER-2 and
c-kit analyses for all of their patients so
that they can potentially benefit from
new drugs. The number of such analy-
ses, often performed many years after
the removal of the primary tumour,
increases rapidly as more patients with

cancer and clinicians become aware of
the potential availability of new “mira-
cle” drugs. Currently, the demand for
retrospective c-kit and HER-2 analyses
can be met using the tools of traditional
molecular pathology.

However, what would happen if all liv-
ing patients with cancer became aware
of a new drug from which they could
benefit if their tumour expressed one
particular gene? The logistical problems
connected to such a mass demand for
analyses would be comparable to the
situation on the sinking Titanic with a
shortage of lifeboats more than 90 years
ago. Alone in a small country like
Switzerland (7000 000 inhabitants),
there is an estimated number of
> 150 000 living people with known
potentially life threatening cancer. Tens
of thousand of these patients would die

of their disease before all of these
tumours could be tested for a new thera-
peutic target gene if traditional testing
methods were used. The situation will be
further compounded by a multitude of
additional drugs like Herceptin or Glivec
appearing on the market very soon, each
of which might require the testing of one
or even several genes to identify respon-
sive tumours.

Pathologists must now look for
strategies that will allow them to per-
form unprecedented large scale molecu-
lar analyses. A few years ago, we
developed a tool that may prove to be
crucially important in this race against
time. “Tissue microarray” (TMA)
technology3 4 enables hundreds of tissue
samples to be present on one microscope
glass slide for simultaneous in situ
analysis of DNA, RNA, and protein
targets. Initial applications of the TMA
method were in cancer research, where
numerous studies have demonstrated
the power of the approach.5–7 Consider-
ing the problem outlined above, it would
be appealing to have tissue samples from
all living patients with cancer in a tissue
array format and to analyse all tissues
simultaneously if a new gene specific
treatment came on to the market.
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The crucial issue in a diagnostic TMA
approach is how to achieve optimal or at
least sufficient tumour representation on
TMAs. In a previous issue of JCP this
year, Gancberg et al provide data suggest-
ing that HER-2 amplification could be
reliably detected on TMAs.8 However, the
number of tumours analysed in this
important study is small and it appears
that their set of tumours was selected
(19 of 29 tumours amplified), so that
perhaps borderline cases were lacking. To
define criteria for diagnostic TMA appli-
cations we have recently analysed HER-2
overexpression/amplification in six rep-
lica TMAs, each containing a different
tissue sample of a consecutive series of
786 breast cancers. The data suggest that
a combination of two TMAs already
results in up to 99% of interpretable
tumours (fig 1A), whereas the frequency
of positivity reaches the expected 17–
20% only after combining the results of
five to six TMAs (fig 1B). Because our
fluorescent in situ hybridisation (FISH)
data were obtained by estimation rather

Figure 1 Influence of number of arrayed samples on tissue microarray (TMA) data. (A)
Influence of the number of samples analysed on interpretability of tumours (data from HER-2
immunohistochemistry; HercepTest, Dako). (B) Influence of the number of samples analysed
on the percentage of positive tumours (data from HER-2 fluorescence in situ hybridisation;
PathVysion, Vysis).
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than by full scoring of FISH signals in 60
cells, it is possible that some amplified
tumours were not detected because of
conservative estimates. However, taking
multiple samples for each tumour is the
optimal way for dealing with potential
tumour heterogeneity. The likelihood of
detecting clinically relevant genetic
heterogeneity by slightly increasing the
sample diameter (1.5 mm) is small.
Apart from the concept of “microarray
based predictive molecular pathology”,
there are many other ways in which
TMAs can be used in non-research
oriented “routine” pathology laborato-
ries. For example, the tedious work of
testing new antibodies, comparing dif-
ferent antibodies for one target protein,
and determining optimal staining condi-
tions can best be done on small test
TMAs containing several normal tissues
and a selection of different tumour types.
One of the most obvious and most pow-
erful applications of the TMA technique
in non-research laboratories is quality
control. Here, the most frequently dis-
cussed weakness of the TMA method,
the very small tissue samples (diameter,
0.6 mm), becomes an important strong-
point. The small size of arrayed tissue
samples enforces maximal standardisa-
tion of both biology and processing (for
example, fixation) of the tissue pieces
used for control purposes. If consecutive
sections of a TMA block are used it can
be expected that staining variations
between two slides are caused by differ-
ences in reagents or staining procedures.

The study of Packeisen et al,9 published
in this issue, provides one example of
using TMAs in quality control. In their
innovative paper, they propose to manu-
facture special slides for immunohisto-
chemistry (IHC) containing small sec-
tions of control tissues in a TMA format.
Given the considerable workload and
expense that results from the rigorous
use of positive and negative control
sections for all IHC incubations (includ-
ing negative staining controls), this

approach offers a great advantage over
traditional methods. Although no exact
numbers were provided in their paper, it
is conceivable that slides with insuffi-
cient IHC staining were identified using
this approach. The proposed method is
likely to be adopted in many laboratories.
It will be important, however, to ensure
that slides containing control TMA sec-
tions are always freshly prepared. Using
TMAs in many different studies, we have
found that the age of slides is absolutely
crucial for the outcome of IHC staining
for many different antibodies (M Mir-
lacher et al, unpublished observations;
2002). Comparing IHC staining obtained
in different laboratories is another im-
portant quality control application of
TMAs. As yet, interlaboratory compari-
son studies have been limited to a small
number of slides to reduce the workload
for quality control purposes as much as
possible. The TMA approach will allow
interlaboratory studies to be expanded
massively. For example, TMAs contain-
ing hundreds of tumours with outcome
information could be distributed to
participating laboratories and it would
be possible not only to compare the
analysis data between the laboratories
but also to define, for each laboratory, to
what extent their staining was related to
prognosis or response to treatment.
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In summary, the TMA method is not
only a valuable research tool. TMAs are
highly practical for many purposes in
diagnostic pathology. In particular, we
anticipate that TMAs will become ex-
tremely important in the emerging field

of predictive molecular pathology.
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