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Aim: To assess whether immunohistochemically stained tissue microarrays (TMA) of 2 mm cores from
paraffin embedded tumour tissue may replace whole sections in semi-quantitative evaluation of selected
potential markers for endocrine treatment.
Methods: Whole sections and 2 mm cores on TMA were used for immunohistochemical staining of potential
markers for endocrine treatment. The Allred scoring system was used for the markers with nuclear
localisation: the oestrogen receptor, the progesterone receptor, p27 and the oestrogen receptor co-regulator
amplified in breast cancer 1 (AIB1). The Allred scoring system was also used for the non-nuclear markers Bcl-
2, pS2 and cyclooxygenase 2 (COX-2); the membrane receptors HER-2, insulin-like growth factor I receptor
(IGF-IR) and epidermal growth factor receptor were quantified according to the guidelines for the Herceptest.
Results: The data and statistical analyses showed that the semi-quantitative evaluation of oestrogen receptor,
progesterone receptor, AIB1, COX-2, HER-2 and IGF-IR on TMA blocks was comparable with analysis on
whole sections.
Conclusions: This study shows that semi-quantitative scoring of 2 mm cores on TMA is feasible for several
potential markers for endocrine therapy. Considering the small size of many breast tumours, the speed and
cost-effectiveness of immunohistochemistry on TMA compared with whole sections, and the importance of the
expression level of the proteins, semi-quantitative scoring on TMA has great potential in both retrospective
and prospective studies aiming at improving the prediction of response to endocrine treatment.

B
reast cancer is the most common cancer among women in

the western world, and much effort is put into under-

standing the basis of tumour development and progres-

sion, as well as into identifying markers to predict prognosis

and response to treatment. Immunohistochemistry (IHC) is one

of the techniques traditionally used to assess such markers.

Since the availability of material is often limited, especially

when it comes to small tumours and previously used material,

the development of the tissue microarray (TMA) technique has

helped overcome these problems,1 and this method is now

widely used to evaluate tissue specimens at DNA and protein

level.2–4

TMAs are constructed by taking cylindrical core biopsies from

‘‘donor’’ paraffin blocks into a new ‘‘recipient’’ paraffin block.

The use of cores as small as 0.6 mm has been confirmed to be

adequate for analysing breast cancer specimens by IHC as

positive or negative for the expression of the hormone receptors

oestrogen receptor and progesterone receptor and the tyrosine

kinase receptor HER-2.5 6 A small number of studies have also

confirmed the correlation between semi-quantitative analysis

of oestrogen receptor, progesterone receptor and p27 expression

in TMAs and analysis of whole sections.7 8

Response to endocrine treatment requires oestrogen-respon-

sive tumour growth mediated via activation of the oestrogen

receptor. However, whereas the presence of oestrogen receptor

or progesterone receptor is a prerequisite for response, only a

fraction of patients with tumours positive for oestrogen

receptor or progesterone receptor benefit from endocrine

treatment. Therefore, better predictive markers are urgently

required. The semi-quantitative level of protein expression may

be important in the search for new predictive markers for

response to endocrine treatment of breast cancer, since it has

been shown that higher IHC scores for oestrogen receptor,

progesterone receptor and pS2 are associated with better

response to treatment with tamoxifen.9 Thus, it is very

important when using the TMA method to discover new

predictive markers to know whether TMAs can be used for

semi-quantitative analysis of the potential markers. A number

of different proteins have been proposed as new predictive

markers that could identify those patients with breast cancer

who are positive for oestrogen who will benefit from different

endocrine treatments, such as antioestrogen or aromatase

inhibitors. These proteins include the cell cycle regulating

protein p27,10 11 the oestrogen regulated protein pS2,12 the anti-

apoptotic protein Bcl-213 and the oestrogen receptor coregulator

protein amplified in breast cancer 1 (AIB1). AIB1 has been

found to be associated with worse disease-free survival in

patients receiving treatment with the antioestrogen tamoxi-

fen.14 Another potential predictive factor for endocrine treat-

ment is cyclooxygenase 2 (COX-2). COX-2 is an enzyme that

indirectly regulates the synthesis of the enzyme aromatase,

which converts androgens to oestrogens.15 It has been proposed

that COX-2 could serve as a surrogate marker for the aromatase

enzyme.16 HER-2, the epidermal growth factor receptor (EGFR)

and the insulin-like growth factor I receptor (IGF-IR), are other

examples of proteins that have been described to crosstalk with

the oestrogen receptor and be of importance for response to

endocrine treatment.17 18 In a neoadjuvant phase III study,

patients with oestrogen receptor who also expressed EGFR or

Abbreviations: AIB1, oestrogen receptor co-regulator amplified in breast
cancer 1; COX-2, cyclooxygenase 2; EGFR, epidermal growth factor
receptor; IHC, immunohistochemistry; IGF-IR, insulin-like growth factor I
receptor; TMA, tissue microarray
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HER-2 had a significantly better response to treatment with the

aromatase inhibitor letrozole than to antiestrogen treatment

with tamoxifen.19 IGF-IR has been shown to be an oestrogen-

regulated protein,20 associated with response to antioestrogen

treatment in cell culture models.21

Different scoring systems exist for semi-quantitative evalua-

tion of immunohistochemical staining of breast cancer tissue.

Some of the most widely used are the Quick score, the H score

and the Allred score, all described for evaluation of nuclear

staining.7 8 22 23 Some authors have also used the Allred score or

an H score to evaluate pS2, which is located in the cytoplasm,9

and for cytoplasmic staining of aromatase.24 We have used the

Allred score to determine the nuclear proteins oestrogen

receptor, progesterone receptor , p27 and AIB1, and the

cytoplasmic proteins Bcl-2, COX-2 and pS2. The guidelines for

the Herceptest, developed for HER-2 evaluation, have been

widely used for HER-2 determination25 26 and also used to

assess the membrane receptor EGFR.19 In this study EGFR,

HER-2 and IGF-IR levels were determined according to the

guidelines for the Herceptest.

The purpose of this study was to examine whether TMAs of

2 mm cores from paraffin-embedded tumour tissue may

replace whole sections for semi-quantitative detection of

oestrogen receptor, progesterone receptor , p27, AIB1, Bcl-2,

COX-2, pS2, HER-2, EGFR and IGF-IR in breast cancer samples

analysed by IHC. The core diameter of 2 mm was selected to

ensure sufficient tumour cells for the quantitative evaluation

and still obtain a significant reduction in the number of blocks

to be analysed and in the costs for reagents.

MATERIALS AND METHODS
Tumour material
Archive formalin-fixed and paraffin-embedded primary tumour

tissue was obtained from Danish patients with breast cancer

who had participated in an international randomised clinical

phase III trial comparing letrozole with tamoxifen as first-line

therapy for postmenopausal women with metastatic breast

cancer.27 Altogether 89 Danish patients participated in the trial,

and paraffin blocks containing primary tumour material were

identified according to the patients’ pathology reports. It was

possible to collect primary tumour material from 69 patients.

One patient had primary bilateral breast cancer, resulting in a

total number of 70 tumours in this study. A total of 54 tumours

were classified as invasive ductal and nine as invasive lobular

carcinoma. Two tumour samples were classified as neither

lobular nor ductal; four samples were not suitable for

classification. One sample contained only in situ material and

was not used.

Immunohistochemical staining
Sections, 3 mm, were dewaxed in coconut oil and rehydrated in

a graded series of ethanol. Slides were preheated for 10 min

and boiled for 15 min in a microwave oven at 600 W in TEG

buffer (pH=9, Bie & Berntsen, Denmark) for antigen retrieval

and rinsed in tap water, except for slides stained for EGFR, in

which a 5 min protease digestion was used as antigen retrieval.

All immunostainings were performed at room temperature

using the automated immunostainer Tech-mate 500

(DakoCytomation), according to the following protocol: slides

were washed in TBS +0.1% BRIJ-35 detergent (AX-LAB,

Denmark) and incubated with primary antibody diluted in

TBS +0.1% BRIJ-35 +1% BSA +15 nM sodiumazide for 60 min.

After washing, endogenous peroxidase activity was blocked

using 3% H2O2 in TBS +0.1% BRIJ-35. The ChemMate

EnVision+ Detection Kit (Peroxidase/Dab, Rabbit/Mouse,

K5007, DakoCytomation, Glostrup, Denmark) was used as

detection system for the primary antibodies. After washing, slides

were counterstainedwith haematoxylin and dehydrated in graded

series of ethanol, and finally mounted with Pertex (Histolab,

Denmark). The following primary antibodies, all monoclonal

mouse subtype IgG1, were used: oestrogen receptor, clone ER1D5,

1:200 (Immunotech, Trichem Aps, Frederikssund, Denmark);

pregesterone receptor, clone 16, 1:200 (Novocastra, Trichem Aps,

Frederikssurd, Denmark); IGF-IR, clone 24–31, 1:200

(NeoMarkers, AH-diagnostics, Aarhus, Denmark); p27, clone F-

8, 1:100 (Santa Cruz); AIB1, clone 34, 1:60 (Transduction

Laboratories, BD-Bioscience, Brøndby, Denmark), COX-2, no:

611 104, 1:150 (Cayman Chemicals, AH-diagnostics, Aarhus,

Denmark), pS2, clone BC04, 1:25 (DakoCytomation); Bcl-2, clone

124, 1:300 (DakoCytomation) and EGFR, clone E30, 1:50

(DakoCytomation). The specificity of the immunoreactions was

verified by substituting the primary antibody with the corre-

sponding concentration of mouse IgG1, X 0931

(DakoCytomation). In addition, positive control slides with breast

tumour tissue or other tissue known to stain positive were

included in every run. HER-2 staining was performed with the

‘‘Herceptest for the TechMate Instrument’’ K 5206

(DakoCytomation) according to the manufacturer’s instruction.

All stainings of the individual antigens were performed in a single

run to minimise inter-serial staining variation.

Preparation of tissue microarrays
TMA blocks were constructed using the TMA-builder from

Histopathology Ltd (AH-diagnostics, Denmark). Targets for

arraying (areas with representative invasive tumour) were

identified by marking the corresponding areas on haematox-

ylin–eosin stained sections from each paraffin block. Two tissue

cores with a diameter of 2 mm were transferred from each

donor block to the recipient TMA block. Kidney tissue was

placed in the first core of the upper left and right corner of the

TMA block to ensure correct orientation when examining the

slides.

Evaluation of immunohistochemical staining
KLH has scored all the samples and BBR has been consulted in

cases of doubt. Only invasive tumour components were

considered when judging the staining. One or two cores were

scored. In the cases with two score values (approximately 80%

of the tumours), the vast majority of the cases had identical

score values or differed by one value. Fewer than 10% differed

by two or more score values, and statistical evaluation of the

association between the values in cases with two TMA scores

showed a significant association between the scores. A

preliminary investigation had shown that in the rare cases

where score values differed by more than 2, the lowest score

value was generally markedly below the score of the whole

sections, whereas the high score value was equal to or close to

the whole sections score. Therefore, the highest score values

were used in the cases with two eligible scores. Semi-

quantitative determination of oestrogen receptor, progesterone

receptor, p27 and AIB1 was performed according to the method

described by Allred et al.22 This method was also used for semi-

quantitative determination of the non-nuclear intracytoplasmic

markers pS2, COX-2 and Bcl-2. In brief: the proportion of

positive stained cells was rated as 0=no cells stained positive,

1=between 0% and 1% positive, 2=between 1% and 10%,

3=between 10% and 33%, 4=between 33% and 66%, and

5=between 66% and 100%. In addition to the proportion score,

an intensity score was made on the basis of the average

intensity of staining: 0=negative, 1=weak, 2= intermediate

and 3= strong. The intensity score and the proportion score

were added to obtain the total score; this is referred to as the

Allred score, and is either 0 or between 2 and 8. Scores of 0 and

2 were interpreted as negative. Only nuclear staining was
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judged when scoring oestrogen receptor, progesterone receptor,

p27 and AIB1, whereas cytoplasmic staining was scored for

COX-2, pS2 and Bcl-2. HER-2, EGFR and IGF-IR were scored

according to the guidelines for HER-2 staining as 0, 1+, 2+ or

3+.28 In brief: 0=no staining or membranous staining in ,10%

of invasive tumour cells; 1+=faint or barely perceptible

membranous staining in .10%; 2+=weak or complete

membranous staining in .10%; 3+=strong complete membra-

nous staining in .10%. Scores 0 and 1+ were interpreted as

negative in this study.

Statistical analysis
Agreement between the two ordinal variables: scores for whole

sections and TMA were determined by calculating the kappa

score, and the 95% confidence intervals (CIs) are given. Kappa

statistics were also used to test agreement between scores on

two TMA cores from the same tumour. The hypothesis of no

systematic difference between the scores was analysed with

Wilcoxon’s Signed Rank Sum test on the difference (TMA–

whole sections). The concordance in determination of a positive

or negative response is given on the basis of the score of whole

sections versus TMA. In all tests, a p value of,0.05 was used as

the level of significance.

RESULTS
Paraffin blocks were available from 70 tumours, and 66 blocks

had invasive tumour components adequate for TMA blocks. On

microscopic examination of the TMA slides some cores had

floated off, reducing the total number of TMA to be compared

with whole sections to between 44 and 64.

Immunohistochemical staining and scoring of results of
marker proteins
Figure 1 shows representative examples of immuno-

histochemical staining of oestrogen receptor, progesterone

receptor, p27, AIB1, COX-2, Bcl-2 and pS2, all scored by the

Allred scoring system. An example of a low or intermediate

score as well as a high score is shown for all seven markers.

Staining for oestrogen receptor (fig 1A, 1B) and progesterone

receptor (fig 1C, 1D) was observed as a distinct nuclear staining

of varying intensity, as described previously in other studies.23 29

The patients enrolled in this study had all been previously

classified as receptor positive (oestrogen receptor and/or

progesterone receptor positive) or unknown after surgery for

primary breast cancer,27 and the results from this analysis

confirm these previous tests, since the only tumour that was

oestrogen receptor negative was positive for progesterone

receptor. From table 1, it can be seen that the majority of the

tumours had high Allred scores for oestrogen receptor and

progesterone receptor. Staining of p27 (fig 1E, 1F) was observed

in the nucleus, with weak or intermediate staining intensity in

most cases. Nuclear staining was also seen in benign/normal

epithelia, and in lymphocytes. Both low, intermediate and high

p27 score values were observed (table 1). Examples of AIB1

staining are seen in fig 1G and 1H. AIB1 immunoreactivity was

observed in the nucleus, in most cases with an intermediate or

high Allred score value (table 1). Figure 1I and 1J show staining

of COX-2, mostly seen as a granular staining in the cytoplasm,

as also described by others.30 31 Surprisingly, some samples also

showed staining in the nucleus and plasma membrane. As seen

in table 1, low, intermediate and high COX-2 Allred score

values were observed. Figure 1K and 1l illustrate staining of the

anti-apoptotic protein Bcl-2, which appears as cytoplasmic

staining. In most cases, a high Bcl-2 score value was observed

(table 1). Figure 1M and 1N shows staining of pS2. Generally,

the pS2 staining was granular and heterogenic with a tendency

to perinuclear localisation as seen in figure 1N. In all, 18

tumours (28%) were classified as pS2 negative (table 1).

Figure 2 shows staining of the membrane proteins HER-2,

EGFR and IGF-IR, all scored by the guidelines for the

Herceptest. An example of a 1+ and a 3+ score is shown for

all three markers. Staining of HER-2 (fig 2A, 2B) was observed

in the plasma membrane. Herceptest scoring values of 1+, 2+

and 3+ were observed for HER-2, but most of the samples

scored 0 (table 1). Examples of membranous EGFR staining are

seen in figure 2C and 2D. Since all samples in this study were

scored as 0 (table 1), figure 2C and 2D shows examples of

EGFR-positive breast cancer control samples obtained from

breast tumours negative for oestrogen receptor. Staining of

IGF-IR (fig 2E, 2F) had the same appearance as the HER-2

staining, except that IGF-IR staining was also seen often in the

cytoplasm and in normal epithelia as well as in benign lesions.

Only membrane staining was considered for the scoring. IGF-IR

scoring values of 2+ and 3+ were observed for most of the

samples (table 1).

Comparison of marker scores from whole sections and
TMA
For each marker, the scores from TMA analysis and whole

sections were compared, and the result from the oestrogen

receptor scoring is shown as an example in table 2.

A total of 55 tumours were scored in both whole sections and

TMA, and identical scores were observed in 35 samples; 14

samples varied by no more than one score. Four samples varied

by two scores, whereas only two tumours varied by three scores

or more.

Table 3 shows the distribution of the difference between

TMA and whole sections scored for all markers. The best

correspondence between scores was observed for the membrane

markers HER-2, EGFR and IGF-IR, in which an equal score was

found in 93%, 100% and 69%, respectively. For EGFR, all

samples were scored as 0 in both whole sections and TMA. The

largest variation in scores was observed for p27, but pS2, Bcl-2

and progesterone receptor also had examples of samples with a

difference of up to 7 or 8 in Allred score value. Nevertheless, in

the total analysis only 12.2% of the scores have a difference of

more than ¡1 between TMA and whole sections.

From table 3, it appears that the scores from whole sections

were more often higher than lower than the score from TMA.

Therefore a statistical analysis of the direction of the difference

between whole sections and TMA was performed by Wilcoxon’s

signed rank sum test; the p values are given in table 3. As can

be seen, no systematic discrepancy was present between scores

obtained from whole sections and TMA, except for p27, Bcl-2

and pS2, where there was a significant systematic discrepancy

towards a higher score in whole sections than in TMA. Table 3

also shows the kappa scores with 95% CIs and the p values for

test of no association between the score values for TMA and

whole section. EGFR was excluded from this analysis because

all samples scored 0. Only 17 of the 44 samples scored for HER-

2 had score values above 0, and thus the effective sample size

for testing the agreement for this marker is smaller for the

others. The p values for all markers except HER2 and EGFR was

,0.01%, indicating a statistically significant agreement

between the scoring values obtained by whole sections and

TMA.

Comparison of positive and negative results on whole
sections and TMA
From a clinical point of view the most important information

may be whether positive and negative results from TMA blocks

are comparable with the results from whole sections. According

to the cut-off levels used in this study, the number and
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percentage of samples with concordance and discordance

between positive and negative results were calculated

(table 4). Apart from p27 and pS2, for which the discordance

between positive and negative result was 13% and 14%,

respectively, the concordance for the remaining markers

exceeded 90%.

A B C D

E F G H

I J

M N

K L

Figure 1 Examples of immunohistochemical staining of markers scored by the Allred scoring system: nuclear markers are shown in A–H and cytoplasmic
markers in I–N. (A) Weak oestrogen receptor staining in most cells, Allred score 6; (B) strong oestrogen receptor staining, Allred score 8; (C) strong
progesterone receptor staining in few cells, Allred score 4; (D) strong progesterone receptor staining in most cells, Allred score 8; (E) weak p27 staining in
many cells, Allred score 5; (F) intermediate p27 staining in most cells, Allred score 7; (G) weak AIB1 staining in few cells, Allred score 3; (H) intermediate
AIB1 staining in most cells, Allred score 7; (I) weak COX-2 staining in few cells, Allred score 3; (J) intermediate COX-2 staining in most cells, Allred score 7;
(K) intermediate Bcl-2 staining in few cells, Allred score 5; (L) strong Bcl-2 staining in most cells, Allred score 8; (M) intermediate pS2 staining in few cells,
Allred score 5; (N) strong pS2 staining in most cells, Allred score 8.

Table 1 Number of scores on whole sections

Allred
score

Nuclear localisation Cytoplasmic localisation

Herceptest
score

Membrane localisation

Oestrogen
receptor

Progesterone
receptor p27 AIB1 COX2 Bcl2 pS2 HER2 EGFR IGF-IR

0 1 8 8 4 7 5 16
0

27 58 2
2 0 0 0 2 1 3 2
3 1 4 8 1 4 3 6

1
7 0 6

4 1 7 9 4 3 2 13
5 4 3 10 12 12 1 6

2
7 0 19

6 8 6 4 11 9 5 9
7 22 6 10 11 7 24 6

3
3 0 27

8 18 20 6 7 3 15 6
Total 55 54 55 52 46 58 64 Total 44 58 54

AIB1, oestrogen receptor co-regulator amplified in breast cancer 1; COX2 cyclooxygenase 2; EGFR epidermal growth factor receptor; IGF-IR, insulin-like growth factor I
receptor.
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DISCUSSION
Many resources and much effort are put into understanding the

basis of breast cancer development and progression, as well as

into identifying markers for prognosis and prediction of

response to treatment. In the search for new markers for

response to endocrine treatment the semi-quantitative level of

specific markers may be important. For oestrogen receptor,

progesterone receptor and pS2, high IHC score levels were

associated with better response to tamoxifen treatment.9

Furthermore, the presence of as few as 1–10% of cells weakly

A B

C D

E F

Figure 2 Examples of immunohistochemical staining of membrane markers scored by the Herceptest scoring system. (A) Faint HER-2 staining, Herceptest
score 1+; (B) strong HER-2 staining, Herceptest score 3+; (C) faint epidermal growth factor receptor (EGFR) staining, Herceptest score 1+; (D) strong EGFR
staining, Herceptest score 3+. (E) faint insulin-like growth factor I receptor (IGF-IR) staining, Herceptest score 1+; (F) strong IGF-IR staining, Herceptest score
3+. The samples for EGFR staining do not belong to this series of samples, but were selected from EGFR-positive control breast cancer samples.

Table 2 Oestrogen receptor Allred score from whole sections and tissue microarrays

TMA 0 TMA 2 TMA 3 TMA 4 TMA 5 TMA 6 TMA 7 TMA 8 Total

Whole section 0 1 0 0 0 0 0 0 0 1
Whole section 2 0 0 0 0 0 0 0 0 0
Whole section 3 1 0 0 0 0 0 0 0 1
Whole section 4 0 0 0 0 0 1 0 0 1
Whole section 5 0 0 1 1 1 1 0 0 4
Whole section 6 1 0 0 0 1 3 1 2 8
Whole section 7 0 0 0 0 0 2 13 7 22
Whole section 8 0 0 0 0 0 0 1 17 18
Total 3 0 1 1 2 7 15 26 55

TMA, tissue microarray.
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positive for oestrogen receptor (corresponding to an Allred

score greater than 2) predicts a higher probability of disease-

free survival for patients receiving endocrine treatment than

with tumours negative for oestrogen receptor. 23 TMA is a fast

and cost-effective technique for IHC analysis that requires only

a small amount of paraffin-embedded tumour tissue. We

conducted this study to analyse whether the TMA technique

can be used for semi-quantitative IHC analyses of a panel of

well-established as well as new potentially predictive markers

for endocrine treatment.

Generally, the nuclear markers, for which the Allred scoring

system was originally introduced,22 were easier to evaluate by

this scoring system than the cytoplasmic markers. Both

oestrogen receptor and progesterone receptor have for a long

time been known to predict response to endocrine treatment,32

and staining methods for both markers are well established.

Furthermore, semi-quantitative evaluation of oestrogen recep-

tor and progesterone receptor in TMA samples has been

examined previously, and although the scores were not exactly

the same in whole sections and TMA, the association between

oestrogen receptor and progesterone receptor expression in the

whole sections and TMA was statistically significant.7 In our

study, we also observed a statistically significant association

between oestrogen receptor and progesterone receptor values

scored in whole sections and TMA, p,0.01. Exactly the same

score was found in 63.6% and 57.4% of the oestrogen receptor

and progesterone receptor samples, respectively. Both sampling

and observer variability influence the score, and it is note-

worthy that with the complex Allred score, as many as 89.1%

and 77.8% of the oestrogen receptor and progesterone receptor

scores, respectively, are within only 1 score difference. In only

2% of the tumour samples did a score difference of 1 in

oestrogen receptor or progesterone receptor value result in

altering the categorisation of the tumour to negative or positive.

Thus, this analysis clearly supports using semi-quantitative IHC

analysis of oestrogen receptor and progesterone receptor in

TMA in future studies as a convenient substitute for semi-

quantitation in whole sections.

All antibodies were recommended by the manufacturers for

IHC light microscopy analysis of formalin-fixed and paraffin-

embedded samples, except for the AIB1-antibody, which was

recommended for immunofluorescence and western analysis.

In spite of this, the AIB1 antibody has been proven to work well

in both immunocytochemistry and IHC with MCF-7 breast

cancer cells and breast tumour samples.33 In this study, only 5

out of 46 samples analysed for AIB1 deviated more than 1 score

in whole sections and TMA (table 3), and a significant

association, with no systematic discrepancy, was found

between whole sections and TMA scores.

In a few samples stained for p27, both cytoplasmic as well as

nuclear staining were observed. This has been described as a

sign of bad prognosis,34 but as it was observed in no more than

a few cases, only nuclear p27 staining was considered for the

Allred score. Both p27 and pS2 staining displayed a very

Table 3 Distribution of the difference between scores (tissue microarray score–whole section score); test of the hypothesis of no
systematic difference. The estimated kappa score quantifies the agreement

Difference (TMA-
whole section)

Nuclear localisation Cytoplasmic localisation Membrane localisation

Oestrogen
receptor

Progesterone
receptor p27 AIB1 COX2 Bcl2 pS2 HER-2* EGFR� IGF-IR

28 — 1 1 — — — — — — —
27 — — 1 — — — 1 — — —
26 1 — — — — 1 1 — — —
25 — — 1 — — 1 1 — — —
24 — 1 1 — — 1 3 — — —
23 1 3 4 — 4 1 1 — — —
22 1 2 5 5 2 4 5 — — —
21 5 8 11 10 8 7 11 2 — 10
0 35 31 24 28 24 39 34 41 58 37
1 9 3 5 9 7 3 7 1 — 7
2 3 4 1 — 1 1 — — — —
3 — 1 — — — — — — — —
.4 — — 1 — — — — — — —
Test of agreement
p Value` 0.67 0.20 0.001 0.07 0.07 0.007 0.001 NA NA 0.63
Kappa score 0.49 0.48 0.35 0.46 0.43 0.58 0.43 0.88 NA 0.49
95% CI 0.33% to

0.65%
0.34% to
0.62%

0.20% to
0.50%

0.29% to
0.62%

0.26% to
0.60%

0.42% to
0.73%

0.3% to
0.57%

0.74% to
1.00%

0.29 to
0.70

p Value1 ,0.01 ,0.01 ,0.01 ,0.01 ,0.01 ,0.01 ,0.01 ,0.01 ,0.01

AIB1, oestrogen receptor co-regulator amplified in breast cancer 1; COX2, cyclooxygenase 2; EGFR, epidermal growth factor receptor; IGF-IR, insulin-like growth factor
I receptor; NA, not applicable; TMA, tissue microarrays.
*For the marker HER-2, only 17 of 44 samples have values above zero. Thus the effective sample size for testing the agreement is smaller than for the other markers.
�It is not possible to test the agreement for the marker EGFR, because all samples have the value 0.
`Wilcoxon’s rank sum test of no systematic difference.
1Test of no association.

Table 4 Comparison of positive and negative results on whole sections and tissue microarrays

Nuclear localisation Cytoplasmic localisation Membrane localisation

Oestrogen receptor Progesterone receptor p27 AIB1 COX2 Bcl2 pS2 HER-2 EGFR IGF-IR

Concordance (%) 96 93 87 96 91 91 86 100 100 91
Discordance (%) 4 7 13 4 9 9 14 0 0 9

AIB1, oestrogen receptor co-regulator amplified in breast cancer 1; COX2, cyclooxygenase 2; EGFR, epidermal growth factor receptor; IGF-IR, insulin-like growth factor
I receptor.
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heterogeneous tissue distribution in the same whole sections

sample. This may explain why p27 and pS2 had a pronounced

systematic discrepancy towards a higher score in whole sections

compared with TMA (table 3) and why both of these markers

had a concordance of positive and negative results of ,90%.

COX-2 staining, on the other hand, appeared relatively

heterogeneous between samples. Some samples showed not

only perinuclear and cytoplasmic staining, but also staining of

the nucleus and plasma membrane, which made COX-2

difficult and time consuming to analyse. In spite of these

difficulties in the evaluation of COX-2, a significant association

was observed when comparing whole sections and TMA

(table 3). For Bcl-2, no difficulties in the scoring procedure

could explain the observed statistical discrepancy between

higher scores in whole sections than in TMA. Even though a

higher score value for Bcl-2 was found in whole sections, a

significant association was found between whole sections and

TMA analysis. Because of the systematic tendency towards

higher Bcl-2 scores in whole sections, further examination of

Bcl-2 with the TMA method would be required to justify semi-

quantitative analysis of Bcl-2 with TMA.

Most samples scored 0 for the membrane markers HER-2 and

EGFR (table 1). The observation that only seven samples scored

2+ and three samples 3+ for HER-2 was not surprising, as high

HER-2 levels are correlated with oestrogen receptor negativity.35

Only 3 out of 44 samples did not receive identical HER-2

scoring results in whole sections and TMA (table 3). This

number was not adequate to examine whether the scoring

results obtained from whole sections were higher than scores

from TMA, but the significant association between whole

sections and TMA scores confirms other studies in which

analysis of HER-2 by the Herceptest was found suitable for

TMA.5 36 Several papers have described absent or low EGFR

levels in oestrogen receptor positive tumours,37–40 and a review

paper reports that oestrogen receptor positive tumours were

EGFR positive in 4–51% of the samples, with a mean of 29%.41

None of the samples analysed in this study expressed EGFR,

neither on whole sections nor on TMA. Therefore, it is obvious

that the proportion of equal scores is 100%. However, no

adequate conclusions can be drawn on the basis of this result.

In contrast to HER-2 and EGFR, many of the samples were

scored as 2+ or 3+ for IGF-IR. Other studies have found

comparable results; for example, 87.5% of ductal and lobular

breast cancer types were found to score 6–8 when evaluated by

the Allred scoring system.42 Compared with HER-2, more

cytoplasmatic IGF-IR immunoreactivity was observed, as also

described by others.43 44 In 31.5% of samples, IGF-IR scoring did

not display identical results in whole sections and TMA. But no

systematic discrepancy was shown between whole sections and

TMA, and a significant association was found between whole

sections and TMA. Of the analysed membrane markers, we find

TMA as good as whole sections for semi-quantitative IHC

analysis of both HER-2 and IGF-IR.

A previous finding8 has disclosed a good agreement between

p27 analysis from whole sections and TMA with both the Quick

score and the H score. The comparison was performed with only

20 samples, in contrast to this study, with 55 whole sections

and TMA samples. We also found a statistically significant

association between the semi-quantitative p27 scores in whole

sections and TMA. However, we also observed a significant

systematic tendency towards a higher score in whole sections

than in TMA for p27; and the discordance between positive and

negative results exceeds 10% (table 4). Thus, we conclude that

this optimised p27 IHC is not suited for scoring with the TMA

technique.

In summary, our results showed a statistically significant

association between the scoring values for oestrogen receptor,

progesterone receptor, p27, AIB1, COX-2, Bcl-2, pS2, HER-2

and IGF-IR obtained in TMA with 2 mm cores and whole

sections, but with a systematic tendency towards a higher score

in whole sections than in TMA for p27, Bcl-2 and pS2.

Furthermore, the concordance between positive and negative

scoring result exceeded 90% for oestrogen receptor, progester-

one receptor, AIB1, COX-2, Bcl-2, HER-2 and IGF-IR.

Considering that the goal of this study is to include several

markers in the selection of treatment for the patient, a

discordance of ,10% for the individual markers may be

considered acceptable. Thus, we conclude that semi-quantita-

tive analysis of breast cancer TMAs for oestrogen receptor,

progesterone receptor, AIB1, COX-2, HER-2 and IGF-IR can

replace analysis on whole sections. When only a positive or

negative scoring result is required, Bcl-2 can be added to this

list of markers.
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