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Figure 1 Schematic illustration showing how membranes are segmented by the automated digital image analysis method. (A) Original HER2/neu
immunohistochemically stained image. (B) Result of find maxima and converting to mask. (C) Result after a selection of the mask in B is loaded into A
and all picture points outside the mask are deleted. (D) brown diaminobenzidine component of the colour deconvoluted image in C. (E) Threshold of D.
(F) Mask created based on threshold in E. (G) Same as F but small objects are removed. (H) Selection created on the basis of G. (I) Selection from H

loaded into the original image where the measurement is made.

Table 1 Correlation between subjective consensus scores of two
pathologists and digital image analysis (DIA) scores (using grey
scale = 119 as decision threshold) (p<<0.001)

DIA score
2+ 3+ Total
Subjective consensus score
2+ 23 0 23
3+ 0 37 37
Total 23 31 60
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staining in >10% of the invasive cancer cells. Two pathologists
performed the scoring. The two have worked closely for many
years and regularly discussed the degree of HER-2 staining.
Subjective consensus scores were obtained for each breast
cancer using a multiheaded microscope and without knowledge
of prior scores and FISH results.

DIA
Slides were evaluated using the Image] DIA program (National
Institutes of Health, USA; http://rsb.info.nih.gov/ij/). For each
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Table 2 Correlation between the subjective consensus scores, and
conventional Vlysis fluorescence in situ hybridisation (FISH) scores
(p<<0.001)

FISH score (Vysis scoring protocol)

Neg Low amp  Amp Total
Subjective consensus score
2+ 19 2 2 23
3+ 4 1 9 14
Total z 3 " 37

Neg, HER2/neu/CEP17 ratio <1.8; Low amp, ratio 1.8-2.2; Amp, ratio >2.2.

tumour, from the areas of strongest HER2/neu staining of the
invasive front, five fields of vision (FOV) were selected and
digitised with a 40x objective (NA 0.75) and a Scion Image
(CFW-1312C) colour CCD camera using a Leica microscope LM
DM with a CTRMIC control unit (Leica, Wetzlar, Germany).
To ensure stable image quality, the camera system was supplied
by a UPS voltage stabiliser (which guaranteed 230V +1V), and
the microscope aperture and light settings were automatically
controlled by Leica DM SDK 4.1/MIC control software. Before
each image capturing session, the system was calibrated with an
optical-density calibration slide (PRESS-PRO21).

Based on built-in Image] program functions, we created a
macro to automatically segment membrane staining and
measure the area of membrane fragment and the mean and
median staining intensity. Figure 1 illustrates the different
image processing steps. Briefly, membrane staining was
segmented by using the find maxima (segmented particles)
function followed by the converting to mask function. The mask
was adjusted with two dilations and erosions. Then, a selection
was created which was overlaid (i.e. restored) on the original
image. Everything outside the selection was deleted, resulting in
an image that was comprised almost exclusively of stained
membrane. The image was then cleaned up by a combination of
colour deconvoluting and thresholding the deconvoluted image that
contained the diaminobenzidine (DAB) component, using the
Otsu threshold,® and removing membrane fragments <50 pixels.
This resulted in a new image containing only larger DAB-
stained membranes and larger membrane fragments. Based on
this image, a new mask and selection was made and restored in
the original image from which the final measurements were
taken. The final selection in the original image could be viewed
directly on the screen and manually inspected along with the
measurements (fig 1).

The immunohistochemical expression is calculated as a linear
grey scale, in which totally white = 255 and totally black = 0.

FISH analysis
Since January 2006, FISH analysis has been used routinely, as an
add-on to immunohistochemistry, for further HER2-classifica-

Table 3 Correlation between subjective consensus scores and FISH
scores according to the modified protocol (p<<0.001)

FISH score (modified (Zymed) scoring

protocol)
Neg Low amp Amp Total
Subjective consensus score
2+ 20 2 1 23
3+ 0 7 7 14
Total 20 9 8 37

Neg, HER2/neu 0-5 signals/nuclei; Low amp, >5-10 signals/nuclei; Amp >10
signals/nuclei.
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Figure 2 Scatter plot of subjective consensus scores and digital image
analysis (DIA) scores, indicating fluorescence in situ hybridisation (FISH)
scores according to the Vysis scoring protocol. Neg, HER2/neu/CEP17
ratio <1.8; Low amp, ratio 1.8-2.2; Amp, ratio >2.2.

tion of IHC 2+ and 3+ breast cancers. FISH was performed in 37
of the 60 2+/3+ cases. The PathVysion (Vysis Inc, Downers
Grove, Illinois, USA) assay was used to evaluate amplification of
the HER-2/neu gene, according to the manufacturer’'s FDA-
approved protocol. HER-2/neu and centromere chromosome 17
(CEP17) signals were manually counted using a fluorescent
microscope. A HER2/CEP17 ratio of 2.2 or higher was
considered positive for HER-2/neu amplification. A HER2/
neu/CEP17 ratio <1.8 was considered negative for HER-2/neu
amplification. The few cases with ratios between 1.8 and 2.2
were interpreted as having low amplification. Using this
classification rule, repeated independent tests of 25 cases in
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Figure 3 Scatter plot of subjective consensus scores and digital image
analysis (DIA) scores, indicating HER2/neu amplification according to the
modified fluorescence in situ hybridisation (FISH) scoring protocol. Neg,
0-5 signals/nuclei; Low amp, >5-10 signals /nuclei; Amp, >10 signals/
nuclei.
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Take-home messages

» Subjective HER-2 expression scoring in breast cancer has
therapeutic significance, but subjective scoring reproducibility
is not perfect.

» Consensus scoring or digital image analysis may improve
accuracy and reproducibility of Hercep Test Scoring.

» Amplification of CEP17 is to be taken into account when
scoring dual colour HER-2 FISH.

our laboratory by different technicians and in another
laboratory (Ulleval Hospital, Oslo, Norway) showed complete
concordance. The FISH scoring was also evaluated with a
modified (Zymed chromogenic in situ hybridisation (CISH))
scoring protocol as follows: mean HER2/neu 0-5 signals/
nucleus, negative; >5-10 signals/nucleus, low amplification;
>10 signals/nucleus, amplification.

Statistical analysis
Correlation tables were made and correlations between vari-
ables were calculated using SPSS v.14.0.

RESULTS

Figure 1 outlines the steps for DIA. Note the correlation
between actual immunohistochemical staining and DIA-
detected HER2/neu expression. Based on consensus scoring, 23
(38%) of the cases were 2+ and 37 (62%) were 3+; these scores
were 100% in agreement with DIA scores (table 1). With
conventional FISH scoring, 4 (21%) of the 3+ cases showed no
amplification (table 2, fig 2), but all of the four negative cases
had high HER2/neu copy numbers. With the modified FISH
scoring protocol, all HercepTest 3+ cases were FISH positive
(table 3, fig 3). Of the 2+ cases, 3 (13%) were amplified
according to the modified FISH protocol, and 4 (17%) were
amplified according to the conventional protocol (tables 2 and
3). None of the DIA 3+ cases was negative according to the
modified FISH protocol.

DISCUSSION

Agreement between the subjective consensus scores and the
DIA was excellent, as was the correlation between IHC 3+ and
FISH when the modified FISH scoring protocol was used.
However, the correlation was not as good (71%) when the Vysis
dual-colour protocol was used. The Vysis protocol score is the
ratio of the number of HER2/neu and CEP17 signals. In the four
IHC 3+ negative Vysis FISH cases, the number of CEP17 signals
was higher than the expected 1-2 signals or 3-5 polysomy
signals. It is noted that >5 HER2/neu signals correlates with a
2.5c exceeding rate, which in ploidy analysis is a widely
accepted high-risk indicator for a variety of diagnostic and
prognostic applications.”” In the four Vysis FISH negative
HercepTest 3+ cases studied, the average HER-2 signal
amplification range was 6-10 CEP17 and 6-11 HER2/neu
signals/nuclei. These are most likely cases that have amplified
CEP17 and HER2/neu genes, but the ratio of the CEP17 and
HER2/neu scores is <1.8, despite clear HER2/neu amplification.
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This would explain the negative Vysis FISH classification and
the three low amplification cases and one amplified case with
the modified FISH protocol. Amplification of CEP17 is to be
taken into account when scoring dual colour FISH, since this is
reported to occur in a variable number of breast cancers. It has
been recommended"” that the raw data number of HER2/neu
signals and CEP17 signals be evaluated together with the ratio
to avoid misinterpretation of rare cases with high CEP17 and
HER2/neu copy numbers. Hofmann er al/'' described three
(1.0%) of 302 patients with FISH negative ICH 3+ positive
tumours who responded to trastuzumab therapy, and noted
that two of the cases had >9 CEP17 signals/nucleus. Therefore,
it is likely that the four IHC 3+ cases with high copy numbers of
HER2/neu and CEP17 were correctly scored as 3+ by consensus,
DIA, and the modified FISH (Zymed CISH ) scoring protocol.

Many studies have shown considerable inter- and intra-
observer variability in subjective IHC HER2/neu scores.’*
Although consensus scoring appears to increase the accuracy
and reproducibility of subjective scores, it is unrealistic in a
clinical setting to use labour-intensive consensus scoring with
several expert breast pathologists in each IHC 2 and 3+ case,
especially in small laboratories. The current results show that
HER2/neu scoring by DIA is accurate, time-effective (5-10 min/
assessment), reproducible, and does not require expensive
equipment (the costs of the system we used was about €6000
(US$8000, or £4000)).

We conclude that modified FISH scores correlate better than
conventional FISH scores with HercepTest 3+ consensus and
DIA scores. Furthermore, HER2/neu DIA scoring is a cost-
effective supplementary tool in surgical pathology.

Competing interests: None.
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