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Abstract Breast cancer is the second leading cause of cancer
mortality amongst American women. The HER2 gene encodes
a cell surface receptor that affects cell proliferation and has been
recognized as a diagnostic factor in treatment selection for invasive breast cancer. Examine accuracy in HER2 detection between manual count, computer assisted, and automated tiling
algorithm. 42 randomly selected invasive breast cancer specimens were enumerated by fluorescence in situ hybridization
(FISH)for HER2 and CEP17 markers using the Vysis HER2
assay (AbbotLaboratory, North Chicago, IL). Specimens were
tested using three methods: Manual, computer assisted nuclei
selection (Tissue FISH MetaSystems, Newton, MA), and automated enumeration (MetaSystems, Newton, MA). The greatest
bias and widest agreement limits for HER2 and CEP17 were
seen in Automatic versus Manual, the gold standard. HER2
values greater than 6 possessed the greatest bias and widest
agreement limits. CEP17 comparison showed similar bias and
agreement limits for each comparison. Kappa values indicated
good agreement for all methods although Tissue FISH and
Manual possessed better agreement. Higher agreement at lower
HER2 & CEP17 count maybe due to fewer chromosomal aberrations, in which selection of field of views has less variation
between methods. Alternatively, increased background signals
seen in polyploidy may be responsible for the variations in
signal count. Manual and Tissue FISH demonstrated good
agreement amongst by both Altman Bland and Cohen’s
Kappa. While the automatic method has good agreement at
lower HER2, the sharp increase in variability at higher HER2
counts illustrates a limitation of the automatic method.
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Introduction
Breast cancer is the second leading cause of cancer mortality
amongst American women. Breast cancer, like all cancers, carries somatic mutations and chromosomal aberration in their genomes. A subset of genomic change,
called driver mutations, give the mutated cell line a
clonal selective advantage for oncogenesis [1, 2]. Screening
for these mutations has advanced the diagnosis of breast cancer which in turn leads to more successful treatment and reduced mortality.
HER2 gene amplification has been recognized for many
years as a diagnostic test and a critical factor in selection of
treatment options. The HER2 cell surface receptor affects cell
proliferation and survival of the cell line. The increased receptor expression serves as a target for the humanized monoclonal antibody Herceptin (Trastuzumab) which binds with high
affinity to the extracellular domain of HER2 [3–6]. An international, multicentered study concluded treatment with
Herceptin is well tolerated and prolongs life for those with
an otherwise poor prognosis [4]. The ASCO (American
Society of Clinical Oncology) and CAP (College of
American Pathologist) guidelines mandate every invasive
breast cancer case have HER2 enumeration to evaluate for
treatment with Herceptin [3].
The FISH analysis utilizes 30 kilobase (kb) or larger probes
and detects gene amplification and rearrangements. Manual
scoring, the gold standard, involves a pathologist or technologist selecting fluorescent signals within 20 nuclei for enumeration which can be a lengthy and laborious process. A second
method uses computer assisted touch screen monitor to
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digitally select nuclei with a digital pen to encircle individual
nuclei followed by a computerized enumeration. The user can
review and adjust the signal count for minimization of background signals, exclusion of signals outside nuclei, and other
enumeration adjustments. In the automated enumeration system, the software uses fixed squares to quantify signal counts.
The size of each tile is generally the size of one or two nuclei
with HER2 signals essentially counted over the entire tile. Tiles
are randomly placed in select regions where fluorescent signals
are highest and therefore can include tumor and non-tumor
nuclei, background signals, and incomplete nuclei at the tile
edge [7, 8].
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counts were manually recorded and the HER2/CEP17 ratio
was calculated.
Tissue FISH Selection Module
Tissue FISH screening was performed using a WACOM™
touch screen monitor. After selection of 10 FOV, at least 50
nuclei were digitally traced for signal count. Traced nuclei
were enumerated for HER2 and CEP17 signal within the
encircled area using MetaSystems. HER2/CEP17 ratios were
calculated using the Tissue FISH capture algorithm.
Automated Screening

Materials and Methods
Case Selection
A total of 41 invasive breast cancer cases were randomly
selected from October 2013 to April 2014. Only two cases
were metastatic cancer with primary breast, the remainder of
specimens were invasive ductal carcinoma. Average age at
diagnosis was 61.4 with a median of 60.5 years. All identified
specimens underwent Automated and Tissue FISH at a tertiary
cancer center.
Fish
HER2 copy number was evaluated using the Vysis FDAapproved HER2 DNA probe kit (Abbott Laboratory, North
Chicago, IL). Deparaffinized 4 um tissue sections were immersed in 0.2 N HCL for 20 min, followed by pre-treatment
solution at 98 °C for 30 min, and then subjected to protease
digestion at 37 °C for 5 min. Slides were hybridized with
HER2 DNA probe mixture containing HER2 DNA probes
(labeled with Spectrum Orange) and CEP17 DNA probes (labeled with Spectrum Green). Glass coverslips were applied
and then the slides were denatured at 74 °C for 2 min and
hybridized overnight at 37 °C in a humidified hybridization
chamber. Slides were then washed in a post-hybridization
buffer at 73.5 °C for 2 min and dried in the dark. Nuclei were
then counterstained with 10 uL of 4′,6-diamidino-2phenylindole(DAPI). Slides were kept in the dark at 4 °C until
signal enumeration.
Manual Screening
Manual screening was performed on Olympus fluorescent microscopes using oil immersion 60X and 100X objectives.
After selection of 10 FOV, at least 50 nuclei were used for
signal count. The mean HER2 signal and CEP17 signal spot

Automated screening was performed on the MetaSystem imager using a modified FDA cleared algorithm. At least 10
fields of view (FOV) were selected using an H&E reference.
NucleiHER2 and CEP17 signals were counted and ratios calculated using a tile image capture algorithm.
Statistical Analysis
The AltmanBland method assesses the agreement between
two measurement methods. In essence, two methods with
high agreement can be used interchangeably. The x-axis
shows the mean of the two methods ([xA + xB]/2), whereas
the y-axis represents the difference between the two methods
for each patient (xB − xA). The mean difference between two
methods is the bias, while the 95 % agreement limits, which
are the dashed lines in the figures, represent the interval
that contains 95 % of the between-method differences.
Thus, narrow 95 % agreement limits indicate good overall agreement, while wide agreement limits indicate poor
agreement [9, 10]. The Altman Bland plots allow the
investigation of systemic differences between methods, possible outliers, and relationship of discrepancies between
measurements.
We did two separate Altman-Bland analyses. The first
Altman-Bland analysis assesses overall agreement between
the three different measurement methods for HER2, CEP17,
and the HER2/CEP17 ratio. The second Altman-Bland analysis separately investigates the agreement of the three measurement methods in three distinct HER2 categories: 0–4, 4–
6, and greater than 6, based on the ASCO/CAP guidelines.
The separate categories allow the bias and the 95 % agreement
limits to change as the underlying HER2 value increases.
Finally, Cohen’s Kappa assesses the between-method agreement for the final HER2 status. Cohen’s kappa is a statistical
measure of inter-rater agreement for categorical items and was
used to measure the agreement that occurs beyond random
chance. Values around 0.5 are considered to indicate moderate
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agreement, while values above 0.8 are considered to indicate
good agreement [11].
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As demonstrated in Fig. 1, the greatest bias in the Altman
Bland graphs for HER2 was seen in Automated versus
Manual. In addition, both Automatic comparisons had wide
agreement limits indicating high variability and poor agreement, while Manual versus Tissue FISH possessed the
smallest bias and relatively narrow agreement limits, which
indicate better agreement. For the analysis dividing HER2 into
0–4, 4–6, and greater than 6 subcategories, each comparison
group exhibited a bias close to zero for the 0–4 and 4–6 HER2
categories with a large increase in bias for the HER2 greater
than 6 category. This indicates that the Automatic method
overestimates TissueFISH and Manual for HER2 values
greater than 6. Lastly, for each comparison, the width of the

95 % agreement limits progressively increases with larger
HER2 counts. Thus, the between-method variability increases with larger underlying HER2 values. The
Automatic comparisons again possessed the widest agreements limits for each HER categorization, which indicates
relatively poor agreement.
Figure 1 showed that the between-method agreement, in
general, is better for CEP17 than HER2 as indicated by the
relatively narrow agreement limits. The Automatic method
overestimates the CEP 17 count compared to both Manual
and TissueFISH as indicated by the positive bias. TissueFISH
overestimates CEP17 count compared to Manual. Interestingly,
there was no visual trend seen in the CEP17 plots, unlike the
HER2 plots that show a trend at high values. Figure 2 presents
the results of the Altman Bland analysis for the HER2/CEP17
ratio. Automatic versus Manual possesses the lowest variability
for the HER2/CEP17 ratio. The variability of the HER2/CEP17
ratio increases for values greater than 4 for each comparison.
However, the Automatic versus Manual possess a dispersed

Fig. 1 Altman-Bland analysis for HER2. The first row is the overall
analysis, while the second row separately investigates the agreement for
the three distinct HER2 categories. Solid lines represent the bias, or the

mean difference, between the two methods. Dashed lines are the 95 %
agreement limits, which represent the interval that contains 95 % of the
between-method differences

Results
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pattern, while the other two groups have a clustered pattern
around the upper agreement limit.
Tables 1 and 2 present the bias and agreement limits for
CEP17 and the HER2/CEP17 ratio, respectively, for each subcategory of HER2 values. For each method, the CEP17 bias
increases with larger HER2 values. In addition, the CEP17
agreement limits, become progressively wider as the HER2
value increases although the Automatic versus Tissue FISH
comparison is a notable exception at HER2 values greater than
6. Similarly, Table 2 depicts the bias and agreement limits for
HER2/CEP17 ratio for each subcategory of HER2 values. For
each comparison, the absolute bias increases slightly for the
4–6 range of HER2 values followed by a dramatic increase for
the greater than 6 range of HER2 values. In addition, the
agreement limits progressively widen as value of HER2 increases. Thus, both tables indicate that the between-method
variability of CEP17 and HER2/CEP17 ratio increases as
HER2 increases.
Table 3 presents the Kappa analysis. Automatic possesses
moderate agreement with both TissueFish and Manual with
Kappas slightly above 0.5. In contrast, Manual versus Tissue
FISH had excellent agreement with a Kappa over 0.9.
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Discussion
Herceptin (Trastuzumab) is the cornerstone treatment for
women with HER2 gene amplified invasive breast cancer.
Accurate assessment of HER2 and CEP17 is essential for
identifying patients who may benefit from Trastuzumab therapy. The ASCO/CAP guidelines strongly encourage HER2
testing for patients with newly diagnosed invasive breast cancer or metastatic breast cancer [12]. While HER2 can be
assessed by numerous methods, the clinical use of FISH is
well established and widely used [12]. Our study demonstrates
the variability of HER2 and CEP17 signals increasing with
higher copy number. This variability may potentially result in
misclassification of HER2 status, which is particularly a potential problem for the Automatic method.
In our study, HER2 signals showed an increase in betweenmethod variability with increasing signals, while CEP17 did
not possess higher variability with increased CEP17 signals
although CEP17 variability did increase as the corresponding
HER2 values increased. CEP17 was not stratified because the
majority of values were in a narrow range of 2–4 signals.
Considering that CEP17 agreement limits were similar for

Fig. 2 Altman-Bland analysis for CEP17 (first row) and HER2/CEP17 (second row). Solid lines represent the bias, or the mean difference, between the
two methods. Dashed lines are the 95 % agreement limits, which represent the interval that contains 95 % of the between-method differences
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all three groups, one would expect the difference in HER2
agreement limits to be reflected in the HER2/CEP17 agreement limits. However this is not the case. Manual versus
TissueFISH has a wider HER2/CEP17 agreement limits despite a relatively narrow HER2 agreement limits. The
HER2/CEP17 variability is similar between the three methods
despite the large difference in variability for HER2. Compared
to other groups, Manual versus TissueFISH had the least variability for HER2, similar variability for CEP17, yet higher
variability for HER2/CEP17. Thus, the variability of
HER2/CEP17 was independent of HER2, which may be partly due to the differences in detection between Manual and
Tissue FISH.
There was variation in the average HER2 and CEP17 count
between Manual (13.9, 2.3 respectively), TissueFISH (9.9, 2.5
respectively), and Automatic (20.8, 2.9 respectively).
Interestingly, the HER2 count for TissueFISH is less than half
the count for Automatic, yet there is only a 9 % decrease in
CEP17 signal detection. Since both methods utilize a computer algorithm for signal detection, a portion of HER2 signals
are disregarded by the pathologist or technician. Alternatively,
the Automatic method includes areas of tissue with extranuclear signals. Thus, as the lower agreement limit approaches a
difference of zero for automatic with HER2 greater than 7,
there is a near 95 % chance the automatic method will overestimate the single count or cellular tissue. This occurrence is
likely due to a combination of tile sampling including more
than one cell and inclusion of extranuclear signals by the automatic method [7, 8].
Lack of or minimal chromosomal aberration samples have
a consistent distribution of HER2 and CEP17 signal throughout the tissue resulting in less variation between enumeration
methods. Hence, there is less between-method variability seen
at HER2 less than 5 and CEP17 less than 3. Alternatively
increased background and extranuclear signals seen in polyploidy may be responsible for the variations in signal count.
Tables 1 and 2 show the bias and variability in HER2/CEP17
and CEP17 marker increases as the average HER2 increases.
The only exception was a decrease in variability of CEP17 for
Automatic versus TissueFISH. At higher HER2 averages,
there was more variability between all groups. As pathologist
and technologist look at cellular areas, they are mindful to
avoid overlapping cells or cells with boarders that cannot be
deciphered. In contrast, the automatic method can not apply
Table 1 The bias and 95 % agreement limits for CEP17 given a
patient’s HER2 categories

HER2 Value 0–3
HER2 Value 2–6
HER2 Value 6+

Table 2 The bias and 95 % agreement limits for HER2/CEP17 ratio
given a patient’s HER2 categories
Auto-Manual

Auto-FISH

Manual-FISH

HER2 Value 0–4

0.8 (−0.3, 2.0)

0.3 (−0.8, 1.4)

−0.4 (−1.0, 0.3)

HER2 Value 4–6

0.8 (0.0, 1.5)

0.4 (−2.0, 2.7)

0.2 (−0.4, 0.8)

HER2 Value 6+

0.8 (−1.2, 2.8)

0.4 (−0.4, 1.3)

−0.4 (−2.6, 1.8)

this criterion and, therefore, variability seen with automatic
method is likely to occur from a consistent overestimation of
signals, which is more pronounced in high HER2 amplification cases.
Kappa values indicate agreement between all methods,
while Manual versus TissueFISH possess the best agreement.
Similar to the Altman-Bland analysis, the Cohen’s Kappa
demonstrates that TissueFISH and Manual have the greatest
degree of agreement for classifying final HER2 status. In particular, the Cohen’s Kappa for the two automatic methods
possess similar moderate levels of agreement, while Manual
versus Tissue FISH shows near perfect Kappa and is considerably better than Automatic.
Altman Bland method assesses the extent to which two
methods agree. It is often used to determine whether methods
that one might replace the other with significant accuracy [10].
The overall HER2 Altman Bland plots have a small bias for
each comparison group. In fact, Manual versus TissueFISH
has an almost zero bias, indicating the mean HER2 from both
methods are equal. Subcategorization of HER2 revealed a
large bias and wide agreement limits at higher signal counts.
The advantage of the subcategory approach is a visual illustration of the between-method agreement for different ranges
of HER2 values. For example, in all three plots, the betweenmethod variability progressively increases as the HER2 range
increases. Thus, the between-method agreement becomes progressively worse as the HER2 value increases. This progressively worse agreement may be the cause behind the low
Kappa values for the Automatic method although this deserves further investigation.
Our study demonstrates good agreement amongst
TissueFISH and Manual, the gold standard, by both Altman
Bland and Cohen’s Kappa. While the automatic method
showed a good bias and agreement at lower HER2 counts,
Table 3 The agreement on the final outcome between the three different
methods as assessed by Cohen’s Kappa. Values above .8 are considered
good while values around.5 are considered moderate

Auto-Manual

Auto-FISH

Manual-FISH

Compared Methods

Kappa (95 % CI)

0.0 (−0.4, 0.5)
−0.7 (−1.5, 0.2)
1.0 (−2.1, 4.0)

0.0 (−0.2, 0.3)
−0.5 (−1.5, 0.4)
2.0 (−2.0, 6.0)

0.0 (−0.4, 0.3)
0.0 (−0.8, 0.9)
1.3 (−2.1, 4.7)

Automated vs. Manual
Automated vs. TissueFISH
Manual vs. TissueFISH

0.48 (0.23, 0.72)
0.51 (0.29, 0.74)
0.93 (0.79, 1.00)
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the sharp increase in variability at higher count illustrates a
limitation of this method. A larger study is need to measure
variability of HER2 around 6 and increasing CEP17. The
increase in variability of HER2/CEP17 and CEP17 with increasing HER2 subgroups maybe related to increased computer assisted signal detections.
In our study, the use of FISH with increasing HER2 and
CEP17 copy number variability lead to between method
variability in classification of HER2 status. The different
methods tested in showed an increased variability as the
signal count increased. Interestingly the variability of
HER2/CEP17 was independent of the HER2 signal
count. Furthermore the variation in HER2 count between methods was greater than that of CEP17. Our
belief is the selection of cells by pathologist is instrumental in high signal count regions, as demonstrated by
the Altman Bland and Cohen’s Kappa analysis. The
three methods showed the least variability at lower dispersed signal counts, however an increase and clustering
of signals resulted in increased between method variability. Automatic enumeration maybe a cost effective approach
for enumeration as long as borderline and high signal count
cases are confirmed by a pathologist.
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