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INTRODUCTION

RESULTS

BACKGROUND
With immunohistochemical (IHC) staining increasingly being used clinically to guide
diagnostic, prognostic and therapeutic decisions, variability in staining quality and
reproducibility are factors that are becoming essential to track and quantify. We
tested the consistency of staining intensity and quality on two Dako Omnis
Instruments at two very different locations (Carpinteria, CA and Longmont, CO) using
identical, default protocols and pretreatments. Using digital images produced by a
whole slide scanner, we show that a simple image analysis algorithm provides
quantitative, trackable data that is highly sensitive and effectively detects subtle
variations in staining intensity.
PURPOSE
The PURPOSE of this study was to test a statistical method to track and quantify
inter-run, intra-run and between site variability of IHC staining intensity.

A varied panel of 10 antibodies was used to test and quantify the reproducibility of IHC
staining on the Dako Omnis within the same run (intra-run variability), across separate runs,
(inter-run variability) and between two equivalent instruments (inter-site variability) at two
distant locations (Carpinteria, CA at <100ft/30m elevation [referred to as Sea Level], and
Longmont, CO at 5000ft/1500m elevation [referred to as Altitude]).
Figures 3 and 4 show two ways of graphically presenting the average intensity (Iavg)
measurements, and confirm that there was a very high degree of consistency between the
two Dako Omnis Instruments at the two distant locations, despite the elevation difference.
Only 10% of tissues (4 of 40) showed more than 5% difference between the two sites
(>5.0%CV between site variability), and only 2.5% of tissues (1 of 40) showed more than
10% between-site variability (12.1%CV for Ki-67 tissue A). Figure 3 groups all runs at each
site together to emphasize the between site comparison, while Figure 4 displays the data
separated by run, emphasizing the minimal intra-run and inter-run variability.
Figure 5 shows (a) an Average Chart, a more detailed way of graphing all the Iavg data
for a representative antibody, CD20, as well as (b) representative images from two matched
runs, one per site. Two of these tissues stained for CD20 showed very little variability (A:
1.6%CV intra-run, 0.9%CV inter-run, 0.0%CV between site, and 1.9%CV overall; D:1.9%CV
intra-run, 1.2%CV inter-run, 0.0%CV between site, and 2.3%CV overall), while the other two
were in the top 10% most variable (B: 9.0%CV intra-run, 0.0%CV inter-run, 3.7%CV between
site, and 9.7%CV overall; C: 11.0%CV intra-run, 5.3%CV inter-run, 0.0%CV between site, and
12.2%CV overall). These images demonstrate that even in the tissues with the highest
variability, visually discernible differences in staining intensity and patterns were minimal.
A box plot and table summarizing the four variance components (%CV) across the 10
antibodies is presented in Figure 6. The three components analyzed (intra-run, inter-run,
and between-site variability) all had median %CVs less than 5% across all 40 tissues, while
the total variability from all 36 replicates of a tissue had a median variance of only 5.41%.

MATERIALS AND METHODS
ANTIBODIES AND REAGENTS
Ten well characterized antibodies were selected to represent a range of
nuclear, cytoplasmic, and membrane staining patterns in a variety of tissues.
All antibodies were in ready-to-use (RTU) format, and all reagents used were
designed for the Dako Omnis (HIER solutions, buffers, antibodies, linkers,
labeled polymer, diaminobenzidine [DAB] and hematoxylin counterstain). The
same antibody solutions were used across all 12 runs at both locations, and
lot numbers for all the other reagents were kept consistent.
TISSUES AND SLIDES
A variety of formalin fixed, routinely processed, paraffin embedded (FFPE)
human tissues (4 per antibody) were selected for each antibody to represent a
range of anticipated staining intensities, including negative tissues when
possible. The four tissues were embedded in a multi-tissue block (see Figure
1; some blocks were used for multiple antibodies), and 40 serial sections were
cut at 4µm for each antibody. Adjacent sections were used (odd numbered for
one site and even numbered for the other), and six runs with three slides each
(18 slides per antibody) were performed at each location (36 total slides per
antibody). Slides were air dried and baked at 60⁰C prior to IHC staining.
IMMUNOHISTOCHEMICAL (IHC) STAINING
Two equivalent IHC/ISH Dako Omnis Instruments located in two distant sites
(Carpinteria, CA at <100ft/30m elevation, and Premier Laboratory, LLC. in
Longmont, CO at 5000ft/1500m elevation). All steps in the process were
automated, and default protocols from the Dako Omnis Instrument software
were used for all antibodies.
IMAGE ANALYSIS
Stained slides were scanned at 20X using the Aperio ScanScope XT imaging
system and ImageScope software. Each tissue section (4 per slide) was
annotated using a 8000x4000 pixel area bounding box (see Figure 2a). Efforts
were made to select the same or similar tissue areas across all 36 slides per
antibody. The annotated areas were analyzed using a modified Aperio positive
pixel count algorithm (see Figure 2b), and the Average Intensity of Positive
Pixels (Iavg) was used for statistical analysis. Iavg is calculated by adding the
intensities of every positive pixel (0 for full saturation, 255 for pure white) and
dividing it by the total number of positive pixels.
STATISTICAL ANALYSIS
Nested variance component models were run on JMP statistical software (SAS
Institute, Cary NC) and used to investigate the intra-run variability, inter-run
variability, and between location variability of the Average Intensity of Positive
Pixels (Iavg). The variance components are expressed as %CVs (standard
deviation/mean) and summarized across the 40 sample types (4 tissues x 10
antibodies; n=36 for each sample type). The data was also prepared
graphically to improve intuitive understanding.
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Figure 3: Graphical comparison of staining intensity (Iavg) differences between two equivalent
instruments in two distant sites.
The four tissues for each of the 10 antibodies are separated by color, and more closely clustered
dots indicate less variable average staining intensity. Flat lines indicate no difference in the Iavg
means among runs between the two sites, while slanted lines indicate a difference in the Iavg
means for that tissue. No systematic differences were seen between the Dako Omnis at sea level
and the one at high altitude.

Table 1: Antibodies used. See www.dako.com
for antibody specifications and datasheets.

Figure 1: Example of bounding box selection
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Figure 2: Example of positive pixel count
algorithm mask. Original image with bounding
box (a), and positive pixels masked in orange
for positive and in red for strong positive (b).

Figure 4: Average intensity (Iavg) replicates plotted within run by location for each antibody,
grouped by tissue.
The four tissues for each of the 10 antibodies are separated by color, and more level lines indicate
inter-run consistency. More tightly grouped columns of dots indicate intra-run consistency. Overall,
the data show no location effect. Boxes with double asterisks [**] indicate the set of images shown
in Figure 5.

Figure 5: Average Chart from
all runs and photomicrographs
of all four tissues from the first
run at each location for CD20,
a representative antibody.
The Average Chart (a) shows
the Iavg in each tissue across
runs. A and D showed very little
variability (1.9%CV and 2.3%CV
overall), while tissues B and C
were two of the four most
variable of the 40 tissues
(fourth with 9.7%CV and
second with 12.2%CV overall).
The images (b; ** in Figure 4)
show that this variability is
qualitatively subtle, demonstrating the sensitivity of our
image and statistical analyses.
Figure 6: Box plot of variance
components (%CV) by component across all 40 tissues.
Nested variance component
models were used to quantify
the inter-run variability, intrarun variability, inter-site variability and total variability
across all 36 samples. Boxes
outline the range from the 25%
quantile to the 75% quantile.
The higher intra-run variability
can be explained by the fact
that the three slides stained
within a run spanned 600um of
tissue, while the slides
compared
among
runs
between sites were matched
sets of adjacent sections.
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CONCLUSIONS
1. The Dako Omnis is able to produce consistent IHC staining at sea level and high altitude
(5000ft/ 1500m) using identical, default protocols and pretreatments with no more
variation in staining intensity than is seen among runs on the same instrument. The
majority of variance is due to tissue differences, rather then staining inconsistency.
2. Quantitative image analysis of digital slide scans is highly sensitive to minor variations
in staining intensity that are too subtle to detect by eye.
3. Nested Variance Component Models are a useful and effective way to evaluate the
reproducibility and quantify the variability of IHC staining. This method of statistical
analysis could be adapted to quantitatively verify staining consistency and
reproducibility for many different variables.
Level

Minimum

10%

25%

Median

75%

90%

Maximum

Inter-run

1.08%

1.59%

2.24%

4.34%

5.58%

7.50%

10.95%

Intra-run

0.00%

0.00%

0.31%

1.34%

2.86%

3.90%

5.31%

Inter-site

0.00%

0.00%

0.45%

1.46%

3.91%

5.97%

12.05%

Total

1.52%

1.92%

2.89%

5.41%

7.68%

9.56%

13.90%
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