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Molecular tumor markers are often studied in colorectal cancer using immunohistochemistry to determine their
prognostic or predictive value. Protein expression is typically assigned a ‘positive’ score based on a
predetermined cutoff. A semiquantitative scoring method that evaluates the percentage of positive tumor cells
(0–100%) may provide a better understanding of the prognostic or predictive significance of these markers. The
aim of this study was to assess and compare the interobserver agreement of immunohistochemistry scores
using a percentage scoring method and three categorical scoring systems. Immunohistochemistry for p53, Bcl-
2, vascular endothelial growth factor (VEGF) and apoptotic protease activating factor-1 (APAF-1) was performed
on 87 tumor biopsies from patients with rectal carcinoma and scored independently by four pathologists as the
percentage of positive tumor cells. Interobserver agreement was assessed by the intraclass correlation
coefficient. The intraclass correlation coefficients for p53 and VEGF (40.6) indicate substantial agreement
between observers. The distribution of Bcl-2 and APAF-1 scores in addition to weaker interobserver agreement
by percentage scoring suggest that this approach may not be appropriate for these proteins. In conclusion, p53
and VEGF protein expression assessed by immunohistochemistry in colorectal cancer and scored as a
percentage of positive tumor cells may be a viable alternative scoring method.
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Although the TNM stage remains the most signifi-
cant independent prognostic indicator in patients
with colorectal cancer, pathologically identical
tumors may neither respond to treatment uniformly
nor result in similar survival rates.1 A number of
molecular markers involved in proliferation (p53),
apoptosis (Bcl-2, APAF-1) and angiogenesis vascular
endothelial growth factor (VEGF) are currently being
investigated to determine their value as prognostic
or predictive factors and in turn their potential for
integration into clinical practice.2–5

Immunohistochemistry is an indispensable re-
search and diagnostic tool used to assess the
presence or absence of molecular tumor markers

on paraffin-embedded tissue.6 Tumor positivity for a
given marker is frequently evaluated using prede-
termined cutoffs such as 10% (r10% tumor cells
staining¼negative, 410%¼positive).4,7–10 The em-
ployment of categorical scoring systems is motivated
by the ease of interpretation of positive tissue by
pathologists and is further supported by substantial
interobserver agreement. However, it assumes that
more detailed analysis of protein expression be-
tween 10 and 100%, for example will not contribute
any additional relevant information in predicting
outcome.11

A semiquantitative scoring method that assigns
immunohistochemistry scores as a percentage of
positive tumor cells (the number of positive tumor
cells over the total number of tumor cells) may
provide a more complete assessment of protein
expression and a clearer understanding of the roles
played by potential tumor markers in predicting
outcome. Most importantly, by evaluating immuno-
histochemistry expression semiquantitatively at the
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outset, more relevant cutoffs for tumor positivity
may be established for the protein and outcome of
interest.

The greatest concern facing such a percentage
scoring method is the reproducibility of the
scores. In this study, we assess the interobserver
agreement of immunohistochemistry scores for
four tumor markers known to play a role in
progression of colorectal carcinoma and response
to radiotherapy namely p53, VEGF, Bcl-2 and
APAF-1 and compare the interobserver agreement
of percentage scoring to that of three categorical
scoring systems.

Materials and methods

In total, 87 pretreatment formalin-fixed paraffin-
embedded diagnostic rectal biopsy tissues were
collected from a series of patients with rectal
adenocarcinoma undergoing preoperative endo-
rectal brachytherapy. 12 Serial sections were cut at
3mm and immunohistochemistry by the avidin–
biotin complex (ABC) procedure, including
heat-induced epitope retrieval, was undertaken.
Incubation with the primary antibody was carried
out in a moist chamber for 1 h at 371C for p53
(DAKO, clone DO-7, Denmark, 1:100) and at room
temperature for VEGF (Santa Cruz Biotechnology,
VEGF-A20, USA, 1:100) and APAF-1 (Novocastra,
NCL-APAF-1, 1:40). Overnight incubation at 41C
was performed for Bcl-2 (DAKO, clone 124, Den-
mark, 1:100). Negative controls were treated identi-
cally with the primary antibodies omitted. Positive
controls consisted of tissue known to contain the
protein of interest.

Nuclear positivity for p53 and cytoplasmic posi-
tivity for VEGF, Bcl-2 and APAF-1 were evaluated
only in areas of invasive carcinoma. Immunoreac-
tivity was scored as the number of positive tumor
cells over total tumor cells, independently by four
pathologists (CCC, JRJ, RPM, AL); in general each
slide took on average 30 s or less to score. No
specific instructions or illustrations were presented
to pathologists to assist in their evaluation. Percen-
tage scores were subsequently categorized using the
0% cutoff (0% staining vs any staining), the 10%
cutoff (r10% tumor cell staining vs410% staining)
and a three-category scoring system consisting of
0% staining, between 1 and 50% staining and
450% staining.

Statistical Analysis

The interobserver agreement for the 0, 10 and 0,
1–50, 450% cutoff scoring systems were evaluated
using Light’s Kappa coefficient.13 The Kappa coeffi-
cient (k) is a useful measure of agreement for
categorical data as it takes into account the prob-
ability that observers achieved the same scores by
chance. General guidelines for the interpretation of
Kappa suggest that values between 0.81 and 1.0
should represent ‘almost perfect’ agreement, 0.61–
0.80 ‘substantial’ agreement, 0.41–0.60 ‘moderate’
agreement, 0.21–0.40 ‘fair’ agreement, and 0–0.20
‘slight’ agreement.14

The intraclass correlation coefficient is the most
commonly used method to assess interobserver
agreement for quantitative measurements.15 Similar
to the simple Pearson correlation coefficient that
measures association, the intraclass correlation
coefficient additionally estimates agreement be-
tween scores from different observers on the same
patients. The closer the intraclass correlation coeffi-
cient is to 1, the better the agreement between
observers. The intraclass correlation coefficient was
employed to assess interobserver agreement of
percentage scores.

Although no recommendations for the inter-
pretation of the intraclass correlation coefficient
have been detailed, reports in the literature
have supported the use of the following guidelines:
a coefficient of reliability 40.75 indicates ‘strong’
agreement, between 0.4 and 0.75, ‘good’ agreement,
and o0.4, ‘poor’ agreement.16 It has also been
suggested that the values for the Kappa coefficients
may be equivalent to the intraclass correlation
coefficient making their direct comparison appro-
priate.17

Confidence intervals (95%) were found by 10 000
bootstrap replications of the dataset. All analyses
were carried out using SAS Version 8.2 (The SAS
System, NC, USA).

Results

p53

Overall mean p53 protein expression was 37%
(Table 1). Approximately 72% of tumors were
positive for the protein. The frequency distribu-
tion of p53 scores was nearly uniform above 0%
(Figure 1). The reproducibility of p53 scores was

Table 1 Mean and standard deviation of scores (%) for pathologists 1–4 and overall mean protein expression

Overall 1 2 3 4

p53 36.90734.09 34.07733.90 34.43729.61 32.36728.67 46.71741.27
VEGF 45.15737.69 51.96739.07 39.26734.43 31.11711.03 58.58739.93
Bcl-2 9.47722.98 14.16728.02 9.27722.33 4.14713.46 10.06724.48
APAF-1 17.70732.21 29.22739.27 14.85726.21 2.677.99 23.97738.36
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substantial for both percentage scoring and the 10%
cutoff (intraclass correlation coefficient¼ 0.755 and
k¼ 0.740, respectively) (Table 2). Excellent agree-
ment was achieved when no positivity (0%) vs any
positivity was evaluated (k¼ 0.831). The 0, 1–50,
450% scoring method produced the least amount of
agreement between observers. p53 staining was
evaluated with less difficulty when no nuclei or
nearly all nuclei were positive for the protein
(Figure 2a). Staining intensity was generally moder-
ate to strong. Positivity was confined to tumor cell
nuclei in the majority of cases. Both the presence of
cytoplasmic positivity (Figure 2b) and weak staining
intensity in nuclei were largely responsible for the
variation in scores.

VEGF

The distribution of VEGF scores was U-shaped
(Figure 1) with an overall mean cytoplasmic expres-
sion of 45% (Table 1). The intraclass correlation
coefficient for percentage scoring was 0.624 reflect-
ing a substantial degree of interobserver agreement

(Table 2). The categorical scoring systems yielded
moderate agreement between observers, the least
reproducible being the 0, 1–50, 450% method. The
intensity of staining for VEGF varied from weak to
strong (Figure 2c). Considerable disagreement be-
tween scores could be attributed to weakly stained
tumor cells. Infiltration of tumors with a large
number of neutrophils may have contributed to the
overestimation of the number of positive tumor cells
(Figure 2d).

Bcl-2

Approximately 76% of tumors demonstrated com-
plete absence of Bcl-2 (Figure 1). Mean Bcl-2
expression was less than 10% (Table 1). Moderate
interobserver agreement was found for percentage
scoring as well as for the 0 and 10% cutoffs (Table
2). Agreement was weakest for the 0, 1–50, 450%
scoring method (k¼ 0.407). Staining intensity was
the primary cause of disagreement of scores between
pathologists. Although lymphocytes reacted
strongly with the Bcl-2 antibody, only weak to
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Figure 1 Distribution of p53, VEGF, Bcl-2 and APAF-1 scores.

Table 2 Intraclass correlation coefficient measuring agreement between percentage scores and Kappa coefficients (k) measuring
agreement of scores using the 0% cutoff, 10% cutoff and 0, 1–50, 450% cutoffs. Intervals represent 95% confidence intervals

N Intraclass correlation coefficient k (0% cutoff) k (10% cutoff) k (0, 1–50, 450% cutoffs)

p53 86 0.755 (0.67, 0.82) 0.831 (0.73, 0.92) 0.740 (0.63, 0.84) 0.588 (0.48, 0.68)
VEGF 87 0.624 (0.52, 0.71) 0.565 (0.39, 0.71) 0.569 (0.45, 0.68) 0.434 (0.33, 0.53)
Bcl-2 79 0.533 (0.34, 0.69) 0.561 (0.43, 0.68) 0.490 (0.33, 0.63) 0.407 (0.26, 0.55)
APAF-1 85 0.497 (0.41, 0.58) 0.514 (0.40, 0.62) 0.434 (0.33, 0.53) 0.377 (0.30, 0.45)

Figure 2 p53 (a, b), VEGF (c, d), Bcl-2 (e, f) and APAF-1 (g, h) staining. Tumors in (a, c, e and g) resulted in a high degree of interobserver
agreement whereas those in (b, d, f and h) lead to low interobserver agreement.
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moderate staining was found in tumors expressing
the protein (Figure 2e). Infiltration of tumors with
large numbers of lymphocytes may have also
contributed to disagreement in percentage scores
(Figure 2f).

APAF-1

Mean APAF-1 expression determined by each of the
four pathologists varied significantly from 2.6 to
29% (Table 1). Approximately 64% of tumors were
completely negative for the protein (Figure 1).
Moderate agreement was achieved for percentage
scoring, as well as for the 0 and 10% cutoffs. The
strongest agreement was produced when no staining
(0%) vs any positive staining was evaluated
(k¼ 0.514). APAF-1 positivity was strong in neutro-
phils and normal mucosa but only weak to moderate
staining occurred in tumors expressing the protein
(Figure 2g). Substantial neutrophilic infiltration in
tumors may have led to disagreement between
observers (Figure 2h).

Discussion

The usefulness of any immunohistochemistry scor-
ing method is limited not only to its ability to
optimize the prognostic or predictive value of tumor
markers but also to its reproducibility. Studies on
interobserver agreement in colorectal carcinoma are
uncommon. Several studies using the 10% cutoff
scoring method describe a high degree of concor-
dance between pathologists evaluating positive and
negative tumors.18–20 This type of agreement typi-
cally overestimates true categorical agreement by
ignoring the probability that scores were obtained by
chance, an important consideration when scores are
not evenly distributed as was seen for Bcl-2 and
APAF-1 in this study.21

The reproducibility of p53 scores either as per-
centages or by way of the 10% cutoff scoring method
was high. Although agreement was strongest at
the 0% cutoff, the distribution of p53 expression
suggests that it may be important to evaluate the
complete range of scores.

The interobserver agreement of percentage scores
for VEGF in this study was higher than those for the
0 and 10% cutoffs. The distribution of VEGF scores
indicates that percentage scoring may provide
additional information about the protein that would
otherwise go unrecognized by categorizing positiv-
ity according to predetermined cutoffs. We recently
demonstrated in patients with rectal cancer under-
going preoperative radiotherapy that mean VEGF
expression was significantly higher (63%) in biop-
sies from patients with nonresponsive tumors than
from tumors with complete pathologic response
(37%) (P-value¼ 0.0035) hence exemplifying the
use of percentage scores.22

The reproducibility of Bcl-2 percentage scores was
similar to the 10% cutoff. The greatest interobserver
agreement was found using the 0% cutoff. Approxi-
mately 76% of tumors in this study were completely
negative for the protein. This result is in line with
the literature which states that the frequency of Bcl-
2 expression in rectal carcinoma is less than 30%.23

Kim et al23 demonstrated that the rate of Bcl-2
overexpression decreases with more advanced
Dukes stage. In this study, 98% of rectal biopsies
were taken from patients with clinically diagnosed
cT3 tumors. This may have biased our results in
favor of the 0% cutoff and against percentage
scoring as overexpression of Bcl-2 would not be
expected to vary significantly in this sample. The
interobserver agreement of percentage scores may be
better assessed in colorectal adenomas known to
frequently overexpress the protein.23 Our results
show that Bcl-2 expression scored as 0% positive
tumor cells vs any tumor cell staining leads to the
highest degree of interobserver agreement in rectal
tumors of the same stage.

Recent evidence suggests that APAF-1 may func-
tion as a tumor-suppressor gene.24 Loss of tumor
suppression leads to loss of wild-type APAF-1
protein translating into absence of staining via
immunohistochemistry. It is therefore reasonable to
suggest that the 0% scoring method with the highest
degree of interobserver agreement may be a more
meaningful method of evaluation than scoring by
percentages for this protein. Although p53 acts as a
tumor-suppressor gene as well a similar argument
against percentage scoring cannot be used.25 The
short half-life of wild-type p53 renders the protein
undetectable to immunohistochemistry.26 Immuno-
histochemistry for mutant p53 is based on the
assumption that the abnormal protein cannot act as
a transcriptional factor hence accumulating in the
cell.25 A comparison or DNA sequencing analysis
and immunohistochemistry to detect mutant p53 has
revealed a significant false-positive rate for the
latter.25 Immunostaining with p53 antibodies ap-
pears therefore to detect abnormal accumulation of
p53 in the cell and is not limited to detection of the
mutant protein. It is possible that p53 scores
evaluated as the percentage of abnormal accumula-
tion of p53 will prove to be a useful predictive factor.

Percentage scoring should allow a more thorough
assessment of the predictive or prognostic signifi-
cance of tumor markers. The correlation between
the immunohistochemistry expressions of several
proteins can be assessed. Pich et al27 performed
percentage scoring of Ki-67, PCNA and MIB-1
expression in non-Hodgkin lymphoma. They found
a strong linear correlation for all proteins and used
this finding to argue that Ki-67, PCNA and MIB-1
labeling were reliable and complementary methods
to assess the proliferative activity of intermediate
grade non-Hodgkin lymphoma. By studying the
mean expression of Ki-67, PCNA and MIB-1, they
identified subtypes of intermediate grade non-
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Hodgkin’s lymphoma with potentially different
prognoses.

Logistic regression is often used to select pre-
dictive factors from a pool of possible tumor, host or
treatment variables. The risk of development of
cancer using serum tumor markers (such as CEA), or
the probability of local tumor control with varying
doses of radiation are examples of logistic regression
with quantitative variables to predict outcome.28,29

Percentage scoring of immunohistochemistry can be
applied similarly to determine how the odds of a
binary outcome (response/no response to treatment)
change with increases or decreases in protein
expression.

Finally, by first quantifying scores, other statisti-
cal approaches such as receiver operating character-
istic (ROC) analysis can be used to determine the
sensitivity and specificity of tumor markers as well
as the optimal cutoffs for positivity.28 By percentage
scoring we have shown how classification and
regression tree (CART) methods could be used to
select proteins playing a role in predicting rectal
tumor response to preoperative radiotherapy and to
determine the protein cutoff values for optimal
discrimination between responsive and nonrespon-
sive tumors.30

Percentage scoring of immunohistochemistry ex-
pression in colorectal tumors may be suitable for
proteins that exhibit a wide range of tumor cell
positivity with moderate to strong staining intensity
and a high degree of interobserver agreement. The
results of this preliminary study on the interobser-
ver agreement of percentage scoring demonstrate
that the evaluation of p53 and VEGF using this
approach appears to be a reproducible method and
viable alternative for the evaluation of immunohis-
tochemistry.
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