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Background: Platinum-based chemotherapy is part of the standard treatment for patients with colorectal cancer.
ERCC1 is a potential predictive biomarker for platinum-based chemotherapy. The aim of this study was to
examine interobserver agreement on ERCC1 protein expression in primary colorectal cancer as well as corresponding liver metastasis. Furthermore, comparison of ERCC1-expression in primary tumor and the corresponding liver metastasis was performed.
Methods: Forty patients with primary colorectal cancers and corresponding liver metastases were included. One
slide was stained with the anti-ERCC1 antibody, 4F9 clone (DAKO) and evaluated by two gastrointestinal pathology consultants and a pathology registrar separately. Interobserver agreement was evaluated for primary
tumors and liver metastases using kappa (κ) statistics. Discordant scorings were reviewed, and consensus was
obtained. The expression in primary tumor was compared with the corresponding liver metastases.
Results: For the primary tumors agreement was found in 85% of the tumors corresponding to an unweighted
kappa value of 0,79 (95% CI 0,64-0,94). For the liver metastases agreement was found in 76% corresponding to
an unweighted kappa value of 0,64 (95% CI 0,49-0,79). When comparing primary tumors to the corresponding
metastases, no concordance in ERCC1-expression was observed.
Conclusion: Interobserver agreement of ERCC1 expression was good for both primary tumors and liver metastases, which is crucial for a potential predictive biomarker. As no concordance between primary tumor and liver
metastases was found it seems to be of high importance to use tissue from actual tumor burden for evaluation of
ERCC1 expression. Further studies and correlation to clinical outcome are warranted.

1. Introduction
Colorectal cancer is the third most frequently diagnosed cancer with
1.8 mio. new cases worldwide equivalent to 10.2% of all diagnosed
cancers, and it is the second most lethal cancer causing 9.2% of cancer
related deaths in 2018 [1]. A commonly used chemotherapeutic regimen both as adjuvant treatment following surgery and for metastatic
colorectal cancer is a combination of oxaliplatin, folinic acid and
ﬂuorouracil [2,3]. Oxaliplatin and the similar cisplatin and carboplatin
are platinum-containing agents that binds to the DNA disrupting its
structure by forming DNA adducts and thereby inhibiting tumor cell
proliferation. The nucleotide excision repair (NER) pathway plays an
important role in repairing these platinum-induced DNA damages, and
the excision repair cross-complementation group 1 (ERCC1) is a part of
the NER pathway, recognizing and removing the DNA adducts [4–6].
Thus, ERCC1 is potentially an interesting target in relation to platinum

⁎

sensitivity.
The toxic eﬀects of platinum-based chemotherapy are substantial,
with the most frequent occurring side eﬀects being neuropathy, neutropenia and diarrhea [7–9]. Only a subset of patients responds well to
the treatment with reported response rates in metastatic colorectal
cancer patients as low as 34 % [8,9]. Consequently, a substantial part of
patients receiving this treatment is exposed to the toxic eﬀects without
any beneﬁt from the treatment. Studies have shown an inverse correlation between high expression of ERCC1 in tumor cells and response
rates to platinum-containing chemotherapy in ovarian cancer, colorectal cancer, non-small cell lung cancer and in head and neck cancer,
suggesting ERCC1 as a potential biologic marker capable of predicting
which patients will beneﬁt from the treatment [3–5,10]. Previous studies have examined the speciﬁcity of the anti-ERCC1 antibody, clone
4F9 reporting a higher speciﬁcity, compared to the formerly used 8F1
clone, which was found to cross react with nonspeciﬁc proteins
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Fig. 1. Examples of IHC staining intensities that corresponds the categories positive, negative and borderline for primary tumors and liver metastasis. 1a: Negative
primary tumor. 1b: Positive primary tumor. 1c: Borderline primary tumor. 1d: Negative liver metastasis. 1e: Positive liver metastasis. 1f: Borderline liver metastasis.

metastases at the Department of Surgical Gastroenterology, Bispebjerg
Hospital or Rigshospitalet in the period January 2011 to June 2014
were included. All slides including tissue from primary tumor as well as
all metastases were reviewed and at least one representative slide from
each primary tumor and metastasis with a suﬃcient amount of vital
tumor tissue was selected. The corresponding blocks with formalinﬁxed paraﬃn-embedded (FFPE) tissue were retrieved from the archives
for IHC staining. Patient data including sex, age at time of primary
diagnosis, tumor type, TNM-stage, number of liver metastases, time of
surgical resection of primary tumor and liver metastases were recorded
from the pathology ﬁles.

[6,11,12]. In a validation study of the 4F9 clone by Smith et al. an
applicable scoring guide for interpretation of immunohistochemical
(IHC) staining intensity in primary colorectal cancers was developed
[11].
The aim of the present study was to investigate interobserver
agreement of anti-ERCC1 antibody, 4F9 clone expression in advanced
primary colorectal cancers and matched liver metastases, using the
previously developed guide, as a high level of reproducibility is crucial
for the introduction of a potential predictive marker in pathology
practice. Furthermore, comparison between IHC expression in the primary tumor and the corresponding liver metastases was performed.
Identical expression levels imply that ERCC1 expression can be assessed
in archived material making new biopsies from actual tumor burden
unnecessary.

2.2. Immunohistochemical staining
Sections of 4 μm thickness were cut and mounted onto slides.
Reagents from EnVision™ FLEX, High pH kit (M3648), Dako were used
for IHC staining. Antigen retrieval was carried out at pH 9 for ﬁfteen
minutes with a PT Link Module. Staining was done according to manufacturer’s instructions. The slides were treated with peroxidase block
for ﬁve minutes and incubated with anti-ERCC1 antibody 4F9 at 1,66
μgml-1 for twenty minutes. Antibody binding visualization was

2. Materials and methods
2.1. Patient material
Patients who had undergone surgery due to primary colorectal
adenocarcinoma as well as surgical resection of one or more liver
2

Pathology - Research and Practice 216 (2020) 152826

L.M. Olsen, et al.

performed by incubation with a labeled HRP-polymer for twenty minutes and a signal was generated with a 3.39-diaminabezidin chromogen
for ten minutes. For counterstaining hematoxylin was used.

Table 1
Clinicopathological characteristics of patients.
Men, n (%)
Women, n (%)
Age, years (median; range)
Tumor type, n (%)
- Adenocarcinoma of glandular type
pT category, n (%)
- pT1
- pT2
- pT3
- pT4
pN category, n (%)
- pN0
- pN1
- pN2
Surgery
- Primary ﬁrst
- Metastasis ﬁrst
- Primary and metastasis simultaneously
Chemotherapy, n (%)
- No chemotherapy before primary surgery or before surgery of
metastases
- Chemotherapy before primary surgery or before surgery of
metastases

2.3. Evaluation of IHC stained slides
All slides were relabeled in order to secure a blinded evaluation, and
primary tumor and corresponding liver metastases were evaluated independently. The ERCC1-stained slides were evaluated simultaneously
by two gastrointestinal pathology consultants (AKF and JPH), who had
previous experience with interpretation of the antibody. Next, the slides
were evaluated independently by a pathology registrar (LMO).
The IHC scoring was performed as follows: First, the IHC staining
intensities were scored (0–3) using the previously developed guide in
which tumor cells were assessed in comparison with the staining intensities of internal references in normal colon. Non-staining cells were
scored 0. The weakest staining normal crypt epithelial cell were scored
1 and the strongest staining ganglion cell in the Meissner and
Auerbach’s plexuses were scored 3 [11]. Only nuclear ERCC1-staining
was considered. If the tumor contained areas with diﬀerent scoring
intensities, all areas posing 5% or more were noted. Next, the scores
were converted to four categories; negative, borderline, positive and
heterogenous, respectively. The category negative corresponds to the
staining intensity scores 0 and/or 1. Borderline corresponds to tumors
that scores both 1 and 2. Positive corresponds the scores 2 and/or 3 and
heterogenous includes the cases with more than two noted scores
(Fig. 1). Following the primary IHC scoring the categories noted by the
consultants were compared with the categories noted by the registrar to
determine level of interobserver agreement. Hereafter all three pathologists reviewed discordant categories using a multiheaded microscope. A consensus on intensity score was reached, and the scores were
converted to categories. To determine heterogenicity between primary
tumor and corresponding liver metastases the categories were compared.

23 (57.5)
17 (42.5)
67 (26–81)
40 (100)
0 (0)
2 (5)
28 (70)
10 (25)
6 (15)
14 (35)
20 (50)
21 (52.5)
5 (12.5)
14 (35)
22 (55)
18 (45)

metastasis, eight patients had two metastases, three patients had three
metastases and two patients had four metastases, though one metastasis
in the latter group was excluded from the study due to sparse vital
tumor tissue. Of the 40 patients, ﬁve debuted with liver metastases that
was surgically removed prior to resection of the primary tumor. In 14
patients, primary tumor and liver metastases were surgically removed
simultaneously. Ten patients had liver metastases resected 1–2 months
after primary operation and for the last 11 patients the time from primary surgery to liver metastases surgery was between 5 and 24 months.
Twenty-two patients did not receive chemotherapy neither before surgery nor before surgery of liver metastases.

2.4. Data presentation and statistics
3.2. Interobserver agreement of immunohistochemical scoring of primary
tumors

Interobserver agreement was evaluated by kappa (κ) statistics,
which is used to estimate the rate of agreement beyond that expected by
chance with values < 0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80 and
0.81–1.00 considered to reﬂect poor, fair, moderate, good and very
good agreement, respectively. Statistical analyses was performed using
GraphPad, QuickCalcs [13]. For the comparison of primary tumor and
liver metastases a descriptive analysis was performed as the subgroups
of the data set were too small for statistical analysis.

The IHC scores assigned by the consultants and the registrar were
compared to determine level of agreement. Agreement was found in 28
of 40 primary tumors (70%). When converting the intensity scores to
categories, agreement was obtained in 34 of 40 primary tumors (85%)
with an unweighted kappa value of 0,79 (95% CI 0,64-0,94) corresponding to good agreement (Table 2).

2.5. Ethics
3.3. Interobserver agreement of immunohistochemical scoring of liver
metastases

The study was approved by the Local Committee on Health Research
Ethics (record no. H-1–2014-045) and the Danish Data Protection
Agency (record no. 30-1302) according to the Declaration of Helsinki
and Danish law.

The total number of included liver metastases was 59. Agreement
for intensity scores was found in 32 of 59 liver metastases (54%). When
converting the intensity scores to categories, agreement increased to 45
of 59 (76%) with an unweighted kappa value of 0,64 (95% CI 0,490,79) corresponding to good agreement (Table 3).

3. Results
3.1. Patient characteristics

Table 2
Interobserver agreement between the pathology consultants (AKF and JPH) and
the pathology registrar (LMO) on categories for the 40 primary tumors.

Forty-three patients met the inclusion criteria. Three patients were
excluded because the amount of vital tumor tissue was too sparse for
further IHC staining or because review of the original slides revealed a
neuroendocrine component of the tumor. Clinicopathological characteristics are shown in Table 1. Of the included 40 patients, all with
adenocarcinoma, 17 were females and 23 were males. The median age
at time of diagnosis was 67 years (range 26–81 years). Two patients
were diagnosed with stage pT2, 28 with stage pT3 and 10 patients with
stage pT4 (AJCC 7th ed.). Twenty-seven patients had just one liver

Consultants

Registrar

3

Negative
Positive
Borderline
Heterogenous

Negative
13
0
2
1

Positive
0
10
0
0

Borderline
0
2
9
0

Heterogenous
0
1
0
2
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identically. Of ﬁve patients with two metastases one metastasis and two
metastases were categorized as primary tumor, respectively. Of two
patients with three metastases in one patient one and in another patient
two metastases were categorized identically.

Table 3
Interobserver agreement between the pathology consultants (AKF and JPH) and
the pathology registrar (LMO) on categories for the 59 liver metastases.
Consultants

Registrar

Negative
Positive
Borderline
Heterogenous

Negative
25
0
3
2

Positive
0
4
0
4

Borderline
0
0
2
1

Heterogenous
0
0
4
14

4. Discussion
We investigated the reproducibility of the potential predictive biomarker ERCC1 by interpretation of IHC staining intensities using the
anti-ERCC1 antibody, 4F9 clone in a group of patients with colorectal
cancer and matched liver metastases. A good interobserver agreement
was obtained for both primary tumor and liver metastases.
Furthermore, IHC expression in primary tumor and matched liver metastases was compared and no concordance was observed.
In general, scoring IHC stained slides can be diﬃcult even for a
trained pathologist. Therefore, application of a well described scoring
system like the previously developed interpretation guide by Smith
et al. [11] provides a major advantage. The presence of internal references in tissue from primary tumor provided a control of the staining
procedure and the quality of the tissue and furthermore assisted the
more untrained eye of a registrar in the assessment of an unfamiliar IHC
staining.
Scoring of the metastases could theoretically be challenging, as similar robust internal references are not present in liver. Although external controls were applied, we expected a lower interobserver
agreement in the metastases compared with the primary tumors.
However, a good interobserver agreement was demonstrated, although
slightly lower than for the primary tumors. This can at least partly be
explained by the fact that more than 40% of the metastases were
evaluated as negative and the level of agreement is expected to be high
in evaluating negative stains. Nearly 24% of the metastases were categorized as heterogenous. This category equals three or four diﬀerent
noted intensity scores and is therefore rather broad, which might also
contribute to the good interobserver agreement for the liver metastases.
For comparison of the primary tumor and corresponding metastases,
no statistical analysis was performed due to the modest size of the
subgroups of the dataset. It was noted that only negative primary tumors were found to score identically as the corresponding metastases,
and overall there seemed to be no correlation between the ERCC1 IHC
expression of primary tumor and corresponding metastases. Previous
published studies investigating the correlation of ERCC1 in colorectal
cancer and liver metastases have primarily examined mRNA expression
and the reported results are divergent. Geva et al. found no correlation
of mRNA expression in 24 primary colorectal tumors and their matched
metastases [14]. Kobayashi et al. examined the correlation between

3.4. Overall comparison of primary tumor and liver metastases
The overall distribution of categories for primary tumor and liver
metastases is shown in Fig. 2. Of the 27 patients with just one metastasis, the category of the primary tumor and corresponding liver metastases were identical in ﬁve cases (19%) (Table 4). For the 13 patients
with two or more liver metastases, the category was identical between
primary tumor and all corresponding liver metastasis in three cases
(23%). In four cases, identical categories were seen in primary tumor
and one of the metastases and a diﬀerent category was observed in the
other metastases. In one case, the metastases were categorized similar,
but diﬀerently from the corresponding primary tumor. In ﬁve cases
completely diﬀerent categories were observed in primary tumor and all
the corresponding metastases.
3.5. Comparison according to the time interval between surgery of primary
tumor and liver metastases
Of the 14 patients resected simultaneously for primary tumor and
liver metastasis, the same category was registered in four patients
(29%), while for the remaining ten patients (71%) at least one metastasis was categorized diﬀerently. Of ﬁve patients with surgical resection
of liver metastases prior to resection of primary tumor, an identical
category was seen only in one patient (20%). For the 21 patients resected 1–24 months after primary operation, three patients (14%) were
categorized the same for liver metastases and primary tumor while the
remaining 18 patients (86%) had at least one diﬀerently categorized
metastasis when comparing to primary tumor.
3.6. Comparison of chemonaive patients
Including only the subgroup of patients who had not received chemotherapy before surgery did not result in a higher correspondence
(Table 5). Only one patient with one metastasis was categorized

Fig. 2. The distribution of categories for primary tumor and liver metastases after discordant cases were reviewed and consensus on all cases was obtained.
4
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Table 4
Comparison of categories for primary tumors and liver metastasis for the 27 patients with just one metastasis.
Primary tumor

Liver metastases

Negative
Positive
Borderline
Heterogenous

Negative
5
1
0
0

Positive
3
0
2
6

Borderline
4
1
0
2

Heterogenous
2
0
1
0

primary tumor or the liver metastases. However, this does not seem to
explain much of the diﬀerences as only including the subgroup of patients who had not received chemotherapy did not result in a better
correspondence between primary tumor and metastases compared with
the overall results. Thus, other factors must contribute to the diﬀerence
as i.e. tumor clonality.
Previous studies have examined the predictive value of ERCC1protein expression in patients with advanced colorectal cancers treated
with combination chemotherapy including platinum. Kim et al. found
the median overall survival was signiﬁcantly longer in patients with
low expression of ERCC1 [22], while Koopman et al. found no correlation between the expression of ERCC1 and overall survival or progression-free survival [23]. However, both studies used the 8F1
monoclonal mouse clone, which was later demonstrated to cross-react
with an unrelated and non-speciﬁc protein [6,11,12]. Only very rarely
patients receive monotherapy with a platinum-based agent [2,3]. This
complicates the investigation of ERCC1 as a predictive marker as it is
diﬃcult to assess the therapeutical eﬀect induced by the platinumbased agents alone. Furthermore, the previous studies do not address a
potential prognostic eﬀect of ERCC1 expression in patients with colorectal cancer. It cannot be rejected that ERCC1 expression correlate to
diﬀerences in survival independently of treatment and future studies
evaluating this are warranted.
A biomarker must be easy accessible and have a high level of reproducibility to be implemented in pathology practice [17]. In this
study we used a four-category scoring system to reﬂect the intensities of
protein expression in the tumor. A dual scoring including just positive
and negative makes an even more simpliﬁed system. Abdel-Fatah et al.
examined the ERCC1 protein expression in breast cancers dividing
scores in either positive or negative using the median value as cutoﬀ
level [24]. This is easier but does not reﬂect tumor heterogeneity as a
system with more categories. Zlobec et al. examined the use of a descriptive, semiquantitative scoring system based on the percentage of
positive tumor cells compared to a category-based scoring system and
found a better interobserver agreement for the ﬁrst mentioned system
than for the latter, and further argues that the use of this method allows
for a more thorough assessment by evaluating the entire range of protein expression levels [19]. However, when determining the protein
expression for predictive purposes, cutoﬀ levels are still needed to categorize patients into the correct therapy regimen. Although the IHC
scoring in our study was reproducible the conversion of scores to categories, were not correlated with clinical data, and we do not know if
the chosen categories are meaningful in relation to the predictive value.
Further clinical studies are indeed necessary to assess the relevant
cutoﬀ levels.

mRNA expression of ERCC1 in primary colon cancers compared to
matched liver metastases and found a signiﬁcant association between
expression levels in synchronous liver metastases, but not in metachronous liver metastases [15]. Contrary, López-Gómez et al. examined
gene expression of 18 genes in colorectal cancers and matched liver
metastases, and reported a signiﬁcant correlation between primary
tumor and both synchronous and metachronous metastases [16]. Dividing the results of the present study into subgroups of synchronous
and metachronous metastasis, did not result in a signiﬁcantly better
correlation than the overall.
When testing a biomarker for tissue application both preanalytical
and analytical challenges are faced [17,18]. It is well known that IHC
evaluation and reproducibility present challenges for pathologists and
interpretation can be subjective [19]. External controls in the liver
metastases allowed for quality control of the staining procedure, but
preanalytical factors as ﬁxation time remained and can result in false
negative results, due to loss of epitopes with increasing ﬁxation time
[11]. The ﬁxation time for primary colorectal cancer specimens in our
department is approximately 48 h with only little variation. The ﬁxation time for the included liver metastases were more varying from 6 to
24 h. The diﬀerence in ﬁxation time between primary tumor and liver
metastases is noteworthy, but as the primary tumor generally ﬁxates
longer before IHC staining we would have expected primary tumors to
be categorized more often as negative compared to the metastases, as it
was demonstrated by Smith et al., that longer ﬁxation time caused
decreasing staining intensity for the anti-ERCC1 antibody, 4F9 clone
[11]. In fact, we observed that a higher part of the liver metastases was
negative and thus the variable ﬁxation time cannot explain the low
concordance.
Sampling site and tumor heterogeneity have previously been reported to inﬂuence the diﬀerences in IHC expression [20]. In advance
of our study, we evaluated possible heterogeneity in ERCC1 expression
by selecting two slides from primary tumor from ﬁve patients, midsection and invasive front respectively. No diﬀerence in ERCC1 expression was observed. Tissue with transition to normal mucosa was
decided as preferable, due to the presence of the internal reference
found in normal colon epithelium. We did not perform the same analysis on liver metastases, and thus heterogeneity in the liver metastases
cannot be ruled out.
Treatment has been reported to alter the ERCC1 expression. A study
by Anuja et al. found that increasing levels of radiation therapy increased the ERCC1-protein expression in colorectal cancer stem-like
cells [21]. To our knowledge a similar study of chemotherapeutic alterations of ERCC1 expression has not been performed. This would be
relevant in relation to our study, as a high proportion of the included
patients received chemotherapy prior to surgical removal of the

Table 5
Comparison of categories for primary tumors and liver metastasis for the 15 patients who had not received chemotherapy before surgery and had only one metastasis.
Primary tumor

Liver metastases

Negative
Positive
Borderline
Heterogenous

Negative
1
1
0
0

Positive
2
0
1
4

5

Borderline
2
1
0
0

Heterogenous
2
0
1
0
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5. Conclusion
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In conclusion, this study demonstrated a good reproducibility
evaluating the IHC expression of ERCC1, clone 4F9 in both primary
colorectal adenocarcinomas and in liver metastases. No concordance
was detected between the primary tumors and the metastatic lesions,
however a tendency towards lower ERCC1 protein expression was observed in the metastases. Further larger studies including correlation
with clinical data are warranted in order to evaluate the true predictive
nature of this biomarker in colorectal cancer and based on our results
we recommend using tissue from actual tumor burden.
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