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colorectal cancer primary and metastatic tumors
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Background: Previous studies indicate that drugs targeting the Epidermal Growth Factor Receptor (EGFR) signaling
pathways can induce objective responses, prolong time to progression and improve survival of patients with metastatic
colorectal cancer (mCRC). EGFR expression in the primary tumour may not predict response to these agents and data is
conflicting regarding the correlation of EGFR expression in the primary tumour with the metastatic site. In other tumour
sites, the presence of EGFR mutations was associated with efficacy in a subset of patients.

Objectives: The goal of this study is to correlate tumour EGFR expression between primary and liver metastatic sites,
and to assess the mutational status in the EGFR kinase domain.

Methods: This is a single center retrospective study of patients who underwent surgical resection of CRC, for whom
paired paraffin-embedded tissue blocks of primary tumours and resected liver metastases were available. EGFR immu-
nostaining and mutation analyses were preformed.

Results: Fifty six paired colorectal primaries and metastases were available for analysis. EGFR was detectable in 96.6%
of the primary samples and in 89.7% of the metastatic samples. Perfect concordance in the intensity score between the
primary and the metastases was found in 46.5% of the cases. While individual pairs were poorly concordant for intensity,
the proportion of primaries with intense staining was similar to the proportion with intense staining in the metastatic
samples. Overall survival did not correlate with either EGFR expression in the primary tumour, or with EGFR expression in
the metastasis. There were 2 cases with mutations in the EGFR kinase domain. Both mutations were found in exon21 C>T.

Conclusions: In this analysis, EGFR expression in the primary tumor site was not predictive of its level in the metasta-
sis. EGFR expression levels in the primaries and in the metastases do not appear to be useful prognostic markers.

Background

Colorectal cancer (CRC) is the third most common cancer and
the second leading cause of cancer death in North America.
Although CRC mortality rates have declined in recent years the
burden of disease still remains high."* In the last decade the
recent years the treatment of metastatic CRC has significantly
improved with the median survival of the patients increasing

from six months to 24 months.>°

Among these advances are the
targeted biologic agents, including antagonists which target the
Epidermal Growth Factor Receptor (EGFR).

The EGFR is a cell membrane receptor which, upon activa-
tion, initiates a series of intracellular signals that ultimately
leads to cellular proliferation, induction of angiogenesis and
tumor cell metastases.” The majority of human epithelial can-
cers are marked by functional activation of the EGFR fam-
ily. In vitro human colorectal carcinoma cell line experiments
indicate that EGFR mRNA plays a significant role during
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tumor progression,® while in-vivo EGFR levels are higher in
the malignant zones of CRC specimens as compared to the
surrounding mucosa.’ In a clinical study, EGFR expression
has been demonstrated to be associated with poor outcome in
patients with CRC."

There are two EGFR antagonists currently available for
the treatment of metastatic CRC (mCRC), Cetuximab and
Panitumumab." Previous studies indicate that drugs targeting
the EGFRsignaling pathways can induce objective responses,
prolong time to progression and improve survival for patients
with mCRC.*'*!* However EGFR expression in the primary
tumor does not predict response in the metastatic location."
Published data regarding the correlation of EGFR expression
between a primary tumor and the metastatic site is inconsistent.
It has not yet been clarified whether the level of expression in
the primary site predicts its level in the metastatic site. A differ-
ence in EGFR expression between the archival primary tumor
and subsequent metastases might explain why patients without
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Table 1. Clinical data of patients

All Synchronous Metachronous
N =56 (%) N = 28 (%) N = 28 (%)
Stage at diagnosis
| 1(1.7) 0 1(3.6)
Il 11 (19.6) 0 11 (39.3)
1 14 (25) 0 14 (50)
\% 28 (50) 28 (100) 0
Missing data 2
Status post hepatic resection
RO 40 (71.4) 18 (64.3) 22 (78.6)
R1 7 (12.6) 3(10.7) 4(14.3)
R2 6(10.7) 5(17.8) 1(3.6)
Time in months
abnedt"ﬁ‘;'a't’i’cr'::g_ ( 01172 g  3540-93  189(16-768)
tion median (range)
5FU based 20
i 0,
O amy S
(7.1%)

detectable EGFR expression in the primary still respond to anti
EGER therapy.

Objectives

This study was conducted to explore the role of EGFR in’ CRC
primary and metastatic tumors. The analysis was done at mul-
tiple levels: (1) assessment of the expression of EGFR in the pri-
mary site as a predictor of its level in the metastatic lesion (using
immunohistochemistry, IHC); (2) assessment of the clinical
importance of EGFR expression level by correlating the above
results with clinical outcome; (3) assessing the mutational status
of the EGFR kinase domain and its clinical relevance.

Results

Patients. Clinical data was obtained on all 56 patients who
had paired primary tumors and metastases. The median age
at diagnosis was 58 (range: 31-80). Median follow up was 77
months (range 1.2 to 124). The primary and metastasis were
synchronous in 29 patients (50%) and metachronous in the
other 29 patients (Table 1). Following resection of the liver 47
patients (84%) of patients were clinically disease free (71.4%
RO, 12.6% R1). Chemotherapy was received by 43 patients
(74%) at some time in the course of their treatment. Table 2
describes chemotherapy before and after metastasectomy as well
as subsequent chemotherapy received upon recurrence or pro-
gression. All patients who received chemotherapy were treated
with a TS inhibitor (74%), 52% received Irinotecan, 43%
received Oxaliplatin, while only 9% received Bevacizumab or
Cetuximab (5%).

EGFR IHC status. Fifty-eight paired primary and metastatic
tumors were available for EGFR THC analysis.
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EGEFR was detectable (1 to 3+) in 96.6% of the primary sam-
ples and in 89.7% of the metastatic samples (Fig. 1). A 1+ EGFR
staining intensity score was most frequently observed, seen in
56.9% of primary tumors and in 54.9% of metastatic samples.
A 3+ EGFR intensity score was identified in 16.1% of primary
tumors and 14.3% of metastases.

Variation of intensity score in primary tumor samples ver-
sus metastatic samples. When a threshold of detectable (1 to
3+) vs. undetectable (score = 0) was used, there was no sig-
nificant difference in the proportion of patients with detectable
EGEFR by IHC between primary tumors and metastases (Fisher’s
exact p = 0.162). Similarly, when a threshold of weak (0 to 1+)
versus strong (2 to 3+) was used, there was no difference in the
proportion of patients with weak versus strong EGFR intensity
between primary tumors and metastases (Fisher’s exact p = 1).
If a stringent criteria of identical matching intensity between
the primary and metastasis (e.g., concordant pairs, both with
2+ expression) was the measure of relative consistency, there
was low concordance between paired samples (Goodman and
Kruskal’s gamma coefficient = 0.51). Better correlation was seen
in the group with metachronous tumors (gamma = 0.61) vs. the
group with synchronous tumors (gamma = 0.39).

If less stringent criteria for concordant pairs are utilized,
specifically that expression (1 to 3+) versus non-expression (0)
between the primary and metastasis is the measure of agreement,
then a trend towards concordance between paired samples was
seen(two tailed p value calculated with McNemar’s test = 0.07).
There was perfect concordance in the intensity score between
the primary and-the metastasis in 27(46.5%) cases. An intensity
score variance of <1 was seen in 25(43.1%) cases. A difference
of 2 was seen in 6 m(10.3%) cases. No cases had a difference of
3. There were five discordant pairs where expression was lost in
metastasis and no pairs where non-EGFR expression in the pri-
mary tumors was changed to expression in metastasis. In 13 cases
the metastasis had a higher score and in 18 cases a lower score
compared to the primary.

EGFR intensity and outcome. There was no correlation
between overall survival and the EGFR intensity score in the pri-
mary tumor. The median survival was 56.1 vs. 57.1 months for
patients whose primary tumor EGFR staining was 0 to 2+ versus
3+ respectively (HR = 1.25 [95% C.I. 0.52 to 3.11], log rank p =
0.60) (Fig. 2A).

Similarly, EGFR intensity score in the metastases did not
predict for overall survival. The median survival was 56.1 vs.
62.8 months for patients whose metastatic tumor EGFR staining
was 0 to 2+ versus 3+ respectively (HR = 1.09 [95% C.I. 0.43 to
2.8], log rank p = 0.86) (Fig. 2B).

EGFR mutation analysis. There were two patients with a
mutation in the EGFR kinase domain. Both mutations were
found in exon2l C>T. One patient had a mutation exclusively
in the primary sample. This patient had EGFR IHC intensity
of +1 both in the primary and metastasis. He was diagnosed at
age 37 and had synchronous primary and metastatic disease.
After R2 liver EGFR expression variance in paired colorectal
cancer primary and metastatic tumors resection, he received
Irinotecan based chemotherapy and had a remarkable PES of
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53.7 months and an overall survival of 62.2 months. The sec-
ond patient had a mutation in both the primary and metastasis.
The IHC EGFR intensity was +2 and +1 for the primary and
metastasis respectively. She was diagnosed at age 75 years with
a synchronous primary and metastasis. The progression free
survival (PES) after liver metastatectomy was 11.2 months and
the overall survival was 25.9 months. Because of the limited
number of patients with EGFR mutations (n = 2), no statisti-
cal analysis was preformed comparing these patients to those
without mutation.

Discussion

We hypothesized that the EGFR expression levels would differ
between primary and metastatic samples. Our results support
this hypothesis. We have shown weak or an absence of concor-
dance between the level of expression in the primary samples and
their paired metastases.

Our data therefore reveal that it is possible that clinical cor-
relative studies could find that evaluation of EGFR expression in
metastatic samples may be more predictive than EGFR expres-
sion from the primary.

A number of other publications contradict our results and
show a concordance between the EGFR expression in primary
and metastatic samples of CRC. Italiano et al.' report that
94% of their 80 samples had concordant, EGFR status when
analyzed by IHC. A recent publication by Molinari et al:’/
analyzed 38 patients and found in all cases the same pattern
of EGFR protein expression by IHC between’primary tumor
and related metastasis, either at distant sites or in lymph nodes
(k=1, p<0.0001). Similarly, when mRNA levels of EGFR were
analyzed by Kuramochi et al.'® there was no significant differ-
ence in median EGFR mRNA between primary CRC and liver
metastases (median value: 1.35 vs. 1.24, p = 0.99). This led the
authors to the conclusion that prediction of mRNA levels of
EGEFR in liver metastases can be obtained by measuring those
in the primary CRC."

In contrast, our results are supported by Scartozzi et al."” who
reported that EGFR expression by IHC (using the DAKO kit) in
the primary did not correlate with EGFR expression in related
metastatic sites. Bralet et al.?’ using a different EGFR antibody
reported differences between primary tumors and related metas-
tases, and also expression differences between lymph node and
liver in several cases.

The explanation for the differences in findings between
studies may relate to several factors. IHC intensity may be
affected by the fixative and duration of fixation of the tissue, the
time from fixation or cutting of slides until staining, the con-
ditions of the IHC procedure including use of proteases, heat,
titrations and the primary and secondary antibodies. Following
staining, there are also differences in the method of scoring of
IHC intensity, some using percentage of cells positive in combi-
nation with intensity scores and others assessing intensity alone.
Variation may also occur due to the intrinsic subjectivity of
individual pathologist review. Small sample size may also limit
the power to identify small differences. It is arguable that the
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Table 2. Systemic treatment of patients
All Synchronous Metachronous
Patients receiving chemotherapy at stage IV

Prior to metastesectomy

Any chemotherapy 8 5 3
FOLFIRI 5 3 2
XELOX + Bevacizumab 1 1
5Fluorouracil 1 1
Ralitrexed 1 1
Post metastesectomy
Any chemotherapy 31 16 15
FOLFIRI 15 9 6
XELOX + Bevacizumab 2 1 1
5Fluorouracil 8 2 6
Ralitrexed 1 1
FOLFOX 2 1 1
IXO 1 1
FOLFIRI + Bevacizumab 1 1
Capecitabine 1 1
Chemotherapy upon recurrence or progression
Any systemic therapy 37 20 17
FOLFOX 12 7
FOLFIRI 6 2 4
XELOX + Bevacizumab 1 1
5Fluorouracil 1 1
Capecitabine 5 3 2
XELIRI 2 1 1
IXO 2 1 1
FOLFOX + Bevacizumab 1 1
Irinotecan 3 1 2
Cetuximab 3 2 1
XELOX + Bevacizumab 1 1
s R 20
TS inhibitor based 43 23 20
Irinotecan 30 17 13
Oxaliplatin 25 13 12
Bevacizumab 5 4 1
Cetuximab 3 2 1

statistical tests used here (Goodman and Kruskal’s or McNemer
test) in analyzing individual paired samples provides a more
rigorous assessment of correlation compared to tests such as
Pearson or Spearmean as used by other authors. The retrospec-
tive nature of all studies to date could affect other confounding
factors, such as patient selection.

While EGFR ITHC in our study did possibly differentiate
between primary tumors and metastases, other measures of
EGEFR activity may also not be concordant. Molinari etal.”” found
a difference in the deregulation of the EGFR gene between the
primary and the metastasis in 22% of their cases, as measured by
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Figure 1. Representative examples of EGFR intensity staining in colorectal adenocarcinoma: (A) Absent staining; Note weak positivity of stromal cells
as internal control; (B) Weak intensity; (C) Moderate intensity; (D) Strong intensity; (All images at x200).
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Figure 2. Correlation of EGFR expression with survival. (A) Correlation of primary tumors EGFR expression with survival. (B) Correlation of metastatic

EGFR gene copy number and EGFR gene amplification. Twelve
cases (33%) showed a discordant pattern. Eight cases were found
with a trend in favor of EGFR gene deregulation from primary
tumor to metastasis and four cases with the opposite trend. These
data reflect those obtained by Italiano et al.? in non-small-cell
lung cancers. Several recent studies have demonstrated that
patients showing EGFR gene deregulation defined either by Chr7
polysomy or EGFR gene amplification (cumulatively named
CNG) could benefit from Cetuximab treatment.”?>?

We failed to show any correlation between the levels of expres-
sion in either the primary or metastatic samples and survival.
Although some reports did find correlation with histology and
stage most reports failed to show that the level of expression of
EGFR correlated with survival.?® The predictive value of EGFR
expression was examined in patients treated with monoclonal
antibodies against EGFR (Cetuximab, Panitumumab).

Giralt et al.” found that EGFR predicted for a lower response
rate to neoadjuvant radiotherapy in rectal cancer. Their study
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also found that patients whose tumor expressed EGFR had a
shorter disease-free survival (DFS). A study of rectal cancer
patients undergoing brachytherapy demonstrated that patients
whose tumors had EGFR staining in <85% of cells had a signifi-
cantly longer median survival [87.0 months (69.0-103.0)] com-
pared to patients whose tumors overexpressed the protein [35.0
months (23.0-58.0)] (p < 0.001). A multivariate survival analysis
adjusting for T stage, N stage, tumor grade, vascular invasion
and age, found that EGFR overexpression was independently
associated with worse survival time (p < 0.001) [HR (95% CI) =
1.93 (1.44-2.57)].% These two studies evaluated a distinct popu-
lation of patients with rectal tumors undergoing radiotherapy.
However, even in this distinct population a contradicting result
was reported by Fernbero et al.” who immunostained rectal
tumors for EGFR and did not find any correlation with progno-
sis. We note that the studies which reported a prognostic value
were those which reported overexpression and not expression at
any level.

EGFR mutations in CRC are reported to be a rare event.’
EGFR mutations are found primarily in the tyrosine kinase
domain of the recepror; affecting (in lung cancer) responsive-
ness to EGFR inhibitors. This prompted us to investigate
specifically the tyrosine kinase domain of the EGFR. Like pre-
vious reports our analysis showed that the EFGR mutation is a
rare event in CRC. However in one of the patients an exon21
C>T mutation was detected interestingly, solely, in the primary
tumor and not in the metastasis. This patient presented with-a
very favorable course of disease exceeding the median overall
survival of patients with metastatic CRC. Since this is a-single
case the predictive or prognostic value of the mutation cannot
be evaluated. The loss of a mutated EGFR gene found in the
primary tumor in the metastatic lesion was reported in lung
cancer. In a series of 18 patients who were with EGFR muta-
tion-positive by direct sequencing of the primary lung tumors
50% of the patients’ tumors had lost the mutations in metas-
tases. For 26 lung cancer patients who were EGFR mutation
positive in the metastatic tumors, 17 (65%) were negative in
the primary tumors.*? We did not find any corresponding data
in colon cancer. EGFR deregulation is emerging as a biomarker
with more prognostic and predictive value in patient treated
with anti EGFR therapy.” Their EGFR IHC and gene analysis
in primary tumors, lymph nodes and distant metastases dem-
onstrated variations in the EGFR pathway signaling between
primary tumors and related metastasis. These results may have
implications for clinical practice and the design of clinical trials
using anti-EGFR therapies.

While there has been extensive interest in the value of EGFR
intensity as a biomarker for response or survival in colorectal can-
cer, and while its value as a target of therapy has been established,
its measurement in tumors via IHC remains controversial and
results are conflicting. With such poor consistency between stud-
ies, it is difficult to envision EGFR IHC as a useful biomarker
in the near future. Far more important will be the analysis of
biomarkers with other methods (such as mRNA levels or specific

mutations), as demonstrated in the successful development of
KRAS, BRAF and MSI as colorectal biomarkers in recent years.
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Methods

A retrospective study of patients who underwent surgical resection
for both a primary and metastatic CRC (synchronous or meta-
chronous) was undertaken at The Ottawa Hospital Cancer Center
(TOHCC) between 1999 and 2005. Paired paraffin-embedded
tissue blocks of primary tumor and resected liver metastases were
available for inclusion in the study. The tissues were collected as
part of the Ottawa Colorectal Tumor Bank and all patients signed
informed consent prior to the collection of the samples. This study
was approved by the Ottawa Hospital Research Ethics Board.

THC Staining. Fifty six paired samples were identified. EGFR
immunostaining was performed using the DakoCytomation
EGEFR pharmDx kit (DAKO) following manufacturer guidelines
in the Department of Pathology, Faculty of Medicine, University
of Ottawa. Two pathologists, blinded to the clinical information,
independently evaluated EGFR staining in both primary tumors
and corresponding metastases. EGFR stains the cell membrane
and an intensity score from 0 (absent staining) to 3+ was given. A
score of 1+ was given when there was weak and focal staining of
tumor cells, 2+ when there was moderate staining and 3+ when
there was strong staining of tumor cells. When there was signifi-
cant discrepancy between the scores of the two pathologists, the
case was reviewed by both at a multiheaded microscope and a
consensus was reached.

EGFR mutation analysis. To evaluate EGFR mutations,
genomic DNA- was extracted from the formalin-fixed, paraffin-
embedded tissue. Ten-micron histological sections were depar-
affinized ' with- Hemo-De (Scientific Safety Solvents, TX). The
sections were digested for 18 hours at 55°C with proteinase K
(1 mg/mL) in TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0).
Residual fragments were removed by centrifugation. DNA was pre-
cipitated from thesupernatant with 2 volumes of ethanol. The DNA
pellet was collected by centrifugation, washed with 80% ethanol,
air-dried and dissolved in TE buffer. PCR was performed target-
ing exons 18, 19 and 21 encompassing most of the tyrosine kinase
domain. Nested PCR was performed in a 50 UL vol. containing 100
ng genomic DNA, 20 mM Tris-HCl (pH 8.4), 50 mM KCI, 2.0
mM MgCl,, 0.2 mM each of deoxynucleotide trisphosphate, 2.5
units of Taq DNA polymerase (Invitrogen, CA) and 10 pmol each
of EGFR primers (Exon specific primer sequences and cycling con-
ditions can be found in Cappuzzo et al. 2005). PCR products were
purified by polyethylene glycol 8,000 precipitation. PCR products
were separated on a 6% polyacrylamide gel. Separation was done at
150 V in Tris-borate-EDTA buffer for approximately 45 min. Gels
were stained with ethidium bromide to visualize the fragments.
DPurified PCR amplicons were sequenced at the DNA Sequencing
Facility in the Ottawa Hospital Research Institute.

Statistical analysis. The correlation between primary tumors
and related metastatic sites for EGFR expression by IHC was
evaluated by means of the Goodman and Kruskal’s or McNemer
test, appropriate for the assessment of the concordance between
two categorical measurements of the same individual. All statisti-
cal tests were two sided. Significance levels were set at p < 0.05. All
statistical analyses were carried out using Stata software version 8.0
(htep://www.stata.com).
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