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Introduction

Among the countries of the European Union, the
standardised colorectal cancer (CRC) mortality rate
is the highest in Hungary. The epidermal growth
factor receptor (EGFR) is a tyrosine Kkinase
transmembrane receptor, one of the key factors of
gene transcription and cell proliferation leading to
the progression of the disease.

Metastases occur in 20-50% of all CRC cases during
the course of the disease. In unresectable metastatic
CRC, systemic therapy is the preferred therapeutic
option. The chemotherapy backbone should be
combined with targeted agents.
Bevacizumab/Avastin is a vascular endothelial
growth factor (VEGF) inhibitor. Cetuximab and
panitumumab are  anti-EGFR  monoclonal
antibodies. Unfortunately, to date only negative
predictive molecular pathological factors are
known, such as RAS and BRAF mutations. In daily

practice, approximately 40% of patients are



expected to be non-responsive to anti-EGFR
antibody therapy. Therefore, it would be useful to
have positive predictive markers as well.

The localisation of the primary tumor as a potential
prognostic and/or predictive marker has recently
received greater attention. It has been confirmed that
right-sided tumors have a worse prognosis compared
to left-sided CRCs.

In colorectal cancer, EGFR protein expression of the
tumor cells was found to be a powerful predictor of
prognosis. The predictive value of EGFR protein
expression for EGFR antibody treatment is still
questionable. Interestingly, there are even reports of
the effectiveness of anti-EGFR agents in EGFR-
negative cases.

The diagnostic problems of EGFR expression and
the observation that EGFR-negative colorectal
cancer patients responded to EGFR-targeted
antibody therapy have diminshed the use of EGFR

IHC in colorectal cancer.



Data on the correlation between EGFR-CNV and the
response to anti-EGFR antibody therapy are also
still controversional.

There are available data on the correlation between
sidedness and EGFR expression of colorectal
tumors. EGFR expression is more frequent in right-
sided tumors compared to left- sided CRCs. Data
also demonstrated that EGFR protein expression
was significantly higher in right-sided tumors than
in left-sided and rectal tumors.

Aims

1.Evaluate the difference between the EGFR
expression of the left- and right-sided tumors in a
KRAS exon2 wild -type metastatic colorectal cancer
cohort of patients, treated with anti-EGFR therapies,
where survival data (PFS, OS) were available.

2. In a small proportion of these patients we have
compared the EGFR copy numbers (CN) in tumor
cells with their corresponding EGFR protein scores,

and investigated the potential correlation.



3. Evaluate the predictive role of EGFR protein
expression in the efficacy of anti-EGFR antibody
(cetuximab) therapy, and also test the predictive
value of the EGFR H-score of primary tumors and
metastases in a multivariate analysis.

Methods

We collected data on 99 patients who were
diagnosed with metastatic colorectal cancer and
treated with anti-EGFR antibody therapy. In total,
97 primary tumors and 33 corresponding metastatic
tissues were available for further evaluation. In 31
cases, we had samples from both the primaries and
the corresponding metastases for comparison.
EGFR protein expression

The EGFR protein expression of colorectal cancer
tumor cells was determined by immuno-
histochemistry. The evaluation was carried out
applying the H-score (0-300) semiquantitative
methodology.



RAS testing

KRAS exon2 mutations were identified by
microcapillary-based restriction fragment length
analysis. Mutation positivity was defined as samples
containing >5% of the non- wild type (WT) band.
After protocol changes, extended RAS mutation
analysis was done.

Evaluation of EGFR gene copy number using
interphase fluorescence in situ hybridization
(iFISH)

The EGFR gene copy number status was evaluated
by iFISH analysis. Average EGFR copy
number/cell, average CEN7 copy number/cell,
EGFR/CENT ratio, average EGFR copy number/cell
in amplified cell population, and percentage of
polysomic or amplified cells were calculated.
Statistical analysis

The investigated patient cohort was divided into low
and high expression groups based on their EGFR H-
scores. We used different EGFR-HS threshold



ranges (0, 50, 100, 200) to define low/high groups.
The H-score of EGFR was analyzed by the Mann-
Whitney test. Overall and progression-free survival
analyses were carried out using the Kaplan—Meier
method. The comparison between survival data of
different strata was assessed by log-rank statistics. A
multivariate analysis was performed by the Cox
proportional hazard model.

Results

1. Difference between the EGFR expression of
left- and right-sided tumors

We evaluated and compared the EGFR-H-scores of
left- (LSCRC) and right-sided colorectal cancers
(RSCRC). In primary tumors, we found that the
EGFR H-scores of the LSCRC were significantly
lower than those of RSCRC: 89.9 + 66.7 versus 141
+ 722 (p = 0.04). In metastases, a similar
comparison of the right-sided and the left-sided
samples was executed. According to our results,

EGFR scores of the left-sided CRC metastases were



significantly lower than those of the right sided
samples: 86.6 + 65.2 versus 142.5 + 87.8 (p=0.018).
In addition, progression free survival (PFS) and
overall survival (OS) data of anti-EGFR antibody
treated RSCRC and LSCRC patients (N= 22 v.75)
were investigated using Kaplan-Meier analysis.
Regarding PFS, RSCRC patients showed
numerically poorer survival compared to the
LSCRC cohort (p = 0.064). The difference in OS
was significantly worse in RSCRC patients than
those with LSCRC (p =0.047). The median PFS was
189 days for LSCRC and 117 days for RSCRC
patients. The median OS for LSCRC was 423 days
vs. 265 days for RSCRC.

2. Correlation between the EGFR copy number
(CN) and corresponding EGFR protein score
We compared the EGFR copy numbers (CN) in
tumor cells to their corresponding EGFR protein
scores in 7 cases. We found that in these selected
cases CN/cell varied between 1.9 (diploid) and 5.04



(amplified), and the EGFR H-scores varied between
5 and 250. However, there was no association
between the CN and EGFR protein expression in
these cases. Moreover, extremely low protein scores
were associated with amplified tumors, and high
scores with near diploid statuses.

3. Predictive role of EGFR protein expression in
the efficacy of anti-EGFR antibody (cetuximab)
therapy

We analysed the correlation between the EGFR-HS
and the progression-free survival (PFS) and overall
survival (OS) in the cetuximab FOLFIRI treated
group of our patient population (N=90).

We evaluated the EGFR protein expression of the
primaries and their metastases. The median EGFR-
HS was similar in both the primary and the
metastatic tumor tissues (100 = 66 versus 110 £ 75,
respectively). Distribution of the EGFR-H-scores
(by 50 increments) were very similar in the primary

and the metastatic colorectal tumors.



Comparison of the HS of 27 metastases to their
corresponding  primaries  found  significant
differences and extreme alterations in both
directions (higher or lower) in the majority of cases.
The metastases maintained the EGFR-HS range of
the primary tumor only in a minority of cases (no
difference: 3/27, 11.1%; +10% difference: 8/27,
29.6%).

EGFR H-scores of the primary tumors with different
metastatic potentials (single versus multiple
metastatic diseases) were also compared. The EGFR
protein expression was significantly higher in
primary tumors with multiple metastases (p =
0.007). We evaluated the possible correlation
between the metastatic potential and the EGFR
expression of the tumors. Our data revealed that both
in primary tumors and their metastases, the tissue
samples of multiple metastatic cases express

significantly higher EGFR-HS compared to the



EGFR expression of samples of single metastatic
cases (p = 0.007 and p = 0.004 respectively).

Our data indicated that in primary tumors with
values below the threshold, EGFR protein
expression was associated with favourable PFS and
OS. The differences were statistically significant in
OS at the 200 threshold exclusively (p <0.05). In
metastatic tissues, our data indicated that values
below the applied threshold of EGFR-HS were
associated with longer PFS. The differences were
significant at the 50 and 200 thresholds in PFS, and
at all thresholds in OS. In particular, the difference
was greatest at the lowest thresholds, gradually
decreasing with increasing EGFR-HS thresholds.
The predictive power of EGFR H-scores of primary
tumors and their metastases was also investigated.
We applied the Cox proportional hazard model and
tested the EGFR-H score in multivariate analysis,
with other factors such as sidedness, number of

involved metastatic organs (single versus multiple),
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age and sex. The analysis confirmed that in our
cetuximab treated cohort, EGFR H-score was a very
weak independent predictor of OS; it approached the
border of significance only in the case of metastatic
tissue. In the same analysis, sidedness was found to
be a strong, significant predictor either in the group
of primary tumors or in metastases. It should be
noted that there was a significant difference between
the EGFR expression of left- and right-sided CRCs.
Finally, we conducted a subgroup analysis of
survival data of the left- and right-sided cetuximab
treated cases based on EGFR-HS, with low- versus
high status determined by the median of the analysed
subgroup. In left- or right-sided primary tumors,
there was no statistical difference observed in OS
between EGFR-low and EGFR-high tumor cases. In
case of metastases, the Kaplan—Meier analysis
demonstrated that low EGFR-HS patients are
characterized by a nominally better median OS at
both sides (left side low: 766.5 days versus high: 368
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days; right side low: 283.5 days versus high: 55
days). This result was significant only in the case of
left-sided tumors (N = 18, p = 0.016).

New observations

Our results support the findings that metastatic
KRAS-wt LSCRC respond significantly better to
anti-EGFR antibody therapy than RSCRC.

Our data also confirmed that RSCRC has a
significantly higher EGFR protein expression level
than LSCRC, even in KRAS-wt settings. Based on
our results, there is no correlation between EGFR
CNV and protein expression in CRC.

Our data confirmed that in a cetuximab treated group
of KRAS exon2 wild-type metastatic colorectal
cancer patients, low EGFR protein expression levels
of tumor tissue are associated with significantly
better survival.

The multivariate analysis indicated that EGFR
protein expression of both the primary as well as the

12



metastatic tissues is not an independent predictor of
cetuximab efficacy.

Based on our results, sidedness and EGFR
expression are closely related: the poorly responding
right-sided tumors express EGFR at significantly
higher levels compared to left-sided CRCs.
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