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Abstract

Background and Objective Epidermal growth factor re-
ceptor (EGFR) inhibitors are not equally effective in all
cancer patients. One potential clinical factor that could help
in selecting patients who may benefit from treatment with
cetuximab is acneiform rash, which correlates with the
clinical response to EGFR inhibitors. Some previous
studies have suggested that the tendency to develop rash
may depend on polymorphisms in the EGFR gene. In this
investigation, the association of degree of CA dinucleotide
polymorphism with skin rash and cetuximab therapy out-
come was examined.

Methods The study included 60 patients treated with ce-
tuximab. For each patient, the severity of acneiform rash
was assessed, and the type of polymorphism was deter-
mined by genotyping. Associations between genotypes, the
acneiform rash, and response to treatment were determined
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by using the chi-square test and Spearman’s rank correla-
tion. The cutoffs S < 17(CA), L > 17(CA), n(CA) < 35,
and n(CA) > 35 were tested, as well as the sum of the two
allele repetitions.

Results A correlation was found between body surface
area covered by rash and the sum of the two allele
repetitions (p = 0.030). No statistically significant rela-
tionship between genotype and response to treatment was
observed. However, in patients who have had partial re-
mission, we noticed a higher incidence of polymorphism,
with less CA dinucleotide repetitions and early onset of
rash.

Conclusion A correlation between genotype and severity
of rash was observed. That is, the severity of rash de-
creased with an increased number of CA repetitions.
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Key Points

Skin rash is an adverse reaction typical for anti-
epidermal growth factor receptor (EGFR)
therapeutics that is independent of tumor type.

Severe skin rash is associated with clinical benefit in
cancer patients treated with cetuximab. The aim of
this study was to verify whether CA simple sequence
repeat in intron 1 (CA-SSR1) polymorphism is a
predictive factor for skin rash and possibly for
clinical response to cetuximab.

This study found that an increased number of CA
repetitions was inversely associated with severity of
skin rash as determined by body area covered;
however, the association with clinical response was
unclear.

1 Introduction

The epidermal growth factor receptor (EGFR, ErbB-1,
HERI1) is a membrane receptor in the receptor tyrosine
kinase family (ErbB). The activation of EGFR is an im-
portant factor in metastasis formation and progression.
Signaling pathways activated by EGFR interact with such
processes as cell growth, proliferation, apoptosis, differ-
entiation, and migration, as well as the secretion of some
proteins [1-4]. Overexpression of EGFR, up to 10° re-
ceptors per cell [5], often occurs in tumor cells of epithelial
origin (head and neck cancer, stomach cancer, colorectal
cancer, ovarian cancer, prostate cancer, and glioma) and
correlates with poor prognosis [1, 2, 4, 6].

Targeted drugs that inhibit signaling through the EGFR
are currently widely used. Such drugs include monoclonal
antibodies (mAbs), such as cetuximab and panitumumab,
and small-molecule tyrosine kinase inhibitors, such as ge-
fitinib and erlotinib. Cetuximab (IMC-225, Erbitux®) is a
human-mouse chimeric mAb. It was first approved for use
in metastatic colorectal cancer manifesting EGFR expres-
sion, as monotherapy or in combination with cytotoxic
chemotherapy [7, 8]. However, EGFR inhibitors are not
equally effective in all cancer patients [9—12]. The efficacy
of cetuximab with concurrent use of chemotherapy in
colorectal cancer patients is about 23 % [13]. This poor
efficacy may be explained by the discovery of additional
mutations in the RAS gene in patients with colorectal
cancer. Cetuximab and panitumumab do not work in pa-
tients with mutations of KRAS, NRAS, or BRAF [14-17].
However, cetuximab also has poor efficacy in ap-
proximately 40 % of patients with wild-type KRAS and
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other types of cancers with overexpression of EGFR re-
ceptors, the reasons for which are poorly understood [18].

There is a lack of information about predictive factors
other than RAS somatic mutation for the selection of pa-
tients who will benefit the most from treatment with ce-
tuximab. The one potential clinical factor is acneiform rash
(rash), which correlates with the response to EGFR in-
hibitors [19-22]. Generally, EGFR inhibitors are well-tol-
erated by patients; however, acneiform rash, a
characteristic dermatological adverse effect, occurs in over
50 % of patients [3, 20, 23]. Studies carried out with the
use of anti-EGFR mAbs have also shown that the severity
of the rash is dependent on the dose of the drug [21, 24,
25]. The severity is similar in patients receiving cetuximab
alone or in combination with irinotecan chemotherapy [13].
The rash is most common in areas rich in sebaceous glands
[3]. It usually presents a few days after the start of treat-
ment, reaches maximum severity up to 3 weeks later, and
then disappears over several weeks after the end of treat-
ment [3].

Numerous studies have shown that the rash correlates
with better response to treatment with anti-EGFR mAbs
[13, 23, 26]. The occurrence of the rash is thought to be
associated with a genetic variation in the human popula-
tion. One factor that may influence the occurrence of the
rash is CA dinucleotide repeat polymorphism in intron 1
[CA simple sequence repeat in intronl (CA-SSR1)]. This
variation is present in a highly polymorphic genomic DNA
region of the EGFR gene [9, 17, 27], the 5" end of intron 1.
This location is considered to be important because it is in
the immediate neighborhood of the second enhancer [5, 28,
29] and is believed to influence the expression of the EGFR
gene.

Studies performed in patients with non-small cell lung
cancer and pancreatic cancer have shown that a smaller
number of CA dinucleotide repeats in intron 1 of the EGFR
gene is associated with worse survival [29, 30]. On the
other hand, the positive therapeutic effect of EGFR in-
hibitors may be correlated with a smaller number of CA-
SSR1 repeats [9, 31].

2 Materials and Methods
2.1 Patients

Sixty patients treated with cetuximab for colorectal, lung,
and head and neck cancer were enrolled in this study. All
colorectal cancer patients (n = 52) in this study had a wild-
type KRAS genotype. Cetuximab was given intravenously
at an initial dose of 400 mg/m? and then at 250 mg/m?
every 2 weeks.
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The severity of skin reactions was evaluated at weekly
intervals according to the National Cancer Institute Com-
mon Toxicity Criteria for Adverse Events (NCI CTCAE)
version 3.0. Grade 0 is defined as no rash and no additional
symptoms associated with rash; grade 1 as macular or
papular eruptions or erythema without additional symp-
toms associated with rash; grade 2 as macular or papular
eruptions or erythema pruritus or other associated symp-
toms, such as localized desquamation or other lesion cov-
ering less than 50 % of the body surface area; grade 3 as
severe generalized erythoderma or macular, papular, or
vesicular eruptions, desquamation covering more than
50 % of the body surface area, plus additional adverse
effects; and grade 4 as generalized exfoliative, ulcerative,
or bullous dermatitis. In this investigation, the degree of
rash coverage of the body surface area was estimated on
the basis of nomograms.

The study was multicentered and carried out with the
approval of the local ethics committee of the University of
Warmia-Mazury in Olsztyn, Poland (No. 6/2010 dated 25
February 2010 and No. 18/2010 dated 27 May 2010). The
patients were informed about the subject and aim of the
study before the start of the investigation.

2.2 Laboratory Analysis

For the genotype analysis, DNA was isolated from pe-
ripheral blood by using the Blood Mini kit (A&A
Biotechnology, Gdynia, Poland). The isolated DNA was
re-suspended in 100 pL of TE buffer and stored at —20 °C
until further analysis.

To determine the degree of polymorphism in the CA-
SSR1 region, a PCR reaction was carried out, followed by
genotyping with the use of the GenScan method. The pri-
mers used in the PCR were designed by using Primer3 on
the basis of the sequence obtained from the National Center
for Biotechnology Information (NCBI) database (reference
sequence: NG_007726). The length of the PCR product
was 298 bp, with 16 repetitions of the CA dinucleotide. To
analyze the GenScan, one primer was end-labeled with the
fluorescent dye FAM (forward primer 5-FAMGGACTCTT
GAGCGGAAGC-3 and reverse primer 5-CCATAAACCC
ACTTGACAGG-3). The PCR reaction was performed
under the following conditions: 3 min initial denaturation
at 94 °C, followed by 30 cycles of denaturation for 60 s at
94 °C, annealing for 60 s at 61 °C, and elongation for 60 s
at 72 °C; the final extension was carried out for 7 min at
72 °C.

The fragment length was determined by analysis carried
out with the GeneScan ABI Prism® 3700 DNA Analyzer
(Life Technologies, Carlsbad, CA, USA). GS500 ROX
(-250 LIZ) size marker was added to each sample. To
validate the first method, GenScan direct sequencing was

carried out for several randomly selected homozygote
samples.

2.3 Grouping by Allele, Genotype, and Grade of Rash

Samples were grouped arbitrarily depending on the number
of CA dinucleotide repeats. The first criterion was based on
the division of the first and second alleles into two groups:
the short allele, labeled S, and the long allele, labeled L.
The cutoffs used were S < 17 and L > 17. The division
created three kinds of genotypes: SS, SL, and LL. The
second criterion was based on the sum of repetitions for the
first and second alleles, with the sum divided into two
groups: long genotype [n(CA) > 35] and short
[n(CA) < 35] genotype. The third criterion used the sum of
CA repetitions for the first and second alleles.

In the assessment of the severity of rash, two criteria
were used. In the first criterion, the severity of rash, was
evaluated according to the NCI CTCAE version 3.0 scale.
Due to the relatively small sample size, the patients were
grouped into insignificant rash (grade 0-1) and significant
rash (grade 2-3). In the second criterion, the percentage of
body surface area covered by rash was used.

2.4 Statistical Analysis

Statistical analysis was performed with the Statistica soft-
ware version 10 (Statsoft, Inc., 2011; http://www.statsoft.
com). Due to the relatively small group of patients and the
lack of normal distributions in the studied variables, we
used non-parametric statistical methods.

The clinical response to cetuximab [Response Eval-
uation Criteria In Solid Tumors (RECIST)] was determined
for 49 patients. The association between response to
treatment and rash or genotype was determined by using
Spearman’s rank correlation. The association between rash
severity (NCI CTCAE v3.0) and CA-SSR1 genotype sub-
group [cutoffs: S < 17(CA), L > 17(CA), n(CA) < 35,
and n(CA) > 35] was determined using Pearson’s chi-
square test. The relationship between body surface area
covered by rash and CA-SSR1 genotype was determined
by using Spearman’s rank correlation, Mann Whitney
U test, and Kruskal-Wallis test. Two quantitative variables,
the percentage of body surface area covered by rash and the
sum of CA dinucleotide repeats in the EGRF gene, were
analyzed using Pearson’s correlation. The significance
level for all tests was p < 0.05.

3 Results

Data from 60 patients were analyzed. The sample con-
sisted of 70 % males and 30 % females, ages
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38-79 years, with a mean age of 62 years. The majority
of patients had colorectal cancer. All patients received
cetuximab in two treatment regimens: alone or in
combination with chemotherapy. No relationship was
found between severity of rash and cetuximab admin-
istration scheme.

For 49 patients, the response to cetuximab treatment was
determined. Stable disease was observed in 57 % of pa-
tients and partial remission in 29 %; 14 % of patients
progressed. Table 1 presents the characteristics of the pa-
tients and their treatment schemes.

3.1 The Rash and Associated Symptoms

For analysis, the patients were divided into two subgroups:
those with absence of rash or grade 1 rash (16 patients;
27 %) and those with grade 2 or 3 rash (44; 73 %).

The rash covered, on average, 26 % of the body surface
of patients, with the median being 22 % coverage. Most
frequently, the rash appeared on the head, especially on the
face (54 patients; 90 %), and on the neck (33; 55 %), chest
(14; 23 %), back (28; 47 %), abdomen (11; 18 %), hips,
thighs, and buttocks (9; 15 %), arms (8; 13 %), and hands
(7; 12 %). The rash also appeared, although rarely, in the
vicinity of the lower legs and feet (less than 10 % of
patients).

The majority of patients (67 %) received symp-
tomatic treatment for the rash, such as antibacterials and
corticosteroids, separately or in combination. The rash
usually appeared in the second or third week after ini-
tiation of cetuximab administration and reached max-
imum intensity on the third or fifth week. Table 1
presents detailed data on the appearance, severity, and
duration of the rash.

3.2 CA Simple Sequence Repeat in Intron 1
(CA-SSR1) Polymorphism of the EGFR Gene

The number of CA dinucleotide repeats present in patients
was between 14 and 21. The distribution of polymorphisms
was trimodal; the dominant alleles had 16, 18, and 20 re-
peats. The most common allele had 16 CA dinucleotide
repeats, which occurred in 62 % of patients, followed by
18 CA repetitions in 28 %, and 20 allele repeats in 23 %.
The median length of alleles was 17 CA dinucleotide re-
peats; Fig. la shows the distribution of the repeat lengths.

The most common genotype was 16/16 CA repeats,
which occurred in 20 % of patients, followed by 16/18 CA
repeats in 17 %, 16/20 CA repeats in 12 %, and 18/20
repeats in 10 %. Figure 1b shows the CA genotype
distribution.
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Table 1 General characteristic of patients and treatment

Characteristic n (%)*
Sex

Men 42 (70)

Women 18 (30)
Age (n = 60)

Average 60 years

Range 38-79 years

Median age 61 years
Type of cancer (n = 60)

Head and neck 5 (8.06)

Colorectal 52 (86.67)

Small cell lung 1 (1.66)

Stomach 2 (3.33)
Treatment regimen (n = 60)

Monotherapy 27 (45)

Chemotherapy 33 (55)
Response to treatment (RECIST scale) [n = 49]

Partial remission 14 (29)

Stabilization 28 (57)

Progression 7 (14)
Body surface area covered by the rash (n = 60)

Average 26 %

Range 0-98 %

Median 22 %
Acneiform rash severity (scale NCI CTCAE v.3.0) (n = 60)

No rash and grade 1 rash 16 (27)

Grades 2 and 3 rash 44 (73)

Time of appearance the rash (week of treatment) [n = 59]

First and second 33 (16)
Third and fourth 19 (32)
After the fourth 7 (12)

Time of maximum severity of rash (week of treatment) [n = 59]

First and second 10 (17)
Third and fourth 34 (57)
After the fourth 15 (25)
Additional symptoms associated with acneiform (n = 60)
Itching 35 (58)
Dry skin (xerosis) 35 (58)
Exfoliation skin 21 (35)
Hair changes 3(5)
Nail changes 12 (20)
Symptomatic treatment of acneiform rash (n = 60)
No treatment 20 (33)
Antibacterials 20 (33)
Corticosteroids 9 (15)
Antibacterials + corticosteroids 11 (18.33)

NCI CTCAE National Cancer Institute Common Toxicity Criteria for
Adverse Events, RECIST Response evaluation criteria in solid tumors

# Unless otherwise stated
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3.3 Association Between Rash and CA-SSR1
Polymorphism

An evaluation of the association between rash and CA-
SSR1 polymorphism of the EGFR gene was performed for
the described grouping criteria (Sect. 2.3). Due to the lack
of clear examples in the scientific literature for this type of
analysis, three possibilities were tested. Table 2 provides
detailed information on the analysis.

An insignificant association was found for “the grouped
NCI CTCAE version 3.0 scale versus the sum of CA
repetitions of a single allele [cutoffs: S < 17(CA) and
L > 17(CA)]” (p = 0.059). An insignificant statistical re-
sult was also obtained for “the grouped NCI CTCAE
version 3.0 scale versus the sum of CA repetitions of two
alleles  [cutoffs: n(CA) <35 and n(CA)> 35]”
(p = 0.356).

The correlation between body surface area covered by
rash and genotype was also analyzed. A positive correla-
tion between surface area covered by rash (%) and the sum
of CA repetitions of a single allele [cutoffs: S < 17(CA)
and L > 17(CA)] was found (p = 0.046). The body surface
area covered by rash (%) and the sum of CA repetitions of
the two alleles [cutoffs: n(CA) < 35 and n(CA) > 35]
were also found to be associated (p = 0.040).

A negative correlation (r = —0.3251) was observed
between percentage of body surface area covered by rash
and the sum of CA dinucleotide repeats in the EGFR gene
(p = 0.011). Figure 2 shows a scatter diagram of this
correlation. A decrease in the body surface area covered by

16/17

16/18

16/20 1717 17/20
16/19 16/21 17/18 17/21

CA-SSR1 genotypes of the EGFR gene

18/18 18/21

18/20 20/21

rash was found with increasing sum of CA repetitions of
the two alleles.

3.4 Response to Treatment Versus Severity of Rash

A weak correlation was found between severity of rash and
response to treatment (p = 0.058), as shown in Fig. 3c. In
patients with partial remission and stabilization, better re-
sponse to treatment with cetuximab and early occurrence of
rash were observed.

3.5 Response to Treatment Versus CA-SSR1
Polymorphism of the EGFR Gene

The relationship between CA-SSR1 polymorphism and
response to treatment with cetuximab was evaluated based
on the RECIST criteria. In all cases [cutoffs: S < 17(CA)
and L > 17(CA), as shown in Fig. 3a; cutoffs: S < 17(CA)
and L > 17(CA), as shown Fig. 3b], there was no statisti-
cally significant result. However, among patients with
partial remission, better response to treatment with cetux-
imab was observed in those with a smaller number of
repetitions in the CA-SSR1 polymorphic region of the
EGFR gene.

4 Discussion

EGFR inhibitors are not equally effective in all cancer
patients, even in patients with overexpression of the EGFR
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Fig. 2 Examination of the relationship between the rash and CA-
SSR1 polymorphism of the EGFR gene. Scatterplot of total repeti-
tions two alleles CA-SSR1 vs. body surface area covered by
acneiform rash. CA-SSRI CA simple sequence repeat in intron 1,
EGFR epidermal growth factor receptor
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Fig. 3 Histogram presenting examination of the relationship between
the response to treatment with cetuximab and CA-SSR1 genotype and
the patient’s acneiform rash. a Response to treatment with cetuximab
(RECIST scale) vs. the sum of CA repetitions of two alleles, cutoff
n(CA) < 35, n(CA) > 35. b Response to treatment with cetuximab
(RECIST scale) vs. the sum of CA repetitions of a single allele cutoff
S < 17(CA), L > 17(CA). ¢ Response to treatment with cetuximab
(RECIST scale) vs. grouped NCI CTCAE v3.0 scale. d Response to
treatment with cetuximab (RECIST scale) vs. the early grade 2-3
rash. A Spearman’s rank correlation was calculated for each
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gene receptor [13]. Cunningham et al. reported that the
level of response to treatment is approximately 23 % for
patients receiving cetuximab plus chemotherapy and about
11 % for patients receiving cetuximab as monotherapy
[13]. Among patients tested for mutation in the KRAS gene,
the level of response to wild-type genotypes is still not
more than 40 % [20].

Many studies have indicated that there are molecular
factors that may modulate the response to treatment with
EGEFR inhibitors, such as KRAS status [8], the rash [23,
26], and polymorphism of the EGFR gene [32, 33].

4.1 Acneiform Rash

Acneiform skin rash is a characteristic adverse effect of
EGFR inhibitor therapy, occurring in 50-95 % of patients
[3, 20, 23]. There seems to be greater severity of rash in
patients undergoing anti-EGFR mAb treatment [34, 35]. In
this study, the rash occurred in nearly all patients (59;
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relationship. In all cases, we did not obtain a statistically significant
result. Dotted lines indicate the group characterized by the highest
coefficient of variation. In patients with partial remission we observed
a better response to cetuximab treatment when there was a smaller
number of repetitions in the polymorphic region of CA-SSR1 of the
EGFR gene and early grade 2-3 rash. CA-SSRI CA simple sequence
repeat in intron 1, L long allele, NCI CTCAE National Cancer Institute
Common Toxicity Criteria for Adverse Events, RECIST Response
Evaluation Criteria In Solid Tumors, S short allele
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98 %), which is a similar finding to that of other studies
[12, 20, 26, 33, 36]. The patients in this study were not
homogeneous with regard to type of tumor. However,
based on the available literature, the occurrence of rash is
assumed to be independent of cancer type: colorectal
cancer [26], small cell lung cancer [25, 37], or head and
neck cancer [38]. Moreover, the genotype of the patient,
and not the genotype of the tumor, determines the occur-
rence of rash. Usually, the rash starts after the 7th to 10th
day of treatment with EGFR inhibitors [39]. In this in-
vestigation, the highest frequency of occurrence of rash
was observed during the second week after initiation of
treatment (38 % of patients). The maximum intensity of
rash was observed most often in the third week (35 %). The
study by Stintzing et al. showed that the appearance of rash
during the first cycle of treatment (up to 21 days of treat-
ment with cetuximab) was associated with a significantly
longer overall survival (30.7 vs. 20.2 months; p = 0.007)
[20].

In this analysis, the body surface area covered by rash
was assumed to be one of the most important factors in
evaluating the intensity of rash. Because some patients with
skin rash (67 %) were treated with antibacterials and cor-
ticosteroids, which could bias the estimation of rash
severity, it is likely that the rash severity was underesti-
mated in some patients. A meta-analysis by Ocvirk et al.
[40] showed that the administration of antibacterials could
reduce the risk of grade 3 or 4 rash by about 42-77 %.

Many previous studies have confirmed the positive ef-
fect of rash on the prediction of treatment outcome and
survival of patients treated with EGFR inhibitors [13, 20—
22, 41]. In this study, a relationship between degree of rash
and response to treatment was found (p = 0.058; n = 49),
but it was not statistically significant.

4.2 CA-SSR1 Polymorphism of the EGFR Gene

One of the factors associated with the occurrence of rash
and better response to EGFR inhibitors is CA-SSR1 poly-
morphism of the EGFR gene. However, genotypic pre-
dictors are more desirable than symptoms because of the
possibility of easy testing before initiation of therapy.
The CA-SSR1 polymorphism of the EGFR gene has a
relatively high number of alleles (8-9) in the range of
14-22 CA dinucleotide repeats [11]. In this study, we
found eight types of alleles in the range of 14-21 CA
dinucleotide repetitions, for a total of 16 kinds of geno-
types. The most common alleles had 16 and 18 CA dinu-
cleotide repeats. Alleles with 16 or 18 CA dinucleotide
repeats are the most characteristic for the European
population. According to the analysis by Kharrat et al., the
CA-SSR1 polymorphism varies geographically [42]. The
most common allele in the European population has 16

A\ Adis

repeats [43]; in the population of Turkey and Kuwait it has
17 repeats [42]; and in the Asian population it has 20 re-
peats [33, 44].

4.3 Relationship Between CA-SSR1 Polymorphism
and Skin Rash

The large number of genotypes present in the CA-SSR1
region of the EGFR gene causes problems in the evaluation
of the relationship between the polymorphism and the
severity of rash. In the scientific literature, it is not yet
clearly resolved how the grouping of genotypes should be
carried out. An analysis of the available literature suggests
that researchers investigating patients from the Asian
population often use cutoff criteria with a higher number of
repetitions than those studying patients from the European
population. Asian and European populations also have
different distributions of alleles [42]. The difference in the
choice of cutoff is probably due to an attempt to split the
study sample into subgroups of a similar size. In small
groups of patients, the cutoff selection is very important.
This is well illustrated in the analysis performed here and
explains why different cutoff criteria for analysis were
chosen (Table 2).

A weak association between intensity of rash and CA-
SSR1 polymorphism was found for the cutoff S < 17 < L,
but it was not statistically significant. The most significant
results were obtained when we did not use any grouping
criteria for CA-SSR1 polymorphism but instead applied the
sum of CA repetitions of the two alleles. To evaluate the
severity of rash, we did not use the NCI CTCAE version 3
scale but rather the body surface area covered by the rash at
maximum intensity, calculated as percentage of body sur-
face. Through this approach, a significant statistical cor-
relation (p = 0.011) was found, in which the decrease in
body surface area covered by rash was inversely correlated
with the increasing number of CA dinucleotide repeats for
the two alleles. A statistical relationship was also found
when the grouping criteria of n(CA) < 35, n(CA) > 35,
S < 17(CA), and L > 17(CA) were compared with the
percentage of body surface area covered by rash
(p = 0.046 and p = 0.040, respectively).

Other researchers have noted that the use of the NCI
CTCAE version 3 scale can be problematic due to the
possibility of different evaluation criteria, particularly for
grades 1 and 2 rash [45]. In our observation, the treatment
was used prophylactically without consideration of the
intensity of rash. In grades 0-1 rash, the treatment was used
in 12 % of patients. It also seems important that the NCI
CTCAE version 3 scale contains only two criteria for the
evaluation of body surface area covered by rash: <50 or
>50 % of the body surface area. An area of <50 % occurs
in grades 1 and 2, whereas an area of >50 % occurs in
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grades 3 and 4. It should be noted that grades 3 and 4 are
relatively rare. In this study, 82 % of patients were clas-
sified in the 0-1 subgroup, whereas only 13 % of the pa-
tients belonged to the grade 3 subgroup. A better criterion
seems to be the percentage of body surface area covered by
rash or a scale that would better define the difference be-
tween grades 1 and 2, as well as the criteria for medical
intervention.

In other publications, an association between type of CA
dinucleotide polymorphism and response to treatment has
been reported [32, 44]. The present investigation did not
find a statistically significant association between treatment
response and type of polymorphism (Fig. 3a, b). Loupakis
et al. obtained a similar result when considering progres-
sion-free survival and overall survival in colorectal cancer
[46]. However, among the patients with partial remission
involved in this study, there was better response to cetux-
imab in cases of smaller number of repetitions, which
seems to be consistent with other studies [32, 44]. The
inconclusive results for the subgroup of patients with sta-
bilization and progression may be caused by too short an
observation time from the start of treatment until the time
the medical questionnaire was filled in by the oncologist. In
general, the analysis of tumor response and CA genotype
has limited value in this study because of the heterogeneity
of tumors and treatment types.

4.4 Molecular Mechanism

The molecular mechanism, which explains the relationship
between CASSR1 polymorphism and response to treatment
with EGFR inhibitors, is poorly understood. One factor that
may contribute to this relationship is an increased expres-
sion of the EGFR gene with varying CA repeat lengths.
An in vitro study by Gebhardt et al. [28] showed that in
the case of CASSRI alleles containing 21 repeats of the
CA dinucleotide EGFR gene, transcription is inhibited by
approximately 80 % compared with genes containing a
smaller numbers of repeats. Buerger et al. [47] found that
Japanese patients with breast cancer, having much longer
CA-SSR1, showed a significantly lower expression of the
EGFR gene. Further evidence supporting the concept that
CA-SSR1 polymorphism is directly linked to the expres-
sion of the EGFR gene is provided by Lee et al. In their
study, the correlation between survival and number of
repetitions in the CA-SSR1 polymorphic region in eso-
phageal cancer patients was examined. Patients with ho-
mozygous genotypes in which alleles had fewer than 20
CA dinucleotide repeats were characterized by shorter
survival than patients with genotypes in which two long
alleles had more than 20 CA repetitions [31]. From the
above studies, it can be deduced that one of the factors that
determine the efficacy of EGFR inhibitors is the number of

EGFR receptors on the cell. Amador et al. [32] noted that
cells with a smaller number of CA dinucleotide repeats in
the CA-SSR region have higher expression of the EGFR
gene; thus, they have a greater amount of EGFR receptors
and are more sensitive to the inhibitory effects of erlotinib.

In contrast, other studies have indicated that the protein
expression level of EGFR determined by immunohisto-
chemistry does not correlate with the response to treatment
with cetuximab [13, 26, 48]. These observations show that
the relationship between gene polymorphism and response
to treatment may be more complicated. The rash observed
during treatment with EGFR inhibitors is probably the final
phenotypic effect created by the interaction between the
EGFR genotype [28, 31, 32, 47] of the patients and their
immune system [2, 48—50]. Perhaps this is why the search
for relationships between patient genotype and response to
treatment results in observations in which such a relation-
ship is weak and not entirely clear.

5 Conclusions

The data provided in this study show that there is a cor-
relation between CA-SSR1 polymorphism and body sur-
face area covered by rash in response to cetuximab
treatment. However, the relationship between CA-SSRI
polymorphism and response to cetuximab treatment is
unclear. For a better evaluation of the association between
the rash and polymorphism, a study on a larger group of
patients should be performed, and the evaluation criteria
for both the rash and the CA-SSR1 polymorphism should
be better clarified.
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