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ABSTRACT: Colorectal cancer (CRC) represents an important health problem, being the third most common type 
of cancer. In Romania, the CRC incidence has doubled over the years. Both environmental factors and genetic 
susceptibility are very important for the pathogenesis of CRC. The epidermal growth factor receptor (EGFR) plays an 
extremely important role in CRC tumorigenesis. Overexpression or dysregulation of EGFR pathway molecules are 
frequently associated with tumor aggressiveness and patient response to treatment. Based on these considerations, 
EGFR became one of the first targets of molecular therapies used in CRC. At present, cetuximab and panitumumab 
are considered to be essential in the treatment of patients with metastatic colorectal cancer expressing the KRAS 
wild-type gene and EGFR. The main adverse effect for both cetuximab and panitumumab is skin toxicity, present in 
approximately 80% of patients. The risk of secondary infections, in particular of bacterial infections, is also increased. 
Cases of staphylococcal infection associated with skin peeling, cellulite, erysipelas, and even Staphylococcus sepsis, 
were reported. For a long time cutaneous toxicity has been a positive predictor in the efficacy of anti-EGFR 
treatment, but compliance with treatment and the quality of life of patients with metastatic CRC decreases in the 
presence of these skin reactions. That is why we emphasize the necessity and importance of using a modern method 
(molecular analysis of gene polymorphisms possibly supplemented by targeted confocal laser endomicroscopy) to 
identify a molecular diagnosis, in order to foresee and prevent the appearance of skin reactions and to manage skin 
toxicity. 
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Introduction 
Colorectal cancer is not only the most 

common digestive cancer but also a global 
burden expected to increase by 60% until 2030. 
However, the survival rate associated with 
colorectal cancer is higher than other cancers of 
the gastrointestinal tract, due to organised 
screening programs, improved perioperative care 
and therapeutic management [1]. The incidence 
of colorectal cancer is higher in Europe, North 
America, Australia and New Zealand. The 
increased incidence in industrialized countries 
can be explained by the more frequent 
involvement of environmental factors, including 
diet and genetic predisposition, in the 
pathogenesis of cancer [2-5]. 

CRC treatment requires a multidisciplinary 
approach: surgery, chemotherapy and/or 
radiotherapy. Current data emphasizes the 
importance of using targeted molecular therapies 
in order to inhibit vascular endothelial growth 

factor (bevacizumab) or epidermal growth factor 
receptor (cetuximab, panitumumab) [6]. These 
drugs are currently used in the management of 
metastatic colorectal cancer, increasing the 
survival rate of these patients. Actual data 
highlights the shift to individualized therapies 
based on predictive biomarkers, with the 
management of adverse effects generated by 
these drugs. 

Angiogenesis is an important process 
underlying tumor growth and later the 
progression to metastasis. This process takes 
place due to the interaction between numerous 
growth factors and signalling molecules [7]. The 
individualized therapies depend on the detailed 
assessment of angiogenesis performed with the 
purpose of identifying angiogenic factors [8]. 
Also, cutaneous toxicity and early tumor 
shrinkage are predictors of anti-EGFR therapy 
efficacy. Furthermore, another challenge is to 
manage adverse effects without interfering with 
the response to treatment [9-10]. 
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This article reviews and summarizes current 
literature regarding the impact of severe adverse 
dermatological reactions observed in patients 
receiving anti-EGFR therapy, with focus on 
highlighting successes and barriers of confocal 
laser endomicroscopy in skin reactions 
evaluation, hence increasing quality of life by 
reducing the progress to skin toxicity. 

Impact of dermatologic side effects in 
patients treated with anti-EGFR 

Used for a long-time as a positive predictive 
factor, cutaneous toxicity resulting from 
monoclonal antibodies anti-EGFR (cetuximab, 
panitumumab) can take multiple forms. The 
more severe effects can have a significant 
impact on the quality of life in patients with 
colorectal cancer, up to 30% of these patients 
being obliged to stop the anti-EGFR treatment 
[9-10]. 

The occurrence of skin toxicity approaches 
80% of patients treated with cetuximab, the most 
common adverse effects being papulopustular 
rash, fissures, xerosis, blepharitis, pruritus, 
paronychia, changes of the hair growth and 
hypo/hyperpigmentation. The EGFR 
overexpression is detected in the epidermis 
(specifically in the basal keratinocytes) and in 
hair follicles [9-13] (Fig.1,2,3). 

Skin toxicity is most commonly located at the 
level of the scalp, face, and trunk, and begins 
either in the first 3 weeks with cetuximab, or 
during the second cure [14]. 

Only 10-20% of these patients have severe 
cutaneous toxicity. Still, those severe skin 
manifestations have a dramatic effect on the 
psychosocial, physical and emotional state of 
these patients, also with high financial 
implications [9]. 

In most cases, skin lesions overlap with 
infections, most commonly bacterial infections. 
Patients with staphylococcal infection have 
massive skin lesions, sometimes necrotizing 
fasciitis and/or sepsis [15]. 

The current oncological strategy is based on 
the development of a personalized treatment to 
increase the survival rate and improve the 
quality of life [16]. However, this new era of 
oncology has led to numerous adverse skin 
reactions. 

For the diagnosis and management of adverse 
effects we emphasize the importance of working 
in a multidisciplinary team involving an 
oncologist, a dermatologist and a 
gastroenterologist. Several systems for assessing 
the impact on quality of life are currently being 
used: The National Cancer Institute's 
Combinatorial Criteria for Adverse Events 
(CTCAE), the Functional Assessment of Cancer 
Therapy Epidermal Grown Factor Inhibitor 
Receptor 18 (FACT-EGFRI-18) Scale, and 
Dermatologic Reaction Targeted Therapy  
[16-18]. 

According to CTCAE, skin rash is divided in: 
grade 1 (~40% of cases), grade 2-moderate 
(~40% of cases), and grade 3-severe (~20% of 
cases) [14]. 

The identification and application of methods 
for assessing the severity of the skin reactions 
are necessary and of great importance in the 
administration of personalized treatments, in 
establishing the optimal doses to control both the 
cancerous process and the adverse effects. 

Interestingly, the good response to treatment 
of the cancer patients receiving EGFR has been 
associated with the severity of skin toxicity [19]. 

Managing skin toxicity ensures patient 
adherence to treatment, preventing 
discontinuation of treatment and relapse [9]. 

 

   
Fig.1. Vasculitis grade 3    Fig.2. Vasculitis grade 4 
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Fig.3. Papulopustular skin rash 

 
Fig.4. Acneiform eruption without comedons 

 
Fig.5. Xerosis, papulopustular skin rash 

 
Fig. 6. Acnelike rashes, changes of the hair 

growth 

Genome wide association with skin 
toxicity 

Although many studies highlight the 
association between anti-EGFR treatments and 
cutaneous toxicity, the severity of these 
manifestations could not be quantified to date 
with predictive factors [21]. 

The anti-EGFR antibodies, cetuximab and 
panitumumab, frequently cause cutaneous 
toxicity. Current genetic studies are exploring a 
number of predictive factors by analyzing EGFR 
polymorphisms and genetic mutations. A wide 
approach to the genome may lead to discovering 
new single nucleotide polymorphisms (SNPs), 
which may be predictive biomarkers [17]. 

Even though cetuximab has been proved 
efficient in the treatment of patients with 
metastatic CRC without mutations in the RAS 
gene, randomized clinical trials suggest a much 
higher efficacy in patients with colorectal cancer 
presenting the wild-type KRAS gene [2,3]. 
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Current literature suggests a much better 
response rate for treatment if the tumor has 
shrunk early during the treatment with 
cetuximab. Also, patients with early cutaneous 
toxicity have a much higher survival rate [22]. 

In colorectal cancer, monoclonal antibodies 
directed against the epidermal growth factor 
receptor have been shown to be active antitumor 
agents. EGFR is a transmembrane glycoprotein 
tyrosine kinase receptor belonging to the HER1 
family, found on the surface of epithelial cells. 
EGFR activation occurs following the 
interaction of several factors such as EGF, EGF-
like that convert heparin-binding growth factor, 
epiregulin and growth factor-alpha. This 
interaction might be followed by 
autophosporylation of the intracellular domain 
and receptor dimerizations. Through the 
activation of these signaling pathways cell 
proliferation and inhibition of apoptosis might 
appear. Dysregulated activation of EGFR or 
overexpression of this signal lead to solid tumors 
growth, such as colorectal cancer, genitourinary 
cancers, head and neck cancer or glioblastoma 
[20]. 

Predictive biomarkers include intron 
1 polymorphisms with EGFR overexpression, 
the presence of EGFR ligand in serum and the 
presence of inflammatory lymphokines. 

The mechanism of severe cutaneous toxicity 
induced by cetuximab has not been fully 
elucidated, but pharmacogenomic factors and 
SNPs are suspected to act as a trigger in 
cutaneous toxicity. These skin reactions appear 
to be associated with high levels of EGFR, most 
commonly located in the epidermis. 

A recent research paper identified and 
validated SNP rs849142 polymorphisms as a 
potential biomarker related to skin reactions. 
This study has shown the association with 
acneiform eruption triggered by cetuximab 
treatment. Except for the acneiform aspect of the 
eruption, it differs from the usual acne eruption 
in regard to etiology and lack of comedones [14] 
(Fig.4,5,6). As to the cause of skin toxicity, the 
following can be highlighted as causes: 
alterations in the chemokine or cytokine system, 
defects in the cutaneous barrier due to infections 
or xeroses and disorders in the differentiation of 
keratinocytes [21]. 

In patients with head or neck squamous cell 
carcinoma being treated with Cetuximab, the 
EGFR-R 521K genotype revealed an obvious 
association between cutaneous toxicity and 
clinical efficacy of cetuximab. 

In vivo molecular imaging of 
colorectal cancer with Confocal Laser 
Endomicroscopy 

Confocal laser endomicroscopy (CLE) is one 
of the latest tools which enables in vivo 
observation of different tissues and cellular 
structures at a higher resolution similar to 
histopathological examination. It provides an 
optical digital biopsy or real-time 
histopathological evaluation of the examined 
tumors. Topical or systemic contrast agents may 
be used [24-25]. 

An extremely important element that 
facilitates tumor examination at molecular level 
is the association of CLE with fluorescein-
labeled antibodies or peptides that can bind 
specifically to a particular target [26]. 

Increasing the number of its clinical 
applications and the possibility for molecular 
examination of tumors enabled CLE to open 
new opportunities for fundamental and clinical 
research [24,27]. 

The CLE techniques, both endoscope based 
(eCLE) and probe based (pCLE), are available 
in the Research Center of Gastroenterology and 
Hepatology Craiova. Our previous studies have 
already described with success the presence and 
expression patterns of several biomarkers 
(CD44, CD133, CD166, CD31, CD105) 
proposed for the CLE assessment of colorectal 
cancer patients [28,29,30]. In the study 
regarding the assessment of CD44 expression 
patterns in colorectal cancer the eCLE dedicated 
system used was the EC-3870 CIFK, Pentax, 
Tokyo, Japan whose components are based on 
the integration of a scaled-down confocal laser 
microscope mounted in the tip of a conventional 
scope. During the investigation, the argon ion 
laser discharges an excitation wavelength of 
488nm with a maximum laser power output of 
≤1mW at the tissue surface. The maximum 
depth of imaging is 250µm from the surface of 
the mucosa. The resulting optical sections have a 
lateral resolution of 0.7µm for a 7µm thick slice 
and a field of view of 475×475µm. CD44 is 
proposed as one of the main colorectal cancer 
stem cell markers being a transmembrane 
glycoprotein and a distinctive adhesion 
molecule. The monoclonal antibody used in the 
above mentioned study is labeled with  
Alexa-Fluor 488 and directed against human 
CD44/PGP-1, it recognizes both cell surface-
expressed and soluble form of human CD44 as 
an antigen (Phagocyte glycoprotein 1) [28]. 
(Fig.7,8) 
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Other recent studies have focused on the 
development of modern techniques of 
highlighting overexpression of EGFR and have 
focused their efforts on making correlations 
about the association of overexpression of 
EGFR with the severity of cutaneous toxicity 
[26]. 

The EGFR is a transmembrane tyrosine 
kinase receptor [26]. Dysregulations in the 
EGFR activation are correlated with the 
aggressive nature of the tumor. Current studies 
highlight overexpression of EGFR (24-80%) in 
the case of colorectal adenomas and 
overexpression of EGFR (25-97%) in invasive 
colorectal cancer. EGFR thus becomes a target 
for molecular therapies [31]. 

However, the level of EGFR expression 
detected by IHC does not appear to be a clinical 
predictor of response to treatment with 
monoclonal antibodies. 

Recent trials place CLE as an advanced 
optical instrument which leads to a paradigm 
shift in detecting gastrointestinal tumors by 
including molecular images along with 
macroscopical images [32]. 

In vivo molecular images of EGFR 
expression could be visualized after topical 
application of fluorescein, anti-EGFR 
monoclonal antibody. The study used Alexa 
Fluor 488 to mark colorectal neoplasia in vivo. 
After topical application of the AF 488 spray, 
5ml to the colorectal tumor formation, CLE 
images were recorded after 10 and 15min after 
application [26-28]. 

By topical application of fluorescein, the 
intensity of the EGFR signal can be quantified. 

Currently, the selection of candidates for 
cetuximab therapy depends mostly on IHC. The 

IHC result may be influenced by the tissue 
sample fixation and processing. Moreover, 
EGFR immunoreactivity is often altered, due to 
the removal of this antigen from its natural 
microenvironment [27,31-33]. 

Obtaining in vivo images using CLE 
provides a more comprehensive image of EGFR 
expression in his natural microenvironment and 
allows performing multiple optical biopsies. 
Also, the literature underlines the importance of 
optical biopsies, by presenting important 
complications following biopsy for IHC, 
mentioning a risk of bleeding and other potential 
complications. All this reinforces the importance 
of analysing EGFR expression through CLE 
[26,27,31-33]. 

 

 
Fig.7. Confocal Laser Endomicroscopy image of 

normal mucosa visualized with fluorescently 
labeled anti- CD44 antibody. A well defined layout 
of the mucosal structures, with normal size and 
regular arrangement of crypts can be observed 

 

 
Fig.8. Confocal Laser Endomicroscopy image of tumour tissue visualized with fluorescently labeled 

anti-CD44 antibody. The mucosal architecture reveals irregular arrangement with destroyed crypts and 
unrecognizable structures 
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Conclusions 
Skin toxicity is the main adverse effect 

related to EGFR inhibitors in patients with 
metastatic colorectal cancer. In patients with 
colorectal cancer the severity of the skin 
reactions is closely related to therapeutic 
compliance and the appropriate management of 
therapy which impacts the patients` quality of 
life. A new approach to the management of 
cutaneous toxicity is needed. The evaluation of 
EGFR expression through genetic studies and 
CLE techniques settle an early molecular 
diagnosis and prevent subsequent severe skin 
reactions, leading to optimal adjustment of the 
treatment dosage, improving quality of life and 
outcomes in patients with colorectal cancer. 
Notably, in cases where EGFR is overexpressed 
and severe cutaneous toxicity is expected, these 
modern investigations (EGFR polymorphisms 
and CLE) may help provide cutaneous treatment 
in advance of skin toxicity events, avoiding 
further lesions. 

Particular importance should be attributed to 
the preventive treatment of skin reactions, 
increasing the quality of life and preventing the 
discontinuation of oncology therapy due to 
serious skin complications. 
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