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Overexpression and impaired signaling of the epidermal growth factor receptor (EGFR) are involved in the can-
cerogenesis. The EGFR inhibitors such as cetuximab have shown efficacy in the targeted therapy of neoplasm.
The acneiform rash has been revealed as the most common side effect of treatment, usually occurring within
2 weeks after therapy onset. We report perifollicular pustules and papules with impetiginization in a 63-year-old
patient with metastatic colorectal cancer treated with cetuximab. The neoplasm was diagnosed in 2008 and treat-
ed surgically (resection of the sigmoid). After 3 years, a combined therapy was administered due to the disease
progression. It consisted of cetuximab and FOLFOX (Folinic acid, Fluorouracil, Oxaliplatin) chemotherapy regimen.
The effective dermatologic management (with systemic doxycycline and topical tacrolimus and fusidic acid) of the skin
toxicity allowed for maintenance of oncologic treatment. Despite the proper dermatological therapy, the described
side effects may persist, and the exacerbation of skin lesions can cause discontinuation of treatment of cancer with
those modern biological agents (EGFR inhibitors and other kinase inhibitors). When discontinuation is not neces-
sary — cutaneous symptoms adversely affect the quality of life. However, there are reports that recognition of the skin
lesions in the course of the above therapies is a good prognostic factor, confirming effectiveness of treatment. More-
over, the association between genetic polymorphisms, the risk of treatment adverse effects and the response
of the tumor to monoclonal antibody targeted therapy is well established. This leads to the increasing role of phar-

macogenetics in the management of neoplasms.
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Introduction

The epidermal growth factor receptor (EGFR) is
a tyrosine kinase receptor composed of an extracellular
ligand-binding domain, a trans membrane segment and
an intracellular protein kinase. The EGFR regulates cell
growth and differentiation. Its overexpression is com-
monly found in neoplastic cells and associated with poor
prognosis for the patient. Disruption of EGFR-mediated
signaling leads to cancerous cell proliferation, migration,
stromal invasion, resistance to apoptosis and angio-
genesis [1, 2].

As a molecular target for cancer therapy EGFR may be
inhibited with anti-EGFR-specific monoclonal antibodies
or small molecule tyrosine kinase inhibitors. They are
effective in the treatment of advanced, metastatic or
recurrent tumors like colorectal carcinoma, non-small cell
lung cancer, squamous cell carcinoma of the head and
neck, pancreatic cancer and breast cancer [3, 4]. The EGFR
inhibitors are used alone or in combination with other
drugs or radiation. While agents targeting EGFR lack many
of the severe systemic side effects associated with tradi-
tional cytotoxic chemotherapy, they induce cutaneous
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reactions. All EGFR inhibitors can cause dermatological
toxicity [5]. Other side effects of this antineoplastic ther-
apy include: infusion reactions, diarrhea, hypomagne-
saemia, cardiopulmonary arrest [6].

Case report

A 63-year-old woman with metastatic colorectal can-
cer was referred to a dermatologist due to severe papu-
lopustular perifollicular rash induced by treatment with
cetuximab.

The neoplasm was diagnosed in 2008 and treated sur-
gically by the resection of the sigmoid. In 2011, the elevat-
ed blood concentration of carcinoembryonic antigen (CEA)
was observed. Single photon emission computed tomog-
raphy (SPECT) scan revealed a disease progression — metas-
tasis in the liver (measuring 3.5 cm), as well as the medi-
astinal, axillary and mesenteric lymph node metastases.
A combined therapy was initiated on 19 September 2011,
including cetuximab given intravenously every week at
a dosage of 400 mg/m? for the first administration followed
by 250 mg/m? from the second administration on, and
FOLFOX (Folinic acid, Fluorouracil, Oxaliplatin) chemother-
apy regimen given intravenously every other week.

Six months after treatment onset the patient sought
advice from the dermatologist due to facial skin changes
associated with pruritus and tenderness. Physical exam-
ination showed diffuse erythema, edema of the eyes and
face, as well as the perifollicular pustules and papules
with impetiginization. The diagnosed papulopustular rash
was classified as grade 2 according to the National Can-

cer Institute’s Common Terminology Criteria for Adverse
Events version 4.03, and by the use of MASCC (Multina-
tional Association of Supportive Care in Cancer) scale as
grade 2 as well [7].

The medical history of the patient revealed that cuta-
neous rash had developed after the third administration

Figure 1. The papulopustular rash after 6 months of the treat-
ment with cetuximab

Figure 2 A-B. Multiple pustules and papules with severe erythema and impetiginisation
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Figure 3 A-D. An improvement in the skin condition 4 weeks after the onset of dermatological treatment

of cetuximab. At that time facial skin lesions were mild
and included mainly erythema and local irritation. Despite
tendency to recurrence, the symptoms did not require dis-
continuing EGFR inhibitor therapy. However, the mainte-
nance of antineoplastic treatment led over time to
the exacerbation of the skin condition and development
of typical papules and pustules.

Therapy consisting of oral doxycycline (100 mg twice
daily) in association with topical tacrolimus (0.1% oint-
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ment) and fusidic acid (2% cream) was given without
cetuximab dose reduction. The papulopustular rash
resolved within two weeks. The patient remains under
control of the Dermatologic Clinic.

Discussion

Cetuximab is a chimeric monoclonal antibody which
binds specifically to the EGFR. By competitively blocking
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ligand-dependent activation of EGFR, cetuximab inhibits
phosphorylation and activation of receptor-associated
kinases. Furthermore, it induces receptor internalization
and consequent downregulation. Treatment with this drug
reduces EGFR-dependent tumor cell proliferation, inhibits
angiogenesis [8]. Studies have revealed that cetuximab
mediates antibody-dependent cell-mediated cytotoxici-
ty and has synergy with chemotherapy and radiation ther-
apy [5, 8].

Cetuximab is indicated for the treatment of patients
with EGFR-expressing, KRAS wild-type metastatic col-
orectal cancer (mCRC), in combination with chemother-
apy, and as a single agent in patients who have failed
oxaliplatin- and irinotecan-based therapy and who are
intolerant to irinotecan. Cetuximab is also approved for
the treatment of patients with squamous cell carcinoma
of the head and neck in combination with platinum-based
chemotherapy for the first-line treatment of recurrent
and/or metastatic disease and in combination with radi-
ation therapy for locally advanced disease. The study has
shown that treatment with cetuximab as compared with
best supportive care alone improved overall survival
(median: 9.5 months vs. 4.8 months) and progression-
free survival (median: 3.7 months vs. 1.9 months) in
patients with wild-type KRAS tumors [9].

Dermatologic side effects of EGFR inhibitor therapy

Despite the benefits of treatment, a number of der-
matologic adverse events are experienced by patients
undergoing therapy with cetuximab. They include papu-
lopustular rash (acneiform rash), pruritus, xerosis, skin
fissures, photosensitivity, telangiectasia, hyperpigmen-
tation, paronychia, hair growth abnormalities, disorders
of mucous membranes [10]. An incidence ranges
from 80% to 95% of patients treated with cetuximab
monotherapy. Trials of cetuximab combined with chemo-
therapy have revealed a similar frequency [11].

Pathophysiology of skin reactions

The inflammatory cell recruitment and the disruption
of physiologic EGFR-mediated signaling processes in
the epidermis and hair follicle are thought to be the mech-
anism by which EGFR inhibitors cause cutaneous toxici-
ty [12].

The EGFR is expressed in the basal layer of the epi-
dermis, hair follicles, sebaceous and eccrine glands. It
plays a role in cell growth, differentiation and apoptosis,
accelerates wound healing. Cetuximab binds to the EGFR
on both normal and tumour cells. The proliferation
of basal keratinocytes is decreased during EGFR inhibitor
therapy. Investigations have shown a reduced expression
of the proliferation marker Ki-67 and an elevated expres-
sion of the negative growth regulator p27 (cyclin-de-
pendent kinase inhibitor) [12, 13]. Epidermal atrophy
with the loss of the normal basketweave appearance
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of the stratum corneum is also associated with the apop-
tosis-induced effect of cetuximab. Furthermore, histo-
logical measures detect premature differentiation and
dyskeratosis. The inflammatory chemoattractants like
CXCLs and CCLs released by epithelial cells lead to
the leukocyte activation and recruitment. Histopathologic
analysis of the skin sample reveals folliculitis and destruc-
tion of follicles [14, 15].

Clinical characteristics of papulopustular rash

The most common cetuximab-induced dermatologi-
cal reaction is papulopustular rash developing within two
weeks of treatment onset. It begins with sensory distur-
bances, erythema and edema, followed by papulopustu-
lar eruption, crusting and quite often secondary infec-
tions. Lesions mainly localize in areas rich in sebaceous
glands: the face, upper back and chest. Less frequently
affected regions are the scalp, extremities, abdomen and
buttocks. Although the rash reaches maximum intensity
in 4-6 weeks after the onset of cetuximab therapy and
decreases after 6-8 weeks, postinflammatory erythema
or hyperpigmentation can be observed for months or
years [16].

The EGFR inhibitor-induced eruption may resemble
acne vulgaris with morphology and distribution. Some
of terms, which signalize the acne-like appearance
of the rash (such as acneiform rash), may suggest com-
mon etiology with acne. Therefore, these terms should
not be used indeed but replaced with more adequate
ones. The clinical appearance of the skin may also imi-
tate other dermatologic diseases such as rosacea or seb-
orrheic dermatitis.

The overall incidence of all-grade papulopustular rash
ranges from 75% to 87% with 4-10% being high-grade
[17]. An increased risk of developing this condition may
be associated with the male gender and age [18].

Data show that there is a positive correlation between
the development and severity of dermatological reactions
and the clinical response to the EGFR inhibitor treatment
[19, 20]. Furthermore, the medial survival time is longer
in patients with skin lesions. These findings suggest that
cutaneous toxicity related to anti-EGFR therapy may be
a clinical marker of effective treatment and predictor
of survival.

Despite the benefits of EGFR-targeted agents, toxic
effects of the skin may result in poor patients' compliance,
dose modification, interruption or discontinuation of life-
prolonging antineoplastic therapy. Their noticeable impact
on psychosaocial well-being, quality of life, related costs
and secondary infections are also noteworthy. In a survey
of the oncologist, 32% of providers reported discontinu-
ing therapy, 76% — holding it and 60% of oncology practi-
tioners reduced the drug dose only due to rash [21].

Pharmacogenetics, an intensively developing branch
of science based on genotype analysis, may select
patients, who benefit from the treatment with the low-
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est risk of complications. Results of the studies confirm
the association between genetic polymorphisms,
the treatment adverse effects and the response of the
tumour to monoclonal antibody targeted therapy.
The analysed genes are related to EGFR signaling (EGF,
EGFR, CCND1) or antibody-dependent cell-mediated
cytotoxicity (FCGR2A, FCGR3A).

A number of CA repeats in intron 1 of EGFR gene and
point nucleotides substitution in the above genes have
an impact on progression-free survival [22, 23]. Another
published study has shown the interaction between CA
repeats polymorphism and grade of the skin toxicity
induced by cetuximab [23].

Grading scales of the dermatologic toxicity

The most often used grading scale for evaluation
of EGFR inhibitor-induced skin toxicity is the NCI-CTCAE
(National Cancer Institute's Common Terminology Crite-
ria for Adverse Events). It is based on 5 grades: grade 1 -
mild; grade 2 — moderate; grade 3 — severe or medically
significant but not immediately life threatening; grade 4
— life-threatening consequences; grade 5 — death. How-
ever, this scale was not created for EGFR inhibitors and
may cause incorrect assessment of dermatologic side
effects. Underreporting the severity of some of them can
lead to inadequate treatment. A Skin Toxicity Study Group
of the Multinational Association of Supportive Care in
Cancer designed a class-specific grading scale to improve
reporting of EGFR inhibitor-associated dermatologic
adverse events by detecting them with greater sensitiv-
ity, specificity and range. The proposed scale has the same
terminology and grading principles as CTCAE version 4.0.
However, it includes more specific descriptors of given
conditions and patient-reported health-related quality
of life factors [7].

The interpretation of the scale is individual. The stud-
ies concerning inter-observer agreement between der-
matologists and oncologists in labeling and grading
the cetuximab-induced dermatological toxicities has
shown that both groups define by the same terms only
62% of cutaneous reactions. Also oncologists’ grading
of papulopustular eruption was lower [24]. Only multi-
disciplinary collaboration between oncologists and der-
matologists may provide an optimal patient care.

Prophylaxis and treatment recommendations

Maintenance of the full-dose anti-EGFR therapy is
a relevant goal of the approach to the cutaneous toxici-
ty. There are only few randomized clinical trials investi-
gating management of the EGFR inhibitor-associated skin
side effects. Current recommendations are primarily
based on published case reports, expert opinion and pan-
el consensus [5, 16, 18].

Patient education prior to antineoplastic treatment is
crucial for patients. General suggestions include limiting
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sun exposure and avoidance of activities and products
that dry and irritate the skin (hot showers, alcohol-based
perfumed products, over-the-counter acne medications).
Sunscreens with high SPF containing zinc oxide or tita-
nium dioxide are recommended regardless of the season.
Moisturizing creams and emollients should be used dai-
ly to prevent and alleviate skin dryness [18, 25].

Based on the high frequency of the papulopustular
rash within the first 2 weeks of therapy, MASCC Skin Tox-
icity Study Group recommends preventive measures. Pro-
phylaxis is also important to avoid or minimize possible
long-term sequelae after rash [16].

A randomized study has revealed that a preemptive
regimen of moisturizer, sunscreen, hydrocortisone 1%
cream and doxycycline 100 mg twice daily for the first
6 weeks reduces the risk of grade 2 and higher skin toxi-
city. Administration of doxycycline at the initiation of EGFR
inhibitor therapy demonstrates better efficacy than reac-
tive treatment after the appearance of the typical erup-
tion [26]. One hundred mg daily of minocycline may be
a useful agent in minimizing symptoms of the rash dur-
ing the first month of cetuximab treatment. Oral antibi-
otics do not reduce the beneficial pharmacological effects
of the anti-EGFR agents. Data have shown tazarotene to
be ineffective. Topical retinoids are not recommended
due to their drying effects [27].

The type, severity and location of the rash influence
the decision of management in a given case. Individual
response to treatment should also be considered. Thera-
peutic options include topical and systemic approaches.

Recommendations for the treatment of mild papulo-
pustular rash include twice daily application of topical
clindamycin 1-2% combined with hydrocortisone 1%
(aclometasone 0.05% or fluocinonide 0.05% suggested
by MASCC Skin Toxicity Study Group) [16, 18]. Skin reac-
tions grade > 2 require an additional therapy with doxy-
cycline (100 mg p.o. twice per day) or minocycline
(100 mg p.o. twice per day) administered as long as rash
is symptomatic [11]. Oral tetracyclines are recommended
for their immunomodulating and anti-inflammatory
effects. Doxycycline is preferred in patients with renal
impairment. Minocycline is less photosensitizing but can
cause loss of balance, hepatitis and a lupus-like syndrome.
Guidelines for management of severe papulopustular rash
are the same as those for moderate skin toxicity, with
the addition of systemic steroids. Studies have suggest-
ed that oral retinoids in low-to-medium doses (20-40 mg
for isotretinoin) decrease symptoms of the rash [18, 28].
Improved cellular differentiation and anti-inflammatory
effects of the oral retinoids can play an important role in
the treatment of eruption. However, side effects may
reduce benefits over time [16].

Application of the calcineurin inhibitors is not rec-
ommended due to no significant benefit for the patient
with EGFR inhibitor-induced rash [29]. Nevertheless, top-
ical tacrolimus was administered in our patient due to
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facial location of the eruption, which is a contraindica-
tion for using topical steroids. An improvement in the skin
condition was observed.

If a patient experiences pruritus, an oral antihistamine
(hydroxyzine, cetirizine, loratadine) may be added [18].

In the case of severe skin reaction grade > 3, anti-EGFR
therapy must be stopped. It may be resumed if the reac-
tion has resolved to at least grade 2. Dose reduction
of EGFR inhibitor (cetuximab) is recommended at the sec-
ond and third occurrence of grade 3 skin toxicity. Grade
4 reactions require discontinuing the therapy with mon-
oclonal antibody [10].

In a recent study, a high-level laser therapy has been
used in reducing the severity of facial papulopustular
rash. This innovative method was effective with no side
effects [30].
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