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SUMMARY

Erlotinib is a tyrosine kinase inhibitor with
anti epidermal growth factor receptor activity,
approved as first line treatment concurrently
administrated with gemcitabine for locally
advanced  unresectable  or  metastatic
pancreatic cancer. One of the most common
side effects, rash, is possibly linked to overall
and progression-free survival and may sere as
a potential surrogate marker. Nevertheless,
erlotinib-induced rash is cause of negative
impact on patients' quality of life and often
can trigger discontinuation of treatment.
Adequate and timely management of rash
depending on the grade of rash is important
for therapy continuation.

INTRODUCTION

With approximately 37,680 new cases and
34,290 deaths estimated in 2008, pancreatic
adenocarcinoma represents the fourth leading
cause of cancer-related deaths in the United
States [1]. At the time of diagnosis, 80% of
the patients present with locally advanced,
unresectable or metastatic disease, represent-
ing a significant therapeutic dilemma [2].
Surgery is the only curative treatment for
pancreatic cancer, but even then long-term
survival is less than 20%, suggesting the need
of adjuvant treatment (chemotherapy or/and
radiotherapy). Gemcitabine, a nucleoside
analogue, has demonstrated modest benefit in
overall survival and symptoms control [3],

while the addition of a second cytotoxic agent
(5-FU, cisplatin, oxaliplatin) demonstrated a
significant advantage in terms of response
rates and progression free survival, but did
not yield a significant overall survival
advantage [2].

Recently, the phase IlIl National Cancer
Institute of Canada Clinical Trials Group
(NCIC-CTG) study has shown a statistically
significant survival benefit of the combination
of gemcitabine plus the epidermal growth
factor receptor (EGFR) inhibitor erlotinib
compared with gemcitabine alone [4]. The
combined treatment arm demonstrated an
18% reduction in the risk of death or an
overall 22% improvement in survival than the
gemcitabine alone arm, and it was statistically
superior in 1-year survival (23.8% vs. 19.4%;
P=0.028) and in median survival (6.4 vs. 6.0
months) [4]. Based on these data, the US
Food and Drug Administration (FDA) has
granted approval for erlotinib to be
administered in combination with gemcitabine
for the treatment of advanced pancreatic
cancer.

Erlotinib is a highly specific epidermal
growth  factor receptor (HER1/EGFR)
tyrosine kinase inhibitor [5]. It inhibits ATP
binding to HER1/EGFR tyrosine kinase in
normal and tumour cells. Several human
malignancies are associated with aberrant
expression of epidermal growth factor
receptor. The latter has been related to
chemoresistance and poor prognosis [5].
Tyrosine kinase HER1/EGFR is a potential
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target for therapeutic intervention in ovarian,
head, neck, lung, breast, bladder and other
squamous cell cancers [5, 6, 7].

The most common side effect in patients
receiving erlotinib is skin rash, as discussed
below, and diarrhea. Other reported side-
effects included interstitial lung disease [8, 9]
especially following therapy with gemcitabine
and erlotinib, possibly due to drug interaction
[10].

Skin rash is the commonest side effect of
erlotinib  administration  in  metastatic
pancreatic cancer patients, sometimes leading
to the discontinuation of this, potentially
beneficial treatment. Furthermore, treatment
of this particular group of patients is mainly
palliative and preservation of the quality of
life should be the main priority of the treating
physician.  Skin  rash  often  hampers
significantly the quality of life and therefore
needs insistent management. In  this
manuscript we review the existing data
regarding the pathogenesis of the erlotinib
induced skin rash and we provide guidelines
for its management

ERLOTINIB INDUCED SKIN RASH
Incidence

Skin rash has been documented as one of the
commonest adverse reactions in patients
receiving erlotinib and other EGFR inhibitors
[4, 8,9, 11] occurring in at least 79% patients
treated with erlotinib [2]. In fact there is high
incidence of rash in patients treated with
EGFR inhibitors, ranging from 50 to 100%
[9]. Grade 3-4 rash (the authors used the
Common Terminology Criteria v2.0 (CTC)
classification of the National Cancer Institute
(NCI), U.S. National Institute of Health:
http://ctep.cancer.gov/forms/CTCv20_4-30-992.pdf)
[12] was documented in 9% of erlotinib
treated patients requiring dose reduction in
6% and discontinuation in 1% of patients
[11]. Similar results (5%) occurred in the
pancreatic cancer trial, with dose reduction in
2% patients and discontinuation in 1% [4].

Pathogenesis of Erlotinib-Induced Skin Rash

Pathogenesis underlying erlotinib-associated
rash remain incompletely understood but

interference  with  the  follicular  and
interfollicular  epidermal-growth  signaling
pathway is considered to play a major role.
The rash develops as early as three days after
commencement of erlotinib therapy, with
median onset the eight days [10]. It resembles
acne and has macroscopically been described
as well demarcated erythematous papulo-
pustular with lesions ranging from pin-head to
lentil size. Crusting and pruritus has also been
noted [11], sometimes similar to seborrheic
dermatitis or  Pityrosporum folliculitis.
Although rash is commonly referred to as
“acneiform”, it is not acne and should not be
treated as acne. Commonly affected areas
include the face, neck and upper thorax [10].
On a microscopic level, lymphocytic
perifolliculitis or suppurative superficial
folliculitis secondary to follicular rupture has
been visualized by Busam et al. [13].
Erlotinib consequently interacts with EGFR
receptors present in human tissues. Epidermal
growth factor receptors are widely present in
epidermal keratinocytes in the basal layer of
skin as well as in hair follicle outer root
sheaths [14] especially in the head and upper
body which consist of multiple pilosebaceous
units. Erlotinib inhibits the EGFR tyrosine
kinase and leads to growth arrest and
inflammation leading to rash development.
The distribution of pilosebaceous units in the
body explains why areas poor of
pilosebaceous units, lacking EGFR receptors
are normally unaffected by the rash, such as
palms and soles.

In addition to stimulating epidermal growth,
inhibiting differentiation, EGFR also plays a
critical role in protecting against UV-induced
damage, inhibiting inflammation, and
accelerating wound healing. EGFR is known
to be expressed in epidermal keratinocytes,
sebaceous and eccrine glands, and hair follicle
epithelium, and the greatest expression occurs
in  proliferating and  undifferentiated
keratinocytes, which are located in the basal
and suprabasal layers of the epidermis and
outer root sheath of the hair follicle. Drug-
induced inhibition of EGFR is thought to alter
keratinocyte proliferation, differentiation,
migration, and attachment, and this may help
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to explain the papulopustular reaction and
Xerosis.

Erlotinib inhibits epidermal growth factor-
dependent cell proliferation at nanomolar
concentration and also blocks cell-cycle
proliferation [15]. These changes are
accompanied in vitro by release of
inflammatory cell chemoattractants that
recruit leukocytes that lead to keratinocyte
apoptosis and subsequently tenderness,
papulopustules, and periungual inflammation.
These changes may also favor bacterial
overgrowth, thus exacerbating inflammation.
Mouse models suggest that the rash is
transient and disappears with prolonged
treatment, perhaps as a result of EGFR
receptor blockade.

Mitra and Simcock [16] have demonstrated
that erlotinib induced skin rash spared skin in
previous radiated field. In fact Lacouture et
al. [17] have explained that radiation therapy
leads to destruction of healthy hair follicles
and sebaceous glands. Hence EGFR inhibitors
do not affect previously irradiated areas. In
contrast, acute radiation may lead to
inflammation of the target area due to
proliferating stem-cell derived skin cells
being radiosensitive. Finally, Harari et al. [18]
have suggested that erlotinib may act as a
radiosensitizer:  papulopustular  eruption
occurred at a recently irradiated site after
commencing erlotinib treatment. The amount
of radiation necessary to induce rash is not
clear. In conclusion it seems that the time
frame between irradiation and administration
of erlotinib is crucial in the development of
rash in irradiated areas.

Manifestation of Rash

In pivotal studies, the severity of rash was

LR ’ A R i
Figure 1. Erlotinib induced grade 2 skin rash in a
pancreatic cancer patient. The skin rash was graded
according to the National Cancer Institute: Common
Terminology Criteria for Adverse Events (NCI-
CTCAE) version 3.0 [19].

graded according to the NCI-CTC version 2.0
criteria (http://ctep.cancer.gov/forms/CTCv20 4-
30-992.pdf) [12] prior to 2006, and then
according to the NCI Common Terminology
Criteria for Adverse Events (CTCAE) version
3.0 criteria  (http://ctep.cancer.gov/forms/
CTCAEv3.pdf) [19] (Figure 1, Table 1).

However, this criterion is designed primarily
as a surveillance tool, and its use to select
interventions and predicting their
effectiveness is not clear. In addition, EGFR
inhibitor-associated rashes are generally

Table 1. National Cancer Institute: Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 3.0:

categories relevant to HER1/EGFR-associated rash [19].

Grade Rash characteristics

1 Macular or papular eruption or erythema without associated symptoms

2 Macular or papular eruption or erythema with pruritus or other associated symptoms; localized desquamation
or other lesions covering less than 50% of body surface area

3 Severe, generalized erythroderma or macular, papular or vesicular eruption; desquamation covering more

than 50% of body surface area

Generalized exfoliative, ulcerative, or bullous dermatitis

5 Death

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 9, No. 3 - May 2008. [ISSN 1590-8577] 269



JOP. J Pancreas (Online) 2008; 9(3):267-274.

confined to the face and upper trunk, and can
be of high severity at such anatomic sites.
Moreover, discoloration, pitting, and ridging
associated with grade 1 nail changes do not
occur in response to EGFR inhibitor
treatment. To overcome these limitations, a
simpler, more EGFR inhibitor-focused
grading system has been proposed (Table 2).

Clinical Significance

It has been suggested that rash could be used
as an objective response to therapy and
possibly be associated with prolonged
survival. Studies with several different EGFR
agents show correlation between rash and
clinical efficiency. Cutaneous rash seems to
be a surrogate marker of clinical benefit [20].

In the NCIC-CTG study, the majority of
patients (81%) developed grade 2 rash.
Patients receiving erlotinib and developing a
rash showed median survival 7.1 months
(grade 1) or 11.1 months (grade 2) in contrast
to 3.3 months in patients who did not develop
rash while taking erlotinib. Rash development
was linked to overall and progression free
survival and these correlations increased with
grade (grade 1 vs. no rash: hazard ratio (HR)
0.47, P<0.001; grade 2 or more vs. no rash:
HR 0.29; P<0.001) [4]. However, rash was
also present in 18% of placebo taking patients
with median survival 8.2 months. Placebo-
taking patients who did not develop rash had
median survival 4.7 months. In the combined
treatment arm (gemcitabine plus erlotinib)
81% of the patients developed a rash, compared
with 30% of patients in the control group.

The results are difficult to analyze, since
gemcitabine itself is known to induce skin
rash. The rash seemed to correlate with
complete response, partial response and stable
disease (grade 2 or more rash vs. no rash HR
0.47, P<0.001) [21]. Patients on erlotinib and

Table 2. Clinical grades of erlotinib-induced rash.

gemcitabine showed an escalating medial
survival of 10.8 months (grade 2 skin rash),
5.7 months (grade 1) and 5.4 months (no
rash). Perez-Soler et al. have reported that
rash was experienced by all patients with an
objective response to erlotinib as well as in
95% of 22 patients with stable disease in
contrast to 54% of 28 patients with
progressive disease [4]. Finally, skin rashes
have also been described during treatment
with other EGFR inhibitors such as cetuximab
[22] and panitumumab [23] and have been
linked to better survival.

It has been suggested that the rash clinically
improves with continuation of treatment.
Nevertheless, severe rash development may
be a determining cause of treatment
discontinuation by patients on erlotinib
outside clinical trials. If rash development is
in fact a surrogate marker for treatment
success, then patients discontinuing treatment
are potentially stopping a life prolonging
treatment. This is why it is crucial to exploit
all means available in the treatment of the
erlotinib-induced skin rash, in order to
discourage patients from stopping it.

Dose Escalation

One important question is whether increasing
the dose of erlotinib can induce rash or
increase the severity of rash in those patients
who do not develop rash at the initial
prescribed dose. The dose of erlotinib as a
single agent and in combination studies in
non-small-cell lung cancer is 150 mg per day.
In the pivotal NCIC study, there were 23
patients treated at a starting dose of 150 mg of
erlotinib of whom 11 required protocol-
prescribed dose reductions for toxicity,
suggesting that this may be too high a starting
dose [4]. The pharmacokinetics of erlotinib
has shown significant variability in previous

Toxicity Description

Mild Generally localized papulopustular reaction that is minimally symptomatic, with no sign of
superinfection, and no impact on daily activities.

Moderate  Generalized papulopustular reaction, accompanied by mild pruritus or tenderness, with minimal impact
upon daily activities and no signs of superinfection.

Severe Generalized papulopustular reaction, accompanied by severe pruritus or tenderness, that has a significant

impact upon daily activity and has the potential for or has become superinfected.
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studies with clearance rates and area under the
curve varying up to seven-fold. It is possible
that escalation of the dose of erlotinib beyond
100 mg in patients not experiencing toxicity
may be useful.

EGFR Polymorphism

One question arises that why some patients
develop rash and others do not following
erlotinib. The possible explanations may
include, but not Ilimited to individual
differences in drug exposure, the integrity of
the immune system or EGFR polymorphisms.
As described earlier that the rash usually
develops within 2 weeks of start of therapy
[24], rash may be used a biomarker in future
studies as after the lead-in period, patients
could be stratified by whether rash occurred
and randomized to different therapies or doses
of erlotinib.

Management

Since data suggest that development of rash in
patients who develop rash following erlotinib
is suggestive of efficacy, developing effective
strategies to manage rash while continuing
erlotinib  therapy is important. Optimal
management of rash in patients on erlotinib
remains somewhat controversial, but a
proactive approach should be undertaken to
allow patients to continue receiving therapy
without dose interruption or drug dis-
continuation. It is also important to counsel
patients about the positive aspects of
developing rash on erlotinib as part of clinical
management of this side effect.

General Guidelines

Skin care. All patients should be strongly
encouraged to use a thick alcohol-free
emollient to prevent and alleviate the skin
dryness [22, 23].

Protection from sunlight. Patients can
minimize the extent or intensity of the
eruption by avoiding sunbathing or direct,
strong sunlight, high-heat or humidity during
treatment [22, 23]. Use sunscreen of sunburn
protection factor (SPF) 15 or higher.

Make-up related issues. The rash can be
covered with makeup. A dermatologist-

approved cover-up can be used although any
type of foundation may be useful. The make-
up should be removed with a hypoallergenic
(skin-friendly) liquid cleanser [22, 23].

Local therapy. Most of local therapy involved
usage of topical antibiotics (clindamycin gel
or lotion) and topical steroids. Anecdotal
reports of benefit from topical anti-
inflammatory (acne) preparations have been
reposted. Topical antibiotics are usually used
when pustules are present or about to develop.
Usage or benefits of topical steroids is
controversia. ~ The  manufacturers  of
cetuximab (Bristol-Myers Squibb, Co., New
York, NY, USA; Imclone Systems, Inc., New
York, NY, USA) advise against the use of
topical steroids because of the potential to
cause infectious complications. But other
institutions have used high potency agents
like clobetasol propionate in grade 1 or 2 rash
in order to combat inflammation and prevent
infection [22, 23]. Also hydrocortisone
valerate topical steroid cream or ointment has
been used in early rash with good result.
Pathology of rash caused by EGFR inhibitors
differ from the acne wvulgaris therefore
medications for acne vulgaris such as benzoyl
peroxide should not used. In one institution,
acne wash, such as benzoyl peroxide at
bedtime was wused and helped control
cetuximab-related rash, but led to dry skin
and a burning sensation and was not as
effective as steroid creams and topical
antibiotics [22, 23]. No such data exists for
erlotinib.

Systemic therapy. Systemic therapy such
steroids (to decrease discomfort) and oral
antibiotics has been used in grade 3 or 4 rash
in order to relive the symptoms or treat the
complication of rash. If infection is suspected
from the rash is suspected oral antibiotics
such as tetracyclines (minocycline) can be
used to treat the infection. Tetracycline has
weak anti-inflammatory  effects  and
reasonably good activity against Staphylococ-
Cus aureus.

Treatment of Rash with Respect to Stage

If patients develop rash related to erlotinib,
the following interventions are suggested,
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Evaluate Rash for Grading

Ask important questions:
=|s the patient taking erlotinib on an empty stomach 7
|5 the patient compliant with skin hyglene as recommended 7

v v v

| Mild Moderate ] I Severe |

+ Topical hydrocortisone 1% + Hydrocortisone 2.5% cream » Hydrocortisone 2.5% cream
or 2.5% cream * Clindamyein 1% gel * Clindamycin 1% gel
* Clindamycin 1% gel * Pimecrolimus 1% cream « Pimecrolimus 1% cream
* Doxycycline 100 mg bid or « Doxycycline 100 mg bid or
* Minocyeline 100 mg bid * Minocycline 100 mg bid
« Methylprednisolone dose pack|

Figure 2. Management algorithm for erlotinib-
associated rash (adapted from [28]).

based on severity of the reaction (Table 3,
Figure 2) [22, 23, 24, 25, 26, 27, 28].

Mild Toxicities

The erlotinib dosage should not be altered for
mild toxicities. Use of topical hydrocortisone
(1% or 2.5% cream) or clindamycin (1% gel)
can be considered.

Moderate Toxicities

The erlotinib dosage should be altered based
on clinical judgment. Treatment options may
include:

« hydrocortisone (2.5% cream);

« clindamycin (1% gel);

« pimecrolimus (1% cream);

« doxycycline (100 mg, po twice a day);

« minocycline (100 mg, po twice a day).

Severe Toxicities

The erlotinib dose should be reduced.
Concomitant intervention is the same as for

moderate toxicities, however, addition of
methylprednisolone dose pack may be
considered. If rash does not resolve within 2-4
weeks, despite treatment, then interruption of
erlotinib therapy is recommended.

Future Perspectives

Current data suggest that at least a grade 2
rash is needed for survival benefit to
pancreatic cancer patients. Still many issues
remain unsolved, such as the effect of
gemcitabine on rash development, the
correlation of EGFR status or the presence of
EGFR mutations with the presence of the
rash. It is of particular interest to investigate
whether, increasing the erlotinib dose until
rash development would result to increased
clinical benefit. Specificity of inhibition with
regards to other tyrosine kinase receptors has
not been fully characterized yet. It has not
been fully understood yet why patients
receiving placebo developed rash and showed
prolonged survival. Further studies should
assess the type of patients likely to develop
rash. The genotype of patients developing
rash and responding to treatment might play a
significant role in treatment progress.

CONCLUSION

In conclusion, erlotinib-induced cutaneous
rash, should be managed as intensively as
possible, in order to continue a potentially
beneficial treatment. Further studies are

Table 3. General guidelines to manage rash associated with erlotinib®.

Grade Erlotinib

Treatment

Follow-up

Mild Continue erlotinib at current dose
and monitor for change in severity

Moderate Continue erlotinib at current dose

Topical hydrocortisone 1% or 2.5%
cream® and/or clindamycin 1% gel

Hydrocortisone 2.5% cream® or

Reassess in 2 weeks; if no
improvement, treat as
moderate grade

Reassess in 2 weeks and if no

and monitor for change in severity; clindamycin 1% gel or pimecrolimus 1% improvement, treat as severe

continue treatment of rash

Severe Reduce erlotinib dose per drug

cream plus doxycycline 100 mg bid or grade
minocycline 100 mg bid

Treat as above in moderate grade, and  Reassess in 2 weeks and if

insert and monitor for change in  may consider adding methylprednisolone  worsens, consider dose

severity; continue treatment of rash

dose pack interruption or

discontinuation

® This approach is based on institutional experience and not based on a prospective study. Also, note that the use of
these medications for the management of rash may be outside of the FDA-labeled indications for these products.
Therefore, we recommend physicians to read the complete information regarding the safety and use of these
medications.

> The use of topical steroids should be employed in a pulse manner based on your institution’s guidelines.
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needed in order to identify which patients
have an increased likelihood to develop rash
and whether increasing the erlotinib dose and
therefore the potential of rash development
would offer a clinical benefit.
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