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Aims: Limited data regarding the objective evaluation of skin exsiccation caused by epidermal
growth factor receptor (EGFR) inhibitors exist. Objective indices were applied to evaluate the
usefulness of a moisturizer against skin exsiccation associated with the use of EGFR inhibitors
in cancer patients.

Patients and methods: Patients with either colorectal or head and neck cancer treated with
either cetuximab or panitumumab were randomly assigned 1:2 to the prophylactic-treatment
arm, where participants received prophylactical moisturizer treatment (heparinoid preparation,
Hirudoid®), or to the symptomatic-treatment arm, where moisturizer was applied after the onset
of cutaneous symptoms. Patients were observed for 6 weeks after the start of the administration
of EGFR inhibitor.

Results: A total of 15 patients were included and assessed: 6 in the prophylactic treatment
group and 9 in the symptomatic treatment group. We evaluated the effect of EGFR inhibitors
on the physiologic function of the skin. Administration of EGFR inhibitors resulted in a con-
tinued reduction in the moisture content of the horny layer and a decrease in cutaneous sebum
levels. Skin observation revealed frequent development of an acneiform rash and significantly
higher exsiccation and exfoliation scores. Administration of EGFR inhibitor was associated
with a decrease in the horny layer moisture content and lower cutaneous sebum levels in the
symptomatic treatment group. In contrast, levels of both the indicators were increased in the
prophylactic treatment group. Moreover, the EGFR inhibitor-associated increase in exsicca-
tion and exfoliation scores were minimized in the prophylactic treatment group relative to the
symptomatic treatment group.

Conclusion: Application of a moisturizer is effective against dry skin induced by the admin-
istration of an EGFR inhibitor.

Keywords: EGFR inhibitor, moisturizer, colorectal cancer, head and neck cancer, prophylactical

moisturizer treatment, heparinoid preparation, skin exsiccation

Introduction

Epidermal growth factor receptor (EGFR) inhibitors, which are molecular target
agents used to treat cancer, often induce dermopathies such as an acneiform rash,
dry skin, and pruritus.'* Among the dermopathies triggered by the administration of
an EGFR inhibitor, limited data are available regarding objective evaluations of skin
exsiccation.* This small clinical study aimed to objectively evaluate the effects of the
EGFR inhibitors cetuximab and panitumumab on the physiologic functions of the skin.
By applying objective indices, we examined the usefulness of a moisturizer for the
management of skin exsiccation induced by the administration of an EGFR inhibitor.
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Patients and methods

In collaboration with Nagoya City University and the non-
profit organization JASMIN, this open-label, randomized
comparison study was conducted after review and approval
by the institutional review board of Nagoya City Univer-
sity. The study is registered in the Clinical Trials Registry
(UMIN-CTR) of the University Hospital Medical Informa-
tion Network (UMIN) with the trial ID UMIN000019896.

Patients with colorectal or head and neck cancer aged
220 years who were administered either cetuximab or pani-
tumumab were included in the study. Patients were excluded
from the study if they had a history of EGFR inhibitor treat-
ment, suffered from complications or a history of dermopathy
in extensive regions, had hemopathies with hemorrhagic
symptoms, had used topical agents with retinoid-like effects
within 2 weeks prior to starting the trial, and/or were diag-
nosed with drug-associated skin eruptions. Before the study
began, written informed consent was obtained from all the
participants.

Patients were randomly assigned 1:2 to the prophylactic
treatment arm, where they were administered a moistur-
izer prophylactically, and the symptomatic treatment arm,
where they were instructed to apply a moisturizer follow-
ing symptom onset. Patients were observed for 6 weeks
after the start of the administration of the EGFR inhibitor.
Observation target regions were face, thorax, and lateral
upper arm (left or right). A heparinoid preparation (Hiru-
doid®; Maruho, Osaka, Japan) was used as the moisturizer
(with humectant function) and supplied to the subjects. The
heparinoid preparation, which is often used in Japan for
dermatologic care, is reported to be superior to urea prepa-
rations or petrolatum with respect to dermal outcomes.>”’
The symptomatic treatment group was supplied with the
topical moisturizer when exsiccation of grade >2 was noted
according to the Common Terminology Criteria for Adverse
Events (CTCAE) v4.0. The selection of the drug formulation
(ointment, cream, or lotion) was at the discretion of each
dermatologist. An optimum dose of the moisturizer was
applied at least twice daily to the target region. Based on a
previous report concerning the volume of the ointment, the
optimum dose was decided and the amount of 1 finger-tip
unit was applied to the target site, so that it was equivalent to
two palms.® In principle, the use of other external agents to
the target region was prohibited. Patients also received two
50-mg minocycline hydrochloride tablets, twice daily, as a
prophylactic treatment against an acneiform rash. Patients
were exempt from the oral minocycline treatment if it was
not considered suitable.

Prior to the start of administration of EGFR inhibitor and
1-6 weeks after initiation of the treatment, subjective skin
symptoms (pruritus) and objective findings (exsiccation and
exfoliation) were evaluated every week during the observation
period. The horny layer moisture content and level of cutane-
ous sebum were also measured. A dermatologist observed
photographs of the target region and evaluated skin symptoms
on a 5-scale score of 0 (none) to 4 points (severe) with a visual
scale. Development of acneiform rash, erythema, and wheals
was also evaluated. The MPA 5 (Courage-Khazaka, Cologne,
Germany) was used to measure the horny layer moisture content
and sebum level. MPA 5 is a multi-skin measuring instrument
which contains a corneometer for measuring horny layer
moisture content and a sebumeter for measuring sebum level.
The corneometer and the sebumeter use a dedicated probe for
measuring. The corneometer instantaneously measures the
moisture content of the stratum corneum by measuring the
electrostatic capacitance generated on the skin. The measured
value is displayed as a relative value of capacitance (unit:
AU). The sebumeter measures the amount of sebum secre-
tion by attaching a tape to the skin surface. After selecting
one measured region of ~3x3 cm in each target region, the
cutaneous sebum level was measured. Each region of skin was
then washed with a mild detergent (acidulent face soap, 2¢®,
Shiseido, Tokyo, Japan) or lukewarm water and acclimated with
a 20-minute rest before measuring the horny layer moisture
content. Within each target region, five measurements of the
horny layer moisture content and four measurements of the
sebum level were obtained at each distinct spot. The mean of
the multiple measurements was adopted.

The primary endpoints of the study included the measure-
ments of the horny layer moisture content and sebum level at
the onset of dermopathy, the horny layer moisture content in
the stratum corneum, and dermatologic findings (exsiccation
and exfoliation) as indices of the moisturizer effectiveness.
Statistical analysis was performed with the one-sample #-test
for the assessment of the horny moisture content and sebum
level before and after the administration of EGFR inhibitor
and the two-sample #-test for between-arm comparisons. The
Wilcoxon signed-rank test was used to compare the dermato-
logic scores of exsiccation and exfoliation. The significance
level was set at a hazard ratio of <5% (p<0.05, two-tailed test).

Results

Patient characteristics

A total of 22 patients were enrolled between January 2013
and December 2015; 7 withdrew either due to the termina-
tion of EGFR inhibitor administration or for other reasons.
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Patients were randomized to either the prophylactic treat-
ment arm (n=8) or the symptomatic treatment arm (n=14).
In the prophylactic treatment arm, two patients dropped out;
one patient had not used moisturizer prophylactically and
another had high fever. In the symptomatic treatment arm,
five patients were excluded because of tumor progression,
pneumothorax, and anaphylaxis to EGFR inhibitor. Thus, 15
patients were included in the statistical analysis — 6 patients
in the prophylactic treatment arm (mean age 64 years, 5
men) and 9 (mean age 71 years, 7 men) in the symptomatic
treatment arm; by primary cancer type, 7 colorectal cancer
patients and 8 head and neck cancer patients; by EGFR
inhibitor treatment, 12 (7 in the symptomatic treatment arm)
received cetuximab and 3 (2 in the symptomatic treatment
arm) received panitumumab. Prophylactic administration of
minocycline was performed in all the cases. No patient in the
symptomatic treatment arm received any moisturizers over
the course of the study.

EGFR inhibitor-induced variation in the
horny layer moisture content and sebum

level
The cutaneous effect of EGFR inhibitors in the symptom-
atic treatment group who received no topical moisturizers
for prophylactic purposes was evaluated. Administration of
EGEFR inhibitor led to a progressive reduction in the horny
layer moisture content. The observed reduction in the horny
layer moisture content decreased from 65.71 AU before the
administration of the treatment to 52.71 AU at 6 weeks post-
treatment (p=0.099) for the face, 70.72 to 66.96 AU (p=0.592)
for the thorax, and 55.50 to 42.95 AU (p=0.017) for the lateral
upper arm. The reduction in horny layer moisture content on
the lateral upper arm from the pre-administration level was
statistically significant (Figure 1).

Similarly, a reduction in the cutaneous sebum levels was
also observed. Although great variability among patients was
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Abbreviation: EGFR, epidermal growth factor receptor.
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noted in facial sebum levels, with the mean value rising slightly
from the pre-administration level of 75.06 to 76.19 pg/cm?
at 6 weeks (p=0.952), sebum levels decreased from 17.22 to
7.47 ug/cm? (p=0.160) on the thorax and from 6.22 to 0.56 ug/
cm?(p=0.133) on the lateral upper arm, respectively (Figure 2).

Observed changes in skin conditions

after the administration of EGFR inhibitor
The development of an acneiform rash observed following
the treatment with an EGFR inhibitor was most frequent at
2 weeks posttreatment; this symptom also persisted there-
after (Figure 3). The development of an acneiform rash on
the face at this time point was observed in up to 55.6% of
patients (compared with 0.0% before treatment initiation).
At 6 weeks, an acneiform rash on the face was observed in
22.2% of patients. On the thorax, although the incidence was
lower than that on the face, an acneiform rash was observed in
22.2% of patients at 2 weeks posttreatment (compared with a

150

rate of 0.0% before the initiation of the treatment); 11.1% of
patients had an acneiform rash at 6 weeks. No patient in the
study experienced an acneiform rash on the lateral upper arm.

The exsiccation scores in all the regions were significantly
increased 6 weeks after beginning the treatment, from 0.00
to 1.33 (p=0.010) on the face, from 0.22 to 1.33 (p=0.008)
on the thorax, and from 0.22 to 1.44 (p=0.008) on the lat-
eral upper arm (Figure 4). The exfoliation scores were also
significantly higher; from 0.00 before the initiation of the
treatment to 1.00 (p=0.014) on the face 6 weeks after the
first dose was administered, from 0.00 to 0.67 (p=0.034) on
the thorax, and from 0.00 to 0.78 (p=0.020) on the lateral
upper arm (data not shown).

Usefulness of moisturization

Figure 5 shows the variation in the layer moisture content
before and after the administration of the EGFR inhibitor in
the prophylactic treatment arm and in the symptomatic treat-
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Figure 2 Cutaneous effects of administration of EGFR inhibitor: variation in the sebum level (symptomatic treatment arm).

Notes: Error bars indicate SD.
Abbreviation: EGFR, epidermal growth factor receptor.
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Figure 3 Development of EGFR inhibitor-induced acneiform rash: positive cases.
Abbreviation: EGFR, epidermal growth factor receptor.

ment arm. While the horny layer moisture content dropped
in all the target regions in the symptomatic treatment group
(from —3.76 to —13.00 AU), the horny layer moisture con-
tent increased on the thorax (+7.64 AU, p=0.158) and on the
lateral upper arm (+0.07 AU, p=0.986) in the prophylactic
treatment group.

A similar difference was observed in the variation of
the cutaneous sebum level. In the symptomatic treatment
group, sebum levels on the thorax and the lateral upper arm
decreased (between —5.67 and —9.75 ug/cm?). In contrast,
sebum levels in all the target regions increased in the pro-
phylactic treatment group (face: +10.92 pg/cm?, p=0.370,
thorax: +2.21 pg/cm?, p=0.758, lateral upper arm: +0.38 pg/
cm?, p=0.268; Figure 6).

Skin observation revealed no significant difference in the
number of acneiform rashes between the two groups, suggest-
ing that external application of a moisturizer does not affect
the development of acneiform rash (Figure 3).

In the symptomatic treatment group, exsiccation scores
on the face, thorax, and lateral upper arm increased by 1.33,
1.11, and 1.22 from the baseline values before the adminis-
tration of the treatment, respectively. The score increments
in the prophylactic treatment group were limited to 1.50,
0.66, and 0.50 in the target regions, respectively (Figure 4).
The exfoliation scores in the symptomatic treatment group
increased by 1.00, 0.67, and 0.78 in the target regions and
by 1.17, 0.50, and 0.50 in the prophylactic treatment group,
respectively (data not shown).
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Abbreviation: EGFR, epidermal growth factor receptor.

During the observation period, no adverse events attribut-
able to topical moisturizer application were observed.

Discussion
Administration of EGFR inhibitors is frequently associ-
ated with dermopathy, with a particularly high incidence of
acneiform rash. Despite concomitant prophylactic treatment
against an acneiform rash with oral minocycline hydrochlo-
ride, we observed numerous cases with an acneiform rash,
with an incidence as high as 55.6% on the face and 22.2%
on the thorax, peaking at 2 weeks after beginning EGFR
inhibitor administration.

The main objective of this study was to collect the fun-
damental information on dermopathies, particularly skin

exsiccation, associated with the administration of EGFR.
Therefore, the primary endpoints included were of an
objective nature, such as the horny layer moisture content
and the cutaneous sebum level over time, as well as the skin
conditions evaluated by dermatologists. Scores for cutaneous
symptoms such as exsiccation and exfoliation increased over
time following the administration of the EGFR inhibitor.
When levels before the administration of the EGFR inhibitor
were compared with those 6 weeks after the initial dose was
administered, the score increase was statistically significant in
all the target regions. Moreover, an EGFR inhibitor-induced
reduction in the horny layer moisture content and the cutane-
ous sebum level was also observed, with the development
of exsiccation demonstrated by instrumental measurement.
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Notes: Error bars indicate SD.
Abbreviation: EGFR, epidermal growth factor receptor.

The present study not only provides evidence of exsicca-
tion expressed in numerical values based on instrumental
measurement but also provides an objective evaluation by
dermatologists who do not play an integral role in cancer
treatment with EGFR inhibitors.

This clinical study also examined the usefulness of
moisturizer against exsiccation, adopting the horny moisture
content as an objective index. While the horny layer moisture
content was reduced in all target regions in the group that
did not use topical moisturizers, an increase in horny layer
moisture content was observed in 2 of the 3 target regions
in the group that administered the moisturizer. Furthermore,
the dermatologic findings also support the usefulness of a
moisturizer against EGFR inhibitor-induced exsiccation, with
a lower incidence of dermopathy observed in the treatment
group than in the control group.

A limitation of the present study is the small number
of participants with two different primary cancer types
and the use of two different EGFR inhibitors, which likely
contributed to the overall large statistical variability in this
study. Furthermore, the inclusion of some terminal cancer
patients presented some challenges with regard to protocol
compliance.

Despite these limitations, we believe our efforts to col-
lect fundamental information on EGFR inhibitor-induced
dermopathy, particularly exsiccation, were successful. In
the context that EGFR inhibitor-induced dermopathy is now
more widely recognized and prophylactic treatment with
moisturizers has become more prevalent,”!? the findings of
this study documenting the natural history of the skin con-
ditions during the administration of an EGFR inhibitor are
considered meaningful.
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