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Changes in sebum levels and the development
of acneiform rash in patients with non—small cell
lung cancer after treatment with EGFR inhibitors
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Background: It has recently been shown that patients treated with epidermal growth factor receptor
(EGFR) inhibitors often develop various cutaneous adverse events. While the pathogenesis underly-
ing these events remains unclear, the relationship between skin toxicity induced by EGFR inhibitors
and the sebaceous glands that express EGFR has been previously reported.

Obijectives: The primary aim of this study was to determine the relationship between cutane-
ous sebum levels and acneiform rash, a typical skin toxicity of EGFR inhibitors, by measuring
the sebum levels before and after EGFR inhibitor treatment.

Methods: Eight patients diagnosed with non—small cell lung cancer (NSCLC) (three men and
five women with an average age of 69.3 years) who were initiated on treatment with EGFR inhibi-
tors (either gefitinib [Iressa®] or erlotinib [Tarceva®]) were enrolled. Using a Sebumeter®, sebum
levels in the face, chest, and back of each patient were measured before and after EGFR inhibitor
treatment. The development of acneiform rash in each skin region was also assessed.
Results: Changes in sebum level along with the development of an acneiform rash were observed
after patients were started on EGFR inhibitor treatment. Patients who developed an EGFR
inhibitor—induced acneiform rash tended to have higher pretreatment sebum levels (baseline)
than did patients who did not experience an acneiform rash. At each time point measurement,
sebum levels were found to be significantly higher in patients who had developed an acneiform
rash at that time. Patients who developed rash during treatment showed greater differences in
sebum level compared with pretreatment baseline.

Conclusion: Patients who had increased levels of sebum or whose sebum levels showed greater
change from pretreatment baseline developed an acneiform rash, suggesting that sebaceous gland
activity may be involved in the mechanism underlying the development of acneiform rash, in
patients treated with EGFR inhibitors.
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Introduction

There has been an increasing use of epidermal growth factor receptor (EGFR) inhibitors,
and their efficacy has been demonstrated in patients treated for advanced non—small cell
lung cancer (NSCLC).! However, patients treated with EGFR inhibitors are frequently
known to develop skin toxicity, which is associated with reduced quality of life in
patients.” Interestingly, some studies have reported a positive correlation between skin
toxicity and treatment response, thus highlighting the importance of managing skin
toxicity in order to enable continued treatment.* Little is known, however, regarding
the mechanism underlying EGFR inhibitor—induced skin toxicity, which first manifests
as a form of acneiform rash immediately after treatment is initiated. It is established that
EGFR is expressed in the sebaceous glands,? and a correlation between EGFR inhibitor
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use and changes to sebaceous glands has been reported.® The
aim of this study was to demonstrate the relationship between
sebum and acneiform rash by measuring sebum levels and
their change before and after EGFR inhibitor treatment.

Patients and methods

After obtaining approval from the Kyushu University Hospital
ethics committee, eight consenting patients with confirmed
NSCLC (three men and five women with an average age of
69.3 years [age range 57-84 years]) for whom gefitinib (Iressa®)
or erlotinib (Tarceva®) was indicated were enrolled.

Sebum levels were measured periodically (ie, at baseline
and at 1, 2, 3, 4, and 6 weeks after the initiation of EGFR
inhibitor therapy) on skin regions of approximately 3x3 cm,
in the shape of a square, at three different sites (the face, the chest,
and the back), using a Sebumeter® SM815 (Courage+Khazaka
Electronic GmbH, Cologne, Germany). Sebum was collected
at four different locations in each skin region, and the average
sebum level was calculated from the four measurements for each
site. For the face, measurements were taken from three different
regions (ie, forehead and right and left cheeks), and the average
facial sebum value from the three measurements was obtained.

The acneiform rash in each skin region was also evaluated each
time measurements were taken. The absolute value of the differ-
ences in sebum secretion compared with pretreatment baseline
was calculated for each patient at each time point.

Statistical analysis was performed using the Mann—Whitney
U-test (SPSS Version 18). The absolute values of sebum
secretion for each time point, and the difference in sebum
secretion values between each treatment time point and pre-
treatment baseline were categorized into two groups accord-
ing to the presence or absence of rash. The average values
were further calculated from all data points at each site (ie,
face, chest, and back) and utilized for statistical analysis.

Results

The sebum levels increased transiently after initiation of
treatment and then subsequently decreased. The rate at which
acneiform rash developed also increased after the start of
treatment and decreased, and then increased again, showing
a wavelike fluctuation during the study period. The devel-
opment of acneiform rash was accompanied by changes in
sebum level, with both parameters showing similar patterns
of change over time at some sites (Figure 1).
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Figure | (A—C) Frequency of acneiform rash development in relation to sebum levels, following EGFR inhibitor treatment in NSCLC.
Notes: Average sebum level was calculated from seven or eight patients (expressed as mean + SE). Average acneiform rash frequency was calculated from seven or eight

patients (expressed as mean).

Abbreviations: EGFR, epidermal growth factor receptor; NSCLC, non—small cell lung cancer.
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In order to determine the correlation between sebum
levels or their change during treatment, and the manifesta-
tion of acneiform rash, the relationship between pretreatment
sebum levels and the occurrence of acneiform rash at each
time point (ie, 1, 2, 3, 4, and 6 weeks after initiation of treat-
ment) was assessed for each site. High pretreatment sebum
levels tended to be associated with the development of acnei-
form rash at each time point and at each site (Figure 2).

The correlation between sebum levels (at each time point)
and the presence of acneiform rash at each time point (ie, 1,
2, 3, 4, and 6 weeks after the initiation of treatment) were
evaluated. Patients who developed acneiform rash had sig-
nificantly higher sebum levels at each time point (Figure 3).
Sebum levels were higher in the face compared with the chest
or the back. However, acneiform rash appeared at a higher
rate, not only in the face but also, in the chest and the back.
The increased levels of sebum were also linked to the occur-
rence of acneiform rash in the chest and back (Figures 2 and 3).
We then determined the differences in sebum levels com-
pared with pretreatment baseline and examined their relation
to the acneiform rash. Critically, greater changes in sebum
levels from the start of the treatment were observed in patients
who developed acneiform rash (Figure 4).
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Discussion

EGFR is expressed in various tissues of normal skin, includ-
ing the basal cells of the epidermis, the sebaceous glands,
outer root sheath cells, the eccrine glands, and vascular
smooth muscle cells.? EGFR inhibitors are known to sup-
press proliferation and differentiation of these tissues. The
involvement of EGFR in the pathology of acneiform rash
includes affected sebaceous glands, keratin plug formation
induced by hair dyskeratosis, and hair follicle inflammation.’
However, considering how the rash often develops during
the early stages of EGFR inhibitor therapy, the direct effect
of EGFR inhibitors on sebaceous glands seems to play an
important role in the etiology of acneiform rash.®” Indeed,
in the present study it was observed that the development
of acneiform rash was accompanied by changes in sebum
level; this observation was noted during the initial stages of
treatment, with both parameters showing a similar pattern
of change over time at some sites. It was also found that in
patients who developed acneiform rash, the sebum levels both
at pretreatment baseline and at each time point were higher
than that in those who did not have acneiform rash, suggest-
ing a correlation between sebum level and acneiform rash.
However, it was noted that acneiform rash developed even on
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Figure 2 (A-C) Development of acneiform rash over time and pretreatment sebum levels at different body sites.
Abbreviation: SE, standard error of the mean.
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Figure 3 Presence of acneiform rash and sebum levels at each time point (calculated
from all time points and all patients).

Notes: Values are expressed as mean * SE. *P<0.05; ¥**P<<0.01 (Mann—Whitney).
Abbreviation: SE, standard error of the mean.

the chest and the back, where sebum levels are not as high as
on the face. These results therefore strongly suggest that the
correlation between sebum level and acneiform rash may be
site-specific. The differences in sebum level as compared with
pretreatment baseline also appeared to be associated with the
development of acneiform rash. The magnitude of change in
sebum levels as well as the amount of sebum secretion may
contribute to EGFR inhibitor—induced acneiform eruption,
suggesting an association between sebaceous gland activity
and susceptibility to EGFR inhibitor—induced skin toxicity.
In a recent study, researchers observed elevated expres-
sion levels of various chemokines, followed by the infiltra-
tion of inflammatory cells, in a mouse model that lacked
EGEFR in the epidermis, demonstrating a possible mecha-
nism for EGFR inhibitor—induced skin toxicity.®* From
these reports, together with the present findings, a possible
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Figure 4 Presence of acneiform rash and differences in sebum level compared with
pretreatment baseline, at each time point.

Notes: Calculated from all time points and all patients; values are expressed as
mean + SE. *P<<0.05 (Mann—Whitney).

Abbreviation: SE, standard error of the mean.

mechanism by which patients develop acneiform rash can
be postulated. The levels of sebaceous gland activity vary
among individuals, and patients with higher levels of activity
may have enhanced sensitivity to EGFR inhibitors, resulting
in increased inflammatory cell infiltration in the sebaceous
glands. Eventually, the inflammation in sebaceous glands
establishes acneiform rash, characteristic morphological skin
toxicity, and change in sebum levels. It was reported that
inflammatory mediators, such as leukotriene B4 or prosta-
glandin J2, can increase sebum production.'®"" Spread of
the inflammation to sebaceous glands might enhance sebum
secretion, by inducing such inflammatory mediators. On the
other hand, it is well known that patients treated with EGFRI
develop progressive skin dryness, which is inconsistent with
high sebum levels. Lichtenberger et al described changes
in epidermal structure that were associated with decreased
expression of the tight junction genes claudin 1 and claudin 3
as well as occludin and resulted in decreased water reten-
tion of the epidermis in EGFR-knockout mice.® Mascia et al
described alterations in keratinocyte differentiation marker
expression.” These studies and our study indicate that the
effector sites of EGFR in acneiform rash and skin dryness
might be quite different.

As patients with high sebum levels develop acneiform
rash more frequently, medications effective in reducing
sebum production, including retinoic acid (tretinoin) and
adapalene, may be beneficial for treating acneiform rash.
Taking into account other studies that have shown the correla-
tion of EGFR inhibitor—induced skin toxicity and favorable
treatment response,’ analyses of sebum secretion levels and
their changes over time may therefore be useful in predicting
clinical outcome.
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