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ABSTRACT

Anti-epidermal growth factor receptor (EGFR) monoclonal antibody is a standard treatment of metastatic
colorectal cancer (mCRC) and its most common adverse effect is a papulopustular acneiform rash. The aim
of the CUTACETUX study was to characterize the skin inflammatory response associated with this rash and
its relation to treatment efficacy.

This prospective study included patients with mCRC treated with first-line chemotherapy plus cetux-
imab. Patients underwent skin biopsies before the initiation of cetuximab (D0) and before the third
infusion (D28), one in a rash zone and one in an unaffected zone. Expression of Th17-related cytokines (IL-
17A, IL-21, IL-22), antimicrobial peptides (ST00A7 and BD-2), innate response-related cytokines (IL-1(, IL-6,
TNF-a and OSM), T-reg-related cytokines (IL-10 and TGF-B), Thi-related cytokine (IFN-y), Th2-related
cytokine (IL-4), Thymic stromal lymphopoietin and keratinocyte-derived cytokines (IL-8, IL-23 and
CCL20) were determined by RT-PCR.

Twenty-seven patients were included. Levels of most of the cytokines increased at D28 in the rash zone
compared to DO. No significant association was observed between variations of cytokines levels and
treatment response in the rash zone and only the increase of IL-4 (p = .04) and IL-23 (p = .02) levels
between DO and D28 in the unaffected zone was significantly associated with treatment response.
Increased levels of IL-8 (p = .02), BD-2 (p = .02), IL-1B (p = .004) and OSM (p = .02) in the rash zone were
associated with longer progression-free survival.

Expression of Th2-related and keratinocyte-derived cytokines in the skin was associated with anti-EGFR
efficacy. If this inflammatory signature can explain the rash, the exact mechanism by which these
cytokines are involved in anti-EGFR tumor response remains to be studied.
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer worldwide, with 1.5 million new cases each year
and 700.000 deaths." Nowadays, for patients with metastatic
CRC (mCRC), median overall survival (OS) is around
30 months for those harboring a RAS wild-type status and
26 months for those harboring a RAS mutation.””> For
mCRC, chemotherapy is associated with a biological agent,
an anti-vascular endothelial growth factor or an anti-
epithelial growth factor receptor (anti-EGFR) monoclonal
antibody (mAb), remains the standard of care.®’

EGFR is a transmembrane glycoprotein, one of the four
members of the ErbB family of tyrosine kinase receptors, over-
expressed in many cancers, especially in 60-80% of mCRC.*"'*

EGFR is an inactive monomer on its own and is activated after
ligand binding and dimerization. This activates the intracellu-
lar tyrosine kinase region of EGFR, resulting in the initiation of
a signaling pathway involved in cell differentiation, prolifera-
tion, migration, angiogenesis, apoptosis and metastatic
spread.”” Cetuximab is a chimeric IgG1 mAb that binds speci-
fically to the external domain of EGFR and blocks ligand
binding and receptor activation."” Several studies have shown
the efficacy of cetuximab in mCRC, as monotherapy or com-
bined with chemotherapy, but only in RAS wild-type
tumors.>'*"” Cetuximab can cause mostly manageable infu-
sion-related hypersensitivity reactions in approximately 15% of
patients,'® but the most common adverse event is
a papulopustular rash.'” This skin reaction is found in 60% to
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80% of patients treated with an anti-EGFR mAb with 8% to
17% having grade 3 or 4 skin toxicity.”*'® Other forms of skin
reaction include dry skin, pruritus, erythema and paronychia.
The papulopustular rash generally occurs between one and
three weeks after treatment initiation and usually involves the
face and upper torso.'” Several studies have demonstrated
a positive correlation between the papulopustular rash and
tumor response and/or survival in mCRC patients treated
with anti-EGFR therapy.>'? For example, Cunningham et al.
showed that the response rate to cetuximab in mCRC was
55.2% when the skin reaction was severe compared to 6.3%
in the absence of skin reaction.®

Histological analyses of affected skin biopsies have revealed
a neutrophilic infiltrate in the dermal tissue and a thinner layer
of the stratum corneum of the epidermis. EGFR is essentially
expressed in normal proliferating keratinocytes in the basal
layer of the epidermis and the outer layers of the hair
follicle.”” The EGF pathway is involved in keratinocyte survival
and proliferation. Inhibiting this pathway blocks proliferation,
accelerates differentiation, decreases migration and induces
apoptosis of keratinocytes.”’ Moreover, the EGF pathway is
involved in the skin immune response. EGFR activation down-
regulates the levels of Tumor Necrosis Factor-alpha (TNF-a)
and Interferon-gamma (IFN-y)-induced expression of a cluster
of chemokines release by the keratinocytes.””*> By contrast,
anti-EGFR agents induce the liberation of pro-inflammatory
chemokines such as monocyte chemotactic protein-1 (MCP-1)
and chemokine (C-C motif) ligand 5 (CCL5) and attract T cells
and neutrophils (interleukin 8 [IL-8 or chemokine
(C-X-C motif) ligand 8]) which results in skin
inflammation.”””* Anti-EGFR agents also induce the produc-
tion of pro-inflammatory cytokines by the cancer cells, thus
possibly influencing tumor response.

The pathophysiology of these skin reactions as well as their
relationship with treatment efficacy are not fully understood.
The purpose of the CUTACETUX study was to characterize
the inflammatory profile of the skin reactions in patients trea-
ted with cetuximab and to explore the association between this
inflammatory profile and treatment efficacy.

Patients and methods
Study design and patients’ selection

This bicentric (Poitiers and Tours university hospitals) pro-
spective study was approved by the French “Comité de protec-
tion des personnes Ouest III” (2010-019837-85), the
“Commission nationale de I'informatique et des libertés” and
was registered in clinicaltrials.gov (NCT01292356). The study
was performed according to the principles of the Declaration of
Helsinki and all participants have given written consent.
Inclusion criteria were as follows: patients over 18 y old,
histologically proven mCRC with wild-type (K)RAS genes
(wild-type KRAS before 2013 and wild-type RAS after 2013),
cetuximab treatment in first-line combined with FOLFOX
(5-fluorouracil (5-FU) plus oxaliplatin) or FOLFIRI (5-FU
plus irinotecan) chemotherapy, patients having signed an
informed consent form and affiliated to the Social Security
scheme. Exclusion criteria were as follows: patients taking an

immunosuppressive therapy, patients with severe, concomitant
and progressive skin pathology, the absence of measurable
lesion according to RECIST 1.1 criteria (Response Evaluation
Criteria in Solid Tumors), patients with a contraindication to
the use of cetuximab or FOLFOX and FOLFIRI, severe impair-
ment of cardiac or respiratory function and patients deprived
of their liberty by judicial or administrative decision.
Cetuximab was administered at 500 mg/m2 every 14 d dur-
ing a 2-hour infusion for the first cycle and a one-hour injec-
tion thereafter. Premedication with corticosteroids and
antihistamines was mandatory before every injection.

Immunological profile of skin biopsies

Two skin biopsies (6 mm punch) were undertaken from the
upper back region of patients by a dermatologist before initia-
tion of the treatment. One was frozen in nitrogen and used for
RNA extraction and analysis. The second one was embedded in
paraffin for pathological analyses. At day 28 (D28), before the
third chemotherapy/cetuximab cycle, three 6 mm biopsies
were performed, two in the rash zone (if it was present, one
frozen and one embedded in paraffin) and one in an unaffected
zone (frozen).

We selected a panel of different cytokines or indicators
representative of skin inflammation in order to determine an
immune signature of anti-EGFR induced skin rash. The selec-
tion of these inflammatory factors is based on literature data on
anti-EGFR induced skin rash (i.e. TNF-qa, IFN-y and IL-8) but
also cytokines frequently involved in inflammatory skin diseases
like psoriasis and atopic dermatitis (i.e. IL-8, IL-17A, IL-22,
Oncostatin M, Thymic stromal lymphopoietin (TSLP), IL-1q,
and TNF-a) and antimicrobial peptides such as BD-2 and
S100A7.2%**7%¢ Indeed, expression of the Th17-related cytokines
(IL-17A, IL-21, IL-22), antimicrobial peptides (S1I00A7 and BD-
2), the innate response-related cytokines (IL-1p, IL-6, TNF-a
and oncostatin-M (OSM)), the T-reg-related cytokines (IL-10
and TGF-f), the Thl-related cytokine (IFN-y), the Th2-related
cytokine (IL-4), TSLP and keratinocyte-derived cytokines (IL-8,
IL-23 and CCL20) were determined by reverse transcription
PCR (RT-PCR).** Briefly, total RNA from skin biopsies (includ-
ing epidermis and dermis) was isolated using a NucleoSpin®
RNA II kit (Macherey-Nagel, Hoerdt, France) and reverse-
transcribed with ~ SuperScript® 1II reverse transcriptase
(Invitrogen, Life Technologies, Carlsbad, CA, USA) according
to the manufacturer’s instructions. Quantitative RT-PCR was
conducted using a Light Cycler-FastStart DNA MasterPlus
SYBR® Green I kit and a LightCycler 480 system (Roche
Diagnostics, Meylan, France). The reaction components con-
sisted of 1x DNA Master Mix and 0.5 pM HPLC-purified (High
Performance Liquid Chromatography) sense and anti-sense oli-
gonucleotides purchased from Eurogentec (Eurogentec France,
Angers, France) and designed using Primer3® software. The
mathematical model delta Ct was used to determine the relative
quantification of target genes compared to the housekeeping
genes G3PDH and RPL13.”

To characterize the skin rash and determine the immune
cells infiltrates, immunohistochemistry analyses (IHC) were
carried out using CD3 (T cells), CD4 (helper T cells), CD8
(cytotoxic T  cells), Granzyme (cytotoxicity), CDI5



(neutrophils), CD68 (monocytes/macrophages), CD20 (B
cells), CD30 (usually expressed on activated B cells and
T cells), CD56 (Natural killer cells), PD1 (usually expressed
on T cells), FOXP3 (regulatory T cells) and CDla (usually
expressed on Langerhans cells and dendritic cells). The level
of EGFR expression was also evaluated. IHC was performed
using a BenchMark® automated staining system (Ventana
Medical System, Tucson, AZ, USA) according to the manufac-
turer’s instructions.

Serum concentration of cytokines

Blood samples were also collected for the analysis of circulating
cytokines at DO, D28, 3 and 6 months. Serum was collected,
aliquoted and kept frozen at —20°C until analysis. The concen-
tration of circulating cytokines (IL-4, IL-6, IL-8, IL-10, IL-17A,
IL-21 and IL-23) was quantified with Luminex 200 platform®
(Luminex xMap Technology) by using Milliplex MAP® Kit,
human cytokine/chemokine Magnetic Bead Panel (Millipore
Corporation, Billerica, MA, USA) according to the manufac-
turer’s instruction.

Outcomes

Skin toxicity was evaluated according to the National Cancer
Institute-Common Terminology Criteria for Adverse Events
v4.0 (NCI-CTCAE) at each chemotherapy/cetuximab cycle
(every 14 d). Treatment response was assessed radiologically
and evaluated according to RECIST 1.1 criteria, i.e. progressive
disease (PD), stable disease (SD), partial response (PR) and
complete response (CR), at first evaluation at about 3 months
(M3) and second evaluation at about 6 months (M6). Depth of
response was defined as the best percentage of tumor shrinkage
compared to baseline according to RECIST 1.1 criteria. Median
progression-free survival (PFS) and OS were calculated using
the Kaplan-Meier method.

The main objective was to identify an association between
skin immune marker mRNA expression (RT-PCR) and treat-
ment efficacy using objective response rate (ORR) according to
RECIST 1.1 criteria. ORR is defined as the percentage of
patients with a response of either PR and CR. The secondary
objectives were to identify an association between the skin
immune marker mRNA and PFS, and also an association
between circulating cytokine concentrations and ORR
and PFS.

Statistical analysis

No sample calculation was made since it was a pilot exploratory
study and we arbitrarily planned to recruit 30 patients.
Quantitative data were described by means and standard devia-
tions (SD), or medians and interquartile ranges (IQR).
Categorical data were presented as absolute frequencies and
percentages.

To study variations of cytokines between D0 and D28, ratios
of levels between D28 (unaffected zone or rash zone) and DO
were calculated and a non-parametric signed rank test was
used to compare the ratio to 1.
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Comparisons between subgroups were performed using
chi-square test or Fisher’s exact test for qualitative variables
and using the student t test or Wilcoxon signed-rank test for
quantitative variables. Correlations between quantitative vari-
ables were estimated by the Spearman correlation coeffi-
cient (Rho).

Survival curves were estimated using the Kaplan-Meier
method and described using medians and 95% confidence
intervals (CI). The log rank test was used to compare survival
curves. Hazard ratios were calculated based on Cox propor-
tional hazards model.

All statistical tests were two-sided and of exploratory nature,
thus no alpha-level adjustment for multiple testing was con-
sidered. Analyses were performed using SAS software version
9.4 (SAS Institute, Cary, NC) and R statistical software ver-
sion 3.6.0.

Results
Patients’ characteristics, skin toxicity and outcomes

A total of 27 patients were enrolled in this study between 2011
and 2016. Patients’ median age was 66 y. These patients were
mainly men (78%) and presented a WHO performance status
of 0 or 1 (89%) (Supp Table 1). Most patients had liver metas-
tases (89%) and the majority received the FOLFIRI plus cetux-
imab regimen as first-line chemotherapy (67%).

Twenty-three patients (85%) displayed a skin reaction at
D14 (whatever the type) and 24 (89%) at D28, mostly grade 2
(63% at D14 and 78% at D28) and as a papulopustular rash
(78% at D14 and 70% at D28) (Table 1). Grade 3 skin reactions
were found in only 2 patients at D14 and none at D28. Due to
skin reactions, some patients were treated with oral doxycy-
cline (63%) and/or metronidazole cream (48%) at D14. Three
patients had serious adverse events (cetuximab-induced
anaphylaxis).

Response rates according to RECIST version 1.1 were 44%
(n =12) PR, 44% (n = 12) SD and 7% (n = 2) PD (one patient
was non-evaluable) at the first evaluation (M3) and 50%
(n = 10) PR, 20% (n = 4) SD and 30% (n = 6) PD (seven

Table 1. Skin reactions at days 14 and 28.

Numbers of patients, n (%) Day 14 (N = 27) Day 28 (N = 27)
Skin lesions ' 23 (85%) 24 (89%)
Papulopustular rash 21 (78%) 19 (70%)
Nail involvement 0 1 (4%)
Dry skin 3 (11%) 4 (15%)
Scalp involvement 12 (44%) 9 (33%)
Others ? 7 27%) 6 (22%)
Worst toxicity grade
No toxicity (Grade 0) 4 (15%) 3(11%)
No treatment need (Grade 1) 4 (15%) 3 (11%)
Treatment need (Grade 2) 17 (63%) 21 (78%)
Pain or limiting self-care (Grade 3) 2 (7%) 0
Treatment >
Oral doxycycline 17 (63%) 12 (44%)
Topical steroids 5 (18%) 5 (18%)
Metronidazole cream 13 (48%) 13 (48%)
Others 4 (15%) 3 (11%)

“Patients may have experienced more than one type of skin reaction
bOral involvement such as burns and swelling, nail involvement, mycosis
“Patients may have received more than one type of treatment for skin reactions
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patients were non-evaluable) at the second evaluation (MS).
Mean depth of response were —26% (min-max, —80%; +35%) at
the first evaluation and —-29% (min-max, —70%; +40%) at
the second evaluation.

The end of the study was in December 2018. Median PFS
(Supp Figure 1) was 9.5 months (95% CI 8.7-21.6) and median
OS (Supp Figure 2) was 30.4 months (95% CI 18.8-41.5).

Skin toxicity and treatment response

No associations between objective response rate at the first
evaluation and grade of skin reactions (grade 0 or 1 versus
grade 2 or 3) at D14 or D28 were detected (Supp Table 2).

Patients with grade 2 or 3 skin reactions at D14 showed
a longer median PFS (12.6 months versus 8.8 months; p = .02
(Figure 1)) and OS (34.6 months versus 15.2 months; p < .01)
compared to patients with grade 0 or 1 skin reaction (Figure 2).
Median PFS was 12.6 months versus 8.8 months (p = .12) and
median OS was 33.0 months versus 15.3 months (p = .01) in
patients with grade 2 or 3 skin reactions at D28 compared to
patients with grade 0 or 1 skin reactions.

Immunological profile of skin biopsies

Only 20 patients had available and exploitable pre-therapeutic
and post-therapeutic biopsies (7 patients with early death or
degradation of skin biopsies’ RNA). The levels of cytokines or
inflammatory factors were increased between skin biopsies at
D28 in an unaffected zone and pre-therapeutic biopsies at DO
for only CCL20 and S100A7 (Figure 3). However, the levels
between skin biopsies at D28 in a rash zone and biopsies at DO
were increased for most cytokines/inflammatory factors stu-
died (IL-18, IL-6, IL-8, IL-10, IL-17A, IL-21, IL-23, OSM, IFN-
v, SI00A7, CCL20, BD-2), except for IL-4, whose level was
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Figure 1. Progression-free survival according to grade of skin reactions at D14.
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Figure 2. Overall survival according to grade of skin reactions at D14.

lower at D28 compared to DO, and TNF-a, IL-22, TGF-88 and
TSLP which remained unchanged (Figure 3).

We have compared cytokine expression between patients
with (n = 13) and without (n = 7) oral doxycycline. We
identified an increase in the ratios of cytokines’ levels between
D28 and DO in the oral doxycycline group compared to the
group without oral doxycycline in the rash zone only for TGF-
8 (p=.01) and IL-23 (p = .02). We have also compared positive
Gram staining on D28 skin biopsies in the rash zone (n = 3/17)
between patients with (n = 12) and without (n = 5) oral
doxycycline used before D28 and no association was
observed (p = .22).

The ratios of cytokines between D28 and DO were positively
correlated with the skin reaction grade at D28 for TNF-a
(rho = 0.45; p < .05), CCL20 (rho = 0.52; p = .02), SI00A7
(rtho = 0.58; p = .01), TSLP (rho = 0.56; p = .02) in the
unaffected zone and BD-2 (rho = 0.46; p = .04), CCL20
(rho = 0.55; p = .02), S1I00A7 (rho = 0.49; p = .03), IL-21
(rho = 0.45; p < .05), TSLP (rho = 0.53; p = .03) in the rash
zone (Supp Table 3).

Immunological profile of skin biopsies according to
treatment effectiveness

Most of the cytokines/inflammatory factors evaluated as ratios
of levels between D28 (unaffected zone or rash zone) and DO
showed no difference between patients with and without objec-
tive response (Figure 4). Only the ratio of IL-4 between the
unaffected zone at D28 and DO was higher in responders
compared to non-responders (p = .04) (Figure 4). When look-
ing at the depth of response, there was a moderate correlation
between higher of depth of response at M3 and an increase of
the ratio of IL-23 between D28 and DO in the unaffected zone,
as well as in the rash zone (Rho = —0.56; p = .02 for both zones)
(Supp Table 4). In addition, there was no impact on oral
doxycycline use on objective response rate (p = .34).
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The D28/D0 ratio of IL-23 in the unaffected zone was higher
for responders than non-responders at the second evaluation at
M6 (p = .03), all other cytokines showing no difference between
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23 and CCL20 in the unaffected zone and the depth of response
(Supp Table 5).

Higher values of the D28/DO0 ratios for IL-8 and IL-22
in the unaffected zone and for IL-8, BD-2, IL1-88 and OSM
in the rash zone were associated with better PFS whereas

Rash zone

lower values of TSLP in the unaffected zone were asso-
ciated with better PFS (Supp Table 6). Higher values of
D28/D0 ratios for IL-21 in the unaffected zone and for
IL1-8 in the rash zone were associated with better OS
(data not shown).
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Figure 4. Comparison of D28/DO0 ratios of skin cytokine levels according objective response at first evaluation (M3) (N = 19). The ratio D28/DO0 is the ratio of cytokine
levels between skin biopsies at D28 and pre-therapeutic biopsies at DO. Results are presented in the unaffected zone and in the rash zone according to objective
response at first evaluation (M3) with medians and interquartile ranges. Responders: partial response or complete response according to RECIST 1.1 criteria; non-
responders: progressive or stable disease according to RECIST 1.1 criteria. A non-parametric signed rank test was used to compare the ratio at 1.*: p < .05; **: p < .01; ***:
p < .001; ¥** p < 0001.
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Figure 4. (Continued).

Correlation of circulating cytokines with skin cytokines

was also observed from DO to M6 for IL-8 (Supp Figure 4). We
and outcomes

observed no significant correlation between circulating cyto-
Concerning circulating cytokines, we observed a decrease from ~ kines and skin cytokines except for IL-23 (rho = 0.62; p < .01)
DO to D28 for IL-4, IL-8 and IL-10 serum levels. This decrease ~(data not shown).
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Figure 5. Comparisons of the ratios of circulating cytokine levels according to objective response at first evaluation (M3) (N = 26). The ratios D28/D0 and M3/DO0 are the
ratios of cytokine levels between circulating level at D28 or M3 and pre-therapeutic circulating level at DO. Results are available according to objective response
outcome at the first evaluation (M3) with medians and interquartile ranges. Responders: partial response or complete response according to RECIST 1.1 criteria; non-
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responders.*: p < .05; **: p < .01.
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Figure 5. (Continued).

We observed lower D28/DO ratios of circulating IL-8 in respon-  correlated with the depth of response at M3 (rho = 0.51; p = .01) and
ders compared to non-responders at M3 and M6 (Figure 5 and M6 (rho = 0.59; p = .03) (data not shown). A lower D28/D0 ratio of
Supp Figure 5). Moreover, lower ratios of circulating IL-8 were circulating IL-8 was also associated with a longer PES (p < .01).
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Figure 6. Ratios of immune cells levels between D28 and DO (N = 18). The ratio D28/DO0 is the ratio of immune cell levels between skin biopsies at D28 and pre-
therapeutic biopsies at DO. Results are available with medians and interquartile ranges. A non-parametric signed rank test was used to compare the ratio at 1.

Immune cells infiltrates most immune cells or levels of markers of immune cells activation
(CD3, CD4, CD8, CD20, CD68, Granzyme, CD1a, CD15, CD56

To characterize the immune cells involved in the skin reactions to . N
and PD1) were increased between skin biopsies at D28 compared

anti-EGFR therapy, we performed IHC analyses. The number of
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Figure 6. (Continued).

to pre-therapeutic biopsies at DO (Figure 6 and Supp Figure 6). In
contrast, EGFR expression decreased between DO and D28.

For CD4, CD8 and CD68 D28/D0 ratios, a significant cor-
relation with D28 skin toxicity grade was found (data not
shown). For all immune cells evaluated as ratios of levels
between D28 and DO, no significant difference between respon-
ders and non-responders was found. Higher values of D28/D0
ratios for CD4 + T cells were associated with shorter PFS
(p = 0.03, data not shown).

Discussion

The CUTACETUX study provides new relevant data concern-
ing the anti-EGFR mAb related skin reaction. Many cytokines/
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inflammatory factors in the skin increased during cetuximab
treatment, and the increased levels of some of these were
correlated with the grade of the skin reaction. Alteration of
the amount of immune skin infiltrating cells was also asso-
ciated with skin reactions. The main objective was to study the
association between increased cytokines/inflammatory protein
levels and treatment response and that was the case for IL-4
and IL-23, but only in the unaffected zone. Moreover,
increased levels of IL-8, BD-2, IL-1p and OSM in the rash
zone and decreased levels of TSLP in the unaffected zone
were associated with longer PFS. The levels of circulating
cytokines were not correlated with those of skin cytokine
transcripts, except for IL-23. However, a decrease of circulating
IL-8 was associated with treatment response and longer PES.



Finally, an increase of CD4 + T cells in the skin was associated
with shorter PFS.

It has to be noted that we had some difficulties to include
patients and this led to the study being stopped before recruiting
the 30 patients planned. More than half of the patients to whom we
proposed a participation in this study refused to do so due to the
multiple invasive skin biopsies. However, our studied population
seems representative of a standard mCRC population treated with
chemotherapy plus anti-EGFR therapy. Median PES (9.5 months)
and OS (30.4 months) are in accordance with results observed in
clinical trials.>™* Moreover, the rates and grades of skin reactions to
anti-EGFR therapy are those usually observed in other trials (89%
and mostly grade 1-2).”*'® No correlation was observed between
the grade of skin reactions and radiological response, probably due
to the low number of patients.®>'’ Nevertheless, we observed
a correlation between the grade of skin reactions and PFS and
08, as previously described.”

So far, skin inflammatory response due to anti-EGFR therapy
has been poorly studied as skin biopsies have never been performed
in clinical practice in mCRC patients under anti-EGFR treatment.
The EGF pathway has been shown to be critical in the upregulation
of keratinocyte GM-CSF expression under cytokine stimulation.*®
EGFR-driven activities on the immune/inflammatory functions of
keratinocytes included upregulation of Toll-like receptor 5 (TLR5)
and TLRY, antimicrobial peptides BD-2 and BD-3, and IL-8.* In
contrast, the activation of the EGF pathway in the skin induces
a decrease of pro-inflammatory cytokines released by the keratino-
cytes in different skin diseases such as atopic dermatitis and
psoriasis.”>** The mechanism of the papulopustular rash induced
by anti-EGFR therapy is linked to the blockade of the EGF pathway
in keratinocyte, associated to a poorly characterized pro-
inflammatory response.”***

The design of the CUTACETUX study included skin biopsies in
the unaffected zone and in the rash zone to identify the cytokines/
inflammatory factors variations related to anti-EGFR-induced skin
reactions. Indeed, we observed in the unaffected zone a significant
increase of CCL20 and S100A7, produced among others by the
keratinocytes. In the rash zone, we observed a significant increase
in most of the cytokines/inflammatory factors studied, especially
superior to 10-fold for Th17-related cytokines (IL-17A and IL-21),
OSM, antimicrobial peptides (S100A7 and BD-2), and IL-8.
Interestingly, IL-17, OSM and IL-21, which are produced by skin
immune cells, induced morphologic changes of the skin epithelium
(thickened skin with confluent parakeratotic scale and loss of the
granular cell layer) and S100A7, BD-2, IL-8 production by kerati-
nocytes are over expressed in skin diseases such as psoriasis.***° By
using THC, we identified cells associated with anti-EGFR therapy-
related skin reactions. Most of the immune cells increased in the
rash zone are T lymphocytes, monocytes/macrophages and NK
cells.”® By defining a cytokine signature, these results could help to
better understand the mechanism of anti-EGFR therapy-related
skin reactions and support the development of new specific topical
treatments. Nonetheless, we currently use topical and/or systemic
antibiotics like tetracyclines to treat skin rash due to anti-EGFR
therapy. The wide spectrum of anti-inflammatory eftects related to
tetracyclines is probably due to their ability to interfere with the
synthesis or the activity of several mediators of inflammation, such
as TNF-q, IL-1B, and IL-6.>'* However, this involves a risk of
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emerging resistance with the use of antibiotics on the long term,
and this is not recommended.” In addition, recent advances in the
field of anti-EGFR induced skin rash point to an involvement of the
commensal microbiota.>® Moreover, antibiotic’s use has recently
been negatively correlated with treatment response in many can-
cers, especially in non-small cell lung cancer.”’” In our study, oral
doxycycline had low effect on skin cytokines/inflammatory factors
and was only associated with an increase of TGF-f§ and IL-23 in the
skin rash zone between D0 and D28. Nevertheless, oral doxycycline
had no impact on cancer treatment efficacy. Furthermore, in our
study, oral doxycycline use had no impact on bacterial involvement
in the skin sections at D28 using Gram staining.

New treatments of anti-EGFR-induced papulopustular rash are
an important unmet need since skin reactions contribute to
a significantly reduced quality of life for mCRC patients treated
with anti-EGFR therapy.3 8 Emerging topical JAK (Janus kinase)
inhibitors in dermatology could be interesting since the inhibition
of JAKs can simultaneously block the function of multiple cytokines
such as IL-21, IL-23, OSM and IL-6, which were found in our study
to be key cytokines involved in skin toxicity of anti-EGFR therapy.”

As a correlation between anti-EGFR-induced skin reactions and
treatment efficacy was described, we looked for a correlation
between skin cytokine levels and the efficacy of anti-EGEFR therapy.
An increase of IL-4 and IL-23 levels between D28 and DO only in
unaffected skin zones was correlated with treatment response. In
addition, some cytokines/pro-inflammatory factors were associated
with PFS, especially IL-8, TSLP and IL-22 in the unaffected skin
zone and IL-8, BD-2, IL1-8 and OSM in the rash zone. IL-8, IL-23,
TSLP and BD-2 are mainly keratinocyte-derived factors. We
hypothesize that EGFR blockade on keratinocytes is correlated
with EGFR blockade on tumor cells and explain the observed
association with the efficacy of anti-EGFR therapy. Moreover, anti-
EGFR agents induce the production of pro-inflammatory cytokines
by cancer cells, thus possibly influencing the tumor response.*’
Indeed, a link between cytokines involved in tumor response to
anti-EGFR agents and cytokines involved in the development of
skin reactions to anti-EGFR therapy is possible. In the pathogenesis
of CRC, Th17 cell-mediated responses and production of IL-17A in
the tumor microenvironment have been associated with worse
outcomes for patients.*’ The increasing proportion of Th17 cells
in peripheral blood and IL-17A, IL-6, IL-22, IL-23 levels in serum
among CRC patients compared to control subjects were reported,
but their association with treatment efficacy remains unknown.**
In the CUTACETUX study, skin Th17 cytokines were not asso-
ciated with the efficacy of anti-EGFR therapy. Skin CD4 + T cells
were associated with shorter PES. Indeed, in CRC, tumor infiltrat-
ing CD4 + T-cells have been associated with poor outcomes,
especially Th2 CD4 + T-cells.”’

Clinical evidence suggests that local cutaneous inflammatory
response has systemic repercussions because changes in circu-
lating cytokines and chemokines were documented in patients
treated with anti-EGFR therapy.**™* In the CUTACETUX
study, we observed a significant decrease in the circulating levels
of IL-4, IL-8 and IL-10 during anti-EGFR treatment. Moreover,
there was an association between decreased levels of IL-8 and
treatment efficacy, for both treatment response and PFS. This
might reflect a decreasing pro-inflammatory condition in
patients with an effective oncologic treatment rather than
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a direct effect of anti-EGFR treatment.***” Other CRC studies
have shown that a decrease of circulating IL-8 was correlated
with treatment efficacy.****' IL-10 and IL-4 are T-reg-related
and Th2-related cytokines both with anti-inflammatory proper-
ties usually associated with poor outcomes in CRC, but not in
our study.*’ Inflammatory response in the skin, which is related
to anti-EGFR treatment, has probably a different mechanism
compared to the systemic inflammatory response in the blood
related to both treatment and cancer condition. We could not
establish a correlation between skin and systemic cytokines. If
we consider the autocrine/paracrine action of cytokines in tis-
sues and the fact that circulating cytokines are the inconsistent
reflection of the tip of the iceberg, measuring cytokine expres-
sion in an inflamed tissue may be the most reliable way to
evaluate a cytokinic signature associated with pathophysiology.

The main limitation of our study is the use of the combination
of anti-EGFR plus chemotherapy, which can make it difficult to
identify an association between the levels of skin cytokines and the
efficacy of anti-EGFR therapy. Nevertheless, we included only
patients treated in the first-line setting and not patients with pre-
vious chemotherapy that could have impacted skin and blood
cytokine levels. Furthermore, it is difficult to grade the skin reac-
tions, which is in part subjective, even though it was done by
a dermatologist in the CUTACETUX study. Nonetheless, for the
first time, this study collected prospective skin biopsies in patients
treated with anti-EGFR therapy and identified relevant associations
between skin cytokines, skin reactions and the efficacy of anti-
EGEFR therapy in mCRC.

To conclude, we described an original skin immune signature, ie.
cytokines/inflammatory factors and immune cells, of skin rash
induced by anti-EGFR therapy and showed its possible association
with skin toxicity grade. Moreover, levels of Th2-related (IL-4), innate
response-related cytokines (IL-1p and OSM) and keratinocyte-
derived cytokines (IL-8 and IL-23), as well as CD4 + T cells, in the
skin seemed to be associated with the efficacy of anti-EGFR therapy.
Nevertheless, we cannot establish a correlation between skin and
systemic cytokines.
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