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ABSTRACT
Introduction

Currently marketed epidermal growth factor receptor
inhibitors (EGFRIs) have been associated with high
rates of dermatologic toxicity.

Methods

We formally reviewed the literature at MEDLINE and
EMBASE. Additional searches were conducted using
Internet search engines. Studies were eligible if they
were randomized controlled clinical trials of EGFRIs,
specifically cetuximab and panitumumab, in which
at least one arm consisted of a non-EGFRI treatment
and rash safety data were reported. The random ef-
fects method was used to pool differences in incident
rash rates. Results are summarized as differences in
incident rash (EGFRI therapy rate minus the non-EGFRI
therapy rate) with corresponding 95% confidence
intervals (cis) for all severity grades of rash and for
grades 3 and 4 rash.

Results

Sixteen studies met the initial inclusion criteria of
randomized controlled trials comparing EGFRI with
non-eGFRI therapy. Seven publications that provided
information on all severity grades of rash were found to
have an overall difference in incident rash rate of 0.74
(95% c1: 0.68 to 0.81; p < 0.01). Thirteen studies that
reported the incidence of grades 3 and 4 rash showed an
overall difference in the incident rash rate of 0.12 (95%
cr: 0.09 to 0.14; p < 0.01) between EGFRI and nOn-EGFRI
therapy. Sensitivity analyses showed that the results were
generally robust, but sensitive to small samples.

Conclusions

Results quantify the difference in rash rates between
EGFRI and non-EGFRI therapy.
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1. INTRODUCTION

Overexpression of the epidermal growth factor recep-
tor (EGFR) has been associated with the solid tumours
of metastatic colorectal cancer (mcRrc), head-and-neck
cancer, non-small-cell lung cancer (NscLc), and other
cancers ! 3. Cetuximab and panitumumab are two mar-
keted monoclonal antibodies that inhibit EGrr. Treat-
ment with currently available EGFR inhibitors (EGFRIS)
can result in a variety of potentially serious toxicities
such as dermatologic toxicities, hypomagnesemia,
nausea, vomiting, diarrhea, and constipation 4.

In the skin, EGFR controls the development and
growth of the epidermis, the outermost skin layer °.
Inhibition of EGFR in the skin therefore results in
toxicity. Dermatologic toxicities are by far the most
prevalent side effects seen with the current EGFRIs.
Skin toxicities include rash (papulopustular), xerosis,
painful cracks and fissures on the palms and soles of
the feet, paronychia, pruritus, and abnormal hair and
eyelash growth ©. Table 1 lists the recent definitions
and gradings of grades 3 and 4 rash and acneiform
rash from the U.S. National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4
(ctcag) .

Rashes can have a significant impact on continu-
ity of therapy, on pain for the patient, and on quality
of life. They can cause serious infection, and they are
costly to manage. Rashes typically develop within the
first 3 weeks of treatment *8-, and radiation dermatitis
that can manifest within 5 weeks of treatment is seen
when an EGFRI is combined with radiation !°. Parony-
chia, xerosis, cracks and fissures, and abnormal hair
growth tend to occur later in treatment *'!. Most skin
rashes are considered mild to moderate, but some
are severe, leading to infection, dose reduction, dose
delay, or discontinuation of the EGFr1 ®.

CURRENT ONCOLOGY—VOLUME 18, NUMBER 2

m Copyright © 2011 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



MITTMANN and SEUNG

TABLE I  Rash definitions according to the U.S. National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 47

Maculopapular rash

Definition A disorder characterized by the presence of mac-
ules (flat) and papules (elevated). Also known as
morbilliform rash, it is one of the most common
cutaneous adverse events, frequently affecting the
upper trunk, spreading centripetally, and associated
with pruritus.

Grade 3~ Macules and papules covering more than

30% of the body surface area with or

without associated symptoms; limiting

self-care activities of daily living

Grade 4 Not stated
Acneiform rash

Definition A disorder characterized by an eruption of papules
and pustules, typically appearing on the face, scalp,
upper chest, and back.

Grade 3  Papules or pustules (or both) covering
more than 30% of body surface area,
which may or may not be associated
with symptoms of pruritus or tenderness;
limiting instrumental activities of daily
living; associated with local superinfec-

tion, with oral antibiotics indicated

Grade 4  Papules or pustules (or both) covering
any percentage of body surface area,
which may or may not be associated with
symptoms of pruritus or tenderness and
are associated with extensive superinfec-
tion with intravenous antibiotics indi-

cated; life-threatening consequences

Many studies have reported dermatologic tox-
icities resulting from treatment with EGFRris. One
study pooled the incident rash rates from a number
of single-arm radiotherapy studies '2. However, dif-
ferences in the rates of rashes reported in studies
comparing EGFRI therapy with treatment not using
an EGFRI (for example, chemotherapy, or best sup-
portive care, or both) have not been systematically
quantified. The present analysis used meta-analytic
techniques to systematically pool rash event rates so
as to determine risk differences between EGFRrIs and
NON-EGFRI agents.

2. METHODS

We conducted a formal systematic review of MEDLINE
and EMBASE for the period January 2005 to August
2009. Search criteria included randomized com-
parative clinical trials, English-language literature,
and search terms (MesH, text words) including “EGFR
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inhibitor,” “cetuximab,” “panitumumab,” and “can-
cer/oncology,” “rash/EGFR inhibitor rash.” Additional
literature searches using the same search terms were
conducted using the Google and Google Scholar In-
ternet search engines. These searches focused on the
terms “cetuximab/panitumumab” and “rashes.” The
search was not limited to a particular disease site.
Abstracts for each article located were reviewed.

Studies were defined as eligible if they were
comparative clinical trials of EGFRris, specifically
cetuximab or panitumumab, in which at least one
arm of the study did not include a therapy that
targeted EGFR (for example, chemotherapy or best
supportive care) and in which safety data for derma-
tologic toxicity were reported. Studies involving
radiotherapy or non-EGFrRI monoclonal antibody
agents (for example, bevacizumab, erlotinib) were
excluded from the analysis because of a differ-
ent mechanism of action. Conference abstracts
(for example, those from the American Society of
Clinical Oncology) were not included because of the
incomplete and preliminary nature of data abstracts.
Editorials or commentaries, observational studies,
quality-of-life studies, and review articles were also
excluded from the analysis.

Abstracts of studies found through the forego-
ing search were independently reviewed by two
reviewers for appropriateness (namely, original
comparative clinical trial of EGFrI therapy compared
with non-EGFRI treatment, including rash outcomes).
Once a study was deemed to be appropriate, study
data were extracted.

The primary outcome was the incidence of
two classifications of rash: all severity grades, and
grades 3 and 4. Because rash has historically been
characterized using a number of different terms (ac-
neiform rashes, acne-like rashes, skin toxicity, skin
rashes, and rashes in general, for instance), all rash
classifications were extracted for analysis. Detailed
investigation showed that rash was often labelled
using the term “rash” or “skin rash,” but could also
be defined according to the standard toxicity severity
grading as defined by the ctcak ’. Rash definitions
in the individual studies were reviewed in detail.
The number of patients with events was used as the
numerator. Differences in rash rates were reported
for all diseases (for example, NscLc, cRc, and other
solid tumour types). Data were extracted indepen-
dently by the two reviewers, and any discordance
was discussed and reconciled.

Results are reported as the difference in the rate
of rash: specifically, the rate of rash reported for
EGFRIs minus the rate of rash reported for non-EGFRI
therapy. Numerators and denominators were ex-
tracted. The analysis was performed in the RevMan
program (Review Manager, version 5.0: The Nordic
Cochrane Centre, Copenhagen, Denmark) using a
random-effects model and Mantel-Haenszel meth-
ods. Results are summarized as the mean difference
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in rash rates, with corresponding 95% confidence
intervals (cIs). Sensitivity analyses were conducted
by removing studies from the overall analysis by
disease site and subpopulation.

3. RESULTS

Sixteen studies met the initial inclusion criteria of
randomized controlled trials of EGFris. Three studies
were excluded from the analysis: one study used an
EGFRI in both arms '3, one did not present rash rates
according to either grades 3 and 4 criteria or all-
grades criteria '4, and one study was a duplicate of
another study '>. Thus thirteen studies were eligible
for inclusion in the meta-analysis (Table 11).

Most of the studies examined cetuximab in
mcRrc (n = 7), nscrLc (n = 3), head-and-neck cancer
(n = 2), and pancreatic cancer (n = 1). One study
included in the analysis evaluated the efficacy and
safety of panitumumab. Seven publications provided
information on the incidence of all grades of rash
(Table mr) %-16:17.19,23,25.27 The difference between
EGFRIS and non-EGFRIs in overall incidence rate for all
severity grades of rash was 0.74 (95% c1: 0.68 to 0.81;
p < 0.01; chi-square: 42.21, p < 0.001). The differ-
ence in the rates of rash between EGFRI and non-EGFRI
therapies ranged between 0.52 and 0.86.

Thirteen publications provided information on
grades 3 and 4 rashes (Table 1v). The overall dif-
ference in the rates of grades 3 and 4 rash between
EGFRI and non-EGFRI therapy was 0.12 (95% c1: 0.09
to 0.14; p < 0.01; chi-square: 48.13, p < 0.001). The
risk difference ranged between 0.02 and 0.40. When
reporting grades 3 and 4 rates, six of thirteen stud-
ies (46%) indicated that no grade 4 rash reactions
had occurred.

For the sensitivity analysis related to rashes
overall, we examined rash rate differences in mcrc
patients (five studies %-18:19:23.25) in studies with active
comparators (five studies 19-17-1923.25) "and in studies
with best supportive care as the comparator (two
studies %8, Table v).

For the sensitivity analysis related to grades 3 and
4 rashes, we examined the rash differences in studies
reporting grade 4 reactions (seven studies *-17-19:20,23-25)
in studies with active comparators (eleven stud-
ies 1617:19-27) in studies with best supportive care as
the comparator (two studies *!%), in studies evaluat-
ing crc patients only (seven studies %-18:19-23,25-27) 'jp
studies evaluating NscLc patients only (three stud-
ies 1721:22) "and in studies with best supportive care
as a comparator (two studies %-!8, Table v).

4. DISCUSSION

The results from this systematic review provide a
pooled value for the difference in the rates of rash
associated with therapies using EGFrIs and not using
EGFRIS in patients diagnosed with a number of solid

tumours. Studies were heterogeneous, with variation
in rash definition, sample size, disease site, and non-
EGFRI comparator.

Sensitivity analyses were conducted by removing
studies from the overall pooled analyses. The sensi-
tivity analyses were limited by the number of studies
available for subgroup analyses and by the availability
of rash rates. Examination of subpopulations in the
included studies showed generally similar rash rate
differences for grades 3 and 4 reactions when studies
with only crc patients or with only active compara-
tors were included. By contrast, studies examining
patients with NscLc showed a rate difference with
respect to grades 3 and 4 rash between EGFrI and non-
EGFRI therapies that was higher than the rate difference
overall (0.20 vs. 0.12 overall). This difference may
be related to the small number of combinable studies
or to a disease site that may be associated with a risk
of developing rash. Results also showed that the dif-
ference in rates of rash was slightly lower in studies
in which no grade 4 rashes were reported during the
trial (0.09 vs. 0.12 overall).

Examination of all severity grades of rash showed
that differences were relatively similar to those for
the overall study sample, with rash rates ranging
between 0.70 and 0.78. Studies in which a non-EGFRrI
comparator was considered best supportive care re-
ported higher differences in rash rates (0.82 vs. 0.74
overall). With active comparators, that difference
declined (0.74 overall vs. 0.70). More studies had
active comparators than inactive comparators, but the
sample sizes in the studies with inactive comparators
were large and thus contributed to the overall value
of the pooled estimate.

It is important to note that, of the thirteen clinical
trials included in the analysis, twelve were based on
the use of cetuximab; only one trial reported on the
use of panitumumab. Despite a similar mechanism of
action, the results as presented here should arguably
be considered to be applicable only to cetuximab.

We pooled rash rates for cetuximab and pa-
nitumumab because those EGFRIs met the inclusion
requirements and because those two agents have
the same mechanism of action in that they target the
extracellular domain of EGrr. Erlotinib and gefitinib
target tyrosine kinase and have a different anatomical
therapeutic chemical classification. Bevacizumab,
although in the same class as cetuximab and pa-
nitumumab, is an inhibitor of vascular endothelial
growth factor.

Discontinuation rates because of adverse events
or rashes were not reported consistently in the in-
cluded studies. Only one study provided a rate of
discontinuation because of rash (4%) 2°; others re-
ported discontinuations related to EGFRI reactions—for
example, infusion-related or general toxicity !3-17-23,
Consequently, a systemic review of discontinuation
rates could not be conducted, and the pooled dif-
ference in rates of discontinuation because of rash
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TABLE I Summary of studies included in the systematic review
Reference Disease Study Comparators Patients Rash
design [pt population per arm
N)] M) Experience Definition Discontinued
(p value) for?
Burtness et al., Head Phase 1 (A) cetuximab 57 Rash/desquamation, Skin NA
2005 16 and neck randomized plus cisplatin Gr3: toxicity?
cancer controlled Vs. (A) n=0; (B) n=16;
trial (B) cisplatin 60 Gr4:
(A) n=0; (B) n=0
(117)
Butts et al., NSCLC Randomized (A) Cetuximab 65 Acneiform rash, Acneiform  (A) n=8
2007 17 controlled plus gemcitabine any Gr: rash® (12.5%)
multicentre plus platinum (A) n=47, 73.4%; because of
noncomparative Vvs. (B) n=7,10.6%; cetuximab-
open-label (B) Gemcitabine 66 Gr 3/4: related
phase 1 plus platinum (A) n=8, 14.1%; infusion
study (B) n=0 reactions
(131)
Jonker et al., Metastatic Randomized (A) Cetuximab 287 Gr 3 or higher: NR NR
2007° colorectal controlled plus Bsc (A) 11.8%; (B) 0.4%
cancer trial for Vs. (<0.001)
20 months (B) Bsc 285 Any Gr:
until progression (A) 88.6%; (B) 16.1%
or death
(572) (<0.001)
Van Cutsem et al.,  Metastatic Open-label (A) panitumumab 231 Rash, any Gr: NA NA
2007 '8 colorectal phase 11 plus Bsc (A) n=46, 20%;
cancer randomized VS. (B) n=2, 1%;
controlled (B) Bsc 232 Gr 3:
trial (A) n=2, 1%;
(463) (B) n=0;
Gr 4:
(A) n=0; (B) n=0
Borner et al., Metastatic  Multicentre 2-arm  (A) Cetuximab 37 Skin rash, Gr 1/2: NR NR
2008 1 colorectal phase 1 trial; plus oxaliplatin (A) 57%; (B) 5%;
cancer patients and capecitabine Gr 3/4:
randomized; Vs. (A) 8%; (B) none
treatment (B) Oxaliplatin 37 Rash, Gr 1/2:
limited to and capecitabine (A) 78%; (B) 8%;
a maximum Gr 3/4:
of 6 cycles (74) (A) 16%; (B) none
Cascinu et al., Pancreatic Multicentric (A) Cetuximab 42 Skin toxicity, NA NA
2008 20 cancer randomized plus gemcitabine Gr 3/4:
phase 1 trial and cisplatin (A) n=2; (B) n=1
Vs.
(B) Gemcitabine 42
and cisplatin
(84)
CURRENT ONCOLOGY—VOLUME 18, NUMBER 2
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TABLE I (Continued)
Reference Disease Study Comparators Patients Rash
design [pt population per arm
N)] ) Experience Definition Discontinued
(p value) for?
Pirker et al., NSCLC Multinational (A) Cetuximab 557 (>0.001) MDRA® NR
2008 2! multicentre plus chemotherapy Acne-like, any Gr:
open-label Vs. (A) n=382; (B) n=42;
phase ni trial  (B) Chemotherapy 568 Gr3:
(A) n=57, 10%;
(1125) (B) n=1,<1%;
Gr 4:
(A) 0%; (B) 0%
Rosell et al., NSCLC Open label (A) Cetuximab 43 Acne-like, any Gr: NR NR
2008 22 randomized plus cisplatin (A) n=32, 76%;
phase 11 study and vinorelbine (B) n=0;
Vs. Gr 3/4:
(B) Cisplatin 43 (A) n=7; (B) n=0
and vinorelbine
(86)
Sobrero et al., Metastatic Multicentre (A) Cetuximab 648 Acneiform rash, Acneiform  (A) 65%
2008 23 colorectal open-label plus irinotecan any Gr: rashd (B) 4.8%
cancer phase 11 study, Vs. (A) n=487, 76.3%; because of
May 2003 (B) Irinotecan 650 (B) n=31, 4.9%; therapy-
to Feb 2006 Gr 3/4: related
(1298) (A) n=52, 8.2%; toxicity
(B) n=1, 0.2%
Vermorken et al., Head Randomized (A) cetuximab 222 Skin reactions, Gr 2: MDRA® NA
2008 2 andneck  controlled trial, plus platinum (A) n=170; (B) n=6;
cancer Dec 2004 and fluorouracil Gr 3 or 4:
to Dec 2005 VS. (A) n=20, 9%;
(B) platinum and 220 (B) n=1, <1%;
fluorouracil Gr 4:
(A) n=0; (B) n=0
(442)
Adams et al., Metastatic Randomized (A) Cetuximab 268 (<0.001) NR NR
2009 % colorectal multicentre  plus chemotherapy oxmda, Gr>1:
cancer study, (oxMdG or XELOX) (A) n=87, 85%j;
Mar 2005 Vs. (B+C) n=22, 11%j;
to Jul 2006 (B) Chemotherapy 269 oxmda, Gr 3/4:
(oxmdG or XELOX) (A) n=12, 12%j;
Vs. (B+C) n=0;
(C) Chemotherapy 267 XELOX, Gr>1:
(0xMdG or XELOX) (A) n=139, 84%j;
(intermittent) (B+C) n=44, 13%;
XELoX, Gr 3/4:
(804) (A) n=16, 10%
(B+C)n=2, 1%
Bokemeyer et al., Metastatic Open-label (A) Cetuximab 170 Rash, Gr 3: Skin 4%
2009 26 colorectal randomized plus FoLFOX4 (A) n=19, 11%; reactionf
cancer multicentre VS. (B) n=1, 0.6%;
phase i1 study (B) FOLFOX4 168 Gr 4:
for 20 weeks

(338)

(A) 0%; (B) 0%
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TABLE I (Continued)
Reference Disease Study Comparators Patients Rash
design [pt population per arm
N)] ) Experience Definition Discontinued
(p value) for?
Van Cutsem et al.,  Metastatic Randomized (A) Cetuximab 599 Any rash, Gr 3/4: NR NR
2009 27 colorectal open-label plus FOLFIRT (A) n=49, 8.2%;
cancer multicentre Vs. (B) n=0
study, (B) FOLEIRI 599 (<0.001)
Jul 2004 Acneiform rash, Gr 3:
to Nov 2005 (1198) (A) 1=97, 16.2%

Defined as the presence of one or more incidents of rash or desquamation, dry skin, nail changes, or other skin toxicity of all grades ac-
cording to the National Cancer Institute’s Common Toxicity Criteria, version 2.0.

Defined as any event described as rash, rash pustular, rash erythematous, dermatitis acneiform, dermatitis exfoliative, rash papular, rash
pruritic, rash generalized, rash macular, rash maculopapular, acne, dry skin, acne pustular, and skin desquamation.

Acne, acne pustular, dermatitis acneiform, dry skin, erythema, folliculitis, pruritus, rash, rash erythematous, rash follicular, rash generalized, rash
macular, rash maculopapular, rash papular, rash pruritic, rash pustular, skin exfoliation, skin hyperpigmentation, telangiectasia, xerosis.
Includes rash, rash pustular, rash erythematous, dermatitis acneiform, dermatitis exfoliative, rash papular, rash pruritic, rash generalized,
rash macular, rash maculopapular, acne, acne pustular, skin desquamation, and dry skin.

Acne pustular, acne, celulitis, dermatitis acneiform, dry skin, erysipelas, erythema, face edema, folliculitis, growth of eyelashes, hair growth
abnormal, hypertrichosis, nail-bed infection, nail-bed inflammation, nail disorder, nail infection, paronychia, pruritus, rash erythematous,
rash follicular, rash generalized, rash macular, rash maculopapular, rash papular, rash pruritic, rash pustular, rash, skin exfoliation, skin
hyperpigmentation, skin necrosis, staphylococcal scalded skin syndrome, telangiectasia, wound necrosis, and xerosis.

Included these terms from the Medical Dictionary for Regulatory Activities, version 8.1: acne, acne pustular, celulitis, dermatitis acneiform,
dry skin, erysipelas, erythema, face edema, folliculitis, growth of eyelashes, hair growth abnormal, hypertrichosis, nail bed infection, nail
bed inflammation, nail disorder, nail infection, paronychia, pruritus, rash, rash erythematous, rash follicular, rash generalized, rash macu-
lar, rash maculopapular, rash popular, rash pruritic, rash pustular, skin exfoliation, skin hyperpigmentation, skin necrosis, staphylococcal
scalded skin syndrome, telangiectasia, wound necrosis, xerosis.

BSC = best supportive care; Gr = grade; NR = not reported; FoLFox4 = oxaliplatin—leucovorin—5-fluorouracil; FoLrr1 = folinic acid—5-fluorouracil—

irinotecan; oxmdG = oxaliplatin—leucovorin—5-fluorouracil; XELox = capecitabine—oxaliplatin; NscLc = non-small-cell lung cancer; MDRA =

Medical Dictionary for Regulatory Activities; NA = not available.

TABLE 1 Risk differences for all severity grades of rash TABLE Iv  Risk differences for grades 3 or 4 rashes
Reference Risk 95% c1 Reference Risk 95% c1
difference difference

Burtness et al., 2005 ¢ 0.52 0.36 to 0.68 Burtness et al., 2005 '© 0.28 0.16 to 0.39
Butts et al., 2007 7 0.63 0.50t0 0.76 Butts et al., 2007 7 0.14 0.051t00.23
Jonker et al., 2007 ° 0.81 0.76 to 0.85 Jonker et al., 2007 ° 0.11 0.08 t0 0.15
Van Cutsem et al., 2007 '8 0.84 0.79 to 0.89 Van Cutsem et al., 2007 '8 0.14 0.09t0 0.19
Borner et al., 2008 ' 0.86 0.75 t0 0.98 Borner et al., 2008 ' 0.16 0.04 to 0.29
Cascinu et al., 2008 20 NA NA Cascinu et al., 2008 20 0.02 —0.06 t0 0.10
Pirker et al., 2008 2! NA NA Pirker et al., 2009 2! 0.10 0.08 t0 0.13
Rosell et al., 2008 22 NA NA Rosell et al., 2008 22 0.40 0.25 to 0.55
Sobrero et al., 2008 23 0.70 0.67 to 0.74 Sobrero et al., 2008 23 0.08 0.06 t0 0.10
Vermorken et al., 2008 24 NA NA Vermorken et al., 2008 2* 0.09 0.05 t0 0.13
Adams et al., 2009 2 0.72 0.67 to 0.77 Adams et al., 2009 2 0.10 0.06 to 0.14
Bokemeyer et al., 2009 2 NA NA Bokemeyer et al., 2009 2 0.17 0.11 t0 0.23
Van Cutsem et al., 2009 >’ na NA Van Cutsem et al., 2009 >’ 0.08 0.06 t0 0.10
POOLED 0.74 0.68 to 0.81 POOLED 0.12 0.09 to 0.14
c1 = confidence interval; NA = not available. c1 = confidence interval.
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TABLE vV Sensitivity analysis for rash severity

Variable Studies Risk 95% ci Chi- p
(n) difference square Value

All grades of rash

Pooled 7 0.74 0.68 to 0.81 422 <0.001

mcRrc only 5 0.78 0.72 to0 0.84 28.6 <0.01

Active comparator only 5 0.70 0.63 to0 0.77 14.7 <0.01

Bsc only 2 0.82 0.79 to 0.86 1.0 0.33
Grade 3/4 rashes

Pooled 13 0.12 0.09t0 0.14 48.1 <0.01

mcRc only 7 0.11 0.08t0 0.13 16.5 0.01

Active comparator only 11 0.12 0.09t0 0.14 43.8 <0.001

Bsc only 2 0.12 0.10to 0.15 0.7 0.4
Grade 3 rash only 7 0.09 0.07t0 0.11 8.3 0.22
NscLC only 3 0.20 0.06 to 0.03 16.5 <0.01

c1 = confidence interval; mcrc = metastatic colorectal cancer; BSc = best supportive care; NscLc = non-small-cell lung cancer.

could not be determined. Discontinuation may be an
important outcome to provide, because it may act as
a surrogate outcome for the effect and importance of
rash for the patient. Indeed, in one survey of oncol-
ogy practices, 76% of physicians reported having to
temporarily withhold treatment, 60% reported dose
reductions, and 32% reported having to discontinue
treatment because of rash ©.

Post-radiotherapy radiation dermatitis was not
included in this analysis of chemotherapy agents.
One trial comparing radiation alone with radiation
plus cetuximab in squamous cell carcinoma of the
head and neck was found 28, but it was excluded from
the meta-analysis because the comparator group did
not receive chemotherapy. The rate of grades 3—5
radiation dermatitis was higher in the radiation plus
cetuximab arm (23% vs. 18%), but the difference was
found to be statistically nonsignificant. Other studies
(case series) have suggested that the combination
of cetuximab and radiotherapy in actual practice
resulted in even higher rates of moderate-to-severe
skin toxicity, with estimates as high as 49% for the
occurrence of grades 3 and 4 rashes in head-and-neck
patients receiving cetuximab plus radiotherapy 2°-32.
A recent pooled analysis of mostly noncomparative
studies reported incident high-grade radiation derma-
titis rates of 31.3% in patients receiving EGFRrIS and
radiation '2. However, a larger retrospective analysis
of 115 patients with locally advanced head-and-neck
cancer receiving radiation and cetuximab showed
grades 3 and 4 radiation dermatitis occurring in 23%
of patients '°. That rate was similar to the rate reported
by Bonner et al. ?®. The mechanism of action for skin
toxicity with radiotherapy and EGrris is unknown 39,

Prophylaxis was not routinely discussed in the
studies and was therefore not pooled. The search
identified two studies that used an EGFRI in combina-
tion with bevacizumab for mcre 3334, Bevacizumab

is a monoclonal antibody targeting the vascular en-
dothelial growth factor3>. All other studies used che-
motherapy or best supportive care. The bevacizumab
studies were excluded from the pooling because
skin toxicities that would confound the difference
in rash rates with EGFris have also been associated
with bevacizumab 3.

It is important to emphasize that the term “rash”
was reported in an inconsistent manner—namely,
different labels were used for rash in the included
studies. Some studies used the label “acneiform rash”
when rash was actually a composite of various der-
matologic toxicities !7; other studies provided many
different labels for rash (for example, skin rash, rash,
acneiform '%2°). We believe that these labelling differ-
ences are attributable to inconsistent reporting of rash
by investigators, given that there is no common defi-
nition for EGrri-induced rash. Specifically, the term
“acneiform” should be avoided, because it describes
rashes related to acne, which is a type of rash different
from the rashes arising from eGrris 3. Given the terms
used in each study, careful dissection and consultation
with a dermatologist were required to identify event
rates for all rashes and for grades 3 and 4 rashes for
appropriate pooling. Challenges were associated with
definitions (for example, “rash,” “acneiform”—cTCAE
definitions, but which version?) and with grades (for
example, typical cTcaE gradations, but which ver-
sion?). The potential for “misclassification” of a rash
definition may have influenced the overall rates of
rash. The potential for “misclassification” of a grade
definition may have influenced the difference reported
for severe rashes (that is, grades 3 and 4), but should
not have affected overall rash rates.

In clinical trials and post-marketing studies, care-
ful recording and standardized labelling of rashes
would ensure that rash rates can be clearly identified.
Location of rash and total body surface area affected
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by rash were not reported in the included studies, but
would provide important information on the scope
of rashes. The ctcak grading of rash does not take
into account the localization of rash on the body;
it focuses strongly on body surface area coverage.
Because of the relatively localized nature of EGFRI-
induced rashes, the cTcaEk grading system may not be
appropriate for this type of rash and may underreport
rash severity. Adherence to standard terminology or
definitions—and adoption of their systematic use—is
recommended, as is proper recording.

With the increased use of EGFRIs, skin rashes
and their incidence and management have recently
received attention %3739, Current anti-EGFR therapies
can adversely inhibit non-tumour EGFR in the skin,
which may lead to skin toxicities. It has been reported
that rashes typically resolve without treatment after
discontinuation of anti-EGFRr therapy # and that they
are seldom fatal *°. Despite the seriousness of rash, a
number of studies have found a positive association
between severity of rash and increased survival 4238,
indicating that rash associated with EGFRIs can be a
predictor of survival 3%,

Publications examining rashes associated with
EGFRIS have commented on the effect of a rash on a
patient’s quality of life 124! Tt is hypothesized that, if
toxicity becomes severe, there is a chance that patients
would not continue treatment and thus jeopardize the
possibility of improved survival outcome. However,
there is some conflicting evidence. Tejwani and col-
leagues 2 hypothesized that patients were willing to
tolerate rashes because, with some agents, rashes were
associated with improved survival and considered a
necessary part of treatment in a situation with no other
options. Osio and colleagues *?> conducted a retrospec-
tive analysis of the chronic cutaneous effects of these
EGFRIs and impact of rash on quality of life. In a small
sample of patients (7 = 16), investigators found that all
patients reported cutaneous adverse events, with 38%
being of severity grades 1 and 2. Dose reductions or
discontinuation of EGFRIs were required in 6 patients
(38%). In 6 patients (38%), rash was reported to be
associated with an impact on quality of life #2. Most
of the instruments used to determine quality of life
in these studies are considered to be general quality-
of-life instruments for oncology, including the Func-
tional Assessment of Cancer Therapy (FAcT) and the
European Organization for Research and Treatment
of Cancer QLQ-C30, although specific dermatology
instruments (the Dermatology Life Quality Index, for
instance) have been used #>. General instruments mea-
suring quality of life may not be sensitive to changes
associated with dermatologic conditions. A precedent
for creating quality-of-life tools with a focus on an
adverse events has been set with the creation of the
racT-Neutropenia 43. A quality-of-life instrument
specific to EGrri-related rash may be useful.

As long as efficacy is maintained, agents that
do not cause skin toxicity would be preferable over
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agents that do. There is some evidence that newer
EGFRIS with intermediate binding affinity are on the ho-
rizon; such agents may be able to reduce skin-related
toxicities while maintaining efficacy 4%,

Substantial resources and costs are associated
with the outpatient and inpatient management of
eGrrI-induced rashes 40414647 Once risk differences
are determined, the costs of rash can be calculated.
Here, the costs of rash-associated treatment and
hospitalization were determined using resource uti-
lization from the published literature and costs based
on 2009 U.S. Medicaid and Medicare numbers. We
determined that the cost of treatment may range from
USS$500 (grade 3) to US$15,000 (grade 4) per rash
episode, including the cost of hospitalization. The
result could be a budget impact of approximately
US$20 million per annum for patients treated with
an EGFRI in mcRc, based on a difference of 12% in
grades 3 and 4 rash as derived from the present study
(Chan B. Personal communication) 4.

5. CONCLUSIONS

Skin toxicities are a common adverse drug reaction
seen with EGFRIs such as cetuximab and panitumumab.
Compared with non-EGFri therapy, EGFRI therapy car-
ries an overall risk difference of 74% for rashes of
all severities and of 12% for grades 3 and 4 rashes.
Standardization of rash definitions is recommended
to facilitate appropriate pooling of data.
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