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Abstract  The  frequency  of  the  use  of  drugs  that  act  on  the  epidermal  growth  factor  receptor
(EGFR) is  increasing,  with  the  consequent  onset  of  cutaneous  toxicity,  specifically  acneiform
eruption.  The  authors  extensively  review  the  topic,  focusing  on  describing  how  these  drugs  can
affect the  skin  and  its  appendages,  that  is,  the  pathophysiology  that  encompasses  the  cutaneous
toxicity related  to  the  use  of  EGFR  inhibitors.  In  addition,  it  was  possible  to  list  the  risk  factors
that may  be  associated  with  adverse  effects  of  these  drugs.  Based  on  this  recent  knowledge,
the authors  expect  to  aid  in  the  management  of  patients  who  are  more  vulnerable  to  toxicity,
reduce morbidities,  and  improve  the  quality  of  life  of  patients  undergoing  treatment  with  EGFR
inhibitors.  Other  issues  related  to  the  toxicity  of  EGFR  inhibitors,  such  as  the  clinical  aspects  of
the acneiform  eruption  grades,  and  other  different  types  of  cutaneous  and  mucosal  reactions,

are also  included  in  the  article.
© 2023  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
open access  article  under  the  CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).
� Study conducted at the Department of Dermatology, Irmandade Santa
iências da Saúde de Porto Alegre, Porto Alegre, RS, Brazil.
∗ Corresponding author.

E-mail: jkrecuero@gmail.com (J.K. Recuero).

ttps://doi.org/10.1016/j.abd.2022.10.004
365-0596/© 2023 Sociedade Brasileira de Dermatologia. Published by E
Y license (http://creativecommons.org/licenses/by/4.0/).
 Casa de Misericórdia de Porto Alegre and Universidade Federal de

lsevier España, S.L.U. This is an open access article under the CC

https://doi.org/10.1016/j.abd.2022.10.004
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2022.10.004&domain=pdf
https://orcid.org/0000-0003-4308-2184
https://orcid.org/0000-0001-8562-5090
https://orcid.org/0000-0001-7995-5050
https://orcid.org/0000-0003-4792-8466
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:jkrecuero@gmail.com
https://doi.org/10.1016/j.abd.2022.10.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


itz,  

I

T
r
d
t
a
r
s

a
t
S
a
c
i
t
a
c

p
(
t
c
o
i
s
o
i

(
n
p
c
i
t
a
t
s

i
e
n
d
s
o

(
t
a
a

E

E
i
s
c
t

k

s
a
a
r
t
t
a
r
m
t
n
i
m
i
w
p

s
d
t

m
a
d
g
s

w
e
o
f
p
m
i
a
m

C

C
t
(
5
s
t
(
c
t
t
l

B
a

w
r
l

J.K.  Recuero,  J.R.  F

ntroduction

he  skin  is  a  relatively  common  target  for  adverse  drug
eactions,  but  it  is  difficult  to  estimate  the  exact  inci-
ence  of  these  reactions.  In  hospitalized  patients,  data  from
he  literature  report  that  skin  reactions  are  responsible  for
pproximately  3%  of  disabling  complications  in  inpatients,
epresenting  2%  of  medical  consultations  and  5%  of  admis-
ions  to  dermatology  services1,2.

Specifically,  in  oncology  therapy,  the  number  of  newly
vailable  drugs  is  growing  rapidly.  Therefore,  there  is  a  cons-
ant  change  in  the  management  of  possible  adverse  effects.
everal  new  drugs  have  been  studied,  and  immunother-
py  and  targeted  therapies  have  become  the  treatments  of
hoice  for  many  types  of  cancer3.  Concomitantly  with  the
ncrease  in  the  use  of  these  new  treatments,  the  descrip-
ion  of  previously  unknown  or  unusual  skin  reactions,  which
re  different  from  those  experienced  with  conventional
hemotherapy,  has  been  observed3.

Among  these  modern  drugs,  particularly  targeted  thera-
ies,  drugs  directed  to  the  epidermal  growth  factor  receptor
EGFR)  stand  out.  This  receptor  is  expressed  in  many  solid
umors  and  is  also  identified  in  keratinocytes  present  in  the
utaneous  epidermis,  skin  appendages,  and  the  endothelium
f  dermal  capillaries3.  Therefore,  EGFR  inhibition  therapy
nterferes  with  the  signaling  pathways  in  the  epidermis  and
kin  appendages.  As  a  consequence,  it  becomes  logical  that
ne  of  the  main  toxicities  of  these  inhibitors  is  concentrated
n  the  cutaneous  tegument.

Currently,  epidermal  growth  factor  receptor  inhibitors
EGFRi)  are  used  in  the  treatment  of  many  malignant
eoplasms  located  in  head  and  neck,  lung,  large  bowel,
rostate,  breast,  ovary,  stomach,  and  pancreas4. The  EGFRi
an  comprise  monoclonal  antibodies  against  EGFR  (cetux-
mab  and  panitumumab),  EGFR-specific  small  molecule
yrosine  kinase  inhibitors  (erlotinib  and  gefitinib),  dual  EGFR
nd  HER2  kinase  inhibitors  (lapatinib,  neratinib  and  afa-
inib),  erbB  receptor  inhibitors  (canertinib)  and  other  less
pecific  multikinase  inhibitors  (vandetanib).

Since  these  therapeutic  agents  are  widely  used  and
ncreasingly  prescribed,  it  is  important  to  acquire  knowl-
dge  about  the  physiopathological  mechanisms  of  skin,  hair,
ail  and  mucosal  toxicities,  as  well  as  the  risk  factors  for  the
evelopment  of  reactions.  By  recognizing  individual  clinical
usceptibilities,  there  is  the  possibility  of  anticipating  the
ptimization  of  therapeutic  management.

In  patients  undergoing  treatment  with  EGFR  inhibitors
EGFRi),  the  most  common  skin  reaction  is  acneiform  erup-
ion.  The  present  article  shows  and  discusses  the  clinical
spects,  and  the  main  risk  factors  for  this  toxicity  and  briefly
ddresses  other  related  skin  contexts5.

GFRi and acneiform eruption

GFR  is  expressed  in  a  variety  of  normal  skin  tissues,  includ-
ng  epidermal  basal  cells,  sebaceous  glands,  outer  root
heath  cells,  eccrine  glands,  and  vascular  smooth  muscle

ells6.  Most  EGFR-targeted  agents  produce  a  similar  spec-
rum  of  dermatological  toxicities4,7.

EGFR  stimulation  regulates  epidermal  growth  and  inhibits
eratinocyte  apoptosis.  EGFRs  also  affect  the  formation  of
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weat  and  sebaceous  glands,  as  well  as  inhibit  hair  growth
nd  participate  in  angiogenesis4. The  inhibition  of  EGFR
ctivity  has  a  marked  effect  on  epidermal  homeostasis,
esulting  in  pronounced  thinning  of  the  epidermis,  including
he  stratum  corneum.  Moreover,  it  leads  to  a  reduction  in
he  protective  function  of  the  skin  due  to  increased  perme-
bility,  increasing  the  risk  of  bacterial  infections.  Cytokine
elease  and  the  activation  of  cells  involved  in  the  inflam-
atory  process  are  responsible  for  the  susceptibility  to  skin

oxicity  when  an  EGFR  blocker  is  used4,8.  The  exact  mecha-
ism  leading  to  skin  toxicity  during  treatment  with  an  EGFRi
s  not  well  known,  but  it  is  undoubtedly  the  result  of  genetic
odifications  of  the  signals  associated  with  its  activation.  It

s  known  to  interfere  with  the  RAS/RAF/MEK/ERK  pathway,
hich  affects  cell  cycle  regulation,  including  epidermal  cell
roliferation  and  differentiation4.

The  papulopustular  rash  is  the  most  frequently  reported
kin  toxicity  following  the  use  of  an  EGFRi.  The  overall  inci-
ence  ranges  from  60%  to  80%9,  reaching  90%  of  patients
reated  with  cetuximab  and  panitumumab10.

The  eruption  can  be  monomorphic  or  pleomorphic  and
ainly  affects  seborrheic  areas,  such  as  the  face,  scalp,

nd  upper  thorax  regions.  In  the  literature,  it  is  usually
escribed  as  an  acneiform  eruption,  but  unlike  acne  vul-
aris,  comedones  or  purulent  cysts  are  not  found,  so  the
pecific  treatment  for  acne  vulgaris  is  not  adequate4,8,11,12.

In  over  75%  of  patients,  the  initial  skin  lesions  appear
ithin  the  first  two  weeks  of  treatment.  Erythema  and
dema  usually  appear  first,  accompanied  by  sensory  dis-
rders.  Soon  after,  between  the  second  and  fourth  week,
olliculitis  and/or  pustular  lesions  with  pruritus  occur.  Com-
lete  disappearance  is  observed  approximately  one  to  two
onths  after  drug  withdrawal4,8,11,12 and  may  cause  post-

nflammatory  hyperpigmentation4,8,11.  Pain  and  pruritus13

re  common  symptoms  and  crises  may  be  induced  by  the
edication  with  each  administration14,15.

lassification  with  acneiform  eruption  grading

utaneous  adverse  reactions  can  be  classified  according
o  some  scales.  Among  them,  the  NCI  CTCAE  system  v5.0
Common  Terminology  Criteria  for  Adverse  Events  version
.0.  [http://www.cancer.gov]),  which  classifies  the  eruption
everity  according  to  some  variants:  physical  manifesta-
ion,  psychosocial  impact,  effect  on  Activities  of  Daily  Living
ADL)  and  need  for  intravenous  antibiotic  therapy.  The  cal-
ulation  of  the  affected  Body  Surface  Area  (BSA),  which  uses
he  ‘‘Rule  of  9’s’’,  can  lead  to  confusion,  as  severe  reactions
hat  affect  a  small  area  of  the  body  may  be  classified  at  a
ower  grade4,5,16,17.

Grade  1  ---  Papules  and/or  pustules  covering  <10%  of  the
ody  Surface  Area  (BSA),  which  may  or  may  not  be  associ-
ted  with  symptoms  of  pruritus  or  tenderness  (Fig.  1).

Grade  2  ---  Papules  and/or  pustules  covering  10%---30%  BSA,
hich  may  or  may  not  be  associated  with  symptoms  of  pru-

itus  or  tenderness;  associated  with  psychosocial  impact;
imitation  of  instrumental  Activities  of  Daily  Living  (IADL);

apules  and/or  pustules  covering  >  30%  of  BSA  with  or  with-
ut  mild  symptoms.

Grade  3  ---  Papules  and/or  pustules  covering  >  30%  of
he  BSA,  with  moderate  or  severe  symptoms;  limiting  ADL

0
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Figure  1  A  36-year-old  patient  using  cetuximab  with  grade  1
acneiform  reaction  in  CTCAE  v5.0  grading  criteria.  Papules  and
pustules  on  the  upper  trunk,  covering  less  than  10%  of  the  body
surface.

Figure  2  A  49-year-old  patient  using  cetuximab  with  grade  3
acneiform  eruption  according  to  the  CTCAE  v5.0  grading  crite-
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Table  1  Risk  factors  for  acneiform  eruptions  associated
with EGFRi  use.

Related  to  treatment
Type  of  medication,  dose  and  duration
Ionizing  radiation
Related  to  the  tumor
Related  to  the  patient
Phototype
Age
Sex
Ethnicity
Sebaceous  secretion
Presence  of  Demodex
Immune  system
Bacterial  infection
Environmental  factors
UV radiation
Sensitizers
CPK  levels
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ia. Papules  and  pustules  covering  >30%  of  BSA,  associated  with
oderate  pruritus  and  pain,  in  addition  to  local  superinfection.

elf-care;  associated  with  local  superinfection  with  the  oral
ntibiotics  used  (Fig.  2).

Grade  4  ---  Life-threatening  consequences;  papules  and/or
ustules  covering  any  %  of  BSA,  which  may  or  may  not  be
ssociated  with  symptoms  of  pruritus  or  tenderness  and

re  associated  with  extensive  superinfection  with  the  intra-
enous  antibiotics  used.

Grade  5  -  Death.
T
i
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A  second  classification  system  is  the  MESTT  (Multinational
ssociation  of  Supportive  Care  in  Cancer  -  MASCC;  EGFR

nhibitor  Skin  Toxicity  Tool),  a  complex  system  that  takes
nto  account  data  reported  by  the  patient,  such  as  changes
n  quality  of  life,  changes  in  the  time  and  dose  of  treatment
s  related  to  the  adverse  effect16.

There  is  also  the  three-part  system  proposed  by  Wol-
enberg  et  al.  The  Induced  Rash  Severity  Score  (IRSS  or
oMoScore),  a  specific  scoring  system  introduced  in  200818

hat  combines  the  severity  of  five  EGFRi  eruption  char-
cteristics  (color  of  eruption,  distribution  of  eruption,
apulation,  pustulation,  and  desquamation/crusts),  associ-
ting  the  score  based  on  the  extent  of  the  affected  facial
rea  and  the  total  body  area  involved.  The  final  score  ranges
rom  0  (no  skin  disease),  1  to  20  (mild),  between  20  and  40
moderate),  to  scores  above  40  points  in  severe  cases16.

Severity  is  based  on  the  BSA  involvement  and  the  degree
f  ADL  limitation7.  A  severe  rash  occurs  in  10%  of  patients.
hen  severe,  dermatologic  toxicities  can  lead  to  dose  mod-

fication  or  discontinuation  in  36%  and  72%  respectively,
y  healthcare  professionals.  Although  the  side  effect  pro-
le  may  be  primarily  dermatological,  the  toxicities  result

n  significant  physical  and  emotional  discomfort;  therefore,
aximizing  supportive  measures  is  crucial19.
Histopathologically,  the  analyses  performed  in  patients

ith  acneiform  eruptions  have  shown  a  superficial  inflamma-
ory  infiltrate  around  the  hyperkeratotic  or  ectatic  follicular
nfundibulum  or  suppurative  neutrophilic  folliculitis  with
isruption  of  the  epithelial  lining15,19.  Basal  keratinocytes
nd  hair  follicles  show  higher  levels  of  p5315.  The  pustules
re  sterile,  showing  negative  cultures  for  bacteria,  fungi,
easts,  and  absence  of  Demodex  folliculorum14.

isk  factors  for  acneiform  eruption
he  relevant  risk  factors  for  acneiform  eruptions  are  shown
n  Table  1  and  will  be  discussed  separately  below.
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ype  of  medication,  dose  and  duration  of
reatment

he  occurrence  of  an  eruption  depends  mainly  on  the  type
nd  dose  of  the  medication  used.  The  literature  suggests
hat  the  frequency19 and  severity  of  the  eruption  depend
n  the  type  of  drug  used10.  Monoclonal  antibodies  result  in
eactions  more  frequently4,19 than  tyrosine  kinase  inhibitors,
or  instance4.

Owczarek  et  al.  reported  the  occurrence  of  eruption  in
8%  to  90%  of  patients  using  cetuximab,  100%  of  patients
sing  panitumumab,  43%  to  54%  of  gefitinib  users,  75%  of
rlotinib  users,  and  13%  to  47%  of  lapatinib  users4.

Some  evidence  indicates  that  the  incidence  and  sever-
ty/intensity  of  the  reaction  is  dose-dependent,  as  well  as
he  duration  of  the  cutaneous  condition9,20.  According  to
acdonald,  increasing  the  dose  and  restarting  the  medica-

ion  can  increase  the  crises7.

onizing  radiation

he  sensitivity  of  EGFRi-treated  cells  to  ionizing  radiation
as  been  documented.  Treatment  with  EGFRi  before  radio-
herapy  increases  the  sensitivity  of  tumor  cells  to  radiation.
nterestingly,  areas  of  previously  irradiated  skin  may  not
evelop  an  eruption  during  EGFRi  use.  Chronic  radiation-
nduced  alterations,  such  as  the  absence  of  follicles  and
ebaceous  glands,  resulting  from  the  induction  of  apoptosis
nd  fibrosis  by  radiotherapy,  explain  this  finding21.

Bossi  et  al.  evaluated  six  patients  with  cetuximab-
nduced  acneiform  eruption  and  found  that  previously
rradiated  areas  were  free  of  skin  lesions22.

Other  investigators  also  claim  that  sites  previously
reated  with  radiation  are  typically  spared  during  the  occur-
ence  of  acneiform  eruptions7,14.  Yalçin  reported  on  a
atient  with  non-small  cell  lung  cancer  (NSCLC)  on  erlotinib
ho  developed  a  typical  acneiform  eruption  that  spared  the
rea  previously  submitted  to  radiotherapy.  A  biopsy  of  the
ffected  area  and  the  spared  area  (previously  irradiated)
as  performed.  In  the  first,  histopathology  disclosed  sup-
urative  folliculitis  destroying  the  follicular  epithelium  and
dnexal  structures.  In  the  second,  there  was  no  follicular
tructure.  The  estimated  dose  for  hair  follicle  involvement
n  radiotherapy  is  about  40  Gy  (the  patient  received  45  Gy
n  total  for  the  neoplasm,  whereas  the  normal  skin  received
8.5  Gy)23.  It  is  concluded  that  the  patient  did  not  have
cneiform  eruption  in  the  area  previously  submitted  to  radi-
tion  therapy  due  to  follicle  loss,  which  is  very  similar  to  the
athogenesis  of  acneiform  eruption  in  patients  using  EGFRi.

In  contrast,  Tejwani  performed  a  meta-analysis  to  assess
cneiform  eruptions  in  1,238  patients  treated  with  EGFRi
ith  or  without  radiotherapy24.  The  results  showed  a
igher  incidence  of  skin  reactions  in  patients  who  received
ombined  therapy  (EGFRi  and  radiation).  Regarding  the
edications,  the  highest  incidence  was  observed  in  patients

eceiving  therapy  with  erlotinib  plus  cisplatin,  and  the
owest  incidence  was  in  patients  receiving  cetuximab  plus

ocetaxel/cisplatin.

Wu  proposed  that  significant  ‘‘field  toxicity’’  can  occur
hen  EGFRi  are  used  concomitantly  with  radiotherapy,
s  the  radiation  causes  an  upregulation  of  EGFR  in  nor-
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al  skin17. A  randomized  phase  3  trial,  which  compared
adiotherapy  with  or  without  cetuximab  in  patients  with
ocoregionally  advanced  head  and  neck  squamous  cell  carci-
omas,  showed  an  extension  of  the  radiodermatitis  duration
n  part  of  the  study  group  that  used  cetuximab15.

ancer  type

u  published  a  systematic  review  and  meta-analysis  that
uantified  the  overall  incidence  and  risk  of  severe  cutaneous
ruption  in  patients  with  different  types  of  solid  tumors
reated  with  cetuximab.  A  total  of  2,037  patients  were  ana-
yzed  and  the  overall  incidence  of  acneiform  eruptions  was
1.6%,  with  6.5%  being  high  grade.  Although  not  statisti-
ally  significant,  a  high  incidence  of  acneiform  eruptions
as  observed  in  patients  with  colorectal  cancer  (CRC)  com-
ared  to  non-CRC  (6.8  vs.  5.6%;  RR  =  1.2;  p  =  0.402).  In
ther  words,  the  study  indicated  that  the  risk  of  developing

 high-grade  rash  varies  according  to  the  type  of  tumor.  This
s  possible  due  to  the  diversity  of  neoplasms  and  their  bio-
ogical  differences  (such  as  growth  factor  secretion),  which
ay  affect  skin  susceptibility  to  toxicity25.  Therefore,  the

ash  grade  may  reflect  interactions  not  only  between  the
kin  tissue  and  the  drug  but  also  between  the  skin  tissue
nd  the  tumor26.

hototype

everal  authors  have  reported  that  patients  with  a  low
hototype  ---  fair  skin  ---  are  more  prone  to  develop-
ng  EGFRi  eruptions,  in  addition  to  having  more  intense
eactions10,14,27. These  data  were  described  by  Lacouture
011  only  with  the  use  of  erlotinib  in  low  phototypes19.  This
s  in  contrast  to  other  evidence,  which  found  no  association
etween  patient  phototype  and  reaction  severity20,26.

ge  and  sex

egarding  age  and  sex,  data  suggest  that  younger  and  male
atients  are  at  greater  risk  of  developing  the  eruption27,28.  It
s  also  known  that,  with  advancing  age,  cultured  fibroblasts
xpress  fewer  epidermal  growth  factor  receptors  and  thus,
GFRi  may  have  fewer  cutaneous  targets  in  older  patients
nd  therefore  show  less  cutaneous  toxicity28.

Jatoi  investigated  clinical  predictors  of  severe  cutaneous
ruption  in  933  patients  treated  with  cetuximab  as  adjuvant
hemotherapy  for  colon  cancer.  Fifty  patients  (5%)  devel-
ped  a  severe  rash,  and  more  men  than  women  developed
his  eruption:  34  (7%)  vs.  16  (3%).  A  greater  number  of  young
atients  (<  70  years  of  age)  also  developed  an  eruption:  48
6%)  vs.  2  (1%)  who  were  over  70  years  old  and  male19,28.
s  supported  by  Le-Rademacher  et  al.,  the  male  sex  is  two-
old  more  likely  to  develop  EGFRi-induced  grade  3  or  higher
ruption  than  the  female  sex29.

Moreover,  hormones  constitute  another  factor  that  may

e  involved  in  the  development  of  gender-related  eruptions.
ndrogens  and  estrogens  seem  to  interact  with  the  epider-
al  growth  factor  receptor28,29.  One  article  described  the

mportance  of  androgens  and  showed  that  the  related  andro-
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en  receptor  genes  are  overexpressed  in  the  skin  of  patients
ith  an  EGFRi  reaction29.

Racial  diversity  was  unrelated  to  the  risk  of  skin
ruption9,28.  Other  studies  have  not  found  sufficient  results
o  correlate  age,  sex,  or  other  individual  characteristics  with
usceptibility  to  skin  reactions9.

It  should  be  mentioned  that  dry  skin,  commonly  seen  in
lder  patients,  can  lead  to  the  development  of  an  eruption.
onsidering  this  hypothesis,  older  patients  with  a  history  of
topic  dermatitis  and  people  who  have  undergone  previous
herapy  with  cytotoxic  agents  would  have  a  higher  theoret-
cal  risk  of  developing  this  eruption30.

ebaceous  secretion

he  literature  findings  are  conflicting  on  this  topic.  For  some
uthors,  increased  sebum  production  is  not  associated  with
n  increased  risk  for  skin  toxicity.  However,  caution  is  nec-
ssary,  as  a  prior  predisposition  to  folliculitis  and  acne  may
e  associated  with  cutaneous  adverse  events  during  the  use
f  EGFR  inhibitors7.

Nakahara  conducted  a  study  to  determine  the  relation-
hip  between  skin  sebum  levels  and  acneiform  eruption
y  measuring  sebum  levels  before  and  after  treatment
ith  EGFRi.  Eight  patients  with  non-small  cell  lung  cancer

NSCLC)  who  received  gefitinib  or  erlotinib  were  evaluated
or  sebum  levels  on  the  face,  chest,  and  dorsal  regions
efore  and  after  therapy.  Patients  who  already  had  ele-
ated  sebum  levels  or  had  a  major  change  in  relation  to
he  pretreatment  baseline  developed  acneiform  skin  erup-
ions.  This  result  may  reveal  that  sebaceous  gland  activity
an  be  involved  in  the  mechanism  underlying  the  origins
f  acneiform  eruptions  (AfE)  in  patients  treated  with  these
rugs6.

Kikuchi  et  al.  sought  to  elucidate  useful  and  highly  sen-
itive  parameters  for  the  early  detection  of  skin  changes
aused  by  EGFRi.  Transepidermal  water  loss,  skin  surface
ydration,  skin  surface  lipid  levels,  and  erythema/melanin
ndex  were  serially  measured  for  two  weeks  in  19  patients
reated  with  afatinib/erlotinib  (EGFR-TKI)  and  for  eight
eeks  in  20  patients  treated  with  cetuximab.  The  lev-
ls  of  transepidermal  water  loss  on  the  cheek  in  patients
ho  developed  grade  2  or  higher  acneiform  eruptions  were
levated  within  seven  days  of  starting  afatinib/erlotinib
herapy  compared  with  those  before  therapy,  as  well  as
n  patients  with  grade  1  or  lower.  In  patients  treated  with
etuximab,  skin  surface  hydration  on  the  cheek  in  patients
ith  grade  2  or  higher  toxicity  was  significantly  decreased
hen  compared  to  patients  with  grade  1  reactions  at  two
nd  six  weeks.  Baseline  skin  surface  lipid  levels  and  cheek
rythema  index  of  patients  with  AfE  ≥  Gr2  were  signifi-
antly  higher  than  those  with  AfE  ≤  Gr1.  In  conclusion,
he  instrumental  assessment  found  rapid  inflammatory  skin
lterations  by  EGFRi  and  identified  oily  skin  as  a  risk  for
evere  AfE31.

Further  studies  have  been  performed,  and  in  one  of  them,
n  which  ten  patients  with  renal  cell  carcinoma  were  treated

ith  cetuximab,  no  apparent  association  was  found  between

eaction  severity  and  skin  type  or  history  of  acne32.
According  to  Sipples,  when  using  TKI,  the  reaction  is  more

ntense  in  patients  with  oily  and  acne-prone  skin12. Other
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uthors  have  not  associated  skin  type,  history  of  acne,  or
osacea  with  the  onset  and  severity  of  EGFRi  use  reactions20.

emodex  folliculorum

egarding  Demodex  folliculorum, the  evidence  found  is
ontradictory.  Gerber  analyzed  through  biopsy  the  density
f  Demodex  folliculorum  in  lesions  of  19  patients  with
GFRi-induced  eruption.  The  collected  data  have  shown  that
atients  on  EGFRi  therapy  are  more  susceptible  to  mite  col-
nization  or  infection33. However,  other  studies  failed  to
etect  the  mite  skin  biopsies  of  ten  patients  with  cetuximab-
nduced  acneiform  eruption  and  concluded  that  the  eruption
s  not  related  to  the  presence  of  Demodex34.

atient  immune  system

ne  article  observed  that  patients  with  better  immune  per-
ormance  and  better  immune  systems  have  more  intense
eactions10.

acterial  infection

ome  authors  have  claimed  that  EGFRi  not  only  induces
nflammation  but  also  suppresses  the  synthesis  of  antimi-
robial  peptides  and  skin  barrier  proteins  in  keratinocytes

--  which  predisposes  to  bacterial  infections35.  Interesting
rticles  have  identified  bacterial  infections  at  cutaneous
oxicity  sites  in  approximately  one-third  of  cancer  patients
reated  with  EGFR  inhibitors,  and  most  of  these  patients  also
ad  a  positive  blood  culture  for  Staphylococcus  aureus8.

Tohyama  et  al.  evaluated  the  incidence  of  bacte-
ial  infection  and  treatment  outcomes  in  patients  with
dvanced-stage  papulopustular  eruption.  Bacterial  culture
as  performed  in  51  cases,  50  of  which  yielded  positive

esults.  After  topical  and/or  oral  antibiotic  therapy  with-
ut  the  use  of  topical  corticosteroids,  the  papulopustular
ruption  improved  rapidly.  However,  the  use  of  a  combi-
ation  of  topical  antibiotics  and  corticosteroids  prolonged
he  recovery  period.  In  conclusion,  folliculitis  that  develops
ore  than  four  weeks  after  starting  treatment  with  an  EGFR

nhibitor  is  typically  caused  by  a  staphylococcal  infection.
acterial  culture  is  necessary  due  to  the  high  levels  of  antibi-
tic  resistance.  It  is  important  to  differentiate  between
terile  pustules  (more  common  in  the  early  phase  of  the
ruption)  and  infectious  pustules  (more  common  in  the  late
hase),  as  the  treatment  of  these  conditions  is  different,
nd  the  incorrect  use  of  topical  corticosteroids  can  prolong
r  transform  infectious  recurrent  pustular  eruptions35.

It  is  already  known  that  acneiform  eruptions  occur
hrough  the  inhibition  of  EGFR  in  keratinocytes,  but  the
verlap  of  a bacterial  infection  may  play  an  important  role36.
acouture  reported  bacterial  infection  in  skin  lesions  in  one
f  three  patients  treated  with  EGFRi8,21.  Staphylococcus
ureus  was  identified  in  most  of  them,  which  is  something

ound  in  data  on  the  prevalence  of  these  microorganisms
n  EGFRi  eruptions.  Some  authors  indicate  antibiotic  pro-
hylaxis  as  a  protective  factor  against  the  generation  of
cneiform  eruptions  in  patients  treated  with  EGFRi17,37.

3



itz,  

U

E
k
r
t
i
t
o
a
e
a
U
a
k
e

s
w
t
p
e

t
t
c
i
p
f

S

T
a
p
a
o

c
u
t
s
r
m
e
a
a
t
i

A
w
o
w
i
p
i
a
s
e

C

E
a
t
t
i
t
d
e
p
b
t
a
C
c
a
(
i
E

B

S
p
e
d

a
b
i

s
c
e

m
a

�
l
A
h

(
g

m
t
e
r
c
d
m
l
t

J.K.  Recuero,  J.R.  F

ltraviolet  radiation

GFR  inhibition  enhances  ultraviolet  (UV)  radiation-induced
eratinocyte  apoptosis.  Under  physiological  conditions,  UV
adiation  damages  the  DNA  of  keratinocytes,  affecting
he  formation  of  free  radicals.  Consequently,  there  is  an
ncrease  in  EGFR  expression  and  an  increase  in  prolifera-
ive  signals.  Disturbances  of  this  process  can  cause  lesions
r  exacerbations  induced  by  exposure  to  ultraviolet  radi-
tion.  In  hair  follicles,  this  process  results  in  increased
xpression  of  genes  that  stimulate  inflammatory  processes,
poptosis,  and  duct  blockage,  leading  to  rupture4,21. Thus,
V  radiation,  combined  with  EGFR  inhibition,  can  cause
dditional  oxidative  stress  and  inflammatory  response  in
eratinocytes,  contributing  to  the  pathogenesis  of  the
ruption.

A  prevention  study  was  conducted,  in  which  54  patients
ubmitted  to  EGFR-TKIs  or  anti-EGFR  monoclonal  antibodies
ere  tested  for  sunscreen  use.  The  incidence  of  skin  erup-

ion  at  eight  weeks  was  78%  and  80%  with  sunscreen  and
lacebo,  respectively  (p  =  1.00).  Thus,  sunscreen  may  be
ffective  if  combined  with  other  methods3.

Although  ultraviolet  radiation  can  exacerbate  skin  reac-
ions,  studies  have  not  shown  that  photoprotection  prevents
heir  development4.  The  use  of  sunscreen  in  a  placebo-
ontrolled  study  did  not  prevent  or  attenuate  EGFR
nhibitor-induced  eruption7.  Another  four  authors  also
ointed  out  sun  exposure  as  a  triggering  and/or  aggravating
actor  of  the  eruption7,10,14.

ensitizers

he  skin  of  these  patients  is  abnormally  sensitive  to  irritants
nd  allergens.  EGFR  inhibition  can  result  in  the  erroneous
roliferation,  migration,  and  differentiation  of  target  cells
nd  lead  to  disruption  of  skin  integrity,  with  the  recruitment
f  inflammatory  cells38.

Several  skin  care  procedures  are  recommended,  such  as
leansing  the  skin  with  bath  oil  in  cold  or  lukewarm  water,
sing  an  alcohol-free  emollient  to  retain  moisture,  and  pho-
oprotection.  In  case  of  exposure  to  sunlight,  the  use  of
un  protection  products  with  a  high  protection  factor  is
ecommended.  Treatment  with  corticosteroids  is  not  recom-
ended,  as  these  medications  can  induce  rosacea.  Although

ffective  for  acneiform  eruptions,  benzoyl  peroxide  is  often
n  irritant.  Topical  retinoids  are  not  recommended  as  well,
s  the  mechanisms  of  anti-EGFR  and  acne  vulgaris  erup-
ion  are  different  and  they  may  also  aggravate  the  skin
rritation11.

Waris  et  al.  reported  a  case  of  a  61-year-old  African-
merican  male  with  locally  advanced  oropharyngeal  cancer
ho  was  treated  with  cetuximab  and  radiation.  He  devel-
ped  a  sudden  eruption  after  the  5th cycle  of  cetuximab
hile  using  over-the-counter  skin  care  medication.  Top-

cal  agents  should  be  used  with  extreme  caution  in
atients  receiving  anti-EGFR  therapy.  Over-the-counter  top-

cal  acne  and  dry  skin  medications  can  suddenly  change

 mild  form  of  acne  into  a  severe  cutaneous  toxic
kin  eruption  associated  with  intense  desquamation  and
xfoliation38.
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reatine  kinase  levels

levated  serum  creatine  kinase  levels  have  been  associ-
ted  with  skin  eruption  severity  and  may  have  the  potential
o  predict  which  patients  will  develop  skin  lesions38.  Crea-
ine  (Cr)  and  creatine  kinase  (CK)  play  an  important  role
n  human  soft  tissues.  At  a  cellular  level,  CK  catalyzes
he  reversible  phosphorylation  between  ATP  and  Cr  to  pro-
uce  phosphocreatine  (PCr)  and  ADP,  acting  like  a  cytosolic
nergy  buffer.  During  wound  healing,  keratinocytes  overex-
ress  CK-BB  to  cope  with  the  increased  metabolism  caused
y  nucleotide  biosynthesis.  It  has  been  hypothesized  that
he  cutaneous  toxicity  caused  by  new  anticancer  agents  is
ssociated  with  keratinocyte  stress,  leading  to  increased
K  levels  in  the  skin  and  possibly  increased  CK  levels  in
irculating  plasma.  Garcia  et  al.  investigated  the  associ-
tion  between  skin  eruptions  and  plasma  creatine  kinase
CK)  levels  and  concluded  that  the  increase  in  plasma  CK
s  associated  with  the  development  of  eruptions  caused  by
GFRi39.

iomarkers  and  genetic  polymorphisms

ome  biomarkers  and  genetic  polymorphisms  studied  as
ossible  risk  markers  for  the  development  of  acneiform
ruptions  when  using  EGFRI  are  depicted  in  Table  2  and
iscussed  below.

Kubo  reviewed  previous  studies  and  found  several  associ-
tions,  described  in  Table  2,  together  with  other  findings  on
iomarkers  predictive  of  the  severity  of  anti-EGFR  toxicity
n  colorectal  cancer37.

Hichert  et  al.  are  also  mentioned,  as  their  article
howed  that  patients  with  elevated  serum  levels  of  hepato-
yte  growth  factor  (HGF)  developed  less  severe  acneiform
ruptions40.

In  the  study  by  Froelich  et  al.,  the  single  nucleotide  poly-
orphism  (SNP)  rs849142  was  significantly  associated  with

cneiform  eruptions  in  patients  treated  with  EGFR41.
Tan  reported  that  patients  with  low  phosphorylated  RAC-

 serine/threonine  protein  kinase  (pAkt)  activity  are  more
ikely  to  develop  acneiform  skin  toxicity  when  using  EGFRi.
dding  a  MAPK  inhibitor  to  the  therapy  of  these  patients  may
elp  control  the  skin  eruption42.

Paul  et  al.  showed  that  low  serum  C-X-C  motif  ligand  8
CXCL8)  ---  a  potent  angiogenic  factor  ---  was  associated  with
reater  severity  of  acneiform  eruptions43.

Moreover,  Jaka  et  al.  suggested  that  the  SNP-216  poly-
orphism  of  the  EGFR  gene  may  be  useful  in  anticipating

reatment  response  and  the  onset  of  severe  acneiform
ruptions44. Two  genetic  variants  of  the  retinoic  acid
eceptor  alpha  (RARA)  gene  have  been  significantly  asso-
iated  with  critical  skin  toxicity  (including  patients  with
esquamation  and  acneiform  skin  eruptions).  This  finding
ay  represent  a  potential  therapeutic  target  for  prophy-

actic  or  reactive  treatment  in  patients  undergoing  this
herapy45.
Parmar  et  al.  described  more  than  one  genetic  polymor-
hism  correlated  with  skin  toxicities  but  did  not  specify
he  association  with  acneiform  eruptions,  only  with  general
oxicity46.
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Table  2  Biomarkers  and  mutations  predictive  of  the  severity  of  anti-EGFR-related  toxicity.

Reference  Biomarker/Genetic  polymorphism  Risk  factor  for  toxicity

Vallböhmer  et  al.  (2005)  Cyclooxygenase-2  Low  expression
Tan et  al.  (2008) pAkt  Low  expression
Graziano et  al.  (2008)  EGFR  intron  1  (CA)  repeat  Low  expression
Parmar et  al.  (2013)  PIK3CA  Mutation
Jaka et  al.  (2014)  SNP-216  Mutation
Paul et  al.  (2014)  CXCL8  (IL-8)  Low  serum  levels
Takahashi et  al.
(2014,  2015)

Epiregulin  (EREG)  Amphiregulin  (AREG)
Low  serum  levelsHGF

Hichert et  al.  (2017)  HGF  High  serum  levels
Froelich et  al.  (2018) SNP-  rs849142 Mutation
Labadie  et  al.  (2021) RARA  Mutation
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igure  3  (A)  A  40-year-old  patient  with  grade  3  acneiform  eru
ame patient  after  14  days  using  doxycycline  100  mg  twice  dail

reatment  and  prophylaxis

 multinational,  interdisciplinary  group  of  experts  in  sup-

ortive  care  in  cancer  reviewed  relevant  studies  using
stablished  criteria  to  develop  recommendations  for  derma-
ologic  toxicities  associated  with  EGFR  inhibitors.  Based  on
he  higher  frequency  of  eruptions  in  patients  treated  with

p
t
d
s

43
n  due  to  the  use  of  panitumumab  for  colorectal  cancer.  (B)The

GFR  inhibitors  and  the  consistent  occurence  within  the  first
wo  to  four  weeks  of  therapy,  prophylactic  management  is
ecommended,  unless  there  are  contraindications  based  on

atient  and/or  healthcare  professional  factors.  Hydrocor-
isone  1%  combined  with  skin  moisturizer,  sunscreen,  and
oxycycline  100  mg  twice  daily  is  recommended  for  the  first
ix  weeks,  based  on  randomized  data.  Another  study  found

5



itz,  A.A.  Pereira  et  al.

p
a
w
p
M
f
w

t
i
a
s
s
i
E
t
u
o

O

I
o

X

T
t
t
o
k
a
d
e
o
m
fi
i
t
a
c
r
s
t
o

P

T
o
b
a
l
d
t
t
d
t
o
t

F
m

s
t
i
m
d
a
o
e
u
a
p
i
d
g
n
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rophylactic  minocycline  100  mg  daily  to  be  an  effective
gent  in  reducing  the  number  of  lesions  during  the  first  eight
eeks.  Doxycycline  seems  to  have  a  more  favorable  safety
rofile,  especially  in  patients  with  renal  dysfunction  (Fig.  3).
eanwhile,  minocycline  is  less  photosensitizing  and  there-

ore  preferable  in  geographic  locations  or  during  seasonal
ith  a  high  UV  index19.

The  reactive  use  of  medium-to-high  potency  topical  cor-
icosteroids  is  recommended  based  on  studies  showing  the
n  vitro  release  of  inflammatory  chemokines  after  ther-
py  with  EGFR  inhibitors.  Vitamin  K3  (menadione)  is  being
tudied,  but  published  reports  of  vitamin  K1  are  based  on
tudies  without  control  groups.  Similarly,  studies  investigat-
ng  isotretinoin  for  the  treatment  of  eruptions  induced  by
GFR  inhibitors  did  not  include  control  groups,  but  consis-
ent  reports  of  isotretinoin  use  at  doses  lower  than  the  ones
sed  for  acne  support  the  recommendation  for  its  use  when
ther  measures  have  failed19.

ther  reactions

n  addition  to  acneiform  eruptions,  other  skin  toxicities  can
ccur  with  the  use  of  EGFRi;  they  are  briefly  discussed  below.

erosis  and  pruritus

he  physiopathology  of  xerosis  associated  with  targeted
herapies,  especially  EGFR  inhibitors,  seems  to  be  related
o  the  process  of  epidermal  differentiation  and  home-
stasis.  These  drugs  lead  to  increased  inflammation,
eratinocyte  apoptosis,  sensitivity  to  ultraviolet  radiation,
nd  altered  differentiation,  which  would  facilitate  skin
ryness  (Fig.  4)47.  This  seems  to  progress  towards  the
xtremities,  worsening  with  the  time  of  treatment,  the  peak
ccurring  around  one  to  three  months  after  starting  the
edication.  Due  to  increased  cutaneous  fragility,  pruritus,
ssures  formation,  and  local  pain  may  occur,  which  can  facil-

tate  secondary  infections7.  Articles  have  concluded  that
he  incidence  of  xerosis  was  higher  with  some  drug  classes,
mong  them  EGFR  inhibitors47.  Other  authors  report  that
utaneous  xerosis  is  present  in  up  to  35%  of  the  patients
eceiving  EGFRi  therapy7.  Valentine  et  al.  agree  that  EGFRi
howed  the  highest  rates  of  xerosis,  but  particularly  men-
ion  panitumumab,  with  a  total  incidence  of  47%  of  xerosis
f  all  grades47.

aronychia

he  physiopathological  mechanism  that  leads  to  the  devel-
pment  of  these  periungual  lesions  remains  unknown.  It  is
elieved  that  the  lesions  result  from  the  inhibition  of  EGFR
nd  regulatory  pathways  of  suprabasal  keratinocyte  pro-
iferation,  which  would  lead  to  changes  in  epidermal  cell
ifferentiation  and  migration  associated  with  the  inhibi-
ion  of  keratinocyte  proliferation  and  decreased  cell  survival
hrough  apoptosis  induction.  As  a  result,  the  periungual  epi-

ermis  becomes  thinner  and  may  be  more  susceptible  to
rauma,  thus  causing  a  similar  reaction  to  inflammation  sec-
ndary  to  the  presence  of  a  foreign  body.  The  possibility  of
he  participation  of  intracellular  retinoid  metabolism  is  also
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43
igure  4  A  63-year-old  patient  using  cetuximab  for  the  treat-
ent of  colorectal  carcinoma  with  severe  xerosis.

tudied,  as  the  use  of  isotretinoin  and  oral  acitretin  leads
o  the  development  of  similar  lesions48.  It  occurs  approx-
mately  four  to  eight  weeks  after  starting  treatment  but
ay  appear  up  to  six  months  later  (Fig.  5).  The  literature
escribes  the  symptom  onset  between  the  4th and  8th weeks
fter  starting  treatment  with  target  therapies.  Therefore,
ne  can  consider  the  onset  of  toxic  effects  to  be  a  late
vent  when  compared  to  the  others  mentioned  before5.  It
sually  affects  several  fingers  and  formation  of  granulomas
nd  periungual  abscesses  may  occur.  The  first  signs  com-
rise  a  painful  erythematous  inflammation  with  edema  and
ncreased  tenderness  on  the  lateral  nail  folds.  Bleeding  and
ischarge  from  the  site  may  also  occur.  As  the  condition  pro-
resses,  friable  granulation  tissue  may  develop  on  the  lateral
ail  folds,  such  as  periungual  granulomas.  It  can  affect  any
nger  or  toe,  but  the  thumbs  and  especially  the  halluces  are

he  most  often  affected,  probably  because  they  are  more
usceptible  to  repeated  microtrauma5.  Pyogenic  granuloma
s  a  benign  vascular  tumor  and  it  is  considered  a  consequence
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Figure  5  A  69-year-old  patient  using  cetuximab  with  peri-
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ngual changes  which  appeared  two  weeks  after  starting  the
edication.

f  paronychia.  Its  high  frequency  in  patients  using  these
edications  can  be  explained  by  repeated  trauma  and/or

nflammation  of  the  periungual  tissues  and  the  high  vascu-
arity  of  the  nail  unit  (Fig.  6).  Studies  have  suggested  that
here  is  a  large  number  of  vascular  endothelial  growth  factor
VEGF)  receptors  at  this  location,  which  would  allow  more
f  these  reactions  to  occur  at  these  sites49.  Paronychia  and
eriungual  granulomas  are  mostly  reported  in  response  to
GFRi,  with  an  incidence  close  to  17%,  including  all  grades
f  toxicity5,48,49.

air  changes

n  mice,  dysregulation  of  the  EGFR-Ras-Raf  pathway  can
esult  in  abnormal  hair  follicle  morphogenesis.  However,  it  is
ot  known  why  EGFR  inhibitors  paradoxically  induce  alope-
ia  of  the  scalp  but  result  in  hirsutism  and  trichomegaly
f  eyebrows  and  eyelashes50.  Hair  changes  usually  manifest

fter  two  months  of  treatment.  Scalp  alopecia  is  typically
nflammatory  and  may  be  cicatricial  or  non-cicatricial.  How-
ver,  spontaneous  improvement  of  hair  growth  is  observed
fter  several  months  of  continuous  EGFRi  therapy.  Mild  dif-

t
n
e
o

43
igure  6  Periungual  granuloma  in  a  56-year-old  patient  using
etuximab.

use  alopecia  is  relatively  frequent  with  EGFR  inhibitors
e.g.,  erlotinib,  afatinib,  cetuximab,  panitumumab).  As  for
icatricial  alopecia,  it  has  been  reported  in  5%  of  patients
reated  with  cetuximab,  which  is  mentioned  in  the  literature
s  a  possible  consequence  of  secondary  bacterial  infection
f  the  scalp50. Paradoxically  to  alopecia  in  the  scalp  and
xtremities,  facial  hirsutism  may  occur17,  with  trichomegaly
eing  a  recent  finding  which  occurs  in  up  to  30%  of  patients
sing  these  medications5.  It  is  mostly  seen  on  eyelashes  and
resents  within  ten  weeks  of  starting  treatment50,51.  In  a
ecent  publication,  Sartori  DS  et  al.  demonstrated  with  scan-
ing  electron  microscopy  that  panitumumab-induced  hair
hanges  are  pili  canaliculi  (longitudinal  grooves)52.

hanges  in  mucous  membranes

ral  complications  reported  in  patients  treated  with  EGFRI
re  infrequent.  The  most  commonly  reported  oral  compli-
ation  is  mucositis19.  Additionally,  conjunctivitis  has  been
eported  in  6%  to  20%  of  the  patients5.  The  genitalia  is
ccasionally  affected,  with  vulvovaginitis  sicca  (especially
n  postmenopausal  women)  or  balanitis14.  More  broadly,
ccording  to  Lacouture,  approximately  15%  of  those  using
GFR  TKI  inhibitors  develop  stomatitis5.

onclusion

GFRi  constitute  an  important  therapeutic  modality  in  the

reatment  of  cancer  patients;  however,  they  present  cuta-
eous  toxicity  as  one  of  their  limitations,  with  acneiform
ruptions  being  the  most  prevalent.  The  literature  review
n  the  mechanisms  that  may  be  related  to  the  development
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J.K.  Recuero,  J.R.  F

f  acneiform  eruptions  in  patients  using  EGFRi,  despite  the
eed  for  further  studies  on  the  topic,  suggests  some  asso-
iations.  It  is  important  for  dermatologists  to  be  aware  of
ome  risk  factors  for  the  development  of  lesions  and  thus
rovide  early  treatment  for  the  patient  and  prevent  cancer
reatment  abandonment,  with  a  consequent  worse  progno-
is.

inancial support

one  declared.

uthors’ contributions

ulia  Kanaan  Recuero:  Approval  of  the  final  version  of
he  manuscript;  design  and  planning  of  the  study;  draft-
ng  and  editing  of  the  manuscript;  collection,  analysis,  and
nterpretation  of  data;  effective  participation  in  research
rientation;  critical  review  of  the  literature;  critical  review
f  the  manuscript.

Joana  Roberta  Fitz:  Drafting  and  editing  of  the
anuscript;  collection,  analysis,  and  interpretation  of  data;

ritical  review  of  the  manuscript.
Andrea  Abe  Pereira:  Drafting  and  editing  of  the

anuscript;  collection,  analysis,  and  interpretation  of  data;
ritical  review  of  the  manuscript.

Renan  Rangel  Bonamigo:  Approval  of  the  final  version  of
he  manuscript;  design  and  planning  of  the  study;  draft-
ng  and  editing  of  the  manuscript;  collection,  analysis,  and
nterpretation  of  data;  effective  participation  in  research
rientation;  critical  review  of  the  literature;  critical  review
f  the  manuscript.

onflicts of interest

one  declared.

ppendix A. Supplementary material

upplementary  material  related  to  this  article  can  be
ound,  in  the  online  version,  at  doi:https://doi.org/10.
016/j.abd.2022.10.004.

eferences

1. Thong BY, Tan TC. Epidemiology and risk factors for drug allergy.
Br J Clin Pharmacol. 2011;71:684---700.

2. Ghirlinzoni C, Cruz FF, Costa E. Reações cutâneas a drogas
em pacientes internados: relato de uma série de casos iden-
tificados pela farmacovigilância. Rev Bras Alerg Imunolpatol.
2012;35:30---8.

3. Kozuki T. Skin problems and EGFR-tyrosine kinase inhibitor. Jpn
J Clin Oncol. 2016;46:291---8.
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