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Vandetanib induced phototoxic
reaction progressed to  toxic
epidermal necrolysis�

Dear  Editor,

Vandetanib  is  a tyrosine  kinase  inhibitor  that  is  approved

for the  treatment  of  medullary  thyroid  carcinoma  (MTC).

As  with  other tyrosine  kinase  inhibitors,  vandetanib  causes

various  cutaneous  side  effects  like  acneiform  eruption,

rash,  and  photosensitivity.1 Here  we  describe  a patient

who  developed  a phototoxic  reaction  to  vandetanib  and

then  progressed  to  toxic  epidermal  necrolysis  (TEN)  and  has

been  controlled  with  intravenous  immunoglobulin  (IVIg).  A

43-year-old  male was  admitted  with  an  erythematous  erup-

tion  that  developed  over  3 days.  On physical examination,

there  was a well-demarcated  erythematous  vesiculobul-

lous  rash  on the sun-exposed  areas  of  the skin  including

the  face,  neck,  and hands. The  patient  had  MTC,  he

was on  oral  vandetanib  therapy  (300  mg/d)  for  15  days.

He  denied  taking  any  medication  except  vandatanib.  Few

hours  prior  to  the development  of  the  rash,  he had  been

exposed  to  sunlight  for  a  long  time  without  sun  protec-

tion.  Phototesting  and biopsy  were  not performed.  Since

the  distribution  of  the  eruption  was  strictly  restricted  to

sun-exposed  areas  and vandetanib  was  the only medica-

tion,  this  condition  was  assumed  as  a  ‘‘vandetanib-induced

phototoxic  reaction’’.  Vandetanib  treatment  was  stopped.

Oral  prednisolone  1  mg/kg/day  was  administered.  In  a few

� Study conducted at the Dermatology Clinic of  Ondokuz Mayıs

University, Samsun city, Turkey.

days, lesions  progressed  to  proximal  extremities,  back,  and

chest  with  the  involvement  of 30%  of  body  surface  area

(Figs.  1  and  2). Oral  mucosal  erosions  and  conjunctivitis

Figure  1  Diffuse  epidermal  detachment  was  seen  on face.

127

https://doi.org/
http://www.abd.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2021.05.010&domain=pdf
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
https://orcid.org/0000-0003-2016-7396
https://orcid.org/0000-0001-8383-2918
https://orcid.org/0000-0002-9736-7997
https://orcid.org/0000-0002-9954-5785
mailto:matheusfritzen2@gmail.com
https://doi.org/10.1016/j.abd.2021.09.003
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/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2021.05.010&domain=pdf
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
https://orcid.org/0000-0001-5371-5577
https://orcid.org/0000-0002-8563-0364
https://orcid.org/0000-0002-6425-3520
mailto:jnavarrete90@gmail.com
https://doi.org/10.1016/j.abd.2020.08.034
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/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2021.05.010&domain=pdf
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
https://orcid.org/0000-0001-8137-3893
https://orcid.org/0000-0003-1623-7443
https://orcid.org/0000-0002-0482-6323
https://orcid.org/0000-0002-8157-7658
mailto:dani_antoniali@hotmail.com
https://doi.org/10.1016/j.abd.2020.08.035
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/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2021.05.010&domain=pdf
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0005
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0010
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0015
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0020
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
http://refhub.elsevier.com/S0365-0596(21)00274-9/sbref0025
https://orcid.org/0000-0003-3341-9986
https://orcid.org/0000-0002-4893-3593
mailto:dressa_sato@hotmail.com
https://doi.org/10.1016/j.abd.2020.08.036
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/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.abd.2021.05.010&domain=pdf


CASE  LETTER

Figure  2  Diffuse  epidermal  detachment  was  seen  on  arms.

Figure  3  Basal  cell  vacuolation  and subepidermal  clivage  was

seen in  light  microscopy  (Hematoxylin  &  eosin,  ×100).

were  observed.  Laboratory  examination  revealed  elevated

erythrocyte  sedimentation  rate  (65  mm/h)  and  white  blood

cells  (13.800  mm3). Nikolsky’s  sign  was  positive.  A biopsy

was  performed  and  epidermal  necrosis,  diffuse  keratinocyte

apoptosis  in  the basal  layer,  and  subepidermal  separation

were  observed.  Due  to  having  apoptotic  kerotinocytes  and

interface  tissue  pattern  which  leads  to  subepidermal  sep-

aration,  our  case  is  regarded  as  a phototoxic  reaction

leading  to  TEN  with  almost  full-thickness  epidermal  necrosis

(Fig.  3).  He was  managed  with  intravenous  fluids,  pred-

nisolone  1.5  mg/kg/day,  prophylactic  antibiotic,  and wet

compresses.  During follow-up,  IVIg  was  initiated  at a  dose  of

3  g/kg.  In  a few  weeks,  with  the  improvement  of  cutaneous

eruption  and hemodynamic  stabilization,  prednisolone  dose

was  tapered  gradually  and  the patient  was  discharged.  Cuta-

neous  reactions  are one of the  most  prevalent  adverse

events  reported  with  vandetanib  therapy.1 Sun  exposure  has

been  described  as  a  common  triggering  factor  for  cutaneous

reactions  with  vandetanib.  In literature,  there  are few  cases

of  vandetanib-induced  photosensitivity  reactions  including

phototoxicity,  photoallergic  reactions,  pigmentation,  and

SJS.2---5 In the present  case,  a cutaneous  photosensitive  reac-

tion  was  observed.  Although  our  patient  did  not  undergo

phototesting,  at  the beginning  symmetrical  distribution  of

the  lesions,  location  only  in  the  sun-exposed  areas,  appear-

ing  immediately  after sun  exposure  led  us to  diagnose  this as

a  phototoxic  reaction.  However,  in a couple  of  days  lesions

progressed  to  sun-protected  areas,  with  the development  of

widespread  bullous lesions.  Our  case  represents  a beginning

as  a  phototoxic  reaction  induced  by vandetanib  and  then

progress  to  a life-threatening  condition,  TEN,  and  only  con-

trolled  with  IVIg.  In  conclusion,  vandetanib  can  cause  various

cutaneous  side  effects  from  mild,  self-limited  eruption  to

severe  reactions,  which most of  them  are related  to  pho-

tosensitivity.  For that  reason,  patients  should be  informed

about  photoprotection.
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