
Endocrinología, Diabetes y  Nutrición 72 (2025) 501576

www.elsevier.es/endo

Endocrinología,  Diabetes  y  Nutrición

REVIEW ARTICLE

Ectopic  adrenocorticotropic  hormone  syndrome due  to

olfactory neuroblastoma:  A case report and literature

review

Mónica Baptista Lopes a,∗,  Ricardo Fonsecab,  João Fernandes Serôdio a,
Ricardo  Paquete Oliveira a, José Delgado Alves a

a Department  of  Internal  Medicine  IV,  Hospital  Prof.  Doutor  Fernando  Fonseca,  IC19  276,  2720-276  Amadora,  Portugal
b Endocrinology  Unit,  Hospital  Prof.  Doutor  Fernando  Fonseca,  IC19  276,  2720-276  Amadora,  Portugal

Received 22  October  2024;  accepted  30  December  2024
Available  online  22  March  2025

KEYWORDS

Cushing’s  syndrome;
Esthesioneuroblastoma;
Ectopic  ACTH
production;
Opportunistic
infection

Abstract  Ectopic  adrenocorticotropic  hormone  (ACTH)  syndrome  (EAS)  is a  cause  of  Cushing’s
syndrome usually  associated  with  neuroendocrine  tumors.  Olfactory  neuroblastoma  (ONB)  is a
rare malignant  neoplasm  of  the  olfactory  epithelium.  This  is the  case  of  a  56-year-old  woman
with an  ONB  presenting  with  EAS.  After  initiating  metyrapone,  she  developed  a  Pneumocystis

jirovecii  pneumonia.  Following  successful  treatment  of  the  infection,  she  underwent  surgical
tumor excision  and  radiotherapy,  which  has  been  in remission  for  the  past  3  years.  The  authors
provide  a  literature  review  of  the  30  previously  published  cases  of  ONB  presenting  with  EAS.
Most were  reported  in middle-aged  men,  with  a  recurrence  rate  of  15.6%  (3 patients  eventually
died).  A total  of  9.5%  of  all  reported  had  an infection  after  starting  corticosteroid-blocking
therapy.  ONB is  a  very  rare  cause  of  EAS  with  poor  prognosis  and  a  relapsing  course.  In  the
presence of  severe  hypercortisolism,  chemoprophylaxis  for  common  opportunistic  agents  must
be considered.
©  2025  SEEN  y  SED.  Published  by  Elsevier  España, S.L.U.  All  rights  are reserved,  including  those
for text  and data  mining,  AI  training,  and  similar  technologies.
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Síndrome  de  secreción  ectópica  de  hormona  adrenocorticotrópica  secundario  a un

neuroblastoma  olfativo:  reporte  de  un  caso  y revisión  de  la literatura

Resumen  El síndrome  de secreción  ectópica  de  hormona  adrenocorticotrópica  (SEA)  es  una
causa de  síndrome  de  Cushing  habitualmente  asociada  a  tumores  neuroendocrinos.  El  neurob-
lastoma olfativo  (NO)  es  un  tumor  maligno  raro  del  epitelio  olfativo.  Se describe  el caso  de
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una  mujer  de  56  años  con  SEA  secundario  a  NO. Tras  empezar  con  metirapona,  la  paciente
tuvo una neumonía  por  Pneumocystis  jirovecii. La  infección  fue  tratada,  el tumor  fue  extirpado
quirúrgicamente,  y  recibió  radioterapia.  La  paciente  se  ha  mantenido  en  remisión  durante  los  3
últimos  años.  Se  presenta  una revisión  de  los  30  casos  de SEA  secundario  a  NO  reportados  previ-
amente. La  mayoría  fue  en  hombres  de mediana  edad,  con  una  tasa  de  recurrencia  del 15,6%  (3
pacientes  murieron).  El  9,5%  de  estos  casos  tuvieron  una  infección  tras  empezar  el  control  del
hipercortisolismo.  El NO es  una  causa  rara  de SEA  con  mal  pronóstico  y  elevada  recurrencia.  En
presencia de  hipercortisolismo,  se  debe  considerar  quimioprofilaxis  para  agentes  oportunistas
frecuentes.
© 2025  SEEN  y  SED.  Publicado  por  Elsevier  España,  S.L.U.  Se  reservan  todos  los  derechos,
incluidos los  de  mineŕıa  de texto  y  datos,  entrenamiento  de  IA y  tecnoloǵıas  similares.

Case description

Production  of  adrenocorticotropic  hormone  (ACTH)  from
nonpituitary  tumors  ---  known  as  ectopic  ACTH  syndrome
(EAS)  ---  is the  cause  of  ACTH-dependent  hypercortisolism
in up  to 18%  of  all  cases  of  Cushing’s  syndrome.1 EAS
is  more  commonly  associated  with  neuroendocrine  tumors
located  in  the chest,  namely  small-cell  lung  carcinoma,
bronchial  carcinoids  and  thymic  neuroendocrine  tumors.2

These  are  followed  less  frequently  by  breast,  colon,  gastric,
pancreatic  and prostate  cancers.2---6 Olfactory  neuroblas-
toma  (ONB),  or  esthesioneuroblastoma,  is  a  rare  malignant
neoplasm  that  develops  from  the  olfactory  neuroepithe-
lium  and  has  a  neuroblastic  differentiation.7 Approximately
1000  cases  of  ONBs  have  been  reported  worldwide  and 30
cases  presented  with  EAS.8---10 It  usually  has  an indolent
and recurrent  progression,  metastasizing  via hematogenous
and  lymphatic  routes.7,11---13 This  is  the  case  of  a patient
with  EAS-related  Cushing’s  syndrome  due  to  an  underlying
ONB.

The  patient  was  a 56-year-old  woman  who  presented
to  our  hospital  with  a  3-month  history  of bilateral  oedema
of  the  lower  limbs,  polyuria,  polydipsia  and  an involuntary
weight  loss of 8  kg.  She had  been  previously  diagnosed  with
hyperlipidemia,  controlled  with  atorvastatin.  She  did not
have  any  other  relevant  previous  medical  and  family  history.
On  physical  examination  at admission,  she  exhibited  mild
hirsutism,  slight  facial  hyperpigmentation  and  exuberant
oedema  involving  the  lower  limbs  up  to  her  thighs.  Lab  test
results  included  metabolic  alkalosis,  severe  hypokalaemia
(potassium  levels  of  2.6  mmol/L)  and  a casual blood  glu-
cose  level  of  527 mg/dL.  She  was  put  on  potassium  chloride,
spironolactone  200  mg/day  and  insulin  glargine  titrated  to
18  units  daily.

This  presentation  suggested  Cushing’s  syndrome.  The
morning  serum  cortisol  (90.4  mcg/dL;  reference  levels
4.82---19.5  mcg/dL),  24-h  urinary  cortisol  (23,062  mcg/24  h;
reference  levels  124---581  mcg/24  h), salivary  cortisol  at
night-time  (26.60  ng/dL;  reference  levels  3---10 ng/dL)  and
ACTH  levels  (760  pg/mL;  reference  levels  4.7---48.8  pg/mL)
were  all  elevated.  Furthermore,  there  was  no  cortisol
suppression  after  the  low  and  high-dose  dexamethasone  sup-
pression  tests  (with  1 mg  and 8 mg,  respectively).  These

findings  confirmed  the hypothesis  of  Cushing’s  syndrome,
most  likely  due  to  an EAS.

A  cranioencephalic  computed  tomography  (CT)  scan
revealed  the  presence  a  solid  mass  in the  frontal  area  with
invasion  of  the  ethmoidal  labyrinth  and  left  orbital  cavity.
The  full body  CT-scan  showed  atraumatic  vertebral  frac-
tures  of  the lumbar  spine,  with  no  other  abnormalities.
A cranioencephalic  magnetic  resonance  image  (MRI)  con-
firmed  the  presence  of  a solid  mass in the olfactory  bulb
with  invasion  of  surrounding  structures  (Fig.  1).  Review-
ing  previous  symptoms  with  the  patient,  she  mentioned  a
several-month  history  of anosmia  and epistaxis  of  unclear
origin,  requiring  local  cauterization  at  least  twice.  A biopsy
of  the lesion  through  a nasal  approach  revealed  respiratory
mucosa  tissue  infiltrated  with  intermediate  sized  neoplastic
cells,  with  round  and  oval-shaped  nuclei  and chromatin  with
a  ‘‘salt  and  pepper’’  pattern.  Immunohistochemical  staining
showed  positivity  for CD56,  chromogranin,  synaptophysin,
S100p  (peripherally  and  with  a  sustentacular  pattern)  and,
focally,  ACTH. These  aspects  confirmed  the  diagnosis  of ONB
with  positive  immunostaining  for  ACTH.

Optimal  medical  therapy  was  initiated,  considering  the
severe  Cushing  syndrome  with  multiple  complications.  She
was  put  on  metyrapone  (maximum  dose  of  250  mg every 6 h),
which  allowed  the  control  of  the serum  potassium  levels  and
improved  the peripheral  oedema.  Morning  serum  and urinary
cortisol  levels  5  days  into  metyrapone  were  14.3  mcg/dL  and
1118  mcg/24  h, respectively.

Seven  days  into  metyrapone  therapy,  the patient  pro-
gressed  to  fever,  indolent  hypoxemia  and  an increase  in
inflammatory  parameters.  Chest  radiography  showed  a  dif-
fuse  bilateral  lung  infiltrate  (Fig.  2). Blood  and  sputum
cultures  all  tested  negative,  but  the  bronchoalveolar  lavage
confirmed  the diagnosis  of Pneumocystis  jirovecii  pneumo-
nia.  The  patient  was  put  on  non-invasive  ventilation  and
was  admitted  to  the intensive  care  unit  due  to  progressive
respiratory  failure.  She  completed  21  days  of  therapy  with
trimethoprim---sulfamethoxazole  with  the resolution  of  the
respiratory  failure.  She maintained  chemoprophylaxis  with
trimethoprim---sulfamethoxazole  ever  since.

Surgical  excision  of  the mass  was  performed  once  the
infection  was  resolved.  The  postoperative  cranioencephalic
MRI  still  revealed  the  presence  of  a  small lesion  in the
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Figure  1  Brain  MRI  (T1-weighted;  contrasted  with  gadolinium;  sagittal  and coronal  planes)  showing  a  large  solid  mass  in  the
olfactory bulb  with  invasion  of  surrounding  structures.

Figure  2 Chest  radiography  showing  diffuse  bilateral  lung  infiltrate.

frontal  bone  also  involving  a  part  of  the  ethmoid  bone,  which
required  further  excision  through  an endoscopic  approach.
The  patient  then  underwent  adjuvant  radiotherapy,  receiv-
ing  a  total  of 60 Gy  30  sessions.  Follow-up  imaging  modalities
showed  no  evidence  of  recurrence  or  metastasis.

After  surgery,  insulin,  spironolactone  and  metyrapone
were  suspended.  Due  to  endogenous  cortisol  produc-
tion  suppression,  she  initially  remained  on  hydrocortisone
replacement  therapy  at a  maximum  daily  dose of  30  mg.
The  hypothalamic---pituitary---adrenal  axis  recovered  after
nearly  12  months,  making  it  possible  to suspend  the  steroid
therapy.  After  a 3-year  follow-up,  she  currently  remains
asymptomatic,  with  late-night  salivary  and  24  h  urinary  cor-

tisol  levels  within  normal  ranges,  and  no  imaging  evidence
of  recurrence  of  the original  lesion  or  of  any  other  tumor
locations.

Management and evidence

We consider  our  case  particularly  interesting  for  two
reasons:  the rarity  of  an  ONB  as  a  cause  of  the EAS
(there  are  only  30  other  cases  reported  worldwide)
(Table  1)8,11,12,14---38 and  clinical  progression  with  an  oppor-
tunistic  infection  after  starting  corticosteroid-blocking
therapy.  To identify  the 30  cases  referenced  we  per-
formed  a literature  review  across  PubMed,  until  August

3



M.B.  Lopes,  R. Fonseca,  J.F.  Serôdio  et  al.

Table  1  Case  reports  of olfactory  neuroblastoma  presenting  with  ectopic  ACTH  syndrome  reported  in  the literature.

Study  Patient  Presentation  Treatment  Outcome

Reznik  et  al.14 Female,  48-years
old

ONB  diagnosed  in  1980.
ONB recurrence  2  years  later.
ONB  recurrence  with  ectopic
ACTH  syndrome  5  years  later  ---
confusion,  hypokalemia.

Surgery,
chemotherapy
Treatment  of  1st
recurrence:  surgery,
chemotherapy.
Treatment  of  2nd
recurrence:
aminoglutethimide.

Ectopic  ACTH  syndrome
controlled  with
aminoglutethimide  but
died  a  few  days  after
starting  therapy.
Only  brain  autopsy  was
performed.

Arnesen et  al.15 Female,  36-years
old

ONB  with  ectopic  ACTH
syndrome  diagnosed  in  1987  ---
moon  face,  central  obesity,
hyperglycemia,  hypertension,
proximal  muscle  weakness.
ONB  and  ectopic  ACTH
syndrome  recurrence  5  years
later.

Nasal  polypectomy.
Treatment  of
recurrence:  surgery,
radiotherapy.

Ectopic  ACTH  syndrome
controlled  with  surgery.
No information  on
follow-up  after
recurrence.

Inagaki et  al.16 Male,  33-years  old  ONB  diagnosed  6  years  before
ectopic  ACTH  syndrome.
ONB  recurrence  with  ectopic
ACTH  syndrome  ---  dysgeusia,
adynamia,  stomatitis,
generalized  oedema,  diarrhea,
anxiety,  irritability,  insomnia.

Surgery.
Treatment  of
recurrence:  surgery,
chemotherapy.
Metyrapone.

Ectopic  ACTH  syndrome
controlled  with
metyrapone.
No  recurrence  at
24-month  follow-up.

Yu et  al.17 Male,  36-years  old ONB  with  ectopic  ACTH
syndrome  ---  hypertension,
hyperglycemia,  lower  limb
oedema,  proximal  muscle
weakness,  confusion.

Radiotherapy.
Metyrapone  and
etomidate.

Ectopic  ACTH  syndrome
controlled  after
radiotherapy.
No  recurrence  at
23-month  follow-up.

Fish et  al.18 Male,  45-years  old  ONB  with  ectopic  ACTH
syndrome  ---  weight  loss,  lower
limb  oedema,  generalized
weakness.

Ketoconazol.  Lost  to  follow-up.

Kanno et  al.19 Female,  39-years
old

Ectopic  ACTH
syndromediagnosed  1  year
before  ONB  ---  generalized
oedema  and  fatigue,
Cushingoid  appearance,
hypertension.
ONB  recurrence  with  EAS  4
years  later.

Surgery,  radiotherapy,
metyrapone.
Treatment  of
recurrence:  surgery,
radiotherapy,
metyrapone.

Ectopic  ACTH  syndrome
controlled  with
metyrapone  until
surgery.
No  new  recurrence  at
the  3-year  follow-up.

Josephs et  al.20 Male,  48-years  old  ONB  with  ectopic  ACTH
syndrome  ---  lower  limb
oedema,  generalized
weakness.

Surgery,  radiotherapy.
Ketoconazole.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
6-month  follow-up.

Koo et  al.11 Female,  66-years
old

Female,  37-years
old

ONB  diagnosed  2  years  before
ectopic  ACTH  syndrome.
ONB  progression  with  ectopic
ACTH  syndrome  ---  fatigue,
generalized  oedema.
ONB  with  ectopic  ACTH
syndrome  ---  central  obesity,
proximal  muscle  weakness,
hirsutism,  hypertension.

Treatment  after
progression:  surgery,
radiotherapy,
ketoconazole.

Chemotherapy  and
radiotherapy.
ketoconazol  and
octeotride.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
12-month  follow-up.

CMV  pneumonia  after
starting  chemotherapy.
P.  jirovecii  pneumonia
after  starting  octreotide.
Ectopic  ACTH  syndrome
controlled  after
radiotherapy.
No  recurrence  at  the
2-year  follow-up.
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Table  1  (Continued)

Study  Patient  Presentation  Treatment  Outcome

Hodish  et  al.21 Male,  48-years  old

Female,  30-years
old

ONB  with  ectopic  ACTH
syndrome  ---  lower  limb
oedema,  generalized  muscle
weakness.
ONB  with  ectopic  ACTH
syndrome  ---  weight  gain,
abdominal  purple  striae,  acne,
hypertension,  fatigue,
hirsutism,  depression,
insomnia.

Surgery,  radiotherapy.
Ketoconazole.

Surgery.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at the
9-month  follow-up.
Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at the
3-year  follow-up.

Lin et  al.22 Female,  64-years
old

ONB  with  ectopic  ACTH
syndrome  ---  generalized  muscle
weakness,  confusion,
hypertension,  moon  face,
central  obesity,  easy  bruising.

None.  Died  (pneumonia)  before
starting  therapy.

Mintzer et  al.23 Male,  52-years  old  ONB  diagnosed  in 1992.
Multiple  recurrences  of  ONB  in
1996, 1998,  2002  and  2004.
Recurrence  of  ONB  with
ectopic  ACTH  syndrome  in 2007
---  fatigue,  confusion,  proximal
muscle  weakness.

Surgery,  radiotherapy.
Treatment  of
recurrences:
chemotherapy,
radiotherapy.
Treatment  of  last
recurrence  with
ectopic  ACTH
syndrome:  surgery,
radiotherapy,
ketoconazole  and
octreotide.

Multiple  recurrences  of
ONB  until 2007.
Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at the
2-year  follow-up.

Galioto et  al.24 Male,  3-years  old  ONB  diagnosed  when  10
months  old.
ONB recurrence  with  ectopic
ACTH  syndrome  ---  moon  face,
central  obesity,  hirsutism,
fatigue.

Surgery,
chemotherapy.
Treatment  of
recurrence:  lymph
nodes  resection.

Ectopic  ACTH  syndrome
controlled  after  lymph
nodes  resection.
No  recurrence  at the
12-month  follow-up.

Han et  al.25 Male,  59-years  old  ONB  with  ectopic  ACTH
syndrome  ---  neck  swelling,
periorbital  oedema,
hypokalemia,  hypertension,
hyperglycemia.

Neoadjuvant
chemotherapy,
surgery.
Ketoconazole  and
octreotide,  followed
by bilateral
adrenalectomy.

Ectopic  ACTH  syndrome
controlled  after
adrenalectomy  and
tumor  resection.
No recurrence  at the
9-month  follow-up.

Rodgers et  al.26 Male,  51-years  old  ONB  diagnosed  5 years  before
ectopic  ACTH  syndrome.
ONB  recurrence  with  ectopic
ACTH  syndrome  ---
asymptomatic  hypokalemia.

Surgery,  radiotherapy.
Treatment  of
recurrence:  surgery.

Ectopic  ACTH  syndrome
controlled  after  second
surgical  act.
No  information  at  the
follow-up.

Mayur et  al.27 Male,  19-years  old  ONB  with  ectopic  ACTH
syndrome  ---  central  obesity.

Neoadjuvant
chemotherapy,
surgery,  radiotherapy.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at the
2.5-year  follow-up.

Clotman
et al.28

Female,  61-years
old

ONB  diagnosed  10  years  before
with metastasis.
Ectopic  ACTH  syndrome  10
years  later  ---  fatigue,
generalized  weakness,
hypokalemia.

Surgery  and
chemotherapy.
Ketoconazole  and
metyrapone.
Bilateral
adrenalectomy.

Ectopic  ACTH  syndrome
controlled  after
adrenalectomy;  died
after  discharge  from
surgery.
No  autopsy.
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Table  1  (Continued)

Study  Patient  Presentation  Treatment  Outcome

Matheny
et  al.29

Male,  52-years  old  ONB  with  ectopic  ACTH
syndrome  ---  hyperglycemia,
weight  loss,  generalized
weakness,  severe  hypokalemia.

Surgery,
chemotherapy,
radiotherapy.
Ketoconazole.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
28-month  follow-up.

Kadoya et  al.30 Male,  50-years  old  ONB  diagnosed  in  2011.
ONB recurrence  with  ectopic
ACTH  syndrome  in  2014---2015  ---
hyperglycemia,  hypertension,
hypokalemia.

Chemotherapy.
Treatment  of
recurrence:
chemotherapy,
radiotherapy.
Metyrapone.

Ectopic  ACTH  syndrome
controlled  with
metyrapone  at  the
20-day  follow-up.

Batacchi
et al.31

Female,  62-years
old

Ectopic  ACTH  syndrome  2
months  after  ONB  ---  lethargy,
lower  limb  oedema,  proximal
muscle  weakness,  central
obesity.

Surgery,  radiotherapy.
Ketoconazole.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
2.5-year  follow-up.

Kobayashi
et al.32

Female,  52-years
old

ONB  diagnosed  10  years  before.
ONB  recurrence  with  ectopic
ACTH  syndrome  ---  fatigue,
proximal  muscle  weakness,
central  obesity.

Surgery,  radiotherapy.
Treatment  of
recurrence:
metyrapone  and
mitotane.

Ectopic  ACTH  syndrome
controlled  with
metyrapone  and
mitotane.
No  information  at the
follow-up.

Yu et  al.33 Male,  55-years  old  ONB  with  ectopic  ACTH
syndrome  ---  fatigue,
generalized  muscle  weakness,
central  obesity,  hypertension,
confusion.

Surgery,  radiotherapy.
Metyrapone  and
ketoconazole.

Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
1-year  follow-up.

Decaester
et al.8

Female,  41-years
old

ONB  with  ectopic  ACTH
syndrome  ---  moon  face,
alopecia,  hirsutism,  proximal
muscle  weakness,  amenorrhea,
headache.

Surgery,  radiotherapy.  Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
3-month  follow-up.

Familiar
et al.34

Male,  31-years  old  ONB  with  ectopic  ACTH
syndrome  ---  hypertension,
central  obesity,  proximal
muscle  weakness.

Chemotherapy,
radiotherapy.
Ketoconazole
followed  by
metyrapone.

Ectopic  ACTH  syndrome
controlled  after
radiotherapy.
Tumor  stable  at the
1-year  follow-up.

Chung et  al.35 Male,  46-years  old  ONB  with  ectopic  ACTH
syndrome  ---  ‘‘cushingoid
feature’’.

Surgery,  radiotherapy.  Ectopic  ACTH  syndrome
controlled  after  surgery.
No recurrence  at  the
1-year  follow-up.

Abe et  al.12 Female,  40-years
old

ONB  diagnosed  9  years  before,
with  a local  recurrence  3  years
before  ectopic  ACTH
syndrome.
ONB  recurrence  with  ectopic
ACTH  syndrome  ---  central
obesity,  hypokalemia,
hyperglycemia,  generalized
muscle  weakness.

Surgery.
Treatment  of  1st
recurrence:  surgery,
radiotherapy.
Treatment  of  2nd
recurrence:  lymph
node  resection,
metyrapone.

Ectopic  ACTH  syndrome
controlled  after  lymph
node  resection.
No  recurrence  at  the
6-month  follow-up.

Ozhan et  al.36 Male,  28-months
old

ONB  diagnosed  18  months
before.
ONB  recurrence  with  ectopic
ACTH  syndrome  ---  weight  gain,
moon  face,  acne.

Surgery
Treatment  of
recurrence:  surgery.
Ketoconazole  and
fluconazole.

Ectopic  ACTH  syndrome
controlled  with  keto-
conazole/fluconazole.
Residual  tumor  after
surgery,  with  no  growth
at  the  2-year  follow-up.
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Table  1  (Continued)

Study  Patient  Presentation  Treatment  Outcome

Alsarari  et al.37 Male,  47-years  old  ONB  diagnosed  2016  with  local
recurrence  in 2019.
ONB  recurrence  with  ectopic
ACTH  syndrome  ---  lower  limb
weakness,  moon  face,  buffalo
hump,  abdominal  purple
striae,  central  obesity,  skin
hyperpigmentation,
hypokalemia.

Surgery  and
radiotherapy.
Treatment  of
recurrence:  surgery.

Ectopic  ACTH  syndrome
controlled  with  surgery.
No information  at  the
follow-up.

Gnanathayalan
et al.38

Female,  40-years
old

ONB  with  ectopic  ACTH
syndrome  ---  generalized
oedema,  hyperglycaemia,
arterial  hypertension,
hypokalaemic  alkalosis.

Surgery  and
radiotherapy.

Ectopic  ACTH  syndrome
controlled  with  surgery.
No recurrence  at the
3-month  follow-up.

ACTH: adrenocorticotropic hormone; ONB: olfactory neuroblastoma.

2024,  using  the  keywords  ‘‘olfactory  neuroblastoma’’,
‘‘esthesioneuroblastoma’’,  ‘‘ectopic  ACTH  syndrome’’  and
‘‘Cushing’s  syndrome’’.

The  initial  clinical  presentation  of  our  patient  was  mainly
attributed  to  the complications  of  severe  hypercortisolism
(hypokalemia,  hyperglyaemia,  lower  limb  edema  and  atrau-
matic  fractures).  This  was  very  suggestive  of  the ACTH
syndrome,  since  it  usually  progresses  with  signs  of  miner-
alocorticoids  excess  and  weight  loss,  developing  over  a  short
period.9,23 In fact,  although  weight  loss  is  not  so  consistent,
hypertension,  alkalosis  with  hypokalemia  and  peripheral
oedema  are  present  in  almost  all  the other  reported  cases
(Table  1).  This  clinical  presentation  made  us  hypothesize
that  a  pituitary  dependent  Cushing’s  syndrome  was  less
probable.23

ONB  is  a  rare  malignant  neuroectodermal  nasal  tumor
that comprises  up  to  3% of  all  tumors  of nose  and  sinuses.7,9

It seems  to  affect  both  genders  equally  and,  although  it
can  occur  at any age,  it  demonstrates  a  bimodal  peak  of
occurrence  within  the 2nd  and  6th  decades  of life.9,13 When
looking  at  the  previously  reported  patients  with  ONB  pre-
senting  with  the ACTH  syndrome,  approximately  43%  (13/30)
were  women  and  the  patients’  median  age was  46.5  years
(Table  1).  Only  3 patients  were  younger  than 30  years.24,27,36

This  tumor  has  a  slow-growing  course  which makes  it
hard  to  diagnose  in early  stages  and  patients  usually  have
a  long  history  of  symptoms.7 It presents  more  commonly
with  unilateral  nasal  obstruction  and  epistaxis,  but  it can
also  progress  with  less  frequent  symptoms  such  as  headache,
rhinorrhoea,  anosmia,  or  visual  disturbances.7 In  our  case,
the  anosmia  and  episodes  of epistaxis  within  the  past  few
months  were  probably  already  related  to  the tumor  invad-
ing  the  upper  nasal  cavity.  Since  those  episodes  resolved
quickly  with  local  measures  and  were  not associated  with
other  symptoms,  they  never  led to any  further  investigation.

Given  the  neuroendocrine  differentiation  of ONB,  it  can
produce  different  types  of  peptides  and  hormones,  lead-
ing  to  distinct  paraneoplastic  syndromes,  such  as  syndrome
of  inappropriate  antidiuretic  hormone  secretion,  humoral
hypercalcemia  of malignancy,  hypertension  due  to  cate-
cholamine  or  ACTH  secretion.9 However,  as  stressed  before,

ACTH-secreting  olfactory  neuroblastomas  are an extremely
rare  cause  of  the  ACTH  syndrome.9 Only  about  1000  ONB
cases  have  been  reported  worldwide,10 only  30  presenting
with  ACTH  secretion.  In  this  regard,  although  3% of cases  of
ONB  reported  in the  literature  presented  with  ACTH  secre-
tion,  we  estimate  the  real  prevalence  of  this  presentation  is
likely  lower  due  to  the  expected  underreporting  of  patients
with  ONB  and  no endocrinologic  paraneoplastic  features.

Of  the 30  cases  of  ONB  with  ACTH  secretion  reported  in
the  literature,  17  had  ACTH  secretion  preceding  and  leading
to  the diagnosis  of  olfactory  neuroblastoma,  like  the case
we present  here  (Table  1). In  some  of  these  patients  there
were  no  symptoms  or  signs that  could  be attributed  to  any
nasal  or  sinus  disease.  In the  remaining  13  cases,  patients
presented  with  Cushing’s  syndrome  years  after  the  tumor
was  diagnosed,  when  it was  left untreated  or  in  the  presence
of  tumor  recurrence  (Table  1).

Considering  its extensive  intracranial  invasion,  beyond
the  nasal  cavity  and  paranasal  sinuses,  our patient’s  tumor
can  be categorized  as stage  C  olfactory  neuroblastoma
according  to  the Kadish’s  clinical  staging  system,  which  pre-
dicts  a 5-year  survival  <50%.39 Recurrences  develop  in  up  to
30%  of the  cases,  mainly  in the  2 years  following  the ini-
tial  management,  regardless  of  the  clinical  staging.7,13 In
the  reported  cases  of  an ONB  presenting  with  EAS  there  is
a  15.6%  recurrence  rate,  adjusted  to  follow-up.  Three  of
the  30  patients  died  (1 before  starting  any  therapy).14,22,28

Thus,  despite  our  patient  favorable  course  after  surgery  and
radiotherapy,  and  that  she  remains  in remission  ever  since,
a close  follow-up  to  detect  recurrences  is  warranted.

Areas  of  uncertainty

Although  there  is  some  doubt  about  the  elevated  infec-
tious  risk  of  these  patients,  not  only due  to  hypercortisolism
but  also  after  starting  steroid-blocking  therapy,  diagnosis
of  these  complications  is  frequently  delayed.  Additionally,
infectious  chemoprophylaxis  is  not  routinely  instituted  in
these  patients.  Our  case  highlights  these  areas  of  discussion.
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Once  ACTH  secretion  is  detected,  steroid-blocking  ther-
apy  is  often  initiated  to control  symptoms  related  to
Cushing’s  syndrome.  Metyrapone  and  ketoconazole  have
a quick  onset  of action  and  were the most frequently
used  inhibitors,  either  alone  or  in combination  (Table  1).
Metyrapone  is  a well-tolerated  option  and  there  are reports
of  its  use  for  the  long-term  management  of  patients  in
which  tumor  surgery  is not possible.16,40 Aminoglutethimide,
mitotane,  octreotide,  etomidate  and  fluconazole  were  other
less  frequently  used  options.  In  10  of  the reported  cases,
no  steroid-blocking  therapy was  started  before  surgery
or radiotherapy  (Table 1).  Conversely,  in 2  cases,  drug
treatment  was  not  enough  to  control  the  hypercortisolemia-
associated  symptoms  and  patients  were  submitted  to
bilateral  adrenalectomy.25,28

Our  patient  started  therapy  with  metyrapone  and  a
week  later  she  developed  a  serious  P.  jirovecii  pneumo-
nia.  Although  it is possible  that  this was  a  late  infectious
complication  related  to  the  severe  prolonged  hypercorti-
solism,  there  are  many  reports  of  opportunistic  infections
in  patients  with  Cushing’s  syndrome  after  starting  steroid-
blocking  therapy,  regardless  of  the  drug being  used.41---44 This
phenomenon  is  probably  explained  by  an immune  recon-
stitution  inflammatory  syndrome  as  cortisol  levels  begin  to
normalize.43,44 Despite  the  cause  of the  opportunistic  infec-
tion,  its clinical  presentation  can  be  insidious  and  its course
severe,  requiring  a high  suspicion  index  to  avoid  delays  in
its  diagnosis  and  management.43

Of  the  20  reported  cases  that started  on optimal  medical
therapy  to  control  their  hypercortisolism,  1  opportunistic
infection  was  reported,11 which translates  into  a  rate  of
infection  in the  literature  of  approximately  9.5%.  Of  note,
however,  that  1 patient,  treated  with  aminoglutethimide,
died  a  few  days  after  starting  this  therapy.14 Although it  was
admitted  that the  underlying  ONB  was  the cause  of  death,
only  an  autopsy  of  the brain  was  performed,  so  we  cannot
rule  out  the  possibility  of  an overlooked  infection.14 Fur-
thermore,  there  were  2  patients  on  steroid-blocking  therapy
for  whom  there  is no  information  on  their  clinical  progres-
sion  afterwards.18,32 Thus,  we  hypothesize  that the rate  of
opportunistic  infections  in  this group  of  patients  may  be
higher.

None  of  the patients  reviewed  received  any  chemopro-
phylaxis.  However,  two  were  treated  concomitantly  with
trimethoprim---sulfamethoxazole  for  infections  diagnosed
before  starting  steroid-blocking  agents.16,32 Another  was
also  put  on  antibiotics  (not  specified  by  the authors)  for
a  pulmonary  empyema,  when  metyrapone  was  initiated.19

This  may  also  have  influenced  the  true  rate  of  opportunis-
tic  infections  in this reported  population.  Nevertheless,
knowing  that opportunistic  infections  are a well  described
life-threatening  complication  in these  patients,  and  the low
prevalence  of adverse  reactions  associated  with  chemopro-
phylaxis,  this  should probably  be  the routine approach  in all
patients.

Guidelines

Due  to the  rarity  of  ONB  presenting  with  ACTH  secretion,
there  are  no  specific  and well-established  guidelines  that
delineate  the  management  of  these  conditions  present-

ing  simultaneously,  but  there  are  recommendations  for  the
treatment  of each  of them separately.2,13,45,46

Regarding  ONB  management,  surgery  must  be considered
whenever  it  is  feasible,  and  adjuvant  radiotherapy  is  rec-
ommended  in  every  case.13,46 Adjuvant  and  neoadjuvant
chemotherapy  can  be considered,  depending  on  the ini-
tial  tumor  spread.13,46 Of  note,  the latest  guidelines  have
been  specifically  designed  for the  management  of pediatric
patients,  yet  recommendations  for  adults  seem  to  follow  the
same  general  principles.13,46

Guidelines  on  the  management  of  Cushing’s  syndrome
rely  mainly  on  controlling  hypercortisolaemia  and  its
underlying  cause.2,45 Furthermore,  complications  associ-
ated  with  high  levels  of  cortisol,  such  as  infections,
diabetes  mellitus  and  thromboembolic  events,  must  also
be actively  addressed.2,45 Steroid-blocking  treatment  is  rec-
ommended  when  24-h  urinary  cortisol  is elevated  more
than  5-fold  the  normal  range,  and  chemoprophylaxis  with
sulfamethoxazole---trimethoprim  is  suggested  in all  patients
with  signs  of  intense  hypercortisolism.2,45 In  our  case,
metyrapone,  surgery  and  radiotherapy  allowed  for  adequate
tumor  control  and ACTH  suppression.  Nonetheless,  infec-
tious  chemoprophylaxis  probably  should have  been  started
once  the  Cushing’s  syndrome  was  detected,  alongside  the
other  measures.

Lastly,  these  patients  probably  benefit  from  a  mixed
approach  for  their  long-term  management,  combining  the
recommendations  for ONB  and Cushing’s  syndrome  follow-
up.  Screening  with  repeated  MRI and  lab  tests  (24-h  urinary
cortisol,  late-night  salivary  cortisol  and  dexamethasone  sup-
pression  tests)  should  allow  the identification  of  local  tumor
recurrences  and early  ACTH  relapses.45,46

Conclusions  and recommendations

EAS secretion  is  a cause  of  Cushing’s  syndrome  and  should
be suspected  in the  presence  of signs  and  symptoms  of
severe  hypercortisolism,  even  without  the  typical  Cushing’s
syndrome  stigmata.  Although  ONB  is  a  very  rare  cause  of
the  ACTH  syndrome,  it  should  not be missed  considering  its
poor  outcome  when  left  untreated.  Hypercortisolism  should
be  controlled  until  it  is  possible  to  treat  the underlying
tumor,  bearing  in mind  that  normalizing  cortisol  levels  can
precipitate  opportunistic  infections.  Chemoprophylaxis  for
common  agents,  such as  P.  jirovecii  should  be considered  as
soon  as  diagnosis  has  been  established.

Funding

None  declared.

Conflicts  of  interest

None  declared.

References

1. Sharma ST, Nieman LK, Feelders RA. Cushing’s
syndrome: epidemiology and developments in dis-

8



Endocrinología,  Diabetes  y Nutrición  72  (2025)  501576

ease management. Clin Epidemiol. 2015;7:281---93,
http://dx.doi.org/10.2147/CLEP.S44336.

2. Young J, Haissaguerre M, Viera-Pinto O,  Chabre O, Baudin
E, Tabarin A. Management of  endocrine disease: Cush-
ing’s syndrome due to ectopic ACTH secretion: an expert
operational opinion. Eur J  Endocrinol. 2020;182:R29---58,
http://dx.doi.org/10.1530/EJE-19-0877.

3. Rickman T, Garmany R, Doherty T,  Benson D, Okusa
MD. Hypokalemia, metabolic alkalosis, and hyperten-
sion: Cushing’s syndrome in a patient with metastatic
prostate adenocarcinoma. Am J  Kidney Dis. 2001;37:838---46,
http://dx.doi.org/10.1016/s0272-6386(01)80134-7.

4. Isidori AM, Lenzi A. Ectopic ACTH syndrome.
Arq Bras Endocrinol Metabol. 2007;51:1217---25,
http://dx.doi.org/10.1590/s0004-27302007000800007.

5. Kamp K, Alwani RA, Korpershoek E, Fransse GJ, de Herder
WW,  Feelders RA. Prevalence and clinical features of the
ectopic ACTH syndrome in  patients with gastroenteropancre-
atic and thoracic neuroendocrine tumors. Eur J  Endocrinol.
2016;174:271---80, http://dx.doi.org/10.1530/EJE-15-0968.

6. Zheng F, Chen AC, Berger D,  Yeh MW, Goldstein JD, Wong S,
et al. Metastatic adrenocorticotropic hormone-secreting breast
cancer treated with bilateral adrenalectomy. AACE Clin Case
Rep. 2018;4:e402---6, http://dx.doi.org/10.4158/ACCR-2018-
0069.

7. Thompson LD. Olfactory neuroblastoma. Head Neck Pathol.
2009;3:252---9, http://dx.doi.org/10.1007/s12105-009-0125-2.

8. Decaestecker K, Wijtvliet V,  Coremans P, Van Doninck
N. Olfactory neuroblastoma (esthesioneuroblastoma) pre-
senting as ectopic ACTH syndrome: always follow your
nose. Endocrinol Diabetes Metab Case Rep. 2019;2019,
http://dx.doi.org/10.1530/EDM-19-0093, 19-0093.

9. Kunc M, Gabrych A, Czapiewski P, Sworczak K. Paraneoplas-
tic syndromes in olfactory neuroblastoma. Contemp Oncol.
2015;19:6---16, http://dx.doi.org/10.5114/wo.2015.46283.

10. Broich G, Pagliari A, Ottaviani F. Esthesioneuroblastoma: a  gen-
eral review of the cases published since the discovery of the
tumor in 1924. Anticancer Res. 1997;17:2683---706.

11. Koo BK, An JH, Jeon KH, Choi SH, Cho YM, Jang
HC, et al. Two cases of ectopic adrenocorticotropic
hormone syndrome with olfactory neuroblastoma
and literature review. Endocr J. 2008;55:469---75,
http://dx.doi.org/10.1507/endocrj.k07e-005.

12. Abe H, Suwanai H, Kambara N, Sano K,  Shikuma
J, Akaoka H, et  al. A rare case of ectopic adreno-
corticotropic hormone syndrome with recurrent
olfactory neuroblastoma. Intern Med J. 2021;60:105---9,
http://dx.doi.org/10.2169/internalmedicine.2897-19.

13. Tosoni A, Di Nunno V, Gatto L, Corradi G, Bartolini S, Ranieri
L, et al. Olfactory neuroblastoma: diagnosis, management,
and current treatment options. Front Oncol. 2023;13:1242453,
http://dx.doi.org/10.3389/fonc.2023.1242453.

14. Reznik M, Melon J, Lambricht M, Kaschten B, Beckers A. Tumeur
neuroendocrine de la cavité nasale (esthésioneuroblastome).
A propos d’un cas avec syndrome de Cushing paranéoplasique
[Neuroendocrine tumor of  the nasal cavity (esthesioneurob-
lastoma). Apropos of a  case with paraneoplastic Cushing’s
syndrome]. Ann Pathol. 1987;7:137---42.

15. Arnesen MA, Scheithauer BW, Freeman S.
Cushing’s syndrome secondary to olfactory neu-
roblastoma. Ultrastruct Pathol. 1994;18:61---8,
http://dx.doi.org/10.3109/01913129409016275.

16. Inagaki M,  Akizuki N,  Kugaya A, Fujii H,  Akechi T,
Uchitomi Y.  Metyrapone for Cushing’s syndrome. Am J
Psychiatry. 2002;159:1246---7, http://dx.doi.org/10.1176/
appi.ajp.159.7.1246.

17. Yu J, Koch CA, Patsalides A, Chang R, Altemus RM, Nie-
man LK, et al. Ectopic Cushing’s syndrome caused by

an esthesioneuroblastoma. Endocr Pract. 2004;10:119---24,
http://dx.doi.org/10.4158/EP.10.2.119.

18. Fish S, Harish S, Tapino E. Ectopic ACTH syndrome caused by
olfactory neuroblastoma. Resid Staff Physician. 2005;51:30---3.

19. Kanno K, Morokuma Y, Tateno T, Hirono Y, Taki K,
Osamura RY, et  al. Olfactory neuroblastoma causing
ectopic ACTH syndrome. Endocr J.  2005;52:675---81,
http://dx.doi.org/10.1507/endocrj.52.675.

20. Josephs L,  Jones L,  Marenette L, McKeever P.
Cushing’s syndrome: an unusual presentation of
olfactory neuroblastoma. Skull Base. 2008;18:73---6,
http://dx.doi.org/10.1055/s-2007-994291.

21. Hodish I,  Giordano TJ, Starkman MN, Schteingart DE. Location
of ectopic adrenocortical hormone-secreting tumors causing
Cushing’s syndrome in the paranasal sinuses. Head Neck.
2009;31:699---706, http://dx.doi.org/10.1002/hed.20950.

22. Lin H, Lin C, Tseng H. Refractory post-herpetic neural-
gia as an initial presentation of olfactory neuroblastoma-
related ectopic ACTH syndrome. Int J Gerontol. 2009;3:81---4,
http://dx.doi.org/10.1016/S1873-9598(09)70024-9.

23. Mintzer DM, Zheng S, Nagamine M, Newman J, Ben-
ito M.  Esthesioneuroblastoma (olfactory neuroblastoma)
with ectopic ACTH syndrome: a multidisciplinary case
presentation from the Joan Karnell Cancer Center
of Pennsylvania Hospital. Oncologist. 2010;15:51---8,
http://dx.doi.org/10.1634/theoncologist.2009-0016.

24. Galioto S, Di Petrillo A, Pastori M,  Arecchi A. Metastatic
esthesioneuroblastoma secreting adrenocorticotropic hormone
in pediatric patients. J Craniofac Surg. 2011;22:1924---9,
http://dx.doi.org/10.1097/SCS.0b013e318210bce4.

25. Han JY, Mirsadraei L,  Yeh MW, Suh JD, Yong WH, Bergsnei-
der M,  et al. Bilateral adrenalectomy: lifesaving procedure
in severe Cushing syndrome. Endocr Pract. 2012;18:e85---90,
http://dx.doi.org/10.4158/EP11315.CR.

26. Rodgers S, Moshel Y,  Mikolaenko I, Gilbert A, Babu R. Recurrent
esthesioneuroblastoma presenting as an ACTH paraneoplastic
syndrome. Int J Neurosurg. 2012;8:6---16.

27. Mayur N, Bordoni RE, Locandro D, McLaughlin M. Cushing’s syn-
drome due to ectopic adrenocorticotrophic hormone production
by olfactory neuroblastoma. Endocr Pract. 2014;20:e47---52,
http://dx.doi.org/10.4158/EP13007.CR.

28. Clotman K, Twickler M, Dirinck E, van den Brande J, Lammens
M, Verhaegen A, et  al. An endocrine picture in disguise: a
progressive olfactory neuroblastoma complicated with ectopic
Cushing syndrome. AACE Clin Case Rep. 2017;3:e278---83,
http://dx.doi.org/10.4158/EP161729.CR.

29. Matheny LN, Sarkar S, Shi H,  Hu J, Harmsen H, Abel TW,
et al. A case of Cushing’s syndrome due to ectopic adreno-
corticotropic hormone secretion from esthesioblastoma with
long-term follow-up after resection. Case Rep  Endocrinol.
2018;6389374, http://dx.doi.org/10.1155/2018/6389374.

30. Kadoya M, Kurajoh M,  Miyoshi A, Shoji T, Terada T,
Nakamoto Y, et  al.  Ectopic adrenocorticotropic hor-
mone syndrome associated with olfactory neuroblastoma:
acquirement of  adrenocorticotropic hormone expression
during disease course as shown by serial immunohisto-
chemistry examinations. Int J  Med Res. 2018;46:4760---8,
http://dx.doi.org/10.1177/0300060517754026.

31. Batacchi Z, Andeen NK, Trikudanathan S.  An unusual manifes-
tation of  olfactory neuroblastoma. BMJ Case Rep. 2018;2018,
http://dx.doi.org/10.1136/bcr-2017-221661, bcr2017221661.

32. Kobayashi K, Asakura T, Ishii M, Ueda S, Irie H, Ozawa H,
et  al. Pulmonary nocardiosis mimicking small cell lung cancer in
ectopic ACTH syndrome associated with transformation of  olfac-
tory neuroblastoma: a case report. BMC Pulm Med. 2018;18:142,
http://dx.doi.org/10.1186/s12890-018-0710-9.

33. Yu  K, Roncaroli F, Kearney T, Ewins D,  Beeharry D, Nay-
lor T, et  al. Ectopic Cushing’s syndrome secondary to

9

dx.doi.org/10.2147/CLEP.S44336
dx.doi.org/10.1530/EJE-19-0877
dx.doi.org/10.1016/s0272-6386(01)80134-7
dx.doi.org/10.1590/s0004-27302007000800007
dx.doi.org/10.1530/EJE-15-0968
dx.doi.org/10.4158/ACCR-2018-0069
dx.doi.org/10.4158/ACCR-2018-0069
dx.doi.org/10.1007/s12105-009-0125-2
dx.doi.org/10.1530/EDM-19-0093
dx.doi.org/10.5114/wo.2015.46283
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0280
dx.doi.org/10.1507/endocrj.k07e-005
dx.doi.org/10.2169/internalmedicine.2897-19
dx.doi.org/10.3389/fonc.2023.1242453
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0300
dx.doi.org/10.3109/01913129409016275
dx.doi.org/10.1176/appi.ajp.159.7.1246
dx.doi.org/10.1176/appi.ajp.159.7.1246
dx.doi.org/10.4158/EP.10.2.119
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0320
dx.doi.org/10.1507/endocrj.52.675
dx.doi.org/10.1055/s-2007-994291
dx.doi.org/10.1002/hed.20950
dx.doi.org/10.1016/S1873-9598(09)70024-9
dx.doi.org/10.1634/theoncologist.2009-0016
dx.doi.org/10.1097/SCS.0b013e318210bce4
dx.doi.org/10.4158/EP11315.CR
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
http://refhub.elsevier.com/S2530-0164(25)00037-0/sbref0360
dx.doi.org/10.4158/EP13007.CR
dx.doi.org/10.4158/EP161729.CR
dx.doi.org/10.1155/2018/6389374
dx.doi.org/10.1177/0300060517754026
dx.doi.org/10.1136/bcr-2017-221661
dx.doi.org/10.1186/s12890-018-0710-9


M.B.  Lopes,  R. Fonseca,  J.F.  Serôdio  et  al.

olfactory neuroblastoma. Acta Neurochir. 2018;160:1023---6,
http://dx.doi.org/10.1007/s00701-017-3447-y.

34. Familiar C, Azcutia A. Adrenocorticotropic hormone-
dependent Cushing syndrome caused by an olfactory
neuroblastoma. Clin Med Insights Endocrinol Diabetes.
2019;12, http://dx.doi.org/10.1177/1179551419825832,
1179551419825832.

35. Chung YS, Na M, Ku CR, Kim SH, Kim EH. Adreno-
corticotropic hormone-secreting esthesioneuroblastoma with
ectopic Cushing’s syndrome. Yonsei Med J.  2020;61:257---61,
http://dx.doi.org/10.3349/ymj.2020.61.3.257.
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