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Iglesias  P  et  al.1 recently  published  a  review  of the  mul-
timodal  treatment  of  aggressive  pituitary  tumors.  After
introducing  the concept  of  aggressiveness  based  on  clinical,
radiographic,  and  histological  criteria,  they  identified  the
subtypes  of  pituitary  tumors  most  commonly  related  to  an
aggressive  behavior  and  analyzed  the pathological  pathways
involved  in  their  development  that  justify  the different  ther-
apeutic  strategies  used.  They  finally  emphasized  the need
for  multidisciplinary  treatment  of  these tumors  in centers  of
excellence  that  have  the resources  and  experience  to ensure
the  best  possible  results.

But  are  aggressive  pituitary  tumors  well  defined?  Are  they
amenable  to  a therapeutic  approach  different  to  that  for
other  pituitary  tumors?

Adenopituitary  tumors  usually  exhibit  a benign  behav-
ior and have  therefore  been  considered  as  adenomas.  It
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has  recently  been  proposed  that  they  are called  pituitary
neuroendocrine  tumors2 because  they  share  histological
characteristics  with  extrapituitary  neuroendocrine  tumors.
But clinical  sectors  in the neuroendocrinology  field  do
not  agree  with  this  proposal  of  the International  Pituitary
Pathology  Club  by  just  because  of their  indolent  behavior.3

However,  some  of these  tumors  relapse,  compress  adja-
cent  anatomical  structures,  and  metastasize.  This  raises  two
problems:  1. There  must  be specific criteria  defining  the
concept  of  ‘‘aggressiveness’’  in  pituitary  tumors,  and  2. An
action  plan  for  them  should  be  established.

The  2004  WHO  classification  stratified  three  subcate-
gories  of  pituitary  adenomas  based  on  the  aggressiveness
of  their  behavior:  typical  adenoma,  atypical adenoma,  and
carcinoma.  Atypical  adenomas  were  defined  based  on  patho-
logical  criteria  only:  high  mitotic  index,  a Ki-67  proliferation
rate  greater  than  3%,  and  strong  staining  for  p53.  Over
the  subsequent  10  years,  these  criteria  were  shown  to
be  inadequate  because  their  prognostic  significance  could
not be established.  The  20174 WHO  classification  there-
fore  excluded  the atypical  adenoma  subtype.  It admitted
however  the  existence  of  high-risk  pituitary  tumors  and
maintained  the  recommendation  to measure  tumor  prolif-
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eration  markers  as  indicators  of aggressiveness.  But  are
these  markers  equally  applicable  to  all  subtypes  of  pitu-
itary  tumors?  Are  pathological  criteria  sufficient  to  define
a  pituitary  tumor  as  aggressive?

Poorly  granulated  somatotropic  tumors,  lactotropic
tumors  in  males,  Crooke  cell tumors,  silent  corticotropic
tumors,  and  PIT-1  plurihormonal  tumors  are  known  to  have
a  more  aggressive  behavior  than  all  other  subtypes  of
adenopituitary  endocrine  tumors.  In fact,  in  2014  Trouillas
et  al.5 proposed  a clinical-pathological  prognostic  classifica-
tion  based  on  tumor  subtype  and  size  and  on  a grading  that
considered  the  presence  of  radiographic  invasion  (magnetic
resonance  imaging)  and  tumor  proliferation  based  on  mitotic
count  and  the strength  of staining  for  Ki-67  and p53.  A lit-
tle  later,  Kovacs  et  al.6 replied  that  the  clinical-pathological
classification  proposed  by  Jacqueline  Trouillas  was  not  appli-
cable  to  all  tumors,  stressing  the need  for  a standardized
and  simplified  classification  that  would allow  pathologists
not  specialized  in pituitary  morphology  to  make  a faith-
ful  diagnosis  of  pituitary  tumors.  The  authors  suggested
that  hematoxylin  and  eosine  staining  and immunostaining
for  adenopituitary  hormones,  low molecular  weight  cytok-
eratins,  and the Ki-67  nuclear  index were  not sufficient.
Finally,  in  2018  the  European  Society  of  Endocrinology  clini-
cal  guidelines7 on  aggressive  pituitary  tumors  stated  that  the
definition  of  aggressiveness  of  these tumors  should  be based
on  their  clinical  and  radiographic  presentation  and  on  their
behavior  during  follow-up  (rapid  growth,  refractoriness  to
treatment,  and  tendency  to  relapse).

While  the  proposal  to introduce  clinical  variables  in
the  aggressiveness  diagnostic  equation  is  reasonable,  the
concept  of ‘‘rapid  growth’’  should  be  quantified.  In  the
absence  of  consensus  in the  literature,  it may  be  appropriate
to  use  the  RECIST  criteria8 to  assess  the  growth  of  a pituitary
tumor.  According  to  this  classification,  an increase  in  tumor
size  of  20%  or  greater  should  be  considered  significant,  and
a  5  mm  increase  would have clinical  and  therapeutic  conno-
tations.  However,  5 mm is  excessive  in the case  of  pituitary
adenomas,  and  2 mm  increases  appear  more  appropriate.  To
define  ‘‘growth’’,  the  RECIST  criteria  use  the lowest  sum  of
tumor  diameters  at baseline.  However,  the  irregular  shape
of  pituitary  tumors  makes  it difficult  to  identify  the three
smallest  diameters.  Luckily,  it has  recently  been  shown  that
the  response  of the  largest  diameter  of  a  pituitary  tumor  to
treatment  correlates  with  volumetric  response,  and  can  be
used  in  clinical  practice.9

The  concept  of  invasion  should also  be  defined  as  accu-
rately  as  possible.  The  invasion  and aggressiveness  criteria
are  sometimes  mistakenly  exchanged.  On the  one  hand,
there  are  widely  invasive  tumors  with  an  indolent  behav-
ior.  On  the  other  hand,  all  aggressive  tumors  are  invasive,
and  invasion  is  the  most important  clinical  feature  because
it  conditions  complete  surgical  resection  of  the  tumor  and  is
associated  to  a  greater  likelihood  of recurrence  or  relapse.10

Invasion  has  historically  been defined  based  on  pathological,
radiological,  and  surgical  evidence.  However,  microscopic
invasion  of dura  mater  is  present  in most  macroadenomas,
as  well  as  in some microadenomas,  and  is  not  correlated  to
tumor  behavior  after  surgery.  By  contrast,  there  appears  to
be  a  good  correlation  between  the  invasion  detected  during
endoscopic  surgery  and  that  established  radiographically,11

with  these  two  parameters  being  possibly  sufficient  to define
a  pituitary  tumor  as  invasive.

Finally,  pathological  markers  of  proliferation  should  be
clearly  established.  The  criteria  in the 2004  WHO  classifica-
tion  (Ki-67  >  3%,  strong  p53  staining,  and  increased  mitotic
activity)  have not  been  prospectively  validated  in  the  clini-
cal  setting.  In  fact,  different  Ki-67  thresholds  ranging  from
3%  and 10%  have been  proposed.  However,  although  there
are  pituitary  tumors  with  low  Ki-67  indices  showing  an
aggressive  behavior,  most  of  these  have  Ki-67  ratios  greater
than  10%, as  compared  to  the Ki-67  levels  of  1%---3%  seen
in  slowly  growing  tumors.  The  recommendation  to continue
using  this  marker  is  therefore  maintained.  However,  atten-
tion  should  be paid  to  the  type  of  antibody  used  for  its
detection  and  the method  to  fix  the  preparation,  and  the
estimate  should  be replaced  by  the absolute  count,  using
for  this  the  appropriate  programs.  The  other  proliferation
indices,  a mitotic  count  >2  and  p53 staining  intensity  >10
nuclei  per  10  fields,  also  have  observer-related  methodolog-
ical  limitations.  A recent  European  Endocrine  Society  survey
of  93  aggressive  pituitary  tumors  and  34 carcinomas  found
Ki-67  values  ≥3%  in 81%  and  85%,  strong  (>10)  positivity  for
p53  in 73%  and  78%,  and  mitotic  counts  >2  mitoses  per  10
fields  in  63%  and 90%  respectively.12 Based  on  these  find-
ings,  routine assessment  of Ki-67  and  the other  two  markers
is  recommended  only  when the  index  is  ≥3%7.

The  second  question  is  whether  aggressive  tumors  are
amenable  to  a  different  therapeutic  strategy  than  other
pituitary  tumors.  Surely,  yes. The  presence  of invasion
and  the  tendency  to  relapse  of these  tumors  makes  it
highly  advisable  that  they  be operated  on by surgical
teams  of  proven  experience,  and  that  repeat  surgery  is
performed  as  often  as  required  to  reduce  local  compres-
sion  symptoms.  Adjuvant  radiotherapy  should  not  be
delayed  when  tumor  growth  or  hormone  hypersecretion
cannot  be controlled  by  surgery.  Finally,  other  medical
treatments  should  be used,  as  these  tumors  are  usually
refractory  to  somatostatin  analogues  or  dopamine  ago-
nists.  Although  specific  cases  of  response  to  systemic
chemotherapy,  to  inhibitors  of  the  vasoendothelial  growth
factor  (bevacizumab),  the mTOR  pathway  (everolimus),
or  tyrosine  kinase  (lapatinib),  and  to  peptide  receptor
radionuclide  therapy  agents  (111In-DTPA-octreotide, 177Lu-
DOTATATE, 177Lu-DOTATOC,13 90Yttrium-DOTATE)  have  been
reported,  it is  still  recommended  to  use  temozolamide  alone
as  first-line  chemotherapy.7 Temozolamide  was  first  used
in 2006, and  subsequent  series  have  confirmed  its  efficacy,
reporting  disease  stabilization  rates  in aggressive  adenomas
and  carcinomas  of  29%  and  17.4%  respectively  after 5.5---120
months  of  follow-up.14 These  results  have  been  supported  by
a  recent  survey  by  the European  Endocrine  Society.12 How-
ever,  it will  be necessary  to  wait for  the results  with  the
immune  checkpoint  inhibitors  CTLA-4  and  PD-1,  for which
there  have  already  been  some reports.

In  conclusion,  according  to  Pedro  Iglesias  et  al.,1 not
all  pituitary  tumors  have  an  indolent  behavior,  and some
of  them  pose  a  significant  diagnostic  and  therapeutic  chal-
lenge.  This  justifies  the positioning  of  the  Pituitary  Society,15

which  recommends  that  a condition  of  such low  prevalence
but  very  high  complexity  be treated  by  units  of  excellence
with  proven  experience  in pituitary  disease.



Agressive  pituitary  tumours  77

References

1. Iglesias P, Magallón R, Mitjavila M, Rodríguez Berrocal V, Pian

H, Díez JJ. Multimodal therapy in aggressive pituitary tumors.

Endocrinol diabetes y Nutr. 2019. Nov 15; Available from:

http://www.ncbi.nlm.nih.gov/pubmed/31740190

2. Asa SL, Casar-Borota O,  Chanson P, Delgrange E, Earls P, Ezzat

S, et al. From pituitary adenoma to pituitary neuroendocrine

tumor (PitNET): an  International Pituitary Pathology Club pro-

posal. Endocr Relat Cancer. 2017;24(4):C5---8. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/28264912

3. Ho KKY, Fleseriu M, Wass J, van der Lely A, Barkan A, Giustina

A, et al. A tale of  pituitary adenomas: to NET or not to NET:

Pituitary Society position statement. Pituitary. 2019;22:569---73.

4. Lopes MBS. The 2017 World Health Organization clas-

sification of  tumors of  the pituitary gland: a summary.

Acta Neuropathol. 2017;134(4):521---35. Available from:

http://link.springer.com/10.1007/s00401-017-1769-8

5. Trouillas J, Roy P, Sturm N, Dantony E, Cortet-Rudelli C, Vien-

net G, et  al. A new prognostic clinicopathological classification

of pituitary adenomas: a multicentric case-control study of

410 patients with 8 years post-operative follow-up. Acta Neu-

ropathol. 2013;126(1):123---35.

6. Kovacs K, Rotondo F, Horvath E, Syro LV, Di Ieva A, Cusimano

MD, et al. Letter to the Editor. Vol. 26, Endocrine Pathology.

Humana Press Inc.; 2015. p. 93---4.

7. Raverot G, Burman P, McCormack A, Heaney A, Petersenn S,

Popovic V, et al. European society of endocrinology clinical

practice guidelines for the management of  aggressive pituitary

tumours and carcinomas. Eur J Endocrinol. 2018;178(1):G1---24.

8. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent

D, Ford R, et al. New response evaluation criteria in solid

tumours: revised RECIST guideline (version 1.1). Eur J  Cancer.

2009;45(2):228---47.

9. Imber BS,  Lin AL, Zhang Z, Keshavamurthy KN, Deipolyi AR, Beal

K, et  al. Comparison of  radiographic approaches to assess treat-

ment response in pituitary adenomas: Is RECIST or RANO good

enough? J Endocr Soc. 2019;3(9):1693---706.

10. Lelotte J, Mourin A,  Fomekong E, Michotte A, Raftopoulos C,

Maiter D. Both invasiveness and proliferation criteria predict

recurrence of  non-functioning pituitary macroadenomas after

surgery: a retrospective analysis of a monocentric cohort of  120

patients. Eur J  Endocrinol. 2018;178(3):237---46.

11. Micko ASG, Wöhrer A,  Wolfsberger S, Knosp E. Invasion of

the cavernous sinus space in pituitary adenomas: endoscopic

verification and its correlation with an MRI-based classi-

fication. J  Neurosurg. 2015;122(4):803---11. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/25658782

12. McCormack A, Dekkers OM, Petersenn S,  Popovic V,  Trouillas

J, Raverot G,  et  al. Treatment of aggressive pituitary tumours

and carcinomas: results of a European Society of  Endocrinology

(ESE) survey. Eur J  Endocrinol. 2018;178:265---76.

13. Giuffrida G, Ferraù F, Laudicella R, Cotta OR, Messina E,

Granata F,  et  al. Peptide receptor radionuclide therapy

for aggressive pituitary tumors: a monocentric experience.

Endocr Connect. 2019;8(5):528---35. Available from: https://ec.

bioscientifica.com/view/journals/ec/8/5/EC-19-0065.xml

14. Ji Y,  Vogel RI, Lou E. Temozolomide treatment of pituitary

carcinomas and atypical adenomas: systematic review of case

reports. Neuro-oncology Pract. 2016;3(3):188---95. Available

from: http://www.ncbi.nlm.nih.gov/pubmed/27551432

15. Casanueva FF, Barkan AL, Buchfelder M, Klibanski A, Laws ER,

Loeffler JS, et al. Criteria for the definition of Pituitary Tumor

Centers of Excellence (PTCOE): a  pituitary society statement.

Pituitary. 2017;20:489---98.

http://www.ncbi.nlm.nih.gov/pubmed/31740190
http://www.ncbi.nlm.nih.gov/pubmed/28264912
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0015
http://link.springer.com/10.1007/s00401-017-1769-8
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0025
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0030
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0035
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0040
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0045
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0050
http://www.ncbi.nlm.nih.gov/pubmed/25658782
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0060
https://ec.bioscientifica.com/view/journals/ec/8/5/EC-19-0065.xml
https://ec.bioscientifica.com/view/journals/ec/8/5/EC-19-0065.xml
http://www.ncbi.nlm.nih.gov/pubmed/27551432
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075
http://refhub.elsevier.com/S1413-8670(17)30163-0/sbref0075

	Agressive pituitary tumours: A diagnostic and therapeutic challenge for multidisciplinary pituitary units
	References


