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Clinically  diagnosed  pituitary  adenomas  have  a  prevalence
of  approximately  1  per  1000  in  the  general  population  in
Europe  and  are  therefore  encountered  regularly  by  clini-
cal  endocrinologists  in  everyday  practice1. Currently,  it  is
believed  that  most  pituitary  adenomas  arise  from  a  clo-
nal  expansion  derived  from  a  somatic  mutation  in  a  single
cell.  For  instance,  a  somatic  mutation  in  GNAS  is  found
in  up  to  40%  of  somatotropinomas  in  patients  with  acro-
megaly,  while  somatic  USP8  mutations  are  now  known  to
account  for  many  cases  of  Cushing’s  disease2,3.  Such  pitui-
tary  level  mutations  are  only  discovered  post  hoc  following
tumor  resection,  cannot  readily  be  predicted  in  advance  and
are  not  inheritable.  Germline  mutations  in  genes  associa-
ted  with  pituitary  adenomas  are  quite  rare,  and  overall,
pituitary  adenomas  occurring  in  an  inheritable  or  fami-
lial  setting  account  for  about  5%  of  cases4. As  they  are
rare,  generalized  screening  of  pituitary  adenoma  patient
populations  to  identify  genetic  mutation  carriers  is  not
currently  a  scientifically  or  economically  valid  approach.
Most  of  these  genetic  causes  are  associated  with  a clini-
cal  presentation  that  differs  from  other  pituitary  adenomas,
and  these  characteristics  can  be  used  to  refine  screening
significantly.

In  general,  when  considering  genetic  analyses  in  pituitary
adenoma  patients  a  good  first  step  is  to  determine  if  the
∗ Autor para correspondencia.
Correo electrónico: adrian.daly@ulg.ac.be (A.F. Daly).

h
k
X
M

https://doi.org/10.1016/j.endinu.2019.01.001
2530-0164/© 2019 SEEN y SED. Publicado por Elsevier España, S.L.U. Tod
umor  is  isolated  to  the  pituitary  or  forms  part  of  a  multi-
rgan  tumor  syndrome.  Pituitary  adenomas  can  form  part
f  classical  endocrine  tumor  syndromes,  such  as,  multiple
ndocrine  neoplasia  types  1  (MEN1)  and  4  (MEN4),  Carney
omplex  and  McCune-Albright  syndrome  (MAS)5. The  initial
linical  investigation  of  the  patient  with  a  pituitary  ade-
oma  should  include  a  detailed  personal  and  family  history
bout  tumors  and  pathologies  at  other  sites,  particularly
n  endocrine  tissues6,7. Similarly,  the  family  history  should
pecifically  search  for  related  individuals  with  pituitary  ade-
omas.

The  focus  for  genetic  testing  in  pituitary  adenomas  should
rimarily  be  on  three  main  groups:  pediatric-adolescent
atients,  those  with  a  family  history  of  pituitary  adenomas
nd  patients  with  a  personal/family  history  suggestive  of  an
ndocrine  tumor  syndrome.

Pediatric  and  adolescent  patients  are  a  particularly
mportant  population,  as  certain  genetic  abnormalities  lea-
ing  to  pituitary  adenomas  present  more  often  in  the  young.
or  example,  in  MEN1,  pituitary  adenomas  can  have  an  early
ge  at  presentation,  and  testing  guidelines  recommend  sur-
eillance  beginning  as  early  as  5  years  of  age8.  In  MEN1,
ituitary  adenomas  are  generally  larger  and  more  difficult
o  control  hormonally  than  non-MEN1  cases.  Pituitary  gigan-
ism,  by  definition  a  disease  that  begins  at  an  early  age,  is  a

igh  priority  for  genetic  testing  as  nearly  50%  of  cases  have  a
nown  genetic  cause,  such  as  AIP  mutations/deletions  (29%),
-LAG  syndrome  (10%),  McCune-Albright  syndrome  (5%),  and
EN1  or  Carney  complex  (1%  each) 9.
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Isolated  pituitary  adenomas  can  also  occur  in  a  heredi-
ary  setting  as  part  of  familial  isolated  pituitary  adenomas
FIPA);  FIPA  is  diagnosed  in  kindreds  that  have  at  least
wo  pituitary  adenomas  in  related  individuals  but  in  the
bsence  of  syndromic  features  in  other  organs,  such  as,
EN17.  Mutations  in  the  AIP  gene  explain  about  15-25%  of
IPA  families.  AIP  mutations  have  quite  a  low  penetrance
nd  about  20%  of  mutation  carriers  will  develop  a  clini-
ally  significant  pituitary  adenoma7.  While  AIP  mutations
an  lead  to  all  subtypes  of  pituitary  adenomas,  they  usually
ause  growth  hormone-secreting  (GH)  or  mixed  GH-prolactin
ecreting  pituitary  macroadenomas  during  childhood  or  ado-
escence.  While  they  most  often  occur  in  the  setting  of  FIPA,
IP  mutation  related  pituitary  adenomas  also  can  occur  in

solated  patients  with  young  onset,  large  macroadenomas.  In
cromegaly,  AIP  mutated  patients  can  be  difficult  to  control,
ue  to  high  levels  of  hormonal  secretion  and  poor  hormo-
al  and  tumoral  responses  to  first-generation  somatostatin
nalogs7.

X-linked  acrogigantism  (X-LAG)  syndrome  is  rare  but  has
 very  typical  presentation  as  isolated  GH-secreting  pitui-
ary  adenoma  and/or  hyperplasia  causing  overgrowth  that
egins  usually  in  the  first  12  months  of  life10.  It  is  due  to

 microduplication  on  chromosome  Xq26.3  that  encompas-
es  the  gene  GPR101  and  if  untreated  leads  to  very  severe
ituitary  gigantism.  Diagnosis  is  made  using  array  compa-
ative  genome  hybridisation  (aCGH).  X-LAG  syndrome  can
ccur  in  rare  gigantism-only  FIPA  families11. Also,  low-level
omatic  mosaicism  is  seen  in  male  sporadic  patients,  which
an  be  detected  using  specific  ddPCR  assays12.

Apart  from  MEN1  some  other  syndromic  conditions
nclude  pituitary  adenomas 4.  MEN4  is  due  to  CDKN1B
utations,  and  is  a  rare  syndrome  seen  in  MEN1  negative

ndividuals  and  kindreds.  As  relatively  few  pituitary  ade-
omas  have  been  described  in  MEN4,  there  is  no  specific
henotype  to  direct  genetic  testing  and  CDKN1B  mutations
ave  not  been  reported  in  patients  with  isolated  pituitary
denomas.  Carney  complex  is  due  to  germline  PRKAR1A
utations  and  is  a  multiorgan  syndrome  involving  the  adre-

als,  skin,  testes  and  many  other  sites.  Pituitary  adenomas
generally  GH  secreting)  occur  in  10%  of  patients  with  Car-
ey  complex,  although  many  patients  will  have  disorders
f  GH,  insulin-like  growth  factor  1  (IGF1)  or  prolactin  on
ormonal  testing  in  the  absence  of  a  pituitary  adenoma.
EN1,  CDKN1B  and  PRKAR1A  mutations  are  not  conside-

ed  to  be  an  important  cause  of  isolated  sporadic  pituitary
denomas.

Mosaicism  may  also  occur  in  patients  with  isolated
nd  syndromic  pituitary  adenomas.  In  McCune-Albright  syn-
rome,  for  instance,  a  post-zygotic,  activating  mutation  in
he  GNAS  gene  can  lead  to  variable  proportions  of  muta-
ed  and  wild-type  cells  across  different  tissues.  Traditional
equencing  of  GNAS  for  mutations  in  McCune-Albright  syn-
rome  is  often  negative  for  technical  reasons  due  to  low
evels  of  mutated  allele  in  blood  or  tumor  specimens.  Recen-
ly,  droplet  digital  PCR  (ddPCR)  and  related  techniques  have
een  validated  to  diagnose  very  low  levels  of  the  mutant
NAS  allele  in  blood  and  tissue  DNA,  thereby  facilitating
outine  diagnosis13.  Early  genetic  confirmation  of  MAS  is
mportant  for  disease  surveillance  in  the  affected  individual
it  is  not  currently  believed  to  be  hereditary).  This  is  par-
icularly  true  for  somatotropinomas  in  MAS  which  can  have
A.F.  Daly,  A.  Beckers

n  early  onset,  exacerbate  co-existing  craniofacial  fibrous
ysplasia  and  are  challenging  to  treat.

One  further  syndromic  situation  of  growing  interest
s  the  potential  for  a  pituitary  adenoma,  pheochromocy-
oma/paraganglioma  association  (3PA)14.  In  individuals  or
indreds  presenting  with  3PA,  a  number  of  mutated  genes
ave  been  identified,  including  the  succinate  dehydrogenase
ubunit  genes  (SDHx);  recently,  mutations  and  intragenic
eletions  in  MAX  have  also  been  implicated  in  3PA15.

The  increasing  number  of  genes  associated  with  pituitary
denomas  has  also  been  accompanied  by  an  expansion  in
he  methodologies  needed  to  correctly  identify  pathologi-
al  variations.  Rather  than  Sanger  sequencing  of  individual
enes,  most  reference  laboratories  have  migrated  to  Next
eneration  Sequencing  (NGS)  panels,  which  allow  for  para-

lel  analyses  of  multiple  potential  genetic  targets.  Other
ethodologies  need  to  be  considered  for  specific  condi-

ions,  such  as  aCGH  for  XLAG  syndrome,  or  digital  PCR,  as
entioned  above.  Also,  multiplex  ligation  dependent  probe

mplification  (MLPA)  kits  are  available  to  identify  whole  or
artial  gene  deletions.  MLPA  has  proven  useful  in  identif-
ing  whole  or  intragenic  deletions  in  genes  such  as  MEN1,
IP,  SDHx, and  MAX, in  patients  and  families  with  normal
equencing  results.

Although  rare,  genetic  causes  of  pituitary  adenomas  are
mportant  to  be  aware  of,  as  their  overall  clinical  course  is
ften  complicated  by  aggressive  tumor  characteristics  and
reatment  is  more  difficult.  Early  diagnosis  of  genetic  cau-
es  is  important  to  allow  for  proper  screening  for  syndromic
isease  and  to  counsel  and  identify  at-risk  mutation  carriers.
he  increasing  number  of  causative  genes  and  emerging  cli-
ical  syndromes  means  that  clinical  endocrinologists  will
ncreasingly  act  in  partnership  with  clinical  geneticists  to
ptimise  the  management  of  patients  with  pituitary  adeno-
as.
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