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cases
Elise R. Venable1, Sarah E. Kerr1, M. Beatriz S. Lopes2, Karra A. Jones3, Andrew M. Bellizzi3, Taofic Mounajjed1,
Aditya Raghunathan1, Oksana Hamidi4,5, Thorvardur R. Halfdanarson6, Mabel Ryder4 and Rondell P. Graham1*

Abstract

Background: Pathologists frequently encounter neuroendocrine tumors (NETs) presenting as multiple liver masses
in routine practice. Most often, these are well-differentiated tumors with characteristic histologic features. In
contrast, pituitary carcinoma is very rare, and there is limited data on its natural history and pathologic
characterization.

Methods: The aim of this study was to describe clinical characteristics, histomorphology, immunophenotype and
follow-up of pituitary carcinoma involving the liver and mimicking well-differentiated NETs of visceral origin. We
selected a group of well-differentiated NETs of the pancreas to use as immunophenotypic controls. We identified 4
patients (age range, 51 to 73) with pituitary corticotroph carcinoma with liver metastases. Three patients presented
with Cushing syndrome.

Results: All cases histologically resembled well-differentiated NETs of visceral origin with Ki-67 proliferation indices
of 5–42% and expression of T-PIT; metastatic tumors were not immunoreactive with CDX2, Islet 1 or TTF-1.

Conclusions: Frequently, these cases display adrenocorticotropic hormone (ACTH) secretion and pituitary-
specific transcription factor immunohistochemistry may be used as a reliable marker to distinguish metastatic
pituitary carcinoma from NETs of visceral origin in addition to delineating a corticotroph carcinoma from
somatotroph, lactotroph, thyrotroph, and gonadotroph lineage. Although rare, the differential diagnosis of
pituitary carcinoma should be considered in metastatic well-differentiated NETs in which the site of origin is
uncertain. In summary, pituitary corticotroph carcinoma can metastasize to the liver and mimic well-
differentiated NET.
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Background
Pathologists frequently encounter neuroendocrine neo-
plasms presenting as multiple liver masses [1]. Despite
being considered an uncommon disease [2], the inci-
dence and prevalence of neuroendocrine tumors is
growing in the United States and elsewhere around the
globe [2–4]. More than 50% of neuroendocrine tumors
within the body arise in the gastrointestinal (GI) tract
and pancreas [5] and approximately one half of gastro-
intestinal cases have liver metastases at presentation [6,
7]. Bronchopulmonary neuroendocrine tumors are less
common [7] but the lung and other sites may give rise
to metastatic neuroendocrine tumors as well. Conse-
quently, immunohistochemistry and less commonly mo-
lecular tests are used to identify the primary site [8–10].
In practice, when a metastatic neuroendocrine tumor is
identified, the primary sites typically considered are the
GI tract and pancreas followed by lung. These are typic-
ally well-differentiated tumors with characteristic cyto-
morphologic and/or histologic features. Less commonly,
these are poorly differentiated neuroendocrine carcin-
omas, which differ in their morphology, molecular biol-
ogy and differential diagnosis [11–13]. In our practices
we have encountered rare cases of pituitary carcinoma
metastatic to the liver simulating well-differentiated neu-
roendocrine tumors (NETs). Pituitary carcinomas deriv-
ing from the adenohypophysis are exceedingly rare
accounting for 0.1–0.5% of all pituitary tumors with only
limited reports of its natural history [14, 15]. Experts in
the field of pituitary neoplasia have suggested the term
pituitary neuroendocrine tumor (PitNET) rather than
continuing the use of the term pituitary adenoma be-
cause of the risk of inappropriate terminology in cases
with eventual metastases [16]. The World Health
Organization (WHO) team endorsed this new nomen-
clature as part of an effort to harmonize the diagnostic
terminology to neuroendocrine tumors at various sites
[17]. The aim of this study was to describe the clinico-
pathologic features of a series of pituitary corticotroph
carcinomas involving the liver and mimicking well-
differentiated neuroendocrine tumors of visceral origin.

Materials and methods
Cases
This study was approved by the Mayo Clinic Institu-
tional Review Board. The authors (SEK, KAJ, AMB and
RPG) encountered 2 cases of pituitary carcinoma in liver
cytology/biopsy specimens. We attempted a search of
our pathology databases and identified another 2 cases
over a 21 year period (January 1997 to April 2018). The
archived diagnostic slides of these cases were retrieved.
A representative formalin fixed paraffin tissue block was
selected for ancillary immunohistochemistry. The pa-
tients’ medical records were reviewed for clinical

information including dates of diagnosis, radiologic find-
ings, serum hormone levels, clinical presentation and
follow-up.

Controls
In our index case, the patient was clinically thought to
have hepatic metastases from pancreatic NET due to the
presence of a pancreatic mass. Therefore, four (4) cases
of well-differentiated NETs of the pancreas were ran-
domly selected from the pathology database as controls
for immunohistochemistry. We also included a fifth con-
trol case of pancreatic NET characterized by ACTH se-
cretion and ectopic Cushing syndrome.

Immunohistochemistry
Immunohistochemistry was performed on formalin fixed
tissue sections using the following antibodies at Mayo
Clinic: OSCAR cytokeratin (clone OSCAR, predilute,
BioLegend, Dedham, MA), chromogranin A (clone
LK2H10, predilute, Ventana, AZ), CDX2 (clone
EPR2764Y, 1/200, Cell Marque, Rocklin, CA), Islet 1
(clone 1H9, 1/800, abcam, Cambridge, MA), INSM1
(clone A8, 1/100, Santa Cruz, CA), Ki-67 (clone MIB-1,
1/20, Dako, Carpinteria, CA) and TTF-1 (clone SPT24,
1/100, Leica, Newcastle, UK). INSM1 and chromogranin
were used as neuroendocrine markers. First, the sections
were deparaffinized then rehydrated and stained online
using antibody specific epitope retrieval techniques with
the Ventana Benchmark XT system (Ventana, AZ).
Immunohistochemistry was performed at the University

of Virginia Health System for T-PIT using the TBX19 anti-
body (clone T-PIT, 1/2000, Atlas Antibodies AB, Sweden)
on the Ventana Benchmark platform. Immunohistochemis-
try for all markers was scored as follows: Negative (−) = 0%
of cells staining and Positive (+) = > 10% of cells staining as
an arbitrary minimum value. Automated Ki-67 analysis was
performed using the digital method previously published by
Kroneman et al. [18].

Results
We identified 4 cases of pituitary carcinoma with liver
metastases between January 1st, 1997 and April 30th,
2018. Of these, 2 cases were identified in a single year
and the initial clinical concern was for involvement by
well-differentiated NET of gastroenteropancreatic or vis-
ceral origin. The four patients (3 women and 1 man)
were diagnosed with ACTH-secreting pituitary carcin-
oma with liver metastases at ages ranging from 51 to 73
years. Three patients presented with Cushing syndrome
characterized by markedly elevated corticotropin
(ACTH) levels at the time of diagnosis of the liver le-
sions (78,336, 33,000, 1056; normal range: 10–50 pg/ml)
and had prior histories of ACTH-secreting pituitary tu-
mors (19, 72, and 52months prior to developing liver
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metastases, respectively). None of the patients had mul-
tiple endocrine neoplasia syndrome. Table 1 shows the
clinical characteristics of the patients. All patients had
multiple liver masses on abdominal computed tomog-
raphy (CT) and magnetic resonance imaging (MRI). One
patient (Patient #3) had a 2.5 cm pancreatic head mass
concomitantly noted on the imaging. Upon comparative
imaging review 1 year prior, the pancreatic mass previ-
ously measured 5.0 cm indicating that the pancreatic le-
sion had decreased in size. The patient underwent a
biopsy of the pancreatic lesion, but it was non-diagnostic
and showed normal pancreatic acini and fibrosis. None
of the remaining patients had thoracic, pancreatic or
other extrahepatic abdominal masses or intra-abdominal
adenopathy detected by imaging studies.
Two cases (Patients #2 and #3) were examined by fine

needle aspiration and cytology preparations revealed dis-
cohesive populations of intermediate-size tumor cells
with a modest amount of cytoplasm bearing nuclei with
coarse salt and pepper type chromatin (Fig. 1). The nu-
clei were frequently eccentrically placed and occasional
cells were binucleate (Fig. 1b).
Histologically, all four cases showed similar findings

(Fig. 2). The liver was infiltrated by a proliferation of
monotonous neoplastic cells characterized by coarse
chromatin and modest amounts of pale cytoplasm.
These histologic and cytologic findings were suggestive
of well-differentiated NET. Marked nuclear enlargement,
nuclear irregularity, hyperchromasia, macronucleoli and
atypical mitotic figures were not seen. None of the cases
resembled small cell carcinoma or large cell neuroendo-
crine carcinoma.
By immunohistochemistry, all liver metastases from

pituitary carcinoma were positive for T-PIT, OSCAR
and the neuroendocrine markers chromogranin and
INSM1. CDX2, TTF-1 and Islet1 were negative in all
cases. ACTH immunohistochemical staining was posi-
tive in the single pituitary carcinoma case in which it
was tested. Automated Ki-67 analysis highlighted prolif-
eration indices of 42, 14, 33 and 5%. Table 2 shows the
immunophenotypic results. The control group of well-
differentiated pancreatic NETs (n = 5), including a well-

differentiated pancreatic NET with ectopic ACTH secre-
tion (n = 1), displayed no staining with T-Pit. The ori-
ginal primary pituitary tumors were available for review
in 2 cases and showed expression of T-Pit in each.

Discussion
We present the first case series of pituitary carcinomas
which metastasized to the liver and mimicked well-
differentiated NETs. Histologically and cytologically, all
showed characteristic features of well-differentiated
NETs. Due to their rarity in comparison with other
NETs, 3 of these cases presented as diagnostic dilemmas
and two were initially interpreted as well-differentiated
NETs of likely gastroenteropancreatic origin (Patient #1
and Patient #3). In the case of patient #1, the correct
diagnosis was made upon intradepartmental consult-
ation and consensus with the several study authors. In
the case of patient #3, the presence of a concurrent pan-
creatic mass was confusing, but because of the history of
a prior pituitary NET and history of refractory Cushing
syndrome, the possibility of a metastasis from the pituit-
ary was considered. T-Pit immunohistochemistry was
positive and thus confirmed the diagnosis. Others have
reported the utility of T-Pit in the evaluation of pituitary
neoplasia as a specific corticotroph marker [19, 20]. The
cases initially diagnosed as likely of gastrointestinal ori-
gin were recognized after referral to our practice spe-
cialty centers where the original diagnoses were
questioned after a clinical work-up. The fourth case (Pa-
tient #2) was identified retrospectively in our archives.
None of the cases were CDX2, TTF-1 or Islet 1 positive.
The WHO classifications of pituitary and gastroenter-

opancreatic NETs differ. The diagnosis of pituitary car-
cinoma requires recognition of metastasis, whereas for
gastroenteropancreatic neuroendocrine neoplasms, the
diagnosis of neuroendocrine carcinoma requires that the
lesion is histologically poorly differentiated. Using the
pancreas as example, since this was the presumed pri-
mary in one of our cases, poorly differentiated pancreatic
neuroendocrine carcinomas may show features of small
cell carcinoma or large cell neuroendocrine carcinoma
[11] and differ from well-differentiated pancreatic NETs

Table 1 Summary of the clinical characteristics of the patients with pituitary carcinomas presenting as multiple liver masses

Name Age at time of
liver diagnosis

Interval between pituitary diagnosis and
liver diagnosis (months)

Sex Abdominal
imaging findings

8 am Serum
ACTH (pg/ml)

Status at
follow up

Duration of follow
up (months)

1 51 16 F Multiple liver
masses

78,336 Alive with
disease

24

2 65 72 F Multiple liver
masses

33,000 Died of
disease

86

3 73 52 M Multiple liver
masses

1056 Alive with
disease

60

4 50 36 F Multiple liver
masses

unknown Alive with
disease

36
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in their biology with more frequent inactivation of
SMAD4, RB1 and TP53 and no loss of function of ATRX
and DAXX [21–23]. For visceral neuroendocrine tumors,
both well-differentiated NETs and poorly differentiated
neuroendocrine carcinomas may metastasize but their
histologic differential diagnoses are typically different.
For example, well-differentiated NETs may be mimicked
by acinar cell carcinoma, low grade renal cell carcin-
oma, low grade adenocarcinoma, solid pseudopapillary
neoplasm and glomus tumors, whereas the differential
diagnostic considerations in poorly differentiated neu-
roendocrine carcinomas include undifferentiated car-
cinoma, small round blue cell sarcomas, and high-
grade hematolymphoid neoplasms. The rarity of pitu-
itary carcinoma leads it not to be considered among
the much more common previously mentioned con-
siderations, particularly as a differential for well-
differentiated neuroendocrine tumors.

The value of identifying the origin for well-
differentiated NET involving the liver is imperative. For
the bedside physician, the site of origin provides infor-
mation regarding potential surgical interventions, other
potential locoregional or systemic therapies, prognosti-
cation and follow-up strategies for local disease control.
Pituitary carcinomas, defined by the presence of cra-

niospinal and/or systemic metastases, are very rare, ac-
counting for less than 0.5% of all pituitary tumors [5, 6,
24, 25]. A recent single institution report disclosed only
4 cases over a 15-year period including 1055 consecutive
pituitary neuroendocrine neoplasms [6]. To date, there
are no reliable morphologic, immunohistochemical or
molecular markers of the primary tumor to confirm ma-
lignancy or metastatic potential. Whereas, some pituitary
carcinomas present as aggressive tumors ab initio, most
present as pituitary NET and progress with a variable
number of recurrences before developing metastasis. In

Fig. 1 a Pap-stained cytologic smears from fine needle aspiration of the liver masses (Original magnification × 400) showing characteristic nuclear
features of neuroendocrine neoplasm. b Diff Quik stained slides showing cells with eccentric nuclei and binucleate cells (Original magnification ×
600). c The liver was infiltrated by monotonous cells with abundant eosinophilic cytoplasm, open chromatin and visible nucleoli (Original
magnification × 100). Inset: The tumor cells were diffusely positive for chromogranin (Original magnification × 200). d The tumor cells were also
diffusely positive for T-PIT immunohistochemistry (Original magnification × 200)
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Fig. 2 a This photomicrograph of the previously resected pituitary lesion shows monotonous neoplastic cells (Original magnification × 200). b
The neoplastic cells show diffuse expression of the nuclear neuroendocrine marker insulinoma associated protein (INSM1) (Original magnification
× 200). c The liver shows nodules of tumor cells with moderate amounts of cytoplasm, clumped chromatin and variably prominent nucleoli
(Original magnification × 200). Inset: Ki-67 shows an elevated proliferative rate of more than 10% (Original magnification × 200). d The
neuroendocrine marker, INSM1 was diffusely positive in the tumor cells (original magnification × 200). e The transcription factor, T-PIT is diffusely
positive confirming pituitary origin of the tumor cells (Original magnification × 100). f OSCAR cytokeratin also highlighted the tumor cells
(Original magnification × 100)
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our series, there was a substantial lag time from the initial
diagnosis of pituitary NET to developing metastases, ran-
ging from 16 to 72months. Given the rarity of this pro-
gressive clinical situation, the authors do not advocate for
routine immunohistochemistry to exclude pituitary pri-
maries. Rather, the authors suggest that in cases of histo-
logically well-differentiated NETs, the clinical history
should be carefully evaluated. Routine immunohistochem-
ical markers (CDX2, SATB2, Islet 1 and TTF-1) may help
identify one of the more common primary sites, but if a
pituitary tumor was previously diagnosed, additional im-
munohistochemistry (including pituitary hormones and/
or pituitary transcription factors) may be helpful to evalu-
ate for the rare possibility of pituitary carcinoma. Similar
to our findings, most pituitary carcinomas are either pro-
lactin or ACTH-secreting [15, 26, 27]. Prolactin secreting
carcinomas express transcription factors Pit-1 and ER
while ACTH-secreting carcinomas express T-PIT. Pit-1
will be immunoreactive in pituitary carcinomas of the
somatotroph, lactotroph, and thyrotroph lineages while
SF1 and GATA3 will be immunoreactive in the carcin-
omas of the gonadotroph lineage. Notably, rare pancreatic
neuroendocrine tumors may produce ACTH resulting in
paraneoplastic Cushing syndrome, therefore the presence
of Cushing syndrome does not rule out a pancreatic pri-
mary tumor [28]. Two prior case reports of corticotroph
carcinoma and a single case series including one case of
corticotroph carcinoma with liver metastases have been
reported in the literature [29–31].
T-PIT is a transcription factor which is expressed in

corticotroph and melanotroph cells exclusively [32]. T-
PIT was developed as a tissue biomarker for identifica-
tion of non-neoplastic and neoplastic corticotrophs [20].
Subsequently, the antibody became clinically available
and is part of the panel noted in the 2017 WHO Classifi-
cation of tumors of the pituitary gland for diagnosis of
corticotroph adenomas [33]. Expression of T-PIT by the
tumor cells in each of these cases confirmed the diagno-
sis and origin of the tumors involving the liver.

Conclusion
In conclusion, we present a series of pituitary carcin-
omas which closely mimicked well-differentiated NETs

of visceral origin. Owning to rarity of pituitary carcin-
oma, these cases presented diagnostic challenges. When
encountering a NET with liver involvement, accurate
diagnosis of the site of origin can be aided by ancillary
laboratory, imaging studies and clinical context includ-
ing consideration of rare primary sites such as the pituit-
ary gland. Confirmatory immunohistochemistry can be
used if a history of a pituitary tumor is noted.

Abbreviations
NETs: Neuroendocrine tumors; ACTH: Adrenocorticotropic hormone;
GI: Gastrointestinal; PitNET: Pituitary neuroendocrine tumor; WHO: World
Health Organization; CT: Computed tomography; MRI: Magnetic resonance
imaging

Acknowledgements
Not applicable.

Authors’ contributions
Elise R. Venable – reviewed the histology and IHC of all specimens and
wrote the first draft of the manuscript. Sarah E. Kerr – conceptualized the
study and reviewed the cytology specimens. M. Beatriz S. Lopes – reviewed
histology of specimens and performed T-PIT IHC. Karra A. Jones and Andrew
M. Bellizzi – reviewed histology of the specimens from their institution. Taofic
Mounajjed – performed and examined automated Ki-67 and the histology of
specimens. Aditya Raghunathan – reviewed the histology of pituitary tumors
in the study. Oksana Hamidi and Mabel Ryder – identified and confirmed all
cases of pituitary carcinoma. Thorvardur R. Halfdanarson – identified pancre-
atic cases as controls. Rondell P. Graham – conceptualized the study,
reviewed the histology and IHC of all specimens, wrote the first draft of the
manuscript. All authors edited the manuscript and agreed to the finalized
version of the manuscript.

Funding
Division of Anatomic Pathology, Mayo Clinic.

Availability of data and materials
Can be provided upon request.

Ethics approval and consent to participate
IRB approval and a waiver of consent were obtained.

Consent for publication
Not applicable.

Competing interests
None.

Author details
1Division of Anatomic Pathology, Mayo Clinic, 200 First St SW, Rochester, MN
55905, USA. 2Department of Pathology, University of Virginia Health System,
Charlottesville, VA, USA. 3Department of Pathology, University of Iowa, Iowa
City, IA, USA. 4Division of Endocrinology, Department of Internal Medicine,
Mayo Clinic, Rochester, MN, USA. 5Division of Endocrinology and Metabolism,

Table 2 The immunophenotype of the respective cases showing consistent expression of T-PIT and concordance between pituitary
and liver samples

Case Tissue CGA CDX2 TTF-1 Islet1 INSM1 OSCAR T-PIT Ki67 (%)

1 Liver + – – – + NA + 42

2 Pituitary + – – – NA + + 2

2 Liver + – – – + NA + 14

3 Pituitary + – – – + NA + 3

3 Liver + – – – + + + 33

4 Liver + – – – – + + 5

Venable et al. Diagnostic Pathology           (2020) 15:81 Page 6 of 7



University of Texas Southwestern Medical Center, Dallas, TX, USA. 6Division of
Medical Oncology, Department of Internal Medicine, Mayo Clinic, Rochester,
MN, USA.

Received: 26 February 2020 Accepted: 29 June 2020

References
1. Hauso O, Gustafsson BI, Kidd M, Waldum HL, Drozdov I, Chan AK, et al.

Neuroendocrine tumor epidemiology: contrasting Norway and North
America. Cancer. 2008;113(10):2655–64.

2. Lepage C, Bouvier AM, Faivre J. Endocrine tumours: epidemiology of
malignant digestive neuroendocrine tumours. Eur J Endocrinol. 2013;168(4):
R77–83.

3. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, et al. Trends in the
incidence, prevalence, and survival outcomes in patients with
neuroendocrine tumors in the United States. JAMA Oncol. 2017;3(10):1335–
42.

4. Ito T, Igarashi H, Nakamura K, Sasano H, Okusaka T, Takano K, et al.
Epidemiological trends of pancreatic and gastrointestinal neuroendocrine
tumors in Japan: a nationwide survey analysis. J Gastroenterol. 2015;50(1):
58–64.

5. Keck KJ, Maxwell JE, Menda Y, Bellizzi A, Dillon J, O'Dorisio TM, et al.
Identification of primary tumors in patients presenting with metastatic
gastroenteropancreatic neuroendocrine tumors. Surgery. 2017;161(1):272–9.

6. Ahmed A, Turner G, King B, Jones L, Culliford D, McCance D, et al. Midgut
neuroendocrine tumours with liver metastases: results of the UKINETS study.
Endocr Relat Cancer. 2009;16(3):885–94.

7. Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 carcinoid tumors.
Cancer. 2003;97(4):934–59.

8. Kerr SE, Schnabel CA, Sullivan PS, Zhang Y, Singh V, Carey B, et al. Multisite
validation study to determine performance characteristics of a 92-gene
molecular cancer classifier. Clin Cancer Res. 2012;18(14):3952–60.

9. Kerr SE, Schnabel CA, Sullivan PS, Zhang Y, Huang VJ, Erlander MG, et al. A
92-gene cancer classifier predicts the site of origin for neuroendocrine
tumors. Mod Pathol. 2014;27(1):44–54.

10. Bellizzi AM. Assigning site of origin in metastatic neuroendocrine
neoplasms: a clinically significant application of diagnostic
immunohistochemistry. Adv Anat Pathol. 2013;20(5):285–314.

11. Yachida S, Vakiani E, White CM, Zhong Y, Saunders T, Morgan R, et al. Small
cell and large cell neuroendocrine carcinomas of the pancreas are
genetically similar and distinct from well-differentiated pancreatic
neuroendocrine tumors. Am J Surg Pathol. 2012;36(2):173–84.

12. Basturk O, Yang Z, Tang LH, Hruban RH, Adsay V, McCall CM, et al. The high-
grade (WHO G3) pancreatic neuroendocrine tumor category is
morphologically and biologically heterogenous and includes both well
differentiated and poorly differentiated neoplasms. Am J Surg Pathol. 2015;
39(5):683–90.

13. Basturk O, Tang L, Hruban RH, Adsay V, Yang Z, Krasinskas AM, et al. Poorly
differentiated neuroendocrine carcinomas of the pancreas: a
clinicopathologic analysis of 44 cases. Am J Surg Pathol. 2014;38(4):437–47.

14. Hansen TM, Batra S, Lim M, Gallia GL, Burger PC, Salvatori R, et al. Invasive
adenoma and pituitary carcinoma: a SEER database analysis. Neurosurg Rev.
2014;37(2):279–85 discussion 85-6.

15. Kaltsas GA, Grossman AB. Malignant pituitary tumours. Pituitary. 1998;1(1):
69–81.

16. Asa SL, Casar-Borota O, Chanson P, Delgrange E, Earls P, Ezzat S. From
pituitary adenoma to pituitary neuroendocrine tumor (PitNET): an
International Pituitary Pathology Club proposal. Endocr Relat Cancer. 2017;
24(4):C5–8.

17. Rindi G, Klimstra DS, Abedi-Ardekani B, Asa SL, Bosman FT, Brambila E,
Busam KJ. A common classification framework for neuroendocrine
neoplasms: an International Agency for Research on Cacer (IARC) and World
Health Organization (WHO) expert concensus proposal. Mod Pathol. 2018;
12:117–1786.

18. Kroneman TN, Voss JS, Lohse CM, Wu TT, Smyrk TC, Zhang L. Comparison of
three Ki-67 index quantification methods and clinical significance in
pancreatic neuroendocrine tumors. Endocr Pathol. 2015;26(3):255–62.

19. Jastania RA, Alsaad KO, Al-Shraim M, Kovacs K, Asa SL. Double adenomas of
the pituitary: transcription factors Pit-1, T-pit, and SF-1 identify cytogenesis
and differentiation. Endocr Pathol. 2005;16(3):187–94.

20. Sjostedt E, Bollerslev J, Mulder J, Lindskog C, Ponten F, Casar-Borota O. A
specific antibody to detect transcription factor T-pit: a reliable marker of
corticotroph cell differentiation and a tool to improve the classification of
pituitary neuroendocrine tumours. Acta Neuropathol. 2017;134(4):675–7.

21. Tang LH, Basturk O, Sue JJ, Klimstra DS. A practical approach to the
classification of WHO grade 3 (G3) well-differentiated neuroendocrine
tumor (WD-NET) and poorly differentiated neuroendocrine carcinoma (PD-
NEC) of the pancreas. Am J Surg Pathol. 2016;40(9):1192–202.

22. Heaphy CM, de Wilde RF, Jiao Y, Klein AP, Edil BH, Shi C, et al. Altered
telomeres in tumors with ATRX and DAXX mutations. Science. 2011;
333(6041):425.

23. de Wilde RF, Heaphy CM, Maitra A, Meeker AK, Edil BH, Wolfgang CL, et al.
Loss of ATRX or DAXX expression and concomitant acquisition of the
alternative lengthening of telomeres phenotype are late events in a small
subset of MEN-1 syndrome pancreatic neuroendocrine tumors. Mod Pathol.
2012;25(7):1033–9.

24. Scheithauer BW, Kurtkaya-Yapicier O, Kovacs KT, Young WF Jr, Lloyd RV.
Pituitary carcinoma: a clinicopathological review. Neurosurgery. 2005;56(5):
1066–74 discussion −74.

25. Alshaikh OM, Asa SL, Mete O, Ezzat S. An institutional experience of tumor
progression to pituitary carcinoma in a 15-year cohort of 1055 consecutive
pituitary neuroendocrine tumors. Endocr Pathol. 2019;30(2):118–27.

26. Pernicone PJ, Scheithauer BW, Sebo TJ, Kovacs KT, Horvath E, Young WF Jr,
et al. Pituitary carcinoma: a clinicopathologic study of 15 cases. Cancer.
1997;79(4):804–12.

27. Scheithauer BW, Fereidooni F, Horvath E, Kovacs K, Robbins P, Tews D, et al.
Pituitary carcinoma: an ultrastructural study of eleven cases. Ultrastruct
Pathol. 2001;25(3):227–42.

28. Maragliano R, Vanoli A, Albarello L, Milione M, Basturk O, Klimstra DS, et al.
ACTH-secreting pancreatic neoplasms associated with Cushing syndrome:
clinicopathologic study of 11 cases and review of the literature. Am J Surg
Pathol. 2015;39(3):374–82.

29. Gaffey TSB, Belzberg A, et al. Corticotroph carcinoma of the pituitary: a
clinicopathological study. J Neurosurg. 2002;96(2):352–60.

30. Ono MMN, Amano K, Hayashi M, Kawamata T, Seki T, Takano K, Katagiri S,
Yamamoto M, Nishikawa T, Kubo O, Sano T, Hori T, Okada Y. A case of
corticotroph carcinoma that caused multiple cranial nerve palsies,
destructive petrosal bone invasion, and liver metastasis. Endocr Pathol.
2011;22(1):10–7.

31. Joehlin-Price AHD, Arnold C, Kirschner L, Prevedello D, Lehman N. Case
report: ACTH-secreting pituitary carcinoma metastatic to the liver in a
patient with a history of atypical pituitary adenoma and Cushing’s disease.
Diagn Pathol. 2017;12:34.

32. Pulichino AM, Vallette-Kasic S, Tsai JP, Couture C, Gauthier Y, Drouin J. Tpit
determines alternate fates during pituitary cell differentiation. Genes Dev.
2003;17(6):738–47.

33. Lopes MBS. The 2017 World Health Organization classification of tumors of
the pituitary gland: a summary. Acta Neuropathol. 2017;134(4):521–35.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Venable et al. Diagnostic Pathology           (2020) 15:81 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Cases
	Controls
	Immunohistochemistry

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

