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Abstract
Endocrine neoplasia represents an increasingly broad spectrum of disorders. Endocrine neoplasms range from incidental 
findings to potentially lethal malignancies. In this paper, we cover the impact of pathology in the interpretation of the clinic-
pathological, genetic, and radiographic features underpinning these neoplasms. We highlight the critical role of multidisci-
plinary interactions in structuring a rational diagnostic and efficient therapeutic plan and emphasize the role of histopatho-
logical input in decision-making. In this context, standardized pathology reporting and second opinion endocrine pathology 
review represent relevant tools to improve the overall diagnostic workup of patients affected by endocrine tumors in every 
specific scenario. In fact, although a relevant proportion of cases may be correctly identified based on clinical presentation 
and biochemical/imaging investigations, a subset of cases presents with atypical findings that may lead to an inappropriate 
diagnosis and treatment plan based on a wrong pathological diagnosis if all pieces of the puzzle are not correctly considered. 
Pathologists have a responsibility to actively guide clinicians before and during surgical procedures to prevent unnecessary 
interventions. In all areas of endocrine pathology, pathologists must understand the complexity of tissue preservation and 
assay sensitivities and specificities to ensure the optimal quality and interpretation of diagnostic material. Finally, patholo-
gists are central actors in tumor tissue biobanking, which is an expanding field in oncology that should be promoted while 
adhering to strict ethical and methodological standards.
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General Overview

The basic clinical approach to patients with diseases of the 
endocrine system is the classic one of “history, examination, 
and investigation.” In particular, obtaining a full, compre-
hensive, and detailed history is critical. In contrast to other 
organ systems, such as in cardiology and gastroenterology, 

where the major symptom complexes usually relate to the 
specific system, such as chest pain in cardiology or diarrhea 
in gastroenterology, the effect of endocrine disorders can be 
widespread, often rather disparate, and difficult to separate 
from other “functional” disorders. In many cases, the patient 
may present to the specialist endocrinologist with a suspi-
cion of a disorder of one or other of the classic “glands,” and 
in such cases, following through the history may be rela-
tively straightforward, with highly directed questions and 
a focused interrogation. But in many other situations, the 
presenting symptoms may appear vague and unconnected, 
and then the history, the structured questions including past 
medical history, family and social history, may all be critical.

In some instances, and not infrequently, the patient may 
present to the endocrine consultant after having had a jour-
ney of years of “random” encounters. These may include a 
number of disconnected diagnostic and therapeutic proce-
dures, which, at the time of initial presentation, were not 
considered as a whole. The patient may have become frus-
trated and discouraged, feeling that none of their consultant 
specialists has fully addressed their concerns.
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Examination of all patients needs to be comprehensive, 
as localizing features for many endocrine tumors may be 
disparate and apparently unrelated at first sight. On the other 
hand, the typical appearance of the patient with acromegaly, 
Cushing’s syndrome, or a carcinoid flush may be readily 
apparent as the patient enters the consulting room.

It has been said that 70% of diagnoses are made after a 
thorough history, a further 10% concluded after the physical 
examination, while only a small percentage are established, 
as opposed to confirmed, after relevant investigation: for the 
remainder, a certain organic diagnosis may remain elusive [1].

Thus, the investigations should follow the suspected dif-
ferential diagnosis/diagnoses, to confirm or exclude them; 
there may be a screen of “routine” blood tests, but in endo-
crine investigation, all test procedures should be aimed to 
offer a binary distinction between the presence or absence of 
an endocrine disorder, specifically to establish the presence 
of an endocrine tumor, or at least suggest relative probabili-
ties. This will usually take the form of biochemical assess-
ments of a body fluid, usually blood but including urine 
and saliva, followed by appropriate imaging techniques, ana-
tomical or functional, or both. It is important that in most 
cases the imaging is led by the biochemistry, and not the 
other way round, except in the cases of “incidentalomas,” 
although these are an increasing problem. One should cer-
tainly be careful to avoid a “let’s test everything” strategy, 
as one may end up with more rather than less uncertainty.

Finally, when the history and physical examination have 
suggested a diagnosis of a possible endocrine tumor, and 
this is confirmed by biochemical investigation and localized 
by appropriate imaging, the judgement call of the optimal 
management plan will often depend on establishing the pre-
cise pathology to lead to the most appropriate therapy— 
surgical, medical, or possibly simple surveillance. The his-
topathological input is usually highly influential in assist-
ing in this decision, although in many instances the results 
of imaging will also help in determining the necessity for 
such pathology. However, if the surgical route is taken, 
then a post-operative histopathological review is essential 
in establishing the precision (or otherwise) of the original 
diagnosis and the subsequent course of action. As clini-
cians, we generally consider the histopathological analysis 
to be the “gold standard” in establishing a unifying “diag-
nosis.” While it will often be concordant with pre-biopsy or 
surgical diagnosis, in many cases, only a firm and complete 
histological analysis will provide the necessary information 
for the optimal prognostic and therapeutic plan.

All of this information—clinical findings, biochemical, 
imaging, and histopathological data—are often best dis-
cussed at a multidisciplinary team (MDT) meeting, or a 
“tumor board,” to inform decision-making. However, it is 
usually the case that only the specialist endocrinologist in  

charge of the case is aware of all the background and social 
details, such that the MDT can only assist in decision-
making rather than mandating a course of action. But in 
every case, the histopathology, increasingly with precision 
immunohistochemistry and molecular analyses, will be 
vital in optimizing a course of action for the patient. Not 
infrequently, an initial histopathological diagnosis by a non- 
specialist pathologist will need to be revisited in light of 
other information. A pituitary specimen may not have been 
subject to detailed immunocytochemistry, or (unfortunately, 
not rarely) a patient will have been diagnosed and treated 
for a pancreatic adenocarcinoma when the true diagnosis 
may be a low-grade well-differentiated neuroendocrine 
tumor. This emphasizes the need for specialist histopatholo-
gists and, additionally, the recognition of such uncertainty 
by non-specialist pathologists.

We will now show how this clinical approach applies to 
patients with endocrine tumors of various types and spe-
cifically how the input of the pathologist influences our 
decision-making in different clinical settings.

Standardized Pathology Reporting: 
from Descriptive to Informative 
Pathology Reports

The key step in providing patients with a management plan is 
the establishment of solid histopathologic findings. Absent 
information should not be misinterpreted as a negative find-
ing. Instead, the presence or absence of specific comments 
provides a line of communication to assure clinicians that 
their most relevant questions are being addressed. The use 
of standardized reporting formats should help obviate many 
of the more egregious errors.

Over the last 20 years, there has been a paradigm shift 
in cancer pathology reporting, evolving from narrative  
records of pathology findings to structured reports detail-
ing parameters that represent the main diagnostic, prog-
nostic, and predictive elements. This evolution is the  
consequence of the increasing complexity of knowledge 
in cancer biology and therapy. Datasets for pathological 
reporting are critical not only for individual patient care 
but also for cancer registries, clinical trials, epidemiology 
research, resource planning, and quality indicator pro-
grams. In addition, they can be used as educational tools 
for pathologists-in-training or in developing countries pro-
viding cost-effective means of achieving an international 
standard of pathology reporting. They embrace the main 
goals of pathology reporting: (i) the use of appropriate and 
intelligible terminology, (ii) the use of uniformly accepted 
rules (classifications), (iii) the need to formulate timely  
and informative diagnoses, and (iv) the need to adhere 
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to quality control programs. Dataset standards have been 
traditionally set by national colleges of pathologists, such 
as those in the USA (College of American Pathologists. 
Cancer protocols and checklists. 2021. Available at: https:// 
www. cap. org/ proto cols- and- guide lines/ cancer- repor ting-  
tools/ cancer- proto col- templ ates) or in the UK (Royal  
College of Pathologists, UK. Cancer datasets and tissue 
pathways. 2021. Available at: https:// www. rcpath. org/ 
 profe ssion/ publi catio ns/ cancer- datas ets. html). However, 
there are variations between the different datasets and 
reflected biases related to various aspects of the different 
pathology settings (from geographical differences in epide-
miology to nation-specific health systems). A project aimed 
at the definition of universal schemes for reporting has been 
established by the International Collaboration on Cancer 
Reporting (ICCR) consortium starting from 2011 [2], by 
using panels of international content experts and employing 
a rigorous evidence-based approach. Since then, the ICCR 
has published more than 50 cancer datasets on its website 
(International Collaboration on Cancer Reporting. Histopa-
thology reporting guides for cancer specimens. 2013–2021. 
Available at: http:// www. iccr- cancer. org/ datas ets), and new 
datasets are under construction. Each dataset includes the 
internationally agreed elements and useful commentary to 
guide the reporting pathologist. In endocrine pathology, 
datasets have been developed for thyroid [3], parathyroid 
[4], adrenal cortex [5], and paragangliomas [6]. The College 
of American Pathologists has for many years had synop-
tic reports for neuroendocrine tumors throughout the gas-
troenteropancreatic (GEP) system (https:// www. cap. org/  
proto cols- and- guide lines/ cancer- repor ting- tools/ cancer- 
proto col- templ ates), and the European Neuroendocrine 
Tumor Society (ENETS) recently developed a scheme for 
synoptic reporting in neuroendocrine neoplasms (NEN) [7]. 
There has also been a proposal for a synoptic report for 
pituitary neuroendocrine tumors (PitNETs) [8]. All of these 
follow a homogeneous scheme with core and non-core ele-
ments and adhere to the most recent classification schemes 
promoted by the WHO [9–12]. Moreover, they help to fit 
each morphological parameter into the appropriate context, 
taking into account that every single histological parameter 
may possess a different impact and may be interpreted dif-
ferently in various diagnostic scenarios.

For cytology diagnosis in endocrine tumors, standard-
ized reporting is currently only coded for thyroid fine nee-
dle aspiration biopsies (FNAB). Several national or inter-
national schemes are proposed. The Bethesda System for 
Reporting Thyroid Cytopathology (TBSRTC) is the most 
widely employed worldwide [13]. Regardless of the scheme 
employed, it is mandatory that thyroid cytological diagnoses 
are coded according to the classes included in the classification 
scheme employed, avoiding any descriptive-only diagnosis.

Second Opinion Endocrine Pathology 
Review: A Tool for Improvement

The use of a “second opinion” pathology review is a com-
mon but potentially controversial practice. Especially in 
the era of personalized medicine, accurate pathological 
diagnosis represents the most important first (and possibly 
final) step towards treatment. Second opinion in pathology 
is used as a tool to improve diagnostic accuracy as well as 
a test for quality control. Some years ago, the American 
Society of Clinical Pathology recommended the review 
of “second opinion” pathology cases as a tool for error 
reduction [14]. Moreover, the Association of Directors of 
Anatomic and Surgical Pathology recommended in previ-
ous years in-house review of all pertinent pathology slides 
when a patient is referred to or seeks a clinical opinion at 
a second institution [15].

A second opinion review may be initiated by patholo-
gists, clinicians, or patients. In the case of pathologists, 
this approach usually reflects a situation related to the 
rarity of the disease under evaluation and responds to the 
need to refer to a pathologist with more experience in the 
field, although these may be few and far between. This 
situation particularly applies to endocrine neoplasms, due 
to their relative rarity in incidence (with special reference 
to neuroendocrine and adrenal tumors). Clinicians usu-
ally ask for a second opinion whenever the first pathol-
ogy diagnosis does not appear to be compatible with the 
clinical scenario. In this setting, also, endocrine tumors are 
frequently heterogeneous in their clinical presentation and 
biological behavior. Moreover, endocrine manifestations, 
if present, may not match with the pathology descriptors 
(including immunophenotyping) and with the final diag-
nosis in the pathology report. In addition, in several situa-
tions, a second opinion pathology review is asked not only 
to confirm a diagnosis but also to add levels of informa-
tion that are missing in the first report. However, key to 
this is the acceptance and realization by the non-specialist 
pathologist that a second opinion is necessary and does 
not reflect on their own competence. As already stated 
before, standardized pathology reporting is a key tool to 
overcome this issue. On the other side, pathology review 
may incur undesired additional costs to patients but may 
prevent unnecessary costs (and toxicities) related to inap-
propriate treatments [16].

In a recent report, the outcomes of 3738 consecutive 
second opinion surgical pathology cases from 230 insti-
tutions (31 states in the USA and six other countries) 
were analyzed [17]. Among all cases, 95.5% showed no 
major discordance, 3.7% had a major discordance with 
no change in management, while 0.7% had a major dis-
cordance implicating a change in management. However, 

https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
https://www.rcpath.org/profession/publications/cancer-datasets.html
https://www.rcpath.org/profession/publications/cancer-datasets.html
http://www.iccr-cancer.org/datasets
https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
https://www.cap.org/protocols-and-guidelines/cancer-reporting-tools/cancer-protocol-templates
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patients affected by endocrine pathologies had the high-
est rates of major discordance (11.5%), with up to 15.3% 
discordant cases in patients undergoing thyroid FNAB. 
In a study reviewing outcomes of a second opinion in the 
field of adrenocortical tumors, cases with major disagree-
ment that significantly modified the clinical management 
of patients represented 9% of the total [18]. Moreover, 
more than 50% of cases were referred for a second opin-
ion because of the absence of relevant information (e.g., 
the lack of a Ki-67 proliferation index). In NENs of the 
gastroenteropancreatic (GEP) tract, second opinion pathol-
ogy review in expert centers for neuroendocrine neoplasms 
was shown to significantly impact the management of 36% 
of patients, leading to a new therapeutic indication in 26% 
[19]. It is worth noting, however, that major discrepancies 
between first and second opinion pathology diagnoses may 
be related to poor reproducibility of diagnostic param-
eters. For example, lung neuroendocrine tumors (NET) 
subtyping is affected by a very low interobserver agree-
ment (κ = 0.32), mostly due to the subjectivity of mitotic 
index evaluation [20]. Both mitotic index evaluation and 
Ki67 immunohistochemical assessment are affected by 
pre-analytical and analytical variables that may have an 
impact on the clinical decision processes. These include 
poor fixation, inappropriate duration of fixation, choice 
of tissue for analysis, the use of different reagents and 
pretreatments (for Ki-67), and variability of areas under 
evaluation since a high-power field varies with the micro-
scope, the eyepiece, and the objective lenses used [21, 
22]. It may also relate to uncertainties in Ki-67 scoring, 
the use of “hot spots,” and variations in personal versus 
computerized reporting schemes [23].

Clinical Impact of Pathological Findings

Pathology reporting provides the basis for nearly all diag-
nostic, management, and surveillance plans in endocrine 
oncology. In the following sections, we will provide a few 
representative specific examples of where and how critical 
pathology information drives clinical decision-making as 
illustrations of the types of problems that may be encoun-
tered generally.

Pathological and Biochemical Correlates

In many cases, the histopathological data complement the 
clinical and biochemical findings and serve to support the 
original clinical and therapeutic plan. This is an essential 
part of the clinical process. However, in other instances, 
the pathology data may alter or even reverse the initial 
clinical diagnosis, prognosis, and therapy. As outlined 

earlier, the traditional course of investigations typically 
flows with biochemical testing preceding any cytologi-
cal or histopathological examination. However, there are 
instances where this sequence is disrupted.

We provide below clinical scenarios to illustrate how 
biochemical studies are interconnected with histopatho-
logic findings at each of the major body sites.

Pituitary Tumors

A 53-year-old female with severe headache, obesity, and 
type 2 diabetes mellitus is diagnosed with a pituitary 
tumor that is considered to be non-functioning; however, 
following pituitary surgery, the tumor stains weakly for 
adrenocorticotrophin (ACTH), is TPIT positive, and has a 
Ki-67 of 4%. This leads to a revised diagnosis of a silent or 
“whispering” corticotroph pituitary neuroendocrine tumor, 
intensification of follow-up, and a lowered threshold for 
further interventions.

A 55-year-old male presents with visual loss, hypog-
onadism, and a serum prolactin of 1200 mU/L (~ 60 ng/
ml). He is given a trial of dopamine agonists but is unable 
to tolerate these and is subjected to trans-sphenoidal pitui-
tary surgery: in this case, the tumor is immunonegative 
for PIT1 and prolactin, but stains for SF1, GATA3, and 
focally for LH, and the diagnosis is changed to “gonado-
troph tumor.” He had disconnection hyperprolactinemia, 
and this necessitates a different follow-up strategy.

A 64-year-old female is referred by her optometrist to an 
endocrinologist with a report of failing vision and a unilat-
eral visual field defect; a large pituitary mass is identified. 
Detailed investigation demonstrates mild diabetes insipi-
dus (arginine vasopressin deficiency (AVP-D) among other 
defects, but a more detailed history reveals that she had breast 
cancer treated 10 years previously. A pathology examina-
tion of the resected pituitary lesion confirms a breast cancer 
metastasis, and she is referred for further chemotherapy.

Finally, in a classic case, a 54-year-old female presents 
with typical history, examination, and investigation con-
firming acromegaly, but histopathology of the tumor post-
surgery shows retention of the reticulin pattern compatible 
with hyperplasia rather than a primary pituitary neoplasm. 
This leads to a search for a source of ectopic growth hor-
mone-releasing hormone (GHRH), confirmed by a grossly 
elevated circulating GHRH blood level and the presence 
of a pancreatic mass indicative of a neuroendocrine tumor 
secreting GHRH ectopically [24]. Another example of 
ectopic GHRH production is illustrated in Fig. 1.

In some instances, the detection of new histopathologic 
or unexpected findings may trigger new biochemical and 
radiological investigations, as was the case with the patient 
above with somatotroph hyperplasia.
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Parathyroid Tumors and Hormone Excess

A major clinical challenge in parathyroid disease involves 
cases associated with atypical features. The distinction 
between atypical parathyroid tumors and parathyroid car-
cinomas is critically important. In such cases, close com-
munication of details between clinician and pathologist is 
exemplary of interdisciplinary care. Pathologists need to be 
aware of clinical details including serum calcium, vitamin 
D and renal status, intraoperative findings and parathyroid 
hormone level changes, glandular size and weight, and radi-
onuclide and other imaging modalities; a critical clinical 
detail is the history of a previous biopsy or procedure in 
the neck [25, 26]. Similarly, clinicians seek details in the 
pathological report that are definitional for parathyroid car-
cinoma and include according to the 2022 WHO classifica-
tion: angioinvasion (vascular invasion), lymphatic invasion, 
perineural (or intraneural) invasion, local malignant invasion 
into adjacent anatomic structures, or histologically/cytologi-
cally documented metastatic disease [10].

Gastroenteropancreatic (GEP) NETs and Hormone Excess

In GEP tumors, the detection of unexpected hormone 
expression, such as somatostatin, may drive its investigation 
when not suspected clinically. Alternatively, the absence of 

serotonin reactivity in a NET can divert surveillance with 
the cumbersome 24-h urinary 5-hydroxy indole acetic acid 
(5-HIAA), the breakdown product of serotonin, as in this 
case, these measurements have no bearing to the tumor in 
question. For example, a pancreatic, appendiceal, or rectal 
NET that expresses pancreatic polypeptide but not serotonin 
would not lend itself to 5-HIAA surveillance. At the other 
end of the spectrum are situations where the hormone eleva-
tion drives the search for the occult endocrine neoplasm. A 
prismatic scenario is ectopic Cushing syndrome where the 
source of ACTH is sought in an occult pancreatic NEN. 
Multiple and secondary hormone secretion can be found in 
3–10% of patients with metastatic pancreatic neoplasms. 
This may occur at diagnosis (e.g., a gastrinoma co-secreting 
ACTH) or may be metachronous (i.e., may develop over 
time). Secondary hormone secretion is usually associ-
ated with disease progression and is also associated with 
increased morbidity and mortality, particularly in patients 
with newly diagnosed insulin hypersecretion, but also in 
patients with ectopic ACTH and PTHrP production [27–30].

A 56-year-old male was diagnosed with a clinically 
non-functioning grade 2 TxN1M1 neuroendocrine tumor 
of the pancreatic tail with lymph node and multilobar 
liver metastases. He was treated with a long-acting soma-
tostatin analog. He developed progressive muscle weak-
ness, particularly of the upper legs, requiring treatment for 

Fig. 1  Ectopic acromegaly. 
73-year-old woman with 
acromegaly; serum IGF-1 levels 
were fivefold x upper limits 
of normal (ULN), and GHRH 
levels were threefold ULN. 
Upper panels, from left to right: 
T1 weighted + Gadolinium-
diethylenetriamine-pentaacetic 
acid (Gd-DTPA) MRI shows 
a slight diffuse enlargement of 
the pituitary; T2W MRI shows 
a hypointense signal in the 
pituitary. Lower panels, from 
left to right: 68Ga-DOTATAE 
PET MRI shows uptake in the 
pituitary area; 68Ga-DOTATE 
PET CT shows uptake in an 
SSTR-positive bronchial NET in 
the right middle lobe. Final diag-
nosis was bronchial NET with 
ectopic GHRH production [77]
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hypertension and edema, and blood tests showed severe 
hypokalemia, and blood glucose levels were two-fold 
elevated over the upper limits of normal (ULN). Further 
analysis showed that the patient had a tenfold elevated uri-
nary cortisol excretion, and ACTH levels in the blood were 
fivefold elevated over the ULN. The patient was diagnosed 
with ectopic Cushing syndrome caused by ACTH secre-
tion by the metastatic pancreatic NEN, was treated with 
cortisol-lowering drugs, and underwent an endoscopic bilat-
eral adrenalectomy to control his severe hypercortisolism. 
A biopsy of a liver metastasis was taken during adrenal 
surgery, and immunohistochemistry for ACTH was positive. 
This staining was negative on the initial biopsy of the tumor 
and of a liver metastasis at diagnosis.

In an era of the common use of proton pump inhibitors 
(PPIs) and upper gastrointestinal endoscopies, hypergas-
trinemia has become a frequent clinical encounter. Many 
patients undergo endoscopic biopsies where the pathologist 
is confronted with a diagnostic dilemma. The distinction 
between the indolent type I gastric NET from the poten-
tially more serious forms of gastric NENs becomes crucial. 
In addition to the close examination of features of autoim-
mune atrophic gastritis, the importance of clinical history 
and biochemical findings is increasingly obvious. The condi-
tions under which the serum gastrin and chromogranin levels 
were obtained, prior use of PPIs, and the presence/absence 

of inappropriately elevated gastric pH become essential 
information in case assessment.

Pathological and Imaging Correlates 
in Endocrine Pathology

Along with biochemical studies, structural and functional 
imaging provide the second pillar for the basis of clinical 
decision-making. In some instances, the imaging findings 
are fairly straightforward, with a single target matching 
the clinical impression (Fig. 2). However, in many other 
instances, the imaging studies yield more findings than ini-
tially anticipated. We identify below some clinical scenarios 
where endocrine pathology provides pivotal information 
essential for rational decision-making.

Chest Imaging and Lung Neuroendocrine Tumors

An obese (BMI of 38 kg/m2) 55-year-old female was seen 
by a respiratory physician with a problem of mild dyspnea 
and was diagnosed with asthma. However, “routine” chest 
radiology revealed a 2 cm lung nodule and at least 4 further 
nodules approximately 5 mm in diameter. Endobronchial 
ultrasound (EBUS) and biopsy showed the large nodule 
to be a NET. A 68Ga-DOTATATE PET CT demonstrated 
intense uptake in the nodule, but the smaller lesions were 

Fig. 2  43-year-old woman with 
hyperinsulinemic hypoglycemia 
caused by an SSTR2-positive 
Grade 1 T1 insulin-producing 
pancreatic NET with a diameter 
of 1 cm. Upper panels, from left 
to right: MRI (T2W) shows a 
high T2 intense hypervascular 
lesion in the region of the pan-
creatic head which is positive 
on the 68Ga-DOTATATE PET 
MRI. Lower panels, from left 
to right: endoscopic ultrasound 
shows an isoechoic lesion that 
was resected endoscopically
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thought to be below the limit of resolution. Video-assisted 
thoracoscopic surgery (VATS) resulted in an R0 resection 
of a low-grade/Grade 1 well-differentiated NET (“typical 
carcinoid”), and the patient was reassured that the long-
term outlook was excellent. However, further review by an 
expert histopathologist revealed that in addition, there were 
areas of neuroendocrine cell hyperplasia compatible with 
a diagnosis of DIPNECH (Diffuse Idiopathic Pulmonary 
Neuroendocrine Cell Hyperplasia). Despite being based on 
still-debated criteria, the 5th edition of the World Health 
Organization classification of pulmonary neuroendocrine 
tumors introduced essential and desirable diagnostic crite-
ria for the clinical and pathologic diagnoses of DIPNECH, 
which currently represents one entity in a spectrum of dis-
orders rather than a unique disease [31] (Fig. 3). Controver-
sies still exist on the clinical impact of NETs in the context 
of DIPNECH, but it is recommended that in such cases, 
the follow-up and clinical management should be tailored 
based on a multidisciplinary discussion [32]. Literature data 
suggest that multifocal pulmonary neuroendocrine prolif-
erations, including pulmonary neuroendocrine microtumors 
(tumorlets) and pulmonary neuroendocrine cell hyperplasia, 
represent a clinically and prognostic relevant factor in well-
differentiated pulmonary neuroendocrine tumors (carcinoid 
tumors), being associated with a higher risk of lymph node 
spread and of tumor relapse [33]. In the patient described, 
the prognosis was therefore more guarded, as these patients 
have a measurable risk of long-term metastatic disease [34], 
and close follow-up was initiated.

A 38-year-old female presented with a short history of 
florid Cushing’s syndrome, confirmed biochemically with 
a plasma ACTH of 355 ng/L. Pituitary MRI was essentially 
normal, while CT scanning revealed a 1 cm subcarinal node 
of uncertain significance. A 68Ga-DOTATATE PET CT 
showed positivity in this node but none elsewhere; EBUS and 
biopsy revealed a grade 1 (Ki-67 < 2%) NET, and a VATS 
lobectomy led to a biochemical and clinical cure. Routine 
follow-up over several years has shown no recurrence.

Abdominal Imaging and Retroperitoneal Lesions

The distinction between multifocal primaries versus meta-
static disease is particularly important. This requires the 
integration of clinical, genetic, and biochemical studies 
with imaging findings. A common example is noted in 
patients with pathogenic germline SDHx mutations, where 
multiple paragangliomas in the retroperitoneum need to 
be distinguished from metastatic disease in lymph nodes. 
Radiographically, lymph nodes and retroperitoneal para-
gangliomas are almost indistinguishable as they assume 
nearly identical anatomical locations [35]. The detection 
of paragangliomas in tissues outside of where their normal 
counterparts normally reside (i.e., lymph nodes or bone) 
is required for confirmation of metastatic disease. In this 
regard, functional imaging such as 68Ga-DOTATATE PET/
CT can be helpful. This now standard approach to detect 
somatostatin receptor subtypes using molecular functional 

Fig. 3  Diffuse Idiopathic 
Pulmonary Neuroendocrine 
Cell Hyperplasia (DiPNECH). 
A case of a female patient, aged 
62 years, with multiple (#3) 
well-differentiated pulmonary 
neuroendocrine tumors (typical 
carcinoids) (not shown in the 
figure) associated with multiple 
pulmonary neuroendocrine 
microtumors (tumorlets) on a 
background of interstitial fibro-
sis. The patient had a former 
clinical diagnosis of asthma
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imaging not only helps identify occult disease, but will 
also reveal skeletal metastases not otherwise identified. 
Furthermore, histopathologic examination must take into 
account the clinical, biochemical, and imaging findings. 
Needless to say, the ultimate clinical decision of com-
mencing post-operative systemic therapy versus contin-
ued surveillance hinges on the validity of this informa-
tion. Tumoral somatostatin receptor subtype 2a (SSTR2a) 
expression using immunohistochemistry correlates with 
in vivo somatostatin receptor imaging and with respon-
siveness to peptide receptor radionuclide therapy (PRRT) 
using radiolabeled somatostatin analogs. The combina-
tion of the same compound (or a very similar one) used 
for diagnostic imaging and therapy is the basis for the 
term “theranostics.” However, current PRRT protocols 
require the demonstration of sufficient uptake on in vivo 
somatostatin receptor imaging, usually performed using 
68Ga-DOTA labeled somatostatin analogs [36]. Multifo-
cality in paragangliomas and small bowel NETs can also 
be demonstrated using 68Ga-DOTA labeled somatostatin 
analog PET [37, 38].

Pelvic Imaging and Endocrine Tumors

Adrenal Rest Tissue and Tumors This is a clinical situation 
where adrenal tissue is detected outside of the normal ret-
roperitoneal sites of residence. The most typical area is the 
broad ligament resected as part of a hysterectomy specimen. 
However, adrenal rests occur within the testis and ovary, kid-
ney and liver, and other pelvic locations including in prosta-
tectomy or cystectomy specimens [39] as well as other more 
rare sites (WHO). The critical question for the clinician is 
to distinguish benign adrenal rest tissue from (i) secondary 
proliferations of ectopic adrenal tissue, (ii) hyperplasia to ade-
noma transitions, (iii) Leydig cell tumors, (iv) steroidogenic 
gonadal tumors, or even (v) metastatic adrenocortical carci-
noma. In this context, SF1 expression may be misleading in 
the differential diagnosis with other steroidogenic tissues and 
tumors, such as steroidogenic gonadal neoplasms (e.g., steroid 
cell tumor, Leydig cell tumor). Adrenal cortex-specific ster-
oidogenic enzymes, such as CYP11B1 and CYP21A2, may 
provide additional value to define primary adrenal cortical 
origin in extra-adrenal locations [11].

Fig. 4  Worrisome morphological features that may be misinterpreted 
as signs of malignancy in adrenocortical tumors. Upper panel: a case 
of a female patient, aged 73  years, with an adrenal lesion 7  cm in 
largest dimension associated with hypercortisolemia. The lesion was 
diagnosed as adrenocortical carcinoma based on pseudo-invasion of 
the tumor capsule (left, myelo-lipomatous areas also present) and the 
presence of fibrous bands (right), but no other Weiss parameters were 

present. Lower panels: a case of a female patient, aged 35 years, with 
an adrenal lesion 2.5  cm in largest dimension, non-secretory. The 
lesion was diagnosed as adrenocortical carcinoma based on diffuse 
growth and eosinophilic cytoplasm (left) and the presence of nuclear 
atypia with sparse prominent nucleoli (right), but the overall find-
ings (including a Ki-67 of < 1%) were consistent with a diagnosis of 
adrenocortical adenoma, oncocytic variant
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Again, knowledge of the patient’s clinical background, 
genetic predisposition such as congenital enzymatic deficien-
cies, endocrine status, and prior therapies is crucial in resolv-
ing this diagnostic puzzle. Nevertheless, the clinical impli-
cations of such a differential diagnosis justify such efforts.

The information sought in adrenal endocrine pathology 
reporting range from the more benign to the malignant spec-
trum of adrenal disorders. Biopsy sampling is often quite 
limited in its ability to provide complete information which 
must await surgical pathology. The diagnosis of malignancy 
in adrenal cortical neoplasms can be complex, and diagnos-
tic pitfalls may include, among others, either the misinter-
pretation of malignancy-related pathological findings or the 
erroneous attribution of adrenocortical origin to morpho-
logical mimickers of adrenocortical carcinoma (Figs. 4 and 
5). In the hyperaldosteronism setting, CYP11B2 immuno-
histochemistry can assist in the detection of functional sites 
associated with bilateral disease [40]. Similarly, examination 
of the unaffected adrenal tissue for atrophic changes can 
alert clinicians to the presence of unrecognized subclinical 
Cushing’s syndrome (“autonomous cortisol secretion”).

At the other end of the spectrum, but a critical area in 
clinical decision-making, is the risk stratification of adre-
nal carcinomas. Identifying the hallmarks of adrenocortical 
cancer (ACC) that contribute to the various scoring systems 
such as the Weiss and Helsinki systems requires transpar-
ent communication between pathologist and clinician [41]. 
Importantly, clinicians need to understand the extent to 
which features such as vascular (angio-) invasion have been 

critically assessed by the pathologist. Similarly, tumor pro-
liferation rates based on the mitotic count and Ki-67 labeling 
index are sought carefully in interpreting the basis for adren-
ocortical carcinoma risk stratification. This information has 
a direct impact on commencing adjuvant therapies, particu-
larly when post-operative staging studies are unremarkable.

Teratomas and Their Tumors The pelvis is a frequent site of 
germ cell-derived tumors with composite tissue elements, 
referred to as teratomas. Cystic teratomas can give rise to 
neoplasms of three main groups: (i) neuroendocrine tumors, 
sometimes referred to as “ovarian carcinoids” [42], (ii) the 
even more familiar thyroid tissue proliferations known as 
“struma ovarii” that may have thyroid cancer elements, or 
(iii) mixed struma/NENs. Recognizing this clinical spec-
trum helps align the clinician with the pathologist. Within 
this spectrum, rare NEN types may also occur such as 
primary paragangliomas or PitNETs, both functional and 
non-functional, including rare cases of mixed sparsely 
granulated lactotroph and densely granulated somatotroph 
tumors [43].

Confronted with the new diagnosis of NEN in the pelvis, 
abdomen, or chest, this requires close examination of a much 
older specimen as this may have been part of a remote oopho-
rectomy. A careful clinical history can often help the patholo-
gist, underscoring the need for clinic-pathological correla-
tion. In the setting of malignant struma ovarii diagnosis, the 
clinician needs to risk-stratify the patient to determine the 
need for adjuvant therapy including possible thyroidectomy 

Fig. 5  Adrenal lesion misdi-
agnosed as an adrenocortical 
carcinoma. A case of a female 
patient, aged 52 years, with an 
adrenal lesion 4.6 cm in largest 
dimension, clinically non-
functioning. The epithelioid 
appearance was associated with 
intense and diffuse staining for 
Melan A (top right), but SF-1 
was negative, whereas both 
cathepsin K (bottom left) and 
HMB45 (bottom right) were 
positive leading to a diagnosis 
of a perivascular epithelioid cell 
tumor (PEComa)
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and radio-iodine administration [44]. The mere description 
of size without clarification of the extent of solid, cystic, 
and malignant elements is not satisfactory. Again, the poten-
tial impact of clinical interventions, particularly in a pre- 
menopausal female, highlights the importance of detailed 
histopathologic assessments.

Appendiceal NETs The extent to which appendiceal NETs 
can be regarded as incidental findings versus clinically 
relevant neoplasms is an increasingly common dilemma. 
The following example represents such a scenario. A 
14-year-old boy developed acute appendicitis and had an 
emergency appendectomy. The pathologist identified an 
inflamed appendix, as expected, as well as an appendiceal: 
he was scheduled for an urgent hemicolectomy. The parents 
became very concerned that he had “cancer and demanded 
a second opinion. At a Centre of Excellence for neuroen-
docrine tumors, the expert histopathologist diagnosed a 
12 mm NET at the tip of the appendix, immunostaining for 
pan-cytokeratins, synaptophysin, and chromogranin A, and 
showing L-cell differentiation with expression of glucagon 
and pancreatic polypeptide; the tumor was negative for sero-
tonin. The Ki-67 was 1%, and there was no lymphovascular 
or meso-appendiceal invasion. The parents were reassured 
and informed that according to recent studies, right hemi-
colectomy was not required [45–47].

Pathological and Genetic Correlates 
in Endocrine Pathology

Unique morphologic features of an endocrine tumor can 
also instruct clinicians to initiate investigations for a specific 
genetic alteration. Here, we will provide a short list of such 
examples in different clinical settings.

Pituitary Tumors

A 25-year-old patient complains of carpal tunnel syndrome; 
after a year of seeing various specialists, the diagnosis of 
acromegaly is suspected, and she is eventually referred to 
an endocrinologist. She has an elevated age- and sex-related 
serum insulin-like growth factor 1 (IGF-1). She fails to sup-
press growth hormone (GH) in a glucose tolerance test and 
is confirmed to have a large pituitary tumor on MRI. Trans-
sphenoidal surgery provides a histopathological specimen 
which shows a tumor immunostaining for GH but is sparsely 
granulated with fibrous bodies on keratin staining. This in 
turn leads the endocrinologist to question the patient in more 
detail and discovers at least two other family members with 
pituitary tumors. Genetic testing reveals a germline AIP 
mutation, while the granulation pattern also suggests that the 

patient will be poorly responsive to first-generation soma-
tostatin analogs (Octreotide/Lanreotide) for any residual 
excess GH secretion, although she may respond better to 
the second-generation pasireotide.

Hereditary predisposition is recognized in about 5% of 
PitNETs and may appear as either isolated familial PitNETs 
or syndromic tumors [48]. Somatotroph and/or mammo-
somatroph hyperplasia can signal other germline conditions 
including McCune-Albright and Carneys’ complex [49]. 
Another example is the identification of extensive cytoplas-
mic vacuolation in a pituitary tumor suggesting the presence 
of a germline SDHx mutation [50].

Thyroid Carcinoma

In thyroid pathology, the presence of distinctive morpho-
logical findings should alert the pathologist to a possible 
familial cancer syndrome. For example, the recognition 
of a cribriform-morular thyroid carcinoma should prompt 
the clinician to investigate a familial adenomatous poly-
posis (FAP) pathogenesis. Similarly, a work-up for PTEN-
hamartoma tumor syndrome should be considered in the 
presence of multiple adenomatous nodules in the thyroid 
of a young patient [51].

Medullary Thyroid Cancer

Due to the generally low incidence of medullary thyroid 
cancer (MTC) among thyroid lesions, it is not unusual that 
the diagnosis is first established by the pathologist. In this 
context, the detection of multifocality and/or C-cell hyper-
plasia is important not only for the diagnosis of MTC, but 
also for defining potential germline-associated disease such 
as familial MTC that occurs in multiple endocrine neopla-
sia type 2A (MEN2A) or MEN2B [52]. Again, the critical 
assessment of proliferative and invasive features provides 
essential information in guiding management and surveil-
lance plans. The recent development of an international 
medullary thyroid carcinoma grading system addresses some 
of these issues [53].

Gastroenteropancreatic (GEP) Tumors

The detection of a keratin-negative pancreatic, duodenal, 
or other neuroendocrine tumor should prompt investiga-
tion for a possible paraganglioma that warrants investi-
gation for the possible genetic predispositions of these 
tumors. In other instances, the clinician may have over-
looked the possibility of a heritable etiology when faced 
with uncovering of multifocal endocrine tumors or pre-
cursor lesions, as in MEN, von Hippel Lindau (VHL), or 
SDH-mutated syndromes. Precursor lesions of GEP tumors 
that are suggestive of inherited conditions include gastric 



447Endocrine Pathology (2023) 34:437–454 

1 3

enterochromaffin-like cell (ECL) hyperplasia and gastrin-
producing and/or somatostatin-producing cell hyperplasia 
that are associated to MEN1-related type II gastric and 
duodenal NETs, respectively, or islet hyperplasia, islet 
dysplasia and ductulo-insular complexes in the setting of 
MEN1- or VHL-related pancreatic NETs [54, 55].

Cancers with Neuroendocrine Features

Cancer patients, most typically those treated for breast 
or prostate adenocarcinoma, routinely undergo imaging 
surveillance. In some instances, the presence of germline 
genetic predisposition may render this patient at risk 
of endocrine in addition to non-endocrine carcinomas. 
Regardless, cancer surveillance settings can lead to the 
encounter of a biopsy diagnosis of neuroendocrine disease 
which can be confusing and challenging. The clinician is 
confronted with decisions that require clearer distinctions. 
In scenario “A,” the recurrence of the adenocarcinoma is 
confounded by the presence of occasional neuroendocrine 
cells or focal neuroendocrine differentiation. Interpreta-
tion of biopsy findings, including classical immunohisto-
chemistry for markers of neuroendocrine differentiation, 
requires a detailed knowledge of the clinical background 
and imaging findings. In this context, the neuroendocrine 
features become more of a “distraction,” perhaps inap-
propriately leading the clinician down the path of neu-
roendocrine disease investigation and management. This 
is to be distinguished from scenario “B” of a true NEN. In 
the “C” scenario, the tumor is a true mixed NEN and non-
NEN, currently denoted as (MiNEN) [56]. In this latter 
context of MiNEN, each of the components of the disease 
may require a distinct management plan. This can include 
a sequential approach where the non-NEN component is 
prioritized for expedited management with chemotherapy. 
Depending on the clinical outcome, the NEN component 
can then follow in the usual fashion.

According to the 2022 WHO classification, MiNENs 
are neoplasms in which the two components are malig-
nant, are morphologically and immunohistochemically 
recognizable, and each of them represents at least 30% of 
the tumor burden [57]. They are clearly distinguishable 
from non-neuroendocrine carcinomas (adenocarcinomas, 
urothelial carcinomas, squamous cell carcinomas, or oth-
ers) with interspersed neuroendocrine cells since these lat-
ter are only identifiable using immunohistochemistry but 
are not morphologically recognizable. More problematic 
is the differential diagnosis with amphicrine carcinomas, 
which can be found in both digestive and extra-digestive 
sites. They represent “hybrid neoplasms” showing mor-
phological, immunohistochemical, and ultrastructural 

features of both neuroendocrine and non-neuroendocrine 
differentiation in the same cells, but lack the typical orga-
noid and neuroendocrine-like morphology and co-express 
both neuroendocrine and non-neuroendocrine markers in 
the same cells [58].

The Pathologist at the Patient’s Bedside

Apart from “remote” diagnostic activity examining pathol-
ogy specimens, pathologists may play a dynamic role by 
collaborating with clinicians at the bedside of the patient, 
with “point of contact” diagnosis. The two main situations 
for a synchronous intervention of pathologists in patients’ 
clinical decision-making are represented by intraoperative 
consultation and the Rapid On-Site Evaluation (ROSE) for 
the control of the quality and quantity of cells obtained in 
fine needle aspiration cytology (FNAC). The latter is espe-
cially helpful for patients whose anxiety may be alleviated 
by discussion of the findings on-site rather than having to 
await a further consultation.

Thyroid Carcinomas

Intraoperative assessment of tissue samples is focused on 
answering clinical questions that will drive further intraoper-
ative surgical procedures. Although limited by the suboptimal 
quality of slides obtained from frozen tissues (as compared 
to formalin-fixed and paraffin-embedded material), in gen-
eral, intraoperative frozen section examination yields a high 
concordance with the final diagnosis (97%) on permanent 
sections and by a low number of cases with deferred diagno-
sis (3.1%) [59]. In thyroid pathology, it is less valuable, par-
ticularly in the assessment of follicular nodules where it has a 
low predictive value [60]; however, it may be used in patients 
with papillary thyroid carcinoma to assess cervical lymph 
node (level II–V) metastasis, although FNAB cytology and 
thyroglobulin FNAB needle wash-testing have been shown 
to have a superior sensitivity [61]. Moreover, it is useful to 
identify parathyroid tissue and to decrease post-op hypopar-
athyroidism in patients undergoing total thyroidectomy.

Much has been discussed about the benefits of ROSE in 
recent years, in different fields of pathology.

In thyroid cytology, several studies have indicated a sig-
nificant decrease in non-diagnostic findings in the presence 
of ROSE, as compared to the absence of ROSE, in a per-
centage of around 20% in different series [62–64]. There-
fore, ROSE is currently considered as the standard of care 
for thyroid FNABs. Application of ROSE also reduces the 
mean number of FNABs per nodule [62], reducing the risk 
of complications for the patient.
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Parathyroid Tumors

In parathyroid pathology, with special reference to primary 
hyperparathyroidism, intraoperative frozen section examina-
tion of all removed tissues corresponds well with pre-operative 
imaging techniques (such as 4D-CT), and in combination with 
intraoperative assessment of parathyroid hormone levels repre-
sents the best approach to detect pathological parathyroid tis-
sue, a decrease in surgical complication rates, and an improve-
ment in outcomes [65].

Pituitary Tumors

In pituitary pathology, frozen section examination is of 
unique value in situations where the differential diagnosis 
includes metastatic or inflammatory conditions. While in 
Cushing disease it may be helpful [66], caution must be 
exercised not to waste the already minimal tissue on frozen 
studies. In this setting, permanent sections must be preserved 
for morphologic identification not only of the corticotroph 
tumor but the Crooke’s hyaline changes. In some instances, 
it is only the latter ancillary features that provide support for 
the accuracy of the diagnosis of true Cushing.

Gastroenteropancreatic (GEP) NENs

In neuroendocrine tumors, diagnostic cytology is particu-
larly relevant in endoscopic ultrasound-guided fine needle 
aspiration cytology (EUS-FNA) of pancreatic and intra-
abdominal lesions. The impact of ROSE in improving 
diagnostic accuracy is not as established as it is in thyroid 
cytology, although ROSE has shown a high concordance 
rate (98.2%) with the final cyto-pathological diagnosis in 
some series [67].

In GEP neuroendocrine neoplasms, the role of intraopera-
tive frozen section examination is less well established and 
varies greatly according to the location of the tumor. The 
main reasons for performing frozen sections are the identifi-
cation of the lesion, assessment of the extent of disease, and 
the evaluation of the adequacy of resection [68].

The Pathologist as a Core Member 
of Multidisciplinary Team

Pathologists are members of the multidisciplinary care team, 
and their role is essential to integrate the patient care process 
in both the pre-operative and the post-operative settings.

Endocrine pathology has become more and more com-
plex in the last decades due to our deeper understanding of 
endocrine tumors in their different aspects, from pathogene-
sis, to pathways of progression, to a widening of therapeutic 
strategies. This also led, apart from refining the diagnostic 

approaches, to the definition of biomarkers of prognostic and 
predictive value whose evaluation needs consolidated and 
robust methodologies as well as a correct integration into the 
patient’s clinical management, leading to a clinical mean-
ingful interpretation. Aspects related to the application of 
immunophenotyping and molecular pathology in endocrine 
tumors are discussed in detail in other papers; however, we 
emphasize that almost all endocrine tumors have a signifi-
cant proportion of inherited/familial cases, and awareness 
of a high incidence of familial disease is a core issue for a 
multidisciplinary discussion.

The overall complexity of this field justifies the need 
for a dedicated subspecialty that bridges pathology with 
endocrinology and endocrine oncology. However, a signifi-
cant number of patients endure a series of encounters that 
delay diagnosis and therapy due to incomplete or incorrect 
information. If this holds true for different fields of oncol-
ogy patients, it is specifically an issue for patients affected 
by endocrine tumors whose management may overlap with 
a wide variety of disciplines. As an example, adrenocorti-
cal carcinoma integrates endocrinology for the evaluation 
and management of hormonal manifestations, oncology for 
chemo/immunotherapy, radiotherapy for loco-regional treat-
ments, urology for surgical management, and genetics for 
the recognition of inherited disease [69]. In neuroendocrine 
tumors, with special reference to those of the GEP system, 
together with endocrinologists, oncologists, radiotherapists, 
surgeons, and geneticists as mentioned above, the ideal 
team will also include gastroenterologists, nuclear medi-
cine specialists, nutritionists, and nurse specialists. Thus, 
while the best way that all these disciplines can be involved 
is in a multidisciplinary meeting (MDT), this need is fre-
quently unmet, and patients may often be managed based on 
the specialization of the first clinician to whom the patient 
presents. Irrespective of the main clinical presentation, 
pathologists are able to provide information potentially use-
ful for all these clinical colleagues and therefore are central 
in the process. In fact, it is the pathologist’s responsibility 
to interpret pathological findings in the correct scenario 
(i.e., surgical versus pre-surgical setting, histological versus 
cytological samples, first diagnostic setting versus disease 
progression or tumor location) with specific adherence to 
the “clinical question.”

The limiting factor in the development of subspecialty 
pathology has been the number of pathologists required in 
any organization to support every discipline. New technolo-
gies such as digital pathology are allowing a new model of 
pathology to emerge, enabling the consolidation of patholo-
gists into large groups supporting multi-site institutions and 
virtual consultation of complete diagnostic material for sec-
ond opinions [70]. Moreover, the digital pathology approach 
allows the potential integration of the pathology diagnosis 
and clinical information through the application of artificial 
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intelligence tools, such as machine learning, a field of cur-
rent research of promising applicability in different fields of 
endocrine oncology [71].

Not to be forgotten is the fact that pathologists are also 
trained physicians. With current advances in electronic 
patient records, a new era of communication has emerged. 
Patients are increasingly interested in seeking to communi-
cate directly with those involved in their diagnoses. Patholo-
gists will likely play an increasing role in communicating 
directly with patients. The unique complexities of endocrine 
pathology highlight this need and predict another dimension 
to the multidisciplinary care of patients.

Tissue Biobanking: A Pathologist’s 
Responsibility

Biobanking of high-quality material, combined with clinical 
and imaging data, is a fundamental tool to facilitate research 
and can and should contribute to the discovery of clinically 
relevant biological markers for optimal decision-making 
[72, 73]. This covers potentially any aspect of endocrine 
pathology, with special reference to endocrine oncology, 
and represents a milestone in integrating diagnostic and 
research pathology in a translational approach. However, the 
application of tissue biobanking procedures has to take into 
account several aspects that cannot be solved unilaterally by 
pathologists or clinicians acting in isolation, but needs to be 
approached in a multidisciplinary environment.

The main issues relate to the fact that (i) the request by 
scientists for human samples with proven biological quality 
and multilayered sets of annotations (including molecular 
signatures) is constantly increasing, (ii) biobanking proce-
dures have to fully meet the criteria of safety of the per-
sonnel working with biological products, and (iii) laws and 
regulations that integrate the ethical and societal dimension 
of biobanking are constantly under modification and are sub-
ject to varying jurisdictional regulations.

A clear example of the impact on research of prospective 
biobanking procedures in endocrine pathology is represented 
by the Chernobyl Tissue Bank that was established after the 
nuclear accident in Chernobyl in 1986. The project was built 
by the governments of Ukraine and Russia and financially 
supported by the European Commission, the National Can-
cer Institute of the USA, and the Sasakawa Memorial Health 
Foundation of Japan. Tissues collected starting from 1988 
supplied material to 21 research projects in Japan, the USA, 
and Europe, providing a paradigm for cancer research in the 
molecular biological age [74].

Other more recent examples in endocrine oncology have 
been reported in Europe (i.e., at the Pasteur Hospital, Nice, 
France) and Canada with the aim of developing translational 
research projects on thousands of cases [70, 75–78]. They 

emphasize the need for standardized procedures to obtain 
high-quality biological resources and clinical annotations. 
Indeed, as the number of international networks for research 
programs using biological products is steadily increasing, 
it is crucial to achieve harmonization on biobanking pro-
cedures. Even the size and weight of tissue fragments are 
not typically coded in a standardized approach, although 
they may influence the adequacy of biological material for 
planned analyses [79].

Moreover, the aims of tissue biobanking are currently 
not limited to the availability of representative tumor tissue 
fragments, but also embed the establishment of functional 
and/or in vivo tumor models, such as primary cell cultures, 
organoids, or patient-derived xenografts. Primary cell cul-
tures obtained from adrenocortical carcinoma patients have 
been demonstrated to be useful tools to determine profiles 
of responsiveness to mitotane [80]. In the neuroendocrine 
field, the potential of tumor organoids as a model for GEP 
neuroendocrine carcinoma has been tested to assess che-
mosensitivity in parallel with the patient’s clinical response 
[81, 82]. Similar work on pheochromocytoma and paragan-
glioma human organoids has explored the possibility that 
such in vitro models, in combination with next-generation 
sequencing, may identify optimal drugs and their combina-
tions, which are likely to be therapeutically effective [83].

A special issue is related to the storage and banking of 
biopsies or cytological material. This is particularly relevant 
in the clinics for thyroid fine needle aspiration (FNA) biopsy 
material. In fact, one of the most crucial aspects of thyroid 
cytology is the quality of the samples. The failure to obtain 
high-quality samples not only may lead to inaccurate diag-
noses, but poor quality specimens may be also not be suit-
able for biobanking, thus failing to provide useful biological 
information at the time of diagnosis or prospectively. In this 
respect, ROSE is a helpful tool not only for the assessment 
of sampling adequacy, but also in the triage of the sample 
allowing to obtain adequate material for further ancillary 
techniques. Long-term storage of thyroid FNA cytological 
samples at − 80 °C has proved to guarantee high-quality 
nucleic acid material [84], but it is not easy to establish in 
all laboratories, since it needs space and equipment, and 
stored material may lack any kind of morphological evalu-
ation. Therefore, biobanking might better rely on standard 
procedures to process cytological material, which have 
been developed to incorporate microscopic evaluation with 
immunohistochemical and molecular techniques. Apart from 
smears, the liquid-based cytology approach and cell block 
preparations are tools to store cytological material for addi-
tional analyses concurrent with or following morphological 
evaluation [85]. As for tissue specimens, the applicability of 
ancillary methods on cytological specimens is dependent on 
the availability of high-quality samples. Accordingly, there 
is a growing need to harmonize pre-analytical steps, from 
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technical aspects of sampling procedures to optimization of 
long-term storage/biobanking methods.

Finally, requirements related to ethical and legal issues 
have to be considered. A proper definition of biobanks 
includes large collections of bio-specimens linked to relevant 
personal and health information (health records, family his-
tory, lifestyle, genetic information) that are held predomi-
nantly for use in health and medical research. In principle, the 
International Organization for Standardization states in the 
requirements for biobanking (ISO 20387:2018; ISO (2018) 
International Standard ISO 20387:2018—Biotechnology—
Biobanking—General requirements for biobanking, First Edit. 
https:// www. iso. org/ stand ard/ 67888. html) that biobanks are 
legal entities driving the process of acquisition and storage 
together with some or all of the activities related to collection, 
preparation, preservation, testing, analyzing, and distributing 
defined biological material, as well as related information 
and data. Thus, biobanks should follow strict rules in terms 
of safety, reliability, and efficiency designed in international 
infrastructures to facilitate networking, encourage education, 
improve standardization, and support recognition of biobanks 
as a vital part of scientific productivity [86]. They should 
also include robust consent procedures such that patients 
are at all times aware of the value and use of these samples 
and, where relevant, are party to any commercial considera-
tions. Throughout these efforts, it is important to ensure that 
research biobanks do not compromise clinically essential 
diagnostic tissue [87].
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