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Summary Background and objectives: The International Collaboration on Cancer Reporting (ICCR)
is a not-for-profit to develop evidence-based, internationally agreed-upon standardized data sets
for each anatomic site, to be used throughout the world. Providing global standardization of pa-
thology tumor classification, staging, and other reporting elements will lead to improved patient
management and enhanced epidemiological research.
Methods: Pheochromocytoma and paraganglioma are uncommon and are frequently overlooked in
registry data sets. Malignant criteria have previously been defined only when there was metastatic
disease.
Results: With recent recognition of a significant inheritance association and the development of
risk stratification tools, this data set was created in order to obtain more meaningful outcomes
and management data, using similar criteria across the global pathology community. Issues
related to key core and non-core elements, especially clinical hormonal status, familial history,
tumor focality, proliferative fraction, adverse or risk stratification features, and ancillary tech-
niques, are discussed in the context of daily application to these types of specimens.
Conclusions: The ICCR data set, developed by an international panel of endocrine organ specialists,
establishes a pathology-standardized reporting guide for pheochromocytoma and paraganglioma.
© 2020 Elsevier Inc. All rights reserved.
1. Introduction

An accurate pathology report sets in motion patient
management decisions and therapeutic options by providing
all of the key diagnostic criteria and as much predictive in-
formation as possible to inform patient care [1,2]. Stan-
dardized, checklist-type reporting provides meaningful
pathology information that can be interpreted uniformly
across all patient settings, no matter where treatment may be
implemented. Standardized cancer reporting data sets have
been developed for national use in the United Kingdom, the
United States of America, and Australia, but they are not
internationally standardized or directly comparable. Varia-
tions in data elements, terminology, the data set structure, or
recommended methodology may compromise interopera-
bility of core data for research or benchmarking in cancer
management. The classification of tumors has been interna-
tionally standardized for decades with the publication of the
World Health Organization (WHO) Tumour Classification
series (https://tumourclassification.iarc.who.int/), but the in-
ternational harmonization of cancer pathology reporting has
not been previously well developed. The International
Collaboration on Cancer Reporting (ICCR) is a not-for-profit
organization founded in 2010 and sponsored by an ever-
expanding number of pathology organizations who see the
value of this type of data set development. The organizations
include the Royal Colleges of Pathologists of Australasia and
the United Kingdom, the College of American Pathologists,
the Canadian Association of Pathologists in association with
the Canadian Partnership Against Cancer, the European So-
ciety of Pathology, the American Society of Clinical Pa-
thology, and the Faculty of Pathology, Royal College of
Physicians of Ireland.

The goal of the ICCR is to reduce the global burden of
cancer data set development and duplication of effort by
different organizations, by producing standardized, inter-
nationally agreed-upon, evidence-based data sets for cancer
pathology reporting throughout the world, providing inter-
national benchmarking in cancer management.

2. Methods

Under the governance of the ICCR Board and Dataset
Steering Committee, a worldwide network of dedicated

https://tumourclassification.iarc.who.int/
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expert pathologists and clinicians works toward developing
standardized, evidence-based data sets to support structured
pathology reporting of cancer worldwide. The ICCR has
stated guidelines for the development of the data sets
(http://www.iccr-cancer.org/datasets/dataset-development).
An elected series champion for a suite of related anatomic
sites (i.e., endocrine organs) oversees the selection of a
chair and domain experts for an organ or anatomic site who
serve as the Dataset Authoring Committee (DAC). Each
DAC is composed of an expert panel with international
experience, particularly important in endocrine organ tu-
mors wherein there are worldwide geographical differences
in inheritance and syndrome presentation and prevalence of
different tumor types. The pheochromocytoma and para-
ganglioma DAC was composed of 11 pathologists from 6
countries, with several members having previous experi-
ence in national data set development. In order to accu-
rately incorporate the complex clinical and laboratory
findings in endocrine organ tumors, two endocrinologists
(from the Netherlands and Australia) were included on the
panel, along with a member of the ICCR governance team,
to help provide terminology harmonization across the suite
of data sets. A series of teleconferences between all of the
members engendered lively discussion and comment about
criteria selection, with the final document reached by
consensus of the DAC members. To ensure a timely and
quality-assured approach with minimum disruption to
participating expert clinicians, each data set was developed
with the services of a dedicated ICCR Project Manager
following established processes of evidentiary review, in-
ternational expert participation, and, finally, open interna-
tional consultation, after which comments were reviewed
and, when necessary, incorporated into the final data set
before publication. The ICCR pheochromocytoma and
paraganglioma data set is specific to resection specimens
and some biopsies of tumors correctly considered on a risk
spectrum [3]. When developing the data set, the expert
panel distinguished between reporting of core elements and
non-core elements. Core elements are considered essential
for clinical management, staging, or prognosis and thus are
mandatory reporting items. Reporting of core elements is
supported by the National Health and Medical Research
Council evidence level III-2 (based on prognostic factors
among patients in a single arm of a randomized control
trial) and above [4]; given the rarity of cases, this level of
evidence may not always be available, and in that
circumstance, it must meet with unanimous agreement by
members of the expert committee. Though not considered
mandatory, non-core elements are agreed-upon reporting
elements that may be clinically important and recom-
mended as good clinical practice or are not yet fully vali-
dated. This review will summarize the ICCR
histopathology reporting guidelines for pheochromocytoma
and paraganglioma, focusing on a discussion of the core
elements for inclusion, while also giving an overview of
non-core, but still recommended, elements that show
promise in future management, but as yet do not have
widespread adoption.

3. Scope

The data set was developed for the pathology reporting
of adrenalectomy/partial adrenalectomy specimens for
pheochromocytoma, other excisions for paragangliomas,
and biopsies of related specimens (see Anatomic sites of
paraganglia) [3]. Neuroblastoma, ganglioneuroblastoma,
sarcoma, lymphoma, and metastasis to the adrenal medulla
are not included. Adrenal cortical tumors are included in a
separate data set [5]. The ICCR data sets include core and
non-core elements, as highlighted previously, with the core
elements considered to be the minimum reporting re-
quirements for pheochromocytoma and paraganglioma, but
including non-core elements to provide the flexibility to
include additional elements that may be needed at the local
level. There is significant variation in the strength of the
evidence available for these tumors, with most data derived
from retrospective case series due to the rare nature of the
neoplasms. This review will summarize the ICCR Phaeo-
chromocytoma and Paraganglioma Histopathology
Reporting Guide in two sections, core and non-core ele-
ments, with a discussion of the requirements within each
element, salient evidence, and practical issues around
inclusion.

4. Anatomic sites of paraganglia

Paraganglia are neural crestederived neuroendocrine
organs that produce catecholamines as their usual hormonal
product. They are divided into two groups, associated with
sympathetic or parasympathetic nerves. Sympathetic para-
ganglia (sympathoadrenal) are further separated into two
anatomic subgroups: the adrenal medulla and extra-adrenal
sympathetic paraganglia. Tumors arising from the adrenal
medulla are termed pheochromocytomas (Fig. 1), while
tumors arising from extra-adrenal locations are called
paragangliomas irrespective of their sympathetic or para-
sympathetic origins. While parasympathetic para-
gangliomas have traditionally been referred to as head and
neck paragangliomas (carotid body [Fig. 2], jug-
ulotympanic, vagal, and laryngeal), some sympathetic
paragangliomas may arise from the cervical sympathetic
chain.

5. Core elements

A summary of the core elements is outlined in Table 1.

5.1. Clinical information

Clinical data in paraganglioma/pheochromocytoma are
uniquely important for two reasons. First, there are

http://www.iccr-cancer.org/datasets/dataset-development


Fig. 1 A gross specimen of adrenal gland pheochromocytoma
with a yellow, necrotic center. The rim of the residual adrenal
cortex can be seen at the edge of the tumor.

Fig. 2 A carotid body paraganglioma at the bifurcation of the
carotid artery is highlighted by angiography (A), vascular mag-
netic resonance (MR) imaging after contrast administration (B),
T1-weighted MR imaging (C), or MR imaging after contrast
administration (D).

86 L.D.R. Thompson et al.
distinctive correlations between genotype, biochemical
phenotype [6], tumor distribution, prognosis, and syn-
dromic associations [7,8]. Second, up to 50% of tumors are
hereditary, making them the most genetically determined
of all human tumors, with more than 20 hereditary sus-
ceptibility genes associated with their development [9].
Most pheochromocytomas and sympathetic para-
gangliomas are associated with clinical signs and symp-
toms related to catecholamine excess (Fig. 3). In contrast,
parasympathetic paragangliomas are rarely symptomatic,
and while some produce dopamine, others often lack
tyrosine hydroxylase (TH), the enzyme required for cate-
cholamine synthesis, making them biochemically and
clinically silent [10]. Biochemical testing for pheochro-
mocytoma/paraganglioma should include measuring the
level of metabolites of norepinephrine and epinephrine,
such as metanephrines and/or methoxytyramine, measured
either in plasma or urine, as these are superior to mea-
surements of the catecholamines themselves [11,12]. Many
clinically silent paragangliomas, particularly of the sym-
pathoadrenal type, will produce normetanephrines and/or
methoxytyramine and thus are amenable to biochemical
testing [6,9]. Similar to other neuroendocrine neoplasms,
pheochromocytomas and extra-adrenal paragangliomas
may produce and secrete peptides that can cause other
clinical syndromes [13]. While not an exhaustive list,
production of adrenocorticotropic hormone, b-endorphin,
corticotropin-releasing hormone, calcitonin gene-related
peptide, vasoactive intestinal peptide, growth
hormoneereleasing hormone, neuropeptide Y, peptide YY,
insulin-like growth factor 1, galanin, adrenomedullin, se-
rotonin, somatostatin, and gastrin-like neuropeptide has all
been reported [7]. Thus, information on biochemical
function, individual and family history, multiple tumors
(Fig. 4a), and the presence of additional endocrine or
nonendocrine tumors that may be components of a syn-
drome must be included in the data set [14,15]. If germ line
mutation or familial syndrome testing has been performed,
documenting the specific mutation if it is known, aids in
providing a complete report.

Previous therapy (chemotherapy, radiotherapy, emboli-
zation, targeted therapy, and/or immunotherapy) along
with previous procedures (such as fine-needle aspiration
[FNA] or core needle biopsy) may alter the microscopic
appearance of a tumor, resulting in tumor infarction, or
may interfere with assessment of invasion. It is generally
not prudent to perform FNA or core needle biopsy on
paraganglioma, especially the sympathetic type or pheo-
chromocytoma, as this may cause catecholamine crisis or
severe bleeding, in addition to usually producing a bloody
smear with limited diagnostic yield [16e19]. Furthermore,
FNA alone cannot reliably document a primary versus
metastatic tumor and thus does not aid in final interpreta-
tion [20]. Preoperative embolization (Fig. 4b) is an
established cause of necrosis in head and neck para-
gangliomas [10] and should not be interpreted as an



Table 1 Core and non-core elements for pathology reporting of pheochromocytoma and paraganglioma.

Core elements Non-core elements

Clinical information
Operative procedure
Specimen(s) submitted
Tumor focality
Tumor site
Specimen integrity
Tumor dimensions
Medullary hyperplasia
Histological tumor type
Extent of invasion
Lymphovascular invasion
Margin status
Proliferative fraction
Lymph node status
Histologically confirmed distant metastases
Pathological staging

Tumor dimensions
Additional dimensions (largest tumor)

Margin status
Distance of the tumor to the closest margin
Closest margin, specify if possible

Lymph node status
Extranodal extension (ENE)

Adverse features
Ancillary studies
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adverse prognostic sign. In fact, it is in head and neck
paragangliomas that FNA is most likely to be performed,
especially in patients who are at poor surgical risk. Partial
adrenalectomy, which is increasingly used in treating pa-
tients with pheochromocytomas, particularly those that are
familial and likely to be or become bilateral [21], might
also be expected to cause long-term changes in histology
of the residual adrenal. Thus, including this information in
the data set allows for a better understanding of the overall
tumor. The data set does include an information not pro-
vided option, but as the information in these elements is
vital to a comprehensive, clinically relevant pathology
report that guides further adjuvant therapy, the not pro-
vided option should only be used in rare instances after all
good faith efforts to obtain the information have been
thoroughly exhausted. In many countries, an electronic
medical record has been implemented, which allows for
easy access to many of these results that may otherwise be
challenging to report.
5.2. Operative procedure

Laparoscopic surgery may lead to disruption or frag-
mentation of the gland and/or tumor, potentially making it
difficult to assess tumor size, integrity of the tumor capsule,
and completeness of excision, and may also cause distor-
tion of vascular channels, making assessment of lympho-
vascular invasion difficult. In rare cases wherein the
specimen has been morcellated, tumor size should be ob-
tained from either the surgeon or from preoperative cross-
sectional imaging studies.
5.3. Specimen(s) submitted

All anatomical structures removed or biopsied as part of
the procedure should be identified. Examples of other
specimens may include additional tissues or organs (eg,
kidney, larynx, lymph node) or deposits of recurrent or
metastatic tumor. Laterality information is needed for
correct identification of specimens, including right, left, or
midline.
5.4. Tumor focality

A single tumor (unifocal) is easily captured, but the
presence of multiple tumors is an important clue to po-
tential hereditary disease [22]. Multiple tumors encom-
passes multifocality, defined as separate foci of tumor in the
same organ (Fig. 5), whereas multicentric is used for more
than one tumor identified in separate organs (eg, two or
three topographically separate paragangliomas or a para-
ganglioma and a pheochromocytoma). These designations
apply to primary tumors, not metastases, and require his-
tologic confirmation that tumor is present. In some cases, it
may not be possible to determine whether a specimen
represents a metastasis or a separate primary (eg, a sus-
pected lymph node with no residual lymph node architec-
ture or a solitary pulmonary nodule [23]). Similarly, it may
not be possible to determine whether a fragmented spec-
imen contains multifocal tumors. When presented with
these cases, the indeterminate category should be used.
Specimens should be carefully examined both macroscop-
ically and microscopically to determine whether multiple or



Fig. 5 A, Multifocal tumors showing two topographically
separate pheochromocytomas in the same adrenal gland. B, A
microscopic pheochromocytoma identified in a background of
diffuse hyperplasia. C, Diffuse adrenal medullary hyperplasia,
with the medullary zone much greater than one-third of the gland
thickness.

Fig. 3 The biosynthetic pathway of catecholamines is demonstrated, including the enzymes necessary for synthesis. Metabolites are also
shown as these are frequently used in testing. Not all pathways are illustrated, and not all intermediate steps are included. Tyrosinase is not
expressed in the adrenal medulla or paraganglia, but is shown to illustrate the parallel utilization of tyrosine to produce melanin in me-
lanocytes. Red circles show the structural region altered by the preceding enzyme’s action.

Fig. 4 A, A coronal computed tomography image demon-
strating bilateral carotid body paragangliomas in a syndrome-
associated patient. B, A neck paraganglioma containing embolic
material with associated foreign body giant cell reaction.
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multifocal tumors are present (Fig. 5). In most cases,
multifocality applies to the adrenal gland specifically, but
multicentric tumors may be identified in adrenalectomy
which contains a pheochromocytoma and an additional,
nearby extra-adrenal paraganglioma.

5.5. Tumor site

This element is defined as the site from which the sur-
geon removed tumor tissue and requires histologic
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confirmation that the tumor is present. The sites include
groupings in the abdominal or pelvic region, thorax, and
head and neck as an aid in documenting the location, with
an open entry box allowing for the number of tumor(s) in
each site to be included. As stated previously, the anatomic
location of a paraganglioma has important clinical corre-
lations with respect to predictive values concerning geno-
type, hormonal function, likelihood of additional and
syndromically associated tumors, and risk of metastasis
[24]. When metastases are sampled, the site (bone, lymph
node, and so on) should specifically indicate which bone(s),
and which lymph node(s), and to include the number of
tumors independently for each sampled anatomic site.

5.6. Specimen integrity

This element becomes important when tumor fragmen-
tation is present as this may cause difficulties in deter-
mining the completeness of excision, overall tumor size,
the integrity of the tumor capsule, and whether there is
capsular and/or lymphovascular invasion present. As such,
this element helps to explain responses in other categories
that have used cannot be assessed.

5.7. Tumor dimensions

A maximum single tumor dimension of the largest
tumor is considered a core reporting element (Table 1) and
may have to be assessed by gross and microscopic means,
recognizing that additional dimensions may not be easily
documented (and are thus non-core elements). Tumor
measurements must exclude adjacent fat or other non-
neoplastic tissue (Fig. 6). The assessment often depends
Fig. 6 A, The overall size of this pheochromocytoma is large as
a consequence of hemorrhage and necrosis. Fat has been removed
to aid in accurate measuring. B, This is a gross photograph of a
composite tumor (yellow) and medullary hyperplasia (brown),
with measurements from each separate component documented.
on the specimen type and extent of disease, with straight-
forward documentation in a single, localized tumor in a
well-oriented specimen, while nearly impossible in a
curettage or debulking specimen. In this type of setting,
obtaining a tumor size from the surgeon or from preoper-
ative cross-sectional imaging studies may yield the most
accurate information. Tumor size (�50 mm) is used in
staging [25,26], although with mixed results, as an inde-
pendent prognostic criterion [27e29].

Tumor sampling for microscopy should represent all
variations in gross appearance and consistency of the tumor
(Fig. 6), as well as margins and other specific features of
interest. The general guideline of at least 1 section per cm
of tumor should be used.

5.8. Medullary hyperplasia

It has been well documented that hereditary disease may
be associated with adrenal medullary nodules either coex-
isting with pheochromocytoma/paraganglioma or in a
background of diffuse adrenal medullary expansion [22].
They are most often associated with multiple endocrine
neoplasia type 2 (MEN2), but have recently been described
in other disorders [30]. Historically, nodules <10 mm have
been arbitrarily called hyperplastic nodules or nodular ad-
renal medullary hyperplasia. However, molecular evidence
supports calling them micropheochromocytomas [31].

The adrenal gland(s) received for diagnosis of possible
micropheochromocytoma or adrenal medullary hyperpla-
sia (Fig. 5b and c) should be oriented and dissected clean
of as much fat/connective tissue as possible and then
accurately weighed. This should not be done in cases
wherein invasive tumor is a consideration clinically
because this would preclude evaluation of the fat for
microscopic involvement by a tumor. Sequential serial
sections of roughly equal thickness are made to display the
distribution and amount of medullary tissue in the lateral
wings and tail of the gland (the coronal plane divides the
gland into anterior and posterior portions, whereas the
transverse plane divides the gland into superior and infe-
rior/cranial and caudal portions) [32]. Medullary tissue is
normally present only in the head and body of the gland,
with extension into the wings but only minimally into the
tail; the normal medulla represents up to one-third of the
gland thickness, with cortex on each side comprising the
other two-thirds. The presence of substantial adrenal
medullary tissue in the tail or thickened medullary tissue
comprising more than one-third of the thickness of the
wings strongly suggests adrenal medullary hyperplasia.
However, anatomic variation exists, and definitive diag-
nosis of medullary hyperplasia in the absence of nodules
may require quantitative morphometric analysis [33].

Although it is sometimes difficult to define the tail of an
adrenal gland distorted by a pheochromocytoma, it should be
remembered that adrenal medullary nodules [33] and pheo-
chromocytomas can occur in adrenals in MEN2 syndrome
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without an obvious background of diffuse hyperplasia. The
adrenal gland adjacent to an apparently sporadic pheochro-
mocytoma should therefore be sectioned as mentioned pre-
viously and carefully examined for small nodules [7].
Fig. 7 A, The classical appearance of a paraganglioma with
well-developed zellballen architecture. B, A composite ganglio-
neuroma and pheochromocytoma.
5.9. Histological tumor type

All tumors of the adrenal medulla and extra-adrenal
paraganglia should be assigned a type based on the most
recent edition of the WHO Classification of Tumours of
Endocrine Organs (see Table 2) [14,15]. A composite
tumor is defined as a tumor that combines morphological
features of paraganglioma or pheochromocytoma with
those of a developmentally related neurogenic tumor,
including ganglioneuroma (Fig. 7), ganglioneuroblastoma,
neuroblastoma, or malignant peripheral nerve sheath tumor
[14,15], listed in the reporting guide from more primitive to
mature. There is no specified percentage of the second
tumor type required, and as such, an estimation of the
percentage of tumor present is documented. However,
complete histoarchitecture of the second tumor type is
required. Scattered neuron-like cells often seen in pheo-
chromocytomas are insufficient. The composite designation
is unique from mixed corticomedullary neoplasms, which
would be included in the other, specify selection box.

The most common second component of composite tu-
mors is ganglioneuroma (70e80% of cases), followed by
ganglioneuroblastoma (15e20%). Although the latter is
morphologically comparable with pediatric ganglioneuro-
blastoma, it differs in molecular and clinical perspectives
and confers only a low risk of metastases [14,15,32].
Table 2 WHO Classification of Tumours of Endocrine Or-
gans (2017): Tumours of the adrenal medulla and extra-adrenal
paraganglia.

Descriptor ICD-O codes

Phaeochromocytoma 8700/3
Extra-adrenal paragangliomas
Head and neck paragangliomas
Carotid body paraganglioma 8692/3a

Jugulotympanic paraganglioma 8690/3a

Vagal paraganglioma 8693/3
Laryngeal paraganglioma 8693/3

Sympathetic paragangliomas 8693/3
Neuroblastic tumours of the adrenal gland
Neuroblastoma 9500/3
Ganglioneuroblastoma, nodular 9490/3
Ganglioneuroblastoma, intermixed 9490/0
Ganglioneuroma 9490/0

Composite phaeochromocytoma 8700/3
Composite paraganglioma 8693/3

WHO, World Health Organization.
a These new codes were approved by the International Agency for

Research on Cancer/WHO Committee for ICD-O. © WHO/IARC.

Reproduced with permission.
5.10. Extent of invasion

Invasion is a risk factor for development of metastases
when evaluated in conjunction with other adverse features.
However, invasion is currently categorized and weighted
inconsistently [22]. Toward a more reproducible approach,
precise descriptions of the nature and extent of invasion are
included, with microscopic transgression of the tumor
capsule (if one is present), the organ capsule, extension into
periadrenal soft tissues (Fig. 8), or other organs included.
As pheochromocytomas usually do not have a capsule [32],
the adrenal gland capsule becomes the capsule of the tumor
in most cases. If a tumor capsule is present, invasion of the
organ capsule and tumor capsule should be documented
separately. Capsular invasion is not assessed in a biopsy.

5.11. Lymphovascular invasion

Vessel invasion is a risk factor for development of me-
tastases [22,27,34], but no specific data are available to
separate between lymphatics, capillaries, veins, or arteries,
and thus, separation between lymphatic and vascular inva-
sion has not yet been advocated for these tumors. Precise
descriptions of the nature and extent of vascular invasion are
required in conjunction with other adverse factors to opti-
mally guide patient management [22]. While the presence
of thrombus associated with tumor in an endothelial lined
space is unquestionable vessel invasion, thrombus and dis-
rupted endothelium may not be seen in adrenal or para-
ganglioma tumors (Fig. 8). Vessel invasion should be
documented at the periphery of the tumor or near the
advancing edge as capsular vessels may not be present.
Intratumoral vessels are generally not considered when
evaluating lymphovascular invasion. Furthermore, definitive
documentation of increased metastatic risk progressively
with involvement of small to larger vessels is not available,



Fig. 9 A, A Ki-67 proliferation index demonstrating >3% of
the neoplastic nuclei are reactive. B, Histologic confirmation of
lymph node metastasis from a paraganglioma.

Fig. 8 A, The pheochromocytoma invades through the capsule
of the adrenal and expands into the adjacent adipose tissue. B,
There is a well-developed capsule with tumor in the adjacent
adipose tissue. C, Tumor cells are noted within an oval lymphatic
endothelium-lined space in the capsule of a paraganglioma.
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although extrapolation from other tumors would suggest
that is the case [35e38]. In the adrenal gland, invasion of
one or more tributaries of the central vein (perhaps facili-
tated by the discontinuous arcades of smooth muscle in the
wall of the central vein) may be an important event leading
to involvement of the adrenal vein and the vena cava.

5.12. Margin status

Adrenalectomy specimens may be distorted and irreg-
ular. There are no data indicating a distance to the closest
margin as being predictive of outcomes, and thus, the
closest margin distance when not involved is not a core
element (Table 1). Incomplete excision has been associated
with local recurrence [39]. Positive margins are defined
both grossly, as tumor obviously transected, and micro-
scopically, as tumor on ink, if the surface is inked. Tumors
in morcellated adrenalectomy specimens or curetted lesions
(eg, bladder) cannot be assessed for margin involvement. In
these cases, the margins cannot be assessed, and a comment
about the reason can be entered.

5.13. Proliferative index

Mitotic count and/or the Ki-67 proliferation index is
now widely used in risk stratification for neuroendocrine
tumors as a whole. A high proliferative index based on
either mitotic count [27,40] or Ki-67 labeling [34,41] is a
well-documented risk factor for development of metastases
for pheochromocytoma and paraganglioma and thus is
considered an essential reporting criterion (Fig. 9). Mitotic
count should be performed in a minimum area of 2 mm2,
which is equivalent to approximately 10 high-power fields
(HPFs) in many microscopes [42]. There is currently no
standard approach to scoring a Ki-67 proliferation index in
pheochromocytoma and paraganglioma, and this is
emphasized. Using criteria established for other neuroen-
docrine tumors [14,15,43], it is recommended that the Ki-
67 proliferation index should be reported as the percent-
age of positive tumor cells in the area of highest nuclear
labeling (so called hot spot) [7,34]. Counts should ideally
be based on manual counts of printed images or appropri-
ately validated automated image analysis; visual estimates
are unreliable and are not recommended [14,15,43].

5.14. Lymph node status

Regional lymph nodes are identified within the anatomic
area in which a tumor is located and receive lymphatic
drainage from that area. They are, therefore, anatomically
related to the tumor and may be the earliest sites of me-
tastases. It is important to recognize that multicentric tu-
mors (multiple tumors in different anatomic sites) on
imaging may mimic metastatic disease to a lymph node
chain because the distribution of paraganglia closely
mimics that of para-aortic lymph nodes. Thus, as shown in
specimen(s) submitted, histologic evidence of tumor within
a lymph node must be confirmed to verify nodal metastasis
(Fig. 9). Similar to risk stratification for other organs, the
pathology report should state the total number of lymph
nodes examined and the total number of lymph nodes with
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metastases. Lymph node metastases are incorporated into
tumor staging. Two additional features (size of tumor de-
posit and extranodal extension [ENE]) are included in the
non-core elements (see Lymph node status below).

5.15. Histologically confirmed distant metastases

A diagnosis of metastasis is appropriate when pheo-
chromocytoma or paraganglioma is present in a site where
normal paraganglia do not exist. The only such sites a
priori are bone and histologically confirmed lymph nodes.
It is crucial to remember the normal anatomic distribution
of paraganglia to consider the possibility of multiple pri-
mary tumors [44]. The assessment of distant metastasis can
be particularly challenging in some cases because primary
paragangliomas occur in the thyroid, pituitary, gallbladder,
liver, and lung, to name a few rare sites. Therefore, tumor
in these rare locations should not automatically be
considered metastatic, but should be further evaluated to
confirm primary versus metastatic paraganglioma. In
addition, owing to the ease of performing needle core bi-
opsies of various organs, metastatic disease is now
increasingly seen histologically, and in many cases, bi-
opsies may be the only tissue samples available owing to
the advanced nature of the primary tumor or the comor-
bidities associated with surgical resection. In patients with
germ line predisposition, the possibility of multiple primary
tumors rather than metastases should be considered,
depending on the exact anatomic sites evaluated.

5.16. Pathological staging

The American Joint Committee on Cancer staging sys-
tem for pheochromocytomas and sympathetic para-
gangliomas was implemented in 2017 to guide clinicians in
determining the therapies and follow-up that patients
require [25]. Importantly, all sympathetic paragangliomas
are of pT2 stage no matter the size, whereas paraganglioma
of the head and neck (parasympathetic) is not staged. It is
expected that staging and survival data collected will lead
to increased understanding of these tumors and to future
improvements in patient care [25,26].

6. Non-core elements

6.1. Lymph node status

The size of a tumor deposit within the lymph node may
be correlated with outcomes, but this has not yet been
widely validated and, as such, is a non-core element. It is
included as a data point which may prove to be significant
with more study. Similarly, ENE, also called extracapsular
lymph node extension, whether microscopic (ENEmi) or
macroscopic (ENEma), has been shown in many other
organ system cancers to be a poor prognostic indicator
(ie, patients do worsen) [45e51] and by extrapolation
may be a useful prognostic marker for pheochromocytoma
and paraganglioma metastatic foci also. However, valida-
tion studies of this empiric finding have yet to be per-
formed, and thus, this element is a non-core data point.
When lymph node dissections are received as multiple
fragments, an accurate lymph node number may only be
obtained from the surgeon or should otherwise be stated as
undetermined.

6.2. Adverse features

Currently, there is no universally adopted risk stratifi-
cation for pheochromocytoma and paragangliomas, and
thus, although the aggregate of adverse features is clinically
beneficial, it is not yet required. Several histological fea-
tures are putative risk factors for the development of me-
tastases in proposed scoring systems for risk stratification:
the Pheochromocytoma of the Adrenal gland Scoring Scale
(PASS) [27] and Grading system for Adrenal Pheochro-
mocytoma and Paraganglioma (GAPP) [34]. However, the
individual parameters are assessed and weighted differently
in these systems. The PASS was developed for adrenal
tumors only and was developed using histology parameters
only, whereas the GAPP incorporates findings for both
pheochromocytoma and sympathetic paraganglioma,
combining the catecholamine type, Ki-67 proliferation
index, and histologic features to yield three progressive
tumor grades (well, moderately, and poorly differentiated)
which can be combined with succinate dehydrogenase B
(SDHB) immunohistochemistry (IHC) to help predict
metastasis. Variable concordance between expert patholo-
gists has been reported [12,52], although a meta-analysis of
published articles using the PASS or GAPP concluded that
a low score with either histological system is a strong
predictor of low metastatic risk, whereas high scores may
not be predictive without additional features (such as ge-
notype and biochemical testing) [53]. Comedonecrosis
(Fig. 10), growth pattern (Fig. 10), and high proliferative
index are the most readily recognized and possibly the most
predictive parameters [8,41], whereas cellularity is much
more subjective (Fig. 10). To reduce subjectivity, it has
been recommended that cellularity be quantitated by
counting the number of cells within an area (U) encom-
passed by a square grid in a �10 ocular viewed with a �40
HPF, corresponding to 0.0625 mm2 [9,34]. Although not
required, reporting these histologic features may be
considered in conjunction with other data for cumulative
risk stratification to optimally guide patient management.
There is presently no scoring system applied to head and
neck paragangliomas, although individual parameters may
provide useful information for those tumors [54].

6.3. Ancillary studies

The differential diagnosis of pheochromocytoma or
paraganglioma often requires use of IHC markers to



Fig. 10 The top row shows increasing cellularity, from low cellularity (A) to intermediate cellularity (B) to high cellularity (C) taken at
the same magnification. The lower row demonstrates large nest size in comparison with usual smaller nests of paraganglioma (D) and tumor
comedonecrosis (E).
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establish the neuroendocrine nature of a tumor together
with additional more specific markers to confirm the
diagnosis or exclude other entities, especially other
neuroendocrine neoplasms [10,44,55]. The most frequently
used positive markers in most contexts are chromogranin A
(CGA) and synaptophysin; synaptophysin, however, can be
expressed in the normal adrenal cortex and adrenal cortical
tumors and thus may not be reliable in distinguishing
pheochromocytomas from cortical neoplasms. Thus, CGA
is one of the most reliable markers of neuroendocrine tu-
mors because it has relative specificity for the matrix of
dense core granules, although it is not the most sensitive
marker [56]. An additional marker that can define a lesion
as a member of the neuroendocrine tumor family is the
transcription factor INSM1 (Fig. 11) [57]. Additional
potentially useful positive markers include GATA3
(Fig. 11) [44,58], a transcription factor that helps to
distinguish paragangliomas and pheochromocytomas from
most epithelial neuroendocrine tumors; tyrosine hydroxy-
lase (TH) and dopamine b-hydroxylase (DBH) (Fig. 11)
demonstrate capacity for catecholamine synthesis [12] and
can clarify functional status [59]. S100 protein or SOX10
may be used to demonstrate sustentacular cells (Fig. 11);
decrease or loss of sustentacular cells is associated with
more biologically aggressive tumors [27,34,60]. An
important feature is the lack of expression of various ker-
atins that can be used to distinguish these tumors from
epithelial neuroendocrine tumors. HMB45 can be used to
exclude a melanoma in a tumor with cytologic atypia.
Inhibin has been traditionally used to distinguish the ad-
renal cortex from medulla; however, a recent study has
shown that inhibin may be expressed in pheochromocy-
tomas/paragangliomas arising in patients with von Hippel-
Lindau (VHL) and SDHx-driven pseudohypoxic pathway
disease [61], and tumors from patients with von Hippel-
Lindau syndrome are the tumors that can have a clear
cytoplasm and mimic cortical lesions [62,63]. It is note-
worthy that head and neck paragangliomas may be focally
reactive to completely negative for TH and also negative or
only focally positive for CGA and synaptophysin [10,64].
In those cases that show low expression of catecholamine
enzymes, GATA3 reactivity is of value and may be superior
to TH or DBH in this setting [65], but keratin and para-
thyroid hormone immunohistochemistry would be needed
to exclude the differential diagnosis of parathyroid carci-
noma. The presence of sustentacular cells can also be found
in other neuroendocrine tumors and is therefore not
considered to have great diagnostic value.



Fig. 11 Various ancillary studies aid in the diagnosis and evaluation of paraganglioma and pheochromocytoma. A, Strong, diffuse,
nuclear INSM1. B, Strong, diffuse, nuclear reaction with GATA3. C, Tyrosine hydroxylase in a cytoplasmic distribution. D, Dopamine beta-
hydroxylase with a cytoplasmic distribution. E, Sustentacular supporting S100 proteinepositive cells. F, Loss of SDHB in the neoplastic
cells, with a strong internal control. SDHB, succinate dehydrogenase B.
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In addition to aiding in diagnosis, IHC is increasingly
used as a genetic screen. When any component of mito-
chondrial respiratory chain complex 2 is completely inac-
tivated, the entire complex becomes unstable, resulting in
degradation of the SDHB subunit. Nearly all SDH muta-
tions are germ line. Thus, there is loss of SDHB by IHC
(Fig. 11) if there is complete inactivation of SDHA,
SDHAF2, SDHB, SDHC, or SDHD (collectively “SDHx”),
as would be seen in a germ line pathogenic variant
accompanied by inactivation of the normal allele [66e68].
SDHC and SDHD form the anchoring component, and
SDHA and SDHB form the catalytic component of the
complex. An immunohistochemical loss is interpreted as no
mitochondrial (granular cytoplasmic) staining in the pres-
ence of an appropriate internal control. Some potential
pitfalls in interpretation must be taken into consideration
during evaluation [69,70]. Germ line pathogenic variants in
SDHA show loss of staining for SDHA, in addition to loss
of staining for SDHB [71]. Pathogenic variants in VHL
may contribute to false interpretation of SDHB IHC results
when there is only a cytoplasmic blush or not true loss [67].
Despite these limitations, staining for SDHB should be
performed in all cases to identify patients with any SDHx
common germ line predisposition and also may serve as a
prognostic marker [71e73]. Prognostically, para-
gangliomas associated with SDHB mutations have been
associated with a high rate of metastasis compared with
tumors without SDHB mutations. When preserved SDHB
expression is seen, other genes (eg, RET, VHL) can be
evaluated [71]. As indicated previously, expression of
inhibin in SDHB-intact tumors suggests VHL-related dis-
ease [61]. Germ line fumarate hydratase (FH) mutations,
which underlie hereditary leiomyomatosis and renal cell
carcinoma syndrome, have been identified in a small subset
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of paragangliomas and pheochromocytomas [68,74,75] and
can be detected by immunohistochemical loss of FH.
7. Conclusions

The goal of this data set developed to report pheochro-
mocytoma and paraganglioma is to improve patient man-
agement worldwide, to advance national and international
benchmarking, and to enable standardized data supporting
research and tissue banking. This group of tumors is quite
unique within the endocrine organs as they are classified
along a risk stratification spectrum, making them more
challenging to evaluate and study. There are limited
guidelines regarding prognostic factors and patient out-
comes of these tumors. By harmonizing reporting criteria
that can be globally integrated into research, we hope to
facilitate further research by using a single international
data standard.
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