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A B S T R A C T

Endocrine pathology is continuously advancing with with new classification systems and an increased under
standing the underlying pathogenesis and genetic alterations, whether somatic or germline, in endocrine dis
eases. Many changes have recently occurred in the classification of thyroid carcinoma, the most complex of 
which involve the new category of “high-grade follicular cell derived non anaplastic thyroid carcinoma” which 
encompasses both poorly differentiated thyroid carcinomas and differentiated high-grade thyroid carcinomas. 
The word “hyperplasia” is no longer used with primary multiglandular parathyroid disease due to increased 
understanding of its clonal nature. New terminology of “atypical parathyroid tumor” has been introduced for 
tumors highly worrisome for malignancy but without definitive invasion. “Parafibromin deficient parathyroid 
tumor” is now used for parathyroid neoplasms that show complete loss of nuclear parafibromin all tumor cells. 
Newer classification systems are increasingly used in the classification of adult and pediatric adrenal cortical 
neoplasms. The utility of CYP11B2 immunostain is being increasing reread recognized in the diagnosis of pri
mary unilateral aldosteronism. This update focus on selected complex and significant areas in endocrine pa
thology that have undergone recent changes.

1. Introduction

The diagnostic criteria and classification of endocrine and neuroen
docrine tumors is continuously evolving. A variety of updates have been 
made to the classification of thyroid neoplasms [1]. For example, crib
riform morular thyroid carcinoma is no longer considered a subtype of 
papillary thyroid carcinoma (PTC) but is considered a tumor of un
known histogenesis [2,3]. The invasive encapsulated follicular variant 
of PTC has genetic alterations and behavior similar to those of follicular 
thyroid carcinoma and thus is no longer considered a subtype of PTC [3]. 
Although the terminology becomes confusing, the entity of invasive 
non-encapsulated follicular variant of PTC remains a subtype of PTC as 
its underlying genetic alterations and behavior are similar to PTC [3]. 
Primary thyroid squamous cell carcinoma is now regarded as anaplastic 
thyroid carcinoma with a squamous cell carcinoma pattern [3,4]. 
Although mitotic activity and necrosis have been known to be negative 
prognostic factors in medullary thyroid carcinomas, there is now a 
grading system for these tumors [5]. Although there are a number of 
recent changes in the classification of thyroid tumors, the most 
complicated involves the new category of “high-grade follicular cell 
derived non anaplastic thyroid carcinoma” which will be discussed in 

this update.
Increasing understanding of the pathogenesis and germline suscep

tibility of parathyroid diseases have resulted in significant changes in 
the diagnosis and classifications. Due to the clonal nature of multi
glandular primary parathyroid disease, the terminology of primary 
parathyroid “hyperplasia” is not used. Rather, primary multiglandular 
parathyroid disease is now classified under adenomas (multiglandular 
adenomas/multiglandular parathyroid disease) [6]. The entity of atyp
ical parathyroid tumor has been introduced for parathyroid neoplasm 
with atypical cytologic and architectural features but lacking unequiv
ocal capsular, vascular, or perineural invasion or invasion into adjacent 
structures or metastases [6]. The differential diagnosis for this tumor is 
parathyroid carcinoma-this is not just a parathyroid adenoma with focal 
fibrosis or a rare mitotic figure. Parafibromin deficient parathyroid 
neoplasm has also been recently introduced. This is a parathyroid 
neoplasm (adenoma, atypical parathyroid tumor, or carcinoma) with 
complete loss of nuclear parafibromin immunoreactivity in all tumor 
cells indicating bi-allelic somatic or germline CDC73 inactivation [6].

Although the classic Weiss criteria are still the gold standard for 
diagnosing adult adrenal cortical tumors, additional classification sys
tems such as the reticulin algorithm and the Helsinki score are being 
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increasingly utilized - particularly with tumors (oncocytic and myxoid) 
that do not classify well with the Weiss system [7,8]. Similarly, although 
the Wernicke criteria remain the standard for pediatric adrenal cortical 
neoplasms, a “Modified Wernicke” system, a Helsinki score, and a pe
diatric Reticulin algorithm have also been proposed. Studies standard
izing terminology for primary unilateral aldosteronism to predict 
clinical outcome continue. Primary multinodular adrenal cortical dis
ease is a clonal-neoplastic process with underlying germline suscepti
bilities [8].

2. Thyroid

2.1. High-grade follicular cell derived non-anaplastic thyroid carcinoma

“High-grade follicular cell derived non-anaplastic thyroid carci
noma” is a new intermediate category of thyroid carcinoma introduced 
in the 5th edition of the World Health Organization classification 
[9–11]. Previously, poorly differentiated thyroid carcinoma (PDC) was 
the intermediate category between well-differentiated and anaplastic 
thyroid carcinomas (Fig. 1). Included in this newly designated inter
mediate category are PDC and differentiated high-grade thyroid carci
noma (Figs. 1 and 2). Differentiated high-grade thyroid carcinomas are 
differentiated as they retain architectural and/or cytologic features of 
well-differentiated types of carcinoma of follicular cell derivation (nu
clear and/or architecture of PTC, follicular growth pattern of follicular 
or oncocytic carcinoma) and ≥5 mitoses per 2 mm2 and/or necrosis, 
with invasion (Fig. 2) [3].

Why was this category added? PDCs include only for tumors with 
solid, trabecular, or insular (STI) growth with high-grade features 
(mitosis, necrosis, or convoluted nuclei) per the Turin criteria (Table 1, 
Fig. 1) [12]. Differentiated high-grade thyroid carcinomas account for 
tumors that lack the STI growth of PDC but have high-grade features 
(mitotic activity or necrosis) and are thought to behave similarly to PDC 

(Fig. 2). Thus, this includes tumors with follicular growth pattern 
(lacking STI growth) but having high-grade features (≥5 mitoses per 2 
mm2 and/or necrosis) (Table 1, Fig. 2). This category also includes PTCs 
with high-grade features - as PTC was excluded from the Turin criteria 
(Fig. 2). This category alerts clinicians to clinical significance of thyroid 
carcinomas with high-grade features.

The Turin PDC criteria require STI growth, absence of PTC nuclei, 
and at least one of the following: convoluted nuclei or mitoses of ≥3/10 
HPF (high power fields) or necrosis (Fig. 1) [12]. As with any system, 
there are issues with the Turin criteria. Convoluted nuclei are described 
as small, round hyperchromatic nuclei with nuclear membrane convo
lutions, smaller and darker than PTC nuclei, irregular convoluted 
raisin-like contours, only occasional grooves, and loss ground glass 
appearance [12]. A validation study from Mayo Clinic and the Univer
sity of Turino found convoluted nuclei to be protective [13]. A study 
from France found that convoluted nuclei did not have prognostic sig
nificance [14]. Additionally, convoluted nuclei were not the sole criteria 
for any Turin case [12].

Another issue with the Turin criteria concerns the extent of STI 
growth required for PDC. The WHO suggests the “majority” of the tumor 
should have STI growth. But there are reports that even a minor STI 
“component in the presence of high-grade features may affect prog
nosis”. In 2004 Dr. Papotti found tumors to be more aggressive if they 
had >3/10 HPF, necrosis, age >45 years “irrespective of the extent” of 
the STI. Interestingly, a comparative study of tumors with high grade 
features (necrosis & mitoses) regardless of loss of follicular architecture 
or histological subtype showed a similar prognosis to PDC [14]. Yet, all 
tumors in this study had trabecular, insular, solid growth (which varied 
from 5 to 100 %) [14]. But more extensive STI growth was present in 
PDC compared to differentiated high grade tumors [14].

The original Turin criteria excluded oncocytic tumors from PDCs. A 
study from the United States and Italy found similar outcome with 
oncocytic PDCs (75 % oncocytic) and conventional PDCs [13]. A study 

Fig. 1. Poorly differentiated thyroid carcinoma (PDC). (A) PDCs have a solid, trabecular, or insular growth pattern. (B) The solid, trabecular, and insular growth 
pattern is required for a diagnosis of PDC. (C) PDCs are often highly invasive tumors. (D) In addition to a solid, trabecular, or insular growth, PDCs must have necrosis 
or mitotic activity or convoluted nuclei. (E) Mitotic activity for PDCs must ≥3/10 HPF (2 mm2). (F). Convoluted nuclei can be seen in PDC.
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from France also found no prognostic difference between the oncocytic 
and conventional PDCs [14]. However, a study by Dr. Papotti's group in 
2004 included 66 PDCs with oncocytic features. Dr. Papotti's group 
found oncocytic PDCs had lower disease specific survival than classic 
PDCs [15]. Dr. Bartlett's group also found oncocytic PDCs to have worse 
outcomes than conventional PDCs [16]. Thus, oncocytic thyroid carci
nomas with STI growth and high-grade features are now considered a 

type of PDC. In a study from Memorial Sloan Kettering Cancer Center 
and Emory University of 210 PDCs, 39 % had an oncocytic component 
and 25 % met the WHO oncocytic cutoff of 75 %. By multifactorial 
analysis any oncocytic component in the tumor was associated with 
decreased disease specific survival and increased radioactive iodine 
refractoriness; and tumors with >25 % oncocytic had increased 
locoregional recurrence [17]. Oncocytic carcinomas without STI 

Fig. 2. Differentiated high-grade follicular cell derived thyroid carcinoma. (A) Differentiated high-grade papillary thyroid carcinoma (PTC), hobnail subtype. 
(B): Differentiated high-grade PTC, tall cell subtype. (C): Differentiated high-grade PTC, columnar subtype. (D) Differentiated high-grade follicular thyroid carci
noma. (E) Differentiated high-grade thyroid carcinomas maintain a follicular architecture or papillary pattern, can have PTC nuclei, and have mitotic rate of 5/10 
HPF (2 mm2) or necrosis. (F) Differentiated high-grade follicular thyroid carcinomas are often highly invasive tumors. (G) Differentiated high-grade oncocytic thyroid 
carcinoma maintains its follicular pattern of growth. (H) In addition to maintaining a follicular growth pattern, differentiated high-grade oncocytic thyroid carcinoma 
much have mitotic rate of 5/10 HPF (2 mm2) or necrosis. (I) Oncocytic thyroid carcinomas often have a solid growth pattern as is seen in this tumor. Thus, a solid/ 
trabecular/insular growth pattern in an oncocytic tumor with high-grade features (increased mitotic activity or necrosis) is diagnosed as poorly differentiated thyroid 
carcinoma, oncocytic type.
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parathyroid, morphologic features suggesting CDC73 inactivation, par
afibromin deficient tumors, and parathyroid carcinomas (regardless of 
parafibromin status as 30 % of apparently sporadic carcinomas have 

germline CDC73 inactivation) [6]. Whole genome or whole exome 
sequencing can be performed, but a select genetic panel or targeted gene 
testing may be done due to accessibility and cost.

Fig. 3. Parathyroid disease. (A) This parathyroid carcinoma shows invasion into the thyroid. Invasive growth or metastases are required for diagnosis of para
thyroid carcinoma. (B) this tumor shows a very irregular growth pattern, with solid nests of cells that are fairly monotonous. These are worrisome features, but 
without definitive invasion would be regarded as an atypical parathyroid tumor. In a case like this extensive sampling is needed. (C). This is a parathyroid carcinoma 
with complete nuclear loss of parafibromin immunostaining throughout all of the tumor cells. It is important to note the internal positive control of endothelial cells. 
Not all parathyroid carcinomas show loss of parafibromin. (D) This is a parathyroid adenoma occurring in the setting of an underlying germline CDC73 alteration. 
The “rim” has retained parafibromin but the adenoma shows loss of parafibromin. Loss of parafibromin can be seen with underlying CDC73 alteration. Otherwise, 
loss of parafibromin is generally is not seen in sporadic adenomas. (E) This parathyroid tumor shows sheet like growth of cells with eosinophilic cytoplasm, nuclear 
enlargement, and perinuclear halos which are histologic features suggestive of underlying CDC73 inactivation. (F) Multinucleate cells are also suggestive of un
derlying CDC73 inactivation.

Table 2 
Tips when considering a diagnosis of atypical parathyroid tumor.

• Conventional parathyroid adenomas can show fibrosis (large, FNA, or cystic), thus focal fibrosis is insufficient for diagnosis of atypical parathyroid tumor.
• Occasional mitoses can be seen in any benign parathyroid tumor and are insufficient for diagnosis of atypical parathyroid tumor.
• The term atypical parathyroid tumor is reserved for a tumor with atypical features whose differential diagnosis carcinoma.
• Parathyroid carcinomas often have a Ki67 > 5 %, adenomas much lower, atypical parathyroid tumors have intermediate proliferative index.
• Mitoses >5/50 hpf (10 mm2), necrosis, macronucleoli, atypical mitoses, or Ki-67 > 5 % are highly worrisome for malignancy and indicate the need for extensive sampling of the 

tumor to rule out invasion.
• The diagnosis of parathyroid carcinoma requires invasive growth or metastasis.

L.A. Erickson et al.                                                                                                                                                                                                                             Human Pathology 169 (2026) 106029 

5 

Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 16, 
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



Histologically, there are genotype-phenotype correlations for un
derlying CDC73 inactivation. Sheet like growth (rather than acinar), 
eosinophilic cytoplasm, nuclear enlargement, coarse chromatin, peri
nuclear clearing with a “koilocyte-like” appearance, binucleated and 
multinucleate cells, arborizing vasculature and often a thick capsule are 
histologic clues to underlying CDC73 inactivation (Fig. 3) [28].

3.4. Biomarkers in parathyroid disease

Ki-67 and parafibromin are the main biomarkers utilized in diag
nostic parathyroid pathology, but many immunostains may be useful in 
the diagnosis of parathyroid neoplasms [6,27,29]. Interestingly, 
although parathyroid tissues and tumors are positive for 
chromogranin-A, they are often negative for synaptophysin [6,29]. 
Furthermore, monoclonal PAX8 antibodies are negative in parathyroid, 
while unsuspecting pathologists may order a PAX8 immunostain and not 

Fig. 4. Adrenal cortical carcinoma (ACC). (A) ACCs often have a solid growth pattern but they can have a trabecular/insular type growth pattern as well. (B) 
Numerous mitotic figures are seen in this ACC. (C) necrosis is present in this ACC. (D) Oncocytic ACC with mitotic activity. Adrenal cortical tumors must be 90 % 
oncocytic to be regarded as oncocytic adrenal cortical neoplasms. (E) Myxoid ACC can not be classified reliably by standard Weiss criteria. (F) Sarcomatoid ACCs are 
difficult to diagnose and often require a panel of immunostains and clinical and radiographic correlation. (G) Proliferative activity, mitotic activity and Ki-67 as 
shown in this image, are central to the evaluation of adrenal cortical neoplasms. ACCs in adults generally have a a proliferative index of >5 %. (H) This is an intact 
reticulin staining pattern in an adrenal cortical adenoma. (I) Loss of reticulin staining is seen in addition to high-grade features in ACC.
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realize which actual biomarker they are interpreting as the polyclonal 
PAX8 immunostains are very nonspecific [30]. For distinguishing 
benign from malignant parathyroid tumors, other than Ki-67 and par
afibromin, additional biomarkers are not commonly used in daily 
diagnostic practice. For example, parathyroid carcinomas are often 
positive for PGP9.5, galectin3, and hTERT, show p53 overexpression 
and loss of parafibromin, E-cadherin, p27, Bcl2a, mdm2, Rb, and 5hmC 
[6,29,31]. Parathyroid adenomas often show the opposite staining 
pattern to that of carcinomas with these biomarkers showing retained 
parafibromin and positive staining for cyclin D1, BCL 2, p27, and RB 
with lack of staining for PGP 9.5 and galectin 3 [6,29,31].

4. Adrenal gland

4.1. Distinguishing adrenal cortical carcinoma from other malignancies

The diagnosis of adrenal cortical carcinomas is often straightforward 
(Fig. 4). With clearly malignant adrenal cortical carcinomas (ACCs) the 
issue is not if it is malignant but rather whether it is an ACC or a 
metastasis to the adrenal gland or a primary adrenal sarcoma or other 
tumor. In this setting, immunostains can be help classify the malignancy. 
As metastases to the adrenal gland are more common than ACCs, a panel 
of immunostains is utilized (Table 3). Adrenal cortical tumors usually 
show some keratin (AE1 AE3 and cam 5.2) staining, but very poorly 
differentiated ACCs may be negative or show only focal keratin 
expression [8,32]. Sarcomatoid ACCs may necessitate correlation with 
clinical and radiographic features as well as a panel of immunostains 
(Fig. 4) [33]. Importantly, pheochromocytomas (intra-adrenal para
gangliomas) are negative for keratin. This is also helpful as metastases of 
neuroendocrine carcinomas to the adrenal gland are positive for 
neuroendocrine markers chromogranin-A and synaptophysin, similar to 
pheochromocytomas, but they are also positive for keratin [8,32]. A 
pitfall in using neuroendocrine markers in the adrenal gland is that 
cortical tissue and tumors are positive for synaptophysin (but negative 
for chromogranin-A) [8,32]. Another pitfall is adrenal cortical positivity 
for Melan-A/Mart 1. As metastatic melanoma to the adrenal is not un
common, additional biomarkers such as SOX10, S100, etc. are helpful in 
separating ACC from metastatic melanoma [8]. Although steroidogenic 
factor 1 (SF1) is positive in any steroidogenic tumor, it is one of the best 
biomarkers commonly utilized to identify adrenal cortical tissues in 
tumors [8,32]. Inhibin-α is also positive in steroidogenic tumors, but it is 
only positive in functional adrenal cortical tumors and may also be up 
regulated in some paragangliomas and neuroendocrine tumors [34]. 
Although primary adrenal gland mesenchymal tumors are rare, 

angiosarcoma is the most common primary sarcoma of any endocrine 
organ. Angiosarcomas in endocrine organs are invariably epithelioid 
and keratin positive [35]. Thus, in difficult cases, vascular markers such 
as ERG and CD31 may be helpful in identifying these tumors [35].

4.2. Algorithms for diagnosing adrenal cortical tumors

It is at the low end of the spectrum of adrenal cortical tumors that 
most diagnostic challenges arise. Numerous classification systems have 
and continue to be proposed [8,32,36]. The Weiss criteria of 1984 
updated in 1989 (Table 4) remain the gold standard for the diagnosis of 
ACC in adults [7,8,36–38]. Additional algorithms are increasingly uti
lized including the Reticulin algorithm and the Helsinki score. The 
Reticulin algorithm and the Helsinki score may be used in the diagnosis 
of conventional ACCs as well as oncocytic and myxoid adrenal cortical 
tumors for which the conventional Weiss criteria may not be applicable 
(Table 4, Fig. 4) [7,39–44]. The Weiss system for adult ACCs includes 9 
criteria, in the presence of 3 or more criteria in a tumor correlates with 
malignancy (Table 4) [38]. Although no single feature is diagnostic of 
malignancy, mitotic rate greater than 5/50 high-power fields (10 mm2), 
atypical mitoses, and venous invasion were most significant [37]. From 
the Weiss system (1989), ACCs with >20 mitoses per 50 HPF (10 mm2) 
are high-grade (median survival 14 months), and those with less are 
considered low-grade ACCs (median survival 58 months) [38].

Common to all classification systems is mitotic activity and/or pro
liferative index by Ki-67 (MIB-1) immunostain (Fig. 4) [8,32,36,38,39,
45,46]. Although ACCs with >20 mitoses per 50 HPF (10 mm2) are 
graded as high-grade and <20 as low, mitotic activity and Ki-67 indices 
are continuous variables. For adults, a Ki-67 index of >5 % is quite 
sensitive and specific for malignancy. Digital analysis is recommended 
to assess Ki-67 proliferative indices due to increased reproducibility and 
reliability and decreased variation [47].

The “Helsinki score” was proposed in 2015 as a predictive model for 
metastasis in ACCs [48]. The score is calculated by 3 points for mitotic 
rate greater than 5/50 HPF (10 mm2), 5 points for necrosis, and adding 
the proliferative index by Ki-67 computer image analysis in the most 
proliferative area of the tumor (Table 4). A cutoff of 8.5 had 100 % 
sensitivity and 99.4 % specificity for diagnosing metastatic ACC [48]. A 
validation study of 225 ACCs found both Helsinki score and Weiss 
criteria to be predictors of poor prognosis, and found a Helsinki 
threshold of 28.5 % and Ki-67 of 20.5 % as the best predictors of death 
from disease [41].

After the Weiss criteria, the most highly utilized classification system 
is the “Reticulin algorithm” [39,40,49]. Reticulin histochemical staining 

Table 3 
Distinguishing adrenal cortical carcinoma from metastases and other tumors.

Adrenal cortical carcinomaa Metastatic carcinoma Metastatic NET/NECb Metastatic melanoma Pheoc

Chromogranin-A – – + – +

Synaptophysin + – + – +

Keratin (AE1/AE3, Cam5.2) +/� + + – –
Steroidogenic factor-1 (SF1) + – � /+ – � /+

Inhibin-� +/� – – – –
Mart1/MelanA + – – + –
SOX10 and S100 – – – + –
CAVEATS  

• ACCs are often positive for synaptophysin, but negative for chromogranin-A distinguishing them from pheochromocytomas and NET/NEC.
• ACCs, particularly poorly differentiated tumors, may not show staining for keratin or may have only focal staining.
• ACCs are positive for Mart1/Melan-A, but are negative for SOX10 and S100 which is helpful to distinguish them from metastatic melanoma.
• Nonfunctional ACCs are usually negative for inhibin-α.
• SF1 & inhibin-α are positive in any steroidogenic tumor.
• Inhibin-α can show staining in some paragangliomas and neuroendocrine tumors.
• Metastatic carcinoma, such as from breast, can show SOX10 and S100 staining.

a ACC: adrenal cortical carcinoma.
b NET/NEC: neuroendocrine tumor/neuroendocrine carcinoma.
c Pheo: pheochromocytoma.
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is used to evaluate for disruption of the reticulin network. For an adrenal 
cortical tumor to be classified malignant, the algorithm requires retic
ulin network disruption and one additional feature (mitotic rate >5/50 
HPF (10 mm2), or necrosis, or vascular invasion) (Table 4, Fig. 4) [39,
40,49]. The main drawback of this system is the requirement of having a 
very good reticulin stain.

4.3. Diagnosing special types of adrenal cortical carcinoma

There are caveats to the diagnosis of adrenal cortical tumors that are 
>90 % oncocytic, myxoid, or occurring in children (Table 5) [36]. A 
tumor must be >90 % oncocytic to be regarded as an oncocytic adrenal 
cortical neoplasm [50]. Oncocytic neoplasms may be over-diagnosed as 
malignant by standard Weiss criteria. Based on studies by Dr. Lin, Dr. 
Weiss and Dr. Bisceglia, the “Lin-Weiss-Bisceglia” system was developed 
to classify oncocytic adrenal cortical neoplasms [38,50–52]. One major 
criteria (high mitotic rate, atypical mitoses, or vascular invasion) is 
required for diagnosis of malignancy. One to 4 minor criteria (size >10 
cm or weight >200 g, necrosis, capsular invasion, or sinusoidal inva
sion) indicate uncertain malignant potential. If no major or minor 
criteria are present, the tumor is regarded as benign [50,51]. The 
Reticulin algorithm is helpful in the evaluation of oncocytic adrenal 
tumors [39,40,42,49,53,54]. The Helsinki score (≥19 vs < 13) may also 
help predict malignant behavior of oncocytic tumors [41].

The behavior of myxoid adrenal cortical tumors cannot be predicted 
with Weiss criteria [55]. In a study of 10 tumors with prominent myxoid 
change, a fatal outcome occurred with a tumor with a Weiss score of 1 
[55]. If a myxoid cortical tumor meets Weiss criteria for malignancy 
then it is reasonable to diagnose the tumor malignant. But if a tumor 
does not meet those criteria, the tumor should not be diagnosed benign 
based on Weiss criteria alone. The Reticulin algorithm is proving to be 
helpful in the evaluation of these tumors, and the Helsinki score might 

also have some prognostic significance (Table 5) [40,41,53,56].
The standard Wieneke criteria for pediatric adrenal cortical neo

plasms has 9 features (tumor weight >400 g, size >10.5 cm, vena cava 
invasion, capsular invasion, vascular invasion, necrosis, extension into 
periadrenal soft tissue or adjacent organs, mitoses >15/20 HPF, and 
atypical mitosis) (Table 5) [57]. The presence of ≥4 criteria portends 
poor outcome; 3 indeterminate malignancy; and ≤2 benign [57]. 
Although the Wieneke system remains the standard for pediatric tumors, 
more recent systems have been proposed [44,56,58,59]. The “Modified 
Wieneke” system has 5 parameters (necrosis, capsular invasion, venous 
invasion, mitoses >15/20 high-power fields, and Ki-67 > 5 %), and 
tumors with ≥2 have a worse prognosis [58]. A cutoff of 24 points in the 
Helsinki score is helpful in pediatric tumors (Table 5) [56]. A pediatric 
Reticulin algorithm requiring reticulin network disruption and 1 of 3 
features (mitoses >15/20 HPF, necrosis, or vascular invasion) is helpful 
in pediatric tumors [44]. In adult neoplasms >5 mitoses per 50 HPF 
(10mm2) or Ki-67 > 5 % is quite sensitive and specific for malignancy, 
but in children the mitotic cutoff in the Wieneke system, Modified 
Wieneke system, and pediatric Reticulin algorithm is > 15/20 HPFs 
(Table 5) [44,56–59]. In the Modified Wieneke system, no tumor with a 
Ki-67 of <15 % had recurrence or metastasis [58]. In another pediatric 
study, Ki-67 ≥ 15 % was associated with poor outcome, and Ki-67 of 
<10 % was seen in benign tumors [59]. Comparing the classic Wieneke 
criteria, Helsinki score (cutoff 24), Reticulin algorithm, and Ki-67 la
beling index, all 3 systems and Ki-67 > 18 % had similar sensitivity of 
≥80 % and specificity of 63–81 % in pediatric tumors [56].

Although Ki-67 is the most helpful in and widely used biomarker in 
the evaluation of adrenal cortical tumors, IGF2, β-catenin, and p53 have 
shown utility [8,46,60–62]. IGF2 may help distinguish ACC from ade
noma, particularly with a Golgi/juxtanuclear staining pattern [60,
63–65]. �-catenin expression (nuclear or cytoplasmic) reflecting 
WNT/�-catenin pathway activation, usually due to CTNNB1 alteration, 

Table 4 
Algorithms for diagnosing conventional adrenal cortical carcinoma in adults.
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portends decreased survival in ACCs [61]. Aberrant overexpression 
(rarely loss) of p53 occurs in most pediatric tumors reflecting germline 
TP53 alteration, and somatic or germline alterations occur in 20–30 % of 
adult ACCs [61,62]. These immunostains, IGF2, B-catenin, and p53, 
reflect the main genetic pathways that are altered in the pathogenesis of 
ACC [8].

4.4. Primary unilateral aldosteronism

Interestingly, aldosterone producing adrenal cortical disease is rarely 
associated with malignancy (unlike sex-steroids) [8]. The most pressing 
current topic regarding adrenal cortical aldosterone production is pre
dicting clinical outcomes with histologic and immunohistochemical 
(CYP11B2, aldosterone synthase) staining patterns in primary unilateral 
aldosteronism [8,66–75]. CYP11B2 may be helpful in identifying sites of 
aldosterone production, distinguishing non-functioning from aldoste
rone producing adenomas (APA), and may predict biochemical 
response, but predicting complete clinical response is more difficult 
[66–75]. The International Histopathology Consensus for Unilateral 
Primary Aldosteronism (HISTALDO) classification was proposed to 

standardize the nomenclature of areas of aldosterone production with 
CYP11B2 in unilateral aldosteronism [68]. This classification includes 
the rare aldosterone producing ACC, APA (circumscribed CYP11B2 
positive solitary neoplasm ≥10 mm), aldosterone producing nodule 
(APN, CYP11B2 positive <10 mm lesion visible on H&E), aldosterone 
producing micronodule (APM, previously known as aldosterone pro
ducing cell clusters, CYP11B2 positive <10 mm lesion of zona glomer
ulosa cells beneath capsule that do not differ from adjacent cortical cells 
on H&E), multiple APNs/APMs (MAPN/MAPM), and aldosterone pro
ducing diffuse hyperplasia (relatively broad uninterrupted strip of zona 
glomerulosa with >50 % CYP11B2 positive cells) [68].

They proposed classical and non-classical histologic patterns. The 
classic pattern is single APA or APN, and they noted that the non- 
tumorous adrenal cortex adjacent to the lesion often had “paradoxical 
ZG hyperplasia with negative CYP11B2 immunostaining, APMs or APNs 
or aldosterone-producing diffuse hyperplasia.”(69) These definitions 
showed some differences in biochemical success, but no difference in 
clinical outcome [68]. Some, although not all, subsequent studies uti
lizing the HISTALDO classification also found differences in biochemical 
success between classic and non-classic cases yet complete clinical 

Table 5 
Diagnosing special types of adrenal cortical carcinoma.

L.A. Erickson et al.                                                                                                                                                                                                                             Human Pathology 169 (2026) 106029 

9 

Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 16, 
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.





References

[1] Baloch Z, LiVolsi VA. Fifty years of thyroid pathology: concepts and developments. 
Hum Pathol 2020;95:46–54.

[2] Boyraz B, Sadow PM, Asa SL, Dias-Santagata D, Nose V, Mete O. Cribriform- 
morular thyroid carcinoma is a distinct thyroid malignancy of uncertain 
cytogenesis. Endocr Pathol 2021;32:327–35.

[3] Baloch ZW, Asa SL, Barletta JA, Ghossein RA, Juhlin CC, Jung CK, LiVolsi VA, 
Papotti MG, Sobrinho-Simoes M, Tallini G, Mete O. Overview of the 2022 WHO 
classification of thyroid Neoplasms. Endocr Pathol 2022;33:27–63.

[4] Gupta S, Guo R, Erickson LA. Anaplastic thyroid carcinoma, squamous cell 
carcinoma pattern. Mayo Clin Proc 2022;97:1584–5.

[5] Williams JF, Zhao M, Najdawi F, Ahmadi S, Hornick JL, Wong KS, Barletta JA. 
Grading of medullary thyroid carcinoma: an interobserver reproducibility study. 
Endocr Pathol 2022;33:371–7.

[6] Erickson LA, Mete O, Juhlin CC, Perren A, Gill AJ. Overview of the 2022 WHO 
classification of Parathyroid tumors. Endocr Pathol 2022;33:64–89.

[7] Giordano TJ, Berney D, de Krijger RR, Erickson L, Fassnacht M, Mete O, 
Papathomas T, Papotti M, Sasano H, Thompson LDR, Volante M, Gill AJ. Data set 
for reporting of carcinoma of the adrenal cortex: explanations and 
recommendations of the guidelines from the international collaboration on cancer 
reporting. Hum Pathol 2021;110:50–61.

[8] Mete O, Erickson LA, Juhlin CC, de Krijger RR, Sasano H, Volante M, Papotti MG. 
Overview of the 2022 WHO classification of adrenal cortical tumors. Endocr Pathol 
2022;33:155–96.

[9] Tondi Resta I, Gubbiotti MA, Montone KT, Livolsi VA, Baloch ZW. Differentiated 
high grade thyroid carcinomas: diagnostic consideration and clinical features. Hum 
Pathol 2024;144:53–60.

[10] Alsugair Z, Descotes F, Lopez J, Lasolle H, Chazot FB, Lifante JC, Decaussin- 
Petrucci M. Clinically aggressive follicular cell-derived thyroid carcinoma: a 
comprehensive series with histomolecular characterization and discovery of novel 
gene fusions. Hum Pathol 2024;153:105674.

[11] Whaley RD, Gupta S, Manninen MC, O'Brien DR, Erickson LA. Clinicopathologic 
and molecular analysis of 15 pediatric and young adult patients with high-grade 
non-anaplastic thyroid carcinoma. Endocr Pathol 2024;35:397–410.

[12] Volante M, Collini P, Nikiforov YE, Sakamoto A, Kakudo K, Katoh R, Lloyd RV, 
LiVolsi VA, Papotti M, Sobrinho-Simoes M, Bussolati G, Rosai J. Poorly 
differentiated thyroid carcinoma: the Turin proposal for the use of uniform 
diagnostic criteria and an algorithmic diagnostic approach. Am J Surg Pathol 2007; 
31:1256–64.

[13] Asioli S, Erickson LA, Righi A, Jin L, Volante M, Jenkins S, Papotti M, Bussolati G, 
Lloyd RV. Poorly differentiated carcinoma of the thyroid: validation of the Turin 
proposal and analysis of IMP3 expression. Mod Pathol 2010;23:1269–78.

[14] Gnemmi V, Renaud F, Do Cao C, Salleron J, Lion G, Wemeau JL, Copin MC, 
Carnaille B, Leteurtre E, Pattou F, Aubert S. Poorly differentiated thyroid 
carcinomas: application of the Turin proposal provides prognostic results similar to 
those from the assessment of high-grade features. Histopathology 2014;64:263–73.

[15] Metovic J, Vignale C, Annaratone L, Osella-Abate S, Maletta F, Rapa I, Cabutti F, 
Patriarca S, Gallo M, Nikiforov YE, Volante M, Papotti M. The oncocytic variant of 
poorly differentiated thyroid carcinoma shows a specific immune-related gene 
expression profile. J Clin Endocrinol Metab 2020;105.

[16] Wong KS, Lorch JH, Alexander EK, Marqusee E, Cho NL, Nehs MA, Doherty GM, 
Barletta JA. Prognostic significance of extent of invasion in poorly differentiated 
thyroid carcinoma. Thyroid 2019;29:1255–61.

[17] Xu B, Lubin DJ, Dogan S, Ghossein RA, Viswanathan K. Significance of oncocytic 
features in poorly differentiated thyroid carcinoma - a bi-institutional experience. 
Virchows Arch 2023;482:479–91.

[18] Asioli S, Erickson LA, Sebo TJ, Zhang J, Jin L, Thompson GB, Lloyd RV. Papillary 
thyroid carcinoma with prominent hobnail features: a new aggressive variant of 
moderately differentiated papillary carcinoma. A clinicopathologic, 
immunohistochemical, and molecular study of eight cases. Am J Surg Pathol 2010; 
34:44–52.

[19] Xu B, David J, Dogan S, Landa I, Katabi N, Saliba M, Khimraj A, Sherman EJ, 
Tuttle RM, Tallini G, Ganly I, Fagin JA, Ghossein RA. Primary high-grade non- 
anaplastic thyroid carcinoma: a retrospective study of 364 cases. Histopathology 
2022;80:322–37.

[20] Wong KS, Dong F, Telatar M, Lorch JH, Alexander EK, Marqusee E, Cho NL, 
Nehs MA, Doherty GM, Afkhami M, Barletta JA. Papillary thyroid carcinoma with 
high-grade features versus poorly differentiated thyroid carcinoma: an analysis of 
clinicopathologic and molecular features and outcome. Thyroid 2021;31:933–40.

[21] Cetani F, Banti C, Pardi E, Borsari S, Viacava P, Miccoli P, Torregrossa L, Basolo F, 
Pelizzo MR, Rugge M, Pennelli G, Gasparri G, Papotti M, Volante M, Vignali E, 
Saponaro F, Marcocci C. CDC73 mutational status and loss of parafibromin in the 
outcome of parathyroid cancer. Endocr Connect 2013;2:186–95.

[22] Masi G, Barzon L, Iacobone M, Viel G, Porzionato A, Macchi V, De Caro R, Favia G, 
Palu G. Clinical, genetic, and histopathologic investigation of CDC73-related 
familial hyperparathyroidism. Endocr Relat Cancer 2008;15:1115–26.

[23] Cetani F, Pardi E, Ambrogini E, Banti C, Viacava P, Borsari S, Bilezikian JP, 
Pinchera A, Marcocci C. Hyperparathyroidism 2 gene (HRPT2, CDC73) and 
parafibromin studies in two patients with primary hyperparathyroidism and 
uncertain pathological assessment. J Endocrinol Investig 2008;31:900–4.

[24] Juhlin CC, Erickson LA. Genomics and epigenomics in parathyroid neoplasia: from 
bench to surgical pathology practice. Endocr Pathol 2021;32:17–34.

[25] Juhlin CC, Haglund F, Obara T, Arnold A, Larsson C, Hoog A. Absence of nucleolar 
parafibromin immunoreactivity in subsets of parathyroid malignant tumours. 
Virchows Arch 2011;459:47–53.

[26] Gao Y, Wang P, Lu J, Pan B, Guo D, Zhang Z, Wang A, Zhang M, Sun J, Wang W, 
Liang Z. Diagnostic significance of parafibromin expression in parathyroid 
carcinoma. Hum Pathol 2022;127:28–38.

[27] Williams MD, DeLellis RA, Erickson LA, Gupta R, Johnson SJ, Kameyama K, Natu S, 
Ng T, Perren A, Perrier ND, Seethala RR, Gill AJ. Pathology data set for reporting 
parathyroid carcinoma and atypical parathyroid neoplasm: recommendations from 
the international Collaboration on Cancer Reporting. Hum Pathol 2021;110:73–82.

[28] Gill AJ, Lim G, Cheung VKY, Andrici J, Perry-Keene JL, Paik J, Sioson L, 
Clarkson A, Sheen A, Luxford C, Elston MS, Meyer-Rochow GY, Nano MT, Kruijff S, 
Engelsman AF, Sywak M, Sidhu SB, Delbridge LW, Robinson BG, Marsh DJ, 
Toon CW, Chou A, Clifton-Bligh RJ. Parafibromin-deficient (HPT-JT type, CDC73 
mutated) parathyroid tumors demonstrate distinctive morphologic features. Am J 
Surg Pathol 2019;43:35–46.

[29] Erickson LA, Mete O. Editorial: special issue on immunohistochemical biomarkers 
in endocrine pathology. Endocr Pathol 2018;29:89–90.

[30] Gucer H, Caliskan S, Kefeli M, Mete O. Do you know the details of your PAX8 
antibody? Monoclonal PAX8 (MRQ-50) is not expressed in a series of 45 medullary 
thyroid carcinomas. Endocr Pathol 2020;31:33–8.

[31] Erickson LA, Jin L, Wollan P, Thompson GB, van Heerden JA, Lloyd RV. 
Parathyroid hyperplasia, adenomas, and carcinomas: differential expression of 
p27Kip1 protein. Am J Surg Pathol 1999;23:288–95.

[32] Erickson LA, Rivera M, Zhang J. Adrenocortical carcinoma: review and update. 
Adv Anat Pathol 2014;21:151–9.

[33] Papathomas TG, Duregon E, Korpershoek E, Restuccia DF, van Marion R, 
Cappellesso R, Sturm N, Rossi G, Coli A, Zucchini N, Stoop H, Oosterhuis W, 
Ventura L, Volante M, Fassina A, Dinjens WN, Papotti M, de Krijger RR. 
Sarcomatoid adrenocortical carcinoma: a comprehensive pathological, 
immunohistochemical, and targeted next-generation sequencing analysis. Hum 
Pathol 2016;58:113–22.

[34] Mete O, Pakbaz S, Lerario AM, Giordano TJ, Asa SL. Significance of Alpha-inhibin 
expression in Pheochromocytomas and paragangliomas. Am J Surg Pathol 2021; 
45:1264–73.

[35] Erickson LA. Angiosarcoma of the adrenal gland. Mayo Clin Proc 2021;96:1376–8.
[36] Erickson LA. Challenges in surgical pathology of adrenocortical tumours. 

Histopathology 2018;72:82–96.
[37] Weiss LM. Comparative histologic study of 43 metastasizing and nonmetastasizing 

adrenocortical tumors. Am J Surg Pathol 1984;8:163–9.
[38] Weiss LM, Medeiros LJ, Vickery Jr AL. Pathologic features of prognostic 

significance in adrenocortical carcinoma. Am J Surg Pathol 1989;13:202–6.
[39] Volante M, Bollito E, Sperone P, Tavaglione V, Daffara F, Porpiglia F, Terzolo M, 

Berruti A, Papotti M. Clinicopathological study of a series of 92 adrenocortical 
carcinomas: from a proposal of simplified diagnostic algorithm to prognostic 
stratification. Histopathology 2009;55:535–43.

[40] Duregon E, Fassina A, Volante M, Nesi G, Santi R, Gatti G, Cappellesso R, Dalino 
Ciaramella P, Ventura L, Gambacorta M, Dei Tos AP, Loli P, Mannelli M, 
Mantero F, Berruti A, Terzolo M, Papotti M. The reticulin algorithm for 
adrenocortical tumor diagnosis: a multicentric validation study on 245 
unpublished cases. Am J Surg Pathol 2013;37:1433–40.

[41] Duregon E, Cappellesso R, Maffeis V, Zaggia B, Ventura L, Berruti A, Terzolo M, 
Fassina A, Volante M, Papotti M. Validation of the prognostic role of the "Helsinki 
Score" in 225 cases of adrenocortical carcinoma. Hum Pathol 2017;62:1–7.

[42] Duregon E, Volante M, Cappia S, Cuccurullo A, Bisceglia M, Wong DD, 
Spagnolo DV, Szpak-Ulczok S, Bollito E, Daffara F, Berruti A, Terzolo M, Papotti M. 
Oncocytic adrenocortical tumors: diagnostic algorithm and mitochondrial DNA 
profile in 27 cases. Am J Surg Pathol 2011;35:1882–93.

[43] Mortara U, Orlando G, Volante M, Papotti M, Duregon E. Reticulin framework 
assessment in neoplastic endocrine pathology. Endocr Pathol 2025;36:21.

[44] Lopez-Nunez O, Virgone C, Kletskaya IS, Santoro L, Giuliani S, Okoye B, Volante M, 
Ferrari A, Bisogno G, Duregon E, Papotti M, De Salvo G, Ranganathan S, Alaggio R. 
Diagnostic utility of a modified Reticulin algorithm in pediatric adrenocortical 
neoplasms. Am J Surg Pathol 2024;48:309–16.

[45] Oliveira SB, Machado MQ, Sousa D, Pereira SS, Pignatelli D. The differential 
diagnosis of adrenocortical tumors: systematic review of Ki-67 and IGF2 and meta- 
analysis of Ki-67. Rev Endocr Metab Disord 2025;26:261–78.

[46] Erickson LA, Jin L, Sebo TJ, Lohse C, Pankratz VS, Kendrick ML, van Heerden JA, 
Thompson GB, Grant CS, Lloyd RV. Pathologic features and expression of insulin- 
like growth factor-2 in adrenocortical neoplasms. Endocr Pathol 2001;12:429–35.

[47] Papathomas TG, Pucci E, Giordano TJ, Lu H, Duregon E, Volante M, Papotti M, 
Lloyd RV, Tischler AS, van Nederveen FH, Nose V, Erickson L, Mete O, Asa SL, 
Turchini J, Gill AJ, Matias-Guiu X, Skordilis K, Stephenson TJ, Tissier F, 
Feelders RA, Smid M, Nigg A, Korpershoek E, van der Spek PJ, Dinjens WN, 
Stubbs AP, de Krijger RR. An international Ki67 reproducibility Study in adrenal 
cortical carcinoma. Am J Surg Pathol 2016;40:569–76.

[48] Pennanen M, Heiskanen I, Sane T, Remes S, Mustonen H, Haglund C, Arola J. 
Helsinki score-a novel model for prediction of metastases in adrenocortical 
carcinomas. Hum Pathol 2015;46:404–10.

[49] Fonseca D, Murthy SS, Tagore KR, Rao BV, Thamminedi SR, Raju K, Sharma R, 
Challa S. Diagnosis of adrenocortical tumors by Reticulin Algorithm. Indian J 
Endocrinol Metab 2017;21:734–7.

[50] Bisceglia MBDD, Pasquinelli G. Oncocytic adrenocortical tumors. Pathol Case Rev 
2005;10:228–42.

[51] Bisceglia M, Ludovico O, Di Mattia A, Ben-Dor D, Sandbank J, Pasquinelli G, 
Lau SK, Weiss LM. Adrenocortical oncocytic tumors: report of 10 cases and review 
of the literature. Int J Surg Pathol 2004;12:231–43.

L.A. Erickson et al.                                                                                                                                                                                                                             Human Pathology 169 (2026) 106029 

11 

Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 16, 
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



[52] Lin BT, Bonsib SM, Mierau GW, Weiss LM, Medeiros LJ. Oncocytic adrenocortical 
neoplasms: a report of seven cases and review of the literature. Am J Surg Pathol 
1998;22:603–14.

[53] Papotti M, Libe R, Duregon E, Volante M, Bertherat J, Tissier F. The Weiss score 
and beyond–histopathology for adrenocortical carcinoma. Horm Cancer 2011;2: 
333–40.

[54] Kim BC, Han H, Kwon D, Pak SJ, An HR, Kim WW, Lee YM, Lee SH, Koh JM, Lee JL, 
Chung KW, Song DE, Sung TY. Limitation of the current lin-weiss-bisceglia criteria 
in predicting poor prognosis in oncocytic adrenocortical neoplasms of uncertain 
malignant potential and oncocytoma diagnosed by the lin-weiss-bisceglia criteria. 
Ther Adv Endocrinol Metab 2025;16:20420188251328186.

[55] Papotti M, Volante M, Duregon E, Delsedime L, Terzolo M, Berruti A, Rosai J. 
Adrenocortical tumors with myxoid features: a distinct morphologic and 
phenotypical variant exhibiting malignant behavior. Am J Surg Pathol 2010;34: 
973–83.

[56] Jangir H, Ahuja I, Agarwal S, Jain V, Meena JP, Agarwala S, Sharma R, 
Sharma MC, Iyer VK, Mani K. Pediatric adrenocortical neoplasms: a study 
comparing three histopathological scoring systems. Endocr Pathol 2023;34: 
213–23.

[57] Wieneke JA, Thompson LD, Heffess CS. Adrenal cortical neoplasms in the pediatric 
population: a clinicopathologic and immunophenotypic analysis of 83 patients. Am 
J Surg Pathol 2003;27:867–81.

[58] Picard C, Orbach D, Carton M, Brugieres L, Renaudin K, Aubert S, Berrebi D, 
Galmiche L, Dujardin F, Leblond P, Thomas-Teinturier C, Dijoud F. Revisiting the 
role of the pathological grading in pediatric adrenal cortical tumors: results from a 
national cohort study with pathological review. Mod Pathol 2019;32:546–59.

[59] Martins-Filho SN, Almeida MQ, Soares I, Wakamatsu A, Alves VAF, Fragoso M, 
Zerbini MCN. Clinical impact of pathological features including the Ki-67 labeling 
index on diagnosis and prognosis of adult and pediatric adrenocortical tumors. 
Endocr Pathol 2021;32:288–300.

[60] Nielsen HM, How-Kit A, Guerin C, Castinetti F, Vollan HK, De Micco C, Daunay A, 
Taieb D, Van Loo P, Besse C, Kristensen VN, Hansen LL, Barlier A, Sebag F, Tost J. 
Copy number variations alter methylation and parallel IGF2 overexpression in 
adrenal tumors. Endocr Relat Cancer 2015;22:953–67.

[61] Raymond VM, Else T, Everett JN, Long JM, Gruber SB, Hammer GD. Prevalence of 
germline TP53 mutations in a prospective series of unselected patients with 
adrenocortical carcinoma. J Clin Endocrinol Metab 2013;98:E119–25.

[62] Faria AM, Almeida MQ. Differences in the molecular mechanisms of adrenocortical 
tumorigenesis between children and adults. Mol Cell Endocrinol 2012;351:52–7.

[63] Soon PS, Gill AJ, Benn DE, Clarkson A, Robinson BG, McDonald KL, Sidhu SB. 
Microarray gene expression and immunohistochemistry analyses of adrenocortical 
tumors identify IGF2 and Ki-67 as useful in differentiating carcinomas from 
adenomas. Endocr Relat Cancer 2009;16:573–83.

[64] Schmitt A, Saremaslani P, Schmid S, Rousson V, Montani M, Schmid DM, Heitz PU, 
Komminoth P, Perren A. IGFII and MIB1 immunohistochemistry is helpful for the 
differentiation of benign from malignant adrenocortical tumours. Histopathology 
2006;49:298–307.

[65] Mete O, Asa SL, Giordano TJ, Papotti M, Sasano H, Volante M. 
Immunohistochemical biomarkers of adrenal cortical neoplasms. Endocr Pathol 
2018;29:137–49.

[66] Volpe C, Hamberger B, Zedenius J, Juhlin CC. Impact of immunohistochemistry on 
the diagnosis and management of primary aldosteronism: an important tool for 
improved patient follow-up. Scand J Surg 2020;109:133–42.

[67] Sun L, Jiang Y, Xie J, Zhu H, Wu L, Zhong X, Zhou W, Su T, Wang W. 
Immunohistochemical analysis of CYP11B2, CYP11B1 and beta-catenin helps 
subtyping and relates with clinical characteristics of unilateral primary 
aldosteronism. Front Mol Biosci 2021;8:751770.

[68] Williams TA, Gomez-Sanchez CE, Rainey WE, Giordano TJ, Lam AK, Marker A, 
Mete O, Yamazaki Y, Zerbini MCN, Beuschlein F, Satoh F, Burrello J, Schneider H, 
Lenders JWM, Mulatero P, Castellano I, Knosel T, Papotti M, Saeger W, Sasano H, 
Reincke M. International histopathology consensus for unilateral primary 
aldosteronism. J Clin Endocrinol Metab 2021;106:42–54.

[69] Ahn CH, Na HY, Park SY, Yu HW, Kim SJ, Choi JY, Lee KE, Kim SW, Jung KC, 
Kim JH. Expression of CYP11B1 and CYP11B2 in adrenal adenoma correlates with 
clinical characteristics of primary aldosteronism. Clin Endocrinol 2022;96:30–9.

[70] Gunnarsdottir H, Agnarsson BA, Jonasdottir S, Gudmundsson J, Birgisson G, 
Sigurjonsdottir HA. Immunohistochemical staining seems mandatory for 
individualizing and shortening follow-up in unilateral primary aldosteronism. Clin 
Endocrinol 2023;99:441–8.

[71] Nishimoto K, Ogishima T, Sugiura Y, Suematsu M, Mukai K. Pathology and gene 
mutations of aldosterone-producing lesions. Endocr J 2023;70:1113–22.

[72] Ahn CH, Lee YB, Kim JH, Oh YL, Kim JH, Jung KC. Correlation of histopathologic 
subtypes of primary aldosteronism with clinical phenotypes and postsurgical 
outcomes. J Clin Endocrinol Metab 2024;109:e1582–92.

[73] Viukari M, Leijon H, Vesterinen T, S�oderlund S, H�am�al�ainen P, Yliaska I, 
Rautiainen P, Rintam�aki R, Soinio M, P�orsti I, Nevalainen PI, Matikainen N. 
Clinical significance of CYP11B2 immunostaining in unilateral primary 
aldosteronism. Endocr Connect 2024;13.

[74] MacDonald W, Giordano TJ, Leisring J, Parwani A, Dedhia PH, Phay J, 
Kirschner LS, Miller BS. Staining patterns of aldosterone synthase in patients 
undergoing surgery for primary aldosteronism: proposal for system of 
categorization and investigation of clinical and biochemical correlation. Surgery 
2025;177:108841.

[75] Nanba K, Tsuiki M, Sawai K, Mukai K, Nishimoto K, Usui T, Tagami T, Okuno H, 
Yamamoto T, Shimatsu A, Katabami T, Okumura A, Kawa G, Tanabe A, Naruse M. 
Histopathological diagnosis of primary aldosteronism using CYP11B2 
immunohistochemistry. J Clin Endocrinol Metab 2013;98:1567–74.

[76] Meyer LS, Handgriff L, Lim JS, Udager AM, Kinker IS, Ladurner R, Wildgruber M, 
Knosel T, Bidlingmaier M, Rainey WE, Reincke M, Williams TA. Single-center 
prospective cohort study on the histopathology, genotype, and postsurgical 
outcomes of patients with primary aldosteronism. Hypertension 2021;78:738–46.

[77] Tetti M, Brudgam D, Burrello J, Udager AM, Riester A, Knosel T, Beuschlein F, 
Rainey WE, Reincke M, Williams TA. Unilateral primary aldosteronism: long-term 
disease recurrence after adrenalectomy. Hypertension 2024;81:936–45.

[78] Hong WG, Kim BC, Sung TY, Lee SH, Song DE. Subclassification of unilateral 
primary aldosteronism using an optimal cut-off value for positive CYP11B2 
(aldosterone synthase) immunohistochemistry and modified histologic criteria in 
the Korean population. Hum Pathol 2025;163:105876.

[79] Karadepe M, Yanar H, Binokay H, Erdogan S, Akkus G. Immunohistochemical 
analysis of CYP11B2 (aldosterone synthase) and evaluation of the HISTALDO 
classification in patients with primary aldosteronism. Curr Mol Med 2025;25: 
927–37.

[80] Goldbaum TS, Ledesma FL, Guimaraes AG, Okubo J, Kawahara EZ, Calsavara VF, 
Bortolotto LA, Chambo JL, Fragoso M, Pereira MAA, Pio-Abreu A, Silva GV, 
Silveira JV, Consolim-Colombo FM, Drager LF, Nahas WC, Latronico AC, 
Mendonca BB, Almeida MQ, Zerbini MCN. Histopathological evaluation based on 
CYP11B2 staining predicts outcomes in unilateral primary aldosteronism. Eur J 
Endocrinol 2025;192:763–75.

[81] Solhuslokk Hose K, Stenman A, Falhammar H, Volpe C, Larsson C, Zedenius J, 
Juhlin CC. Improving diagnosis in primary aldosteronism using HISTALDO and 
nodule size metrics. Eur J Endocrinol 2025;193:278–88.

[82] van de Wiel E, Chaman Baz AH, Kusters B, Mukai K, van Bonzel L, van Erp M, 
Deinum J, Langenhuijsen J. Changes of the CYP11B2 expressing Zona Glomerulosa 
in human adrenals from birth to 40 years of Age. Hypertension 2022;79:2565–72.

[83] WHO Classification of Tumours Editorial Board. Endocrine and neuroendocrine 
tumours. International Agency for Research on Cancer 2025. Lyon, France.

[84] Cavalcante IP, Berthon A, Fragoso MC, Reincke M, Stratakis CA, Ragazzon B, 
Bertherat J. Primary bilateral macronodular adrenal hyperplasia: definitely a 
genetic disease. Nat Rev Endocrinol 2022;18:699–711.

[85] Bouys L, Vaczlavik A, Cavalcante IP, Violon F, Jouinot A, Berthon A, Vaduva P, 
Espiard S, Perlemoine K, Kamenicky P, Vantyghem MC, Tabarin A, Raverot G, 
Ronchi CL, Dischinger U, Reincke M, Fragoso MC, Stratakis CA, Chansavang A, 
Pasmant E, Ragazzon B, Bertherat J, Comete Networks E. The mutational landscape 
of ARMC5 in primary Bilateral Macronodular Adrenal Hyperplasia: an update. 
Orphanet J Rare Dis 2025;20:51.

[86] Panarelli A, Schweizer J, Stufchen I, Brudgam D, Zopp S, Zimmermann P, 
Mulatero P, Deniz S, Beuschlein F, Reincke M, Nowak E. Prevalence and main 
characteristics of primary aldosteronism in bilateral macronodular adrenal disease: 
a systematic review of the literature. Eur J Endocrinol 2025;192:S15–25.

L.A. Erickson et al.                                                                                                                                                                                                                             Human Pathology 169 (2026) 106029 

12 

Descargado para Irene Ramírez (iramirez@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en marzo 16, 
2026. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


	Selected updates in thyroid, parathyroid, and adrenal gland pathology
	1 Introduction
	2 Thyroid
	2.1 High-grade follicular cell derived non-anaplastic thyroid carcinoma

	3 Parathyroid


