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INTRODUCTION

Adrenal cortical carcinoma (ACC) is a rare aggressive 
tumor, with an annual incidence of 0.05-0.2/100.000 
persons1 and a bimodal age distribution, with two 
peaks, in the first and fifth decade of life. The 4th 
WHO Classification of Tumours of Endocrine organs 
edited in 2017 recognizes four hystological variants 
of adult ACC: conventional, oncocytic, myxoid and 
sarcomatoid, in decreasing order of frequency1.

Traditional diagnostic workup 
and potential pitfalls

The main differential diagnoses of adrenal cortical 
carcinoma include adrenal cortical adenoma, phae-
ochromocytoma, renal cell carcinoma (primary and 
metastatic) and metastatic tumors. The differential 
diagnosis is usually straightforward, considering ACC 
distinctive gross and microscopic morphology and im-
munohistochemical staining, but it could sometimes 

be challenging. Indeed, ACC shares positive staining 
for MELAN-A with melanocytic tumors and adrenal 
cortical adenomas (ACA), for Inhibin and SF-1 with 
adrenal cortical adenoma and like Pheochromocyto-
ma it stains positively for Synaptophisin. Mete et al2 

reported that juxtanuclear insulin-like growth factor 2 
(IGF-2) staining was the most useful diagnostic bio-
marker of adult ACCs because this pattern of staining 
was absent in adrenal cortical adenomas (Table 1).

The subtlest differential diagnosis remains with 
ACA. In the assessment of an adrenal cortical mass, 
in certain istances it could be challenging to es-
tablish a clearcut diagnosis, thus multiple features 
should be evaluated. Indeed, the scoring system 
proposed by Weiss, first developed in 1984, is wide-
ly the most used scoring system and represents the 
gold standard. The assessment is predicated on the 
recognition of nine distinct criteria, each of which 
carries a value of one point. An adrenal tumor with 
a Weiss score ≥ 3 is considered malignant, where-
as a Weiss score of 0 or 1 is considered benign 
(Table 2). Neoplasms with a Weiss score of 2 or 3 
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TABLE 1. Immunoprofile of most frequent Adrenal tumors.

Immunohistochemistry Carcinoma Adenoma Pheochromocytoma

SF-1 + + -
Calretinin + + -
Inhibin + + -
Melan-A + + -
Synaptophisin + - +
IGF-2 + - -

https://creativecommons.org/licenses/by-nc-sa/4.0/
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variant, resulting in a misleading overdiagnosis. 
Lin-Weiss-Bisceglia system is based on the recog-
nition of Major and Minor criteria. In this case, a 
cortical oncocytic tumor is diagnosed as malignant 
when at least 1 Major criterion is present; tumors 
with 1 to 4 minor criteria are considered to have un-
certain malignant potential (Table 3).

Due to prominent extracellular mucin deposition, 
some Weiss parameters (ex. lack of diffuse growth, nu-
clear atypia or lymphatic invasion) may be difficult to 
assess also in rare myxoid adrenal cortical neoplasms5.

are considered borderline. For such tumors misclas-
sification rate is calculated as 9–13% of the cases, 
mainly due to intra-and interobserver variability3 
(Figure 1). Furthermore, Weiss system seems to be 
highly sensitive for conventional ACC, but difficult-
ly appliable to the oncocytic variant. 

As stated by Bisceglia et al4, the Weiss score in 
oncocytic tumors could be difficult to assess be-
cause at least three features (diffuse architecture, 
high nuclear grade sec. Fhürman and eosinophilic 
cytoplasm) are intrinsically present in this tumor 

TABLE 2. The Weiss scoring system.

Weiss score 0-1: Adrenal Cortical Adenoma.
Weiss score 2-3: Uncertain potential of malignancy.
Weiss score ≥ 3: Adrenal Cortical Carcinoma.

Weiss criteria
1 point is awarded for each criterion
 Grade III-IV sec. Fuhrman 
 Necrosis
 Clear cells < 25%
 Mitoses > 5/10 mm2

 Atypical mitoses
 Diffuse architecture > 33%
 Vascular invasion
 Sinusoidal invasion
 Capsular invasion

Fig. 1. The Weiss scoring system for Adrenal Cortical Carcinoma (ACC) diagnosis requires the presence of at least 3 criteria. 
These include: A) clear cells comprising less than 25% of the tumor cellularity, B) tumor necrosis which strongly correlates with 
malignancy in adrenal cortical lesions, C) the presence of more than 5 mitoses/10 mm2 or atypical mitoses, and D) high nuclear 
grade with prominent nucleoli in large, irregular cells that are typically present in ACCs.

TABLE 3. Lin-Weiss-Bisceglia criteria.

≥ 1 Major criteria: Adrenal Cortical Carcinoma.
1-4 Minor criteria: borderline tumor.

Major criteria
 Mitoses > 5/10 mm2

 Atypical mitoses
 Venous invasion

Minor criteria
 Tumor size > 10 cm and/or weight > 200 g
 Necrosis
 Capsular invasion
 Sinusoidal invasion
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tion in advanced stages, microscopic angioinvasion 
is considered when tumor cells are admixed with 
fibrinoid material or form a thrombus inside the 
lumen or through the vessel wall. Therefore, the 
new classification emphasizes the role of CD61 (an-
ti-GPIIIa) immunostaining as a helpful tool to de-
tect platelets in sites of angioinvasion5.

The 2023 WHO classification introduces a tumor 
mitotic grading system for ACCs based on a cut-off 
of 20 mitoses/10 mm2. Low-grade ACCs have a mi-
totic rate ≤ 20 whereas high-grade ACCs show > 20 
mitoses/10 mm2. 

Along with above discussed diagnostic al-
gorithms, the new classification introduces a 
multi-parameter weighted-point system: The Hel-
sinki scoring system. First developed in 20158 and 
validated in 20179, the Helsinki score is the first 
diagnostic and prognostic system based on the 
combined evaluation of two morphological criteria 
(necrosis and mitoses > 5/10 mm2) and one immu-
nohistochemical parameter (Ki-67 labeling index). 
This scoring system integrates the numeric value 
of Ki-67 labeling index by adding scores assigned 
to increased mitotic rate (score 3) and tumor necro-
sis (score 5). A Helsinki score > 8.5 is diagnostic 

In 2009, some authors proposed a novel diag-
nostic algorithm based on the evidence that most 
ACC showed a disrupted reticulin framework on 
silver-based histochemical staining6. The Reticulin 
algorithm, validated in 2013, is helpful to classify 
an adrenal cortical tumor as malignant when it has 
an altered reticulin pattern associated to one of the 
following features: necrosis, mitotic rate > 5/10 mm2 
and angioinvasion (already included in Weiss crite-
ria). The reticulin algorithm has also proven to be a 
useful tool in the diagnostic workflow of both onco-
cytic and myxoid variants of ACC7 (Figure 2).

Updates on Adrenal cortical 
carcinoma diagnostic

Recently published overview of WHO classification 
of adrenal cortical tumors re-proposes the classic 
pathologic criteria for the diagnosis of ACC with 
slight improvements.

The new WHO classification redefines the sig-
nificance of angioinvasion both for diagnostic and 
prognostic reasons. While macroscopic angioinva-
sion in easily detected in gross or clinical examina-

Fig. 2. A-B. A disrupted reticulin framework highlighted by the histochemical silver staining is an essential criteria of the Reti-
culin algorithm in the Adrenal cortical carcinoma diagnostic.

Fig. 3. A-B. Ki-67 labeling index evaluated by immunohistochemistry in the “hotspot” areas is crucial for the Helsinki scoring 
system both as diagnostic and prognostic factor.
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of ACC, and a score of > 17 has been suggested 
to correlate with adverse prognosis (Figure 3). 
Encouraging results have been reported using the 
Helsinki score in the diagnostic workup of conven-
tional ACC and its variants10 (Table 4).

CONCLUSIONS

The new WHO classification lays the foundations 
for a more essential and reproducible diagnostic 
workup for the Adrenal Cortical neoplasms.
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TABLE 4. Helsinki scoring system.

Score 0 to 8.5: Adrenal cortical adenoma.
Score > 8.5: Adrenal cortical carcinoma.
Score > 17: adverse prognosis.

Histological criteria Score

Mitoses > 5/10 mm2 3
Necrosis  5
Ki-67 labeling index % of Ki-67 from the 
  hotspot areas


