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Adrenal gland development

• Cortex develops from mesoderm of the urogenital ridge; by
week 4 steroid-producing cells occur

• Cortex has a foetal zone and a definitive (adult) zone, former
occupies 90% of the volume and produces DHEA; latter
produces cortisol; foetal zone involutes rapidly after birth

• Medulla develops from the neurectoderm of the neural crest; 
cells migrate into the adrenal gland



Adrenal gland and gonadal development

Pihlajoki et al., Front Endocrinol 2015







Adrenal gland pathology

• Adrenocortical cortex: heterotopia and accessory tissue; 
hyperplasia (micro/macronodular and diffuse); adenoma;  
carcinoma; other tumors; metastases

• Adrenal medulla: phaeochromocytomas (paragangliomas), 
and adrenal medullary hyperplasia





Issues in adrenocortical tumor pathology

• The tumour is evidently from the adrenal cortex, but is it
benign or is it malignant?

• Can we grade or predict prognosis of adrenocortical tumours?

• The tumour is evidently malignant, but does it come from the 
adrenal cortex or does it come from elsewhere?



Malignancy in adrenal cortical tumours

• Cannot be based on functional activity, i.e. both adenomas
and carcinomas can be functional or not

• Frequency of adenomas and hyperplasia is much higher than
that of carcinomas (up to 5%)

• Age range is comparable between adenomas and carcinomas
(middle aged patients)

• Carcinomas are rare (0.5-2 per million) but have a very poor
prognosis





“Old school” Classification of ACT

• Weight: carcinoma > 100 g, adenoma < 50 g

• Size: carcinoma > 5-6 cm, adenoma < 5 cm

• Classification systems: Hough, Weiss, van Slooten

– Based on histology: necrosis, mitoses, vasoinvasion, 
capsular penetration, nuclear features, growth pattern



Diagnostic criteria of adrenocortical tumours

Criterion Van Slooten Weiss

Nuclear pleomorphism 2.1 1
Nuclear hyperchromasia 2.6

Prominent nucleoli 4.1
Mitoses (>5/50 HPF) 1
Mitoses (>2/10 HPF) 9.0

Atypical mitoses 1
Clear cells (<25%) 1

Diffuse growth 1.6 1
Necrosis 1

Extensive regressive changes 5.7
Venous invasion 1

Sinusoidal invasion 3.3 1
Capsular penetration 1

Benign <8 1-2
Malignant >8 >3





“New school” classification of ACT

• Modified Weiss (by Aubert)

• Turin classification (by Duregon and Papotti), adding reticulin
staining

• Helsinki classification (by Pennanen and validated by Duregon and
Papotti), adding Ki67 labeling index
– Note: this classification was intended to detect metastatic ACC



The use of Ki67 labeling index

• For diagnostic purposes: labeling index of >5% suggested to indicate 
malignancy (although <5% does not exclude it)

• For prognostic purposes: labeling index groups <10%, between 10 
and 20% and >20% have been suggested (Beuschlein et al)

• Our own recent work has shown that Ki67 scoring shows 
considerable interobserver variation and is best performed by an
automated system using digital image analysis (Papathomas et al)



Variants of ACC

• Oncocytic ACT: always displaying 3 “malignant criteria”: nuclear 
pleomorphism, eosinophilia, diffuse growth; therefore separate set 
of criteria (Lin-Weiss-Bisceglia)

• Myxoid ACT: other differential diagnoses may be considered, 
including metastases; Weiss score may underestimate malignant 
potential

• Sarcomatoid ACC: overtly malignant, not always recognized as ACC

• ACT/ACC in children (were noted to behave much better than those 
in adults)



Oncocytic ACT



Lin-Weiss-Bisceglia criteria

• Major

– >5 mitosis per 50 HPF

– Atypical mitoses

– Venous invasion

• Minor

– Size >10cm and/or weight >200 gram

– Necrosis

– Sinusoidal invasion

– Capsular invasion



Myxoid ACT



Sarcomatoid ACC



Diagnostic criteria in children

• Wieneke et al (2003): 31% of histologically malignant ACC behaved
clinically malignant (n=83)

• Features associated with clinical malignant behaviour:
– Weight >400 gr, size >10,5 cm
– Vena cava invasion
– Capsular/vascular invasion
– Extension into surrounding soft tissues
– Necrosis
– Severe nuclear atypia
– >15 mitoses/20 HPF; atypical mitoses



Evidently malignant tumours of the adrenal gland

• Adrenal cortical carcinoma

• Other primary malignant tumours of the adrenal: melanoma, 
(angio)sarcoma

• Ingrowth from other malignant tumours outside the adrenal: 
renal cell carcinoma, hepatocellular carcinoma, sarcomas
from the retroperitoneum

• Metastases (mostly from carcinomas)



Immunostains for differential diagnosis

• Positive markers for ACC

– Calretinin, Inhibin, Melan A (sensitivity about 70% each)

– SF1 (steroidogenic factor 1)

– (Synaptophysin)

• Negative markers: Chromogranin, Keratins usually absent, 
weak, or focal



Take home messages and recommendations

• Diagnosis of ACC should be confirmed by expert pathologist if
equivocal

• Weiss score is the preferred classification system for
distinction of ACA from ACC

• SF-1 is the marker of choice to analyse the primary adrenal
nature of a tumor

• Ki67 labeling is recommended to perform on resection
specimens of primary adrenal tumors



https://vpn-gw.erasmusmc.nl/+CSCO+1h756767633A2F2F6A6A6A2E61706F762E61797A2E6176752E746269++/pmc/articles/PMC3943605/figure/F3/




Adrenal medulla

• Phaeochromocytomas are rare catecholamine-producing
tumours with an incidence of 0.5-9.5 per million

• 10% of these are thought to occur in children

• Proportion of hereditary cases has increased to 35%

• Additional 35% have somatic mutations

• Our own work in a small series of PCC in children has revealed
a 50% rate of germline tumours



General considerations

• PGL and PCC usually easily distinguishable from other tumours

• Diagnostic immunomarkers: synaptophysin, chromogranin A, both
usually diffusely and strongly positive (if not: seriously doubt 
whether this is PCC/PGL); in addition, most show S100 staining in 
sustentacular cells, accentuating “Zellballen”

• Keratins usually negative: for differential diagnosis with other NE 
tumours/carcinomas or other carcinomas

• Main issues: clinical behaviour and heredity



HE staining of pheochromocytoma with nested growth pattern



S100 immuno showing typical sustencular cell pattern around the nodules



Malignancy in PCC and PGL 2004

• The presence of histologically proven metastases in a patient 
with a primary pheochromocytoma

• The presence of chromaffin tissue in places where this 
normally does not occur in combination with elevated 
catecholamine levels after removal of the primary tumor



Malignancy in PCC and PGL 2017

• All PCC have at least some malignant potential

• Putative adverse features fall into several categories: invasion, 
architectural variation, cellular aspect, necrosis, and 
proliferation

• Multi-parameter combinatorial systems (PASS, GAPP) have 
been used, but there is no consensus with respect to their use





The PASS* and GAPP** Scoring Systems

GAPP:
• Combines scores of histological + some non-histological features  

to generate grades (WD= 0-2; MD= 3-6; PD= 0-10)
• Includes Ki-67, counted in hot spots as in GI NETs

PASS:
• Adds weighted scores of histological features  

to generate threshold (≥4) correlated with 
development of metastases



PASS and GAPP follow up in the literature

• PASS score in the literature since 2002: 

– Gao et al. (2006) and Strong et al. (2008) published
supportive evidence

– Wu et al (2009) find large intra- and interobserver variation
of PASS and suggest further validation

• No independent confirmation of GAPP so far



18 genes involved in PCC/PGL 
pathogenesis

Genes Predominant tumor site Function Mutation Predominant related condition

NF1 PCC > PGL TSG S/G Neurofibromas, gliomas 

RET PCC Onco G/S Medullary Thyroid Cancinoma

VHL PCC TSG G/S Renal cell carcinomas (RCC)

SDHA PGL > PCC TSG G Gastro-intestinal stromal tumors (GIST)

SDHB PGL > PCC TSG G/(s)
GIST

Renal Cell Carcinoma

SDHC PGL TSG G GIST

SDHD PGL > PCC TSG G/ (s) GIST

SDHAF2 PGL TSG G none

TMEM127 PCC TSG G none

MAX PCC > PGL TSG G/S none

HIF2A PGL > PCC Onco S/G Polycythemia

KIF1B PCC TSG G none

PHD1/2 PGL TSG G Polycythemia

HRAS PCC Onco S none (mutated in many cancers)

FH PCC TSG G uterine leioma

MDH2 PCC TSG G none

Adapted from Dahia Nat Rev Cancer 2014



Relative frequency of germline and somatic mutations
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Somatic HRAS   other genes

  Sporadic



Hypoxia Inducible Factor (HIF) pathway: cluster 1 genes

Adapted from: Welander J et al. Endocr Relat Cancer 2011

Mutations associated with 

human PCC



Succinate dehydrogenase (SDH) complex

• SDH is a tetrameric protein complex at the inner mitochondrial
membrane, composed of SDHA (5p15), SDHB (PGL4, 1p36), SDHC 
(PGL3, 1q21), and SDHD (PGL1, 11q23)

• Mutations causing (multiple) PGL and PCC have been described in 
all 4 genes, as well as in SDHAF2 (PGL2, 11q13) 

• AD inheritance, maternal imprinting for SDHD and SDHAF2

• Other tumors in this syndrome: gastro-intestinal stromal tumors 
(GIST), renal cell carcinomas, pituitary adenomas, and pancreatic
neuroendocrine tumors
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* *



Conclusions on SDHA/B immuno

• SDHB IHC is negative in cases of PGL and PCC with SDHx mutations

• SDHA IHC is negative in cases with SDHA mutations only

• All other tumours, including those with RET, VHL and NF1 mutations
and sporadic cases have positive staining

• This technique allows to direct genetic testing

• Recent study with 7 observers has shown good interobserver
agreement with 99% consensus for SDHA and 90% consensus for SDHB
immuno

Van Nederveen et al., Lancet Oncology 2009; Papathomas et al., Mod Pathol 2015



SDHA/B expression in GIST

Oudijk et al., Mod Pathol 2013;26:456-63



SDHB IHC

SDHA IHC



Non PCC/PGL tumors

• Renal carcinomas and pituitary adenomas have a unique
morphology with prominent intracytoplasmic inclusions and 
eosinophilic cytoplasm

• Recent study on patients/families with pituitary adenoma and 
PCC/PGL (Denes et al., JCEM 2015): 11/39 have mutations in 
SDHx or MEN1, confirmed by LOH



PI3K/mTOR/MAPK pathway: cluster 2 genes

Adapted from Welander J et al. Endocr Relat Cancer 2011

Mutations associated with 

mouse PCC

Mutations associated with 

human PCC



Newly discovered genes – TMEM127

• TMEM127, tumor suppressor gene on 2q11.2, encodes a 
transmembrane protein affecting mTOR signaling

• Almost always PCC, very few PGL; almost always benign

• Multiple tumors and adrenomedullary hyperplasia, 
comparable to MEN2 patients

• Associated sometimes with clear cell renal cell carcinomas

• 1-2% of apparently sporadic PCC

• Median age at presentation similar to sporadic PCC



Newly discovered genes: MAX

• MAX, discovered in 2011, tumor suppressor gene on 14q23, 
also causes renal oncocytoma

• MAX protein can be detected by immuno and can be used to 
support causality in secondary tumours in patients with
PCC/PGL and MAX germline abnormalities



Max immunostaining

Burnichon et al., Clin Cancer Res 2012;18:2828-37



Take home messages PCC

• All PCC have some malignant potential

• No consensus on the use of any scoring system

• PCC occur frequently in the context of genetic syndromes
with multiple tumors

• Genetic testing of proband and family for germline mutations
is advisable to install adequate follow up

• Immunohistochemistry can play an important role to guide
genetic testing and/or to confirm the pathogenicity of 
variants of unknown significance




