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Adrenalglanddevelopment

ÅCortex developsfrom mesoderm of the urogenitalridge; by
week 4 steroid-producingcellsoccur

ÅCortex has a foetal zone and a definitive (adult) zone, former
occupies90% of the volume and producesDHEA; latter
producescortisol; foetal zone involutesrapidlyafter birth

ÅMedulladevelopsfrom the neurectodermof the neuralcrest; 
cellsmigrateinto the adrenalgland



Adrenalglandand gonadaldevelopment

Pihlajoki et al., Front Endocrinol 2015







Adrenalglandpathology

ÅAdrenocorticalcortex: heterotopiaand accessorytissue; 
hyperplasia(micro/macronodularand diffuse); adenoma;  
carcinoma; other tumors; metastases

ÅAdrenalmedulla: phaeochromocytomas(paragangliomas), 
and adrenalmedullaryhyperplasia





Issues in adrenocorticaltumor pathology

ÅThe tumour is evidentlyfrom the adrenalcortex, but is it
benignor is it malignant?

ÅThe tumour is evidentlymalignant, but does it comefrom the 
adrenalcortex or does it comefrom elsewhere?



Malignancyin adrenalcorticaltumours

ÅCannotbebasedon functionalactivity, i.e. both adenomas
and carcinomascanbe functionalor not

ÅFrequencyof adenomasand hyperplasiais muchhigherthan
that of carcinomas(up to 5%)

ÅAgerange is comparablebetweenadenomasand carcinomas
(middleagedpatients)

ÅCarcinomasare rare (0.5-2 per million) but have a verypoor
prognosis





Classification of ACT into adenoma and carcinoma

ÅWeight: carcinoma > 100 g, adenoma < 50 g

ÅSize: carcinoma > 5-6 cm, adenoma < 5 cm

ÅVarious classification systems: Hough, Weiss, van Slooten

ïBasedon histology: necrosis, mitoses, vasoinvasion, 
capsularpenetration, nuclearfeatures, growth pattern

Å Recent classification systems: Modified Weiss (Aubert), Turin 
system (reticulin), Helsinki classification (Ki67)



Diagnostic criteria of adrenocorticaltumours

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





Comparison of classifications

Å±ŀƴ Ψǘ {ŀƴǘ Ŝǘ ŀƭ όIƛǎǘƻǇŀǘƘƻƭƻƎȅ нллтύΥ

ï79 tumours (15 adenomas, 64 carcinomas)

ïNo significant differences between van Slooten, Weiss and 
modified Weiss (Aubert)

ïIn equivocal cases, use both classifications

ïHigher scores are associated with worse prognosis



Volante et al, 2009

Å Individualanalysisof Weisscriteria in ACC and ACA: diffuse 
architecturehas high sensitivityand specificity

ÅThereforeanalysisof reticulinnetwork: disruptionis 100% 
sensitive and 96% specificfor tumors with Weissscore over 3

ÅAlgorithmalsoincludesmitotic rate, necrosisand venous
invasion



Volante et al., Histopathology 55:535-543, 2009



Ki67 labelingindex - diagnosis

Å Ki67 can be used for diagnostic purposes and also for prognosis

ÅOurown recent work has shownthat Ki67 scoring is best performed
by anautomatedsystem usingdigital image analysis (Papathomas 
et al)

Å Ki67 index above 5% indicative of malignancy, but low index does 
not equal absence of malignancy

Å For paediatricACC, a Ki67 labelingindex of 15% couldbe usedas 
cut-off to discriminateclinicalbehaviourand clinicaloutcome(Pinto
et al, 2017)



Variants of ACC

ÅOncocytic!/¢Υ ŀƭǿŀȅǎ ŘƛǎǇƭŀȅƛƴƎ о άƳŀƭƛƎƴŀƴǘ ŎǊƛǘŜǊƛŀέΥ ƴǳŎƭŜŀǊ 
pleomorphism, eosinophilia, diffuse growth; therefore separate set 
of criteria (Lin-Weiss-Bisceglia)

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

Å SarcomatoidACC: overtly malignant, not always recognized as ACC

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



Oncocytic ACT



Lin-Weiss-Bisceglia criteria

ÅMajor

ï>5 mitosis per 50 HPF

ïAtypical mitoses

ïVenous invasion

ÅMinor

ïSize >10cm and/or weight >200 gram

ïNecrosis

ïSinusoidal invasion

ïCapsular invasion



Myxoid ACT



Sarcomatoid ACC



Diagnostic criteria in children

ÅWienekeet al (2003): 31% of histologicallymalignantACC behaved
clinicallymalignant(n=83)

Å Features associatedwith clinicalmalignantbehaviour:
ïWeight >400 gr, size >10,5 cm
ïVena cava invasion
ïCapsular/vascular invasion
ïExtension into surrounding soft tissues
ïNecrosis
ïSevere nuclear atypia
ï>15 mitoses/20 HPF; atypical mitoses



Assieet al., 2014



Fishbeinet 
al., 2017



Evidentlymalignanttumoursof the adrenalgland

ÅAdrenalcorticalcarcinoma

ÅOtherprimarymalignanttumoursof the adrenal: melanoma, 
(angio)sarcoma

Å Ingrowthfrom other malignanttumoursoutsidethe adrenal: 
renalcellcarcinoma, hepatocellularcarcinoma, sarcomas
from the retroperitoneum

ÅMetastases (mostlyfrom carcinomas)



Immunostainsfor differentialdiagnosis

ÅPositivemarkers for ACC

ïCalretinin, Inhibin, MelanA (sensitivityabout70% each)

ïSF1 (steroidogenicfactor 1)

ï(Synaptophysin)

ÅNegativemarkers: Chromogranin, Keratinsusuallyabsent, 
weak, or focal



Takehome messagesand recommendations

ÅDiagnosis of ACC shouldbeconfirmedby expert pathologistif
equivocal

ÅWeissscore is the preferredclassificationsystem for
distinctionof ACA from ACC

ÅSF-1 is the marker of choiceto analyse the primaryadrenal
nature of a tumor

ÅKi67 labelingis recommendedto performon resection
specimens of primaryadrenaltumors



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




Adrenalmedulla

ÅPhaeochromocytomasare rare catecholamine-producing
tumourswith anincidenceof 0.5-9.5 per million

Å10% of these are thought to occurin children

ÅProportionof hereditarycases has increasedto 35%

ÅAdditional35% have somaticmutations

ÅOurown work in a smallseries of PCC in childrenhas revealed
a 50% rate of germlinetumours



General considerations

Å PGL and PCC usuallyeasilydistinguishablefrom other tumours

Å Diagnosticimmunomarkers: synaptophysin, chromograninA, both
usuallydiffuselyand stronglypositive(if not: seriouslydoubt 
whether this is PCC/PGL); in addition, most show S100 stainingin 
sustentacularcells, accentuatingάZellballenέ

Å Keratinsusuallynegative: for differential diagnosis with other NE 
tumours/carcinomasor other carcinomas

ÅMain issues: clinicalbehaviourand heredity







Malignancy in PCC and PGL 2004

ÅThe presence of histologicallyproven metastases in a patient 
with a primary pheochromocytoma

ÅThe presence of chromaffintissue in places where this 
normally does not occur in combination with elevated 
catecholamine levels after removal of the primary tumor



Malignancyin PCC and PGL 2017

ÅAll PCC have at leastsomemalignantpotential

ÅPutativeadversefeatures fall into severalcategories: invasion, 
architecturalvariation, cellularaspect, necrosis, and 
proliferation

ÅMulti-parametercombinatorialsystems(PASS, GAPP) have 
been used, but there is no consensus with respect to their use





The PASS* and GAPP** Scoring Systems

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

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

PASS:
ω Adds weighted scores of histological features  
ǘƻ ƎŜƴŜǊŀǘŜ ǘƘǊŜǎƘƻƭŘ όҗпύ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ 
development of metastases



PASS and GAPP follow up in the literature

ÅPASS score in the literature since2002: 

ïGaoet al. (2006) and Strong et al. (2008) published
supportiveevidence

ïWuet al (2009) find largeintra- and interobservervariation
of PASS and suggestfurther validation

ÅNo independent confirmationof GAPP sofar



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



Relativefrequencyof germlineand somaticmutations

NF1

SDHA

S
D

H
B

SDHC

Unexplained 
(sporadic)

Germline VHL Somatic VHL

Germline NF1 Somatic NF1

Germline RET Somatic RET

Germline SDHA Germline SDHB

Germline SDHC Germline SDHD

Germline  MAX Somatic MAX

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



Succinatedehydrogenase(SDH) complex

Å SDH is a tetramericprotein complex at the inner mitochondrial
membrane, composedof SDHA (5p15), SDHB (PGL4, 1p36), SDHC 
(PGL3, 1q21), and SDHD (PGL1, 11q23)

ÅMutationscausing(multiple) PGL and PCC have been describedin 
all 4 genes, as well as in SDHAF2 (PGL2, 11q13) 

Å AD inheritance, maternalimprinting for SDHD and SDHAF2

ÅOther tumors in this syndrome: gastro-intestinalstromal tumors 
(GIST), renalcellcarcinomas, pituitary adenomas, and pancreatic
neuroendocrinetumors





SDHB immunohistochemistry

- organ of Zuckerkandl

- cardiac muscle
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