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Adrenalglanddevelopment

A Cortexdevelopsfrom mesoderm of theurogenitalridge; by
week 4steroid-producingcellsoccur

A Cortex has $oetal zone and alefinitive (adult) zone former
occupiexN0% of the volume angroducesDHEAlatter
producescortisol foetal zoneinvolutesrapidlyafter birth

A Medulladevelopsfrom the neurectodermof the neuralcrest
cellsmigrateinto the adrenalgland
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Adrenalglandand gonadaldevelopment
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Adrenalglandpathology

A Adrenocorticalcortex: heterotopiaandaccessoryissue;
hyperplasigdmicro/macronodularand diffuse)adenoma
carcinomaother tumors; metastases

A Adrenalmedulla phaeochromocytomagparagangliomas
andadrenalmedullaryhyperplasia

-
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Table 1. Modified version of WHO classification of tumours of adrenal gland and
extra-adrenal paraganglia

I. TUMOURS OF THE ADRENAL CORTEX

Cortical carcinoma

Cortical adenoma

Sex cord stromal tumours
Granulosa cell tumour
Leydig cell tumour

Adenomatoid tumour

Mesenchymal and stromal tumours
Myelolipoma
Schwannoma

Haematological tumours

Secondary tumours

II. TUMOURS OF THE ADRENAL MEDULLA AND EXTRA-ADRENAL
PARAGANGLIA

Pheochromocytoma

Head and neck paraganglioma

Sympathetic paraganglioma

Neuroblastic tumour of the adrenal gland
Neuroblastoma
Ganglioneuroblastoma, nodular
Ganglioneuroblastoma, intermixed
Ganglioneuroma

Composite phaechromocytoma

Composite paraganglioma



Issues iradrenocorticatumor pathology

A Thetumour is evidentlyfrom the adrenalcortex, but isiit
benignor isit malignan®

A Thetumour is evidentlymalignant but doesit comefrom the
adrenalcortexor doesit comefrom elsewheré&
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Malignancyin adrenalcorticaltumours

A Cannotbe basedon functionalactivity, i.e.both adenomas
andcarcinomasanbe functionalor not

A Frequencyf adenomasandhyperplasias muchhigherthan
that of carcinomagup to 5%)

A Agerange iscomparablebetweenadenomasand carcinomas
(middleagedpatients)

A Carcinomasre rare (0.5 permillion) but have averypoor
Prognosis
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Classification of ACT into adenoma and carcinoma

A Weight: carcinoma > 100 g, adenoma < 50 g
A Size: carcinoma >&cm, adenoma < 5 cm
A Various classification systems: Hough, WeissSkaoten

| Basedon histology necross, mitoses, vasoinvasin,
capsulampenetration nuclearfeatures growth pattern

A Recent classification systems: Modified Weiss (Aubert), Turil
system (reticulin), Helsinki classification (Ki67)



Diagnostic criteria chdrenocorticatumours

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
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Comparison of classifications

A+xly wia {Iyd SdG It ol Aadz2Ld G
I 79 tumours (15 adenomas, 64 carcinomas)

I No significant differences between van Slooten, Weiss anc
modified Weiss (Aubert)

I In equivocal cases, use both classifications
I Higher scores are associated with worse prognosis



Volante et al, 2009

A Individualanalysisof Weisscriteria in ACC and ACA: diffuse
architecturehas highsensitivityand specificity

A Thereforeanalysioof reticulin network: disruptionis 100%
sensitive and 96%pecificfor tumorswith Weissscore over 3

A Algorithmalsoincludesmitotic rate, necrosisandvenous
Invasion
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Ki67labelingindex- diagnosis

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

A Ourownrecentwork hasshownthat Ki67 scoring is begerformed
by an automatedsystemusingdigital image analysis (Papathomas
et al)

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

A ForpaediatricACC, a Ki6abelingindex of 15%ouldbe usedas
cut-off to discriminateclinicalbehaviourand clinicaloutcome (Pinto
et al, 2017)



Variants of ACC

A Oncocytid / ¢Y | fglFéa RAALIXIE&AY3T o O
pleomorphism eosinophilia, diffuse growth; therefore separate set
of criteria (LinWeissBisceglia

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

A SarcomatoidACC: overtly malignant, not always recognized as ACC

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



Oncocytic ACT




LinWeissBisceglia criteria

A Major
I >5 mitosis per 50 HPF
I Atypical mitoses
I Venous invasion
A Minor
I Size >10cm and/or weight >200 gram
I Necrosis
I Sinusoidal invasion
I Capsular invasion
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Diagnostic criteria in children

A Wienekeet al (2003): 31% dfistologicallymalignantAChehaved
clinicallymalignant(n=83)

A Featuresassociatedvith clinicalmalignantbehaviour
I Weight >40Qyr, size >10,5 cm
I Vena cava invasion
i Capsular/vascular invasion
I Extension into surrounding soft tissues
I Necrosis
| Severe nucleaatypia
i >15 mitoses/20 HPF; atypical mitoses
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 Wni/g-catenin activation

B The feature is strongly present
& The feature is moderately present
[ The feature is absent

Transcriptome-based tumour classification

Carcinomas (ACC) s Adenomas (ACA)
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Evidentlymalignanttumoursof the adrenalgland

A Adrenalcorticalcarcinoma

A Otherprimary malignanttumoursof the adrenal melanoma
(angigsarcoma

A Ingrowthfrom other malignanttumoursoutsidethe adrenal
renal cell carcinomahepatocellularcarcinomasarcomas
from the retroperitoneum

A Metastasesrfostlyfrom carcinoma



Immunostaindor differentialdiagnosis

A Positivemarkersfor ACC
I Calretinin Inhibin, Melan A (sensitivityabout 70%each
I SF1gteroidogenidactor 1)
I (Synaptophysin

A Negativemarkers:ChromograninKeratinsusuallyabsent,
weak or focal

-
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Takehomemessagesndrecommendations

A Diagnosis of AC&houldbe confirmedby expertpathologistif
equivocal

A Weissscore is thepreferred classificatiorsystemfor
distinctionof ACArom ACC

A SF1 is the marker othoiceto analyse theprimaryadrenal
nature of a tumor

A Ki67labelingisrecommendedo perform on resection
specimens oprimaryadrenaltumors





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

A Phaeochromocytomaare rarecatecholamineproducing
tumourswith anincidenceof 0.59.5 permillion

A 10% of these aréhoughtto occurin children
A Proportionof hereditarycases hasgicreasedo 35%
A Additional35% havesomaticmutations

A Ourownworkin asmallseries of PCC ahildrenhasrevealed
a 50%rate of germlinetumours



General considerations

A PGL and PGGuallyeasilydistinguishablérom other tumours

A DiagnostidmmunomarkerssynaptophysinchromograninA, both
usuallydiffuselyand stronglypositive(if not: seriouslydoubt
whetherthisis PCC/PGL); addition, most show S106tainingin
sustentacularcells accentuatingdZellballer

A Keratinsusuallynegative for differential diagnosisvith other NE
tumourg carcinomasr other carcinomas

A Mainissuesclinicalbehaviourand heredity









Malignancy in PCC and PGL 2004

A The presence diistologicallyproven metastases in a patient
with a primarypheochromocytoma

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

4
-
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Malignancyin PCC and PGL 2017

A All PCC have &astsomemalignantpotential

A Putativeadversefeaturesfall into severalcategoriesinvasion
architecturalvariation cellularaspect,necrosis and
proliferation

A Multi-parametercombinatorialsystemgPASS, GAPP) have
beenused but there isno consensusvith respect totheir use

-
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The PASSind GAPP Scoring Systems

*Pheochromocytoma of the Adrenal **Grading of Adrenal Phéochromocytoma
Scaled Score (Thompson, 2002) and Paraganglioma (Kimura 2014)
Score if present Parameters Points scored
Feature (no. of points assigned)
i T Histological pattern
| Large nests |or diffuse growth 2 Zellballen 0
= (>t1 OI% o"dtc;‘:mofr 'volume) = 5 Large and irregular cell nest 1
g?crgnf(lr:ént t?.: r?\o?l;wgeecrn:ssi:) Pseudorosette (even focal) 1

(not degenerative change) Cellularity

High cellularity 2 Low (<150 cells/U) o
Cellular monotony 2 Moderate (150—-250 cells/U) 1
Tumor cell spindling (even if focal) 2 High (more than 250 cells/U) 2
Mitotic figures >3/10 HPF 2 Comedo necrosis
2 hec s > L
Extension into adipose tissue 2 Absence o
Vascular invasion 1 Presence - 2
Capsular invasion 1 Vascular or capsular invasnon]
Profound nuclear pleomorphism 1 Absence 0
Nuclear hyperchromasia 1 Presence 1
Total 20 Ki67 labelling index (%)
<1 (o]
HPF = high-power field. 1-3 1
>3 2
Catecholamine type
Epinephrine type (E or E+NE) (o}
Norepinephrine type (NE or NE+DA) 1
Non-functioning type o}
Total maximum score 10
. U, number of tumour cells in a square of a 10 mm micrometer observed
PASS under high power magnification (x400); E, epinephrine; NE,

norepinephrine; DA, dopamine.

w Adds weighted scores of his,tologicgl features ) . L )
uz2z 3IASYSNIUS UKNBakKz2ftR (8;73&5\3“ O2ZNNEBf I GSR gAUGK
development of metastases w Combines scores of histological + some-hitological features

to enerategrades (WD=2) MD= 36; PD= €10
w Includes K67, counted in hot spots as in GI NETs



PASS and GARow up In theliterature

A PASS score in thigerature since2002:

I Gaoet al. (2006) and Strong et al. (20@8iblished
supportiveevidence

I Wuet al (2009¥ind largeintra- andinterobservervariation
of PASS ansuggesturther validation

A No independentonfirmationof GAPRofar



18 genes involved in PCC/PGL
pathogenesis

Genes Predominant tumor site Function Mutation Predominant related condition
NF1 PCC > PGL TSG SIG Neurofibromas, gliomas
RET PCC Onco GIS Medullary Thyroid Cancinoma
VHL PCC TSG GIS Renal cell carcinomas (RCC)

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

SDHB PGL > PCC TSG Gl(s) Renal CeGHIf:;rcinoma

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 GIS none

HIF2A PGL > PCC Onco SIG 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

Unexplained

(sporadic)

SDHC

SDHA

m Germline VHL = Somatic VHL

m Germline NF1 = Somatic NF1

Germline RET m Somatic RET

m Germline SDHA m Germline SDHB

m Germline SDHC ' Germline SDHD

m Germline MAX = Somatic MAX

m Somatic HRAS m other genes

Sporadic



Hypoxia Inducible Factor (HIF) pathway: cluster 1 gene

*

Succinate Fumarate Mutations associated with
- r human PCC
, i
I'I o-Ketoglutarate Succinate

+ 02 \_/4_ (_j()2
* EGLN * E3 ubiquitin

VHL ligase

/’—\ ~~ complex
OH

I

HiF-K

L]

Activation of target genes Proteasome-mediated
promoting angiogenesis degradation
and cell survival

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



Succinatalehydrogenas¢SDH) complex

A SDH is getrameric protein complex at the innemitochondrial
membrane composedof SDHA (5p15), SDHB (PGL4, 1p36), SDHC
(PGL3, 1g21), and SDHD (PGL1, 11923)

A Mutations causingimultiple) PGL and PCC have bdescribedn
all 4genes aswell as in SDHAF2 (PGL2, 11913)

A ADinheritance maternalimprinting for SDHD and SDHAF2

A Othertumors inthis syndrome gastrointestinal stromal tumors
(GIST)enal cellcarcinomaspituitary adenomas andpancreatic
neuroendocringumors
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