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Adrenal Cortical Lesions –  

Sequence Hyperplasia-Adenoma-Carcinoma 

Malignancy criteria 

Contributions of gene expression 

Cellular heterogeneity 

Cell segregation and vascular supply 

Morphology and function 



Malignancy Criteria 

Hough sytem 

Weiss system 

Van Slooten system 

SDDS 



Adrenocortical Neoplasm 



Adrenocortical Neoplasm 



Adrenocortical Carcinoma 



Adrenocortical Carcinoma 



Criteria for the diagnosis of adrenal 
cortical carcinoma 

     HHS  WS  VSS 

Capsular invasion   +  +  + 
Venous invasion   +  +  + 

Sinusoidal invasion    +   
Broad fibrous bands   +     

Diffuse architecture   +  +   
Necrosis    +  +  + 

Clear cells (<25%)      +   

Pleomorphism/high grade + +  + 
Mitoses    +  +  + 

Atypical mitoses      +   
Abnormal nucleoli         + 



Criteria for the diagnosis of adrenal 
cortical carcinoma 

     HS  WS  VSS 

 
Weight of tumor (>100 g)  +     

Clinical features       

Urinary 17-Ketogenic steroids +     
Response to ACTH   +     

Weight loss    + 



Full serum steroid panel discriminates 
ACC from other adrenal lesions 



Blanes, Diaz-Cano. Am J Clin Pathol 2007;127:398-408 
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Blanes, Diaz-Cano. Am J Clin Pathol 2007;127:398-408 



MF Counting 

High Nuclear Grade 

Anisokaryosis Anisokaryosis 
Diffuse Growth 

Pattern 

Tissue Reaction Adjacent Adrenal 

SDMF/HPF ≤ 0.2 

≤ 2 MF/50 HPF 

0.2 < SDMF/HPF ≤ 0.3 

2-5 MF/50 HPF 
SDMF/HPF > 0.3 

> 5 MF/50 HPF 

Yes Yes Yes 

Yes 

No No 

No 

No 

ACC 

ACC 

ACC ACA ACA ACNH 

ACNH 

Hyperpl.– Hyperpl.+ 
Myxoid 

Desmopl. 

Blanes, Diaz-Cano. Am J Clin 

Pathol 2007;127:398-408 



Gene Expression in ACPL 

Am J Pathol 2003, 162:521–531 



Gene Expression in ACPL 

Am J Pathol 2003, 162:521–531 



Gene Expression in ACPL 

Oncogene (2004) 23, 1575–1585 



ACC – Genomic Profiles 
Standardized molecular data 
from 91 cases of adrenocortical 
carcinoma 

Driver genes including TP53, 
ZNFR3, CTNNB1, PRKAR1A, 
CCNE1, and TERF2 

Whole-genome doubling event is 
a marker for ACC progression 

Three prognostic molecular 
subtypes captured by a DNA-
methylation signature 

Cancer Cell. 2016 May 9;29(5):723-36. 

https://www.ncbi.nlm.nih.gov/pubmed/27165744


Clonality and DNA - Kinetic 
Heterogeneity 

Blanes, Diaz-Cano. Hum Pathol 2006;37(10):1295-303 
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Statistically significant for Benign vs. Malignant 

Statistically significant for Polyclonal vs. Monoclonal 

(Benign lesions only)  

Blanes, Diaz-Cano. Hum Pathol 2006;37(10):1295-303. 



Proliferation Apoptosis 
Extrapolated 

Apoptosis Trend 

ACNH ACA ACC 

Benign 
Polyclonal 

Benign 
Monoclonal 

Malignant 
Monoclonal 

Blanes, Diaz-Cano. Hum Pathol 2006;37(10):1295-303. 



Prophase Metaphase 

Anaphase 

Cytokinesis 

G2 Cell 

G1 Cell 

Apoptosis 

G2 Arrest 

Cycling 
Tetraploid Cells 

Normal Histogram 

2n/2c 

2n/4c 4n/4c 

2c 4c 8c 5c 

2c 4c 8c 5c 

2c 4c 8c 5c  
 

Blanes, Diaz-Cano. Hum Pathol 2006;37(10):1295-303. 



ACC - Molecular Genomic 

Whole Genome Doubling is a 
hallmark of disease progression 
Increased TERT expression,  
Decreased telomere length, and 
Activation of cell-cycle programs. 

Cancer Cell. 2016 May 9;29(5):723-36. 

https://www.ncbi.nlm.nih.gov/pubmed/27165744


Cell Kinetic and Clonal Cell Segregation 



Clonality and Kinetics in Adrenal Cortex  
Diaz-Cano et al. Am J Pathol 2000;156:311-319  



Diaz-Cano et al. 
Am J Pathol 2000;156:311-319 



Clonality as Expression of Distinctive Cell 
Kinetics 

A distinctive correlation between 
proliferation and apoptosis, direct for 
ACNHs and inverse for ACAs, helps explain 
clone selection.  

The inverse correlation of kinetic 
parameters would provide the best selective 
mechanism resulting in dominant clone 
expansion (monoclonal) in ACAs, whereas 
direct correlation gives a less selective 
mechanism, allowing balanced expansion of 
clones (polyclonal) in ACNHs 

Diaz-Cano, et al. Am J Pathol 2000;156:311-319 



Clonality and Microvessels 

Diaz-Cano et al. Hum Pathol 2001;32:1232-39 



Clonality and Cell Kinetics 

Diaz-Cano et al. Hum Pathol 2001;32:1232-39 



Cell Kinetics and Microvessels 

Diaz-Cano et al. Hum Pathol 2001;32:1232-39 



Clonality, Cell Kinetics, and 
Microvessel Network 

 The microvessel profile of monoclonal adrenocortical 

lesions is characterized by parallel increases in 

microvessel area and density that correlate directly 

with proliferation and inversely with apoptosis.  

 This distinctive microvessel pattern certainly helps 

maintain the kinetic advantage (high proliferation and 

low apoptosis), clonal cell selection, and eventually 

cellular progression in those lesions 

Diaz-Cano et al. Hum Pathol 32:1232-39 



Adrenocortical Proliferative 
Lesions 

MORPHOLOGY AND FUNCTION 



Control of Adrenal Cortical 
Secretion 



Hypothalamic-pituitary-adrenal axis in ACTH-dependent 
Cushing's syndrome 



Hypothalamic-pituitary-adrenal axis in ACTH-independent 
Cushing's syndrome 



Benign Adrenal Cortical Proliferative 
Lesions 



Etiologic Diagnosis of Cushing 

Test 
ACTH -
Pituitary 

ACTH - 
Ectopic 

Primary 
adrenal 

ACTH    

CRH stimulation 

test 

 -- -- 

HDDST + - (80%) - 

Metyrapone 

stimulation test 

+ -/± - 



 Hyperaldosteronism 



Adrenal Medullary Lesions 

Pheochromocytomas in familial 
syndromes 

Precursor lesions: Criteria, clonality, 
and kinetic 

Malignancy and topographic 
heterogeneity 



Molecular Pathways in PCC 



Familial PCC 



Familial PCC -  
Gene Expression 



Familial PCC 

Extra-

adrenal 
Bilateral AMH Capsule Metastasis 

MEN 2 - + + - Very rare 

VHL type2 - + - +, Vascular Rare 

NF1 ± <25% - + Rare 

PGL-PCC + ± - - 40% 



NF1 Pheochromocytomas 



VHL Pheochromocytomas 



VHL Pheochromocytomas 



VHL Syndrome 



Familial PCC/PGL 

Syndrome Gene 
PCC 

unilat 
PCC bilat PGL symp PGL paras 

MEN 2 RET + ++ - - 

VHL VHL + ++ ± - 

NF1 NF1 + ± - - 

PGL4 SDHB + - ++ + 

PGL3 SDHC - - - + 

PGL1 SDHD ± - ± ++ 



PCC-PGL – Genetic Profiles 

Cancer Cell. 2017 Feb 13;31(2):181-193. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Comprehensive+Molecular+Characterization+of+Pheochromocytoma+and+Paraganglioma


PCC-PGL – Molecular Pathways 



Pseudohypoxia 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Intra-compartmental, 

limited growth 

Intraepithelial

/micro-

invasive 

Expansile beyond 

microanatomic 

limits 

Expansile, invasive and 

angiogenic 

No cytological atypia, 

organoid 
Cytological and architectural atypia 

Class I 

Precursors 

Class II 

Intermediate 

Class IIIA 

Tumorigenic, LMP 

Class IIIB 

Tumorigenic, HMP 

SPATIAL 
HETEROGENEITY 

Committed Cell 
Precursor 

No Cell 
Immortalizatio

n 

Stable 
Growth 
Phase 

Homogeneou
s CTCME 

Non 
Synergistic 

Stimulatory/N
o paracrine 

control 

No Stemness 

Heterogeneous 
CTCME 

Non 
Synergistic 

Stimulatory/N
o paracrine 

control 

No Stemness 

Unstable 
Unqualified 

Growth 
Phase 

Heterogeneous 
CTCME 

Synergistic 
(Suppr/Exp)) 

Blocked 
Apoptosis 

No Stemness 

Cell 
Immortalization 

Unstable 
Progressive 

Growth 
Phase 

Heterogeneous 
CTCME 

Synergistic 
(Expansive) 

Autonomous 

No Stemness 

Progressive 

Autonomous 

No Stemness Stemness 

Cell Selection 
Pressure 
- Kinetics, cellular 

(homologous and 
heterologous) 
and ECM 
interactions, and 
gradients (O2, 
nutrients, GF) 
 

Mutations 
- Neutral, 

deleterious, and 
promoting 



PCC-PGL – Molecular Genomic 
Comprehensive molecular 
profiling of 173 
pheochromocytoma and 
paraganglioma tumors 

Single drivers in tumors by 
germline mutation, somatic 
mutation, or fusion gene 

MAML3 fusion gene and CSDE1 
somatic mutation define a Wnt-
altered subtype 

Prognostic markers of metastatic 
disease include the MAML3 
fusion gene 

Four molecularly 
defined groups:  
Kinase signaling subtype,  
Pseudohypoxia subtype,  
Wnt-altered subtype, 

driven by MAML3 and 
CSDE1, and  
Cortical admixture 

subtype. 



Multifocal or Multicentric? 
SINGLE CLONE PROLIFERATION VERSUS  NEOPLASTIC 
FIELD CHANGE 



Multifocal or Multicentric? 

 Familial tumor syndromes are good models due to: 

◦ Synchronic and metachronic tumors  

◦ Range of precursor lesions and established neoplasms are 

frequent 

 Germline RET mutation (multiple endocrine neoplasia 

2) has high penetrance and shows AMH-PCC and CCH-

MTC 



Molecular Genetics in CCH & AMH 
Patients 
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Diaz-Cano, Wolfe. N Engl J Med 1997; 336: 988-93 

Clonality Assays -  
Cell and Tissue Comparisons 





Early Monoclonal Expansions in MEN 
2A AMH 

 AMH is a multifocal monoclonal condition with 

concordant methylation of androgen receptor alleles in 

a given MEN-2A patient (RET point mutation at codon 

634) 

 The multifocal nature and the concordant  methylation 

pattern suggest an early clonal expansion of precursors 

at certain point during embryogenesis 

Diaz-Cano et al. J Pathol 2000; 192: 221-228 



Neoplastic or not? 
DIVERGENT GENETIC EVOLUTION OF C -CELL AND 
ADRENAL MEDULLARY HYPERPLASIAS IN MEN 2A  





§ = Discordant LOH patterns in both lobes. 

‡ = Concordant LOH patterns in both lobes.  

¶ = Discordant SNP patterns in both lobes with concordant TP53 LOH patterns 

in 2 cases. 

Microsatellite Patterns in CCH 
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§ = Discordant LOH patterns in nodules from 2 patients (67%). 

‡ = Concordant LOH patterns in nodules from 3 patients (42%), but in 

different TSG in each patient 

Microsatellite Patterns in AMH 
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Molecular Genetics in CCH & AMH 
Conclusions 

 MEN 2A CCH and AMH are mainly monoclonal 
lesions, but with divergent genetic evolution 
◦ CCH shows early concordant TP53 and RB1 loci 

abnormalities, supporting the neoplastic nature of this 
lesion 

◦ AMH is genetically heterogeneous and reveals low 
incidence of microsatellite abnormalities and 
discordant patterns, especially at NF1 locus. These 
results are not consistent with a fully established 
neoplasm 





Locally Invasive PCC. Clonality 

Diaz-Cano et al. J Pathol 2000; 192: 221-228 



Diaz-Cano et al. J Pathol 2000; 192: 221-228 

PCC - Histology and Clonality 



Diaz-Cano et al. J Pathol 2000; 192: 221-228 

Apoptosis in PCC 



Clonality and Kinetics in PCC 

 Sporadic and MEN 2A PCC are mainly 

monoclonal. 

 A subgroup of PCC characterized by 

balanced methylation of androgen receptor 

alleles, high cellular turnover, and stromal 

proliferation also shows locally invasive 

features. 
Diaz-Cano et al. J Pathol 2000; 192: 221-228 



Intratumor 
Heterogeneity 
DO GENETIC AND KINETIC CHANGES CORRELATE 
WITH TOPOGRAPHY? 





Intratumor 
Heterogeneity 
TOPOGRAPHIC DISTRIBUTION OF GENETIC 
CHANGES 

Genetic Heterogeneity by Topographic Compartments 
in PCC Suggests a Convergent Cell Selection in the 

Peripheral Area 



Topographic Heterogeneity in PCC 

 Adrenal pheochromocytomas (PCC) are 
histologically and biologically heterogeneous 
neoplasms 

 PCCs present as sporadic or familial tumors, the 
latter being associated with adrenal medullary 
hyperplasias 

 Topographic heterogeneity is associated with 
accumulation of genetic abnormalities in the 
peripheral compartment 



PCC - Malignancy Criteria? 



PCC - Malignancy Criteria? 



PCC - Malignancy Criteria? 



PCC - Malignancy Criteria? 





PGL-PCC 

Low Risk 

PGL-PCC 

High Risk 

Criteria Tumor with not 

enough invasive / 

tumorigenic 

features 

At least one feature 

of invasive capacity 

and two features of 

tumorigenic 

expansion 

(±mitogenic activity) 

Lymph nodes N0 N0 / N1 

Distant 

metastases 

M0 M0 /M1 



Metastasis is the Only Malignancy Criterion 
in PCC 





Microsatellite Profile of PCC by Tumor 
Compartment 
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Malignant 

transformation TCGAT 
AGCTA 

MSI and Defective DNA mismatch repair 
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DNA 
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DNA mismatch 
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? MLH1/MSH2 

immunoexpression ? MLH1/MSH2 

immunoexpression 

? MLH1 sequence 

? MSH2 sequence 

95 sporadic PCC,  
48 MEN 2A PCC 

benign (97) 
locally-invasive (30) 

metastatic 
(node/liver/ 

bone, 16) 

0.00% 0.20% 0.40% 0.60% 0.80% 1.00%

Benign PCC

Loc-Invasive

PCC

Malignant PCC

≤1 Locus ≥2 Loci

? TP53, RB1, WT1, and 
NF1 microsatellites 

(PCR/DGGE) 



Microsatellite Profile of Sporadic 
and MEN 2A PCC 
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Topographic Heterogeneity and Behaviour 
in PCC 

7373

55

44

1212

1010

1212

0% 20% 40% 60% 80% 100%

Benign PCC

Locally

Invasive PCC

Malignant PCC

Periph=IntPeriph=Int Periph>IntPeriph>Int



TSG Microsatellite Profile in PCC 
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MMR Proteins in PCC Conclusions 

 Somatic topographic down-
regulation of mismatch repair 
proteins contributes to the key 
features of malignant PCC  
◦ accumulation of microsatellite 

lesions in the peripheral 
compartment and  

◦ intratumor heterogeneity.   

 Locally invasive PCC frequently 
reveals single locus alterations, 
especially involving NF1. 

  


