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OMICS IN GYNAECOLOGICAL CANCERS

• Diagnostic confirmation
• Validation of the classification
• Identification of new tumour entities
• Identification of new diagnostic biomarkers
• Elucidation of pathobiology
• Identification of new potential targets

The correct histological diagnosis is the key to plan the 
appropriatest trial for the patient



…OMICS IN ENDOMETRIAL CANCERS



The most comprehensive molecular study of  ECs to date has been The Cancer Genome 
Atlas (TCGA) project, which included a combination of  whole genome sequencing, 
exome sequencing, microsatellite instability (MSI) assays, and copy number analysis



4 SINGLE CLASSIFIERS



• IHC on 4 MMR proteins MLH1, MSH2, MSH6 and PMS2

• Genetic testing for Lynch syndrome

• CN status was defined by three genetic loci: FGFR (4p16.3), SOX17 
(8q11.23), and MYC (8q24.12)

• Aberrant/abnormal (abn) p53 by genetic testing or IHC for complete loss
or overexpressing (2+), able to separate CN-high (p53 abn) from CN-low
(normal p53) subtypes

Currently, there is no surrogate for POLE mutation but the targeted sequencing for the 
common mutations in this gene could be used rather than whole-genome or panel 
testing (mutation analysis of the exonuclease domain of POLE - exons 9, 11, 13, 14)

Microsatellite- stable (MSS): 0 markers were altered
Low level MSI (MSI-L) :  1-2 markers (less than 40%) were altered 
High level MSI (MSI-H) :  3 o + markers (greater than 40%) were altered. 
Mismatch repair deficiencies can result from an inherited cancer syndrome (e.g., 
Lynch), acquired/somatic mutations, epigenetic events (methylation of one of the 
genes involved in mismatch DNA repair, most commonly MLH1)

MOLECULAR SURROGATES



Multiple classifiers



Other molecular alterations



• Contradictory	results	regarding	the	prognostic	value	of	ER/PR	expression	within	TGCA	
molecular	subgroups,	due	to	application	of	multiple	cutoff	values	for	ER/PR	expression

- 1%	or	10%	of	positive	tumor	nuclei
- staining-intensity	index	of	3	(on	a	0–9	scale)

• Recently,	the	ENITEC	collaboration	study	has	proposed	an	EC-specific	classification	for	
ER	and	PR	expression	categorized	into	three	groups:	

- HR	group–low	HR	expressing	(ER/PR	expression:	0%–10%)	
unfavorable	outcome	(5-year	DSS	75.9%–83.3%)

- IR	group	(ER/PR	expression:	20%–80%)
intermediate	outcome	(5-year	DSS	93.0%–93.9%)

- LR	group–high	HR	expressing	(ER/PR	expression:	90%–100%)	
favorable	outcome	(5-year	DSS	97.8%–100%)	

• ER	≤10%	is	more	able	to	identify	high-risk	cases
• At	the	cutoff	value	of	80%,	PR	had	a	higher	sensitivity,	suggesting	that	PR	is	more	able	to	
identify	a	low-risk	population

HORMONAL RECEPTORS



L1-CAM+ >10%



Tumors with CTNNB1 mutation were:

- predominantly contained within the MSS, CNL, endometrioid cluster

- more likely have clinic-pathological characteristics commonly associated with lower clinical risk 
of recurrence

(younger age, lower FIGO grade, squamous differentiation, low TILs, less incidence of deep 
myometrial invasion, and less incidence of LVSI)

- had worse OS and recurrence-free survival 

- had the lowest number of other concurrent mutations (KRAS, TP53, FGFR2 mutation)

CTNNB1 mutant EC as the fifth molecular EC subgroup: CTNNB1mut EC (after excluding MMRd and POLEmut)

BETA-CATENIN



In our previous meta-analysis, we assessed β-catenin as an immunohistochemical surrogate of CTNNB1 
mutation
Diagnostic accuracy 91%
Sensitivity 88% 
Specificity 85%

Herein, we report an update of our meta-analysis, performed by including only studies adopting NGS. 
Total accuracy (area under the curve on SROC curves) 96.4%
Sensitivity 85%
Specificity 98%
Positive likelihood ratio 28.41 
Negative likelihood ratio 0.14
Diagnostic odds ratio 250,71

According to these results, the use of NGS as reference standard confirms 
that nuclear β-catenin accumulation is an accurate surrogate of CTNNB1 
mutation, with very high specificity.





…MORE THAN ONE HISTOTYPE:
the classic variants





Lynch Syndrome (MMRd – MSI)



• 2% of EC
• 45-55 ys

The gross appearance and the histological features have distinctive features:
LOWER UTERINE SEGMENT ORIGIN
PERITUMORAL AND TUMORAL INFILTRATING LYMPHOCYTES
SYNCHRONOUS OVARIAN CANCER (CCC)
HIGHER GRADE WITH UNDIFFERENTIATED COMPONENT
Ø> LVI   
Ø> DEEP MYOINVASION 
Ø> STAGE

SPORADIC ECs MMRd with:
- MLH1 HYPERMETHYLATION
- 2 SOMATIC MUTATIONS MMR gene
- 1 SOMATIC MUTATION MMR gene + LOH
- EPIGENETIC SILENCING OF MSH6, POST NAD CHT/RT

BUT….

MORPHOLOGICAL FEATURES

25-30%





POLE pathogenic
variants: 
Pro286Arg
Val411Leu
p.Ser297Phe
p.Ala456Pro
p.Ser459Phe

INTEGRATED HISTOMOLECULAR EC CLASSIFICATION

… ESGO/ESTRO/ESP 2020 GUIDELINES



… THE FIRST ITALIAN SURVEY

IHC based method for the biomarker analysis  in  EC  emerges  as  the  preferred  and adopted diagnostic tool by the 
majority of investigated labs. 

The most common prognostic assessment strategy in EC in Italy includes analysis of:
- MMR by IHC in all samples
- MLH1 promoter hypermethylation
- other biomarkers such as p53

The complete panel, including POLE analysis, is adopted only by a minority of labs, because this molecular test is not 
still reimbursed by the National Health Service. 

It  may  be  possible  to  restrict  POLE  sequencing to low-risk EC showing abnormal or subclonal p53 staining and  
omitted  in  advanced  (stage  III-IV)  ECs  since  adjuvant  therapy  is  always  performed  regardless of molecular 
classification.



‘Independent of ‘histomolecular’ type, certain histopathological characteristics, such 
as the extent of LVSI and stage, do not have a molecular surrogate and will remain 
essential in the pathological assessment of a hysterectomy with EC. 
The value of histological type and FIGO grade is less certain, but it is recommended 
to still report on these in the years to come’

Molecular classifiers combined with Clinical risk groups and Pathological 
parameters showed an improved ability to discriminate outcomes

Both pathologic and molecular classifications may be integrated in 
pathology report

CONCLUSIONS

Multi-disciplinary EC patients management
Target therapies



…OMICS IN OVARIAN  CANCERS





High Grade Serous Carcinoma

High Genomic instability (type II carcinoma)

TP53 almost always mutated

BRCA1/BRCA2 inactivation in 30-40% of HGSC
(somatic/germline mutations or promoter methylation)

Widespread copy number changes
CCNE1, NOTCH3 activation
Rb, NF1 inactivation



Wild-type – 4% HGSCs

Strong cytoplasmic staining in the absence of strong 
nuclear expression (reflects the loss of function of 
p53, which is unable to enter the nucleus)

P53 over-expression

P53 null-phenotype

3 aberrant immunophenotype of p53 



Hereditary predisposition to Ovarian
Cancer

HEREDITARY BREAST-OVARIAN CANCER SYNDROME

Caused by BRCA1 or BRCA2 germline mutations; it represent 65-75% 
of all hereditary ovarian cancer.

17q21.31 13q12.3





Modern Pathology 2012; 25:625

Morphological Features of HGSC BRCA-related
(both germline and somatic mutations)

– SET (Solid/pseudoEndometrioid/Transitional) pattern
– Tumor infiltranting lymphocytes (TIL)
– Tubal involvement
– Severe Pleomorphism
– Higher Mitotic Count
– Frequent necrosis



SET Solid

SET pseudo-Endometriod

SET-Transitional



TIL



BRCA 1 - BRCA 2 and Ovarian cancer Patients
• ~ 25-30% of sporadic OvCa pts carry a BRCA mutation
• ~ 8% carries a SOMATIC mutation in absence of a germline
• More than 50% of germline showed LOH at somatic level

Germline BRCA mutations
- Blood sample
- Inherited mutations found in all body cells1

Tumour BRCA mutations
- Tumour sample
- Acquired mutations (somatic) found only in tumour cells2



What is the ideal sample to perform tBRCA1/2 
assay?
• BRCA1/2 FFPE tumour testing should be performed on PRIMARY TUMOURS (FFPE or FRESH)
It should be noted that the analysis of metastatic tissue at the time of progression may provide a more accurate 
indication of tumors likely to respond to PARPi treatment, due to the evidence supporting the association of 
revertant mutations and treatment resistance

• Fresh-frozen specimens (FFS) provide better quality DNA
• Unfortunately, FFS are not routinely available from most referring centres
• FFPE is likely to be the most widely available sample type

HIGH QUALITY TUMOR TESTING IS FUNDAMENTAL



• High percentage of neoplastic cells to detect somatic mutations
• A sample is recommended to contain a percentage of neoplastic cells

that is at least 3 times the method’s limit of detection
(eg, methodology with 5% limit of detection requires the area of tumor
sample selected for DNA extraction to contain ≥15% neoplastic cells).
• This should allow for overestimation of neoplastic cell content, 

particularly in samples with large areas of inflammation

How many tumoral cells are needed?

Each laboratory should establish the minimum proportion and number of neoplastic cells needed 



What about cytology?





a FDA approved NGS-based in vitro diagnostic test assessing on DNA isolated from FFPE tumor tissue specimens:
- detection of single nucleotide variants, insertions and deletions, large rearrangement variants in protein coding regions and intron/exon 

boundaries of the BRCA1 and BRCA2 genes
- Genomic Instability Score (GIS) an algorithmic measurement of 
Loss of Heterozygosity (LOH)
Telomeric Allelic Imbalance (TAI)
Large-scale State Transitions (LST)
The results of the test are used as an aid in identifying ovarian cancer patients with positive homologous recombination deficiency (HRD) 
status, who are eligible, or may become eligible because of a positive test result for deleterious or suspected deleterious mutations 
in BRCA1 or BRCA2 genes, or a positive Genomic Instability Score, for treatment with the targeted therapy listed in Table 1 in accordance with 
the approved therapeutic product labeling.



• Ovarian HGSC is a complex morphological diagnosis that required experienced
pathologist

• Pathologists can be considered "diagnostic oncologists" and have a critical role as clinical 
consultants on the biology of disease. 

• Tissue availability, ownership of archival tissue, type of diagnostic/biomarker test required, 
method of sample processing, concordance between different tests and testing centers, 
and tumor heterogeneity are necessary key-aspects to consider for adequate selection of 
patients and their samples

• It is important that cancer centres, pathology departments and molecular diagnostic 
laboratories develop effective communication strategies and standard operating 
procedures (SOPS) for the biomarker testing and reporting of results



CONCLUSIONS




