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What	is	Molecular	Pathology?

The	identification	of	diagnostically	and	
therapeutically	relevant	molecular	abnormalities	in	
clinical	samples.

The	identification	of	diagnostically	and	
therapeutically	relevant	molecular	abnormalities	in	
patients.

The	molecular	investigation	of	disease	processes.



What	is	Molecular	Pathology?

• Molecular	abnormalities
– Global	approaches	– usually	untargeted	and	discovery	
driven

– Targeted	approaches	– often	used	to	reduce	complexity	
or	for	validation

– Specific	approaches	– defined	targets	with	specific	
contextual	meanings

• -omics usually	refers	to	global	approaches
– Genomics,	epigenomics,	transcriptomics,	proteomics,	
metabolomics	etc



Molecular	Pathology

The	Investigation	of	Disease	at	a	Molecular	Level

• Understanding

• Diagnosis	

• Prognosis	

• Prediction



Molecular	Pathology
• Diagnostic	Histopathology

– Surrogate	markers	e.g.	p16
– ‘Genogenic’	immunohistochemistry

• Identification	of	specific	mutations	e.g.	TP53,	BRAF
• Identification	of	products	of	translocation	e.g.	t(2:5)
• Identification	of	therapeutic	targets	e.g.	HER2

Gown	AM	Diagnostic	Histopathology	2002;	8:	193-200

– In	situ	hybridisation
• FISH/CISH	e.g.	HER2,	translocations,	viruses

• Ancillary	Molecular	Testing
– PCR-based	methods	– DNA/RNA
– ‘omics’	technology



Beyond	the	Microscope
• Ancillary	Molecular	Testing

– PCR-based	methods	– DNA/RNA

– ‘omics’	technology
• Non/Pauci-cellular	Samples

– ‘The	liquid	biopsy’
– Cell-free	DNA

• Molecular	Imaging
– Label-free	spectroscopy
– Tomography
– Probe-based	imaging



Questions	to	Ask

• Is	there	a	robust	method	for	detecting	the	molecule(s)	of	interest?

• Do	I	have	the	right	sample?

• Is	the	method	technically	feasible?

• Will	the	result	answer	my	question?

• (Is	there	an	immunohistochemical approach	that	provides	the	same	
information?)



What	Techniques	Are	Available?
• Blotting	techniques

– DNA	(e.g.	Southern)
– RNA	(e.g.	Northern)

• PCR-based	approaches
– DNA	vs	RNA	(RT-PCR)
– Quantitative	vs	Semi-quantitative
– Verification	of	product

• Restriction	digestion
• Hybridisation
• Sequencing

• In	situ	hybridisation (FISH)
• Next	generation	sequencing



What	Samples	Can	Be	Used?

• Cytological	samples
– Almost	any	technique	(sample	size	permitting)

• Fresh	/	frozen	tissue
– Almost	any	technique	(sample	size	permitting)

– Good	quality	nucleic	acids

• Paraffin-embedded	material
– In	situ	hybridisation

– PCR/RT-PCR	but	product	size	must	be	small



What	Makes	a	Good	Test?

• Sensitivity	/	Specificity
– Diagnostic	sensitivity

– Analytical	sensitivity

• Predictive	Value

• Cost	

• Practical	Applicability
– Methodology

– Interpretation

• Relevance	to	the	Problem
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Human	Papillomavirus	Infection	and	
Anogenital Disease

• HPV	infection	is	present	in	
99.7%	of	invasive	cervical	
carcinomas

• Mucosal	HPV	infection	can	also	
cause	vulval	and	vaginal	pre-
cancerous	lesions	and	genital	
warts



HPV	testing

• Histopathology
– SIL/AIS

– Invasive	disease

– Metastatic	disease

• Cytology
•Population	screening

• Specific	groups



Does	Presence	=	Relevant	Infection?

• Sensitivity	of	molecular	techniques	is	a	
problem

• Non-morphological	techniques	do	not	
identify	origin	of	sequence

• Relevance	depends	on	application

– Ubiquitous	vs	unusual/rare	organisms



HPV	ISH	on	Tissues



HPV	ISH	on	Cervical	Smears



Assessment	of	Intra-epithelial	Disease

• Reactive	vs	Neoplastic

• HPV	infection	vs	SIL

• Grading	of	SIL

• Risk	of	lesion	progression
– Low	to	high	grade	SIL

– High	grade	SIL	to	invasive	



Invasive	and	Metastatic	Disease

• Invasive	Disease
– Prognostic	assessment	of	the	primary

• Metastatic	Disease
– Detection	of	metastases
– Identification	of	primary	site



HPV	Testing	in	Cervical	Screening

• Population	screening
– Adjunct	to	cytology
– Replacement	for	cytology
– Initial	screening	modality	with	reflex	cytology

• Specific	Groups
– Low	grade	abnormalities
– Immunosuppressed	patients

• Follow-up	after	treatment
– ‘Test	of	cure’



Testing	the	Test
Disease

Present Absent

Positive a b
Test

Negative c d

Sensitivity	=	a	/	a+c
Specificity	=	d	/	b+d
Positive	Predictive	Value	=	a	/	a+b
Negative	Predictive	Value	=	d	/	c+d



Receiver	Operating	Characteristic	(ROC)	Curve	
Analysis	of	Hybrid	Capture	2

Howard	et	al.	Obstet Gynecol 2002;	100:	972-980

Optimum	balance	between	
sensitivity	and	specificity	at	
‘15.56	relative	light	units’	
(AUC	0.82)



Clinical	Prediction
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http://www.cancerscreening.nhs.uk/cervical/hpv-triage-test-flowchart-201407.pdf



HPV	Typing

• Cervical	screening
– Test	of	cure
– Triage	of	low	grade	abnormalities
– Primary	screening

• Tumour diagnosis
– HPV-related	vs	non-HPV-related	primary	
tumours

– Metastases



WHO classification of tumours of tthe uterine cervix���
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Cervical	Epithelial	Lesions
Squamous	cell	tumours	and	precursors
• Squamous	intraepithelial	lesions

– Low-grade	squamous	intraepithelial	lesion	(HPV	only,	CIN	1)
– High	grade	squamous	intraepithelial	lesion	(CIN	2,	CIN	3)

• Squamous	cell	carcinoma	(keratinising,	non-keratinising	etc)

Glandular	tumours	and	precursors
• Adenocarcinoma	in	situ	(High grade	CGIN)
• Adenocarcinoma

– Endocervical adenocarcinoma,	usual	type
– Mucinous	carcinoma,	NOS

• Gastric	type	(including	adenoma	malignum /	minimal	deviation	adenocarcinoma)
• Intestinal	type
• Signet-ring	cell	type

– Villoglandular adenocarcinoma
– Endometrioid adenocarcinoma
– Clear	cell	adenocarcinoma
– Serous	adenocarcinoma
– Mesonephric adenocarcinoma	
– Adenocarcinoma	admixed	with	neuroendocrine	carcinoma

Park	et	al,	Am	J	Surg Pathol 2011;	35:	633-636

Red	=	associated	with	high-risk	HPV
Blue	=	not	associated	with	high-risk	HPV
Black	=	uncertain



Metastatic	Endocervical Adenocarcinoma

• May	produce	mucinous	or	’endometrioid’	
ovarian	metastases

• Strong	diffuse	p16	positivity	may	help	to	
identify	the	primary	site

• HPV	typing	may	be	useful	in	difficult	cases	

Vang et	al.	Am	J	Surg Pathol.	2007;	31:653–63	
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WHO classification of tumours of the vulva���
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Verrucous Carcinoma	of	the	Vulva

• Verrucous carcinoma	is	warty appearing,	highly	
differentiated,	variably	keratinized	and	invades	in	the	form	
of	bulbous	pegs	with	a	pushing	border.	There	is	minimal	
atypia,	abundant	eosinophilic	cytoplasm,	normal	mitotic	
figures	and	no	increased	p53	or	p16	staining.	Using	these	
criteria,	lesions	with	prominent	koilocytotic atypia and	HPV	
positivity	are	better	classified	as	giant	condyloma

WHO,	2014





Verrucous Carcinoma	of	the	Vulva	

• Difficult	diagnosis
• p16	immunostaining helpful	if	positive	as	
indicates	HPV-driven	carcinoma

• p16	does	not	distinguish	between	giant	
condyloma and	verrucous carcinoma

• HPV	typing	can	help	to	identify	giant	
condyloma (HPV	6,	11	positive)

• In	most	cases,	diagnosis	is	morphological
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• What	is	Molecular	Pathology?
• Lower	Genital	Tract

– HPV	infection
– HPV	testing

• Endometrium
– Molecular	changes
– Molecular	classification
– Stromal	tumours

• Ovary,	Fallopian	tube	and	Peritoneum
– Origins	and	types	of	epithelial	tumour
– Non-epithelial	tumours

• Hereditary	Gynaecological Tumours



Mutation	Spectra	Across	Endometrial	Carcinomas

Getz	et	al	Nature	2013;	497:	67-73



Mutation	Spectra	Across	Endometrial	Carcinomas

Getz	et	al	Nature	2013;	497:	67-73



McConechy MK	et	al	Clin Cancer	Res	2016;22:2865–73.



Prospective	Molecular	Risk	Classifier	for	Endometrial	Cancer

Talhouk A	et	al	Cancer	2017;123:802–13



Translocations	in	Endometrial	Stromal	Tumours

• t(7;17)(p15;q21)	leads	to	fusion	of	JAZF1	and	SUZ12
• Present	in	92%	of	ESNs	and	70%	of	low-grade	ESSs

Chiang	&	Oliva	Adv Anat Pathol 2011;	42:	609-617

• t(10;17)(q22;p13)	YWHAE-NUTM2	(FAM22)	fusion	identifies	most	
high-grade	endometrial	stromal	sarcoma	– cyclin D1	positive

Lee	et	al	Am	J	Surg Pathol 2012;	36:	641-653

Lee	et	al	Am	J	Surg Pathol 2012;	36:	1562-1570

• Undifferentiated	uterine	sarcoma
– No	specific	pattern
– Diagnosis	of	exclusion



Testing	Methods

• FISH	– break	apart	probes
• RT-PCR	– fusion	transcripts
• NGS	of	FFPE	tissue	can	detect	
fusions	involving	JAZF1	or	YWHAE

Li	et	al	Histopathology	2016;69:551–9

Stewart	et	al	Histopathology.	2014;	65:	473–82.

JAZF1

YWHAE
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Ovarian	tumours
(Tumours involving	the	ovary)

	 Cell	of	origin	 Type	 Proportion	(%)	

Primary	 	 	 	
Epithelial	 Not	entirely	clear.	The	different	

histological	types	have	different	
origins	and	arise	through	different	
molecular	pathways	 	

High-grade	serous	
Low-grade	serous	
Endometrioid/clear	cell	
Mucinous	
Seromucinous	
Brenner	
Carcinosarcoma	
Undifferentiated	

65–70	

Germ	cell	tumours	 Germ	cells	 Teratoma	 15–20	
Dysgerminoma	
Yolk	sac	tumour	
Embryonal	carcinoma	

Sex	cord/stromal	
tumours	

Ovarian	sex	cords	and	stroma	 Granulosa	cell	tumours	 5–10	
Thecoma/fibroma	
Sertoli–Leydig	tumours	

Miscellaneous	 Various	 e.g.	Lymphoma	 	

Secondary	 	 	 	
Metastases	 -	 -	 5-10	

	



which present in advanced stage (stages II-IV) in more than
75% of cases; they grow rapidly and are highly aggressive.
Type II tumors, of which HGSC is the prototypic type, are
chromosomally highly unstable and harbor TP53 mutations
in more than 95% of cases [24]; they rarely display the
mutations found in the type I tumors. BRCA inactivation,
either by mutation or inactivation of expression of BRCA
and its downstream genes via promoter methylation, occurs
in up to 40% to 50% of HGSC [25]. BRCA inactivation has
not been reported in the type I tumors.

1.2. Serous tumors

The relationship of APST and MPSC to LGSC based on
morphologic studies was supported by mutational analysis,
gene expression studies, and methylation profiling demon-
strating that these 3 tumor types shared molecular
alterations that differed dramatically from HGSC [25-30].
Initial molecular genetic studies focused on individual
genes (Fig. 1), but more recent studies have highlighted the
importance of molecular signaling pathways (Fig. 2). For
example, the MAPK signaling pathway is important for the
cellular response to a variety of growth and differentiation
factors, and activating mutations in KRAS or one of its
downstream effectors, BRAF, (mutations of KRAS and
BRAF are mutually exclusive) results in constitutive
activation of mitogen-activated protein kinase (MAPK)-
mediated signaling in more than half of APSTs, MPSCs,
and LGSCs [31-34]. In addition, a 12-base-pair insertion
mutation of ERBB2 (encoding HER2/neu), which activates
an upstream regulator of K-Ras, has been detected in 9% of
these tumors. Interestingly, tumors with ERBB2 mutations
lack KRAS and BRAF mutations [35,36]. Accordingly,
60% to 70% of APSTs, MPSCs, and LGSCs express active

MAPK [37]; they rarely harbor TP53 mutations. Recent
studies have further clarified the molecular pathogenesis of
APST, MPSC, and LGSC. First, KRAS and BRAF
mutations have not been detected in serous cystadenomas,
the putative precursor of SBTs, but laser capture microdis-
section studies have detected these mutations in the
adenoma epithelium and APST epithelium in serous
cystadenomas containing small APSTs, suggesting that
these mutations occur early in the development of APST
[38]. In an attempt to elucidate the relationship of APST to
LGSC, a recent study compared the gene expression
profiles of APST, MPSC, and LGSC and found that
MPSC is closer molecularly to invasive LGSC than to
APST [26] and that the genes involved in MAPK signaling
showed higher expression in MPSC than in APST. In
addition, a previous study reporting that MPSC harbors a
pattern of chromosomal imbalance distinct from that of
APST [39] confirms the proposal that LGSC develops in a
stepwise fashion from cystadeno(fibro)ma to APST and
MPSC, supporting the biologic role of the KRAS-BRAF-
MEK-MAPK pathway in the development of LGSC. By
globally profiling the epigenetic landscape, we have
recently reported that the methylation profiles in LGSC
are closer to APST and serous cystadenoma than HGSC
[30]. This finding lends further support to the dualistic
model of ovarian serous carcinogenesis.

In contrast to LGSC, HGSC harbors TP53 mutations in
more than 95% of cases [25] but rarely contains KRAS or
BRAF mutations. Aside from TP53 mutations, no other
mutations are consistently found in sporadic (nonfamilial)
HGSCs including mutations of BRCA1 and BRCA2, which
characterize familial HGSC (The Cancer Genome Atlas,
unpublished). On the other hand, inactivation of the BRCA1/2
genes by other mechanisms, such as hypermethylation of

High-grade serous

ARID1A
CTNNB1
PTEN
PIK3CA
PPP2R1A
Mutation

KRAS
BRAF
ERBB2
PIK3CA
Mutation

ARID1A
PIK3CA
ZNF217
PPP2R1A
Mutation

KRAS
Mutation

Low-grade serous

Endometrioid
Clear cell

Mucinous

TP53 mutation
Chromosomal

instability

Inactivation
of BRCA 1/2
(Mutation or
hypermethylation)

Type I

Type II

Fig. 1 Prevalence of histologic types of EOC and their associated molecular genetic changes.

920 R. J. Kurman, I. -M. Shih

Kurman and	Shih	Hum	Pathol 2011;	42:	918-931



Genomic Features of High-grade Serous Ovarian Carcinoma

TCGA investigators. Nature. 2011;474:609-15.
Hollis RL, Gourley C. Cancer Biol Med. 2016;13:236-47
Patch AM et al. Nature. 2015;521:489-94

• Around half HGS OC have identifiable molecular 
changes in homologous recombination DNA repair (HR) 
genes

• ~ 20% have germline or somatic BRCA mutations

• Non-BRCA HR hits, including EMSY amp.

• HR proficient tumours: NF1/RB1 loss, CCNE1 amp.

• BRCAm OC patients represent a clinically and 
molecularly distinct subgroup of OC 

• “BRCAness” phenotype
Robb Hollis



BRCAMutant	Ovarian	Carcinoma	- “BRCAness”

• Superior	survival

Ledermann	J	et	al.	Lancet	Oncol 2014;15:852-61.
Tan	DS	et	al.	J	Clin Oncol 2008;26:5530-6.
Ben	David	Y	et	al.	J	Clin Oncol 2002;20:463-6.

• Superior	response	rate	to	
multiple	lines	of	platinum	
and	prolonged	platinum-
free	interval

• Sensitivity	to	PARP	
inhibitors



Ovarian	Epithelial	Tumours
Origin Fallopian	Tube Endometriosis Unclear

High–Grade	
Serous

Low
–Grade	

Seorus

Endom
etrioid

Clear	Cell

Serom
ucinous

M
ucinous

Brenner

Borderline
/AP

?Grade	1

Grade	2

Grade	3 Rare



Summary
• Epithelial	ovarian	tumours rarely	arise	from	the	ovary

• Most,	if	not	all,	high-grade	serous	carcinomas	take	origin	from	the	Fallopian	tube

• Most	endometrioid,	clear	cell	and	seromucinous carcinomas	arise	from	ovarian	
endometriosis

• These	differences	correlate	with	the	clinical	behaviour of	these	tumour types

• Refinements	in	classification	are	leading	to	more	homogeneous	recruitment	of	patients	
to	clinical	trials

• Stratification	of	patients	between	and	within	morphological	categories	using	molecular	
data	has	therapeutic	implications	e.g.
– PARP	inhibitors
– Lynch	syndrome



Non-epithelial	Tumours

Witkowski L	et	al	Histopathology	2016	69:903–13



BRG1	Loss	in	Small	Cell	Carcinoma,	Hypercalcaemic	Type

Foulkes	et	al	J	Pathol	2014;	233:	209	- 214

Whole exome sequencing unites rare tumours 211

some of the cells looked ‘rhabdoid’ (ie cells with eccen-
tric nuclei and abundant eosinophilic cytoplasm [29]).
One recent publication stated that a rhabdoid tumour
had been ‘ruled out’ by the demonstration that SCCOHT
retained INI1 staining [33]. If it was ruled out, it must
have been considered in the differential diagnosis. Inter-
estingly, there have been a few previous reports ofMRTs
arising in the ovary [34].
By using exome sequencing, we have been able

to demonstrate that three families with at least two
cases of SCCOHT possessed deleterious, truncat-
ing mutations in SMARCA4 (encoding BRG1) [35].
Subsequently, using both Sanger sequencing and
whole-exome sequencing (WES) of formalin-fixed
paraffin-embedded (FFPE) tumours, together with
immunohistochemistry using an antibody raised against
BRG1, revealed that 38/40 SCCOHTs we studied lacked
functional SMARCA4/BRG1 [35]. This is a highly sig-
nificant discovery, given that these tumours closely
morphologically resemble ATRTs (Figure 1), which are
associated with a) mutations of SMARCB1 and more
rarely SMARCA4, and b) the least number of muta-
tions in any human tumour [36], with some containing
SMARCB1 mutations alone. Similarly, in our study,
SMARCA4 mutations appeared to be the only important
DNA mutations that these tumours possessed. We can
conclude that SCCOHTs morphologically, clinically
and molecularly resemble ATRTs andMRTs: they are in
fact malignant rhabdoid tumours of the ovary (MRTOs).

Our observation that mutations in SMARCA4 are
likely to be the main (and possibly only) cause of
SCCOHT is strongly supported by three other studies.
The first, from Poland, identified deleterious SMARCA4
mutations in two cases of SCCOHT, both accompa-
nied by loss of BRG1 expression [37]. The second,
from Memorial Sloan–Kettering Cancer Center [38],
identified biallelic deleterious SMARCA4 mutations in
all 12 cases of SCCOHT studied: one female carried
a germline mutation. Finally, in a collaborative effort
from the Translational Genomics Research Institute
and the British Columbia Cancer Agency, inactivating
mutations in SMARCA4 were found in six of nine
tumours studied [39]. Interestingly, in two of the cases,
either germline WES (SCCO-10) or both germline and
somatic WES (DAH456) failed to reveal SMARCA4
mutations and immunohistochemically there was reten-
tion of BRG1 nuclear staining in both tumours. There
were no such cases in our series, which leads us to
question whether these cases are truly SCCOHTs (we
have already discussed that the diagnosis of SCCOHT
may be difficult, due to morphological overlap with a
wide range of other neoplasms). Only four cases with
a SMARCA4 mutation had germline DNA available;
in two of these, the mutation was germline (SCCOHT
diagnosed at age 9 and 10 years), suggesting that, as
in our study, germline mutations in SMARCA4 make
a significant contribution to the development of this
neoplasm.

Figure 1. Morphological and immunohistochemical comparisons of AT/RTs and SCCOHT: (left column) Histopathology of
SMARCB1-deficient ATRT; (middle column) SMARCA4-deficient ATRT; (right column) MRTO/SCCOHT: (A–C) H&E staining; (D–F)
immunohistochemistry for SMARCB1/INI1; (G–I) SMARCA4/BRG1 expression. Note the similarity in appearance and immunohistochemical
staining profile of SMARCA4-deficient ATRT and MRTO/SCCOHT. Scale bars= 50 μm (A–C) or 100 μm (D–I).

Copyright © 2014 Pathological Society of Great Britain and Ireland. J Pathol 2014; 233: 209–214
Published by John Wiley & Sons, Ltd. www.pathsoc.org.uk www.thejournalofpathology.com



Witkowski L	et	al	Histopathology	2016	69:903–13



Witkowski L	et	al	Histopathology	2016	69:903–13

*Stain	for	SMARCB1	(INI1)
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Hereditary	Gynaecological Tumours
• Breast-ovarian	cancer	syndrome
• Site-specific	ovarian	cancer	syndrome
• Lynch	syndrome
• Other	syndromes

– Small	cell	carcinoma,	hypercalcaemic type
– DICER1	syndrome
– Peutz-Jeghers
– Hereditary	leiomyomatosis and	renal	cell	carcinoma	
(HLRCC)

– Gorlin syndrome
– Cowden	syndrome

Folkins &	Longacre.	Histopathology	2013;	62:	2-30



Lynch	Syndrome
Colorectum 25-50%
Endometrium 25-70%
Ureter	and	renal	pelvis 10%
Ovary 10%
Stomach 10%
Small	bowel 5%
Brain	(usually	glioblastoma) 4%
Skin	(sebaceous adenoma/carcinoma) 4%
Biliary	tract 2%
Pancreas 2%



Mills	&	Longacre	Am	J	Surg Pathol 2016;40:e35–44

Lynch	Syndrome	–
Endometrial	Carcinoma



Mills	&	Longacre	Am	J	Surg Pathol 2016;40:e35–44

Lynch	Syndrome	– Endometrial	Carcinoma

• Universal	vs	age-dependent	screening
• Unusual	staining	patterns
• Methylation	testing

– BRAF	mutation	not	a	surrogate	for	MLH1 promoter	hypermethylation,	
unlike	in	the	colon

• Somatic	mutation	testing?



Lynch	Syndrome	– Ovarian	Carcinoma

• 2-4%	of	ovarian	carcinomas
• Occur	at	younger	age
• 85%	clear	cell
• 10%	endometrioid
• Associated	particularly	with	MSH2	and	MSH6	mutations

Rambau PF	et	al	Histopathology	2016;69:288–97



OCs).23 Cases 4, 5, and 19 were also stained for p53; focal
weak positivity, associated with expression of the wild-
type protein, provided further evidence against the diag-
nosis of serous carcinoma (Fig. 2). Strong estrogen re-
ceptor positivity was in keeping with endometrioid, rather
than mucinous (case 1) or clear cell (case 11) differ-
entiation.

In 6 (30%) cases, a synchronous endometrial carci-
noma was present in the hysterectomy specimen (cases 2, 3,
10, 11, 13, 18), all of which were confined to the endome-
trium or showed only superficial myometrial invasion. In
cases 3, 10, and 18, endometrial endometrioid carcinoma
was associated with complex atypical hyperplasia. Further
evidence in support of separate primary tumors included:
discordant morphology between endometrial and ovarian/
fallopian tube tumors (cases 2, 10, 11), invasive ovarian
carcinoma arising from endometriosis (cases 3, 10, 17) or
borderline tumor (case 18), or scant endometrial carcinoma
detected only on biopsy, but not in the hysterectomy
specimen (case 13). We did not observe features suggestive
of metastasis, such as bilateral ovarian involvement, tumor
situated predominantly on the ovarian surface or within the
hilar region, or tumor cells within lymphovascular spaces.

With respect to morphologic markers predictive of
LS in colorectal and endometrial carcinomas, no con-
sistent findings were observed in this cohort of 20 LS-
OCs. The median TIL count was 14/10HPF (range: 1 to
60 TILs/10HPFs); only cases 4 and 12 had Z40 TILs/10
HPF. Peritumoral lymphocytes (Crohn’s-like infiltrate)
were not identified in any of the cases. One case (case 19)
had a dedifferentiated component.

MSI and MMR-IHC
With the exception of 1 case, all tumors tested for

MSI or MMR-IHC demonstrated a microsatellite
unstable (MSI-H) phenotype or MMR deficiency, re-
spectively. The 1 tumor (case 19) with intact MMR-IHC
and MSI-low (MSI-L) status was from a patient with an
MSH6 mutation.

Effectiveness of Clinical Screening Criteria
Findings from the review of detailed kindred pedi-

grees are summarized in Table 3. The proportion of pa-
tients in this cohort who would have fulfilled clinical
criteria for additional genetic workup at the time of OC
diagnosis based on AmII, rBG, SGO 20% to 25%, and

SGO 5% to 10% criteria was 45%, 50%, 60%, and 80%,
respectively. The SGO 5% to 10% schema detected sig-
nificantly more cases compared with the AmII and rBG
schemas (Fisher exact test, P=0.04 and 0.08, re-
spectively). As few as 31% and up to 53% of patients
whose OC was the index or sentinel case were selected by
the AmII and rBG schemas for germline mutation testing.

MMR-IHC Reflex Testing in Non-serous OCs
The results of reflex MMR-IHC on 48 consecutive

non-serous OCs diagnosed over a 2-year period are sum-
marized in Tables 4 and 5. MMR deficiency was detected in
10 (21%) cases, all of which were endometrioid (8 cases),
clear cell (1 case), or mixed endometrioid/clear cell carci-
nomas (1 case). Staining patterns observed were loss of
MSH2/MSH6 (4 cases), loss of MLH1/PMS2 (3 cases), and
loss of MSH6 only (3 cases). Interestingly, all of these cases
were associated with a synchronous endometrial carcinoma.

DISCUSSION
Overall, up to 15% of OCs are etiologically linked

with hereditary susceptibility, of which 10% to 15% are
attributable to mutations in MMR genes.6–8 In addition
to a 40% to 60% lifetime risk for endometrial cancer,
women with LS have a 6% to 12% lifetime risk for
OC,2,3,20 with 1 study reporting lifetime risk as high as
24% in MSH2 mutation carriers.24

Previous studies have suggested that OC presents at
younger age in LS patients than typically observed in the
general population, with the mean age across studies
ranging from 41 to 55 years.25–27 In the present cohort,
85% of patients were 50 years of age or younger at the
time of OC diagnosis. There were no striking age differ-
ences observed acrossMLH1,MSH2, orMSH6mutation
carriers, although it should be noted that the sample size
was too small to provide meaningful statistical analysis of
potential genotype-phenotype correlations. The high
proportion of MSH2 mutation carriers in this series is
consistent with previous reports of a higher risk for OC in
MSH2-mutation carriers compared with individuals with
mutations in MLH1 or MSH6.2,24

The SGO 5% to 10% and 10% to 25% schemas,
proposed to improve clinical identification of hereditary
predisposition in women presenting with gyneco-
logic cancers,16 have been shown to be more sensitive in

TABLE 1. Patient Demographics

Gene Mutated

Characteristic Total (n=20) MLH1 (n=5) MSH2 (n=13) MSH6 (n=2)

Age (y)
Median 43 43 43 38
Range 25-69 42-45 32-69 25-52

Sentinel OC (n [%]) 13 (65) 4 (80) 7 (54) 2 (100)
Index case (n [%]) 15 (75) 4 (80) 9 (69) 2 (100)
Other tumors (n [%])
Endometrial/synchronous 9 (45)/6 3 (60)/1 5 (38)/5 1 (50)/0
Colorectal 8 (40) 2 (40) 6 (46) 0 (0)
Other 5 (25) 1 (20) 4 (31) 0 (0)

Chui et al Am J Surg Pathol ! Volume 38, Number 9, September 2014

1176 | www.ajsp.com r 2014 Lippincott Williams & Wilkins

Chui	et	al,	Am	J	Surg Pathol 2014;	38:	1173-1181

The Histomorphology of Lynch Syndrome–associated
Ovarian Carcinomas

Toward a Subtype-specific Screening Strategy

Michael Herman Chui, MD,* Paul Ryan, MD,w Jordan Radigan, MD,* Sarah E. Ferguson, MD,zy
Aaron Pollett, MD,*8 Melyssa Aronson, MSc,z Kara Semotiuk, MSc,z Spring Holter, MSc,z
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Abstract: Women with Lynch syndrome (LS) are at increased
risk for the development of epithelial ovarian cancer (OC).
Analogous to previous studies on BRCA1/2 mutation carriers,
there is evidence to suggest a histotype-specific association in
LS-associated OCs (LS-OC). Whereas the diagnosis of high-
grade serous carcinoma is an indication for BRCA1/2 germline
testing, in contrast, there are no screening guidelines in place for
triaging OC patients for LS testing based on histotype. We
performed a centralized pathology review of tumor subtype on
20 germline mutation-confirmed LS-OCs, on the basis of mor-
phologic assessment of hematoxylin and eosin–stained slides,
with confirmation by immunohistochemistry when necessary.
Results from mismatch-repair immunohistochemistry (MMR-
IHC) and microsatellite instability (MSI) phenotype status were
documented, and detailed pedigrees were analyzed to determine

whether previously proposed clinical criteria would have se-
lected these patients for genetic testing. Review of pathology
revealed all LS-OCs to be either pure endometrioid carcinoma
(14 cases), mixed carcinoma with an endometrioid component (4
cases), or clear cell carcinoma (2 cases). No high-grade or low-
grade serous carcinomas or mucinous carcinomas of intestinal
type were identified. Tumor-infiltrating lymphocytes were
prominent (Z40 per 10 high-powered fields) in 2 cases only.
With the exception of 1 case, all tumors tested for MMR-IHC or
MSI had an MMR-deficient phenotype. Within this cohort,
50%, 55%, 65%, and 85% of patients would have been selected
for genetic workup by Amsterdam II, revised Bethesda Guide-
lines, SGO 10% to 25%, and SGO 5% to 10% criteria, re-
spectively, with <60% of index or sentinel cases detected by any
of these schemas. To further support a subtype-driven screening
strategy, MMR-IHC reflex testing was performed on all con-
secutive non-serous OCs diagnosed at 1 academic hospital over
a 2-year period; MMR deficiency was identified in 10/48 (21%)
cases, all with endometrioid or clear cell histology. We conclude
that there is a strong association between endometrioid and
clear cell ovarian carcinomas and hereditary predisposition due
to MMR gene mutation. These findings have implications for
the role of tumor subtype in screening patients with OC for
further genetic testing and support reflex MMR-IHC and/or
MSI testing for newly diagnosed cases of endometrioid or clear
cell ovarian carcinoma.

Key Words: ovarian cancer, Lynch syndrome, mismatch repair
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Lynch syndrome (LS) patients are at increased risk of
developing colorectal cancer and other malignancies,

of which endometrial and ovarian cancers (OC) are the
extracolonic tumors most prevalent among female car-
riers.1 Incidence rates for these tumors exceed those seen
in the general population by 3.6- to 13-fold, amounting to
a lifetime OC risk of 6% to 12%.2,3 Moreover, in women
with LS, gynecologic tumors present as the sentinel ma-
lignancy at least as commonly as for colorectal cancer,4,5

From the Departments of *Laboratory Medicine and Pathobiology;
zObstetrics and Gynecology, Faculty of Medicine, University of
Toronto; yDivision of Gynecologic Oncology; yyDepartment of
Pathology, University Health Network; 8Department of Laboratory
Medicine and Pathology; zZane Cohen Centre for Digestive Dis-
eases, Familial Gastrointestinal Cancer Registry; zzDivision of
General Surgery, Mount Sinai Hospital, Toronto, ON; 88Depart-
ment of Medical Genetics, McGill University Health Centre, Mon-
treal, QB; #Division of Gynecologic Oncology; zzDepartment of
Pathology and Laboratory Medicine, Faculty of Medicine, Uni-
versity of British Columbia and BC Cancer Agency, Vancouver, BC,
Canada; wDepartment of Pathology, Bon Secours Hospital, Cork,
Ireland; **Department of Histopathology, King Edward Memorial
Hospital for Women, Perth, Australia; and wwDepartment of Cel-
lular Pathology, Barts Health NHS Trust, London, United King-
dom.

M.H.C. and P.R. contributed equally.
Conflicts of Interest and Source of Funding: The work in Montreal was

supported by a Ride to Conquer Cancer grant awarded to W.D.F. by
the Jewish General Hospital Foundation. The authors have disclosed
that they have no significant relationships with, or financial interest
in, any commercial companies pertaining to this article.

Correspondence: Blaise A. Clarke, MD, 200 Elizabeth Street, 11E404,
Toronto, ON, Canada M5G 2C4 (e-mail: blaise.clarke@uhn.ca).

Supplemental Digital Content is available for this article. Direct URL
citations appear in the printed text and are provided in the HTML
and PDF versions of this article on the journal’s Website,
www.ajsp.com.

Copyright r 2014 by Lippincott Williams & Wilkins

ORIGINAL ARTICLE

Am J Surg Pathol ! Volume 38, Number 9, September 2014 www.ajsp.com | 1173

• MMR	deficiency	identified	in	10/48	consecutive	non-serous	
ovarian	carcinomas

• All	were	of	endometrioid or	clear	cell	type
• ‘Given	the	widespread	availability	of	MMR-IHC,	reflex	testing	

for	MMR	deficiency	is	recommended	for	non-serous	OCs,	
particularly	of	endometrioid or	clear	cell	type’.



Summary

• Molecular	Testing
– There	must	be	a	clear	clinical	question
– Test	performance	must	be	established
– Quality	control	must	be	ensured

• Lower	Genital	Tract
– HPV	typing	is	useful	in	some	(uncommon)	situations	in	
histopathology

– Use	is	more	established	in	cytopathology
• Primary	HPV	testing
• Reflex	testing	of	low	grade	abnormalities
• Follow-up	of	treated	disease	(‘test	of	cure’)



Summary
• Endometrium

– Improved	molecular	understanding	suggests	a	diagnostic	algorithm	for	
endometrial	carcinomas,	involving	POLE	mutation	testing

– Endometrial	stromal	tumours have	characteristic	translocations

• Ovary,	Fallopian	tube	and	Peritoneum
– The	different	types	of	epithelial	ovarian	carcinoma	have	different	

anatomical	and	molecular	origins
– Identification	of	specific	molecular	abnormalities	may	indicate	type	(e.g.	

TP53	mutation)	and	possibly	behaviour (e.g.	BRAF	mutation)
– Some	(rare)	ovarian	tumours have	defining	mutations	e.g.	FOXL2,	

SMARCA4

• Hereditary	Gynaecological Tumours
– The	possibility	of	hereditary	predisposition	should	be	considered	in	

relevant	situations
– Lynch	syndrome	screening	is	likely	to	be	adopted	in	the	near	future


