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ABSTRACT 

Cancer of the corpus uteri remains the most common gynecological related cancer in developed countries. Cytology, 
after the induction of liquid based cytology, has reemerged as a possible first line non-interventional diagnostic proce-
dure with promising results. Apart from slide preparation for cytology diagnosis, LBC allows the application of elabo-
rate molecular tests on the residual material. Samples from 74 symptomatic women were collected in ThinPrep® Pre-
servCyt medium, from witch immunocytochemical and molecular tests were performed. Final diagnosis of 39 endo-
metrioid carcinomas, 20 non-endometrioid carcinomas and 15 non-malignant was set after hysterectomy. Topoisom-
erase IIa expression was common (42%) in both types of cancer. Promoter methylation analysis revealed that hMLH1 is 
commonly methylated in cancers (52.7%), CDKN2A and MGMT less often (27.1%) and RARB rarely methylated 
(8.4%). BRAF activating mutation V600E was a rare event (8.4%) only found in low grade endometrioid carcinomas. 
Topoisomerase IIa expression correlated with BRAF mutations, hMLH1 and to lesser extent with CDKN2A methyla-
tion. Almost none of the biomarkers were positive in cytological negative or hyperplastic without atypia samples. De-
tection of methylation in any gene displayed sensitivity, specificity, PPV and NPV similar to cytology of cancer. How-
ever, inclusion of cytology diagnosis of hyperlasias with atypia increased sensitivity and NPV of cytology outperform-
ing methylation of any gene. Further evaluation of the panel of promoter methylation, especially in cytology diagnoses 
of hyperplasia with or without atypia should be evaluated since initial results are promising. Even though methylation 
of MGMT and RARB are rare events, some patients could be benefit from specific chemotherapeutics that target either 
of them or the more frequently expressed topoisomerase IIa. 
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1. Introduction 

Cancer of the corpus uteri remains the most common 
gynecological related type of cancer in developed coun- 
tries, while it is outnumbered only by cervix uteri cancer 
in developing countries due to lack of screening pro- 
grams [1]. The increase in endometrial carcinomas ob- 
served in developed countries has been linked to in- 
creased life expectancy, obesity and tamoxifen use [2,3]. 

A dualistic model of endometrial cancer development 
has been proposed with two types of endometrial cancers 
with distinct histopathologic findings [4], survival rates  

[5] and more recently molecular alterations that seem to 
be characteristic for each type [6,7] and their precursors 
[8-10]. Type I, which accounts for 70% - 80% of endo- 
metrial carcinomas, include grade I and II endometrioid 
adenocarcinomas, that are considered to be low grade, 
are usually hormone-dependent and more often in pre- or 
peri-menopausal women [11]. The less common type II, 
on the other hand, includes grade III endometrioid and all 
non-endometrioid carcinomas (clear cell, serous, mixed- 
type carcinomas and carcinosarcomas), are non-hormone 
dependent and usually found in post-menopausal women 
[11]. Apart from histopathologycal and epidemiological 
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differences, type II carcinomas have substantially poorer 
survival [5] and adjuvant chemotherapy is common, after 
hysterectomy [12,13]. 

Most endometrial carcinomas are presented with ab- 
normal uterine bleeding and less than 1% are asympto- 
matic [14]. Even though trans-vaginal ultrasound is the 
most tolerable for patients first line diagnostic test, it 
usually shows low positive predictive value [15]. Pippele 
biopsy poses an alternative test that is less tolerable and 
targets a specific area [15,16], while hysteroscopy and 
curettage is the least tolerable option that requires patient 
admition. Abnormal endometrial cells in Pap smears are 
a circumstantial finding, while blood and overlapping 
cells hamper safe cytology diagnosis [17]. Liquid based 
cytology and endometrial sampling brushing have resur- 
faced the use of cytology in identifying endometrial le- 
sions [18-22]. 

Our aim was to combine, via a single sampling method, 
cytologic and molecular testing results in order to further 
enhance diagnostic efficacy of liquid based cytology en- 
dometrial brushings. A panel of genes commonly methy- 
lated in cervical cancer was selected, including the tumor 
suppressors connected with either cell cycle regulation 
(CDKN2A, p16INK4A), or with epithelial differentiation 
(retinoic acid receptor RARB) and genes encoding DNA 
repair proteins as human MutL Homolog 1 (hMLH1) and 
O6-Methylguanine DNA methyl-transferase (MGMT) 
[23-26]. 

2. Materials and Methods 

2.1. Sample Collection 

A total of 74 direct endometrial cavity samplings were 
collected from women who were admitted to the hospi- 
tals 3rd Department of Obstetrics and Gynecology and 
were scheduled to undergo diagnostic or therapeutic di- 
latation and curettage and/or hysterectomy. All women 
presented with abnormal bleeding with most having 
pathological thickening of the endometrium. The mean 
age of women was 63.1 years of age. 

Samples for cytology were collected prior to any other 
intervention using a Y-shaped device designed for en- 
dometrial sampling (EndoGyn, Biogyn S.N.C., Miran-
dola, Italy). The thin two armed sheathed curette allowed 
collection of endometrial cells without any sample infec- 
tion from cervical cells. Cells were rinsed into Cytolyt®, 
Hologic, USA), that allows cell preservation, hemolysis 
and mucolysis. Cells were pelleted via centrifuging and 
transferred into the fixative (PreservCyt®, Hologic, USA). 
A slide was prepared using the automated slide processor 
(ThinPrep® TP2000, Hologic, USA) and stained accord- 
ing to Papanicolaou. Cytology diagnosis was given ac- 
cording to the 1994 World Health Organization (WHO) 

classification scheme 22 with minor modifications. There- 
fore, the classification used in the current study was 
atrophic endometrium, hyperplasia without atypia (sim-
ple or complex hyperplasia), hyperplasia with atypia and 
positive for malignancy. 

2.2. Immunocytochemistry 

Immunocytochemical staining of Topoisomerase IIα 
(1:80, clone 3 F6, Leica Biosystems Newcastle Ltd., UK) 
was performed on a fully automated slide system (Bond- 
MaxTM, Leica Biosystems, UK), using a commercial kit 
(BondTM Polymer Refine, Leica Biosystems, UK), that 
contains a secondary antibody linked to a HRP coupled 
polymer, DAB chromogen and heamatoxylin counter- 
stain. Samples were considered positive if nuclear stain- 
ing for Topoisomerase IIα was identified. 

2.3. Methylation Specific PCR—MethyLight  
Analysis 

Methylation specific PCR for hMLH1, CDKN2A and 
MGMT was performed as previously described using a 
commercial kit (Amplicolon, Bird Srl, Italy) [24]. Bisul- 
fite converted DNA was amplified with primers specific 
for either the unmethylated or the methylated form in 
separate reactions. PCR products were analyzed on 2% 
agarose gels for presence of either form. If a PCR prod- 
uct was detected only in the unmethylated reaction, the 
sample was characterized as unmethylated, while pres- 
ence of a PCR product in the methylated reaction char- 
acterized the sample as methylated, regardless of the re- 
sult of the unmethylated reaction. Absence of a product 
from both reactions characterized the sample as invalid. 
Both unmethylated and methylated DNA controls were 
included in the kit. 

For RARB two sets of primers and Taqman probes 
were designed using Beacon Designer (PremierBiosoft, 
USA). Real-Time PCR amplification for RARB pro- 
moter methylation detection was performed using a FAM 
labeled probe for methylated and a JOE-labeled probe for 
unmethylated DNA in a single reaction on a Corbett Ro- 
torgene 6000 (Corbett Life Sciences, Australia). Using 
serial dilutions of the controls, methylated RARB was 
identified at a limit of 1.625% in a background of un- 
methylated DNA. 

2.4. BRAF Mutation Analysis 

The activating mutation V600E of BRAF was detected 
using a molecular beacon set as previously described 
[27]. DNAs extracted from cell lines were used as con- 
trols for homozygous mutated (SKMEL28), heterozy- 
gous mutated (HT29) and homozygous wild type 
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(SKMEL2). DNA extracts and cell lines were acquired 
from Cell Lines Service (CLS, Eppelheim, Germany). 
Detection was performed on an ABI 7500 Real-Time 
PCR (Applied Biosystems, USA). 

2.5. Statistic Analysis 

Statistical analysis of the results was performed using 
Fisher’s exact test for 2 × 2 tables, χ2 for tables with 
more than two parameters, Student’s t-test using two- 
tailed paired analysis for age differences and spear- 
man’s for bivariate correlation analysis. 

3. Results 

3.1. Histology Findings 

Out of 74 cases only 12 were finally histological negative 
for malignancy while 3 had a hyperlastic polyp present as 
displayed in Table 1. The remaining cases were diag- 
nosed with some form of carcinoma. The most common 
type was endometrioid carcinoma, as expected, with the 
majority of them being of grade I or II. Fewer cases of 
high grade III endometrioid carcinomas were found, fol-
lowed by mixed type carcinomas. Only few serous and 
clear cell carcinomas were found, while despite carcino- 
sarcomas being rare, 4 cases were identified. The high 
percentage of carcinomas found is justified since all 
women who where included were symptomatic with a 
clinical diagnosis in favor of malignancy. As expected, 
type I cancers were more common in younger women 
with a mean age of 61 years of age vs. type II with 69 
years of age (p = 0.016). 

3.2. Cytology Findings 

Cytology diagnosis was set on 73 cases with only 1 being 
inadequate (1.3%) (Table 1). Results were compared 
with final histology diagnosis set in samples either from 
dilation and curettage (D&C) or hysterectomy. Cytology 
was able to identify 49 of 59 carcinomas as carcinomas  

and 7 as hyperplasias with atypia. Only 3 carcinomas 
were misclassified; one serous as hyperplasia without 
atypia, one carcinosarcoma as negative and the single 
cytology inadequate sample was an endometrioid adeno- 
carcinoma. All atypical or malignant cytology samples 
were also carcinomas in histology. Overall agreement 
was 95.9% with a kappa value of 0.883 when atypical or 
worse cytology was used. 

3.3. Topoisomerase IIa Expression 

Slides were examined by an experiences cytopathologist 
and were initially scored in three categories; negative, 
less than 10% of nuclei stained and over 10% of nuclei 
stained (Figure 1). However, initial analysis of the re- 
sults revealed that only one negative case was positive 
for topoisomerase, so the categories were condensed in 
either negative or positive. Topoisomerase positivity was 
significantly higher in carcinomas as diagnosed with cy- 
tology (p = 0.002) or histology (p = 0.007) and correlated 
with BRAF mutations or presence of methylation in ei- 
ther CDKN2A or hMLH1. 

3.4. Promoter Methylation Status 

All samples yielded adequate DNA for analysis as re- 
flected from results for the methylation and mutation 
analysis (Table 2). Promoter methylation (Figure 2) of 
CDKN2A and MGMT was identified in 21.6% of the 
samples and was found in samples diagnosed as carci- 
nomas by either cytology (p = 0.097) or histology (p = 
0.031). CDKN2A promoter methylation correlated with 
topoisomerase IIa expression (p = 0.014, CC 0.384). The 
single inadequate for cytology sample that turned out to 
be an endometrioid carcinoma had methylation in the 
CDKN2A promoter. 

Promoter methylation of hMLH1 was the most com- 
mon finding with 41.9% of the samples having partial or 
full methylation of the gene’s promoter. It was the only 
gene where methylation was statistically more common 

 
Table 1. Comparison of cytology and histology. 

Histology 
Cytology 

Negative Polyp Endometrioid Mixed Clear cell Serous Carcinosarcoma 
Total 

Inadequate   1 (2.6%)     1 (1.4%) 

Negative 11 (91.7%) 1 (33.3%)     1 (25.0%) 13 (17.6%)

Hyperplastic 1 (8.3%) 2 (66.7%)    1 (25.0%)  4 (5.4%) 

Atypical   4 (10.3%) 1 (11.1%) 1 (33.3%) 1 (25.0%)  7 (9.5%) 

Carcinoma   34 (87.2%) 8 (88.9%) 2 (66.7%) 2 (50.0%) 3 (75.0%) 49 (66.2%)

Total 12 3 39 9 3 4 4 74 
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Table 2. Immunocytochemical and molecular testing results. 

 Topo IIa (%) 
CDKN2A 

Methylated (%) 
hMLH1 

Methylated (%)
MGMT 

Methylated (%)
RARB 

Methylated (%)
Any Gene 

Methylated (%) 
BRAF 

V600E (%)
Total 

Age Mean 62.37 63.13 66.65* 61.88 67.2 64.3 57.6 62.9 

Inadequate  1 (100%)    1 (100%)  1 (1.4%)

Negative 1 (7.7%)       13 (17.6%)

Hyperplastic        4 (5.4%)

Atypical 5 (71.4%) 3 (42.9%) 2 (28.6%) 2 (28.6%) 0 (0%) 5 (71.4%) 1 (14.2%) 7 (9.5%)

Cytology 

Carcinoma 21 (42.9%) 12 (24.5%) 29 (59.2%) 14 (28.6%) 5 (10.2%) 42 (85.7%) 4 (8.1%) 49 (66.2%)

Negative 1 (8.3%)       12 (16.2%)

Polyp        3 (4.1%)

Endometrioid 19 (48.7%) 11 (28.2%) 23 (59%) 11 (28.2%) 2 (5.1%) 34 (87.2%) 5 (12.8%) 39 (52.7%)

Mixed 3 (33.3%) 3 (33.3%) 6 (66.7%) 4 (44.4%) 2 (22.2%) 9 (100%)  9 (12.2%)

Clear cell 1 (33.3%) 1 (33.3%) 1 (33.3%) 1 (33.3%) 0 (0%) 2 (66.7%)  3 (4.1%)

Serous 2 (50.0%) 1 (25%)   1 (25%) 2 (50%)  4 (5.4%)

Histology 

Carcinosarcoma 1 (25%)  1 (25%)   1 (25%)  4 (5.4%)

I 4 (26.7%) 3 (20%) 7 (46.7%) 4 (26.7%) 1 (6.7%) 13 (86.7%) 1 (6.7%) 15 (25.$%)

II 9 (56.3%) 3 (18.8%) 11 (68.8%) 3 (18.8%)  13 (81.3%) 4 (25%) 16 (27.1%)Grade 

III 13 (46.4%) 10 (35.7%) 13 (46.4%) 9 (32.1%) 4 (14.3%) 22 (78.6%)  28 (52.5%)

I 13 (41.9%) 6 (19.4%) 18 (58.1%) 7 (22.6%) 1 (3.2%) 26 (83.9%) 5 (16.2%) 31 (52.5%)
Type 

II 13 (46.4%) 10 (35.7%) 13 (46.4%) 9 (32.1%) 4 (14.3%) 22 (78.6%)  28 (47.5%)

Total (%) 26 (35.1%) 16 (21.6%) 31 (41.9%) 16 (21.6%) 5 (6.8%) 48 (64.9%) 5 (6.8%) 74 

Total of carcinomas (%) 25 (42.4%) 16 (27.1%) 31 (52.5%) 16 (27.1%) 5 (8.4%) 48 (81.3%) 5 (8.4%) 59 

 

 

Figure 1. Immunocytochemistry for Topoisomare IIa ex- 
pression. A negative sample (Bottom) and a strongly posi- 
tive sample (Top) are displayed. 

 

Figure 2. Methylation specific PCR for CDKN2A, hMLH1 
and MGMT. Both controls, no template controls and 
clinical samples are shown.  
 
in women of higher age (p = 0.034), while methylation of 
hMLH1 was correlated with topoisomerase IIa expres- 
sion (p = 0.022, CC 0.267). Same as CDKN2A, hMLH1 
methylation was more common in cancers (p < 0.001). 

Promoter methylation of RARB (Figure 3) was a rare 
event present only in 5 samples (6.8%). Even though 
methylation was more common in type II cancers, due to 
the limited number of positive results, no statistical sig- 
nificance was identified. When combining all the above, 
at least one gene was methylated in 48 samples, out of 
which all were histological confirmed cancers, raising  
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methylation at 64.9% of samples tested or 81.35% of 
cancer samples tested. While even combining all methy-
lation results did not reach the statistical measures of 
diagnostic efficiency of cytology, the gap between them 
narrowed significantly (Table 3). 

3.5. BRAF Activating Mutation 

In total, 5 samples carried the V600E activating mutation 
(Figure 4). All were endometrioid carcinomas; one was a 
grade I adenocarcinomas and four were grade II. This  

 

 

Figure 3. MethyLight detection of RARb. Serial dilutions were created from 100% methylated to 0% methylated DNA. Up to 
1.6% of methylated DNA was detectable (Top). Clinical samples for the methylated reaction. Two highly positive samples 
and one low positive with fluorescence over the threshold. 
 

Table 3. Efficacy of cytology and molecular testing. 

Histology endpoint: Carcinoma Sensitivity (95CI) Specificity (95CI) PPV (95CI) NPV (95CI) p Spearman Corr. 

Cytology: Atypical or worse 94.9 (85.5 - 98.9) 100 (78.2 - 100) 100 (93.6 - 100) 83.3 (58.6 - 96.4) <0.001 0.889 

CDKN2A methylated 27.1 (16.3 - 40.2) 100 (78.2 - 100) 100 (79.4 - 100) 25.8 (15.2 - 39.0) 0.023 0.265 

hMLH1 methylated 52.5 (39.1 - 65.7) 100 (78.2 - 100) 100 (88.8 - 100) 34.8 (21.0 - 50.9) <0.001 0.428 

MGMT methylated 27.1 (16.3 - 40.2) 100 (78.2 - 100) 100 (79.4 - 100) 25.8 (15.2 - 39.0) 0.023 0.265 

RARB methylated 8.4 (2.8 - 18.6) 100 (78.2 - 100) 100 (47.8 - 100) 21.7 (12.7 - 33.3) 0.249 0.153 

Any gene methylated 81.4 (69.1 - 90.3) 100 (78.2 - 100) 100 (92.6 - 100) 57.7 (36.9 - 76.7) <0.001 0.685 

Topoisomerase expression 44.1 (31.1 - 57.6) 93.3(68.1 - 99.8) 96.3 (81.0 - 99.9) 29.8 (17.3 - 44.9) 0.007 0.312 

BRAF V600E mutated 8.4 (2.8 - 18.6) 100 (78.2 - 100) 100 (47.8 - 100) 21.7 (12.7 - 33.3) 0.249 0.153 
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Figure 4. V600E detection using molecular beacons. 
Negative samples have positive signal for the JOE beacon 
(green line, top). Samples with a positive result in the FAM 
labeled beacon (red line, bottom) carry the mutation. Since 
samples also contain normal and inflammatory cells, V600E 
positive samples are usually also positive for the wild type 
probe. 
 
reflected a percentage of 18.6% of type I carcinomas 
bearing the mutation, as opposed to 0% of type II (p = 
0.056), with mutation being present more often in low 
grade carcinomas (p = 0.016). One sample had a cytol- 
ogy result of “hyperplasia with atypia, while the rest 
were diagnosed as carcinomas. BRAF mutation corre- 
lated with high topoisomerase IIa expression (p < 0.001, 
CC = 0.392) and presence of hMLH1 methylation (p = 
0.026, CC = 0.259). Even though mutations were found 
in younger women with a mean age of 57 years, due to 
the limited number of samples with mutation no statistic 
significance could be recognized. 

4. Discussion 

Even though cancer of the corpus uteri remains the most 
common gynecological related type of cancer in devel-
oped countries organised screening policies have not 

been set. There are several reasons for that. Firstly, en-
dometrial carcinomas are presented with abnormal uter-
ine bleeding and less than 1% are asymptomatic [14]. As 
a result, screening, especially in pre-menopausal women 
is not considered cost-effective [28]. On the other hand, 
in post-menaupasal women with abnormal thickening of 
the endometrium up to 42% of cancer cases were as- 
ymptomatic [22]. Furthermore, trans-vaginal ultrasound, 
which is the most common first line diagnostic test, has 
displayed low positive predictive value [15], especially 
in women that are under hormonal therapy. Finally, pip- 
pele biopsies only sample a limited region of the uteri 
[15,16] and D&C requires patient admition and local 
anesthesia. 

Cytology for the detection of endometrial malignancy 
has re-emerged, since more elaborate methods for sam-
pling and storage of cells have been introduced. As a 
result, in many studies cytology has fewer inadequate 
samples than biopsies, while it remains less intervene- 
tional and more tolerable [19,29,30]. In the limited num- 
ber of the samples we examined a single sample which 
was inadequate, while all women found the sampling 
method very tolerable. Introduction of liquid based cy- 
tology has limited the factors reported to hamper safe 
cytology diagnosis [17], while many report extremely 
high diagnostic efficacy of liquid based cytology using 
current sampling and preparation methods [21,22]. In our 
samples, the only missed carcinomas were one that was 
inadequately sampled, a serous carcinoma and a single 
carcinosarcoma that are extremely rarely found. As a 
result high sensitivity, specificity and PPV were identi- 
fied (Ta- ble 3). Even though the same diagnostic criteria 
of conventional cytology can be applied to liquid based 
cytology [20], hyperplasia with atypia was found to be 
the most controversial category among observers [31], 
while it has been propose that different commercial liq- 
uid based preparation methods may result in morpho- 
logical alterations [32]. 

As a result we evaluated immunocytochemistry and 
molecular testing to identify whether they could be of 
ancillary use for or an alternate to cytology. Immunocy- 
tochemistry for hormone receptors and p53 expression in 
LBC has been previously used to profile tumors prior to 
hysterectomy [18], while mutation analysis in LBC has 
displayed similar results with FFPE tissue [33]. We 
found that adequate cells were available both for immu- 
nocytochemistry for topoisomerase IIa and for DNA ex- 
traction for mutation testing and methylation analysis in 
all samples. 

In previous reports, increased expression of prolifera- 
tion markers with concurrent deregulation of tumor sup- 
pressor genes has been found [34] and has been corre- 
lated with high grade aggressive carcinomas. However 
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proliferating cells were also common in hyperplastic en- 
dometria without atypia. On the other hand we found a 
single case of a negative sample that expressed topoi- 
somerase IIa, while the limited number of samples did 
not allow for an identification of a specific category that 
displays high topoisomerase IIa expression. Nevertheless, 
almost 50% of grade II and type II carcinomas have 
some expression, suggesting that targeted therapy against 
topoisomerase could have some beneficial use in endo-
metrial carcinomas. 

Methylation has been proposed as a screening or an- 
cillary test for the detection of cancer in cervical samples, 
however with low sensitivity and or specificity [24,35]. 
Usually a combination of genes is used to further en- 
hance test’s results. We applied the same strategy, using 
a panel of four genes including tumor suppressors con- 
nected with either cell cycle regulation (CDKN2A, 
p16INK4A), or with epithelial differentiation (retinoic 
acid receptor RARB) and genes encoding DNA repair 
proteins as human MutL Homolog 1 (hMLH1) and O6- 
Methylguanine DNA methyl-transferase (MGMT) was 
selected [23-26]. As previously found, hMLH1 methyla- 
tion was the most common epigenetic effect identified. 
Loss of hMLH1 expression has been correlated with mi-
crosatellite instability (MSI) [36,37], and with higher 
grade and stage, when present along with specific muta- 
tions of PI3K or BRAF [38]. Even though we found that 
80% of mutated BRAF had hMLH1 promoter methyla- 
tion, the small number of BRAF mutated cases did not 
allow a statistical significance to be identified. Promoter 
methylation of either MGMT or CDKN2A was less often 
while they displayed a random profile with a small in- 
crease in type II carcinomas, as previously found in a 
limited number of endometrial carcinomas [36]. Others 
have reported significantly lower methylation of these 
genes using FFPE tissue stored for 10 years [39] or the 
COBRA technique [40]. RARb methylation was the rar-
est event observed only in 5 samples, out of which 80% 
were type II carcinomas. Usually methylation was exclu- 
sive for each gene with 66.7% of methylated samples 
having a single methylated gene, 25% two genes and 
5.3% three genes. Including in the analysis all methyla- 
tion events, all diagnostic efficacy statistics increased, 
though sensitivity and negative predictive value re- 
mained lower than cytology (Table 3). 

Out of all three cancer cases negative for cytology 
only one had methylation in CDKN2A, while all the rest 
were negative for the biomarkers tested. As a result these 
tests did not offer substantial improvement. However, it 
would be interesting to study their positivity in larger 
scale studies that would include more cases of hyperpla- 
sia with and without atypia, since these represent the 
most controversial cytology categories. 

Since LBC has been shown in several studies that it is 
a viable option for endometrial carcinoma detection 
[19-22,41] our findings were not surprising. However 
most studies published have a limited number of samples, 
while the one with over 900 cases has many inadequate 
biopsies [19]. Still the diagnostic efficacy of LBC we 
found was similar to previously published studies. The 
variance observed, especially in sensitivity, could be ac- 
counted to the significant number of type II carcinomas 
that were included in our study. The main goal of our 
study was analysis of complex molecular markers as an-
cillary to cytology. The excellent specificity of the lim-
ited number of markers we tested, even though it could 
not outperform cytology, suggests that in cases where 
cytology is equivocal molecular markers could be used, 
as others have proposed [33]. 

Distinct molecular profiles have been used to identify 
origin, grade and type of endometrial carcinomas [6], 
while distinct molecular events have been proposed for 
early detection while they are still in precursor forms [9, 
10]. Apart from BRAF mutations that were exclusive in 
low grade endometrioid adenocarcinomas, none of the 
other biomarkers was specific with a statistical manner, 
partially due to the limited number of each of the sub-
categories of carcinomas we had available. 

Novel targeted agents, either alone or in combination 
with cytotoxic agents and radiotherapy, may enhance 
treatment results or further widen treatment options of 
patients with endometrial carcinomas [12,13,42]. Our 
results indicate that apart from currently used regiments 
topoisomerase poisons [43], benefiting from topoisom-
erase IIa expression, alkylating agents, benefiting from 
MGMT methylation [36] and even retinoic acid [44,45] 
could be of potential use in a limited group of endo-
metrial carcinomas. 
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