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Recently, the research on early detection of precancerous lange and endometrial
carcinoma has been focusing on minimally invasive procedes for screening. On this
basis, we aim to verify the feasibility of endometrial samgis for screening endometrial
cancer using Li Brush. We recruited patients undergoing hysrectomy for different
diseases from the Inpatient Department of the Department dbstetrics and Gynecology.
Before surgery, endometrial cells were collected by Li Bris The cytopathologic
diagnosis from Li Brush and the histopathologic diagnosigém hysterectomy in the same
patient were compared to calculate sensitivity (Se), specity (Sp), false-negative rate
(FNR), false-positive rate (FPR), positive predictive val(P\C) %, and negative predictive
value (PV-). The research enrolled 293 women into this setbntrolled trial. According to
the hypothesis test of paired four lattices, we obtained théollowing indicators: Se 92.73,
Sp 98.15, FNR 7.27, FPR 1.85, P\C92.73, and PV 98.15%. The endometrial sampler
Li Brush is an ef cacious instrument for screening endometal cancer.

Keywords: endometrial cancer, endometrial sampler, cytology , histopathology, screening

INTRODUCTION

The morbidity and mortality of endometrial carcinoma is onet rise around the world in recent
years. It has been the most common gynecologic malignanspine developed countries such
as Japan and US and ranked second in many developing countrie3. (The cancer-related
costs are increasing signi cantly, constituting a chafjerfor social economics and female health.
E orts focusing on primary and secondary prevention remain ttahto the global charge to
reduce the incidence of cancer and avoid one-third to onl-b&a cancer deaths2( 3). With
developing morbidity of endometrial cancer around the woddrly detection and diagnosis would
undoubtedly become the most important part. For endometrabioma, the 5-year survival rate
gradually decreases with the development of the stages.ygightent of the patients diagnosed
with endometrial cancer are in stage |, with a 5-year suilvai@ of> 95% (). Endometrial atypical
hyperplasia is considered to be the precancerous lesions ofeetdal cancer. Thirty percent of
atypical hyperplasia will develop into cancer a long time in thtarfe; thus, we have the opportunity
to screen for endometrial cancer within this long time peri@l The aim of screening is to detect
endometrial atypical hyperplasia and the early stages of entlmirancer. The ability to save lives
would mean great social signi cance and economic bene ts.

Frontiers in Oncology | www.frontiersin.org

1 February 2019 | Volume 9 | Article 67


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2019.00067
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2019.00067&domain=pdf&date_stamp=2019-02-19
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:Liqiling@mail.xjtu.edu.cn
https://doi.org/10.3389/fonc.2019.00067
https://www.frontiersin.org/articles/10.3389/fonc.2019.00067/full
http://loop.frontiersin.org/people/610780/overview

Han et al. A New Endometrial Sampler

Endometrial carcinoma is a type of epitheliogenic malignantrivepipe was advanced 3 mm and the handle was again rotated
tumor that originates from the endometrium. As one of threeto gather cells from the uterine fundug=igure 1D). Finally,
major malignant tumors of the female reproductive systemthe brush was removed from uterine cavity after protecting
the average onset age of endometrial carcinomas is 63 yedfs brush head under the casingigure 15. When sampling
and > 90% occur in women above 50 years of age, andas complete, the brush head was placed into the preservation

4% occur in women younger than 40 years of ade Risk solution and shaken several times to release the cells into
factors for endometrial cancer include early menarchg kate  the solution.
menopause, nulliparity, Lynch syndromé&)( diabetes &, 9), The cell specimens were prepared for testing with a liquid-
obesity (0), hypertension, estrogen, and tamoxifen treatmentased cytologic test, and the tissues were embedded in paran
after menopausel(l, 12), a family history of endometrial cancer and cut into cross-sections. Both cell and tissue specimens we
or breast canceri(3), and polycystic ovary syndromé4). stained using hematoxylin and eosin. After concealing idgnti

Because of the rising morbidity, the window period, and aninformation, all the samples were sent to the Department of
explicit screening population, endometrial cancer screengng Pathology of First A liated Hospital of Xi'an Jiaotong Univetg
feasible. Until now, histopathology with dilatation and ctiegje and randomly diagnosed by two independent professors.
(D&C) with or without hysteroscopy and surgery has been thelhe diagnoses of histology and cytology were independently
gold standard for the diagnosis of endometrial carcinoma an conducted. According to the method of sample size calculatio
precancerous lesiond§. However, the injury and discomfort in the diagnosis experimeni §) and using the sensitivity of SAP-
caused by D&C have in uenced its widespread use for screening brush ¢, 17) to predict the sensitivity of Li Brush, a minimum
Inrecent years, more and more non-invasive endometrialatss  of 113 cases were required for the study. The self-contrthatk
have been invented and proposed for screening endometriglas used in this study. The histopathologic diagnosis from the
cancer, such as Pipelle, which was found to have an 86Bfysterectomy was de ned as the standard. The outcomes were
sensitivity in one studyl(6); Tao Brush, which was found to have obtained by comparing the cytopathologic and histopathologic
a 95.5% sensitivityl@); and SAP-1, which was found to have aresults of the same individuals.

73% sensitivity, 95.8% speci city, 75% positive predictivee/a The study was conducted in accordance with the Declaration
and 95.3% negative predictive valu€)( However, no available, of Helsinki, and the study protocol was approved by the Ethics
specic, and e ective screening method could be appliedCommittee of the First A liated Hospital of Xi'an Jiaotong
popularly for women until now. In this study, we compared University(XJTULIAHCR2014-007). All the patients involved in
the cytopathologic diagnosis of the Li Brudhigure 1A, Xi'an  the research were su ciently informed of the content of thedy
Meijiajia Medical Co. 20152660054) with the histopathologi@nd provided written informed consent.

diagnosis of hysterectomy to evaluate the feasibility af th

endometrial samplers for screening endometrial cancer. Data Collection
For all eligible patients, the following information was lected:
MATERIALS AND METHODS age, age at menarche, last menstrual period or menopausal
age, childbearing history, endometrial thickness, tumistdry,
Patients and Study Procedures smoking history, with or without hormone replacement, and

From January 2015 to July 2016, we recruited patientsistory of other diseases such as hypertension and diabetes.
undergoing hysterectomy because of di erent diseases flen t The data were used to determine sampling satisfaction,
Inpatient Department (IPD) of the Department of Obstetrics cytopathologic diagnosis, and histopathologic diagnosis.
and Gynecology. Patients in the IPD were excluded if they
had already been diagnosed with pregnancy, acute in ammatioDe nition of Outcomes
of the genital system besides atrophic vaginitis, endogenoccording to the International Society of Gynecological
cervical carcinoma, dysfunction of blood coagulation, atider  Pathologists, the histopathologic diagnoses included the
hematologic diseases that might in uence coagulation fiomc ~ following: proliferative endometrium, secretory endometniy
Women with a body temperature 37.5C in two subsequent atrophic endometrium, mixed endometrium, and simple
measurements in 1 day were also ruled out. hyperplasia including cystic glandular hyperplasia, complex
According to the following procedures, we collectedhyperplasia de ned as adenomatous hyperplasia without
endometrium specimens using the Li Brush and obtained thatypia, endometrial atypical hyperplasia, and endometrial
cytopathologic diagnosis from the Department of Pathologycarcinoma. The cytopathologic diagnoses were classi ed into
before surgery. First, the patients were placed in the litgto seven categories, as follows: proliferative endometriak,cell
position, and the conventional perineal and vaginal disititet  secretory endometrial cells, atrophic endometrial cells,eahix
were performed after emptying the bladder. Second, the werinendometrial cells, endometrial hyperplasia cells, endonietria
cervix was exposed by vaginal speculum and the uterine depétypical cells, and endometrial cancer cells. Positive results
was detected with uterine probe. After the brush head wasdndd were de ned as endometrial carcinoma, endometrial cancer
in the drivepipe, the sampler was put into the fundus of uteruscells, endometrial atypical hyperplasia, and endometriglies}
(Figure 1B). Then, the drivepipe was drawn outs mm to show cells. Other categories were de ned as negative resultsnWhe
the brush, and the handle was rotated 5-10 complete circldmth cellular and histionic diagnostic results were positive,
to gather cells of the uterine corpu&igure 1Q. Third, the it was judged as true positive; if both were negative, it was
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FIGURE 1 | The physical map and sampling procedure of endometrial sarmps using Li Brush (A) a photo of Li Brush; (B) protect the brush head by placing it into
the drivepipe and put sampler into the fundus of the uterus{C) withdraw the drivepipe approximately 5 mm to show the brush ad rotate the handle in 5 to 10
complete circles to gather cells of the uterine corpus(D) advance the drivepipe 3 mm and rotate the handle again to gatr cells of the uterine fundus(E) cover the
head with the casing and withdraw the brush from the uterine avity.

judged as true negative. If the cytopathologic result wastipesi (Figure 3B left), atrophic endometriumKigure 3C left), mixed
and the histopathologic result was negative, it was judged a&ndometrium Figure 3D, left), endometrial atypical hyperplasia
false positive; if the cytopathologic result was negative an(Figure 3E left), and endometrial carcinomérigure 3F, left).
the histopathologic result was positive, it was judged a falsThe corresponding cytopathologic images were included:
negative. Consistent outcome was when the cytopathologic arproliferative endometrial cells F{gure 3A, right), secretory
histopathologic diagnoses were both positive or both negativendometrial cellsKigure 3B, right), atrophic endometrial cells
otherwise, the outcomes were considered inconsistent. ThH&igure 3C right), mixed endometrial cellsF{gure 3D, right),
sampling satisfaction was re ected in a su cient number oflse  endometrial atypical cellsF{gure 3E right), and endometrial
and the correct location. cancer cellsKigure 3F right).

Statistical Analysis )

Using the hypothesis test of paired four lattices, the follawin D@ta Calculation

indicators were calculated: sensitivity (Se), falsetiegaate According to the hypothesis test of paired four lattices, éher
(FNR), specicity (Sp), false-positive rate (FPR), positivevere 51 true-positive, 212 true-negative, 4 false-positind, a
predictive value (PZ), and negative predictive value (PV-). 4 false-negative cases. The following indices were olataine
The di erences of endometrial histopathology and cytopatiyylo Se 92.73, Sp 98.15, FNR 7.27, FPR 1.8% B¥.73, and
using Li Brush in the diagnosis of endometriosis were evattia PV- 98.15%. The data showed that there were no signi cant
by the calculation ofP-value. If P < 0.05, the dierence was di erence between cytopathologic results from the Li Brusll an
statistically signi cant. In contrast, P> 0.05, the di erence was histopathologic results from hysterecton$A(D 0.125 <$3 o a

not statistically signi cant. D 0.05,P>0.05).
Furthermore, we compared the histopathologic results
RESULTS obtained from hysterectomy and the cytopathologic resultam
samplers accurately to evaluate the feasibility of using LsiBiu
Patients the diagnosis of endometrial types. Through the statistlosret

We aimed to collect a total of 420 patients from thewere 228 cases consistent and 34 cases inconsistent. lfoagdit
IPD of the Department of Obstetrics and Gynecology. We9 cases were diagnosed as endometrial simple hyperplasia
ruled out 112 patients because of insu cient or incompletewith local polyps by hysterectomy and endometrial hyperplasia
information. The remaining 308 women completed the studycells by our samplers. The overall degree of satisfaction and
(Table 1). Satisfactory endometrial cells were not obtained in 3Bensitivity of sampling were 87.02 and 87.63%, respectively

patients Figure 2). (Table 9. The sensitivities of dierent types of endometrium
_ were 85.88% for proliferative endometrium, 72.73% for secyet
Pathologic Images endometrium, 88.24% for atrophic endometrium, 83.33% for

Using pathological slide and microscopic camera technologynixed endometrium, 94.64% for simple hyperplasia, 100%
the following histrionic images were obtained: proliferativ for complex hyperplasia, 80.00% for endometrial atypical
endometrium  Figure 3A, left), secretory endometrium hyperplasia, and 87.02% for endometrial carcinoma. Meanwhile
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TABLE 1 | Patient characteristics.

Characteristics

SOURCE
IPD?
AGE
<40 years old
40 years old
MENSTRUAL STATUS
Premenopausal
Postmenopausal
AUBP
ENDOMETRIAL THICKNESS ©
<5mm
5mm
Intrauterine heterogeneity echo
Unclear display
OTHER DISEASE
Ovarian cancer
Hypertension
Diabetes
Hormone replacement therapy

308

32
276

200

83

24
211

N AN W

Some information of the patients is missing.
2|PD, Inpatient Department.
hAUB, Abnormal uterus bleeding.

¢Some patients were not examined by ultrasound, whose endometrial thicless is

missing.
420 Patients provided consent
—’I 112 lacked of information I
The remaining 308 were sampled
—>| 37 sampling failed |
271Patients’ results were effective
263 consistent Sinconsistent
51 truepositive 4 false positive
212 truenegative 4 false negative
FIGURE 2 | Diagram of study participants.

the results of cells and tissues were separately analyzed an

compiled into a bar chart by composition ratioBigure 4).

DISCUSSION

symptoms that are geared to the indication of D&C, such as
abnormal uterine bleeding, would refer themselves to meédica
help for diagnosis and treatment, which restricts the early
diagnosis and treatment of endometrial carcinomas. Bexaus
only approximately 60% of curetting procedures can evaluate le
than half of the uterine cavity, even when performed by the imos
experienced physician, the rate of false-negative resultiglis h
(19. Moreover, the pain and su ering caused by the procedure
were not widely accepted patients. Despite its diagnostic vatue f
patients who display symptoms, this method shows its de ciency
as a screening procedure for endometrial lesiay. (

Recently, research on the early detection of endometrial
carcinoma has been focusing on minimally invasive
histopathologic and cytopathologic procedure$6,( 21-24).
Along with the improvement and widespread use of liquid-
based preparation (LBP) of endometrial cell samples, direct
cellular sampling has more commonly used as the primary
screening procedure for endometrial lesior#5)( Among the
sampling techniques, endometrial brush cytology is minimally
invasive, more economical, and more convenient compareld wit
traditional diagnostic and curettage technigues. Thawrefat
has already become a partly accepted method for the detection
of endometrial lesions2(). The endometrial cytology by direct
intrauterine sampling has a relatively high specicity and
sensitivity for the diagnosis of endometrial cancer reported
by some researcher&®). Related samplers have been studied,
including histology samplers such as Pipelt&)( and cytology
samplers, such as Tao brush9( and SAP-1 sampler4( 17),
as well as Uterobrush2g). However, up to this point, we still
required a more convenient, economical, and non-invaspa t
to screen for endometrial cancer.

On that basis, we have invented a new endometrial sampler—
Li Brush. Our sampler was awarded a utility model patent
certi cate from the State Patent O ce (number: ZL.2014 2
0720056.8). The brush is made up of four parts: head,tube core,
drivepipe, and hand shanks{gure 1A). The head is T shaped,
which is close to the physiologic form of the uterine cavity.
The fusiform brush allows easy access to the uterine cavity,
fundus, and horn of the uterus. The elastic drivepipe works with
the handle to protect the head from contamination of cervical
cells. In addition, our samplers have other advantages, asch
low cross-infection, good exibility, less damage, low ¢estd
higher acceptability. In this study, we compared the diagnokis
cytology by the Li Brush with the diagnosis of histopathology
by hysterectomy. A total of 271 cases were analyzed, with a
sensitivity of 92.73% and a speci city of 98.15%. The propogion
of the endometrial types were similar between histology and
cytology. These ndings showed that Li Brush will be able typla
a rple in the screening for endometrial cancer.
he two common causes of sampling failure using Li
Brush were the inaccurate location of sampling and insu dien
number of endometrial cells. The lower sampling satisfaction
of atypical hyperplasia and complex hyperplasia are because
of the limited sample size. The lower sampling satisfaction of

Endometrial curetting or D&C have long been the standardatrophic endometrium is attributed to the atrophic cervix atne
diagnosis or treatment for evaluating suspicious endoraktri adhesion of cervix tube in post-menopausal women. To improve
lesions, especially in mainland China. Only patients who displathe sampling satisfaction, we considered whether using cérvica
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TABLE 2 | The comparison of diagnosis between cytopathology and hisipathology.

Endometrial types Cytopathology and histopathology Total S e(%) Sampling satisfaction(%)

Consistent Inconsistent Unsatis ed

sampling

Proliferative endometrium 73 12 10 95 85.88 89.47
Secretory endometrium 24 9 5 38 72.73 86.84
Atrophic endometrium 15 2 4 21 88.24 80.95
Mixed endometrium 10 2 1 13 83.33 92.31
Simple hyperplasia 53 3 9 65 94.64 86.15
Complex hyperplasia 0 1 5 100.00 80.00
Atypical hyperplasia 1 1 6 80.00 83.33
Endometrial carcinoma 45 3 6 56 90.00 89.29
Total 228 34 37 299 87.02 87.63

Se, Sensitivity.

aThere were 4 cases which the histopathological results were endome#l cancer but the cytopathologic results were proliferative endometrial or élometrial hyperplasia cells. One of
this 5 cases which the histopathological result of was endometrial gecer but the cytopathologic result was endometrial atypical cells, so this @ was considered to be true positive
but inconsistent.

bThere were 9 of all 308 cases diagnosed endometrial simple hyperpsa with local polyp.

FIGURE 3 | Histopathologic and cytopathologic images (A) proliferative endometrium (Left: HE 400) and proliferative endometrial cells (Right: HE 100); (B)
secretory endometrium (Left: HE 10) and secretory endometrial cells (Right: HE 10); (C) atrophic endometrium (Left: HE 10) and atrophic endometrial cells
(Right: HE  10); (D) mixed endometrium (Left: HE 10) and mixed endometrial cells (Right: HE 10); (E). endometrial atypical hyperplasia (Left: HE 10) and
endometrial atypical cells (Right: HE 200); (F) endometrial carcinoma (Left: HE 400) and endometrial cancer cells (Right: HE 400).

clamps when using the brush could make it easier for the brush For endometrial polyps, Li Brush showed a high false-negative
to smoothly enter the uterine cavity. We can also mechalyical rate. According to histology, endometrial polyps are claski e
expand the cervical canal for patients with cervical adhesion into four categories: non-functional glandular endomettgalyp,
narrowing if necessary. functional glandular endometrial polyp, adenomatoid polyp,
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FIGURE 4 | The proportions of histopathologic and cytologic diagnos.

and polyp with malignant transformation5j. Polyps consist AUTHOR CONTRIBUTIONS
of proliferating glands, blood vessels, and stroma becafise o
the hyperplasia due to the high sensitivity of endometriumLH, JD, and CS performed the clinic experiments. LZ, SL, and
to estrogen {7). When brushing, we only tend to sample QL designed the endometrial sampler. HH and GZ performed
the super cial cells or glands of polyps, which makes théhe pathologic diagnosis. YL performed the pathological easti
sample look like endometrial hyperplasia, and ignores it§lH also performed the pathological sections. QiW, QinW,
real structure. Reagan and Ng et al. Study pointed out thatnd XT helped to perform the statistical analysis. LH and QL
when sampled cells were out of the endometrial cycle, onlyrote the manuscript. QU revised the English grammar. QS
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of polyps. the manuscript.

Our study found that Li Brush will be able to be a reliable
approach for screening endometrial cancer and may providEUNDING
great benets for the social economy and women's health.
However, there are still some shortcomings to the techniquelhis study was supported by the Key Research and Development
such as the false-negative rate for the diagnosis of end@het Project of Shaanxi Provincial Science and Technology
polyps is high and the sampling satisfaction rates are not lowepartment  (2017ZDXM-SF-068), = Shaanxi  Provincial
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of endometrium. Development Guidance Plan (2017117SF/YX011-3).

REFERENCES in uterine endometrioid carcinomaEur J Surg Onco(2016) 42:1367-71.
doi: 10.1016/j.€js0.2016.03.009
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal AaiGlo 3. del Carmen MG, Rice LW, Schmeler KM. Global health perspective
cancer statistics, 2012A Cancer J Clin(2015) 65:87-108. doi: 10.3322/caac. on gynecologic oncology. Gynecol Oncol (2015) 137:329-34.

21262 doi: 10.1016/j.ygyno.2015.03.009
2. Batista TP, Cavalcanti CL, Tejo AA, Bezerra AL. Accuracy of pratipe 4. Colombo N, Creutzberg C, Amant F, Bosse T, Gonzalez-Martin Aeireann
endometrial sampling diagnosis for predicting the nal pathology gnad J, et al. ESMO-ESGO-ESTRO consensus conference on endoneatdal:c

Frontiers in Oncology | www.frontiersin.org 6 February 2019 | Volume 9 | Article 67



Han et al.

A New Endometrial Sampler

10.

11.

12.

13.

14.

15.

16.

17.

diagnosis, treatment and follow-ugradiother Oncol(2015) 117:559-81. 19.

doi: 10.1016/j.radonc.2015.11.013

. Shu Y, Aikle F.Cytopathology of the Endometrium: Correlation With

HistopathologyBeijing: People's Medical Publishing House (2008).

. Braun MM, Overbeek-Wager EA, Grumbo RJ. Diagnosis and managerhe

endometrial canceAm Fam Phys(2016) 93:468-74.

. Mas-Moya J, Dudley B, Brand RE, Thull D, Bahary N, Nikiforova Mial.

Clinicopathological comparison of colorectal and endometrial cangias in
patients with Lynch-like syndrome versus patients with Lynchdsgme.
Hum Pathol (2015) 46:1616-25. doi: 10.1016/j.humpath.2015.06.022

. Friberg E, Mantzoros CS, Wolk A. Diabetes and risk of endometanater:

a population-based prospective cohort stu@ancer Epidemiol Biomarkers
Prev (2007) 16:276-80. doi: 10.1158/1055-9965.EPI-06-0751

. Friberg E, Orsini N, Mantzoros CS, Wolk A. Diabetes mellitus arsi ri

of endometrial cancer: a meta-analysBiabetologia(2007) 50:1365-74.
doi: 10.1007/s00125-007-0681-5

Dallal CM, Brinton LA, Bauer DC, Buist DSM, Cauley JA, Hue TRalet
Obesity-related hormones and endometrial cancer among postmendpausa
women: a nested case-control study within the B similar to FITardhiendocr
Related Cancé2013) 20:151-60. doi: 10.1530/Erc-12-0229

Ngo C, Brugier C, Plancher C, de la Rochefordiere A, Alran S, Feron
JG, et al. Clinico-pathology and prognosis of endometrial cancer in
patients previously treated for breast cancer, with or without taifem: a
comparative study in 363 patientEur J Surg Oncol2014) 40:1237-44.
doi: 10.1016/j.ejs0.2014.05.007

Dallal CM, Lacey JVJr, Pfeier RM, Bauer DC, Falk RT, Buist &Sal.
Estrogen metabolism and risk of postmenopausal endometrial and ovaria
cancer: the B approximately FIT Cohortlorm Cancer(2016) 7:49-64.
doi: 10.1007/s12672-015-0237-y

Win AK, Reece JC, Ryan S. Family history and risk of endometiaies:

a systematic review and meta-analysistet Gynecol2015) 125:89-98.
doi: 10.1097/A0G.0000000000000563

Gottschau M, Kjaer SK, Jensen A, Munk C, Mellemkjaer L. Rislancer
among women with polycystic ovary syndrome: a danish cohort study.
Gynecol Onco{2015) 136:99-103. doi: 10.1016/j.ygyno.2014.11.012
Practice Bulletin, No 149. endometrial canc&bstet Gynecol(2015)
1251006-26. doi: 10.1097/01.A0G.0000462977.61229.de

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kipp BR, Medeiros F, Campion MB, Distad TJ, Peterson LM, Keene
GL, et al. Direct uterine sampling with the Tao brush sampler using a
liquid-based preparation method for the detection of endometriahoea
and atypical hyperplasia: a feasibility studyancer (2008) 114:228-35.
doi: 10.1002/cncr.23636

Munro MG, Southern California Permanente Medical Group's Abnormal
Uterine Bleeding Working G. Investigation of women with postmenagsu
uterine bleeding: clinical practice recommendatidherm J(2014) 18:55-70.
doi: 10.7812/TPP/13-072

Zorlu CG, Cobanoglu O, Isik AZ, Kutluay L, Kuscu E. Accuracy pefe
endometrial sampling in endometrial carcinom&ynecol Obstet Invest
(1994) 38:272-5.

Guido RS, Kanbour-Shakir A, Rulin MC, Christopherson WApdHe
endometrial sampling. sensitivity in the detection of endometdahcerJ
Reprod Med(1995) 40:553-5.

Machado F, Moreno J, Carazo M, Leon J, Fiol G, Serna R. Accafacy
endometrial biopsy with the Cornier pipelle for diagnosis of endonaétri
cancer and atypical hyperplasiur J Gynaecol Onc¢R003) 24:279-81.
Abdelazim IA, Aboelezz A, Abdulkareem AF. Pipelle endometrial sampli
versus conventional dilatation & curettage in patients witihadmal uterine
bleeding.J Turk Ger Gynecol Asso013) 14:1-5. doi: 10.5152/jtgga.
2013.01

Norimatsu Y, Yanoh K, Kobayashi TK. The role of liquid-based pajmn

in the evaluation of endometrial cytologycta Cytol (2013) 57:423-35.
doi: 10.1159/000353148

lavazzo C, Vorgias G, Mastorakos G, Stefanatou G, Pandusdexiadou

A, et al. Uterobrush method in the detection of endometrial pathology.
Anticancer Re011) 31:3469-74.

Fujiwara H, Takahashi Y, Takano M, Miyamoto M, Nakamura K, Kané
etal. Evaluation of endometrial cytology: cytohistological coti@hs in 1,441
cancer patient€Oncology2015) 88:86—94. doi: 10.1159/000368162

Matsuo K, Yabuno A, Hom MS, Shida M, Kakuda M, Adachi S, et al.
Signi cance of abnormal peritoneal cytology on survival of women
with stage I-Il endometrioid endometrial canceGynecol Oncol(2018).
doi: 10.1016/j.ygyno.2018.02.012

Conict of Interest Statement: The authors declare that the research was

Del Priore G, Williams R, Harbatkin CB, Wan LS, Mittal K, Yang.GC conducted in the absence of any commercial or nancial relatigps that could

Endometrial brush biopsy for the diagnosis of endometrial cangdteprod
Med (2001) 46:439-43. doi: 10.1097/00006254-20010900@-000

be construed as a potential con ict of interest.

Wen J, Chen R, Zhao J, Dong Y, Yang X, Liao QP. Combinin@Copyright © 2019 Han, Du, Zhao, Sun, Wang, Tuo, Hou, Liu, Wang, Ul&in
endometrium sampling device and SurePath preparation to screen foZhang, Song and Li. This is an open-access article distfiutder the terms

endometrial carcinoma: a validation studghin Med J(2015) 128:648-53.
doi: 10.4103/0366-6999.151664

Malhotra RK, Indrayan A. A simple nomogram for sample size for estirgati
sensitivity and speci city of medical testadian J Ophthalmol(2010) 58:519—
22.doi: 10.4103/0301-4738.71699

18.

of the Creative Commons Attribution License (CC BY). Thedisteibution or
reproduction in other forums is permitted, provided theimalgauthor(s) and the
copyright owner(s) are credited and that the original pafidic in this journal
is cited, in accordance with accepted academic practicasé\dlistribution or
reproduction is permitted which does not comply with tleesest

Frontiers in Oncology | www.frontiersin.org 7

February 2019 | Volume 9 | Article 67



