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Abstract
Although Tao brush has become one of the most studied and used endometrial cy-
tological samplers, concerns remain about the adequacy of the cytological sample 
compared with definitive histology. We aimed to assess accuracy of cytological ex-
amination from Tao brush sampling in diagnosing endometrial premalignancy and 
malignancy through a systematic review and meta- analysis. Seven electronic data-
bases were searched from January 2000 to July 2021 for all studies which allowed 
assessment of accuracy of Tao brush in diagnosing endometrial premalignancy and 
malignancy. We calculated sensitivity, specificity, positive and negative likelihood 
ratios (LR+ and LR−), diagnostic odds ratio (DOR) and area under the curve (AUC) 
on summary receiver operating characteristic (SROC) curve. Five studies with 774 
patients were included. In diagnosing endometrial premalignancy and malignancy, 
cytological examination from Tao brush endometrial sampling showed pooled sen-
sitivity of 0.95 (95% CI, 0.90– 0.98), specificity of 0.92 (95% CI, 0.90– 0.94), LR+ of 
12.73 (95% CI, 3.94– 41.18), LR− of 0.09 (95% CI, 0.05– 0.18), DOR of 184.84 (95% 
CI, 24.37– 1401.79), AUC of 0.9757 (standard error: 0.013). In conclusion, cytological 
examination from Tao brush seems to have a high diagnostic accuracy and might be 
proposed as both screening and diagnostic tool. However, further studies are neces-
sary to confirm these findings.
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1  |  INTRODUC TION

Endometrial cancer (EC) is the most common gynecological neopla-
sia in developed countries.1– 6 In Italy, it is the third most common 
tumor in women between 50– 69 years of age, being 4.6% of all new 
diagnosed neoplasia with about 86 000 new cases each year.7

In the last 30 years, there has been an increase in the incidence of 
EC,8 being ascribed to an aging general population and an increase in 
the prevalence of obesity.9 In 2030, it is expected that its incidence 
will rise by 40– 50%.10– 12 Moreover, in the last 20 years, mortality has 
risen even more than incidence.8

In clinical practice, the most common approach to diagnose EC 
is a transvaginal ultrasound in symptomatic women (e.g., abnormal 
uterine bleeding) followed by histologic examination of endometrial 
specimens from curettage (D&C) or hysteroscopy in patients with 
increased endometrial thickness.13

However, in order to provide an increasingly less invasive proce-
dure and reduce the risks of infection, perforation and discomfort, 
endometrial cytology has been a primary focus for evaluating the 
endometrium.14,15 Therefore, a large number of endometrial sam-
plers have been proposed through the years, such as Endoflower, 
Tao brush, Li brush and Endocyte, with the purpose of providing 
both a reliable and non- invasive endometrial sampling.16 Among 
these, after United States Food and Drug Administration approval, 
Tao brush has become one of the most studied and used endometrial 
samplers worldwide.17 Indeed, it allows the collection of endome-
trial cells without contamination from the lower genital tract and 
can be performed without anesthesia in outpatient settings, with 
minimal patient discomfort.18

Nevertheless, although it has shown a high rate of detecting 
endometrial premalignancy and malignancy, with sensitivity and 
specificity ranging from 91.67% to 100%, and 96% to 96.04%, re-
spectively,18,19 the main concern remains the adequacy of the cyto-
logical sample obtained with the Tao brush compared with definitive 
histology, to date. In fact, only few studies have assessed the issue 
and pooled data about diagnostic accuracy of Tao brush for endome-
trial premalignancy and malignancy are lacking.

The aim of this systematic review and meta- analysis was to as-
sess accuracy of cytological examination from Tao brush endometrial 
sampling in diagnosing endometrial premalignancy and malignancy.

2  |  MATERIAL S AND METHODS

2.1  |  Study protocol

Each review stage was independently carried out by two authors 
following an a priori designed study protocol. Disagreements were 
solved by discussion with all authors.

The study followed the Synthesizing Evidence from Diagnostic 
Accuracy Tests (SEDATE) guidelines20 and the Preferred Reporting 
Item for Systematic Reviews and Meta- analyses (PRISMA) state-
ment and checklist.21

2.2  |  Search strategy and study selection

Seven electronic databases (i.e., Web of Sciences, Google Scholar, 
Scopus, MEDLINE, Clini calTr ial.gov, Cochrane Library, and EMBASE) 
were searched from January 2000 to July 2021 using the follow-
ing text words in different combinations: “endometr*” “cancer”; 
“carcinoma”; “screening”; “cytolog*”; “histolog*”; “patolog*’; “tool”; 
“method”; “marker”; “malignancy”; “neoplasia”; “cancerous”; “pre-
malignancy”; “precancerous”; “precancer”; “atypi*”; “hyperplasia”. 
References list from each eligible study was also screened for 
searching any studies missed during the electronic databases search.

All peer- reviewed studies which allowed assessment of accuracy 
of Tao brush in diagnosing endometrial premalignancy and malig-
nancy. A priori defined exclusion criteria were: case reports, litera-
ture review, studies in languages other than English.

2.3  |  Risk of bias within studies assessment

As suggested by Cochrane Handbook for Systematic Reviews of 
Diagnostic Accuracy,22 we adopted QUADAS- 2 (Quality Assessment 
of Diagnostic Accuracy Studies- 2) to estimate quality and risk of bias 
within the included studies.23 In detail, the following four domains 
were considered for risks of bias as depicted in the assessment tool: (1) 
Participant selection (i.e., if all patients were consecutively included in 
the study period); (2) Index test (if Tao brush endometrial sampling was 
carefully described and correctly performed); (3) Reference standard (if 
reference standard consisted of histological examination of endome-
trial specimen from hysterectomy); and (4) Flow and timing (if all pa-
tients underwent both index test and reference standard; if all patients 
were evaluated with the same tests, if the results were not affected by 
the latency time between index test and reference standard).

2.4  |  Data extraction

Original data from the included studies were extracted without 
modification. Two- by- two contingency tables were built for each 
included study based on two qualitative variables:

• Cytological examination from Tao brush endometrial sampling 
(Index test), dichotomized as “endometrial premalignancy and ma-
lignancy diagnosis” versus “non- endometrial premalignancy and 
malignancy diagnosis”;

• Histological examination of endometrium (reference standard), dichot-
omized as “endometrial premalignancy and malignancy diagnosis” ver-
sus “non- endometrial premalignancy and malignancy diagnosis”.

2.5  |  Data analysis

Cases with “endometrial premalignancy and malignancy diagno-
sis” from both Tao brush endometrial sampling and histological 
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examination were considered as true positives. Cases with “non- 
endometrial premalignancy and malignancy diagnosis” from both 
Tao brush endometrial sampling and histological examination were 
considered as true negatives. Cases with “endometrial premalignancy 
and malignancy diagnosis” from Tao brush endometrial sampling and 
“non- endometrial premalignancy and malignancy diagnosis” from his-
tological examination were considered as false positives. Cases with 
“non- endometrial premalignancy and malignancy diagnosis” from Tao 
brush endometrial sampling and “endometrial premalignancy and ma-
lignancy diagnosis” from histological examination were considered as 
false negatives.

We calculated sensitivity, specificity, positive and negative like-
lihood ratios (LR+ and LR−), diagnostic odds ratio (DOR) and area 
under the curve (AUC) on summary receiver operating characteris-
tic (SROC) curves of Tao brush endometrial sampling in diagnosing 
endometrial premalignancy and malignancy, as individual study and 
pooled estimates. Results were graphically reported on forest plots 
with 95% confidence interval (CI).

The accuracy of Tao brush endometrial sampling in diagnos-
ing endometrial premalignancy and malignancy was considered 
as absent for AUC ≤ 0.5, low for 0.5 < AUC ≤ 0.75, moderate for 
0.75 < AUC ≤ 0.9, high for 0.9 < AUC < 0.97, very high for AUC ≥ 0.97.

Statistical heterogeneity amongst the included studies was eval-
uated by using the Higgins I2 index, and judged as null for I2 = 0%, 
minimal for 0% < I2 ≤ 25%, low for 25 < I2 ≤ 50%, moderate for 
50 < I2 ≤ 75% and high for I2 > 75%.

The random effect model of DerSimonian and Laird was adopted 
for all analyses regardless of the heterogeneity, according to the 
SEDATE guidelines.20

Data analysis was carried out adopting Review Manager 5.3 
(Copenhagen: The Nordic Cochrane Centre, Cochrane Collaboration, 
2014) and Meta- DiSc version 1.4 (Clinical Biostatistics Unit, Ramon 
y Cajal Hospital).

3  |  RESULTS

3.1  |  Study selection and characteristics

A total of 1385 articles were identified through database searches. 26 
articles remained after duplicate removal. 171 articles remained after 
title screening. 111 articles were evaluated for eligibility after abstracts 
screening. Lastly, five studies with 774 patients were included in the 
systematic review and meta- analysis18,19,24– 26 (Figure S1).

Among included studies, four studies were designed as observa-
tional prospective cohort studies and one study was designed as ob-
servational retrospective cohort study (Table S1). Included studies 
assessed 138 patients with endometrial premalignancy and malig-
nancy, and 717 controls. From studies with extractable data, mean of 
patients' age, BMI and parity ranged from 31 to 87 years, from 18.3 
to 58.6 kg/m2, and from 1.6 to 4.5, respectively. Menopause status 
rate ranged from 24.3% to 66.6% (Table S2). Classification of en-
dometrial lesions by cytology and histology was shown in Table S3.

3.2  |  Risk of bias within studies assessment

In the “Patient selection” domain, two studies were judged at high 
risk of bias because they did not consecutively include all eligible 
patients in the study period,18,24 while the remaining studies were 
considered at low risk.19,25,26

In the “Index test” domain, one study was considered at unclear 
risk of bias because the Tao brush technique was not described,18 
while the remaining studies were considered at low risk of bias.19,24– 26

In the “Reference standard” domain, one study was considered at 
high risk of bias because the reference standard was D&C and not hys-
terectomy,25 three studies were considered at unclear risk of bias be-
cause the reference standard was either D&C or hysterectomy,18,19,26 
while the remaining study was considered at low risk of bias.24

In the “flow and timing” domain, all the studies were considered 
at low risk of bias.

Results of risk of bias within studies assessment were graphically 
shown in Figure S2.

3.3  |  Diagnostic accuracy assessment

In diagnosing endometrial premalignancy and malignancy, cyto-
logical examination from Tao brush endometrial sampling showed 
pooled:

• Sensitivity of 0.95 (95% CI, 0.90– 0.98; I2 = 0%; Figure 1);
• Specificity of 0.92 (95% CI, 0.90– 0.94; I2 = 97.1%; Figure 2);
• LR+ of 12.73 (95% CI, 3.94– 41.18; I2 = 91.6%; Figure 3);
• LR− of 0.09 (95% CI, 0.05– 0.18; I2 = 0%; Figure 4);
• DOR of 184.84 (95% CI, 24.37– 1401.79; I2 = 77%; Figure 5);
• AUC of 0.9757 (standard error: 0.013, Figure 6).

4  |  DISCUSSION

This study showed that cytological examination from Tao brush en-
dometrial sampling has a very high diagnostic accuracy for endome-
trial premalignancy and malignancy.

In 1993, the Food and Drug Administration introduced and ap-
proved the Tao brush for general medical use.16,27 In fact, the Tao 
brush is a 3.5 cm brush which is inserted at the level of the fundus 
through the cervical canal and then rotated 360° three to five times 
to collect endometrial cells. At this point, the outer sheath is pushed 
back to the tip, and the device is removed from the uterine cavity. 
The Tao brush is then cut off and immersed into cell preservation 
liquids and used for cytological assessment and diagnosis.25 Such 
sampling can be performed in outpatient settings without anes-
thetic.24 Due to the flexibility and design, the Tao brush has been 
proposed to provide a complete sampling of the endometrial cav-
ity28,29 and a comprehensive assessment of the epithelium because 
of the monolayer preparation of the sampling.30 This device provides 
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F I G U R E  1  Forest plot of sensitivity of cytological examination from Tao brush endometrial sampling in diagnosing endometrial 
premalignancy and malignancy, as individual studies and pooled estimates

F I G U R E  2  Forest plot of specificity of cytological examination from Tao brush endometrial sampling in diagnosing endometrial 
premalignancy and malignancy, as individual studies and pooled estimates

F I G U R E  3  Forest plot of positive likelihood ratio of cytological examination from Tao brush endometrial sampling in diagnosing 
endometrial premalignancy and malignancy, as individual studies and pooled estimates

F I G U R E  4  Forest plot of negative likelihood ratio of cytological examination from Tao brush endometrial sampling in diagnosing 
endometrial premalignancy and malignancy, as individual studies and pooled estimates
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some advantages when compared to endometrial sampling by D&C 
or hysteroscopy, such as less patient discomfort26,31,32 and more 
cost effectiveness.26,32 Indeed, although only limited data are avail-
able on costs of assessment of endometrial cytology specimens, 
they should be similar to cervical cytology and therefore signifi-
cantly lower than histology.26,33,34 As an additional advantage, the 
Tao brush has shown higher rates of successful insertion and tissue 
collection completion than other diagnostic methods of endometrial 
sampling.26

On the other hand, inter- observer variability of endometrial cy-
tology has been reported as a limiting factor requiring specialized 
pathologist training.26 However, DeJong et al. showed a fast learn-
ing curve for endometrial cytology.26 Another disadvantage of Tao 
brush endometrial sampling has been the difficulty in distinguishing 
simple hyperplasia without atypia from disordered proliferative en-
dometrium and in diagnosing endometrial polyps.18,26 Additionally, 
collecting enough endometrial cells of the uterine horns might also 
be a Tao brush weakness related to its round configuration. Such 

limitation might be overcome by another similar device for cytolog-
ical sampling: the Li brush. Such a device is designed as an inverted 
cone similar in shape to the uterine cavity, with a theoretically higher 
ability in harvesting more endometrial cells in the uterine horns and 
fundus.

Our study shows that Tao brush endometrial sampling has a very 
high diagnostic accuracy for endometrial premalignancy and malig-
nancy. Thus, due to the above- mentioned advantages and high di-
agnostic accuracy, Tao brush might be proposed as a diagnostic tool 
for endometrial premalignancy and malignancy in women with AUB.

Alternately, Tao brush endometrial sampling might be used to 
triage symptomatic women to either endometrial biopsy if cytology 
is inconclusive or diagnosing endometrial premalignancy and malig-
nancy, or no further investigation if cytology is clearly benign. This 
could spare a large proportion of women with AUB the greater dis-
comfort associated with endometrial biopsy compared to brushing, 
and reduce costs for the health system.26,29,31,34

Lastly, in the near future, similarly to cervical cytology, endome-
trial cytology might further be improved by the continuous advance 
in molecular testing (e.g., mutation and methylated DNA analyses, 
fluorescence in situ hybridization) which may complement cytologi-
cal examination.26,35,36

Further studies are necessary to confirm our findings and cor-
rectly collocate endometrial cytology in the screening and diagnosis 
work- up of endometrial premalignancy and malignancy.

4.1  |  Strengths and limitations

This may be the first systematic review and meta- analysis to assess 
accuracy of Tao brush in diagnosing endometrial premalignancy and 
malignancy.

As a limitation, the overall quality of evidence is low as shown 
by the risk of bias within studies assessment, requiring further in-
vestigation by future well- designed larger studies. Additionally, we 
were unable to assess diagnostic accuracy sub- stratifying it based 
on factors which may affect endometrial cytological sampling, such 
as nulliparity, body mass index, menopausal status, symptoms, cycle 
menstrual phase, therapy, previous cesarean sections, uterine infec-
tions, and malformations.

F I G U R E  5  Forest plot of diagnostic odds ratio of cytological examination from Tao brush endometrial sampling in diagnosing endometrial 
premalignancy and malignancy, as individual studies and pooled estimates

F I G U R E  6  Forest plot of area under the curve (AUC) on 
summary receiver operating characteristic (SROC) curves of 
cytological examination from Tao brush endometrial sampling 
in diagnosing endometrial premalignancy and malignancy, as 
individual studies and pooled estimates
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5  |  CONCLUSION

Cytological examination from Tao brush endometrial sampling 
seems to have a very high diagnostic accuracy for endometrial pre-
malignancy and malignancy. Thus, also considering its less invasive 
nature and greater cost effectiveness compared to endometrial his-
tology, it might be proposed as both a screening and diagnostic tool 
for endometrial premalignancy and malignancy.

However, further studies are necessary to confirm these findings 
and correctly collocate endometrial cytology in the screening and di-
agnosis work- up of endometrial premalignancy and malignancy.
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