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Background and problem

Endometrial cancer is defined as cancer from the lining or inside of the uterus
(endometrium), and is the most common gynaecological cancer in industrialised
countries. Endometrial cancer is linked to a higher age and obesity.'> Worldwide,
people are getting older and the incidence of overweight and obesity is rising.** The
increase in both life expectancy and body weight increases people’s risk of certain
diseases. The incidence of endometrial cancer and precancer (atypical hyperplasia)
is therefore expected to rise even further in the coming decades.®

The expected increase of women with endometrial cancer makes it all the
more relevant to focus on ways to diagnose and treat the disease. If endometrial
cancer is found at an early stage, curative treatment by removing the uterus and
ovaries is still possible. Endometrial cancer can manifest diffuse in the endometrium
orfocal, inside an endometrial polyp. A common sign of endometrial cancer is vaginal
bleeding, which makes its detection easier. For 95% of women with endometrial
cancer, the disease presents in an early stage with postmenopausal bleeding (PMB),
vaginal bleeding that occurs after a period of 12 months without menstruations
at the menopausal age. To exclude endometrial cancer; it is therefore considered
important to investigate all women who present with PMB.”

Yet, although women with PMB have an approximately 10% risk of having
endometrial cancer, the majority of these women, instead of having endometrial
cancer, have benign endometrial pathology or atrophy. Frequent findings in women
with PMB are endometrial polyps, with a prevalence of about 20% in the general
population of women with PMB, and of about 40% in women with both PMB and
a thickened endometrium.®* Endometrial polyps are believed to be responsible for
recurrent PMB!®'! although sparse evidence is available on this. As a consequence,
the removal of endometrial polyps is a subject of debate and research. Current
guidelines on PMB leave room for individual doctors and patients to choose between
expectant management or further diagnostics to diagnose and remove endometrial
polyps.”1213

Diagnostic work-up of women with PMB thus focuses on both the exclusion of
endometrial cancer and on the (possible) diagnosis and treatment of endometrial
polyps. Despite the many studies investigating this, there is no consensus on the best
diagnostic pathway. The diagnostic steps vary in different guidelines, depending on
the structure of patient flow in different settings and healthcare systems, as well as
the availability of specific procedures, for example, ultrasound, endometrial sampling
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(a biopsy of the lining of the uterus, which is performed in an outpatient setting),
saline infusion sonography (SIS, an ultrasound in which water or gel used to better
visualise the inside of the uterus), out- or inpatient hysteroscopy (inspection of the
inside of the uterus with a small camera). As a result, it is unclear whether extensive
diagnostic work-up has to be performed in all women presenting with PMB to rule
out both endometrial cancer and endometrial polyps. Maybe it is enough to select
women with a high risk of endometrial cancer for further diagnostics and reassure
the ones with a low risk. Furthermore, it is unclear if we can save patients with benign
endometrial sampling from (unnecessary) invasive procedures, and whether such a
strategy would be cost-effective.

Research objectives, questions and general approach

In order to address these gaps in the available literature, this thesis studies two
aspects of diagnostic work-up of women with PMB. The first is the selection of
women with a high or low risk of endometrial cancer.This selection can be done by
selecting women based on their patient characteristics, using a prediction model or
by selecting women based on the result of endometrial sampling. The second aspect
is the diagnosis and treatment of (benign) endometrial polyps. More precisely, the
thesis aims to answer six research questions:

I. What is known in the literature about the diagnostic work-up of women
with PMB?

2. Which prediction models on the chance of endometrial cancer in women
with PMB are available in the literature and which model shows the best
performance?

3. s aprediction model based on patient characteristics useful in daily practice
to differentiate between women with a high or a low risk of endometrial
cancer?

4. s the diagnostic work-up for and the removal of benign endometrial polyps
effective in women with PMB to prevent recurrent bleeding?

5. Isthe diagnostic work-up for and the removal of benign endometrial polyps
cost-effective in women with PMB?

6. Is the diagnostic accuracy of outpatient endometrial sampling as high as we
thought based on previous literature?
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Answering these questions in conjunction will help to assemble the most efficient
diagnostic work-up of women with PMB, with the aim to miss as few diagnoses
as possible of endometrial cancer and to perform as few (unnecessary) invasive
procedures as possible. What follows is an elaboration of the specific research

questions and the research conducted to answer them.

I. What is known in the literature about the diagnostic work-up of women
with postmenopausal bleeding?

In the Netherlands, a general practitioner will refer a woman with PMB to a
gynaecologist to exclude the presence of endometrial cancer:In the past, the principal
method of diagnostic work-up of women with PMB was dilation and curettage
(D&C), performed under general anaesthesia. This procedure was invasive and not
very cost-effective. About three decades ago, the measurement of the endometrial
thickness by transvaginal ultrasound (TVS) was introduced as a more patient-friendly
way to distinguish between women with a low or high risk of having endometrial
cancer.'*"® Not all women needed to undergo a D&C anymore.We know now that
D&C misses around 50-85% of focal intracavitary pathology and therefore is not
accurate enough in the diagnostic work-up of women with PMB.® Today, D&C is
almost completely replaced by outpatient endometrial sampling and hysteroscopy.
However there is still no consensus in (inter) national guidelines on the most accurate
and efficient diagnostic pathway.To give an overview of different diagnostic tools and
the different sequences in the use of these tools, we first review the existing literature
on diagnostic work-up of women with PMB.

2. Which prediction models on the chance of endometrial cancer in women
with PMB are available in literature and which model shows the best
performance?

In women with PMB there is considerable variance in endometrial thickness and the
likelihood of having endometrial cancer. A meta-analysis done by Smith-Bindman
et al showed a mean endometrial thickness of 4 mm for women with normal
histological findings, |0 mm for women with endometrial polyps, 14 mm for women
with hyperplasia, and 20 mm for women with endometrial cancer.'® Because of this
variance, it would be useful to identify women with a high risk of having endometrial
cancer based not only on an endometrial thickness of more than four millimetres,
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but also on their patient characteristics. Age appears to be an important risk factor;
but also other individual patient characteristics are associated with a higher risk of
endometrial cancer; including obesity, time since menopause, hypertension, diabetes
mellitus and nulliparity?'2 On the basis of existing research into the prevalence
of these risk factors, prediction models to estimate the individual chance of having
endometrial cancer have been developed. In this thesis, we systematically review the
literature to map the different prediction models available on this subject. Additionally,
we study their performance in internal validation to identify the model with the best
performance to pinpoint women with a high risk of having endometrial cancer.

3. Isaprediction model based on patient characteristics useful in daily practice
to differentiate between women with a high or a low risk of endometrial
cancer?

To answer this question, we will externally validate a mathematical model based
on patient characteristics with or without the combination of the measurement of
the endometrial thickness. Such validation is necessary before a prediction model
can be implemented into clinical practice.”? The development of a prediction model
can be divided into three phases: model development, internal and external model
validation, and impact analysis. In internally validated models, the performance of
the model is tested in the same data set in which the model was developed, or in
a group of subsequent patients within the same centre. In external validation, the
goal is to demonstrate generalizability and reproducibility in patients different from
the patients used for derivation of the original model. Therefore, the prediction
model is evaluated on new data collected from an appropriate patient population
in a different centre.** To answer the above question, we externally validate a model
based on patient characteristics showing good performance in internal validation.
We will validate this model in two separate databases with women with PMB: one
Dutch database and one Swedish database. External validation of this model is the

first step towards implementing the model in clinical practice.

4. Isthe diagnostic work-up for and the removal of benign endometrial polyps
effective in women with PMB to reduce recurrent bleeding?

Although hysteroscopic polypectomy is one of the most frequently performed
interventions in daily gynaecologic practice, only sparse evidence is available on
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its effectiveness. In premenopausal women only one randomised trial has been
done, which shows only a subjective decrease of the amount of bleeding after
polypectomy was performed.” No randomised trials are available on the effectiveness
of hysteroscopic polypectomy in women with PMB.The only cohort study, which
researched the chance of recurrent bleeding in women with an endometrium of
more than four millimetres (and therefore a higher chance of having a polyp), shows
no difference in the number of women presenting with recurrent bleeding, regardless
if these women underwent expectant management, a diagnostic hysteroscopy or
hysteroscopic polypectomy.?

In an attempt to answer the question if polypectomy in women with PMB is
effective to prevent recurrent bleeding, Timmermans et al conducted a randomised
trial.?” In this trial women with PMB and an endometrial polyp, diagnosed with
hysteroscopy, were randomised between expectant management and polypectomy.
Unfortunately, this study was stopped after 26 months because of lack of recruitment.
A large majority of patients did not give informed consent once the polyp was
diagnosed and also the doctors did not want to participate in the study once a polyp
was diagnosed with hysteroscopy. To answer the above question, Timmermans et al
suggested a different study-design. This study design can be found in Figure |.

The design presentedin Figure | addressesthe effectiveness of diagnostic hysteroscopy
and possible subsequent polypectomy in patients with PMB, rather than the
effectiveness of polypectomy itself. The most important difference compared to the
previous protocol is that women do not have to decide on polypectomy when the
polyp is already diagnosed. Instead, the decision for further diagnostic work-up and
for participation in this study is made after endometrial sampling shows a benign
result. In this thesis, we describe the randomised trial performed according to the

protocol suggested by Timmermans and colleagues.
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Figure |. Flowchart of study design (Figure extracted from Timmermans et al. BJOG 2009)
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5. Isthe diagnostic work-up for and the removal of benign endometrial polyps
cost-effective in women with PMB?

In addition to clinical effectiveness of a treatment, costs of this treatment are also
an important issue to consider, especially in times when significant financial cuts
in healthcare are taking place. Alongside the above-described randomised trial on
the diagnosis and treatment of endometrial polyps, we will perform an economic
evaluation. In this study, we will perform a cost-effectiveness analysis in which
we compare direct health care costs for the two groups in the randomised trial:
hysteroscopy versus expectant management. Because we also perform an SIS in
all patients in the hysteroscopy group, we are able to compare costs for a strategy
in which SIS is used to select patients with a polyp for hysteroscopic polypectomy.
Furthermore,we calculate the cost-effectiveness of (SIS and) hysteroscopy performed
to diagnose women with endometrial (pre) cancer in a polyp.

6. Is the diagnostic accuracy of outpatient endometrial sampling as high as we
thought based on previous literature?

Besides the reduction of recurrent bleeding, another reason to remove an
endometrial polyp could be the underlying risk of endometrial (pre) cancer in the
polyp. Literature does not clarify exactly how high this risk is. A systematic review
on the risk of cancer in endometrial polyps describes a risk of 4.47% in women
with PMB.%This could be an argument to remove all endometrial polyps in women
with PMB. However, until now, (inter) national guidelines do not give a strict advice
on this. Again, the guidelines leave room to the individual woman and doctor to
choose for expectant management if the endometrium is more than four millimetres
and endometrial sampling shows a benign result. From current literature, we can
conclude that a benign result of endometrial sampling is reliable in these cases. In
three meta-analyses, the sensitivity (a statistical measure, which gives the percentage
of sick people who are correctly identified by the test as having the condition) of
endometrial sampling has been tested.”! All three articles include both pre- and
postmenopausal women. The diagnostic accuracy of endometrial sampling in the
small group of postmenopausal women is high, with a sensitivity of 97.0-99.6%.The
most used device for endometrial sampling in the Netherlands is the Pipelle® and
the post-test probability of endometrial cancer after a benign result of specifically
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the Pipelle is only 0.8%.° However, this high sensitivity and low post-test probability
are based on old studies, which use D&C as reference standard. In recent years,
diagnostic hysteroscopy is considered to be the golden standard, which is more
reliable in diagnosing focal endometrial pathology.®? As a result, it is not known if
the diagnostic accuracy of endometrial sampling in women with PMB is as high as
the literature claims. Maybe, focal (pre) cancers are missed in the current diagnostic
work-up. To study this subject, we will perform a meta-analysis on the diagnostic
performance of endometrial sampling in women with PMB, with D&C compared to
hysteroscopy as a reference standard.

Outline of the thesis
This thesis is structured into nine chapters, outlined below:

e Chapter 2 presents the results of a systematic review, which provides an
overview of the different diagnostic tools that are used for women with
PMB.

e For clinical practice it would be useful to be able to stratify women with
PMB into low versus high risk of having endometrial cancer based on
patient characteristics. Chapter 3 shows the results of a systematic review
of the literature on existing prediction models. The most useful model in
daily practice is identified by studying results of internal validation of these
models.

e To implement a prediction model in clinical practice, external validation is
essential. Chapter 4 presents an external validation of a prediction model,
which uses patient characteristics and ultrasound findings with a good
performance in internal validation.

e In current guidelines, no consensus exists on further diagnostic work-up
for and treatment of benign endometrial polyps. In chapter 5 results are
presented of a randomised controlled trial (RCT) on the diagnostic work-
up of women with PMB, a thickened endometrium and a benign result of
endometrial sampling to reduce recurrent PMB.
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Chapter 6 presents an economic analysis, which is performed alongside
the RCT.

Chapter 7 shows the results of a systematic review on the diagnostic
accuracy of outpatient endometrial sampling when compared to the golden
standard hysteroscopy or hysterectomy.

In the final chapters, chapter 8 and 9, this study comes full circle. These
chapters highlights the most important findings and answer the overarching
questions in a summary of this thesis. They discuss limitations of this study
and they also reflect on the clinical implications of these findings. Finally, they
outline suggestions for further research.
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Abstract

Postmenopausal bleeding (PMB) is a common complaint in general gynaecological
practice.WWomen with PMB have around a 0% chance of having endometrial cancer
and therefore PMB always needs further evaluation. This article summarises the
reviews on the subject and provides an overview of the use of diagnostic tools
in patients with PMB. Four types of diagnostic test are described: sonographic
measurement of endometrial thickness, endometrial sampling, hysteroscopy and
saline infusion sonography. All four have been independently shown to be accurate
in excluding endometrial cancer. However, neither in systematic reviews nor in
international guidelines is consensus found regarding the sequence in which these
methods should be employed in women with PMB. For measurement of endometrial
thickness in symptomatic women, a cut-off value of three millimetres is recommended,
but the cost-effectiveness of this strategy has yet to be shown. Research should
now focus on the incorporation of individual patient characteristics and pre-test
probabilities for cancer in algorithms for the investigation of PMB, and the most

cost-effective sequenced combination of the four types of tests.
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Introduction

Postmenopausal bleeding (PMB), defined as blood loss occurring at least 12 months
after menopause, is a common complaint in general gynaecological practice.
The prevalence of PMB is approximately 0% immediately after menopause.'
Postmenopausal bleeding (PMB) signals endometrial cancer in around 10% of
cases,”? or less serious conditions, such as benign endometrial polyps, in a further
20 to 40%.>*> Endometrial cancer is the most common gynaecologic cancer and
95% of women with endometrial cancer present with PMB.%” Unlike ovarian cancer,
endometrial cancer often presents at an early stage, when there is a possibility of
curative treatment by hysterectomy (and bilateral salpingo-oophorectomy); therefore
early,accurate and timely diagnosis is important.Any PMB needs further investigation.

In the past, the principal method of investigation was dilatation and curettage
(D&C).2 To reduce the invasiveness of investigatory procedures, ultrasonography
was introduced. Endometrial biopsy and hysteroscopy have now almost completely
replaced D&C. The use of outpatient endometrial biopsy reduces costs in the
diagnostic work-up, without affecting life expectancy’ Despite many studies on
the investigation of PMB, there is still no consensus on the most accurate and
efficient diagnostic pathway.”'®'* This article describes a systematic literature search
for guidelines and systematic reviews on this subject. The aim is to recommend an

evidence-based diagnostic pathway for patients with PMB.
Methods

Identification of studies

We performed a computerised MEDLINE and EMBASE search to identify all studies
on the evaluation of PMB published between January 1965 and January 2010.The
search was limited to human studies; language restrictions were not applied. We
included systematic review articles of observational studies on the evaluation of
the endometrium in women with PMB. In addition we searched for national and
international guidelines on this subject. References cited in the selected reviews
were checked for further relevant articles not identified by the electronic searches.
We used all known synonyms for the following keywords: postmenopausal bleeding,
endometrial thickness, uttrasound, hysteroscopy and biopsy. The search strategies for
the two databases are detailed in Appendices A and B.
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Selection criteria

This review focused on systematic reviews in which the results of the diagnostic test
of interest were compared with the results of a reference standard. The following
criteria were used to select articles:

|. Population of interest was women with postmenopausal uterine bleeding.

2. The four types of diagnostic test of interest were: (a) measurement of
endometrial thickness by transvaginal sonography (TVS); (b) outpatient
endometrial sampling;(c) saline infusion sonography (SIS);or (d) hysteroscopy
(i.e. endoscopic visual interpretation).

3. The reference standard was the endometrial histological findings from
inpatient endometrial sampling, D&C or hysterectomy.

4. The primary outcome measure was the accuracy with which endometrial
cancer and/or hyperplasia were diagnosed.

Studies in which more than 10% of the women used Tamoxifen were excluded,
because of different pathophysiology and different characteristics of the uterine
cavity. For studies that included pre- and postmenopausal women we used only
those calculations and conclusions concerning the latter. The systematic reviews
were selected by two reviewers working independently (NvH and MCB), through
assessment of the titles and abstracts of all retrieved studies. In case of disagreement
the article was included for full reading and/or assessed by a third reviewer (AT).
Additionally, we identified national and international guidelines on diagnostic
procedures for PMB. From every guideline we extracted the diagnostic pathway

recommended and points of policy.

Quality assessment

The methodological quality of each selected paper was assessed using the Cochrane
checklist for systematic reviews of diagnostic studies.'*This list of criteria was designed
to assess the usability of a review for guideline development. Because there is no
validated checklist for the quality assessment of systematic reviews, this checklist
was used as an aid in the reviewers' evaluation of the quality of the original review,
but no decisions regarding the inclusion or exclusion of articles were based on this
assessment.
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Data extraction, analysis and interpretation

From each systematic review or meta-analysis we extracted (if available) figures
for the sensitivity, specificity, likelihood ratios (LRs), the pre-test probability of
endometrial cancer and/or hyperplasia and the post-test probability. If an article
described both post- and premenopausal women we extracted the data relating
to the postmenopausal women.We used only data from studies evaluated as high
quality by the reviewers.

The LR indicates by how much a specific test raises or lowers the probability
of having endometrial pathology. An LR of | indicates that the test has no predictive
value for the outcome of interest. The higher an LR is above |, the larger is the
probability of pathology. An LR of less than | indicates that a negative test result is
more likely to be true.In the present study, for a rating of ‘high’ diagnostic accuracy, the
LR had to be over 10 for a positive test result or less than 0.1 for a negative result'.
In this article, we use the LR of a negative test result (LR—) for reviews on the use of
TVS, because we are interested in its accuracy in excluding endometrial cancer. For
endometrial sampling and hysteroscopy we are interested in diagnosing cancer, so
we used the LR of a positive test (LR+) and calculated the post-test probability of
a positive test. When an article did not report post-test probability, we used Bayes'
theorem to calculate the post-test probability, using the following formula:

post-test probability LR x (pretest probability / (1-pre-test probability))
(LR x (pretest probability / (1-pre-test probability))) + |

To compare study results we used pre-test probabilities extracted from the literature:
a probability of |0% for endometrial cancer and a probability of 40% for focal benign

or (pre)malign endometrial disease.'®"”

Results

Study selection

A total of nine systematic reviews assessed (part of) the diagnostic pathway for
women with PMB and met the criteria for inclusion (Figure 1). Of the selected
systematic reviews, four articles assessed the use of TVS, '®1%2° one described the
use of SIS?', two assessed the use of outpatient endometrial sampling???* and two
assessed the use of hysteroscopy in patients with abnormal uterine bleeding.2**Table
| shows further details of these studies.

27



Chapter 2

Figure |. Study selection diagram

283 potentially relevant studies iden-
tified and screened for
retrieval from electronic search

> 215 studies excluded*
\4
68 studies retrieved for
more detailed evaluation

59 studies excluded*
9 different subject

> 9 review, not systematic
22 cohort study
8 author reply
3 RCT

A 4 3 cost-effectiveness
9 systematic reviews included, 3 withdrawn
2 case report
after consensus by two independ- 1 other

*The reference list for excluded studies is available from the corresponding author.

Five of the selected reviews included both pre- and post- menopausal women.?'%°
For this review, we used only the calculations and conclusions concerning
postmenopausal women. The diagnostic accuracy reported in all included reviews
is shown in Table 2. Additionally, we identified a set of five national and international
guidelines concerning diagnostic strategies for PMB.”%13
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Table 2. Diagnostic accuracy of diagnostic tests in women with PMB

Study

Smith-Bindman

Tabor

Gupta £

Timmermans

Clark

Dijkhuizen

de Kroon

Clark

van Dongen¥

Subject

TVS

TVS TVS

sampling TVS

sampling

hysteroscopy SIS

hysteroscopy

Outcome
measure

endometrial
cancer
endometrial
cancer
endometrial
cancer
endometrial
disease
endometrial
disease
endometrial
disease

endometrial
cancer
endometrial
cancer
endometrial
cancer
endometrial
disease
endometrial
disease
endometrial
cancer
endometrial
cancer
endometrial
cancer
endometrial
cancer¥
hyperplasia

hyperplasia

endometrial
cancer

endometrial
cancer

hyperplasia
abnormal
cavity
endometrial
cancer ¥

endometrial
cancer (PMP)

abnormal
cavity

Cut-off Sens* Spec*

value or
device

5mm
4 mm
3 mm
5mm
4 mm
3 mm
MoM
5 mm
4 mm
5mm
4 mm
5mm
4 mm
3 mm
all devices

all devices
Pipelle

all devices
Pipelle
Pipelle
n/a
n/a

n/a

n/a

%)

96.0
96.0
100.0
95.0
91.0
98.0

96.0

88.0

86.4

n/a

96.0

(%)

61.0
530
380
920
69.0
62.0
500
66.1
n/a
775
n/a
540

46.7

98.0

88.0

n/a

90.0

LR+*

95.1

736
n/a

190.0

n/a

44.0

60.9

38.3

79

LR-*

0.07

0.08

0.00

n/a

0.08

n/a

n/a

Pre-test
probability*
10.0%
10.0%
10.0%
40.0%
40.0%
40.0%
10.0%
10.0%
n/a
40.0%
n/a
10.0%
10.0%
10.0%
4.5%

14.3%
14.3%

10.0%
n/a
14.3%
n/a
39%

10.0%

61.0%

Post-test
probability*
1.0%
0.8%
0.0%
3.5%
8.0%
2.11%
0.9%
2.5%
n/a
5.1%
n/a
2.0%
1.2%
0.7%
81.8%

66.7%
62.3%

95.5%
n/a
88.0%
n/a
71.8%

64.8%

93.0%

n/a = not applicable or not available; MoM = multiples of the median; PMP = postmenopausal.

* Bold when extracted from article, normal when calculated, italic when extracted from literature.

T For the cut-off value of 4 mm, no studies included with good quality.

¥ Pre- and postmenopausal women.
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Quality assessment

The results of the quality assessment are reported in Figure 2. Overall, study quality
was good. The quality of the formulation of the objective was rated as moderate
(according to the checklist, studies scored well on this item if they described the
patient population, the intervention, the reference standard and the desired result).
All studies scored positively on items concerning the literature search, description of
study characteristics and correctly performed meta-analysis. Study quality assessment
was adequately performed in 55% (5/9) of the reviews.

Figure 2. Methodological quality of included studies

Is the objective adequately formulated _ |
Is the literature search adequately performed _
Is the selection of included articles adequately performed _:l
Is the quality assessment adequately performed _:l
Is the data abstraction adequately described _
Are the most important characteristics of included studies described _
Is the meta-analysis performed correctly _
'0% 25‘% SOI% 75I% WOOl%:
‘ . Yes (high quality) . Unclear EI No (low quality)

Transvaginal sonography

The main goal of TVS is to exclude endometrial cancer. Almost every guideline refers
to a meta-analysis performed in 1998 by Smith-Bindman et al'® It used traditional
statistical methods to combine the data from 35 published studies regarding the
use of TVS in the evaluation of women with PMB. Using the reported data from
each study, 2 x 2 tables were constructed of endometrial thickness measured by
TVS (above or below a threshold) against the presence or absence of endometrial
cancer. Only |6 of the 35 included studies reported the number of women who
could not tolerate TVS (mean 0%) and only |4 studies reported non-diagnostic
results (mean 0%). With a cut-off value of 5 millimetres (mm), the sensitivity for
detecting endometrial cancer was 96%, and the specificity 61%. This combination
of sensitivity and specificity reduces a pre-test probability of 10% for endometrial
cancer to a post-test probability (for a negative test) of 1%.Thus, based on the post-
test probability of 1%, conservative management is recommended to women with
an endometrial thickness of <5 mm.

w
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The three other meta-analyses of TVS reached different conclusions, however.'¢2
Tabor et al conducted a meta-analysis of nine studies.'® They included studies only if
the corresponding author was able to supply original data. For each included study,
the median endometrial thickness per centre was calculated and multiples of the
median were used to pool data. They chose not to use a cut-off value, because
there were statistically significant differences in endometrial thickness between
centres, which may reflect differences in the populations studied or in the method
of measuring endometrial thickness by TVS. In this study, a sensitivity of 96% and a
specificity of 50% were found. These values give a post-test probability for a negative
test of about 1% with a pre-test probability of carcinoma of 10%. These results are
comparable to those of Smith-Bindman et al'é, but the authors disagreed on the
interpretation of the results.The conclusion of Tabor et al was that a 4% false-negative
rate is not acceptable and therefore the use of TVS in the evaluation of PMB is not
recommended prior to invasive testing.

Gupta et al performed a systematic quantitative review in which they focused
on study quality assessment.'” None of the nine studies that used a cut-off for
endometrial thickness of <4 mm were of good quality. Only four studies (out of 21)
used a <5 mm cut-off, but these employed the best quality criteria. Pooling of the
results of these four studies resufted in a LR— of 0.16.This LR implies that a patient
with a negative test result (endometrial thickness <5 mm) and pre-test probability
of 10% would have a post-test probability of 2.5%. Their conclusion was that TVS
can be used to rule out endometrial hyperplasia or carcinoma using an endometrial
thickness of <5 mm.

In conclusion, the meta-analyses done by Tabor, Gupta and Smith-Bindman
are limited because they are based on previously published data, and probably
overestimate the accuracy of predictions based on endometrial thickness. With
respect to meta-analysis of randomised trials, individual patient data are considered
to be superior to meta-analysis of the literature.” The use of individual patient
data instead of published summary data gives less optimistic but more accurate
conclusions. In diagnostic reviews the same might apply. Timmermans et al?® tried
to overcome this limitation using a meta-analytic approach in which individual
patient data from a series of original studies were combined. This study showed
that in previous studies and meta-analyses, the diagnostic accuracy of TVS had been
overestimated. Timmermans et al found a lower diagnostic accuracy for TVS than was
reported previously: a sensitivity of 95% and a specificity of 47% at a cut-off of <4
mm, giving a post-test probability for a negative test of 1.2%. At a cut-off of <3 mm,
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they found a sensitivity of 98% and a specificity of 35%, giving a LR for a negative test
result of 0.06.Thus, a cut-off level of <3 mm reduced a pre-test probability of 10%
to a 0.7% post-test probability. The conclusion of this article was that the use of TVS
measurement of endometrial thickness remains justified, but with a recommended
cut-off level of <3 mm.

Outpatient endometrial sampling

Clark et al conducted a systematic review and meta-analysis to determine the diagnostic
accuracy of outpatient endometrial sampling in detecting endometrial hyperplasia.??
Postmenopausal women were included in two studies, in which they represented
25% of the (combined) patient sample. In these two articles three different diagnostic
devices had been used for endometrial sampling: Accurette®, Pipelle® and Vabra®
aspirator. The pre-test probability of 14.3% was increased to a post-test probability for
a positive result of 66.7% (95% Cl 42.3-83.9%).In 34 of 149 women the endometrial
sampling was unsuccessful, with a failure rate (sampling not possible for technical
reasons) of 17% (25/149) and an inadequate sampling rate (not enough tissue obtained
for a pathologic diagnosis) of 7% (9/124).This review demonstrated that endometrial
sampling is moderately accurate in diagnosing (pre) malignant endometrial pathology.
A positive test result was more accurate than a negative test result (sensitivity 91.9%,
with a specificity of 99.7%). Clark et al concluded that the more clinically significant the
endometrial pathology is, the better the diagnostic accuracy of outpatient endometrial
sampling will be and, hence, the more clinically useful the test. Additional endometrial
assessment should be undertaken with technical failure or inadequate sampling,
especially if symptoms persist.”?

Dijkhuizen et al performed a meta-analysis to assess the accuracy of endometrial
sampling devices in the detection of endometrial cancer and atypical hyperplasia.”?
With respect to the diagnosis of endometrial cancer, they identified seven studies
that were limited to postmenopausal women. The pooled data from these studies
showed a sensitivity of 95% and a specificity of 99.5%, giving a post-test probability
for a positive test of 95.5%. Outpatient endometrial sampling therefore appeared
to be a highly sensitive technique for diagnosing endometrial cancer.With regard to
inadequate sampling (O to 54% of cases in the studies they reviewed), they concluded
that an inadequate sample is an indication for further investigation, based on an article
of Farrell et al which demonstrated that of those women for whom the result of
the Pipelle was ‘insufficient’ 20% had uterine pathology after further investigation, 3%
with endometrial cancers.”
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Saline infusion sonography

Only one systematic review, by de Kroon et al has described the evaluation of the
diagnostic accuracy of SIS in pre- and post- menopausal women with abnormal
uterine bleeding.?' The main outcome measures were LRs, post-test probabilities
and the success rate of SIS in the prediction of uterine cavity abnormality. We focus
here on the results regarding women with PMB. The review identified 24 studies
with homogeneous data, but only five of these concerned postmenopausal women.
Pooling the data from these five articles gives a sensitivity of 95% and a specificity
of 88%.The calculations for endometrial cancer were not mentioned. Sensitivity and
specificity were not separately described for pre- and postmenopausal women, but
the overall success rate was significantly lower in postmenopausal women: 87%,
compared with 95% for premenopausal women (P < 0.01).

Hysteroscopy

Clark et al 2002 performed a systematic quantitative review in which they focused
on the diagnostic accuracy of hysteroscopy in diagnosing endometrial cancer or
hyperplasia.?* Postmenopausal women represented 29% of the populations studied.
Only two studies concerning postmenopausal women were rated as high quality.
Pooled data from these showed a post-test probability of a positive test of 71.8%
(95% Cl 67.0-76.6%). In these studies the failure rate for hysteroscopy (ambulant or
inpatient) was 3.4% (67 of 1948 women), which was comparable with the overall
failure rate in premenopausal women. Sensitivity and specificity were not separately
described for pre- and postmenopausal women, but the overall sensitivity and
specificity were 86.4% and 99.2% respectively. The authors concluded that when
the uterine cavity is adequately visualized, hysteroscopy is highly accurate and clinically
useful in the diagnosis of endometrial cancer. However, its high accuracy relates to
diagnosing cancer rather than its exclusion.

Another systematic review and meta-analysis of diagnostic hysteroscopy
was performed by van Dongen et al*® This article focused on studies of the
use of hysteroscopy in the diagnosis of intrauterine abnormalities, rather than
endometrial cancer per se, because Clark et al had already shown in their meta-
analysis that diagnostic hysteroscopy is accurate in the diagnosis of endometrial
cancer.?* In this review five studies of postmenopausal women with homogeneous
data were included. The pooled sensitivity and specificity in the assessment of
uterine cavity abnormality were 96% (95% Cl 93-99%) and 90% (95% ClI 83—
95%) respectively. With a pre-test probability of uterine cavity abnormalities of
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61.0% (the prevalence in this group), they found a post-test probability for a
positive test of 93% (95% Cl 88-95%).The conclusion was that this meta-analysis
gives strong evidence that diagnostic hysteroscopy is accurate in the diagnosis of
intrauterine abnormalities.

International guidelines

The published national and international guidelines describe different diagnostic
pathways in the diagnostic work-up of women with postmenopausal bleedingWhen a
patient presents with PMB the first step in every guideline is referral to a gynaecologic
practice for examination, pap smear and TVS. Only the US guidelines'®"? recommend
either TVS or outpatient endometrial sampling as the first step in diagnosing women
with PMB, based on similar sensitivities and cost-effectiveness for the detection
of endometrial cancer for an endometrial thickness of 5 mm or more and for
endometrial sampling when ‘sufficient’ tissue is obtained.'®?® In the other guidelines
the first step is TVS, based on the high sensitivity and non-invasive character of the
procedure. Different guidelines use different cut-off values of endometrial thickness,
varying from 3 to 5mm. These cut-off points are mostly based on the meta-analysis
by Smith-Bindman,”'%'2'¢ but also on Swedish literature,'" and the review by Gupta
et al'”The most important issue is what probability of endometrial cancer is deemed
acceptable after a negative test.

In the US guidelines, endometrial sampling is recommended with a cut-off value
for the endometrial thickness of 5 mm and at the same time they recommend TVS
when the endometrial sampling is deemed ‘insufficient’. SIS is used to distinguish
between a diffusely thickened endometrium, for which D&C could be the next step,'?
and between a focal lesion, for which a hysteroscopy is the next advised step.'*'?The
National Guideline Clearinghouse stated that D&C in women with PMB should be
performed only when endometrial sampling is indicated and cannot be performed or
is inconclusive and sonographic techniques are non-reassuring. D&C should always
have concomitant hysteroscopy, in case of focal pathology."

The European guidelines advise endometrial sampling only when the endometrial
thickness is above the cut-off value, possibly together with a SIS to distinguish
between diffuse and focal pathology.”'""'* With focal lesions the recommendation
is to perform a (therapeutic) hysteroscopy and with diffuse lesions D&C, but only
when endometrial sampling is insufficient or has failed. Where the endometrium
is thin, the guidelines recommend conservative management. Only the Scottish
guideline recommends further investigation if the clinician, the patient or both are not
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reassured. The exact sequence of investigation will depend upon clinical judgment,
local resources, local expertise and patient preference.'

With recurrent or persistent PMB there are different strategies. In the Dutch
guideline immediate hysteroscopy is advised;’ the Swedish guideline advises outpatient
endometrial sampling or; if technically not possible, D&C.'' The further investigation
and management of benign lesions in women with PMB require more research.The
question is whether the treatment of benign lesions improves the patient’s quality
of life, morbidity and survival.”'?

Discussion

The goal of this systematic review was to produce an evidence-based diagnostic
pathway for patients with PMB. The most important conclusion is that in neither
systematic reviews nor international guidelines can consensus be found regarding
the sequence in which the different procedures should be implemented. All four
types of test have been shown to be accurate and feasible in excluding or diagnosing
endometrial cancer, by their high sensitivities and specificities.

Based on the available evidence, discussed in this review, we can conclude that
TVS is an accurate method to exclude endometrial cancer, although there is still
debate over the best cut-off value for endometrial thickness that should warrant
endometrial sampling. Based on the highest sensitivity, a cut-off value of 3 mm is
recommended, but the cost-effectiveness of this value has yet to be demonstrated.

Regarding the use of outpatient endometrial sampling, the two included reviews
showed the high accuracy of this diagnostic method.?2%* Clark et al focused mainly on
hyperplasia,”* while Dijkhuizen et al concluded that outpatient endometrial sampling
is an accurate method for excluding cancer in women with PMB.2 However, the
technique had a high rate of insufficient or failed sampling (0-54% in different
observational studies).?>?* An insufficient sample should be an indication for further
investigation.?#?*° From the available reviews we cannot draw conclusions regarding
the sequence of the tests in the diagnostic pathway of PMB. All the studies evaluated
the tests independently, without any consideration of combinations of tests or
previous test results.

In determining the best sequence of tests, different factors have to be taken
into account, such as cost-effectiveness, the prevalence of endometrial cancer, local
logistics (the availability of ultrasound, the use of outpatient endometrial sampling and
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the use of outpatient hysteroscopy), as well as doctor and patient preferences. The
preferences of doctors in relation to diagnostic procedures for endometrial cancer
in women with PMB have not been investigated. Furthermore, guidelines need to
meet the expectations of the patients; most women want to rule out endometrial
cancer with a certainty of 100% and they are prepared to undergo rather invasive
and painful diagnostic tests in order to achieve this.*' However, a post-test probability
of 0.0% seems virtually impossible and one should also keep in mind that the risk
of endometrial cancer in a population of asymptomatic postmenopausal women is
reported to be 0.2%.%

Clarketal determinedthe most cost-effective strategy fordiagnosingendometrial
cancer” They constructed a decision model and evaluated |12 different strategies
for the initial investigation of PMB.With a cancer probability of 10%'¢!” the strategy
with TVS as the initial test with a cut-off of 4 mm followed by endometrial sampling
was most cost-effective. Unfortunately, a cut-off value of 3 mm was not considered
in their evaluation. More importantly, in this decision model, the assumptions made
regarding test accuracy were based on the available systematic reviews. Systematic
literature reviews in diagnostic research report the accuracy of tests, and thereby
assist clinicians in their decision-making. However, there are limitations to this
approach, as the analysis of such data often does not allow reviewers to explore the
diagnostic information gained from combinations of tests. In clinical practice, tests are
commonly combined in diagnostic sequences and disease probabilities are usually
estimated in a hierarchical manner, first combining information from the history
and examination, followed by additional information obtained from other diagnostic
procedures (e.g. TVS, endometrial sampling). Studies of test accuracy often do not
take this clinical paradigm into account, but tend to report test results in isolation
and disregard the history and examination. In addition, they usually analyse a single
test at a time, without taking into account of what is known from previous testing.

There is considerable variability in endometrial thickness and the likelihood of
endometrial cancer across women. Individual patient characteristics, including age,
time since menopause, obesity, hypertension, diabetes mellitus and reproductive

338 However,

factors, are associated with a higher prevalence of endometrial cancer.
current policy is not based onthese risk factors,but only on endometrial thickness.”'%!?
Breijer et al developed an algorithm for diagnostic pathways in women with PMB.*?
This algorithm includes the calculation of the pre-test probability of endometrial
cancer based on individual patient characteristics and the diagnostic approach to

benign pathology, both of which require further research.
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Figure 3. Possible diagnostic pathway in postmenopausal bleeding

postmenopausal
bleeding

v

TVS

(pre)cancer

ED < cut-off D > cut-off
ED-sampling
N ‘l’ A \l/
(pre)cancer insufficient/
l:uled out inadequate
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expectant
management

recurrent
bleeding

diagnostic/

therapeutic

hysteroscopy

The dashed box shows that SIS can be used to distinguish between focal and diffuse pathology before

performing a hysteroscopy, according to the local protocol.

Future research should also aim to maximise accuracy in relation to cost-effectiveness
for the different methods. Incorporation of a combination of endometrial thickness
and patient characteristics within a single diagnostic pathway increased diagnostic
accuracy in some studies.** Future research has to focus on the combination of
different diagnostic tests as well as the incorporation of patient characteristics, rather
than on the diagnostic accuracy of a single test. Furthermore, by combining and
analysing individual patient data from different studies (i.e. meta-analysis of individual
patient data), larger databases can be obtained, in which previously described models

can be externally validated.**
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We can conclude that the first step in the diagnostic pathway should be the
measurement of endometrial thickness, using a cut-off point of 3 or 4 mm, followed
by endometrial sampling. Figure 3 shows an algorithm with an evidence-based
diagnostic pathway for women with PMB. Only when TVS is not readily available
should direct endometrial sampling be an option. For further investigation when
the sample is insufficient or when it is unsuccessful, SIS can be used to distinguish
between focal and diffuse pathology. Hysteroscopy should be used as the final step
in the diagnostic pathway of women with PMB.

Conclusions

*  Neither in systematic reviews nor in international guidelines is consensus found
regarding the best sequence of diagnostic procedures for women with PMB.

*  Measurement of endometrial thickness,endometrial sampling and hysteroscopy
have been independently shown to be accurate in excluding endometrial cancer.

* Inrelationto endometrial thickness,a cut-off value of 3 or4 mm s recommended,
but the cost-effectiveness of this strategy has yet to be demonstrated.
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Appendix A and B

Appendix A: Search strategy - Medline

© N oW —

_ = — — — — — —
~N o 0 NN — O

[ee]

19
20
2]
22
23
24
25
26

40

Searches

Postmenopause/

postmenopau®.tw.

post-menopau*.tw.

or/|-3

exp Hemorrhage/

(bleed* or hemorrhag* or haemorrhag* or blood loss*).tw.

or/5-6

4and 7

hysteroscopy/

hysteroscop*.tw.

or/9-10

Biopsy/ or Biopsy, Needle/

exp Curettage/

(biop* or curett* or pipelle®).tw.

or/12-14

ultrasonography/ or endosonography/ or exp ultrasonography, doppler/
vagina/us or endometrium/us or Uterine Hemorrhage/us or exp Uterine
Neoplasms/us or exp Uterine Diseases/us

((endometr* or vagina* or endovagin® or transvagina® or trans-vagina*
or endo-vagi* or uter® or intrauter® or intra-uteri*) adj6 (echo* or
ultrasound or ultrasono® or sonograph* or doppler or endoscop* or
endoson®)).tw.

(hysterosalpingogr® or hysterosonogra®).tw.

thick® tw.

or/16-20

'l orl15o0r2l

8 and 22

exp “‘sensitivity and specificity’’/

(diagnos™* or test or tests or exclude or value or role or evaluation).ti.
(accurac* or (sensitivit® and specificit*) or (predictive adj3 value*|) or (false
adj2 (negative or positive)) or ROC or pretest or validat*).tw.



27
28
29
30

31
32
33
34
35
36
37
38
39
40

41
4
43
44
45

Diagnostic evaluation

or/24-26

Il or150r2l or27

28 and 8

(meta-analysis.pt. or exp technology assessment, biomedical/ or (((hta or
health technology) adj6 assessment*) or meta analy* or metaanaly* or
metalanaly®).tw. or (cochrane or evidence or EBM)jw. or ((review* or
search®) adjl0 (literature® or medical database® or medline or pubmed
or embase or cochrane or cinahl or psychinfo or psychlit or healthstar or
biosis or current conten* or systemat®)).tw.) not (comment or editorial or
historical-article).pt.

29 and 30

29

limit 32 to yr="2008 -Current”

33 not 31

review.pt.

(review or overview) ti.

350r36

34 and 37

34 not 37

("11042572" or*' 19576369 or* 17516956 or" 12039 131" or*9809732" or
“12350192" or 12225294 or*'14550365").an.

40 and 31

40 and 38

from 31| keep [-59

from 38 keep -4

from 39 keep I-115

Appendix B: Search strategy - Embase

w N — 3

N

Searches

Postmenopause/

(postmenopau® or post-menopau®).tw.

(after menopaus* or after the menopaus* or following menopaus* or
following the menopaus*).tw.

(older adj2 (wom#n or female™*)).tw.

or/ -4
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o N o

10
Il
12
13
14
I5
16
|7
I8
19
20

21
22
23
24

25
26

27
28
29
30
31
32

42

exp bleeding/

(bleed* or hemorrhag* or haemorrhag* or blood loss*).tw.

or/6-7

5and 8

hysteroscopy/

hysteroscop*.tw.

or/10-11

biopsy.mp.

Ccurettage/

(biop* or curett* or pipelle®).tw.

or/13-15

exp echography/

hysteroscopy/ or hysterosalpingography/ or hysterography/

thickness/

((endometr* or vagina* or endovagin® or transvagina* or trans-vagina* or
endo-vagi* or

uter® or intrauter® or intra-uteri*) adjé (echo® or ultrasound or ultrasono®
or sonograph* or

doppler or endoscop* or endoson®)).tw.

(hysterosalpingogr* or hysterosonogra®*).tw.

thick®.tw.

or/17-22

diagnostic accuracy/ or diagnostic test/ or diagnostic value/ or exp diagnostic
error/ or roc

curve/ or“sensitivity and specificity”’/ or validity/ or predictive validity/
(diagnos™* or test or tests or exclude or value or role or evaluation).ti.
(accurac* or (sensitivit® and specificit*) or (predictive adj3 value*|) or (false
adj2 (negative or

positive)) or ROC or pretest or validat®).tw.

or/24-26

|2 or 16 0or23o0r27

28 and 9

uterus bleeding/di or vaginal bleeding/di

30and 5

29 or 31



33

34
35
36
37
38
39
40
41
42

43
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exp meta analysis/ or exp Literature/ or exp Biomedical Technology
Assessment/ or (hta or (health technology adj6 assessment*) or metaanaly*
or meta analy* or metafanaly*).tw. or (cochrane or evidence or EBM).jx. or
((review* or search*) adjl0 (literature* or medical data base* or medline
or pubmed or embase or cochrane or cinahl or psychinfo or psychlit or
healthstar or biosis or current content® or systematic*)).tw.

32 and 33

limit 32 to yr="2008 -Current”

35 not 34

review.pt.

(review or overview) ti.

37 or 38

36 and 39

36 not 39

(2009314425 or 2007250425 or 2003399129 or *2002343827" or
2002331806 or 20021 | 1470 or*2000376745" or *1998375444").an.
42 and 34
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Chapter 3

Abstract

Postmenopausal bleeding is associated with an elevated risk of having endometrial
cancer.The aim of this review is to give an overview of existing prediction models on
endometrial cancer in women with postmenopausal bleeding. In a systematic search
of the literature, we identified nine prognostic studies, of which we assessed the
quality, the different phases of development and their performance. From these data,
we identified the most important predictor variables. None of the detected models
completed external validation or impact analysis. Models including power Doppler
showed best performance in internal validation,but Dopplerin general gynaecological
practice is not easy accessible.VWe can conclude that we have indications that the first
step in the approach of women with PMB should be to distinguish between women
with low risk versus high risk of having endometrial cancer and the next step would
be to refer patients for further (invasive) testing.
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Introduction

Endometrial cancer is the most common gynaecologic cancer. Approximately 95%
of women with endometrial cancer present with postmenopausal bleeding (PMB)."
2 PMB signals endometrial cancer, which is present in about 10% of cases,** or less
serious conditions, such as benign endometrial polyps or endometrial atrophy.®>”7

To reduce invasive procedures in women with PMB, measurement of the
endometrial thickness is used to stratify women into low versus high risk of having
endometrial cancer:Measurement of endometrial thickness has shown to be accurate
in excluding endometrial cancer, although the risk of endometrial cancer with a
negative test is still 0.7-3.5% depending on the cut-off point used.®?

In women with PMB there is considerable variability in endometrial thickness
and the likelihood of endometrial cancer'® Individual patient characteristics
including age, time since menopause, obesity, hypertension, diabetes mellitus and
reproductive factors, are associated with a higher risk of endometrial cancer.'*-'®
While the probability of postmenopausal bleeding decreases with increasing age,'”
the probability of endometrial cancer in women with PMB increases significantly
with increasing age. The probability rises from 9% in women younger than 50 years
to 24% in women older than 80 years.'®

In clinical practice, tests are commonly combined in diagnostic sequences and
disease probabilities are usually estimated in a hierarchical manner: first combining
information from history and examination, followed by additional information
obtained from diagnostic tests. The post-test probability is not only dependent on
test characteristics but also on the pre-test probability, which is altered by patient's
characteristics. However, current diagnostic policy in women with PMB is not
based on these patient specific risk factors, but only on one fixed cut-off point for
endometrial thickness.> %!

Clinical doctors want to identify women with a high risk for endometrial cancer
when presenting with PMB. Several articles have studied this subject and developed
models to estimate the individual chance of endometrial cancerin women presenting
with PMB.The purpose of this review is to give an overview of the existing prediction
models for endometrial cancer in women with PMB, to assess their quality and to
identify important predictor variables.
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Methods

Study identification

We performed a computerized MEDLINE and EMBASE search to identify all studies
on prediction models in women with postmenopausal bleeding published from
inception to June 201 1. The search was limited to human studies, no restrictions
were held concerning publication year or language. We included articles reporting
on multivariable models predicting endometrial cancer in women with PMB. We
checked references cited in the selected articles for further relevant prediction
models not identified by the electronic searches.We used all known synonyms for
the terms ‘postmenopausal bleeding’ and ‘endometrial cancer’and we used a search-
filter for prediction models.”? The search strategy can be found in Appendix |.

Study selection

This review focused on articles that report on a prediction model for endometrial
cancer in women with PMB. In this review, a prediction model was defined as a
multivariable model that expresses the chance of endometrial cancer as a function of
two or more predictor variables. PMB was defined as vaginal bleeding after more than
one year of amenorrhea after the age of 40 or persistent (>3 months) unscheduled
bleeding on hormone replacement therapy (HRT). Two independently working
reviewers (NvH and MB) selected the articles, by assessing titles and abstracts. If
there were any doubts about eligibility after reading title and abstract, we read the
full text version to make sure no articles were missed. In case of disagreement the
article was included for full text reading and assessed by a third reviewer (AT).

Study quality assessment

A framework for quality assessment was developed based on the recommendations
of Hayden et al*® and on a quality assessment framework for prediction models in
subfertile women to predict the chance of pregnancy.** The framework was divided
into four sections: study participation, predictor variables, outcome measurement
and analysis. Each item in the different sections was scored with ‘yes','no’ or ‘'unclear’.

Predictor variables

Allpredictorvariableswere collected foreach predictionmodelThe predictorvariables
are the potential predictors, which were tested, both during model development
and in the final model. The original articles selected multiple variables or risk factors,
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which are thought to be associated with an increased risk of endometrial cancer
These variables have been tested in the original articles for univariate association and,
if sufficiently contributing to predictive accuracy in multivariable regression analysis,
combined to construct a clinical prediction model We collected all different predictor
variables from the original articles, together with their significance, to identify the
most important predictor variables for endometrial cancer. The most important
predictor variables had been considered as statistically significant input variables in
three or more studies or were considered statistically significant in two studies and
had not been tested in other studies.

Model development assessment

The development of a prediction model consists of three phases: model derivation,
model validation and impact analysis.?® In the first phase, model derivation, predictor
variables are identified by logistic regression. Model validation, the second phase,
consists of an internal and external validation phase.?* In internally validated models,
the performance of the model is tested in the same data set in which the model was
developed, or in a group of subsequent patients within the same centre. In external
validation, the goal is to demonstrate generalizability and reproducibility in patients
different from the patients used for derivation of the original model. Therefore, the
prediction model is evaluated on new data collected from an appropriate patient
population in a different centre.? The final phase of model development is impact
analysis, in which prediction models are tested for their ability to change clinician’s
decisions and to change patient outcomes.”’ All prediction models identified in
this review are classified into the different phases of model development. We sent
an email to all authors of the identified articles to investigate if their models are
undergoing external validation and are not published vet.

Model performance

Performance measures (calibration, discrimination and clinical usefulness) and the
range of probabilities given by the different prediction models were recorded.
Calibration refers to the agreement between observed probabilities and predicted
probabilities for groups of patients; this is usually reported as a calibration plot
or a Hosmer-Lemeshow statistic (test for ‘goodness-of-fit').?¢ Discrimination is
commonly reported as the c-statistic (concordance), also referred to as the Area
Under the receiver-operating characteristic Curve (AUC). It measures the ability of a
prediction model in separating patients with endometrial cancer and patients without
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endometrial cancer An AUC of 0.5 describes a non-informative test, whereas an AUC
of 1.0 represents a test that discriminates perfectly between presence and absence
of a disease.” Clinical usefulness measures how close a prediction for an individual
patient is to her actual outcome.This is mostly reported as accuracy (percentage of
patients correctly classified), sensitivity or specificity, positive or negative predictive
value (PPV or NPV) or likelihood ratios (LR) of a prediction model*® As we are
interested in identifying a group of patients with a high risk for endometrial cancer,
we are most interested in a high sensitivity, high NPV and a low negative LR.

Results

Study identification and selection

Of 754 articles identified by the MEDLINE and EMBASE search, a total of nine
articles met the inclusion criteria of our review.*'*” We identified another three
articles by scanning the reference lists of included articles,*** however none of
these matched our inclusion criteria after reading the abstract and full text version
of these articles (Figure 1).

Figure |. Study selection diagram

754 potentially relevant studies
identified and screened for
retrieval from electronic
search

732 studies excluded on
basis of title/abstract*

22 studies retrieved for
more detailed evaluation

16 studies excluded*
seven models based on one variable
four diagnosis, not prognosis
one review
three pre- and postmenopausal women
included

nine prognostic articles included
after consensus by two
independent reviewers
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Study characteristics

Study characteristics are shown inTable |. Of the nine selected articles on predic-
tion models for women with PMB, five articles described the development of one
model and four articles described two or more different prediction models. In the
nine selected articles, four models were based primarily on patient characteristics,"
343638 four prediction models were based on a combination of patient character-
istics and grey-scale transvaginal sonography (TVS) findings,*' 33 3¢ two prediction
models were based on a combination of patient characteristics, hysteroscopy and/
or grey-scale TVS findings,*' two prediction models were based on TVS findings
only* 3% and three models used Doppler TVS findings as a predictor variable.® 3"
%8 Patient selection and inclusion criteria were not the same in all articles. All nine
articles included women with PMB, but three of these articles studies a population
of women with a high risk profile for endometrial cancer, based on a endometrial
thickness of > 5mm.337.%

Figure 2. Quality of included studies

0% 20% 40% 60% 80% 100%

I. Study participation
Description of setting and study period
Description of in- and exclusion criteria
Consecutive patient selection
Number of patients reported
Rate of patients with endometrial cancer reported
Clear description of patient characteristics

. Predictor variables
Clear definition of all predictor variables evaluated
Description of proportion of participants with complete or
Missing data

3. Outcome measurement

~

Clear ition of
Histology performed in all patients
4. Analysis
Description of all evaluation measures
Description of model building strategy (e.g. logistic regression)

ial cancer/hyperplasia)

B e —
1
I

8
8

Study quality

The results of the quality assessment are reported in Figure 2. Overall, study quality
was good. The quality of the description of the setting and study period was rated
as moderate; this was not described in three out of nine articles. Three articles in-
cluded all women with postmenopausal bleeding, but performed histology only in
patients with an increased endometrial thickness. All three articles explained that
no further investigations were performed in women with an endometrial thickness
less than five mm, because evidence suggests a very low probability of cancer below
this threshold.*3*3¢
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Predictor variables

The nine included articles investigated 27 different possible prediction variables
(Table 2). Age was tested in all nine articles, turned out to be statistically significant
in multivariable analysis in six articles and was used in the prediction model in six
articles. Endometrial thickness was tested in eight articles, statistically significant in
multivariable analysis in eight articles and used in eight prediction models. Most
important predictor variables in patient history were: age, body mass index (BMI),
diabetes, frequency of bleeding, use of anticoagulants and HRT.Endometrial thickness,
endometrial morphology and endometrial border were identified as significant grey-
scale TVS variables. In the three articles studying the use of Doppler for predicting
endometrial cancer, endometrial colour score and vascularity index were identified
as the most important predictor variables.

Phases of model development

All articles selected in this review addressed the first phase of developing a prediction
model: model derivation.* Of the nine articles on predicting endometrial cancer in
women with PMB, eight had been internally validated but none of these models passed
the external validation phase.We asked all six research-groups, which developed the
nine different prediction models if their models are undergoing external validation
and we received response from all six research-groups. The two prediction models
of Opolskiene et al,** are undergoing temporal validation (internal validation in a
newly recruited patient group) and external validation in an international multicentre
study by Valentin et al No results are available yet, since they are still recruiting
patients for these studies. The two prediction models developed by Burbos et al***
were recently used in an article to compare the performance in internal validation
of these models.** This group is working on external validation. Finally, we can report
that the prediction model of Opmeer et al*® is currently being externally validated
in two cohorts: one cohort in three different hospitals in the Netherlands and one
in Skane University Hospital Malmé in collaboration with the group of Valentin et
al, but this external validation is not published yet. There were no impact analysis
studies, i.e. studies that showed that the prediction model indeed improved patient
outcome or was cost-effective in clinical practice.

Performance of the prediction models

The performance of the eight articles that were internally validated their models is
presented inTable 3.2"333” Calibration was described in one article.*” The estimated

55

3



Chapter 3

probability of cancer and the observed proportion of patients with endometrial
cancer are mentioned in Randelzhofer et al® However, calibration is generally
reported as a calibration plot. None of the studies reported on calibration in a
calibration plot. Discrimination was studied in seven out of eight articles by calculating
an AUC. The AUC varied from 0.66 to 0.92 for different prediction models, with the
highest AUC for a model combining Doppler and grey-scale TVS.¥ In all internally
validated studies clinical usefulness is described, with the highest sensitivity and the
lowest negative LR for a combined model with patient characteristics, grey-scale
TVS and Doppler® The highest NPV found for a model was 0.996 for a model,
which combined patient history, endometrial thickness and histology in a sequential
strategy.® The performance of the four models using only patient characteristics
showed a high sensitivity or high NPV in two models®** and a low LR for a negative
outcome in one model *® All three studies in which Doppler was studied as a predictor
variable, reported this information to contribute to the prediction of endometrial
cancer in women with PMB.?> 33 Endometrial thickness was used as a variable in
eight prediction models and seven found that incorporating endometrial thickness

may improve diagnostic accuracy of a model.

Discussion

We systematically reviewed existing prediction models for endometrial cancer in
women with PMB and to identify the most important predictor variables. We found
nine studies reporting on the development of prediction models for endometrial
cancer in women with PMB. Eight of these studies described at least one aspect of
internal validation and until now, none of the prediction models have been externally
validated.

The different predictor variables can roughly be divided into four subjects:
patient characteristics, grey-scale ultrasound variables, Doppler ultrasound variables
and hysteroscopy variables. Most prediction models used a combination of these
subjects to predict the chance of endometrial cancer. We chose to limit our list
of most important predictor variables to those, which had been considered as
statistically significant input variables in three or more studies and to those, which
were significant input variables in two studies and had not been tested in other
studies. By doing this, we identified the most important variables, without missing
possible important variables, which have not yet been extensively studied. Using
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these limits we identified || important input variables for predicting endometrial
cancer in women with PMB (Table 2).

Almost all articles reported performance in terms of discrimination and/or
clinical usefulness, whereas calibration was reported only incidentally. In this study,
we identified five articles describing a prediction model with good discrimination
(AUC of >0.8).3" 8 Because only one study described data on calibration, there is
insufficient data available to draw conclusions on calibration.

Two studies showed best performance regarding discrimination and clinical
usefulness: Opolskiene etal 201 | and Opmeeretal 2007.Inthe model by Opolskiene
etal 201 |,a combination of patient characteristics, grey-scale TVS and Doppler was
used. They concluded that their model excludes endometrial cancer reasonably well
when power Doppler is added. Furthermore, in all three studies that used Doppler,
Doppler was found to contribute to the prediction of endometrial cancer in women
with PMB.**3% Based on this, we could conclude that the best model in predicting
endometrial cancer is a model, which uses a combination of patient characteristics,
endometrial thickness and power Doppler. However, power Doppler cannot be
used in all patients. All three Doppler-models excluded patients based on different
reasons: Doppler artefacts, incorrect processing of TVS image, fluid in the cavity and
absence of Doppler signals or large myomas. Another limitation in the use of power
Doppler is that these studies do not give information on the interobserver variability
and learning curve in measuring Doppler variables. For application of results found
in Doppler studies, it is important to use the same ultrasound system, as the colour
content of a power Doppler scan depends heavily on Doppler sensitivity.®

Although the performance of the models using Doppler seems reasonable, a
model using patient characteristics and endometrial thickness might be more useful
in daily practice. In a health care system with general practitioners referring patients
with a high risk of malignant disease to a specialist, the best model would be a model
that can distinguish women with a high risk of endometrial cancer from women with
a low risk based on patient characteristics only. Such a model would also be useful in
situations where TVS is not directly available. Only women with a high risk could be
referred for TVS or to the gynaecologist for a further evaluation and women with a
low risk could be reassured and referred only at recurrent bleeding. Based on this
review we couldn't identify a model with a good performance in internal validation
based on patient characteristics only. However, two of four models based on patient
characteristics showed good performance in clinical usefulness with a high sensitivity,
a high NPV and/or a low LR for a negative outcome.®** Based on these results we

57



Chapter 3

can conclude that although these models do not show a high AUC, they could be
useful in clinical practice. These models were found to discriminate women with a
high risk for endometrial cancer from women with low risk and to select women
for further (invasive) testing.

The conclusions above are based on reported model performance based
on internal validation only. To implement a prediction model into clinical practice,
external validation is essential. McGinn et al describe three reasons.”® A prediction
model may reflect associations between given predictors and outcomes that are
primarily due to chance. Secondly, the predictor variables used in a model may be
idiosyncratic to that specific population, which suggests that the prediction model
may fail in a new setting. And thirdly, clinicians may fail to implement the model
comprehensively or accurately in their clinical practice. The result would be that a
model succeeds in theory, but fails in practice. For a successful implementation, a
model should be validated both internally and externally and finally go through the
phase of impact analysis in the same population in which a model is derived. As
none of the prediction models have completed the phase of external validation, they
cannot be used in clinical practice vet.

When evaluating these prediction models by external validation or finally in
impact analysis, one should keep in mind that these models were developed in
different patient populations. The target population in which a model is derived
should be the same as the population in which a model is tested or clinically used.
Selecting a high-risk population (for example, a population with an ET > 5mm) will
result in a different performance and possibly in the selection of different predictor
variables compared to an unselected population of women with PMB. Furthermore,
in an unselected population there could be implicate selection dependent of a
population within a general practice or a population within a gynaecological practice
or differences in health systems in different countries. Different populations have
different prevalence of endometrial cancer, which could be an explanation for the
differences found in the performance of the models.A consensus has not been found
in systematic reviews or in international guidelines regarding the best sequence of
diagnostic procedures for women with PMB.” Considering the performance of the
existing prediction models, we can conclude that we have indications that the first
step in the approach of women with PMB should be to distinguish between women
with low versus increased risk of having endometrial cancer and the next step would
be to refer patients for TVS or further invasive testing.
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Table 2. Predictor variables evaluated and used in the prediction models

Patient history variables

Age

BMI

Diabetes

Frequency of bleeding

Amount of bleeding

HRT use

Anticoagulant use

Nulliparity

Time since menopause

VAS-score

Examiner

Hypertension

Thyroid dysfunction

History of cancer

Ultrasound variables — grey-scale
Endometrial thickness

Heterogeneous echogenicity/morphology
Endometrial border

Endometrial fluid in cavity

Endometrial area

Ultrasound variables — Doppler
Vascularised area

Endometrial colour score

Irregular branching

Vascularity index

Mean intensity of pixels in endometrial area
Mean intensity of pixels in vascularised area
Hysteroscopy variables

Suspicious hysteroscopy findings

Epstein 2002

Randelzhofer 2002

N

w - — —

Bachmann 2003

Bruchim 2004

Opmeer 2006

Prediction models

~ —
(=) —
o o
~ o - ~
[V} — — Q
c o o c
g 8 8 9
3 8 8 3
5 £ £ B
o o
O @ & O
2 | | |
| | 3
| |
| |
3003
3 3 3 |
|
3
2 2 3
3
2 2

= statistically significant in multivariate analysis and included in model

2 = statistically significant in univariate analysis and not included in model
= not statistically significant and not included in prediction model
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Future perspective

The prediction models that have been developed for women with postmenopausal
bleeding showed good performance but have only reached the phase of internal
validation. Future research should focus on external validation and impact analysis of
these prediction models.We hope that these will confirm their prognostic abilities,
so that in the next few years, prediction models can be implemented in general
gynaecological practice. Based on this review, we conclude that clinical prediction
models show promising results, but further external validation is required as well
as impact analysis to maximise diagnostic accuracy of the models at an acceptable
patient burden and for acceptable health care costs.

62



Prediction models

Appendix |

Search strategy — MEDLINE

W N o vk w D — R

NN NN NN NN — — — — — — — — — — O
©® N KON O0®ENo R W = O

Searches

postmenopause [mesh]
postmenopau® [tw]
post-menopau* [tw]

#1 OR #2 OR #3

hemorrhage [tw]

bleed* [tw]

hemorrhag* [tw]

haemorrhag* [tw]

blood loss* [tw]

#5 OR #6 OR #7 OR #8 OR #9
endometrial neoplasms [mesh]
endometrial neoplasm* [tw]
endometrial cancer® [tw]
endometrial cancer® [tw]
endometrial malignanc® [tw]
endometrial tumo* [tw]

corpus uteri cancer® [tw]

#11 OR#12 OR#I13 OR #14 OR #15 OR #16 OR #17
endometrial hyperplasia [mesh]
endometrial hyperplasia® [tw]
#19 OR #20

#18 OR #21

predict* [tiab]

clinical* [tiab]

outcome* [tiab]

risk* [tiab]

#23 OR #24 OR #25 OR #26
#4 AND #10 AND #22 AND #27
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Search strategy — EMBASE

w N — H

O © N oy b

10.
[
12.
3.
[4.
5.
L.

64

Searches

postmenopause/

(postmenopau® or post-menopau®).tw.

(after menopaus* or after the menopaus* or following menopaus™* or
following the menopaus*).tw.

or/1-3

exp bleeding/

(bleed* or hemorrhag* or haemorrhag* or blood loss*).tw.

or/5-6

endometrial neoplasms/

endometrial neoplasm* or endometrial cancer* or endometrial cancer® or
endometrial malignanc* or endometrial tumo* or corpus uteri cancer®).tw
or/8-9

endometrial hyperplasia/

endometrial hyperplasia.tw.

or/I'1-12

[0Oor I3

(predict* or clinical* or outcome* or risk*).ti,ab.

4and 7 and 14 and 15
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Abstract

Objective To externally validate two previously developed prediction models that
estimate the probability of endometrial cancer in women with postmenopausal
bleeding.

Design and setting We performed an external validation study of two previously
developed prediction models in two independent datasets of consecutive women
not using hormone replacement therapy with a first episode of postmenopausal
bleeding.

Population We studied women with postmenopausal bleeding. One dataset (559
women) was prospectively collected in three general hospitals in the Netherlands
including, the other dataset (433 women) was prospectively collected in a university

hospital in Sweden.

Methods Ve retrospectively evaluated two models that predict endometrial cancer
in the two validation databases. We then evaluated three diagnostic strategies, a
‘patient characteristics’ rule, based on characteristics of the women without
transvaginal ultrasound, a ‘sequential’ rule, i.e. ultrasound in case the probability for
cancer exceeded 4% based on characteristics, and subsequent histological analyses
when the endometrial thickness exceeded 4 mm and an ‘integrated’ rule with a
probability estimate based on both characteristics of the women and ultrasound
results and endometrial sampling when the probability of cancer exceeded 4%.

Main outcome measures We studied the performance of the models in terms
of discrimination and calibration. We then calculated the number of carcinomas
detected and missed using the three different strategies, as well as the number of

ultrasounds and invasive procedures performed with the three different strategies.

Results In both the Dutch and the Swedish databases, the two models showed
good performance in terms of discrimination and calibration. The three strategies,
based on these two models, all detected all women with endometrial (pre) cancer.
Applying the ‘integrated’ or‘sequential strategy would, compared to current practice
(ultrasound only), leads to a 3 to 6 % decrease in the number of women in need
for further invasive testing.
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Conclusions We found that two models for endometrial cancer maintained their
diagnostic performance in two independent validation databases. The use of a
‘patient characteristic and ultrasound’ model in a sequential or integrated strategy,
could slightly reduce the number of invasive procedures without loss in detection
of endometrial cancer:
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Introduction

Postmenopausal bleeding (PMB) is a common complaint in postmenopausal women
and in about 10% of women endometrial cancer is the underlying cause of PMB.

In the 1990s endometrial thickness measurement with transvaginal
ultrasonography (TVS) was introduced as a test to distinguish between women with
alow and a high risk of endometrial cancer.? The cut-off point for a thin endometrium,
and thus a low risk of endometrial cancer, varies in different guidelines between three
and five millimetres.® Patients with a thin endometrium can be reassured as their
post-test probability of endometrial cancer is lower than one per cent, which is a
worldwide-accepted threshold for patient reassurance.'* The post-test probability
depends not only on the endometrial thickness, but also on the pre-test probability,
which depends on patient's characteristics. In women with PMB, characteristics that
define the pre-test probability of endometrial cancer are: age, time since menopause,
body mass index (BMI), hypertension, diabetes mellitus, anticoagulants use and
parity.>'?

Several studies have described the prevalence of these characteristics and
developed different prediction models to estimate the individual chance of having
endometrial cancer'®. However, none of the existing prediction models have yet
been externally validated, which is necessary for successful implementation'®. Al
models were internally validated in their development database and two models
showed the best performance.'™'® Opolskiene et al concluded that their model
excludes endometrial cancer reasonably well when power Doppler is added, but
because Doppler is not commonly used in daily practice, we decided to validate
two multivariable models without Doppler; described by Opmeer et al'>'®These two
models had been internally validated in their development database.'

Theaim of the present study was to externally validate the diagnostic performance
of these two models and estimate the clinical consequences of the three management
strategies suggested in this article by retrospectively applying the models on two
independently prospectively collected databases of women with PMB.

Methods

The multivariable models and management strategies

Opmeer et al developed two multivariable logistic regression models for the
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prediction of endometrial cancer in women with postmenopausal bleeding based
on the following patient characteristics: age, time since menopause, body mass index
(BMI), diabetes, parity, hypertension, use of anticoagulants, history of cancer and
dysfunction of the thyroid gland. The first statistical model, based on characteristics
of the women only; is referred to as the ‘patient characteristics model'. The second
model is an extension of the first model in which characteristics of the women are
combined with the measurement of endometrial thickness by TVS and is referred
to as the ‘patient characteristics and TVS model'. Further statistical details on the

development of the model can be found in the Appendix of the original article.'®

Study population used for external validation
The two models and three strategies were externally validated by retrospectively
applying them on two prospectively collected databases:

e Dutch database: This database studying 559 women included all women
presenting with postmenopausal bleeding between January 2009 and April
2011 (36% of women presented at the TweeSteden Hospital, [8% at the
Maxima Medical Centre inVeldhoven and 46% at the St. Antonius Hospital
in Nieuwegein,the Netherlands).This database was not primarily established
to validate the two mathematical models of Opmeer et al Menopause
was defined as at least one year of amenorrhea, after the age of forty. If
there were doubts about menopausal status the status was established
by testing of the follicle-stimulating hormone (FSH). The following patient
characteristics were recorded: age, years since menopause, BMI, parity, HRT
use, hypertension, diabetes, use of anticoagulants and endometrial thickness
as measured by TVS. If endometrial thickness exceeded four millimetres,
endometrial sampling using the Pipelle® (Labaratoire CCD, Paris, France)
was performed. In case of a failed endometrial sampling hysteroscopy with
directed biopsy was performed. Failure was classified as either a technical
failure or as an endometrial sampling in which the amount of tissue was
insufficient for a reliable diagnosis. All women were instructed to contact

the hospital if recurrence of bleeding occurred.

e Swedish database: This database includes all women presenting with PMB
at the Skane University Hospital in Malmé postmenopausal bleeding clinic
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between November 2002 and June 2009. Menopause was defined as at
least one year of amenorrhea after the age of 40. The following patient
characteristics were recorded: age, age at menopause, weight, height, parity,
HRT use, hypertension, diabetes, use of anticoagulants and endometrial
thickness measured by TVS. If endometrial thickness exceeded 4.4 mm,
saline infused sonography (SIS) was performed. If there were no focal lesions
in the uterine cavity at SIS, an endometrial sample using the Endorette®
(Medscan AB, Malmg, Sweden) was taken. If there were focal lesions at
SIS or if SIS failed, hysteroscopy with resection of focal lesions (if present)
and supplementary dilatation and curettage were performed.'® Women in
whom endometrial sampling was not performed because of endometrium
< 4.4 mm were instructed to contact the hospital if recurrence of bleeding

occurred.

Follow-up in the Dutch database was based on data collected from case notes.
For the purpose of this study, all women with an endometrial thickness below the
cut-off value, who did not have endometrial sampling without recurrent bleeding,
were considered negative for endometrial cancer. In case of recurrent bleeding,
hysteroscopy was performed. The median follow-up time in this database was 26
months (range 18 to 43 months).

In the Swedish database, all women with an endometrial thickness < 4.4 mm
(and therefore without a histological diagnosis of the endometrium) were matched
with the regional cancer register to ascertain that none of these women were
diagnosed with endometrial cancer after inclusion in the study. Indeed, no woman
with endometrial thickness < 4.4 mm was found to have endometrial cancer and all

were classified as not having endometrial cancer.

Women were excluded from our statistical analysis if the endometrial thickness was
not measurable. The Swedish database does not include women with fluid in the
uterine cavity. Precancer, defined as any form of hyperplasia with atypia, and cancerin
the histology specimen were classified as ‘endometrial cancer’. All other histological

diagnoses were classified as benign.
Statistical analysis of patient characteristics

We compared patient characteristics between the two databases with the chi-square
test. Continuous variables were tested for normal distribution, and the independent
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T-test or Mann—Whitney U-test for univariate analysis was used to compare means
or medians. For analysis, the Statistical Package for the Social Sciences (IBM Corp,
Armonk, NY, USA) version 20.0 was utilized. Statistical significance was set at p <
0.05.

Imputation of missing values

In our validation study, we performed multiple imputations for missing data elements,
with separate imputation rounds for each of the two databases.In multiple imputation,
each missing value is imputed several times. The variation among the imputations
reflects the uncertainty with which the missing values can be predicted from the
observed ones. After combining the results, the pooled estimates and standard

errors reflect missing data uncertainty.'”"?

External validation

We retrospectively applied the two models developed by Opmeer (patient
characteristics only, patient characteristics and TVS) to the women in the Dutch
and Swedish databases.We assessed the performance of the models by examining
calibration (agreement between predicted risks and observed frequencies of
endometrial cancer) and discriminative performance (the ability of the models
to distinguish between women with and without endometrial cancer). To assess
calibration for the two models, we plotted the predicted probabilities of endometrial
cancerandthe observed proportion of endometrial cancer by deciles of the predicted
probabilities in a calibration plot.® Calibration is considered perfect if the intercept is
0 and the calibration slope is 1).2'%? Calibration is relevant to evaluate the accuracy
of the risk estimates provided by the models (do patients with predicted risk of 25%
indeed have a risk of | in 4 of having endometrial cancer), but in clinical practice high
performance in terms of identified and missed cases at a certain threshold will be
required. Calibration analyses were performed using R version 15.2.1.

Discriminative performance of the two models was assessed by calculating
the area under the receiver operator characteristic curve (AUC). AUCs reflect the
overall discriminative taking into account the full spectrum of predicted probabilities.
As such, they are informative from a statistical perspective, but a model with lower
AUC may show superior clinical performance at a particular threshold as compared
to a model with higher AUC.
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Based on these two statistical models, three different diagnostic strategies were

explored:

|. The ‘patient characteristics’ rule, ie. probability estimates based on
characteristics of the women, and invasive diagnostics in case the probability
of (pre)cancer exceeded 4%. In this rule, TVS was not performed.

2. The 'sequential’ rule, i.e. probability estimates based on characteristics of
the women, with TVS in case the probability for cancer exceeded 4%, and
subsequent histological analyses when the endometrial thickness exceeds
4 mm.

3. The ‘integrated’ rule, ie. TVS in all women, with a probability estimate
based on both characteristics of the women and TVS results, completed by
endometrial sampling when the probability of cancer exceeded 4%.

To estimate the clinical consequences of applying these three different management
strategies proposed by Opmeer et al on the validation datasets,'® we calculated
for each of the three strategies, the percentage of women in whom TVS would
be performed, the percentage of women in whom an invasive procedure would
be performed to obtain material for histology, the number of endometrial (pre)
cancers identified by the different strategies and specificity (the amount of patients
without cancer who fell below the threshold of the specific strategy).We compared
all these clinical consequences with the current strategy used in clinical practice:
selecting women for further diagnostic work-up by the measurement of endometrial
thickness (TVS only). We performed all analyses for the external validation in ‘R’,
version 2.15.0 (2012).

Results

Patient characteristics

The two databases available for external validation consisted of 559 Dutch and
433 Swedish women with PMB not using HRT. Table | shows the characteristics
of women in the two databases and the percentage of missing data per database.
Age, time since menopause, anticoagulants use, body mass index (BMI), endometrial
thickness and the prevalence of endometrial cancer differed significantly between
the two validation populations, women in the Swedish database being older; having

76



External validation of a prediction model

lower BMI, thicker endometrium, a higher percentage of endometrial cancer and
more Swedish women used anticoagulant therapy. For both validation databases,
efforts were made to collect data on endometrial cancer in the women with an
endometrial thickness below the applied threshold and in none of these women

endometrial cancer was diagnosed.

Table I. Patient characteristics and missing values in validation databases

Swedish Missing; Dutch Missing; p-value

database n (%) database n (%)

N 433 559
Age, years; mean (SD) 674 +/-11.8 0 618 +/-9.95 0 <00l
Diabetes mellitus; n (%) 66 (152) 0 72 (12.9) I (0.2) 0.29
Hypertension; n (%) 176 (40.6) 0 196 (35.1) 0 0.07
Anticoagulants; n (%) 88 (31.9) 157 (132) 94 (16.8) 0 <0.0I
BMI, kg/m? mean (SD) 27.8 (64) 24 (5.5) 302 (82) 260 (434) <00l
Time since menopause, years; 16 (5-26) 6 (1.4) 5(2-14) 124 (22.2) <00l
median (IQR)
Nulliparity; n (%) 45 (10.6) 8 (1.8) 60 (13.5) 114 (204) 0.19
Endometrial thickness, mm; median 6.0 (3.2-13.0) 0 5.7 (2.5-10.0) 0 0.02
(IQR)
Endometrial (pre-) cancer;n (%) 65 (15.0) 0 57 (102) 0 0.02

Atypical hyperplasia 3 (0.69) 7(1.3)

Endometrial cancer 62 (14.3) 50 (8.9)

BMI, body mass index; NA, not applicable.

Calibration

Plots that express the calibration of the two models developed by Opmeer (‘patient
characteristics’ model and the ‘patient characteristics and TVS" model) in the Dutch
and Swedish database are presented in Figure I.In the Dutch database, the calibration
slope was better for the ‘patient characteristics and TVS' model than for the ‘patient
characteristics’ model. The predicted probabilities of cancer when using the ‘patient
characteristics and TVS' model were close to the observed frequency of cancer
over the whole range of predicted risks. For the lowest risk group, calibration was
consistently good across the different models and databases, and some major over
and underestimated risk in patients at increased risk for endometrial cancer.
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Figure |. Calibration plots for the two prediction models
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In the Swedish database, the calibration slope performed better for the ‘patient
characteristics’ model than for the ‘patient characteristics and TVS' model. For the
‘patient characteristics’ model, predicted probabilities were close to the observed
frequency over the whole range of predicted risks. The ‘patient characteristics and
TVS model underestimated the probability of endometrial cancer over almost the
whole range of probabilities.
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Discriminative performance of the prediction models

Figure 2 shows ROC curves for the two models compared to endometrial thickness
as measured by TVS in the two validation datasets. In both the Dutch and the Swedish
databases, the AUC for the ‘patient characteristics and TVS ' model (respectively 0.89
(95% Cl 0.86 to 0.92) and 0.89 (95% CI 0.86 to 0.91)) was higher than the AUC
for the ‘patients characteristics' model (0.7 1 (95% ClI 0.65 to 0.76) and 0.69 (95% Cl
0.64 to 0.73)). The AUC for the ‘patient characteristics and TVS model was similar
to the AUC for endometrial thickness only: 0.87 (95% CI 0.83 to 0.90) in the Dutch
database and 0.90 (95% CI 0.88 to 0.93) in the Swedish database.

Clinical consequence of the three strategies
The estimated clinical consequences of applying the three strategies are reported in
Tables 2 and 3.With all three strategies, all cases of endometrial (pre) cancers would
be detected in both databases. This is under the assumption that among women
with a thin endometrium (below the threshold of 4 or 4.4 mm) was diagnosed with
endometrial cancer. This means that with the ‘patient characteristics’ strategy you
could skip the measurement of endometrial thickness safely, but then you would have
to perform an invasive procedure to get histology in 93% of women in both databases,
compared to only 61-63% (respectively in the Dutch and Swedish database) when
patients would be selected based on the measurement of endometrial thickness
(which is current clinical practice).

When using the patient characteristics in a ‘sequential’ strategy, one could save
7% of women an ultrasound and these could be reassured. In the remaining group
of women endometrial thickness has to be measured and then 57-58% would have
to undergo an invasive procedure. Thus, this strategy would save 7% of women an
ultrasound and in 3-6 % less women an invasive procedure has to be done compared
to the current clinical practice: TVS only.

When using the patient characteristics in an ‘integrated’ strategy, all women
would need a TVS and the amount of women that would need further invasive

procedures to retrieve histology would be the same as in the ‘sequential’ strategy.
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Figure 2. ROC curves ‘Patient Characteristics only'-model and ‘Patient Characteristics and TVS-model.
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Discussion

In this external validation study, we demonstrate that the diagnostic performance (i.e.
Discrimination and calibration) in external validation ofthe two modelsis similarto the
discriminative performance of the models in internal validation in the development
database.'® The model with the best discriminative performance in this external
validation is the patient ‘characteristics and TVS' model. However, we found that the
discriminative performance of the ‘patient characteristics and TVS model is similar to
that of endometrial thickness measurements with TVS (TVS-only), i.e. adding clinical
information to endometrial thickness measurement does not significantly improve
the ability to discriminate between benign and malignant endometrium.

Applying a strategy basing the decision to perform further invasive diagnostics
on an individual risk calculated with ‘patient characteristics only’ would be safe. This
means, no endometrial (pre) cancer that would have been detected by selecting
women with TVS would be missed if these women would be selected based on
patient characteristics only. However, you would need to perform invasive diagnostics
in 93% of women, compared to only 61-63% (respectively in the Dutch and Swedish
database) when patients would be selected based on TVS.

An important strength of our study is the external validation of the models using
data from a different region within the Netherlands as well as data from another
European country. External validation, assessing the validity and generalizability of a
model is an essential step before a model can be implemented in practice.?'**To our
knowledge this is the first study to describe external validation of a prediction model
estimating the risk of endometrial cancer in women with PMB. As the TweeSteden
Hospital also participated in the development study of the two prediction models
by Opmeer et al, the population used for external validation has a minor overlap
with the development population, yet with completely separate samples (different
women in the development and validation sample).

As many data were collected as part of clinical practice, not all information
was available for all women. Multiple imputation was used to deal with these
missing data. Multiple imputation, even with a relatively large amount of missing
data, gives a more precise and valid measure of association for variables with
missing values than complete case analysis.!”?' Generally, dropping cases with
missing values (complete case analysis) yields biased results, and the discriminative
ability of a multivariable model is reduced when cases with missing values are

excluded from analysis.?'

83



Chapter 4

Anotherlimitation is the fact that partial verification was performed in both databases.
In women with an endometrial thickness below the applied threshold no histological
assessment was performed.This is in agreement with clinical policy since more than
|5 years in both Sweden and the Netherlands, and for practical and ethical reasons
we have not included this assessment for research purposes only. For both validation
databases however, efforts were made to collect information on these women by
assessing patient charts and in the Swedish database matching the patients with
the regional cancer registry. Evidently, there remains some uncertainty whether
indeed no endometrial cancers were missed in this group, but with our approach
we minimised this risk by our follow-up efforts.

Several prediction modelshave been publishedto estimate the risk of endometrial
cancer in women with postmenopausal bleeding.”* Opolskiene et al developed four
prediction models including clinical and ultrasound information for women with
endometrial thickness > 4.5 mm.The first model is based on patient characteristics
and in the development database an AUC of 0.74 was found. The second model is
based on patient characteristics and endometrial thickness as measured with TVS, with
an AUC of 0.82.The last two models are based on patient characteristics combined
with sonographic endometrial thickness and two different Doppler characteristics,
with AUC of 0.89 and 0.91 respectively. The authors concluded that the models
are fairly good in excluding endometrial cancer when power Doppler is added.”
Burbos et al developed two models based on patient characteristics with (AUC 0.77)
and without endometrial thickness (AUC 0.73).2* The authors concluded that the
model based on patient characteristics has a reasonable discriminatory ability and the
model based on patient characteristics and endometrial thickness has a fair accuracy
in separating women without cancer from women with cancer. These findings are
similar to the findings of internal validation of the models by Opmeer et al'® None
of these models have yet been externally validated."

Before a prediction model can be implemented in clinical practice, external
validation is essential." In this external validation we found that the ‘patient
characteristics and TVS' model shows good discriminative performance (AUC) and
a reasonable performance on calibration, however it is comparable to the use of
TVS-only. All three strategies based on the ‘patient characteristics and TVS' model
could be safely implemented in daily practice, i.e. without missing any additional (pre)
cancers compared to TVS-only, which is the current daily practice. To choose which
strategy is used best in clinical practice, one could focus on the availability and use
of different diagnostic tests. In situations were no ultrasound is available, women

84



External validation of a prediction model

could be selected based on their characteristics, however with a very low specificity
which means that many women need to undergo further invasive testing with a small
chance of diagnosing a (pre) cancer.

This study shows that after external validation in two independent datasets,
the two multivariable models maintain their diagnostic performance and are able to
select women with PMB not using HRT with a low risk of having endometrial cancer.
By using the ‘patient characteristic and TVS' model in a sequential or integrated
strategy, the number of women that need further invasive procedures to obtain
material for histological assessment can be decreased only a little, compared to
the current diagnostic pathway in which patient characteristics are not taken into
account. Therefore we think that these models are moderately useful in current
daily practice. In the Netherlands, TVS is easy accessible in daily practice. A model
based on patient characteristics would only be useful if a larger amount of invasive
procedures could be decreased. Future research should focus on adjusting the model
with different thresholds or subgroups of patients. Furthermore, as Doppler will be
used more and more in clinical practice it would be worth it to externally validate
a model which uses Doppler features.

Conclusions

The two models for endometrial cancer based on patient characteristics and TVS,
maintained their diagnostic performance in two independent validation databases.
The use of a ‘patient characteristic and TVS' model in a sequential or integrated
strategy, could slightly reduce the number of invasive procedures, compared to
the current diagnostic pathway in which patient characteristics are not taken into
account, without loss in detection of endometrial cancer. The ‘patient characteristics'
model is able to select women with a low risk of endometrial cancer, who can be
reassured without further testing. This is especially useful in a setting where TVS is
not (directly) available.
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Abstract

Objective To evaluate the effectiveness of hysteroscopic treatment of endometrial
polyps versus expectant management in women with postmenopausal bleeding
(PMB), a thickened endometrium and benign endometrial sampling.

Design Multicentre, randomised controlled trial.

Setting Three academic hospitals and nine non-academic teaching hospitals in the
Netherlands.

Population VWomen with postmenopausal bleeding, an endometrial thickness > 4
mm and benign result of endometrial sampling.

Methods \We randomised women for diagnostic work-up by hysteroscopy (preceded
by saline infusion sonography) versus expectant management.

Main outcomes Primary outcome measure was the recurrence of PMB within a
year after randomisation. Secondary outcome measures were time to recurrent
bleeding and recurrent bleeding after more than one year. In the hysteroscopy group,

the presence of polyps and the results of their histology were registered.

Results Between January 2010 and October 2013, we randomised 200 women, 98
to hysteroscopy and 102 to expectant management. Within one year a total of |5
women (15.3%) in the hysteroscopy group experienced recurrent bleeding, versus
I8 (18.0%) in the expectant management group (relative risk 0.85 (95% Cl 0.46-
[.59). In the hysteroscopy group, we found 50 (51%) polyps at initial hysteroscopy.
In the 50 polyps, the pathology results showed six (pre) cancers (6%).

Conclusion In women with PMB, a thickened endometrium and benign endometrial
sampling, operative hysteroscopy does not reduce recurrent bleeding. Hysteroscopy
detected focal endometrial (pre)cancerin 6% of women,who had benign endometrial
sampling. This finding indicates that in these women, further diagnostic work-up is
warranted to detect focal (pre)cancers, missed by endometrial sampling.

Trial registration Dutch trial register number NTR2 | 30.
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Introduction

Postmenopausal bleeding (PMB) is a common symptom in gynaecological practice'.
It signals endometrial cancer in about 10% of the women.?

Guidelines on PMB emphasise the importance to diagnose or rule out
endometrial cancer. Transvaginal sonography is used to distinguish between women
with a low- or high risk for endometrial cancer. If the endometrium is thickened,
endometrial sampling is performed to evaluate for endometrial cancer*’

When endometrial sampling shows a benign result, it is uncertain whether
the work-up should be continued to detect benign intracavitary pathology. When
women present with recurrent or persistent bleeding, further evaluation for focal
lesions is required.#'When a woman does not have persistent bleeding, guidelines
leave room for individual patients and doctors to choose for expectant management
or further diagnostic work-up,®'° since strong evidence on the effectiveness of
polypectomy on the chance of recurrent bleeding is lacking. SIS and hysteroscopy are
potentially helpful in the detection and removal of endometrial polyps.'"'? However;
hysteroscopy, despite being safe, well tolerated and performed in an outpatient
setting, remains an invasive procedure with a potential risk of complications and at
considerable cost."

In case endometrial polyps remain undetected,they are believedto be responsible
for recurrent vaginal bleeding.” Although polypectomy is one of the most performed
hysteroscopic operations, only one cohort study is available, showing no difference
in recurrent bleeding after hysteroscopy versus expectant management.'*

In view of this lack of knowledge, we performed a multicentre randomised
controlled trial in which we investigated the effectiveness of diagnostic work-up
with hysteroscopy and subsequent polypectomy versus expectant management in
women with PMB and benign endometrial biopsy. Since we performed SIS preceding
the hysteroscopy, we were able to evaluate whether a strategy with SIS as triage for
hysteroscopy would be effective.

Methods

Between January 2010 and October 2013, we performed a multicentre, randomised
clinical trial in three academic and nine non-academic teaching hospitals. The trial
was performed within the Dutch Consortium for research in Women's Health, a
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collaboration of teaching and non-teaching hospitals in the Netherlands.'* The study
was performed by gynaecologists, registrars and research nurses. Full details about
the trial protocol can be found at www.studies-obsgyn.nl/upload/protocol_pompoen
230908.doc. The trial was registered at the Dutch trial register (NTR2130). Approval
for this study was obtained from the Medical Ethical Committee of the Academic
Medical Centre, Amsterdam (MEC 2008-177) and from the Central Committee on
Research involving Human Subjects (CCMQO), The Netherlands. The local board of
each participating hospital approved the study.

Participants

We studied women with PMB, defined as blood loss occurring after at least one
year of amenorrhea above the age of 50. Hospitals participating in the study
had a protocolled work-up for these women, based on the Dutch national
guideline.® First, women underwent transvaginal sonography (TVS). The thickness
of the endometrium was measured in the sagittal plane, including both layers of
endometrium. All measurements were done with callipers on a frozen ultrasound
image. In case the endometrial thickness was four millimetres or less, the patient
was reassured, managed expectantly and advised to come back with recurrent
bleeding. If the double endometrium thickness was more than four millimetres or
not measurable, endometrial sampling was performed, using Pipelle® (Pipelle de
Cornier, Paris, France), an office endometrial sampling device that is generally used
in the Netherlands. In case the sampling device could not pass the cervical os, or the
sampling result was inconclusive, the woman was scheduled for direct hysteroscopy
and could not be included in this study.

Inclusion criteria were PMB, an endometrial thickness more than four millimetres
and benign histology. The local pathologist examined the endometrial samples. We
defined benign histology of endometrial sampling as the presence of benign endometrial
stroma in the histology sample. Hyperplasia without atypia found with endometrial
sampling was considered to be a benign result. At trial commencement we considered
complex hyperplasia without atypia as a benign result. However, we included one
woman with complex hyperplasia without atypia (inclusion number 17) in whom
hysteroscopy showed an endometrial cancer. After this event, we decided to exclude
women with complex hyperplasia. Other exclusion criteria were cervical cytology
showing an abnormality which warranted treatment, endometrial biopsy showing a
(pre) cancer orinsufficient sample orif endometrial sampling had failed due to technical
problems.WWomen using an aromatase-inhibitor or anti-oestrogen were also excluded.
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Hypothesis

Uterine cavity evaluation and subsequent resection of endometrial polyps in women
with postmenopausal bleeding and endometrial thickness of more than 4 mm will
lead to less recurrent bleeding compared to women in whom such is not performed.

Informed consent, randomisation and masking

The local doctor or research nurse enrolled the participants and assigned them to
the randomised intervention. Before randomisation participating women provided
written informed consent, in which they were informed about the possible risks
and complications of SIS and hysteroscopy. Women were randomised to receive
either SIS and hysteroscopy or expectant management, using a web based program,
using block randomisation with a block size of four, an allocation ratio of |:1 and
stratification for hospital. The web-based program generated a unique number with
allocation code after entry of the patient’s initials and date of birth. Neither recruiting
doctors nor members of the trial project group could access the randomisation
sequence. Due to the nature of the intervention the study was open-label, as it meant
that masking women and doctors to the assigned intervention was not possible. The
statistician doing the analysis (HZ) was masked to the assigned intervention, while

those who collected follow-up data were not.

Intervention
Women allocated to diagnostic work-up all underwent SIS and hysteroscopy in the
same outpatient session, within six weeks after randomisation. At SIS, a small volume
of saline was inserted into the uterus, which allowed the lining of the endometrium
and possible polyps to be clearly seen on an ultrasound scan. Regardless of the
result, a hysteroscopy was done, using a vaginoscopic approach with a 4 to 5.5 mm
hysteroscope, according to the local protocol. The hysteroscopy was performed by
the local gynaecologist with experience in hysteroscopy.When a polyp was detected,
immediate polypectomy was performed, by using scissors, a polyp snare or a bipolar
electrode (Versapoint®). In a case of thickened or irregular endometrium, a biopsy
was taken by a grasping forceps and in case of atrophic endometrium, the doctor
could decide on endometrial biopsy, as this is according to the Dutch guideline®. When
outpatient hysteroscopy was not feasible or a polyp could not be removed completely,
the patient underwent hysteroscopy under regional or general anaesthesia.

VWoman allocated to expectant management did not receive any specific further
diagnostic work-up or treatment.
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Follow-up

All women received instructions to contact the clinic in case of recurrent PMB. If a
woman contacted the clinic because of recurrent bleeding, she was advised to come
to the clinic. At the clinic, hysteroscopy was performed and, if present, a polyp was
removed. All women were contacted by telephone after at least one year If they
had experienced recurrent bleeding, which had not been evaluated yet; they were
advised to make an appointment for a hysteroscopy.

In 2014, researchers checked all case record forms. If recurrent bleeding was
mentioned, but the patient had not been evaluated, the research nurse contacted
the woman again and asked her to make an appointment at the clinic. To verify that
women with recurrent bleeding were not missed in our registration, the researchers
checked pathology-results of all included women during the study period.

Outcomes

Primary outcome measure was the recurrence of PMB within a year after
randomisation.Not only real red-coloured blood loss,but also brown vaginal discharge
was considered recurrent bleeding. Secondary outcome measures were time to
recurrent bleeding, recurrent bleeding after more than one year and diagnostic
accuracy of SIS. Although not described in the protocol as a secondary outcome
the presence of polyps and the results of pathology were also registered. Precancer
was defined as (simple or complex) hyperplasia with atypia.

Primary objective of this trial was to study the effectiveness of hysteroscopy in
women with PMB and a thickened, benign endometrium. Because in the Netherlands,
SIS can be performed together with the initial measurement of endometrial thickness
and therefore is probably cheaper compared to outpatient hysteroscopy during a
follow-up consultation, we studied the diagnostic accuracy of SIS as well. To do so,
we performed a SIS together with the hysteroscopy if a patient was randomised in

the hysteroscopy-group.

Sample size

The incidence of recurrent bleeding without hysteroscopy was assumed to be 40%
based on literature."*'®"” Our null hypothesis assumed that the performance of
hysteroscopy and polypectomy would reduce the chance of recurrent bleeding from
40% to 20%.To show such a difference, we needed to enrol | 64 women (two groups
of 82) (power 80%, significance level 5%). Anticipating a crossover and dropout rate
of 20%, we planned to include 200 women.
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Statistical analyses

Statistical analysis was performed according to the intention-to-treat principle.
Differences in dichotomous outcomes were analysed with the chi-square test,
or Fisher's exact test when the expected frequencies fell below five. Continuous
variables were tested for normal distribution, and since none of the variables were
normally distributed, a Mann-Whitney U-test for univariate analysis was used. The
primary and secondary outcomes were compared by calculating relative risks (RRs)
and their 95% confidence intervals (Cls).Women who were lost to follow-up were
excluded in the analysis. Kaplan-Meier curves were conducted to present the time
to recurrent bleeding in both groups and log-rank test was used to test differences
in time to recurrent bleeding. Sensitivity and specificity for SIS were calculated,
with visual hysteroscopy results (polyp yes/no) as reference standard. Women with
inconclusive SIS were considered as suspicious for having endometrial pathology
and have an indication for a hysteroscopy.Therefore, all women with inconclusive SIS
were considered as positive result and counted as such in the sensitivity calculation.'®
For analysis, the Statistical Package for the Social Sciences (IBM Corp, Armonk, NY,
USA) version 20.0 was utilised. Statistical significance was set at p < 0.05.

Results

During the study period 201 women presenting with postmenopausal bleeding, an
endometrial thickness of > four millimetres and a benign histology result in the 12
participating hospitals, agreed to participate in the study. One woman was excluded
because of use of Tamoxifen, 98 were randomly allocated to SIS and hysteroscopy
and 102 women to expectant management.

The baseline characteristics of the participants in the two groups were comparable
(Table 1).Ofthe 98 women inthe SIS/hysteroscopy group,87 underwent hysteroscopy
(89%) and | | women declined further invasive diagnostics and opted for expectant
management (Figure I). In six of these 87 women SIS was not performed, because
of protocol violation. In the 102 women allocated to expectant management, all
women followed the study protocol. Two of these women were lost to follow-up;
we could not contact them after one year and they were excluded from analysis.
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Table |. Baseline characteristics

Diagnostic work-up Expectant
(SIS and hysteroscopy) management
(n=98) (n=102)
Age, years; median (IQR) 57 (54-62) 56 (52-61)
Age at menopause, years; median (IQR) 51 (48-53) 50 (48-52)
Years since menopause; median (IQR) 5(2-12) 5(2-11)
BMI, kg/m? median (IQR) 28.0 (24.3-32.7) 28.7 (25.2-35.0)
Endometrial thickness, mm; median (IQR) 8 (6-12) 7 (6-10)
Endometrial thickness measurable (%) 93 (95) 100 (98)
Episodes of bleeding
Single (%) 66 (67.3) 77 (75.5)
Multiple (%) 32(32.7) 25 (24.5)
Multipara (%) 87 (88.8) 93 (91.2)
Hormonal therapy
At this moment (%) 5(5.1) I (1.0)
In the past (%) 10 (10.2) 8 (7.8)
Anticoagulants 8 (8.1) 10 (9.8)
Aspirin (%) 6 (6.1) 6 (5.9)
Diabetes 7(7.1) 7 (69)
with oral medication (%) 4 (57.1) 4 (57.1)
with insulin (%) 3 (429) 2 (28.6)
No medication (%) 0 (0.0 I (14.3)
Hypertension 31 (31.6) 34 (33.3)
With medication (%) 30 (96.8) 32 (94.1)
Without medication (%) 1 (32) 2 (59)
Result endometrial sampling
Benign (%) 78 (79.6) 86 (84.3)
Polyp (%) 14 (14.3) 9 (88)
Simple hyperplasia (%) 5(G.1) 7 (6.9)
Complex hyperplasia I (1.0) 0
(without atypia) (%)
Abnormal Pap-smear (%) 4 (44) 3 (3.0)

IQR: Interquartile range

Figure | and table 2 show the findings of SIS (n=81) and hysteroscopy (n=87). In
two women SIS was not possible due to pain. SIS showed a polyp in 40 women,
no polyp in 33 women and was inconclusive in six women. Among these 6 women,
hysteroscopy showed a benign polyp in five and one of these showed atypical
hyperplasia at pathology. In the other 73 women, hysteroscopy failed in one, while
a polyp was found in 4| of the 72 (57%). The sensitivity of SIS to diagnose an
endometrial polyp was 93% (95% CI 0.81-0.98) for a specificity of 94% (95% Cl
0.78-0.99).'®
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Figure |. Trial flowchart

201 women with postmenopausal bleeding, ED
>4mm and malignancy ruled out

1 woman was excluded
because of use of Tamoxifen

200 women randomly assigned

98 assigned to diagnostic work-up 102 women assigned to expectant
81 women received assigned management
intervention: SIS + hysteroscopy
6 women only hysteroscopy Nobody received SIS or hysteroscopy
11 women expectant management

of 81 women who underwent SIS:

2 SIS could not be performed
because of pain
5 SIS inconclusive
34 no polyp found
40 women with polyp

of 87 women who underwent
hysteroscopy:

2 cavity was not reached
50 women with polyp
35 women no polyp

0 lost to follow-up 2 lost to follow-up
98 included in intention-to-treat 100 included in intention-to-treat
analysis analysis

97



Chapter 5

Table 2. Diagnostic accuracy of SIS as compared to the reference standard hysteroscopy
Sensitivity for SIS to diagnose an endometrial polyp 93% for a 94% specificity

Hysteroscopy
Polyp No polyp No result Total
SIS Polyp 38 \ \ 40
No polyp 3 30 - 33
Inconclusive 5 [ - 6
Total 46 32 79

In two of 87 women who underwent hysteroscopy, the cavity could not be reached
by hysteroscopy because of pain and they refused hysteroscopy under general
anaesthesia. In these two women a polyp could be seen in the cervical canal. Biopsy
showed benign result in both cases.

Out of 85 women who underwent hysteroscopy successfully, 50 were diagnosed
with a polyp (Table 3). In two women, the polyp was not sent for pathology. The
pathology results of the other 48 polyps showed hyperplasia with atypia in five
women and endometrial cancer in one woman, all six presenting as a focal lesion
inside the polyp. Five of six women in whom the Pipelle® had missed a (pre) cancer,
had SIS and in four women the polyp had been visualised, while in one woman the
SIS had been inconclusive due to bad visibility. All six women with (pre) cancers
were treated with hysterectomy and bilateral salpingo-oophorectomy (BSO). The
final pathology result in two of the women with hyperplasia with atypia showed an
endometrial cancer adding up to three women having endometrial cancer and three
women having hyperplasia with atypia. All three women diagnosed with carcinoma
had FIGO stage | endometroid adenocarcinoma and did not need adjuvant treatment.

Table 3. Pathology results after hysteroscopy (and hysterectomy) in diagnostic work-up-group (n=87)

Polyp No polyp Hysteroscopy not
(n=50) (n=35) possible (n=2)
Polypectomy Biopsy n=5 Biopsy n=6 Biopsy n=2
n=45
No result 2 (2.3) - - -
Benign 35 (39.1) 5(5.8) 6 (6.9) 2(23)
Hyperplasia without atypia 2(23) - - -
Hyperplasia with atypia 3(35) - - -
Endometrial cancer 3 (3.5) - - -

Numbers (percentages) of total hysteroscopies
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Women with a missed diagnosis of a (pre) cancer after endometrial sampling had
a significantly thicker endometrium (12 versus 8 mm (p=0.02) and a higher BMI
(35.9 versus 27.5 (p=0.008)) compared to women with a true negative result of
endometrial sampling. The patient characteristics of these women are detailed in the
Appendix and Table A 1.

Figure 2: Kaplan-Meier curves for time to recurrent bleeding in women after diagnostic work-up or expectant
management.

1.0

Randomisation outcome

—1="SIS and hysteroscopy”
|1 ="expectant management"

0.8

'al\

- T

Risk of recurrent bleeding

0. I

Time to recurrent bleeding (week)

Recurrent bleeding within 12 months occurred in 15 women (15.3%) after
hysteroscopy and in |8 women (18.0%) after expectant management (RR 0.85;95%
Cl 0.4-1.6) (Table 4). Follow-up varied between |2 and 56 months, with a median
follow-up of 14 months in both groups. Figure 2 shows the Kaplan-Meier curve for
time to recurrent bleeding. The mean time to recurrent bleeding after hysteroscopy
was 34.5 weeks (95% CI 30-39) versus 30.1 weeks (95% Cl 26-34) after expectant
management (log-rank test p=0.20). Table 4 shows no statistical differences in the
number of polyps and carcinomas found at recurrent bleeding between the women
in the hysteroscopy group or the women in the expectant management group.
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Table 4. Primary and secondary outcomes

Diagnostic Expectant  Relative risk (95% CI)
work-up management
N=98 N=100
Findings at randomisation
Polyps found with hysteroscopy 50 (51.0) 0 - -
Hyperplasia and atypia 330 0 - -
Endometrial cancer 330 0 - -
Findings during follow-up < | year
Recurrent bleeding I5(15.3) 18 (18.0) 0.85 (0.46-1.59)
Polyps found with recurrent 5(.1) 12 (12) 043 O.16-1.19)
bleeding
Endometrial cancer in recurrent | 0 - -
bleeding
Findings during total follow-up
Total recurrent bleeding 20 (20.4) 3131 0.66 (0.40-1.07)
Polyps found with recurrent 8 (8.3) I5(15) 0.54 (0.24-1.23)
bleeding
Endometrial cancer in recurrent 2(2) I(l) 3.10 (0.30-31.98)
bleeding

Data are n(%), unless otherwise indicated.

In twenty-five out of 51 women (49%) with recurrent bleeding the study protocol
was followed and they underwent immediate hysteroscopy. The other 17 women
were contacted again after the study was finished and were offered to undergo a
hysteroscopy. Finally, four women did not receive further diagnostic work-up: three
women refused hysteroscopy and one woman had died due to heart failure two
years after randomisation. Further details on the women with recurrent bleeding are
provided inTable A2 and Table A3. During follow-up two women in the hysteroscopy
group and one woman in the expectant management group were diagnosed with

endometrial cancer. Details can be found in the Appendix.

Discussion

Main findings

The results from this multicentre, open label, randomised controlled trial suggest that
in women with PMB, a thickened endometrium and a benign result of endometrial
sampling, there is no strict indication for hysteroscopy and/or polypectomy to
reduce the risk of recurrent bleeding within one year after randomisation. The rate
of (pre) cancer in women presenting with recurrent bleeding was comparable in
both groups. However, we found a (pre) cancer rate of 6% in women undergoing
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hysteroscopy, after an initially benign result of endometrial biopsy. A strategy using
direct hysteroscopy would detect focal endometrial cancers that were initially missed.
A strategy, using SIS to select women for hysteroscopy, could be effective as SIS
showed a sensitivity of 93% to detect focal pathology.

Strengths and limitations

Important strengths of this study are that loss to follow-up was limited both by
contacting all women after one year and by requesting pathology results of all
included women. Doing this we reduced the percentage of women without any
diagnostic work-up from 33% to 8%.

An important weakness is that not in all women with recurrent bleeding the
study protocol (and national guideline) had been followed.? We found that women
and also doctors were sometimes reluctant to perform hysteroscopy and that some
general practitioners did not refer women with recurrent bleeding, atthough this is a
recommendation in the national guideline. Furthermore, a potential limitation of our
study is its power:When we started this study we assumed a percentage of recurrent
bleeding of 40%, to be reduced to 20% after hysteroscopy, which was based on only
three available studies.'*'®'” However, the percentage of recurrent bleeding in the
untreated group in this study was only |8%.

Another limitation is that we were not able to perform a thorough evaluation of
the women in the expectant management group. It is to be expected, due to the nature
of randomisation, that also in the expectant management group a number of women
would be diagnosed with endometrial (pre) cancer. However, because this study was
not funded, we were not able to call back these women for further evaluation.

Interpretation

To ourknowledge this is the first randomised clinical trial that studies the effectiveness
of hysteroscopy and polypectomy in women with postmenopausal bleeding. In
literature there is a lack of studies on the removal of endometrial polyps, highlighting
the need for randomised trials on this subject.’

Our initial question was whether hysteroscopy and polypectomy would reduce
the probability of recurrent bleeding. A previous trial,in which we aimed to randomise
women for polypectomy or not after a polyp was detected by hysteroscopy, failed
as after 26 months only four women were randomised. Apparently, women as well
as their doctors did not want to be exposed to no intervention once a polyp was
diagnosed.”’ The present study design was based on the failed previous study.
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An unexpected finding of our study is the relatively high rate of (pre) cancer after a
benign endometrial sampling. Two previous meta-analyses showed the sensitivity of
Pipelle® to be 97% and 99.6%, respectively. 22 Although both meta-analyses included
pre- and postmenopausal women, the number of women with postmenopausal
bleeding was limited (Clark described 3 14 postmenopausal women, of whom 14 had
endometrial cancer. Dijkhuizen described 319 postmenopausal women, of whom 52
had endometrial cancer).All included studies used dilatation and curettage (D&C) as
the reference standard,**?® and therefore are expected to miss 50-85% of all focal
intracavitary pathology2”3° At present, hysteroscopy with guided biopsies is the gold
standard to diagnose endometrial abnormalities."

Of major importance is the clinical relevance of the diagnosis of endometrial
cancer. Mingels et al recently performed histological assessment of the whole
endometrium in a cohort of 48 postmenopausal women without bleeding who
had hysterectomy because of a prolapse.** Four (8.3%) of 48 women had atypical
hyperplasia while two women (3%) had a small focal endometrial cancer and in 27%
an endometrial polyp was found. This suggests a higher prevalence of endometrial
pathology in (asymptomatic) postmenopausal women then assumed.*> This
underscores that the relation between intracavitary pathology and postmenopausal
bleeding is debatable. Although the women in our study diagnosed with atypical
hyperplasia or carcinoma had hysterectomy with BSO, the clinical course of these
cancers,when left untreated, is unclearThe fact that overall in this study eight women
in the hysteroscopy group and one woman in the expectant group were diagnosed
with a (pre) cancer, suggests that due to randomisation, we missed a few (pre)
cancers in the expectant management group. This strengthens the indication for
further diagnostic work-up in women with a benign result of endometrial sampling
to exclude focal (pre) cancers, because endometrial sampling can miss these.

Conclusion

In women with PMB, a thickened endometrium and benign endometrial sampling,
operative hysteroscopy does not reduce recurrent bleeding. However, the finding
of a 6 % prevalence of (pre) cancer in an endometrial polyp, not diagnosed by
endometrial sampling, indicates intracavitary diagnostics as standard procedure in
these women. In alignment with other studies,’"*? we found SIS to be accurate in
the diagnosis endometrial polyps, indicating that a strategy starting with SIS triaging
for hysteroscopy or not would be reasonable. Whether the initial diagnostic work-
up should start with SIS, followed by endometrial sampling, or vice versa, needs
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further evaluation. These findings indicate that in women with PMB, a thickened
endometrium and a benign endometrial sampling, further diagnostic work-up is
warranted to detect focal (pre) cancers, missed by endometrial sampling.
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Appendix

Women with endometrial carcinoma during follow-up

In the first year after randomization, one woman who presented with recurrent
bleeding, randomized to the hysteroscopy group, was diagnosed with endometrial
cancer. This woman presented with recurrent bleeding after seven months and
biopsy taken at hysteroscopy showed an endometrial carcinoma grade |. More
than 12 months after randomization, another woman in the hysteroscopy group and
one woman in the expectant management group, both presenting with recurrent
bleeding, were diagnosed with endometrial cancer.

Table Al. Patient characteristics of women with a missed diagnosis of atypical hyperplasia or endometrial
cancer with Pipelle®

Missed (pre) cancer (n=6) True benign result of

Pipelle® (n= 81)
Age, years; median (IQR) 63 (56-76) 57 (54-62)
BMI, kg/m? median (IQR) 359 (304-41.3)* 27.5 (24.3-322)
Years since menopause; median (IQR) 10 (4-27) 4 (2-12)
Endometrial thickness, mm; median (IQR) 12 (12-18)* 8 (6-12)

*indicates a significantly different result compared to women with a true benign result of endometrial biopsy.

The woman in the hysteroscopy group returned with recurrent bleeding two months
after initial hysteroscopic removal of a benign polyp and the gynecologist advised
to switch hormonal treatment, without any further diagnostic work-up. AlImost two
years later, this woman returned with a new episode of bleeding; diagnostic work-up
by TVS and endometrial sampling showed a thickened endometrium and pathology
from a biopsy taken at hysteroscopy showed atypical hyperplasia. She underwent a
hysterectomy and final pathology revealed an endometrial carcinoma grade |.

The woman with endometrial carcinoma found in the expectant management group
came back with recurrent bleeding 23 months after randomization. TVS showed
irregular intracavitary abnormalities and pathology (endometrial sampling) showed
a grade | endometrial carcinoma. FIGO stage |A endometrial carcinoma was
diagnosed in all three women after hysterectomy.

104



Diagnostic work-up: a RCT

Table A2. Diagnostic work-up in women with recurrent bleeding, during total follow-up

Hysteroscopy Expectant management
(N=20) (N=31)
Diagnostic work-up at first contact with
recurrent bleeding
TVS 2 (10) 397)
TVS+sampling I (5) 397)
Hysteroscopy (+/- histology) 6 (30) 19 (61.3)
No work-up I'1(55) 6 (194)
Reason for no diagnostic work-up
Patient 5(25) 4(129)
General practitioner 3 (15) 2 (6.5)
Gynaecologist 3 (15)
Diagnostic work-up total follow-up
TVS 4 (20) 397)
TVS + sampling 3(15) 4(129)
Hysteroscopy (+/- histology) I'1(55) 22 (71)
No work-up 2 (10) 2 (6.5)
Reason for no hysteroscopy
Patient 5(25) 1 (32)
Endometrium <4 mm 4 (20) 5(16.1)
Benign result endometrial sampling I (5) 1 (32)
Carcinoma in endometrial sampling I (5) -
Definite pathology result
Benign 4 (20) 5(l6.l)
Benign polyp 7 (35) I5 (484)
Endometrial cancer 2 (10) I (32)
No result 7 (35) 10 (32.3)

Numbers (percentages of women with recurrent bleeding)

Table A3. Patient characteristics of women with recurrent bleeding within the first year after randomisation

Recurrent bleeding No recurrent bleeding
<I year n=51 < | year=147
Median age (IQR), years 56 (53-63) 57 (54-61)
Median (IQR) BMI, kg/m? 285 (25.1-34) 287 (24.3-33.7)
Median (IQR) years since menopause 4 (2-13) 5@2-11)
Median (IQR) endometrial thickness, mm 6 (5-9)* 8 (6-12)

*indicates significantly different result by comparing with women without recurrent bleeding in the first year
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Abstract

Objective To evaluate the cost-effectiveness of hysteroscopic treatment of
endometrial polyps versus expectant management in women with postmenopausal
bleeding and a thickened endometrium with a benign result of endometrial sampling.

Materials and methods An economic evaluation was performed alongside a
randomised trial. Women with postmenopausal bleeding and an endometrial
thickness > 4 millimetres with a benign result of endometrial sampling, had been
randomised into a group receiving further diagnostic work-up by hysteroscopy
(combined with preceded saline infusion sonography) and a group receiving
expectant management. Primary clinical outcome was recurrent bleeding within
|2 months. In the hysteroscopy group, the presence of polyps and the results of
their histology were registered. Outcomes for the cost-effectiveness analysis were
cost-differences and incremental cost-effectiveness ratios for both the prevention of
recurrent bleeding and detecting of endometrial (pre) cancers. Statistical uncertainty

in the cost-effectiveness analyses was estimated using bootstrapping.

Results Costs were statistically significantly higher in the hysteroscopy-group
compared to the expectant management group (€ 888 versus € 108, cost difference
€780 (95% 550; | 158)).There was no statistically significant difference in the number
of women with recurrent bleeding (15 % versus 18 %, -3%, 95% Cl -13; 8%).The
CEA for the detection of endometrial (pre) cancers during a follow-up of 12
months showed a statistically significant effect difference (7% (95% ClI 3; 14%)). In
the hysteroscopy group, the ICER to detect one case of (pre) cancer was € 10,917.
Decision makers should be willing to pay €19,500 to detect one cancer extra to

reach a probability of cost-effectiveness of 0.95.

Conclusion In women with postmenopausal bleeding, a thickened endometrium
and benign endometrial sampling, operative hysteroscopy does not reduce recurrent
bleeding but detects focal endometrial (pre) cancer in 7% of these women. The
capacity of hysteroscopy in all patients to identify (pre) cancers comes at a price of
around € | 1,000 euro per woman identified with (pre) cancer.

Trial registration Dutch trial register number NTR2 | 30.
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Introduction

Postmenopausal bleeding (PMB) isacommon symptom encounteredin gynaecological
practice'. Because about 10% of these women have an underlying endometrial
cancen?® the diagnostic work-up focuses on diagnosing or ruling out endometrial
cancer. To distinguish between women with a low- or high risk for endometrial
cancer, measurement of endometrial thickness is used with a high accuracy.*® If
the endometrium is thickened the woman is considered to have a high risk, and
endometrial sampling is performed to obtain a histological diagnosis.’”

Current guidelines leave room for individual doctors and patients to decide on
the next step when endometrial sampling shows a benign result.®'? Saline infusion
sonography (SIS) and hysteroscopy are used for the detection and removal of
benign endometrial polyps, which are a potential cause of recurrent bleeding.'"'?
Hysteroscopy, despite being safe, well tolerated and performed in an outpatient
setting, remains an invasive procedure with a potential risk of complications and
at considerable cost''. Therefore, some doctors and patients prefer expectant
management over immediate hysteroscopy.

We performed a randomised clinical trial in which we randomised women
with PMB to expectant management or further diagnostic work-up by SIS and
hysteroscopy. This trial showed no difference in the number of women presenting
with recurrent bleeding, within the first |2 months after randomization. However,
we found that 6% of women undergoing hysteroscopy were diagnosed with a (pre)
cancer of the endometrium, leading to a false negative rate of 6% of endometrial
sampling This is higherthan anticipated based on current literature.'*'*The conclusion
of our trial is that in women with PMB, a thickened endometrium and a benign result
of endometrial sampling, further diagnostic work-up seems to be warranted to
detect focal endometrial (pre) cancers that are missed by endometrial sampling.'®

However, it is unclear which diagnostic strategy is most efficient with regard
to costs and effects. Therefore, the aim of this paper was to evaluate the cost-
effectiveness of the diagnostic work-up by hysteroscopy (preceded by SIS) compared
to expectant management over a | 2-month period in women with PMB, a thickened
endometrium and a benign result of endometrial sampling in order to prevent
recurrent postmenstrual bleeding and detected (pre) cancers.
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Methods

The economic evaluation was conducted alongside a randomised clinical trial with |2
months of follow-up that was performed between January 2010 and October 201 3.
The trial was performed within the Dutch Consortium for research in Women's
Health, a collaboration of teaching and non-teaching hospitals in the Netherlands.'”
Full details about the trial protocol can be found at www.studies-obsgyn.nl/pompoen.

The trial was registered at the Dutch trial register (NTR2130). Approval for
this study was obtained from the Medical Ethical Committee of the Academic
Medical Centre, Amsterdam (MEC 2008-177) and from the Central Committee on
Research involving Human Subjects (CCMQO), The Netherlands. The local board of
each participating hospital approved the study.The methodological details of the trial

are reported in detail in a previous paper and are only briefly summarised here.'®

Participants

Women could be included if they had PMB, an endometrial thickness of > 4 mm
and benign histology. Simple hyperplasia without atypia in the endometrial sample
was defined as benign histology.

Randomisation

Consenting women were randomly assigned to receive either further diagnostic
work-up by SIS and hysteroscopy or expectant management, using a web-based
randomisation program, stratification for hospital.

Interventions
Women allocated to diagnostic work-up all underwent SIS and hysteroscopy in the
same office session. Regardless of the result of the SIS, a hysteroscopy was done.
When a polyp was detected, immediate polypectomy was performed. In case of
an atrophic endometrium, the doctor could decide on endometrial biopsy. When
office hysteroscopy was not feasible or a polyp could not be removed, the patient
underwent hysteroscopy under regional or general anaesthesia.

Women allocated to expectant management did not receive any specific further
diagnostic work-up or treatment. All women received instructions to contact the
clinic in case of recurrent postmenopausal bleeding. At the clinic, further diagnostic

work-up by hysteroscopy was performed and, if present, a polyp was removed.
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Clinical outcomes

The primary outcome measure was the recurrence of PMB within a year after
randomization. All women were contacted by telephone after one year to assess
whether they had experienced recurrent bleeding. Although not registered as a
secondary outcome in the protocol, pathology results of hysteroscopy showing
the presence of a (pre) cancer were also registered. Since no hysteroscopy was
performed in the group receiving expectant management, we assumed that the
prevalence of (pre) cancer in this group was the same as in the group receiving a
diagnostic work-up with hysteroscopy and a SIS due to the randomization principles.

Costs

Costs were assessed from a healthcare perspective and were derived from case
record forms. Direct health care costs directly after inclusion (diagnostic work-up)
in the study included visits to the outpatient clinic, costs for diagnostic or therapeutic
hysteroscopy and costs for diagnosis and treatment of a (pre) cancer of the
endometrium diagnosed with hysteroscopy after randomisation. Direct health care
costs during follow-up included visits to the outpatient clinic, transvaginal sonography
(TVS), diagnostic or therapeutic hysteroscopy and costs for diagnosis and treatment
of a (pre) cancer of the endometrium diagnosed during 12 months follow-up. Prices
were based on Dutch standard costs if available.'® In other cases, prices were obtained
from the financial administration of one of the participating academic hospitals. All
costs were adjusted to the year 2012 using consumer price indices if necessary."”
Discounting was not necessary, because follow-up was limited to |2 months.Table |
lists the cost categories and prices used in this economic evaluation.

Diagnostic work-up strategies

In this paper, we compared two strategies with expectant management: a strategy in
which all women received a hysteroscopy without a SIS and a hypothetical strategy
in which all women received a SIS and only those with a suspicion of an endometrial
polyp or an inconclusive SIS underwent a hysteroscopy.
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Table |. Cost categories and prices (€) used in this economic evaluation (2012)

Category Price (€)
Outpatient visit 7644
Ultrasound 39.40
Outpatient Pipelle
Pipelle 4.79
Pathology 62.78
Outpatient SIS
Ultrasound 39.40
SIS catheter + NaCl/gel 7.84
Outpatient diagnostic hysteroscopy
30 minutes outpatient clinic 150.00
Personnel
Gynaecologist (30 min) 69.86
Outpatient nurse (30 min) 15.02
Resident gynaecology (30 min) 14.89
Sterilisation hysteroscopy-set 18.06
Outpatient hysteroscopy + biopsy
Diagnostic hysteroscopy 267.82
Pathology 62.78
Outpatient hysteroscopy + polypectomy
Diagnostic hysteroscopy +pathology 330.60
Versapoint / polyp snare 27977 | 63.67
Inpatient hysteroscopy + polypectomy
Day-admission 266.48
45 minutes OR + overhead (42%) 450.00 +189.00
Personnel OR 45 min
Gynaecologist+ Anaesthetist 209.58
Anaesthetic + OR nurses (3x) 104.28
Resident gynaecology 2233
Sterilisation hysteroscopy-set 18.06
Pathology 62.78
Chest X-ray
Vaginal hysterectomy
Hospital admission, 2 days 970.37
90 minutes OR +overhead 1704.00
Personnel OR 90 minutes 893.06
Sterilisation hysterectomy-set 18.06
Pathology 62.78
Laparoscopic hysterectomy + BSO,
Hospital admission, 2 days 970.37
120 minutes OR +overhead 2130.00
Personnel OR 120 minutes 11633
Sterilisation hysterectomy-set 18.06
Disposables 54829
Pathology 62.78

Total price (€)

76.44
39.40
67.57

47.24

267.82

330.60

610.37 /394.27

132251

50.77
3648.27

4845.83

Source

NHI
DHA

MUMC
NHI

DHA
MUMC

NHI
NHI

MUMC

DHA

MUMC

NHI
NHI
NHI

MUMC
DHA
DHA

NHI
NHI
NHI
MUMC
DHA

NHI
NHI
NHI
MUMC
MUMC
DHA

DHA = Dutch Healthcare Authority, MUMC = Maastricht University Medical Centre, NHI = National

Healthcare Institute

114



Cost-effectiveness

L=u
J90UeD (3ld)

Zl=u
J90UEd(21d) ON

(p=u Jusnedur) -
Beuew mucmeoﬁma@% d b =u EmElemMcmE
juswal €1=u AwoyoadA|o
Juejadx3y -/+ AdoosoleysAH Buidures +SAL juepoadx3y 6=u AwojoadAjod

¢l=uAwopadAjod | —

[ | _ | -/+ AdoosoueysAH

=u <—
m,mwoo_n 8l =u /=u0s4g
! Awoyoaia)sh
UB1IN03Y + Buipas|q juainoay + ¥ 1SAH p=u L
I _ | Buldwes +SAL
c6=u 9=u
=u

J90Ued (aud) _oz 190UED (8l1d) JusLsBeuEwW 3 ||

—1 T JuepBdx3 juswebeuew

i T juejoadxy
(quanedul 9=u)
dAjod ou pg=u AwoyoadAjod ‘dAjod G =u
pe=u onsoubeiq PSS NA A zg=u 8l =u
©£G=u onnadeisay] - Buipaa|q juaunoay +Buipas|q uainoay
[ | [ ]
[ I
juejoadxa || =u dn-moj|o} ui papnjoul 9o} =u
Adoosouseishy 2g=u dn-moj|o} 0} }sO| Z=U
86=U Z0L=u
AdoosouisyshH juswabeuew juejoadxy

aNd
UM USWOM 00Z

1JeydMOo|} ApMiS *| @4nSi4

115



Chapter 6

It was assumed that effects in this strategy would be the same as in the hysteroscopy
only strategy, as SIS was shown to have high diagnostic accuracy (sensitivity 93% and
specificity 949).'° In this scenario, an inconclusive SIS was followed by a hysteroscopy.
The different strategies are shown in Figure | and 2.

Figure 2. Hypothetic strategy using SIS to select women for hysteroscopy

200 women with PMB

Expectant Diagnostic work up
management n=98 n=98
|
[ |
No SIS n=19 SIS n=79
|
[ |
L | Expectant _ Pos / inconclusive
management No polyp n=33 n=46
E ant hysteroscopy n=46
xpectan -
management n=33 polyp n=43
no polyp n=3

Cost-effectiveness analysis
The cost-effectiveness analyses were performed according to the intention-to-treat
principle. Imputation was not necessary, because complete data were available for all
participants.Incremental cost-effectiveness ratios (ICERs) were calculated by dividing
the difference in costs between the two intervention groups by the difference in
effects, resulting in an estimate of the additional costs associated with one case of
recurrent blood loss prevented and with one carcinoma extra detected.
Differences in costs and effects between the two intervention groups were
estimated using bivariate regression models to account for the possible correlation
between costs and effects. Because of the skewed distribution of costs, bias-
corrected and accelerated bootstrapping was used to estimate 95% confidence
intervals around cost differences and to estimate statistical uncertainty surrounding
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the ICERs. The bootstrapped cost-effect pairs were plotted on a cost-effectiveness
plane (CE plane) and used to estimate cost-effectiveness acceptability curves (CEA
curves). On a CE plane, the bootstrapped effect differences are plotted on the x-axis
and the bootstrapped cost differences are plotted on the y-axis thereby visually
showing the uncertainty surrounding the ICER?, CEA curves show the probability
that the intervention is cost-effective in comparison with the control treatment for
a range of ceiling ratios. The ceiling ratio is defined as the amount of money society

is willing to pay to gain one unit of effect.”’

Results

Patients

During the study period, 200 postmenopausal women with uterine bleeding were
included, of whom 98 were randomly allocated to SIS and hysteroscopy and 102
women to expectant management. There were no statistically significant or clinically
relevant differences in patient characteristics between the two groups. Details on
patient characteristics in this study can be found in the original publication.'® The
patient flow of this study is presented in Figure |.

Clinical outcomes

Table 2 shows the results of the analyses of clinical outcomes. After 12 months,
recurrent bleeding between the two groups was not statistically significant, with |8
(18%)womeninthehysteroscopy group presenting with recurrent bleeding compared
to 15 (15.3%) women in the expectant management group. The definite pathology
result of six of these 50 women, in whom an endometrial polyp was found, showed
a (pre) cancer:three women having FIGO stage | endometroid adenocarcinoma and
three women having atypical hyperplasia. During the follow-up period of |2 months
one other woman was diagnosed with a FIGO stage | endometrioid adenocarcinoma
in the hysteroscopy group as well. Thus, in the hysteroscopy group 6% of women
were diagnosed with an endometrial (pre) cancer at initial work-up and another one
woman was diagnosed with endometrial cancer during follow-up.This makes a total
of 7% (pre) cancers detected during 12 months of follow-up in the hysteroscopy
group. Assuming that the prevalence of endometrial cancer was the same in the
expectant management group, this constitutes a statistically significant difference in
detected carcinoma between the groups (difference 7%, 95% Cl 3% to 14%).

117
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Table 2. Effects and costs after 12 months for hysteroscopy versus expectant management

Outcome Expectant Hysteroscopy difference
management (n=98) (95% CI)
(n=100)

Recurrent bleeding during 12 months 18 (18.0) I5(15.3) -3% (-13 - 8%)
follow-up

(Pre) cancer at randomization - hysteroscopy 0 6 (6.9) -

(Pre) cancer during 12 months follow-up 0 I -

Direct healthcare costs, initial work-up, 0(0) 788 (1333) 788 (585 - 1132)
mean € (SD)

Direct healthcare costs, follow-up recurrent 108 (365) 100 (567) -8 (-106 - 185)
bleeding, mean € (SD)

Total costs, mean € (SD) 108 (365) 888 (1435) 780 (550 - 1158)
Costs

Costs (in euros) in the hysteroscopy and the expectant management group are
also shown in Table 2. The greatest contributors to the total costs were the costs
for the treatment of the women diagnosed with a (pre) cancer. Direct healthcare
costs for diagnostic work-up were significantly higher in the hysteroscopy group
(€ 788 versus € 0, mean difference € 788, 95% Cl € 585 to € | 132).There was no
statistically significant difference in direct healthcare costs during follow-up, resulting
in total health care costs over 12 months of € 888 versus € 108 (mean difference
€ 780,95% CI 550 to 1158).

Table 3. Summary of results for effectiveness (recurrent bleeding, detection carcinoma), costs (of diagnosis
and treatment, in euros per patient) and incremental cost-effectiveness ratio

Outcome  Scenario AE (95% CI) AC (95% CI) ICER CE plane
NE SE SW  Nw

Recurrent  Without ~ -0.03 (-0.13;0.08) 780 (550; | 158) 28865 69% 0% 0% 31%
blood loss SIS

Detection of Without ~ 0.07 (0.03;0.14) 780 (550; 1158) 10917 100% 0% 0% 0%
carcinoma SIS

With SIS* 007 (0.03;0.14) 634 (408;996) 8913  100% 0% 0% 0%

AE = effect ; AC = costs; ICER = incremental cost-effectiveness ratio in Euros

Diagnostic strategy consisting of direct hysteroscopy

The ICER for recurrent bleeding shows that to prevent one case with recurrent
bleeding € 28,865 should be invested in the hysteroscopy group as compared with
the expectant management group (Table 3).The CE plane in Figure 3a shows that
there is considerable uncertainty around the ICER, but confirms the statistically
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non-significant effect difference (bootstrapped cost-effect pairs distributed across
the eastern and western quadrants of the plane) and the statistically significant cost
difference (all bootstrapped cost-effect pairs located in the northern quadrants of
the plane). The CEA curve (Figure 3b) shows that at willingness-to-pay values of
€ 0, 5000 and 10,000 /case with recurrent blood loss prevented the probability
that the intervention is cost-effective in comparison with usual care is 0, 0.01 and
0.17, respectively. The maximum probability that the intervention is cost-effective in
comparison with expectant management is 0.69 at a willingness-to-pay of 1,200,000
€ /case of recurrent bleeding prevented.

Figure 3a. Cost-effectiveness plane for number of women with recurrent PMB during 12 months
(hysteroscopy vs expectant management)

Cost differences (€)
600 800 1000 1200 1400

400

-1 0 A
Case with recurrent blood loss prevented

¢ Bootstrap estimates e Point estimate

The light dot indicates the point estimate of the ICER and the dark dots indicate the bootstrapped cost-effect
pairs to reflect the uncertainty around the ICER (ICER, Incremental Cost-Effectiveness Ratio).
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Figure 3b. Cost-effectiveness acceptability curve for number of women with recurrent bleeding during 12
months of follow-up

4 6 8 1

Probability intervention cost-effective
2

0

80000 100000

0 20 40000 60000
er case with recurrent blood loss prevented

00
WTP p

Hysteroscopy SIS + Hysteroscopy |

The ICER for detected carcinoma shows that to detect one case of (pre) cancer
€ 10917 should be invested in the hysteroscopy group as compared with the
expectant management group (Table 3).The CE plane in Figure 4a shows that there
is some uncertainty around the ICER, but confirms the statistically significant effect
difference (bootstrapped cost-effect pairs distributed across the eastern quadrants
of the plane) and the statistically significant cost difference (all bootstrapped cost-
effect pairs located in the northern quadrants of the plane). The CEA curve (Figure
4b) shows that at willingness-to-pay values of € 5,000 or 10,000 or 20,000/detected
(pre) cancer extra the probability that the intervention is cost-effective in comparison
with usual care is 0,0.31 and 0.96, respectively. At a willingness to pay of 19,500 €/
detected (pre) cancer extra, the probability of cost-effectiveness is 0.95.
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Figure 4a. Cost-effectiveness (CE) plane for number of women with (pre) cancer during 12 months
(hysteroscopy versus expectant management)

800 1000 1200 1400
°

Cost differences (€)

600

400

0 .05 . il A 52
Carcinoma extra detected

|0 Bootstrap estimates ¢ Point estimate

The light dot indicates the point estimate of the ICER and the dark dots indicate the bootstrapped cost-effect
pairs to reflect the uncertainty around the ICER (ICER, Incremental Cost-Effectiveness Ratio).

Figure 4b. Cost-effectiveness acceptability curve for number of women with endometrial (pre) cancer
diagnosed during |2 months of follow-up
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Diagnostic strategy consisting of SIS and hysteroscopy

In this hypothetical strategy, we select women based on a positive or inconclusive
result on the SIS to have an indication for hysteroscopy (see Figure |). Costs per
patient in the hysteroscopy group were statistically significantly higher compared to
the expectant management group (mean difference € 634, 95% Cl 408; 996).

The ICER for cancers detected shows that to detect one case of (pre) cancer
€ 8,913 should be invested in the SIS + hysteroscopy group as compared with the
expectant management group (Table 3).The CEA curve (Figure 3b) shows that at
willingness-to-pay values of € 5,000 or 10,000 or 20,000/case of recurrent bleeding
prevented the probability that the intervention is cost-effective in comparison with
usual care is 0, 0.68 and 0.97, respectively. At a willingness to pay of 16,000 € /
detected (pre) cancer extra, the probability of cost-effectiveness is 0.95.

Discussion

Principal findings

In this study, we evaluated the cost-effectiveness of hysteroscopy in comparison
to expectant management in women with postmenopausal bleeding, a thickened
endometrium and a benign result of endometrial sampling to prevent recurrent
bleeding and to diagnose an endometrial (pre) cancer. The results show that costs
in the intervention group were statistically significantly higher in the hysteroscopy-
group compared to the expectant management group, aftthough the effect difference
in the number of women with recurrent bleeding was not statistically significant
different between the two groups.

Based on the CEA curves, hysteroscopy is not considered cost-effective to
prevent recurrent bleeding. However,a direct diagnostic work-up with a hysteroscopy
led to a statistically significant increase in the number of detected (pre) cancers.
Detection of one case of (pre) cancer needs almost an investment of € 10917
in the hysteroscopy group as compared with the expectant management group.
The CEA curve showed the probability for hysteroscopy alone to be cost-effective
in comparison with expectant management is 0.95 at a willingness-to-pay of €
19,500 /detected pre (cancer) and for hysteroscopy preceded by a SIS € 16,000 /
detected (pre) cancerWe can conclude that a strategy using SIS to select women
for hysteroscopy the costs to detect one case of (pre) cancer can be, depending on
the probability to be cost-effective, lowered with € 2,000 to € 3000.
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Strengths and weaknesses

This study is the first economic analysis that prospectively compared hysteroscopy
with expectant management in women with PMB, a thickened endometrium and a
benign result of endometrial sampling alongside a randomised trial. Moreover, this
trial was performed in a pragmatic fashion increasing external validity of the trial.

A limitation of this economic evaluation is that important cost components
are based on the prices of one university hospital in the Netherlands. We limited
the economic evaluation to a hospital perspective in which only direct health care
costs were taken into account. It is possible that costs of treatment of endometrial
cancer or follow-up strategies differ between hospitals or countries and, therefore,
our results cannot unconditionally be generalised to all circumstances. Indirect costs
such as the value of lost productivity from time off work were not included in this
study. However, especially in women in whom a (pre) cancer was detected these
costs may be substantial. Therefore, the costs estimated in this trial are probably
an underestimation of the societal costs of performing a direct hysteroscopy as
compared to expectant management.

Another limitation is the power of this study.When we started the randomised
trial, we assumed a percentage of recurrent bleeding of 40% that was reduced
to 20% after hysteroscopy. This estimate was based on three available studies.?>%*
However, the percentage of recurrent bleeding in the untreated group in this study
was only |8%.

The prevalence of 6% (pre) cancer in a preselected group of women with PMB
with a benign result of endometrial sampling is higher than anticipated based on
previous literature.'>'> An explanation for this could be that in these meta-analyses
only a small number of postmenopausal women were included and that blind
dilatation and curettage (D&C) was used as a reference standard. D&C is nowadays
almost completely replaced by hysteroscopy, because we know that D&C misses
50-85% of all focal intracavitary pathology.>?¢ Another explanation could be that
the prevalence of endometrial (pre) cancers is different in different populations.?*%’

In this study we assumed that the prevalence of endometrial cancer was the
same in the expectant management group, based on randomisation principles.
Moreover, it was assumed that effects in this strategy would be the same as in the
hysteroscopy only strategy. Although our study shows that SIS has high specificity
and sensitivity (94% and 93%, respectively), SIS cannot be considered to be 100%
reliable. Thus, it is possible that in the SIS strategy one or more (pre) cancers would
have remained undetected.
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Finally, this study was not powered for the detection of endometrial cancer and this
could also be a coincident finding. More research is needed on the prevalence of
focal endometrial (pre) cancers in large cohorts of women.

Comparison to other studies

To our knowledge this is the first economic evaluation in which strategies using
SIS or direct hysteroscopy in women with a thickened endometrium and benign
result of endometrial sampling are studied. Clark et al performed a study in which
they analysed cost-effectiveness of different strategies in the diagnostic work-up
in women with PMB.2® They concluded that compared to undertaking no initial
investigation when a woman presents with PMB, a strategy using TVS with a 5 mm
cut-off was the least expensive and that strategies using outpatient hysteroscopy
were not cost-effective. However, these results are difficult to compare with this
study, because Clark et al used survival as the primary outcome measure instead of
recurrent bleeding or the diagnosis of endometrial (pre) cancer?

In a study by Dijkhuizen et al a strategy using SIS in all women to select
for therapeutic hysteroscopy was cost-effective in comparison with immediate
hysteroscopy in all women. The primary outcome in this study was successful
treatment (i.e. no bleeding), however, this study was performed in premenopausal
women and therefore not applicable on a postmenopausal population.??

Breijer et al performed an economic analysis in which they studied different
strategies based on patient characteristics of women with PMB. They concluded
that a strategy in which patients are selected for TVS or direct endometrial biopsy
based on patient characteristics is the most cost-effective strategy. Their primary
outcome was five-year survival. Comparison to our results is again difficult because
of a different outcome measure and because both SIS and hysteroscopy were not
studied.*®

Unanswered questions and future research

Because the number of patients with an endometrial (pre) cancer in this study is
limited, the results of this study only suggest that in women with PMB, a thickened
endometrium and a benign endometrial sampling further diagnostic work-up is
indicated to diagnose possible focal endometrial (pre) cancers, that the costs to
detect one woman with an endometrial (pre) cancerare € 10,917 and that a strategy
using SIS is cheaper than a strategy using direct hysteroscopy. More research with
larger cohorts of patients is needed.
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Also more research is needed on the strategy using SIS. In most hospitals in the
Netherlands, patients who are diagnosed with an endometrial (pre) cancer present
at the outpatient clinic with PMB. During this appointment a TVS is performed
and if the endometrium is > 4 mm, an endometrial sample is taken. In the same
session it would be possible to perform a SIS. However, the diagnostic accuracy of
the tests in case SIS and endometrial sampling are combined is still unknown. One
study reported that the proportion of adequate endometrium samples that can be
evaluated by the pathologist is higher when endometrial aspiration is done first with
subsequent SIS, in a mixed population of pre- and postmenopausal women.?' Thus,
the optimal sequence of TVS and SIS in combination with endometrium sampling in
women with postmenopausal women needs to be elucidated.

Conclusion

Ourresults show that hysteroscopy is not cost-effective in comparison with expectant
management in the prevention of recurrent bleeding. Furthermore, our results show
that with a strategy using hysteroscopy in all women with a thickened endometrium
and benign endometrial sampling, incremental costs per (pre) cancer detected are
around € 11,000 as compared to expectant management. A strategy using SIS to
select women for therapeutic hysteroscopy, is about € 2,000 less expensive per (pre)
cancer detected. CEA curves showed that the probability for hysteroscopy alone to
be cost-effective in comparison with expectant management is 0.95 at a willingness-
to-pay of € 19500 /detected (pre) cancer and for hysteroscopy preceded by a SIS €
16000 /detected (pre) cancer. Thus, decision makers need to decide whether they
are willing to pay this amount of money to detect a (pre) cancer. Further research
is required to confirm the findings of this study and to elucidate the role of SIS in
the diagnostic work-up of women who present with PMB at the outpatient clinic.
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Chapter 7

Abstract

Postmenopausal bleeding (PMB) can be the first sign of endometrial cancer:In case of
thickened endometrium, endometrial sampling is often used in these women. In this
systematic review, we studied the accuracy of endometrial sampling for the diagnoses
of endometrial cancer; atypical hyperplasia and endometrial disease (endometrial
pathology, including benign polyps).

We systematically searched the literature for studies comparing the results of
endometrial sampling in women with postmenopausal bleeding with two different
reference standards: blind dilatation and curettage (D&C) and hysteroscopy with
histology. We assessed the quality of the detected studies by the QUADAS-2 tool.
For each included study, we calculated the fraction of women in whom endometrial
sampling failed. Furthermore, we extracted numbers of cases of endometrial cancer;
atypical hyperplasia and endometrial disease that were identified or missed by
endometrial sampling.

We detected |2 studies reporting on 1029 women with postmenopausal
bleeding: five studies with dilatation and curettage (D&C) and seven studies with
hysteroscopy as a reference test.The weighted sensitivity of endometrial sampling with
D&C as a reference for the diagnosis of endometrial cancer was 100% (range |00-
100%) and 92% (71-100%) for the diagnosis of atypical hyperplasia. Only one study
reported sensitivity for endometrial disease, which was 76%.VWhen hysteroscopy was
used as a reference, weighted sensitivities of endometrial sampling were 90% (range
50-100%), 82% (range 56-94%) and 39% (21-69%) for the diagnosis of endometrial
cancer, atypical hyperplasia and endometrial disease, respectively. For all diagnosis
studied and the reference test used, specificity was 98-100%. The weighted failure
rate of endometrial sampling was || % (range [-53%), while insufficient samples
were found in 319% (range 7-76%).In these women with insufficient or failed samples,
an endometrial (pre) cancer was found in 7 % (range O-18%).

In women with postmenopausal bleeding, the sensitivity of endometrial sampling
to detect endometrial cancer and especially atypical hyperplasia and endometrial
disease, including endometrial polyps, is lower than previously thought.
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Introduction

Postmenopausal bleeding (PMB) is one of the most frequent complaints with which
women present in the outpatient gynaecology clinic. As PMB might be the first sign
of endometrial cancer, accurate diagnostic work-up is necessary in these women.
Despite many studies on the different diagnostic measures in women with PMB,
there is no consensus on the best diagnostic pathway.'**

In many guidelines the measurement of endometrial thickness by transvaginal
sonography (TVS) is used as a first step in the diagnostic pathway to distinguish
women with a low and a high risk of having endometrial cancer. Clark et al found that
a strategy with TVS as the initial test with a cut-off of 4 mm followed by endometrial
sampling was the most cost-effective.® In situations where ultrasound is not directly
available, endometrial sampling can be used as the first step.®

The meta-analysis by Dijkhuizen et al was the first meta-analysis on the diagnostic
accuracy of endometrial sampling in women with postmenopausal bleeding.” Several
years after that, two other meta-analyses were published.®” These meta-analyses
found that sensitivity, which is crucial to rule out endometrial cancer, was around 99%.
However, in these studies (blind) dilatation and curettage (D&C) had been used as
reference standard. Nowadays, D&C is almost completely replaced by hysteroscopy
as a reference standard.”® Also, only a small proportion of women in these meta-
analyses was postmenopausal.

In view of this, we decided to conduct a systematic review and meta-analysis
to study the diagnostic accuracy of endometrial sampling in women with PMB
regarding the diagnoses of endometrial cancer and atypical hyperplasia compared
to two different reference standards: blind D&C and the current reference standard:
hysteroscopy with histology or hysterectomy.'®

Methods

Identification of studies

In April 2015, we performed a computerized search in MEDLINE, EMBASE and
Science Direct® to identify all studies on the diagnostic accuracy of endometrial
sampling published between January 1965 and March 2015.The search was limited
to studies in humans; language restrictions were not applied. We used all known
synonyms for the following keywords: postmenopausal bleeding AND endometrial
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sampling. We included observational studies on the evaluation of the diagnostic
accuracy of endometrial sampling in women with PMB. References cited in the
selected articles were checked for further relevant articles not identified by the
electronic searches. The search strategy can be found in the Appendix.

Selection criteria
This review focused on diagnostic studies in which the histology results of endometrial
sampling were compared with the results of a reference standard.The articles had to
study women with postmenopausal uterine bleeding, the diagnostic test of interest
was endometrial sampling (histology), the reference standard had to be endometrial
histological findings from (blind) D&C, diagnostic hysteroscopy with histology by
targeted biopsy or D&C or hysterectomy.

Identified articles were merged into a common file, duplicates were deleted,and
results were divided between two reviewers (NvH and MMP) who independently

examined the assigned articles and classified each as"'exclude”,"include”, or“unsure.”
Initial screening began with a title screen. Subsequently, abstracts were retrieved
and screened to determine eligibility. Finally, full text articles were retrieved and
screened for inclusion. A third reviewer (MB) settled discrepancies. For articles, which
included both pre- and postmenopausal women, but did not report separately on
the postmenopausal group, we sent an email to the corresponding author to ask
for the data on postmenopausal women. For articles which were published before
1997 and therefore no email address of the corresponding author was mentioned,
we searched the internet (Google, PubMed) for an email address to contact the
corresponding author. We calculated the agreement on the selection of studies
between the reviewers.

Quality assessment

Two reviewers (NvH and MMP) independently assessed the methodological quality
of each selected paper using the QUADAS-2 tool for diagnostic studies, modified
to conform to this review.'" Disagreements were resolved via consensus and if
necessary via a third reviewer (MB).

We decided a priori the criteria of each study for low risk of bias in each of
the four main domains of the Quadas-2 tool: patient selection, index test, reference
standard, and flow and timing'". For patient selection, the in- and exclusion criteria
had to be clearly stated, and the patient sample had to be consecutive. For the
index test, the independent assessment of the pathologist for endometrial sampling
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without knowledge of the results of the reference test had to be clearly stated,
and the histology results had to be pre-specified. For the reference standard (D&C
or hysteroscopy) it had to be clearly stated that results were interpreted without
knowledge of the result of endometrial sampling. For patient flow and timing, the
time between endometrial sampling and reference test, if all patients received the
same reference test and if all patients were included in the analysis, had to be clearly
stated. Applicability was based on patients with PMB, endometrial sampling as the
index test, D&C or diagnostic hysteroscopy with histology as reference test.

For all articles, each domain was assessed in terms of risk and bias, and the first
three domains were also assessed in terms of applicability for this review. Each item
was labelled‘low’,'high’, or‘unclear’. Studies, which scored high bias’on more than one
of four items, were excluded. And only studies, which scored ‘low’ on all three items
of concerns on applicability, were included in this review. We included all applicable
studies on this subject, regardless of the number of postmenopausal women included

and regardless if data were collected prospectively or retrospectively.

Data extraction

For studies, which included pre- and postmenopausal women, we used only those
calculations and conclusions concerning the latter From each article we extracted
(if available): the reference standard that was used, the number of women who
underwent endometrial sampling, the number of women in whom endometrial
sampling was not possible, failed or showed insufficient material for a pathologic
diagnosis, the number of women who underwent both endometrial sampling and the
reference standard, the number of cases with endometrial cancer, atypical hyperplasia
or endometrial disease. Hyperplasia without atypia was considered a benign result.
Endometrial disease was defined as benign endometrial polyps in one study, and as
polyps, hyperplasia and cancer together in most other studies. For this meta-analysis
we decided to define endometrial disease as endometrial cancer, atypical hyperplasia
and benign endometria polyps together as endometrial disease.

Data analysis

For each study, we calculated the percentage of women in whom endometrial
sampling failed to provide a diagnosis, either due to the possibility to obtain tissue (for
example, because of cervical stenosis) or due to the fact that the sample that was
obtained was insufficient for the pathologist to establish a diagnosis. We described
the number of endometrial cancers in women with a failed endometrial sampling.
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For studies that had numbers available, we constructed 2 x 2 tables and calculated
sensitivity and specificity for the diagnosis of endometrial cancer, atypical hyperplasia
or endometrial disease. Sensitivity and specificity were calculated for the cases in
which both endometrial sampling as well as the reference test was successful. We
calculated the weighted sensitivity, taking into account the size of each study,compared
to the two different reference strategies.When a 2x2 table could be constructed, we
plotted the sensitivity against the ‘| - specificity’ in a receiver-operating curve (ROCQ).

Results

Study selection

Our systematic search identified 499 titles. After exclusion of studies, which did not
exist online anymore and exclusion of duplicates, we identified 377 articles, of which
65 articles were found to be relevant (Figure |). After reading these 65 articles in
full-text, we could include |l studies that reported on postmenopausal women
only, 2 articles that described data on postmenopausal women separately in a total
population of perimenopausal women and |7 articles that compared the results
of endometrial sampling with histology findings from (blind) D&C or diagnostic
hysteroscopy in a combined population of pre- and postmenopausal women.

In none ofthe |7 studies that reported on a combination of pre- and postmenopausal
women, we were able to contact the corresponding author. In 10 studies these
authors did not respond, while contact details were not available for the other 7
studies. Therefore, we had to exclude these |17 studies from the meta-analysis. The
initial agreement of the two reviewers (NvH and MMP) regarding eligibility was 94%
(weighted kappa 0.88 (95% CI 0.76-0.99)).
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Figure |. Study selection flowchart

*The reference list for excluded studies is available from the corresponding author.

Search MEDLINE Search EMBASE Search Science Direct Cross-references
n=223 n= 231 n=13 n= 32

122 studies excluded:
7 studies not available
115 duplicates

116 studies selected
based on title

65 studies selected
based on abstract

35 studies excluded™:

4 patients not with PMB
5 review article/letter
2 on cytology instead of histology
10 no reference standard
14 not on diagnostic accuracy end
sampling

30 studies eligible for inclusion:

13 data on PMP women
17 data combined pre/post
menopausal

17 studies excluded:
. . 1 study on PMP women
10 authors no email available 1 excluded after quality
7 authors contacted: no assessment
response

'—— 12 studies included
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Table I. Study characteristics of the twelve included studies on the diagnostic accuracy of endometrial
sampling

Study design Patient Index Reference Menopausal PMB HRT
selection  test standard status n %
Goldberg 1982  Prospective  Unclear Vabra &  Blind D&C Post 40 Nr
Accurette

Batool 1994 Prospective  Unclear Pipelle Blind D&C Post 70 Nr

Ben-Baruch Retrospective  Unclear Pipelle Blind D&C Pre & post 90 Nr

1994

vdBosch 1995 Prospective  Consecutive Pipelle Hysteroscopy  Post 140 0
w/ histology

vdBosch 1996  Prospective  Consecutive Pipelle Hysteroscopy  Post 87 0
w/ histology

Giusa-Chifieri Prospective  Unclear Novak Hysteroscopy Post 80 Nr

1996 w/ histology

Gupta 1996 Prospective  Consecutive Pipelle Hysteroscopy Post 76 0
w/ histology

De Silva 1997 Prospective ~ Consecutive Pipelle Hysteroscopy  Post 50 Nr
w/ histology

Mortakis 1997  Not reported Unclear Pipelle Hysteroscopy Pre & post 78 0
w/ histology

Bunyavejchevin  Prospective  Unclear Pipelle Blind D&C Post 30 0

2001

Epstein 2001 Prospective  Consecutive Endorette Blind D&C Post 133 56

Spicer 2006 Prospective ~ Consecutive Accurette Hysteroscopy Post 136 Nr
w/ histology

D&C=dilatation and curettage; PMB=number of women with postmenopausal bleeding; Nr=not reported

Quality assessment

Table 2 presents quality assessment of the included studies.'*** Quality assessment
showed in four studies (25%) a‘low’ risk of bias on all four items, three studies showed
a‘high'risk of bias on one of the items, while eight studies had an ‘unclear risk of bias
on the description of methods on patient selection, the index or reference test. All

studies, except for one scored ‘low’ on the three items of applicability.'>%

Based on a high concern of applicability of the index test and reference standard
described in O'Connell et al, we decided to exclude this study.** After study selection
and quality assessment, we included 12 articles in this systematic review, reporting
on 1,029 women with postmenopausal bleeding (Table | and 2, Figure 2).
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Table 2. Risk of bias and concerns of applicability by study using a modified Quadas-2 tool'"'

Risk of bias Applicability concerns
Patient Index Reference Flow and Patient Index  Reference
selection test standard timing  selection test standard

Goldberg,'82 Unclear Unclear Unclear Low Low Low Low
Batool,'94 Unclear Low Low Low Low Low Low
Ben-Baruch, ‘94 Unclear Unclear Unclear High Low Low Low
vdBosch, ‘95 Low High Unclear Low Low Low Low
vdBosch ‘96 Low Low High Low Low Low Low
Giusa-Chifieri,)96  Unclear Unclear Unclear High Low Low Low
Gupta, ‘96 Low Low Low Low Low Low Low
De Silva‘'97 Low Low Low Low Low Low Low
Mortakis ‘97 Unclear Unclear Unclear Low Low Low Low
O'Connell*'97 Unclear Unclear Unclear Low Low High High
Bunyavejchevin Low Low Low Low Low Low Low
0l

Epstein ‘01 Low Low Low Low Low Low Low
Spicer ‘06 Low Unclear Unclear Unclear Low Low Low

Figure 2. Overall risk of bias and applicability using a modified Quadas-2 tool."

Patient selection

Index test

Reference test

Flow and timing

Applicability
| 0% 25% 50% 75%
Proportion of studies with low, high or unclear risk of bias and applicability
B High
B Unclear
Low

Diagnostic accuracy of endometrial sampling in women with PMB
Table | and 3 show the findings of the 12 included studies'*?’. The Pipelle® device
was used in eight studies,'?!3!>172022 while the other studies reported on the use
of Accurette®,” Endorette®,'® and Novak endometrial sampler®.'* One study
reported on two different sampling methods: Accurette® and Vabra®.'"”

Blind D&C was used as the reference standard in five studies'”?' while
hysteroscopy with histology (by biopsy and/or curettage) was the reference standard
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in seven studies.'#'%2223 |n three studies the diagnosis of endometrial cancer detected
by endometrial sampling was confirmed by hysterectomy and not by hysteroscopy
or D&C.IZ‘I}ZI

All 12 studies reported on the fraction of women in whom endometrial sampling
failed, mostly due to cervical stenosis.The failure rates of endometrial sampling varied
between 1% and 53%, with a weighted failure rate of || %. Eight studies reported
on the fraction of women in whom insufficient material was found at histology, which
varied between 7% and 76%, with a weighted insufficient rate of 31 %.'*1¢2123 |n the
article by Batool et al the rate of insufficient samples was much higher than in the
other studies (42/55).In 37 of these women with an insufficient sample, material was
also insufficient for diagnosis by D&C, which might explain the high insuffient-rate.”

The weighted percentage of women with endometrial (pre) cancer among
those who had failed or insufficient sampling is 7% (range 0%-18% in seven studies).
Goldberg et al described a percentage of 18% endometrial cancer in women with
insufficient or failed samples.This article from 1982, lacked detail on the small number
of women (n=12) included."”

Diagnosis of endometrial cancer

From all 12 articles we could extract data on the sensitivity and specificity regarding
the diagnosis endometrial cancer (Table 3).The sensitivity of endometrial sampling
was 100% in all five studies using blind D&C, but varied between 50-100% in the
seven studies using hysteroscopy with histology as a reference standard, with a
weighted sensitivity of 90%. Specificity was 99-100% regardless of the reference
standard that was used. Figure 3A shows an ROC plot of the performance of the
|2 studies that allowed the calculation of both sensitivity and specificity.

Diagnosis of (pre)cancer of the endometrium

With respect to the diagnosis of endometrial (pre-) cancer, i.e. atypical hyperplasia
or endometrial cancer we could calculate sensitivity and specificity from the data
in all five studies using D&C as a reference and in four studies using hysteroscopy
as a reference (table 3). The weighted sensitivity in studies using D&C was 92%
(range 71-100%), whereas the weighted sensitivity in studies using hysteroscopy as
a reference standard was 82% (range 56-94%). Specificity was 99-100% in all studies.
Figure 3B shows an ROC plot of the performance of the twelve studies that allowed
the calculation of both sensitivity and specificity.

138



The accuracy of endometrial sampling

SIPNIS JO UaqUINU [B}0Y IO}, ‘Iodued eIse|diadAy/dAjod = aseasip [eLiawopua Aoynads = 3ads 'AJAIISUSS = SUSs (paltodal Jou=Ju

Ju
(1) ge/ee
1) 6/6
(86°0) 1+/0%
Ju
(660) Ju
O1) ev/ey

(6610) 4u
Ju
0

0
Ju

Ju

(02ds) 3593 -

Ju

(170) €¥/6
(€£0) 91T
(690) €1/6
Ju
(§k0) 4u
(15°0) 6£/0C

(6T°0) 1€/01
Ju
0

0
Ju

Ju

(suas) 3sa3+

aseasip |el3awopuy

(0'1) 05/0S

(1) 59/59
Ju

Ju
(1) 8v/8%
Ju
Ju

(6610) 4u
(1) s/s
(1) se/s¢
Ju
(0'1) oz/0T
1) 61/61

(0ads) 3593 -

(950) s/€

(€£0) 1178
Ju

Ju
#60) 81741

#90) du
Ju

(1£0) £/S
(o1 e
(o1 ol/ol
Ju
1) 66
(680) 6/8

(suas) 3593 +

eise|duadAy
[eaidA3e Jo usdue)

(01) €5/£8
0'1) 0L/0L
o eIkl
01 15/1S
0'1) éb/6t
(660) Ju

(0'1) 08/08

(
(
(
(

Ju
(01) s/s
(01) 9¢/9¢
1) 8/8
1) 91/9¢
(0'1) sust

(0ads) 3593 -

(£90) €1t
(€80) 9/S
(50) Ul
1) g/g
F60) £1/91
1) 99
1) s/s

Ju
(o1 e
1) 66
1) g/g
1) g/g
1) g/

(suas) 3593 +

J9dued [el3swopuy

() 08/€
@1
W sin
0
(aran
0
0

Ju

&) €1
0
0
(81 11/T
e

(%)

u sajdwres
juaiynsul
[P3]ie} ul
J9oued(aad)

(8%) 9€1/59
Ju

S 199
Ju

(8) ¢//9
Ju
Ju

(8D TIl/1€
(09) /L
(91) 88/9
(90) ss/ty
(1) sed
(00) s/t

(%) u
sajdwes
juaNsu|

MER
(€) 8L/
(81) 05/6

(60) 9./tT
(01) 08/8
(D ovire
(@901t

(9N g1/t

(£9) 0£/91
(0 06/T

(17) 0L/51
(1) op/s
(€1) ov/s

(%) u
sajdwes
pajred

90, 4221dg

16, SPEIIOL
£6,BNIS 2

96, 21dn0)

96, M21IyD-BsNID
96, Y2s0gpA
G6,'YISOgPA

AdodsouayskH

|0, ure3sdy
| 0, UnaYploneAung
$6,'Yondeg-usg
6,'1001eg

BUGBA

EMEY bRl
8,'349gp|0D

2%%d pulld

pJepUB)S SdUdID)R.I
pue Apmg

3uidwes [el3swopud Jo AdeUndde diSouUSelp pue AY|Igisesa *€ a|qe]

139



Chapter 7

Diagnosis of endometrial disease

As in most studies diagnostic accuracy regarding benign pathology was not described
separately, we decided to extract data on the accuracy regarding the diagnosis of
endometrial disease, i.e. endometrial cancer, hyperplasia and endometrial polyps
together (table 3). The sensitivity of endometrial sampling was 29% in one study
using blind D&C and the weighted sensitivity was 39% (range 2 1-69%) in five studies
using hysteroscopy with histology as a reference standard. Specificity was again high,
98-100% regardless of the reference standard used. Figure 3C shows an ROC plot of
the performance of the twelve studies that allowed the calculation of both sensitivity

and specificity.

Figure 3A1 tm 3C2. Receiver operating curve (ROC) plots demonstrating the accuracy of endometrial
sampling in diagnosing endometrial cancer; endometrial (pre) cancer or endometrial disease with D&C or
hysteroscopy as a reference standard
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CI.ROC plot for endometrial disease with D&C C2.ROC plot for endometrial disease with
as a reference hysteroscopy as a reference
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Discussion

In this meta-analysis, we assessed the diagnostic accuracy of endometrial sampling
regarding the diagnoses of endometrial cancer, endometrial (pre) cancer and
endometrial disease (including endometrial polyps) in women with PMB,comparedto
two different reference strategies: D&C and hysteroscopy. Specificity of endometrial
sampling is very high, irrespective of the type of disease or the reference test that
was used. Sensitivities, on the other hand, are lower than anticipated based on
existing meta-analyses, for all types of disease, but especially for atypical hyperplasia
and endometrial disease, which includes endometrial polyps.

An important strength of this meta-analysis is that we performed a thorough
search for articles on the diagnostic accuracy in women with PMB. By searching
with all synonyms for PMB and endometrial sampling, we think we selected all
articles on this subject. We also selected articles, which described only a subgroup
of postmenopausal women and tried to contact the authors of these articles.
Unfortunately, none of them responded. We included all eligible articles, regardless
of the language used.

This article also has several limitations. Publication bias and the risk of missing
potentially relevant articles are concerns with any systematic review.We attempted
to mitigate this issue by using a robust search strategy, by checking cross-references
and by consulting with a clinical librarian. Also, observer agreement regarding study
selection was high. However, by performing this rigorous systematic search, we
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could only identify four more studies compared to the three existing meta-analyses
on this subject.””?

Another weakness is that, because only a small number of studies is available
and most studies are based on small samples, we had to draw conclusions based
on a limited number of patients. Apart from the limited power, the relatively small
number of studies and variability in methods also did not allow for more standard
statistical analyses recommended for diagnostic test accuracy reviews, such as
pooling sensitivity and specificity using the bivariate model or estimating summary
ROCs.

The three existing meta-analyses focused on the diagnostic accuracy of
endometrial sampling in a mixed population of pre- and postmenopausal women.””
As the diagnostic accuracy of a test is strongly dependent on the prevalence (or
pre-test probability) of a diagnosis, and the prevalence of endometrial cancer and
atypical hyperplasia is much lower in pre- versus postmenopausal women, we
think it is important to study this subject in a selected population of women with
PMB. Therefore, we searched specifically for articles on the diagnostic accuracy of
endometrial sampling in women with PMB and included only these studies, which
reported data on postmenopausal bleeding separately.

Endometrial sampling fails in 42% of cases (either technical failure or insuffient
material) and in 7% ofthese cases a (pre)canceris found.This finding is in accordance
with findings in other studies, which describe a failure or inconclusive rate of
6% to 50 % and in 5 to 20 % of these cases significant endometrial pathology
is found.?>?’ Therefore, a case of a failed or inconclusive sample, should lead to
further diagnostic work-up. Also, a benign result of endometrial sampling is not
completely reassuring, as sensitivities are lower than anticipated based on previous
literature. In the three existing meta-analyses (blind) D&C has been used as a
reference standard, which is worrisome as D&C is known to miss 50-85% of focal
intracavitary pathology.?®*” As D&C could miss focal pathology, it could also possibly
miss endometrial (pre) cancer in an endometrial polyp. Therefore, nowadays, D&C
is almost completely replaced by hysteroscopy as a reference standard, both in
clinical as well as in research settings.”” It suggests that endometrial sampling,
which is performed as a mini-curettage, as well misses a significant number of focal
pathologies and therefore possibly also focal (pre) cancers. Because in women
with atypical hyperplasia (which is regarded as endometrial (pre) cancerin 17-52%
an underlying cancer is found at hysterectomy,® it is important to diagnose not
only endometrial cancer but also atypical hyperplasia. Given the above findings,
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further diagnostic work-up for focal intracavitary pathology in women with a failed,
insufficient or benign result of endometrial sampling seems warranted.

The results of this systematic review suggest that the sensitivity of endometrial
sampling is lower than was thought before for all types of disease, but especially for
the diagnosis of atypical hyperplasia and endometrial disease in general. The question
is if we can reassure patients without an endometrial polyp and a benign result of
endometrial sampling. Is sensitivity of endometrial sampling especially low in women
with an endometrial polyp? Unfortunately, we cannot answer these questions based
on available literature. Therefore, more research on this subject is needed, using
larger samples, given the prevalence of endometrial cancer and atypical hyperplasia
(5-10%). Future research should therefore aim to gather information about large
(prospective) cohorts of patients with PMB, to study the (cost-)effectiveness and
diagnostic accuracy of the endometrial biopsy and hysteroscopy in the diagnostic
pathway in women with PMB and a thickened endometrium on TVS.
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Appendix

# Searches

uterine hemorrhage/ or metrorrhagia/

N —

((uterine or vaginal or abnormal) adj3 (h’emorrhage or metrorrhagia or
bleeding)).ti,ab.

| or2

Postmenopause/

(postmenopaus® or post-menopaus*).ti,ab.

4or5

3and 6

endometrial sampling*.ti,ab,kw.

o N oy Ul MW

9 pipelle* ti,ab.

10 ((biop* or sample* or aspiration) adj3 of endometri*).ti,ab,kw.
[l endometri* biop*.ti,abkw.

12 Biopsy/ and exp Endometrium/

13 8or9orl0orllorl2

14 7and I3

I5 exp “Sensitivity and Specificity’’/

6 (Sensitiv* or Specific*).ti,ab.

|7 (predict or ROC-curve or receiver-operator®).ti,ab.

18 (likelihood or LR*) tiab.

19 exp Diagnostic Errors/

20 (inter-observer or intra-observer or interobserver or intraobserver or

validity or kappa or reliability).ti,ab.
21 reproducibility.ti,ab.
22 (test adj2 (re-test or retest)).ti,ab.
23 “Reproducibility of Results"/
24 accuracydtiab.
25 Diagnosis, Differential/
26 validation studies.pt.
27 (failure* or success* or inadequate® or inconclusive®).ti,ab.
28 I5orléorl7orl8orl9or20or2l or22or23or24or25or26or2/
29 [4 and 28
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