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Abstract

Background

Endometrial hyperplasia (EH) is a precusor lesion for endometrial cancer (EC), the com-

monest gynaecological malignancy in high-income countries. EH is a proliferation of glandu-

lar tissue, classified as either non-atypical endometrial hyperplasia (NEH) or, if the

cytological features are abnormal, atypical endometrial hyperplasia (AEH). The clinical sig-

nificance of AEH is that patients face both a high risk of having occult EC and a high risk of

progression to EC if untreated. Recommendations on the care of women with EH were intro-

duced by United Kingdom–wide guidance (Green-top Guide No. 67, 2016). National adher-

ence to guidance is unknown. We aimed to describe the care of patients with EH; to

compare the patterns of care for those with EH with national guidance to identify opportuni-

ties for quality improvement; and to compare patterns of care prior to and following the intro-

duction of national guidance to understand its impact.

Methods and findings

In this UK-wide patient-level clinical audit, we included 3,307 women who received a new

histological diagnosis of EH through a gynaecology service between 1 January 2012 and 30

June 2020. We described first-line management, management at 2 years, and surgical char-

acteristics prior to and following national guidance for EH using proportions and 95% confi-

dence intervals (CIs) and compared process measures between time periods using

multilevel Poisson regression. Of the 3,307 patients, 1,570 had NEH and 1,511 had AEH

between 2012 and 2019. An additional 85 patients had NEH and 141 had AEH during 2020.

Prior to national guidance, 9% (95% CI [6%, 15%]) received no initial treatment for NEH

compared with 3% (95% CI [1%, 5%]) post-guidance; 31% (95% CI [26%, 36%]) and 48%

PLOS MEDICINE

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004346 February 29, 2024 1 / 18

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Henderson I, Black N, Khattak H,

UKARCOG Working Group Authors, Gupta JK,

Rimmer MP (2024) Diagnosis and management of

endometrial hyperplasia: A UK national audit of

adherence to national guidance 2012–2020AU : Pleasecheckandconfirmthattheedittothearticletitleiscorrect:. PLoS

Med 21(2): e1004346. https://doi.org/10.1371/

journal.pmed.1004346

Academic Editor: Sarah J. Stock, The University of

Edinburgh Usher Institute of Population Health

Sciences and Informatics, UNITED KINGDOM

Received: June 13, 2023

Accepted: January 12, 2024

Published: February 29, 2024

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pmed.1004346

Copyright: © 2024 Henderson et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: We are unable to

share the data publicly because use of the data is

https://orcid.org/0000-0003-2967-0406
https://orcid.org/0000-0002-3295-8753
https://doi.org/10.1371/journal.pmed.1004346
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004346&domain=pdf&date_stamp=2024-02-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004346&domain=pdf&date_stamp=2024-02-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004346&domain=pdf&date_stamp=2024-02-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004346&domain=pdf&date_stamp=2024-02-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004346&domain=pdf&date_stamp=2024-02-29
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1004346&domain=pdf&date_stamp=2024-02-29
https://doi.org/10.1371/journal.pmed.1004346
https://doi.org/10.1371/journal.pmed.1004346
https://doi.org/10.1371/journal.pmed.1004346
http://creativecommons.org/licenses/by/4.0/


(95% CI [43% 53%]) received an intrauterine progestogen, respectively, in the same peri-

ods. The predominant management of women with AEH did not differ, with 68% (95% CI

[61%, 74%]) and 67% (95 CI [63%, 71%]) receiving first-line hysterectomy, respectively. By

2 years, follow-up to histological regression without hysterectomy increased from 38% (95%

CI [33%, 43%]) to 52% (95% CI [47%, 58%]) for those with NEH (rate ratio (RR) 1.38, 95%

CI [1.18, 1.63] p < 0.001). We observed an increase in the use of total laparoscopic hyster-

ectomy among those with AEH (RR 1.26, 95% CI [1.04, 1.52]). In the later period, 37%

(95% CI [29%, 44%]) of women initially diagnosed with AEH who underwent a first-line hys-

terectomy, received an upgraded diagnosis of EC. Study limitations included retrospective

data collection from routine clinical documentation and the inability to comprehensively

understand the shared decision-making process where care differed from guidance.

Conclusions

The care of patients with EH has changed in accordance with national guidance. More

women received first-line medical management of NEH and were followed up to histological

regression. The follow-up of those with AEH who do not undergo hysterectomy must be

improved, given their very high risk of coexistent cancer and high risk of developing cancer.

Author summaryAU : Pleaseconfirmthatallheadinglevelsarerepresentedcorrectly:

Why was this study done?

• New national guidance was introduced in the United Kingdom with recommendations

for the care and surveillance of people with endometrial hyperplasia (EH).

• Comparing patterns of care with these recommendations has identified opportunities

for improvement.

What did the researchers do and find?

• After the guidance, medical treatment of non-atypical hyperplasia increased and more

patients achieved histological regression, avoiding hysterectomy.

• Surveillance of hyperplasia for those who do not undergo hysterectomy could be

improved.

• A greater proportion of women with atypia diagnosed in 2020 commenced medical

management and fewer underwent hysterectomy; the impact of the pandemic on care

must be considered as a contributory factor towards this.

What do these findings mean?

• This work has identified where the care of patients with EH diverged from recom-

mended guidance.
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• Clinicians may use these findings to review their local care pathways and quality assur-

ance processes so that they can improve the care of women with EH.

• The main limitation was the retrospective collection of data from routine clinical

documentation.

Introduction

Endometrial cancer (EC) is the commonest gynaecological malignancy of high-income coun-

tries and the fourth commonest female cancer in the United Kingdom [1]. The incidence of

EC is increasing globally [2], likely driven by obesity and its role in the “unopposed oestrogen

hypothesis” [3,4]. EC is preceded by a disordered proliferation of the glandular endometrium

termed “endometrial hyperplasia” (EH). EH is divided into a precursor lesion without atypical

cytological features (“non-atypical endometrial hyperplasia” (NEH)) and a premalignant con-

dition with atypia (“atypical endometrial hyperplasia” (AEH)). The diagnosis of atypia is based

on cellular features such as abnormal nuclear morphology [5]. Both precursor lesions are

important to identify and treat because of the risk of progression to EC [6]. NEH has a lower

risk of progression of below 5% over 20 years, whereas the risk is higher for AEH, at 28% over

20 years [7]. As well as the risk of progression, AEH may coexist with occult EC in one-third of

cases [8]. Previously, both the presence of atypia and architectural complexity were involved in

the classification of EH, which led to a higher rate of hysterectomy for pathology with low risk

of progression to cancer and undertreatment of endometrial atypia with progestogens [9] In

2014, the revised World Health Organisation (WHO) criteria simplified the criteria to NEH

and AEH [10] based on atypia alone.

In the UK, the Royal College of Obstetricians and Gynaecologists and the British Society

for Gynaecological Endoscopy (BSGE) introduced a guideline on the management of EH in

2016, the Green-top Guideline No. 67 (GTG) [11]. Prior to this, no national guidance for EH

existed, resulting in variation in treatment [12,13]. One study of 281 women found 26% of

those with NEH underwent a hysterectomy as first-line management [12]. Conversely, 15% of

gynaecologists reported recommending progestogen treatment for the first-line management

of AEH [13]. Intrauterine progestogen was only recognised as an option for first-line treat-

ment of NEH following randomised evidence from the past decade [14]. This new GTG rec-

ommended classification using the WHO 2014 classification system [10]. The GTG

recommended the management of risk factors and/or medical management with a continuous

progestogen among women with NEH, reserving first-line hysterectomy, and its risks, for

those with AEH or NEH following failed medical management. New recommendations were

also made on appropriate follow-up with 2 subsequent biopsies at 6-month or 3-month inter-

vals for women with either NEH or AEH who do not undergo first-line hysterectomy, respec-

tively [11]. New guidance is disseminated to all RCOG members alongside its publication on

the RCOG website [15].

The rationale for this national audit by the UK Audit and Research Collaborative in Obstet-

rics and Gynaecology (UKARCOG) was that the care of women with EH had not previously

been evaluated nationally and that introduction of the GTG had introduced new standards for

care. We therefore sought to describe the care of patients with EH, compare care with the rec-

ommendations of the GTG, and evaluate the impact of the GTG by comparing the pattern of

care prior to and following its introduction, testing the null hypothesis that there was no
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change in care between these periods. By describing the pattern of care for women with EH,

we can identify opportunities for quality improvement that make their care safer.

Methods

This study is reported as per the Strengthening the Reporting of Observational Studies in Epi-

demiology (STROBE) guideline (S1 Checklist).

Population

We included 3,307 women who attended a gynaecology service in a UK hospital and who

received a diagnosis of EH on their first endometrial biopsy between 1 January 2012 and 31

December 2020. Hospitals from which data were collected are detailed in S1 Table. We

excluded women who did not have data on their first line of treatment following biopsy. We

excluded women from 2-year follow-up measures if they transferred their care, died following

first-line management, or if 2 years from their initial biopsy had not elapsed.

Study design

This study was a national audit based on retrospectively collected patient-level data. Clinicians

at each gynaecology unit in the UK were approached by UKARCOG regional coordinators

and invited to undertake the audit based on a hub-and-spoke model [16]. In the units that

responded, the audit was registered and approved by the audit department at each site individ-

ually by the local clinician affiliated with UKARCOG. Once approved, local data collectors

were advised to consult their local audit department or gynaecology department to identify

patients diagnosed with EH between 1 January 2012 and 30 June 2020. This time period was

chosen to accord with guidance on the retention of medical records and to capture practice

prior to and following GTG introduction. Data were then collected from the primary medical

records by the audit team member who was a qualified doctor. The audit team member

reviewed the primary records of each patient, including available histology reports, clinical let-

ters, imaging reports, and operation notes.The local team member generated a novel identifi-

cation number for each patient. The data were submitted via a secure platform to a central

database held on a secure server. Once centralised, a second data minimisation process was

conducted in which identifiable units codes were converted into novel numerical codes prior

to use. Ethical approval was not required for this audit in accordance with UK national guid-

ance on the audit of healthcare data for the purpose of clinical audit and service evaluation

[17].

Outcomes

Outcomes were based on the recommendations of the GTG and on the need to understand its

impact on clinical practice. We compared first-line management before and after the GTG.

This was classified as:

1. No management (no treatment and no surveillance initiated)

2. Further investigation planned (no treatment plan documented within the first 42 days)

3. Medical management (treatment with a continuous progestogen)

4. Endometrial ablation (not recommended)

5. Hysterectomy
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We also compared the provision of weight loss advice, which was not mutually exclusive

with other categories. We considered all treatment initiated in relation to the first biopsy or a

subsequent biopsy within 42 days of the first to represent first-line management; for example,

if the initial plan was for hysteroscopy and within 42 days a hysteroscopy was performed and

intrauterine progestogen system inserted, then we considered the first-line management to be

the intrauterine progestogen. We determined a 42-day threshold allowed for time to process

and report both urgent and routine histological samples and for a clinician to action the result.

If a patient commenced medical management while waiting for hysterectomy, then we consid-

ered hysterectomy to be the first-line management.

Among women who underwent hysterectomy, we compared the approach (abdominal, lap-

aroscopic, laparoscopic assisted, vaginal, unspecified), and extent (total, subtotal) as well as the

completion of salpingo-oophorectomy (salpingo-oophorectomy completed, not completed),

including among postmenopausal women with AEH. We compared first-line surgical histol-

ogy over time to understand whether changes in practice impacted the presence of occult

malignancy.

We compared the follow-up schedules for women who did not undergo hysterectomy

according to the recommended follow-up schedule (2 × 6-monthly for NEH, or 2 × 3-monthly

for AEH). When calculating the proportion of women who had an appropriate follow-up

schedule, we allowed a biopsy/ follow-up interval of<125 days for AEH or <215 days for

NEH; that is, we allowed 1-month flexibility. In order to relate variation in the care of women

with EH to outcomes of treatment, we compared regression and hysterectomy over the first 2

years from diagnosis, pre-guidance and post-guidance. We compared follow-up patterns (fol-

lowed up to resolution by either regression or hysterectomy, follow-up commenced but resolu-

tion not identified, no follow-up received) according to histology and time period. We selected

a 2-year time period for this follow-up measure to capture the subsequent definitive outcome

for those who trialled conservative or medical management in the first instance to then receive

follow-up biopsy and hysterectomy if indicated. We confirmed that this was an appropriate

time period by checking that the large majority of women had either received no follow-up or

had achieved resolution or undergone hysterectomy during this time.

Exposures

The time of first investigation in secondary care (2012–2015, 2016–2019) was the main expo-

sure of interest. We compared outcomes within disease types (NEH, AEH), which were identi-

fied by review of the histology reports. We considered any biopsy results within 42 days of the

first biopsy to represent the initial histology; that is, we “upgraded” NEH to AEH if identified

on a new biopsy within this time period as this reflected a clinical or histological indication to

investigate further before commencing “first-line treatment,” including where both blind and

hysteroscopic biopsies were obtained prior to the results of the blind biopsy being known.

DataAU : Pleasecheckandconfirmthattheeditto}Datawerecollectedonageð< 40; 40to49; 50:::}didnotaltertheintendedmeaningofthesentence:were collected on age (<40, 40 to 49, 50 to 59, 60 to 69,�70 years); body mass index

(BMI;<25, 25 to 29, 30 to 39,�40); a history of diabetes or insulin resistance (diabetes or insu-

lin resistance, none); polycystic ovarian syndrome (PCOS); hypertension (yes, no); hormone

replacement therapy (HRT) use (ever-used, never-used); smoking status (current smoker,

smoking cessation >6 months previous, never smoked); tamoxifen use (ever-used, never-

used); and parity (0, 1, 2,�3). Additionally, we defined “postmenopausal” as a presenting

complaint of postmenopausal bleeding or age over 60 years and without a presenting com-

plaint that indicated a premenopausal status. Data on these exposures were collected from the

medical records, which were reflective of the patient-reported history or clinical measurement

in the case of BMI.
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Statistical analyses

The baseline characteristics of women were described using frequencies and proportions. We

described the first-line treatment of women, the pattern of follow-up at 2 years, and surgical

characteristics using proportions and 95% confidence intervals (CIs) based on clustered stan-

dard errors to account for the clustering of women within hospitals. We used multilevel Pois-

son regression to estimate rate ratios (RRs) with 95% CIs for process measures, comparing

post-guidance care with a pre-guidance baseline. We similarly modelled first-line management

and 2-year follow-up status over time (year of first biopsy). Additionally, we described the

characteristics of women who were diagnosed with NEH or AEH during 2020 and described

their first-line treatment. We estimated RRs with 95% CIs, comparing care in 2020 with a

post-guidance baseline.

To understand why women with AEH may not undergo hysterectomy, we used multilevel

Poisson regression to model first-line hysterectomy on patient characteristics among those

with AEH in an analysis of complete cases, both univariably and then multivariably. In the

multivariable model, we included all potential explanatory risk factors on the basis that these

were known to the clinician and patient and may have informed decision-making. We tested

interaction terms between risk factors and time period, comparing predicted probabilities

between models with and without interaction terms. In an exploratory analysis, to understand

whether the chance of resolution could be improved, we also modelled 2-year histological reso-

lution on mode of first-line medical management (intrauterine, oral, combination) among

women with NEH, adjusted for age, BMI, parity, and subfertility, which may affect the selec-

tion of route. All statistical analyses were conducted using Stata version 18 (Stata Corp; College

Station, Texas).

We made a post hoc modification to our analysis by limiting the time period for first-line

treatment in the main analyses to 31 December 2019, after we identified a change in first-line

treatment in 2020, coinciding with the Coronavirus Disease 2019 (COVIDAU : Pleasenotethat}COVID � 19}hasbeenfullyspelledoutas}CoronavirusDisease2019}atfirstmentioninthesentence}Wemadeaposthocmodificationtoouranalysisby:::}Pleasecorrectifnecessary:-19) pandemic. We

described the first-line treatment of women diagnosed in 2020 separately in an exploratory

analysis. Women who were diagnosed after June 2019 were ineligible for our 2-year follow-up

measure, so this measure was unaffected. Additional post hoc modifications to our analysis

plan included the test for interactions between risk-factors and time period to explore whether

the risk-benefit evaluation of hysterectomy among women with AEH changed following the

GTG and the exploratory analysis of 2-year outcome according to route of initial medical

management.

Results

We identified 3,377 women who had a new histological diagnosis of EH between 1 January

2012 and 30 June 2020. We excluded 69 women who had missing data on first-line treatment

and 1 woman who died prior to first-line treatment. We included the remaining 3,307 women

across 76 hospitals. Of these, 1,655 were diagnosed prior to, and 1,652 were diagnosed follow-

ing introduction of the national guidance at the beginning of 2016. The study flow diagram is

found in Fig 1. Women in the post-guidance group had a higher prevalence of PCOS and a

higher proportion of HRT use, whereas a lower proportion had used tamoxifen (Table 1).

Other characteristics were similar between groups. In both groups, the commonest decade of

life for diagnosis was the sixth, and the commonest WHO BMI category was morbid obesity

(BMI>40). The population diagnosed during 2020 is described in S2 Table.

Of the 3,081 included women diagnosed up to 2019, 696 (23%) had NEH and 668 (22%)

had suspected AEH prior to the national guidance, and 874 (28%) and 843 (27%) had NEH

and AEH, respectively, following the introduction of national guidance. In the 2012–2015
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(“pre-guidance”) group, the majority of women with NEH (386/696, 55%; 95% CI [48, 62%])

received first-line medical treatment and the majority with AEH (453/668, 68%; 95% CI [61,

74%]) received first-line hysterectomy (Table 2 and Fig 2). In the 2016–2020 (“post-guidance”)

group, the proportion of women with NEH who received first-line medical treatment increased

(594/874, 68%; 95% CI [63, 72%]), whereas the proportion of women with AEH who received

first-line hysterectomy remained similar (569/843, 67%; 95% CI [63, 71%]). In particular, the

proportion of women with NEH who received intrauterine progestogen increased after the

introduction of national guidance, from 31% (214/696; 95% CI [26, 36%]) in the pre-guidance

group to 48% (417/874: 95% CI [43, 53%]) in the post-guidance group. Post-guidance, the risk

of receiving no first-line treatment decreased (RR 0.36; 95% CI [0.22, 0.59] p< 0.001), whereas

treatment with first-line intrauterine progestogen increased (RR 1.52; 95% CI [1.28, 1.80]

p< 0.001) for women with NEH. Additionally, among the 85 women with NEH in 2020 from

the onset of the COVID-19 pandemic, 73% (62/85; 95% CI [55, 85%]) received a continuous

progestogen and 13% (11/85; 95% CI [6.6, 24%]) received a hysterectomy. Among the 141

women with AEH in 2020, 58% (59/141; 95% CI [46, 69%]) received a continuous progestogen,

an increase from the 2016–2019 group (RR 1.62; 95% CI [1.18, 2.21]), p = 0.003), whereas 52%

(74/141 [95% CI 42, 63%]) received a hysterectomy, a decrease from the 2016–2019 group (RR

0.78; 95% CI [0.61, 0.99], p = 0.042). First-line treatment in 2020 is shown in S3 Table.

Among those who did not undergo first-line hysterectomy, a greater proportion were

under 40 years of age, had a BMI greater than 40, had diabetes, PCOS, were nulliparous, had a

presenting complaint of abnormal uterine bleeding other than postmenopausal bleeding, and

had subfertility (S4 Table). Women with AEH who were under 40 years of age were less likely

to undergo first-line hysterectomy (aRR 0.23; 95% CI [0.12, 0.43] p< 0.001) after adjustment,

compared to women 50 to 59 years of age. Women with a BMI greater than 40 were less likely

to undergo first-line hysterectomy compared to women with a BMI under 25 in both the

Fig 1. Study flow diagram of inclusion and exclusion criteria. Diagram of inclusion and exclusion of patients with

endometrial hyperplasia for measures relating to first-line treatment and those relating to 2-year follow-up status.

https://doi.org/10.1371/journal.pmed.1004346.g001
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univariable (RR 0.74; 95% CI [0.58, 0.94] p = 0.014) and multivariable (RR 0.76; 95% CI [0.57,

1.03] p = 0.075) models, although the strength of evidence in the multivariable model was

weak. The associations between risk-factors and first-line hysterectomy among women with

AEH are shown in S4 Table and in S1 Fig.

We identified 1,240 women who underwent a hysterectomy for first-line management in

both pre- and post-guidance groups. The commonest surgical approach for women who had

suspected NEH in the pre-guidance group was abdominal (40/108, 37%; 95% CI [27, 49%]),

Table 1. Baseline characteristics before and after guidance.

NEH AEH

Pre-guidance Post-guidance Pre-guidance Post-guidance

696 874 668 843

N % N % N % N %

Age, mean years (SD) 54 (12) 53 (12) 58 (12) 57 (13)

Missing 6 0.9 6 0.7 12 1.8 4 0.5

BMI, kg/m2

<25 80 11 98 11 60 9.0 94 11

25–29 108 16 146 17 83 13 105 12

30–34 103 15 134 15 88 13 145 17

35–39 86 12 98 11 92 14 131 16

�40 152 22 212 24 143 22 209 25

Missing 167 24 186 21 202 30 159 19

Diabetes 94 14 115 13 121 18 138 16

PCOS 21 3.0 57 6.5 20 3.0 29 3.4

Hypertension 214 31 231 26 246 37 313 37

Smoking

Never smoked 487 70 570 65 395 59 577 68

Ex-smoker 44 6.3 59 6.8 39 5.8 52 6.2

Current/recently stopped 43 6.0 65 7.4 48 7.2 57 6.8

Missing 122 18 180 21 186 28 157 19

Any HRT use 40 5.8 61 7.0 38 5.7 44 5.2

Any tamoxifen use 50 7.2 48 5.5 24 3.6 40 4.7

Previous births

0 113 16 166 19 132 20 165 20

1 96 14 119 14 67 10 122 14

2 193 28 258 30 149 22 239 28

�3 158 23 178 20 119 18 167 20

Missing 136 20 153 18 201 30 150 18

Presenting complaint

Postmenopausal bleeding 354 51 451 52 442 66 551 65

Heavy menstrual bleeding 189 27 246 28 88 13 123 15

Intermenstrual bleeding 64 9.2 76 8.7 34 5.1 70 8.3

Incidental finding 31 4.5 43 4.9 38 5.7 58 6.9

Subfertility 9 1.3 10 1.1 13 2.0 10 1.2

Postcoital bleeding 17 2.4 19 2.2 4 0.60 18 2.1

AEH, atypical endometrial hyperplasia; BMI, body mass index; HRT, hormone replacement therapy; NEH; non-atypical endometrial hyperplasia; PCOS, polycystic

ovary syndrome; SD, standard deviation.

Proportions may not sum to 100% due to rounding.

https://doi.org/10.1371/journal.pmed.1004346.t001
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whereas the commonest approach in the post-guidance group was laparoscopic (57/110, 52%;

95% CI [38, 65%]) (Fig 3). The commonest approach for women who had suspected AEH was

laparoscopic in both time periods, with 45% (206/453; 95% CI [34, 57%]) pre-guidance and

56% (319/569; 95% CI [46, 66%]) post-guidance. When considering surgical approach by year,

there was an increase in the use of the abdominal and a decrease in the use of laparoscopic

approaches in 2020. The majority of women in all groups underwent bilateral salpingo-oopho-

rectomy (BSO) and none in the later period underwent a subtotal hysterectomy. Among

women with suspected AEH who were also postmenopausal and who proceeded to hysterec-

tomy, we did not observe a change in the performance of BSO over time; 92% (359/389; 95%

CI [89, 94%]) in the early period and 92% (442/ 483; 95% CI [87, 94%]) in the later period.

We identified 26 women who were treated with endometrial ablation in the first instance.

Of these 26 women, 25 (25/26, 96%) had a presenting complaint of heavy menstrual bleeding

and 1 (1/26, 4%) postmenopausal bleeding; additionally, free-text comments identified that at

least 8 women had an ablation at the time of their initial biopsy on which EH was subsequently

diagnosed, although this information was not requested; 1 woman who had an ablation had a

subsequent hysterectomy.

Pre-guidance, 8 (9.4%; 95% CI [4.5, 18%]) of 85 women with NEH had occult malignancy,

whereas in the post-guidance group, 3 (3.5%; 95% CI [1.1, 10%]) of 86 had occult malignancy

(Table 3). Pre-guidance, 166 (43%; 95% [34, 53%]) of 364 women with AEH had occult malig-

nancy, whereas in the post-guidance group, 171 (37%; 95% CI [29, 44%]) of 467 had occult

Table 2. First-line treatment.

Time period

Pre-guidance Post-guidance

N % (95% CI) N % (95% CI) RR (95% CI) p-value

NEH 696 874

First-line treatment

None offered or declined 65 9.3 (5.7–15) 27 3.1 (1.0–5.0) 0.36 (0.22–0.59) <0.001

Weight loss (any) 22 3.3 (1.7–6.1) 52 6.0 (3.5–10) 2.08 (1.23–3.52) 0.006

Further investigation >42 days 111 16 (13–20) 106 12 (9.1–16) 0.73 (0.55–0.97) 0.029

Any continuous progestogen 386 55 (48–62) 594 68 (63–72) 1.24 (1.09–1.41) 0.001

IU progestogen 214 31 (26–36) 417 48 (43–53) 1.52 (1.28–1.80) <0.001

Oral progestogen 183 26 (19–34) 182 21 (17–25) 0.86 (0.69–1.07) 0.18

Endometrial ablation 13 1.9 (0.79–4.3) 11 1.3 (0.53–3.0) - -

Hysterectomy 108 15 (12–20) 110 12 (9.7–16) 0.74 (0.56–0.99) 0.039

AEH 668 843

First-line treatment

None offered or declined 4 0.61 (0.17–2.1) 14 1.7 (0.92–3.1) 2.53 (0.81–7.9) 0.11

Weight loss (any) 9 1.2 (0.49–3.0) 25 3.0 (1.6–5.5) 2.38 (1.07–5.31) 0.034

Further investigation >42 days 41 5.9 (3.9–8.9) 46 5.4 (3.7–7.9) 0.85 (0.55–1.31) 0.45

Any continuous progestogen 163 24 (17–33) 213 25 (22–29) 1.10 (0.89–1.36) 0.37

IU progestogen 118 17 (11–27) 168 20 (17–24) 1.26 (0.98–1.61) 0.068

Oral progestogen 49 7.4 (4.9–11) 51 6.0 (4.3–8.2) 0.79 (0.53–1.18) 0.25

Endometrial ablation 1 0.15 (0.019–1.2) 1 0.12 (0.016–0.89) - -

Hysterectomy 453 68 (61–74) 569 67 (63–71) 0.99 (0.88–1.12) 0.92

AEH, atypical endometrial hyperplasia; CI, confidence interval; HRT, hormone replacement therapy; IU, intrauterine; NEH, non-atypical endometrial hyperplasia;

PCOS, polycystic ovary syndrome; RR, rate ratio.

Proportions may not sum to 100% due to rounding.

https://doi.org/10.1371/journal.pmed.1004346.t002
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malignancy (Table 3). More than half of the women (52%; 95% CI [42, 62%]) who had an ini-

tial diagnosis of AEH who were over 70 years of age were found to have malignancy at their

first-line hysterectomy, although the risk was very common at any age. The full characteristics

of first-line hysterectomy and surgical histological findings are shown in Table 3.

Follow-up status at 2 years following diagnosis was available for 2,856 women (Table 4).

Two years had not yet lapsed for 413 women, meaning that they were ineligible for the 2-year

measures. We excluded 21 women who died without a known progression to EC and 17

women who transferred their care prior to definitive treatment. Among women with NEH

who did not undergo hysterectomy within 2 years, adherence to an initial recommended fol-

low-up of 2 × 6-month biopsies was 17% (71/415; 95% CI [14, 21%]) pre-guidance and 27%

(164/617; 95% CI [22, 32%]) post-guidance. Over the 2-year follow-up period, the commonest

follow-up status for patients with NEH in either time period was histological disease regres-

sion. The proportion of women followed up to disease regression increased over time, from

38% (264/691; 95% CI [33, 43%]) to 52% (409/789; 95% CI [47, 58%]). The proportion of

women with NEH who received no follow-up at all was 21% (145/691; 95% CI [16, 28%]) pre-

guidance and 12% (96/789; 95% CI [9.2, 17%]) post-guidance, a decrease (RR 0.65; 95% CI

Fig 2. First-line treatment over time for patients with NEH and AEH. The proportion of women with non-atypical

endometrial hyperplasia (NEH) or atypical endometrial hyperplasia (AEH) treated with intrauterine progestogen(“IU

prog”), hysterectomy, oral progestogen (“oral prog”), or treated conservatively.

https://doi.org/10.1371/journal.pmed.1004346.g002
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[0.49, 0.86], p = 0.003). The proportions for women with AEH were 8.6% (57/660; 95% CI [2.6,

25%] pre-guidance and 3.2% (23/725; 95% CI [1.7, 6.1%]) post-guidance, which also decreased

(RR 0.56; 95% CI [0.34, 0.93], p = 0.025). The proportion of women with AEH who received the

recommended 2 × 3-month follow-ups was 13% (19/148; 95% CI [8.4, 19%]) pre-guidance and

19% (41/219; 95% CI [14, 26%]) post-guidance. When we grouped women by 2-year intervals

for time of diagnosis, the proportion of women with AEH who underwent hysterectomy or

who achieved histological regression without hysterectomy remained stable over time, whereas

among women with NEH, the proportion who achieved regression increased and the propor-

tion who underwent hysterectomy decreased (Fig 4). The number of women with either NEH

or AEH who were followed up to regression over 2 years increased (RR 1.38; 95% CI [1.18,

1.63] p< 0.001) and (RR 1.38; 95% CI [1.00, 1.90] p = 0.047), respectively. Women with NEH

followed up to hysterectomy over 2 years decreased (RR 0.72; 95% CI [0.58, 0.90] p = 0.003),

whereas for women with AEH, there was no difference (RR 1.01; 95% CI [0.89, 1.14] p = 0.92).

We did not observe a difference in the rate of histological resolution at 2 years among women

who had first-line medical management for NEH according to the route of progestogen delivery

either unadjusted or following adjustment for age, BMI, parity, and subfertility.

Discussion

We found evidence that introduction of GTG No. 67 was associated with a change in the care

of women with EH. Women with NEH were more likely to receive treatment with an intra-

uterine progestogen and achieve follow-up to initial histological regression at 2 years and less

likely to undergo hysterectomy both as a first-line treatment or within 2 years of diagnosis.

There was no difference in the proportion of women with AEH who underwent hysterectomy,

which was commoner among all women with EH prior to introduction of the guidance. The

quality of follow-up appeared to improve post-guidance; in particular, the proportion of

women with NEH who did not receive any follow-up decreased. Nevertheless, there is a need

Fig 3. Surgical approach to first-line hysterectomy over time. The proportion of patients who underwent

laparoscopic hysterectomy (LH), abdominal hysterectomy (AH), either laparoscopically assisted vaginal or vaginal

hysterectomy (LAVH/VH) as well as “unknown” type, over time.

https://doi.org/10.1371/journal.pmed.1004346.g003
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for the follow-up of women with either NEH or AEH to improve as only a minority received

the recommended follow-up post-guidance, despite the well-characterised risk of malignancy

among both groups. Many women still underwent an abdominal hysterectomy post-guidance.

We observed that more women with AEH diagnosed in 2020 received first-line medical man-

agement. This change coincided with disruption from the COVID-19 pandemic. Given that

between a third and a half of these women had occult cancer, clinicians must ensure these

women diagnosed from 2020 onwards were appropriately followed up and that care has

returned to the pre-pandemic standard.

One of the key recommendations of the guidance was on first-line medical management

with a continuous progestogen for women with NEH. Intrauterine progestogen, in particular,

Table 3. Surgical characteristics of first-line hysterectomy according to suspected disease type.

Time period

Pre-guidance Post-guidance

N % (95% CI) N % (95% CI) RR (95% CI) p-value

NEH 108 110

Approach

Abdominal 40 37 (27–49) 31 29 (20–40) 0.77 (0.48–1.24) 0.29

Laparoscopic 38 35 (23–50) 57 52 (38–65) 1.42 (0.92–2.19) 0.11

Lap-assisted 14 13 (5.6–27) 7 6.5 (2.8–14) 0.57 (0.21–1.53) 0.26

Vaginal 4 3.7 (1.3–10) 4 2.8 (0.85–8.7) 0.82 (0.17–3.92) 0.80

Unspecified 12 11 (4.7–24) 11 10 (4.0–24) - -

Total hysterectomy 108 - 108 - - -

BSO 83 77 (66–85) 85 78 (67–86) 1.01 (0.75–1.37) 0.94

Surgical histology

Benign finding 41 48 (36–61) 35 41 (29–55) 0.83 (0.53–1.31) 0.43

NEH 24 28 (19–40) 35 40 (28–54) 1.45 (0.85–2.48) 0.17

AEH 12 14 (7.7–25) 13 15 (10–25) 1.08 (0.49–2.37) 0.84

Cancer 8 9.4 (4.5–18) 3 3.5 (1.1–10) 0.38 (0.099–1.41) 0.15

Missing 23 - 24 -

AEH 453 569

Approach

Abdominal 161 36 (27–44) 168 30 (22–38) 0.83 (0.65–1.05) 0.12

Laparoscopic 206 45 (34–57) 319 56 (46–66) 1.26 (1.04–1.52) 0.016

Lap-assisted 40 8.8 (5.2–15) 52 8.9 (5.2–15) 0.82 (0.51–1.31) 0.4

Vaginal 7 1.5 (0.56–4.2) 2 0.36 (0.086–1.5) 0.22 (0.045–1.11) 0.066

Unspecified 39 8.6 (3.6–19) 28 5.0 (2.8–8.6) - -

Total hysterectomy 449 99 (98–100) 569 - - -

BSO 411 91 (87–93) 509 90 (86–92) 0.99 (0.87–1.12) 0.84

Surgical histology

Benign finding 42 11 (7.4–16) 40 8.6 (6.1–12) 0.82 (0.52–1.30) 0.40

NEH 31 8.1 (5.6–12) 36 7.8 (5.2–12) 1.01 (0.62–1.66) 0.96

AEH 145 38 (30–46) 220 47 (39–56) 1.21 (0.97–1.51) 0.097

Cancer 166 43 (34–53) 171 37 (29–44) 0.86 (0.69–1.08) 0.19

Missing 69 102

AEH, atypical endometrial hyperplasia; BSO, bilateral salpingo-oophorectomy; CI, confidence interval; NEH, non-atypical endometrial hyperplasia; RR, rate ratio.

Excluding 3 women who had either a clinical or a radiological suspected malignancy despite histological findings.

Proportions for surgical histology results do not include women with missing data.

https://doi.org/10.1371/journal.pmed.1004346.t003
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may offer benefits over non-intrauterine progestogens [14], including a potentially better

response among women with morbid obesity [18]. We found that use of first-line intrauterine

progestogens increased and that less women with NEH were untreated in the post-guidance

period. There is limited international guidance on NEH for comparison, although the Society

of Obstetricians and Gynaecologists of Canada (SOGC) recommends medical management

only if conservative management fails [19]. We did not observe any obvious differences in the

pattern of first-line treatment of women with AEH, other than an increase in documented

weight loss advice and weak evidence of a potential increase in the use of intrauterine proges-

togens, although the first-line hysterectomy rate remained consistent across the 2012–2019

periods. The American College of Obstetricians and Gynecologists (ACOG) similarly recom-

mends total hysterectomy in their guidance on AEH [20]. When we considered why the deci-

sion may be made against hysterectomy for women with AEH, we found that those under 40

Table 4. Follow-up status at 2 years from diagnosis.

Time period

Pre-guidance Post-guidance

N % (95% CI) N % (95% CI) RR (95% CI)

NEH 691 780

Followed up to resolution 469 68 (61–74) 591 76 (72–79) 1.12 (0.99–1.26) 0.076

Followed up to initial regression 264 38 (33–43) 409 52 (47–58) 1.38 (1.18–1.63) <0.001

Followed up to hysterectomy 205 29 (25–34) 182 23 (19–28) 0.72 (0.58–0.90) 0.003

No follow-up received 145 21 (16–28) 96 12 (9.2–17) 0.65 (0.49–0.86) 0.003

No follow-up, discharged 77 11 (7.7–16) 58 7.4 (5.1–11) -

Planned follow-up did not occur 9 1.3 (0.064–2.6) 17 2.2 (1.3–3.5) -

No follow-up, unknown reason 59 8.8 (4.8–15.6) 21 2.8 (1.5–5.1) -

Follow-up commenced 63 9.1 (7.3–11) 64 8.1 (6.3–10) 0.89 (0.63–1.27) 0.53

Followed up, ongoing 1 0.14 (0.019–1.1) 13 1.7 (0.72–3.8) -

Discharged before resolution 18 2.6 (1.6–4.2) 18 2.3 (1.5–3.6) -

Planned further follow-up did not occur 25 3.6 (2.4–5.4) 24 3.4 (2.5–4.8) -

Followed up discontinued, unknown reason 19 3.2 (1.8–5.4) 9 1.3 (0.58–2.8) -

Did not attend 14 2.0 (1.0–4.0) 29 4.0 (2.8–5.6) -

Progression to cancer, no hysterectomy 0 - 0 - -

AEH 660 725

Followed up to resolution 577 87 (74–94) 671 93 (90–95) 1.06 (0.95–1.18) 0.33

Followed up to initial regression 68 10 (7.8–13) 105 14 (11–19) 1.38 (1.00–1.90) 0.047

Followed up to hysterectomy 509 76 (66–84) 566 77 (73–80) 1.01 (0.89–1.14) 0.92

No follow-up commenced 57 8.6 (2.6–25) 23 3.2 (1.7–6.1) 0.56 (0.34–0.93) 0.025

No follow-up, discharged 45 6.7 (1.5–26) 9 1.2 (0.35–4.3) -

Planned follow-up did not occur 4 0.60 (0.18–2.0) 7 0.96 (0.49–1.9) -

No follow-up, unknown reason 8 1.9 (1.1–3.4) 7 2.1 (1.2–3.6) -

Follow-up commenced 14 2.1 (1.2–3.7) 22 2.9 (1.6–5.2) 1.30 (0.65–2.60) 0.46

Followed up, ongoing 1 0.15 (0.020–1.1) 10 1.4 (0.54–3.4) -

Discharged before resolution 4 0.60 (0.23–1.6) 2 0.28 (0.067–1.1) -

Planned further follow-up did not occur 3 0.60 (0.26–1.4) 7 0.83 (0.33–2.0) -

Followed up discontinued, unknown reason 6 1.2 (0.50–2.8) 3 0.69 (0.30–1.5) -

Did not attend 5 0.75 (0.35–1.6) 7 0.96 (0.47–2.0) -

Progression to cancer, no hysterectomy 7 1.0 (0.40–2.7) 2 0.41 (0.014–1.2) -

AEH, atypical endometrial hyperplasia; CI, confidence interval; NEH, non-atypical endometrial hyperplasia; RR, rate ratio.

https://doi.org/10.1371/journal.pmed.1004346.t004
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years old (compared with those 50 to 59) or over a BMI of 40 (compared with a BMI under 25)

were less likely to undergo first-line hysterectomy. In the former group, this is likely related to

fertility wishes; in the latter group, this may be related to either the perceived fitness for surgery

or the risk of surgical complication. Obesity confers a greater risk of morbidity in women

undergoing hysterectomy with the excess risk greatest for abdominal hysterectomy [21]. We

identified an increase in hysterectomies performed laparoscopically, which may reflect the

broader move towards laparoscopic surgery and dissemination of these skills over time. Lapa-

roscopic and vaginal approaches offer a lower risk of wound complication and shorter postop-

erative stay among women with severe or morbid obesity, although there is an approximate

10% rate of conversion to abdominal hysterectomy [22]. Among women with either AEH or

early-stage EC, a multicentre Dutch RCT, in which approximately 40% of women were obese,

reported no difference in the rate of major complication between total abdominal or total lapa-

roscopic approaches but lower blood loss, use of analgesia, shorter hospital stay, and faster

recovery with a laparoscopic approach [23]. Robot-assisted laparoscopic hysterectomy may

reduce the rate of conversion to abdominal hysterectomy for women with obesity [24], and the

uptake of this approach may benefit women with EH, who have a high prevalence of morbid

obesity. Approximately 30% of women with EH still underwent abdominal hysterectomy

between 2016 and 2020, greater than the conversion rate. This may mean that some hospitals

may not be able to offer all women laparoscopic hysterectomy. Although we could not com-

prehensively assess why many women did not undergo laparoscopic hysterectomy, the provi-

sion of laparoscopic hysterectomy for women with EC differs geographically based on routine

administrative data [25]. We did not collect data on additional complicating factors such as

previous surgery nor on the size of the surgical specimen given the need to avoid morcellation

among women with AEH, which may influence the surgical approach.

A possible explanation for the increase in the proportion of women with AEH who received

first-line medical management in 2020 is the impact of the COVID-19 pandemic. Although

women with AEH should have been able to access timely first-line hysterectomy given their

Fig 4. Proportion of hysterectomy or regression by 2 years over time. The proportion of patients who were followed

up to hysterectomy or histological regression (on at least 1 biopsy) at 2 years from diagnosis over time, according to

type of endometrial hyperplasia.

https://doi.org/10.1371/journal.pmed.1004346.g004
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high risk of malignancy, there is evidence that the COVID-19 pandemic impacted gynaecolo-

gical services [26] and provision of cancer surgery [27]. There is evidence that some healthcare

professionals offered hormonal treatment and deferred surgical treatment for low-grade EC

[28] and, therefore, potentially also AEH. Alternatively, women with AEH may have opted not

to proceed to surgical management, given the added risks of hospitalisation and hospital-

acquired infection, although most patients wished to proceed with care of gynaecological can-

cers [29]. Clinicians should ensure their counselling is consistent with pre-pandemic norms in

line with guidance and women should be counselled on both the very high risk of concurrent

cancer as well as the risk of progression to EC [11]. The medical management of EC is not rec-

ommended unless a patient is unfit for surgery [1]. If a woman with AEH decides to proceed

with hysterectomy, this should be performed on a cancer pathway by a gynaecological

oncologist.

The strengths of this national audit were its large and multicentre population and the

detailed level of patient-level data collection. The data were collected by doctors with speciality

training in gynaecology, and the use of supplementary free-text comments meant that uncer-

tainties could be described and appropriately coded following centralisation of the data. A

review of medical records provided a comprehensive understanding of care and follow-up;

nevertheless, we relied on the availability of routine clinical documentation to understand the

decision-making process, and some data were missing. We sought to audit cases consecutively,

but we cannot be certain that case identification was exhaustive; nevertheless, we do not

believe that case retrieval would differ systematically. We could not determine the reason some

patients were not followed up if this was not documented. A quarter of patients were missing

data on BMI. In our complete case analysis of the association between comorbidity and first-

line hysterectomy for AEH, we assumed that in a high-risk clinical setting with decision-mak-

ing informed by surgical benefit and risk that BMI is less likely to differ systematically. If

women with missing BMI did have higher BMI, it is unlikely these would be more likely to

have had first-line hysterectomy. We did not include women who died when we considered

2-year follow-up status where there was not a preceding outcome. Women who died were

described as having died unrelated to their endometrial disease or from EC, but we cannot

exclude that the cause of death was driven by an underlying malignant process. Finally, we

audited cases of EH from before and after the introduction of the GTG. We cannot state that

the GTG was the only factor underlying any change, and while some recommendations may

reflect broader changes in attitude, for example, relating to a laparoscopic approach, we believe

it was likely to be a main driver of changes in care during the study period.

The large majority of women with AEH proceeded to hysterectomy or initial histological

regression in the 2 years from diagnosis; however, the initial follow-up of women with AEH

who did not undergo first-line hysterectomy differed from the recommendation for 2 consecu-

tive 3-month biopsies. Repeat investigation is critical in this group as many of these women

will already have an occult malignancy and the decision not to proceed to hysterectomy could

be better-informed by information that they did have cancer, if subsequently identified. Clini-

cians should ensure that evidence-based care is provided as appropriate for the individual

patient. All women who elect for medical management of EH should be followed up and those

with AEH should be counselled on their high risk of occult cancer. Although early discharge

or “did not attend” represented a small minority overall, these are examples of better-charac-

terised reasons for loss of follow-up and may be opportunities to improve the quality of care.

Equally, processes for actioning and communicating histological results must be robust. It is

critical that women with AEH who did not undergo hysterectomy are followed up with

3-monthly biopsies or else are appropriately counselled so that their decision not to is

informed. Local gynaecology units may wish to consider methods to strengthen the follow-up
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of women with AEH, including creating a designated lead for patients with ongoing AEH. A

local or central EH register may ensure more rigorous patient surveillance and would facilitate

further research into the treatment and progression of the condition. General practitioners

who may be providing care for women with suspected EH should refer these patients back to

their gynaecology service for histological follow-up until safe discharge.

Our findings have identified potential areas for research to improve the quality of care.

Interventions to improve the follow-up of women in different situations may be of benefit.

Research into patient-centred communication, including patient information leaflets or deci-

sion aids, may help to support patients to understand the rationale for proposed treatment and

help them decide on their line of treatment. Similarly, patient information leaflets specific to

NEH and AEH may help to support the provision of high-quality counselling and health liter-

acy around EH, which may increase follow-up and reduce non-attendance. From a surgical

perspective, research on how to improve the dissemination of skills in laparoscopic hysterec-

tomy, including within a very high BMI population, may improve the quality of care. Research

into the risks and benefits of robot-assisted hysterectomy among women with obesity for pre-

malignant or early EC may also help to characterise the potential role for this surgical approach

in EH given the high rate of obesity in this group.

In this national audit of the management of EH, we found increased uptake of medical

management and a decrease in hysterectomy in women without atypia following the introduc-

tion of national guidance. While there was some improvement in the quality of follow-up, the

majority of women did not receive the recommended surveillance, including for women with

premalignant disease. Women with suspected AEH must be appropriately counselled, treated,

and followed up, given their very high risk of occult EC.
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