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Chapter 8 

Abstract 

Objective: To develop an analytical approach to estimate the probability of endometrial hyperplasia and 

cancer in women with postmenopausal bleeding, using a combination of patient history and tests. 

Methods: A prospectively collected database of 428 postmenopausal women investigated for abnormal 

uterine bleeding in an outpatient rapid access clinic was used. The probability of disease was estimated 

using multi variable logistic regression models considering a combination of age and the use of hormone 

replacement therapy and tests (ultrasound and hysteroscopy) in keeping with the actual clinical process. 

Results: The prevalence or prior probability of endometrial cancer in the sample studied was 4.4%. 

Hysteroscopy alone performed better than ultrasound alone. In all patients, a negative hysteroscopy 

reduced the probability of cancer to 1.3%. In women less than 60 years of age who use hormone 

replacement therapy, a negative hysteroscopy further reduced this probability to 0.1%. Overall, a positive 

hysteroscopy raised the probability of cancer to 38.9%. However, in women over 60 years of age not using 

hormone replacement therapy, a positive hysteroscopy increased this probability to 59.4%. Combining 

ultrasound results with hysteroscopy did not meaningfully alter the diagnostic probability. 

Conclusion: The combination of information obtained from patient history and tests allows generation of 

specific disease probabilities in postmenopausal bleeding. This type of multivariable analysis puts 

diagnostic information gained from history and other tests into a perspective that reflects actual clinical 

practice. 
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Introduction 

Diagnostic procedures are a critical part of the clinical process because a correct and timely diagnosis 

allows the opportunity for effective and efficient patient management strategies to be employed. Accurate 

diagnosis reduces the risk from unnecessary therapy and optimizes use of limited resources. ' 2 The 

clinical process leading to a medical diagnosis is usually based on information acquired from the clinical 

history and physical examination, in conjunction with results of diagnostic procedures.3 Studies 

evaluating accuracy of such diagnostic tests in isolation from the rest of this diagnostic process do not 

indicate how useful the test will be in practice4 5. This is because the true clinical value of a test lies in the 

added information it provides over and above what is already known from the history and examination. 

Therefore diagnostic test evaluation within the context of clinical practice is essential. 

The application of multivariable approaches in the evaluation of diagnostic tests 6 allows integration of 

information from various components of the diagnostic process. Systematic reviews of ultrasonography7 

and hysteroscopy 8 have identified over 100 individual accuracy studies, none of which used a 

multivariable analysis. In this paper, we examine the feasibility of developing such an approach for 

diagnosis of endometrial hyperplasia and cancer in women with postmenopausal bleeding. 

Materials and methods 

The database 

From July 1999 to July 2001, information on all consecutive women presenting to our Rapid Access 

Ambulatory Diagnostic (RAAD) hysteroscopy clinic for investigation of abnormal uterine bleeding was 

collected. Patients were referred to this clinic for investigation of postmenopausal bleeding and persistent 

(> 3 months) unscheduled bleeding on hormone replacement therapy by general practitioner or 

gynecologists. There were 428 patients in total, 154 with persistent unscheduled bleeding on hormone 

replacement therapy. Data were prospectively recorded on patients' age at presentation, use of hormone 

replacement therapy and presence of diabetes or hypertension on a specific, dedicated computerized 

database. Patients took any type of the various preparations of hormone replacement therapy available i.e. 

monthly, three-monthly or continuous combined non-withdrawal bleed preparations. No patient was 

taking unopposed estrogen replacement therapy. The median age at presentation was 54 years 

(Interquartile range 48.3-61.0 years). 

All women had a pelvic ultrasound scan, outpatient hysteroscopy and endometrial biopsy. As previously 

described, pelvic transvaginal ultrasonography was performed using an endovaginal 6.5 MHz 

transducer of a scanner (Hitachi Sumi, Japan). Double layer endometrial thickness was measured in mm, 

and thickness of 5mm was used as a cut-off for endometrial pathology ". Mini-hysteroscopy was 

performed using a 1.2mm micro-hysteroscope with a 2.5mm rigid outer sheath (Karl Storz, Tuttlingen, 

Germany) in the majority (78%) of women and the 2.5 mm Versascope® (Gynecare, Edinburgh, UK) in 
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the remainder. The depth of the endometrial mucosa was assessed by applying light pressure with the 

hysteroscope. Hysteroscopic features of smooth non-vascular endometrium were considered normal, while 

increased endometrial thickness, abnormal vascularisation, or irregularity, friability, bleeding or necrotic, 

polypoid formations were considered suspicious 

To confirm the diagnosis of cancer or hyperplasia, outpatient endometrial biopsies were performed using 

the pipelle' sampler (Laboratoire CCD, Paris, France). This device is highly accurate in diagnosis of 

endometrial pathology '5 16. Histological diagnoses were classified as negative (benign endometrium and 

benign polyps), or positive (endometrial hyperplasia and carcinoma) based on the pathology report. In 

patients where outpatient biopsy was inadequate, inpatient endometrial sampling was performed under 

anesthesia. All patients were followed up for a minimum of 6 months and recurrent symptoms were used 

as an indication for reassessment. There were 19 cases of cancer and 34 cases of hyperplasia in the 

database. 

Logistic regression analysis 617 was used to delineate the predictive values of features from the clinical 

history and results from ultrasound and hysteroscopy (independent variables) using endometrial cancer as 

the binary dependent (outcome) variable. Endometrial disease, defined as cancer and/or hyperplasia, was 

used as the outcome variable in a second set of regression analyses. We initially performed univariable 

analyses followed by multivariable modelling. 

Univariable Analysis 

Univariable analyses were run using SPSS® statistical software (Version 10.0 SPSS Inc. 2001. Chicago, 

Illinois, USA). For the historical features the following variables were used: age at presentation, use of 

hormone replacement therapy (n=154), and co-existent diabetes (n=26) or hypertension (n=131), in 

addition to results from testing with ultrasonography and hysteroscopy. Age at presentation was 

categorized into categories over and under 60 years. This cut off was chosen using a receiver operating 

characteristics (ROC) plot, which revealed the optimal age to discriminate between cancer being present 

or absent. Ultrasonic endometrial thickness greater than 5mm and suspicious findings on hysteroscopy 

were considered positive results. Preliminary analyses using different cut-off values for a positive 

ultrasound result showed that 5mm performed best in the database. Following this procedure only 

patient's age, use of hormone replacement therapy, ultrasonography and hysteroscopy were found to have 

a strong association with endometrial cancer and disease (p<0.1). Thus they were chosen for the 

multivariable modelling described below. 

Multivariable analysis 

Four multivariable diagnostic models were produced; patient history (age and hormone replacement 

therapy use) alone (model 1), patient history plus ultrasonography (model 2), patient history plus 
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hysteroscopy (model 3) and patient history plus ultrasonography and hysteroscopy (model 4). The first 

model was built to provide empirical probability estimates of endometrial cancer and disease for the four 

possible combinations of the historical variables age and use of hormone replacement therapy. In models 2 

and 3 we separately estimated the conditional disease probabilities associated with ultrasonography and 

hysteroscopy findings based on the patient history used in the first model. This allowed us to evaluate how 

the findings of the tests, added to the patient history, altered disease probabilities. Finally, in model 4, we 

determined the disease probabilities for a combination of these profiles and tests. This approach mirrors 

the real clinical situation where historical information is acquired prior to undertaking investigation with 

ultrasound scan or hysteroscopy. 

Receiver operating characteristic curves 

The predictive value of each model was initially summarized by plotting the estimates of sensitivity (true 

positive rates) against 1- specificity (false positive rates) to develop a receiver operating characteristic 

(ROC) curve that characterized the performance of the particular diagnostic model18 '9 (figures not 

shown). This is a commonly used approach in both primary and secondary research for evaluating 

diagnostic accuracy of tests " 2 0 2122 23 An area under the ROC curve provides information of the entire 

range of test results. A ROC area of 0.5 describes a non-informative test whereas a ROC area of 1.0 

represents a test that discriminates perfectly between disease presence and absence. The ROC curves 

generated from logistic regression modelling and their respective areas under the curve (ROC area) were 

compared. This approach allowed a traditional examination of the multi variable approach in evaluation of 

test combinations. 

Diagnostic probability estimation 

Multivariable logistic regression analysis allows one to generate the probability of presence of endometrial 

cancer and disease as a function of the historical features and test results directly taking into account any 

overlap of information that may exist between them. As our objective was to generate conditional disease 

probabilities, the models described above were used to estimate the probability of cancer or disease 

(cancer plus hyperplasia) for each individual patient. These estimates represented a probabilistic 

transformation of the observed values of the profiles and tests included in the models. Estimated 

probabilities range from 0-1, with 0 indicating definite absence of disease and 1 indicating definite 

presence. We converted probability fractions to percentages (range 0%-100%) to allow easier 

interpretation. 

Results 

Comparison of diagnostic models 

The area under ROC curve for the patient profiles based on patient age (> 60 years) and use of hormone 

replacement therapy was 0.8 (95% CI 0.7-0.9) for predicting endometrial disease. The stepwise adding of 
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ultrasound increased the area to 0.82 (95% CI 0.73-0.91). The historical features combined with the result 

of the hysteroscopy generated an area of 0.910 (95% CI 0.83-0.98). The full model consisting of the 

patient history, an ultrasound and a hysteroscopy increased the area only marginally (0.914 (95% CI 0.83-

0.99)). This comparison of the models suggests that statistically there is not much incremental value of 

testing with ultrasound. 

Estimates of diagnostic probabilities 

The prevalence or prior probability of endometrial cancer in the sample studied was 4.4%. In all patients 

(disregarding the patient history), ultrasound endometrial thickness of <5mm reduced the probability of 

cancer to 3.5% while thickness of >5mm raised it to 5.5%. On the other hand, a normal hysteroscopy 

reduced the probability of cancer to 1.3% while an abnormal hysteroscopy raised it to 38.9%. 

Table 1 and 2 show the conditional probabilities generated from regression models 1 and 2 and models 1 

and 3 respectively. Using patient profile information, a negative ultrasound result was associated with a 

0.2% probability of cancer in women less than 60 years of age using hormone replacement therapy. A 

positive ultrasound result was associated with a 16.2% probability in women over 60 years of age not 

using hormone replacement therapy. For hysteroscopy, a negative result was associated with a 0.1% 

probability of cancer in women less than 60 years of age using hormone replacement therapy, whereas a 

positive result was associated with a 59.4% probability in women over 60 years of age not using hormone 

replacement therapy. 

Table 1: Estimated probabilities of endometrial hyperplasia and cancer from logistic regression model that 

addresses the risk information obtained from history along with the information obtained from 

endometrial ultrasound (95% Confidence Interval) 

Patient profile 
Age (years) HRT 

Probability of Endometrial Cancer 
<60 
<60 
>60 
>60 

All Patients 

yes 
no 
yes 
no 

Probability of Endometrial Hyperp 
<60 
<60 
>60 
>60 

All Patients 

yes 
no 
yes 
no 

Estimated 
Probability 

0.2% (0.01-2) 
1.1% (0.01-4) 
2.7% (0.01-17) 
12.9% (8-20) 

4.4% 

asia and Cancer 
5.7% (3-11) 
10.4% (5-20) 
11.3% (7-17) 
19.8% (14-27) 

12.4%(9.4-15.4) 

Ultrasound 
< 5 mm 

0.2% (0.01-2) 
0.3% (0.01-3) 
0.9% (0.01-4) 
1.6% (0.01-7) 

3.5% 

2.4% (1-6) 
4.5% (2-12) 
5.3% (3-10) 
8.3% (4-16) 

6.0% 

> 5 mm 

2.2% (0.01-15) 
3.8% (0.01-24) 
9.7% (5-19) 
16.2% (9-28) 

5.5% 

9.7% (5-17) 
14.8% (7-30) 
17.3% (11-27) 
28.6% (19-41) 

17.6% 
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Table 2: Estimated probabilities of endometrial hyperplasia and cancer from logistic regression model that 

addresses the risk information obtained from history along with the information obtained from 

hysteroscopy. (95% Confidence Interval) 

Patient profile 
Age (years) 

Probability of Endometria 
<60 
<60 
>60 
>60 

All Patients 

HRT 

Cancer 
yes 
no 
yes 
no 

Probability of Endometrial Hyperplasia 
<60 
<60 
>60 
>60 

All Patients 

yes 
no 
yes 
no 

Estimated 
Probability 

0.2% (0.01-2) 
1.1% (0.01-4) 
2.7% (0.01-17) 
12.9% (8-20) 

4.4% (2.7-6.9) 

and Cancer 
5.7% (3-11) 
10.4% (5-20) 
11.3% (7-17) 
19.8% (14-27) 

12.4% (9.4-15.4) 

Hysteroscopy 
Negative 

0.1% (0.01-1) 
0.5% (0.01-2) 
0.7% (0.01-7) 
3.5% (0.01-27) 

1.3% (0.5-3) 

3.7% (2-8) 
4.4% (2-11) 
9.1% (6-14) 
10.8% (7-17) 

7.9% (5.6-10.9) 

Positive 

3.7% (1-9) 
16.1% (4-49) 
21.6% (3-71) 
59.4% (39-77) 

38.9% (34.6-44) 

41.4% (22-64) 
46.1% (24-70) 
64.9% (43-82) 
69.1% (51-83) 

61.1% (56.2-65.6) 

Table 3 shows the estimated diagnostic probabilities from regression models 1 and 4. Combining 

ultrasound results with hysteroscopy did not markedly improve the diagnostic probability over that 

obtained from hysteroscopy and patient history, especially in the case of a negative test in combination 

with favorable patient profiles. The 4.4% prior probability of cancer was reduced to 0.1% by a negative 

result on both ultrasound and hysteroscopy in women less than 60 years of age using hormone 

replacement therapy. A positive test result on both ultrasound and hysteroscopy raised the diagnostic 

probability to 68.6% in women over 60 years of age not using hormone replacement therapy. 

The diagnostic probabilities for endometrial cancer plus hyperplasia are also shown in Tables 1-3. 
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Table 3: Estimated probability of endometrial hyperplasia and cancer from logistic regression model that 

addresses that the risk information obtained from history along with the information obtained from 

ultrasound and hysteroscopy. (95% Confidence Interval) 

Patient profile Estimated 

Age (years) HRT Probability 

Ultrasound and Hysteroscopy 

Ultrasound < 5 mm 

Hysteroscopy Negative 

> 5 mm < 5 mm 

Positive 

> 5 mm 

Positive 

Probability of Endometrial Cancer (95% CI) 

<60 

<60 

>60 

>60 

All Patients 

yes 

no 

yes 

no 

0.2% (0.01-2) 

1.1% (0.01-4) 

2.7% (0.01-17) 

12.9% (8-20) 

4.4%(2.7-6.9) 

Probability of Endometrial 
Hyperplasia and Cancer (95% CI) 

<60 

<60 

>60 

>60 

All Patients 

yes 

no 

yes 

no 

5.7% (3-11) 

10.4% (5-20) 

11.3% (7-17) 

19.8% (14-27) 

12.4%(9.4-15.4) 

0.1%(0.01-1) 0.2% (0.01-2) 3.9%(0.01-28) 6.4% (0.01-48) 

0.50% (0.01-3) 0.85% (0.01-4) 18.2% (4-56) 27.4% (10-43) 

0.53% (0.01-6) 0.9% (0.01-9) 18.9% (2-68) 39.6% (27-51) 

2.8%(1-11) 4.7%(2-12) 56.3%(33-77) 68.6%(35-90) 

0.8% (0.03-2.0) 1.9% (0.8-3.7) 34.8% (30.5-39.8) 55.1% (50.8-60.4) 

1.8% (1-5) 

5.6% (3-11) 

1.9% (1-7) 

6.1% (3-12) 

4.4% (2-10) 

13.1% (7-22) 

4.8% (2-14) 

14.2% (8-25) 

24.5% (9-53) 

51.5% (27-76) 

35.6% (25-46) 

53.8% (30-76) 

45.4% (23-70) 

73.1% (49-88) 

47.7% (24-73) 

74.9% (55-88) 

4.8% (3.1-7.4) 10.0% (7.4-13.3)45.6% (40.8-50.4) 65.1% (60.2-69.5) 

Comment 

This study demonstrates the development and feasibility of a stepwise, multivariable approach for 

evaluating the diagnostic usefulness of tests taking into account other components of the clinical process. 

Univariable analyses suggested the potential value of historical features (age and use of hormone 

replacement therapy), ultrasonography and hysteroscopy in the prediction of serious endometrial disease 

(hyperplasia or cancer) in women with postmenopausal bleeding. However, multivariable analyses, built 

to reflect the clinical context in which the diagnostic tools would be employed, showed that only 

hysteroscopy increased the prediction of serious endometrial pathology above that achieved by patient age 

and use of hormone replacement therapy. The use of ultrasonography did not meaningfully alter the 

probability. These results need confirmation in larger datasets. 

Systematic quantitative reviews of ultrasonography 7 and hysteroscopy 8 have however, suggested that 

both have high individual accuracy in predicting endometrial cancer and hyperplasia. This is not 

surprising given that diagnostic tests are evaluated for accuracy against a reference standard, often in 

isolation from the clinical context in which they will be used i.e. after a thorough history (and physical 

exam). Estimates of diagnostic accuracy derived in this way, ignore information that may have been 
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acquired earlier in the diagnostic process. Such an approach can lead to erroneous inferences and may 

artificially inflate the value of diagnostic tests (4) (5). Moreover, combining estimates of accuracy 

obtained in this way using Bayes' theorem, may also exaggerate the value of a diagnostic strategy. In this 

approach independency of the separate diagnostic tests is assumed but in reality tests are usually not 

completely independent. This is because the focus of different tests is on different, but usually interrelated, 

aspects of the same pathology. To demonstrate this we compared the diagnostic probabilities generated by 

a simple Bayesian approach (assuming complete independency of patient history and tests) with those 

derived from the multivariable model (which takes account of the overlap of information between history 

and tests). As shown in figure 1, the simple Bayesian approach overestimated the probability by almost 

20%. This highlights the potential for bias inherent in the simple diagnostic analyses. However, diagnostic 

workup is carried out to determine whether treatment should be used or not, and these decisions are made 

according to implicit or explicit clinical decision-thresholds 24. Therefore, overestimations of disease 

probability will only be important when they cross these clinical thresholds and change therapeutic 

decisions. This issue needs further investigation. 

Figl 

Prediction of probability of endometrial cancer using patient profile and tests: Comparison of a simple 

Bayesian with a multivariable approach 

^50 .0 

•Z 40.0 

f 

Probabilities from simple Bayesian approach 

. . . + . . . Probabilities from multivariable analysis 

Baseline Age 
Prevalence > 60 years 

HRT 
Non-user 

Ultrasound Hysteroscopy 
>5 mm positive 
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We first summarized the accuracy of the four diagnostic models by producing ROC curves and calculating 

the areas under the curves produced. This approach enables comparison of the four models by analyzing 

the difference in magnitude of the ROC areas. A difference between areas is then used to select the best 

one of the diagnostic strategies. But this process is not clinically intuitive and it does not facilitate 

meaningful interpretation of the results in the diagnostic work up. Therefore, we calculated disease 

probabilities to summarize diagnostic performance as this approach assists clinical interpretation and 

allows estimation of the level of probability for an individual patient using a combination of patient 

history and tests. This approach is more useful in aiding clinical decision-making. This is because it allows 

the added value of tests to be determined in light of information already available to the clinician from the 

history, thereby reflecting the real clinical situation. Furthermore, by incorporating individual patient 

profiles, estimates of disease probabilities can be made according to a particular patient profile. Our data 

suggests that patients under 60 years of age and currently using hormone replacement therapy have a 

reduced likelihood of endometrial cancer. Any protective effect of opposed hormone replacement therapy 

on endometrial cancer however, appears to depend upon the progestogen component, patterns of use and 

other patient characteristics such as body weight and history of diabetes 25 26. The lower risk of 

endometrial cancer among women taking HRT may have occurred because women on HRT are more 

likely to be referred with abnormal bleeding due to HRT rather than due to underlying pathology. Clearly 

further work using a larger database is required to address these questions. 

One interpretation of our findings could be that ultrasound at 5mm cut off did not give any additional 

prediction for endometrial cancer if hysteroscopy was already performed, so if hysteroscopy is an option 

ultrasound may be omitted. A different cut off for ultrasound might produce a different interpretation. 

These issues need exploration in a larger study. 

We have previously explored the use of multivariable regression models in the diagnosis of endometrial 

disease using a small data set demonstrating that diagnostic analyses can be constructed to reflect clinical 

practice 21. In this paper we develop our analytical strategy further, however, our results for diagnostic 

accuracy of ultrasound scan and hysteroscopy should be interpreted in the context of hypothesis 

generation. Further studies using larger data sets will need to be carried out using the analytical techniques 

outlined in this paper to determine the contribution of various tests used in women with postmenopausal 

bleeding. 
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