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KEYWORDS Abstract  Purpose: The combination of two tumour markers, CA125 and HE4, in the risk of
HE4 ovarian malignancy assay (ROMA) has been shown to be successful in classifying patients
CA125 into those who have a high or low risk of epithelial ovarian cancer. In the present study,
Ultra'sound the diagnostic accuracy of ROMA was assessed and compared to the diagnostic accuracy
Oyarlan neqplasm ) of the two most widely used ultrasound methods, namely the risk of malignancy index
RlSlf Of_ malignancy index (RMI) and subjective assessment by ultrasound.
Sl}bJeCthe as§essmegt Methods: From August, 2005 to March, 2009, 432 women with a pelvic mass who were sched-
Risk of Ok malig- uled to have surgery were enrolled in a single-centre prospective cohort study. A preoperative
nanc.y.a.lgorlthm o ultrasound was performed and preoperative CA125 and HE4 serum levels were measured.
Sensitivity and specificity Once the final surgical pathology reports were obtained, the diagnostic accuracy and perfor-

mance indices of ROMA, RMI and subjective assessment were calculated.
Results: Of the 432 eligible patients, 374 could be analysed. Subjective assessment had the high-
est area under the receiver operator characteristic curve (AUC) (0.968, 95% CI:0.945-0.984),
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followed by the RMI (0.931, 95% CI:0.901-0.955). The subjective assessment and RMI both had
significantly higher AUCs than the ROMA (0.893, 95% CI:0.857-0.922; P <0.0001 and
P =0.0030, respectively). The pre- and postmenopausal populations generated similar results.
Conclusion: Although new tumour markers models are promising, they do not contribute signif-
icantly to the diagnosis of ovarian cancer. Ultrasound, especially subjective assessment by ultra-
sound, remains superior in discriminating malignant from benign ovarian masses.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Ovarian cancer is the sixth most common cause of
cancer-related death among women in Europe.' Differ-
entiating between benign and malignant pelvic masses
is difficult due to the anatomical localisation of the ova-
ries. Generally, women are evaluated on the basis of
their personal history, a clinical examination, ultra-
sound and tumour marker levels. CA125 is the most
widely used tumour marker in ovarian cancer.”> A signif-
icant problem associated with CA125 is that it can be
expressed in numerous benign and malignant condi-
tions, which leads to false positive results; moreover, it
is only expressed by about 50% of early stage ovarian
cancers, which leads to false negative results.> Another
tumour marker which gained attention is the human epi-
didymis secretory protein 4 (HE4). HE4 is over-
expressed by ovarian and endometrial cancer.* ® Moore
et al. developed an algorithm, the risk of ovarian malig-
nancy algorithm (ROMA), which is based on both
CA125 and HE4. The ROMA was suggested to be supe-
rior to CA125 alone.* Some validation studies confirmed
the superiority of the ROMA to CA125 alone,® while
others did not.”®

Sonography by greyscale and colour Doppler imag-
ing is also used widely to classify ovarian masses. While
many scoring systems and models have been described,
the risk of malignancy index (RMI) is probably the most
widely used model at present.”!® The RMI is calculated
by an algorithm based on several ultrasound variables,
the menopausal status and the CA125 level. Its relative
simplicity makes it easy to use. Another ultrasound
method used to evaluate ovarian masses is the subjective
impression of a sonographer, the so-called subjective
assessment or pattern recognition. Subjective assessment
is a highly accurate method for discriminating benign
from malignant ovarian masses.''"'

Previous studies have compared the ROMA to
RMI3'® but comparison between subjective assessment
and the ROMA has never been made. In 2005, we initi-
ated a prospective cohort study to validate newly discov-
ered biomarkers such as HE4. In a previous study, this
cohort was used to compare the accuracy of ROMA
to that of CA125.” The aim of this study was to deter-
mine whether ultrasound models are similar or superior
to the ROMA.

2. Materials and methods
2.1. Patients

From August, 2005 until March, 2009, 432 consecu-
tive women were found to be eligible to participate in
a prospective single-centre cohort study conducted at
the University Hospitals Leuven. Patients were consid-
ered to be eligible if they were diagnosed with a pelvic
mass that was suspected to be of ovarian origin and they
were to undergo surgery. Prior to surgery, imaging by
pelvic US was performed and a serum sample was taken
for tumour marker analysis. Patients with a prior bilat-
eral oophorectomy were not eligible. Patients who were
diagnosed with ovarian cancer were completely surgi-
cally staged. Prior to enrolment in the study, all patients
were required to give fully informed consent. The proto-
col was approved by the Local Ethics Committee (refer-
ence: OGO032/ML3132). Patient participation in the
study was concluded once the final surgical pathology
reports were obtained.

2.2. Ultrasound

All ultrasound examinations were performed in the
same department by a standardised examination
technique that employed standardised terms and defini-
tions and high-quality ultrasound equipment.'” The
examiner was an experienced sonographer or a trainee
supervised by an experienced sonographer. Transvaginal
sonography was performed in all cases. Transabdominal
sonography was added to examine large masses that
could not be seen in their entirety by using a transvaginal
probe.

2.2.1. RMI

Defined as U x M x CA125, where U = the ultra-
sound score, M = menopausal status, and CA125 = the
level of this marker.® U was calculated as follows: mul-
tilocularity, solid areas, bilaterality, ascites and intra-
abdominal metastases each scored one point and total
scores of 0, 1 and >2 points yielded U values of 0, 1
and 3, respectively. Postmenopausal status was
associated with an M score of 3 and was defined as more
than 1 year of amenorrhoea, or an age of 50 years or
older if the woman had had a prior hysterectomy.
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A premenopausal status yielded an M score of 1. Since
the CA125 level (U/mL) was not disclosed to the sonog-
rapher at the time of the ultrasound examination, this
was entered into the equation after the ultrasound
report was finished. A cut-off of 200 was used to differ-
entiate between benign and malignant, as suggested in
the literature.’

2.2.2. Subjective assessment

On the basis of greyscale and colour Doppler find-
ings, the ultrasound examiner was obliged to give his/
her subjective impression in two ways: (a) classification
of each mass as benign or malignant, and (b) expressing
his/her level of confidence as follows: benign, probably
benign, uncertain, probably malignant, or malignant.
The category ‘uncertain’ was split into two subcatego-
ries: uncertain but initially classified as benign, and
uncertain but initially classified as malignant.

2.3. Serum samples and marker assays

Immediately before surgery, blood samples were
obtained in 10 ml clotting tubes (BD Vacutainer® Serum
Tube, ref. 369033). Serum tubes were centrifuged at 800g
for 10 min. The serum was collected, dispensed into cryo-
tubes and frozen at —80 °C. CA125 and HE4 concentra-
tions were measured by using the CanAg CA125 EIA
assay and HE4 EIA assay (Fujirebio Diagnostics, Gote-
borg, Sweden), according to the manufacturer’s instruc-
tions. Each enzyme-linked immunosorbent assay
(ELISA) was performed manually in duplicate. CA125
and HE4 were combined in the ROMA, as described pre-
viously.” For premenopausal and postmenopausal
patients, cut-offs of 12.5% and 14.4%, respectively, were
used.'®

2.4. Histology

The histology of the tumours was classified according
the World Health Organisation classification of
tumours.'® Borderline tumours were not excluded from
the present analysis and were classified as malignant
tumours.

2.5. Statistical analysis

Statistical analysis was performed with MedCalc
v11.5.1.0 (MedCalc Software, Mariakerke, Belgium).
Mean patient ages were compared by using the indepen-
dent Student’s ¢-test (Welch-test) and menopausal status
was compared by using the Chi-square test. Receiver
operator characteristic (ROC) curves were constructed
and the areas under the curve (AUC) with binomial
exact 95% confidence intervals (95% CI) were calcu-
lated.?® Using the six levels of diagnostic confidence as
different cut-offs, an ROC curve could be constructed

for the subjective assessment as well. The method
described by DeLong et al.>' was used to calculate the
difference between two AUCs.

The diagnostic performance of the models was also
expressed as sensitivity, specificity, positive and negative
predictive values and positive and negative likelihood
ratios when using the recommended cut-off values for
the ROMA and the RMI. Since the sonographer had
to distinguish between benign and malignant, this was
also used as a cut-off. However, the sensitivity and spec-
ificity of a model depend on the chosen cut-off, whereas
the AUC reflects overall test performance. Therefore,
the AUC was considered to be the most important mea-
sure of diagnostic performance.

Since both the RMI and the ROMA include the
menopausal status in their algorithm, the statistical
analysis was performed on the whole population and
after stratification for menopausal status. Other explor-
atory subset analyses are provided in a Supplementary
file.

For all statistical comparisons, a level of P < 0.05 was
accepted as being statistically significant.

3. Results
3.1. Patient and tumour characteristics

Of the 432 eligible patients, 374 could be analysed
(Fig. 1). The reasons for patient exclusion are detailed
in Table 1. Of the 374 analysed patients, 224 (59.9%)
and 150 (40.1%) patients had benign and malignant dis-
ease, respectively. Patients with benign disease were
younger (mean age =46.2 [95% CI:44.1-48.3] versus
57.7 [95% CI:55.7-59.8] years; P <0.0001). Of the
patients with benign disease, 37.9% (95% CI:31.6-44.3)
were postmenopausal, while 74.0% (95% CI1:67.0-81.0)
of the patients with malignant disease were postmeno-
pausal (P <0.0001).

The most common benign ovarian tumours were
endometriomas, cystadenomas, mature teratomas, cyst-
adenofibromas, fibromas/thecomas and functional cysts
(Fig. 1). Mixed tumours (n = 14) contain two or more
different histological subtypes, making it impossible to
categorise these tumours into a specific subtype. The
cystadenomas and cystadenofibromas included 46 ser-
ous, 25 mucinous, and five other histological types or
mixed cystadenomas/cystadenofibromas. The majority
of the malignant tumours were epithelial ovarian can-
cers (Table 2). Most of the epithelial ovarian cancers
were of high grade and diagnosed at an advanced stage
(Table 2 and Fig. 1). The non-epithelial primary ovarian
tumours were sex cord stromal tumours (n = 2) and sar-
comas (n = 2). Along with the primary ovarian tumours,
25 extra-ovarian primary tumours with metastases to
the ovary were diagnosed. The metastatic tumours were
mainly of an endometrial or gastrointestinal origin.
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Eligible patients
(n=432)

Exclusions

- Withdrawel of consent (n = 5)

- Insufficient US report (n = 15)

- Insufficient serum sample (n = 17)

Y

Patients with CA125, HE4
and complete US report
(n =395)

Exclusions
- No operation or no biopsy (n = 21)

Y

Patients with complete
histopathologic
reference standard test
(n=374)

Y Y

Benign disease
n =224

Malignant disease
n =150

Endometriosis (n=66) Epithelial ovarian cancer (n=121)
Cystadenoma (n=50) Stage 1 (n=42)
Cystadenofibroma  (n = 26) Stage 2 (n=7)
Mature teratoma (n=29) Stage 3 (n=61)
Fibroma/thecoma  (n = 15) Stage 4 (n=11)
Functional cysts (n=13) Non-epithelial ovarian cancer (n = 4)
Hydrosalpinx (n=3) Metastatic disease (n=25)
Abces (n=2)

Parasalpingeal cyst (n = 2)

Struma ovarii (n=2)

Leydig cell tumor (n=1)

Unknown type (n=1)

Mixed (n=14)

Fig. 1. Flow diagram indicating the inclusion and exclusion of eligible patients.

3.2. ROC curves according to menopausal status. When subjective assess-

ment and the RMI were compared to each other, subjec-

For the whole study population, subjective assess-
ment was associated with the highest AUC, followed
by the RMI, and the ROMA (Fig. 2). Pairwise compar-
ison of ROC curves (Table 3) indicated that the AUCs
of both ultrasound models (subjective assessment and
RMI) were significantly larger than the AUC of the
ROMA. Similar results were found after stratification

tive assessment performed significantly better, even after
stratification according to menopausal status (Table 3).
Exploratory subset analyses (excluding borderline
tumours, metastatic tumours, non-epithelial ovarian
tumours and/or advanced stage disease are provided in
a Supplementary file. Subjective assessment was consis-
tently associated with the highest AUC.
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Table 1
Reasons for patient exclusion or non-eligibility and their final histological diagnosis.
n Final diagnosis
Benign Malignant Unknown
Withdrawal/refusal of consent 5 — — 5
Insufficient ultrasound report
No ultrasound performed 13 3 10 0
Data missing 2 1 1 0
Insufficient serum sample
No sample taken 5 2 3 0
Insufficient volume of sample 11 3 8 0
Problem with processing of sample in lab 1 1 0 0
No operation or no biopsy
Conservative management due to poor prognosis 4 0 4 0
Conservative management for a presumed benign cyst 6 6 0 0
Operated in other hospital: no pathology report obtained 5 0 0 S
No cyst at the time of operation 6 6 0 0
Total 58 22 26 10

For patients without a proven histological diagnosis (no operation or biopsy), the presumed diagnosis was based on the patient’s clinical course.

Table 2
Histological types and subtypes and the differentiation grade of
malignant disease.

%

Histological type

Epithelial 121 80.7
Serous 76 50.7
Mucinous 21 14.0
Endometrioid 6 4.0
Clear cell 6 4.0
Mixed 5 33
Carcinosarcoma 4 2.7
Undifferentiated 3 2.0

Granulosa cell 2 1.3

Sarcoma 2 1.3

Metastatic 25 16.7
Endometrium 11 7.3
Colon 5 33
Appendix 3 2.0
Mesothelioma 1 0.7
Breast 1 0.7
Lung 1 0.7
Lymphoma 1 0.7
Pancreas 1 0.7
Stomach 1 0.7

Total 150 100.0

Differentiation grade®

Borderline 31 25.6

1 — Well differentiated 12 9.9

2 — Moderately differentiated 14 11.6

3 — Poorly differentiated 64 52.9

Total 121 100.0

# For epithelial ovarian cancer only.

3.3. Performance indices

The calculated sensitivities and specificities at the
recommended cut-off values are shown in Table 4.
Subjective assessment scored the highest overall in terms

of sensitivity for the whole study population as well as
the postmenopausal and premenopausal populations.
The RMI had the highest specificity for the whole study
population and the postmenopausal population. For the
premenopausal population, all diagnostic tests had a
high specificity but this was accompanied by a sensitivity
below 70% for the RMI, and ROMA.

4. Discussion

Over the past few years, the performance of HE4 and
the ROMA to classify ovarian masses has been studied
many times. We showed previously that CA125, HE4
and ROMA perform equally well.” In the present study,
the ability of the ROMA to diagnose ovarian cancer was
compared to that of greyscale and colour Doppler ultra-
sound. The present data suggest that ultrasound meth-
ods are superior to ROMA to classify ovarian masses.
Moreover, subjective assessment was superior to the
RMI.

The RMI is very popular because of its simplicity: lit-
tle experience is needed to detect the different ultrasound
features that have to be scored (multilocularity, solid
areas, bilaterality, ascites and intra-abdominal metasta-
ses) and the algorithm can be memorised readily. It also
enables general gynaecologists to refer patients on an
objective basis to gynaecological oncologists.””> With
an AUC of 0.931, it seems that the overall performance
of the RMI is good. However, due to a high false nega-
tive rate at the suggested cut-off of 200, there was a low
sensitivity of only 76.0%. This is in accordance with a
recent review that calculated a pooled estimate of sensi-
tivity of 78%.'° This means that in one of four cases, the
tumour will be wrongly diagnosed as benign. In the
worst case scenario, these patients will not be referred
to a gynaecological oncologist and will be operated on
by laparoscopy, which is associated with an increased
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AUC 95%Cl
Subjective assessment  0.968 0.945 - 0.984 Subjective assessment
RMI 0.931 0.901 - 0.955 RMI
ROMA 0.893 0.857 - 0.922 ROMA

100 - Specificity

100 - Specificity

AUC 95%Cl AUC 95%Cl

0.967 0.929 - 0.988 Subjective assessment  0.961 0.924 - 0.984
0.912 0.860 - 0.949 RMI 0.921 0.873-0.954
0.842 0.780 - 0.892 ROMA 0.886 0.833-0.927

Fig. 2. ROC curves for the detection of malignant disease (including borderline ovarian tumours) for subjective assessment with sonography, risk
of malignancy index (RMI) and risk of ovarian malignancy algorithm (ROMA) in the whole population, the pre-menopausal population and the
post-menopausal population. Total area under the curve (AUC) values with corresponding 95% confidence intervals are listed below the curves.

Table 3

Differences in the area under the curve (AUC) of the receiver operating characteristic (ROC) curves for the diagnosis of malignant disease
(including borderline ovarian tumours) with the corresponding 95% confidence intervals (95% CI) and P-values. Pairwise ROC curve comparisons
were calculated for the whole study population, for the postmenopausal population and for the premenopausal population. The method described
by DeLong et al. was used to calculate the difference between two AUCs."’

All patients Premenopausal Postmenopausal

Difference 95% Confidence interval P-value Difference 95% CI Difference 95% CI
Subjective assessment versus ROMA

0.076 0.043-0.109 <0.0001 0.125 0.054-0.197 0.075 0.028-0.121
RMIT versus ROMA

0.039 0.013-0.064 0.0030 0.070 0.003-0.136 0.034 0.007-0.061
Subjective assessment versus RMI

0.037 0.011-0.063 0.0058 0.056 -0.004-0.115 0.041 0.003-0.078

Abbreviations: RMI = risk of malignancy index; ROMA = risk of ovarian malignancy algorithm.

risk of spillage of cyst fluid.>* Both the non referral and
cyst fluid spillage might decrease the overall
survival >4

The RMI and ROMA have been compared previ-
ously in two studies.®'® One was a multicentre study
by Moore et al. that determined the RMI and ROMA
values for 457 patients.'® At a fixed specificity of 75%,
the ROMA had a sensitivity of 94.3% while the RMI
had a sensitivity of 84.6% (P =0.0029). However,
despite the fact that there was an important quality con-
trol for the ROMA (central lab measurements and qual-
ity assurance), there was no central radiology review or
standardisation of the imaging reports. Moreover, the
RMI was calculated by using information from a variety
of imaging techniques ultrasound, computer tomogra-
phy (CT) scan and magnetic resonance imaging
(MRI), with only 85.3% of patients having received a
standard ultrasound scan. The RMI was developed to

be used with ultrasound and was not validated for other
imaging techniques. CT scans are usually not indicated
in the evaluation of adnexal masses because of poor soft
tissue discrimination.?® In a second study that compared
the ROMA to the RMI, the results of both algorithms in
127 patients with benign or malignant ovarian disease
were compared.® Although different kinds of subgroups
were analysed in the article, the authors did not describe
the overall performance of ROMA and RMI in the
comparison of benign versus malignant disease, even
though this is the most important comparison to be
made in a diagnostic setting.

With an AUC of 0.968, subjective assessment appears
to be an excellent method to discriminate between
benign and malignant adnexal masses. Moreover, its
sensitivity is 96.7%, which means that only one of 30
cases will be misdiagnosed as a benign mass. Subjective
assessment has been validated by numerous studies.!' '
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Table 4

Sensitivity, specificity, positive likelihood ratio (+LR), negative likelihood ratio (~LR), positive predictive value (PPV) and negative predictive
value (NPV) of subjective assessment, the risk of malignancy index (RMI) and the risk of ovarian malignancy algorithm (ROMA) for malignant
disease (including borderline ovarian tumours). The diagnostic performance indices are calculated for the whole study population, the
postmenopausal population and the premenopausal population. The 95% confidence intervals (95% CI) are indicated between brackets.

Subjective assessment RMI ROMA
All patients
Sensitivity 96.7% (92.4-98.9%) 76.0% (68.4-82.6%) 84.7% (77.9-90.0%)
Specificity 90.2% (85.5-93.7%) 92.4% (88.1-95.5%) 76.8% (70.7-82.2%)
+LR 9.84 (6.61-14.65) 10.01 (6.29-15.95) 3.65 (2.85-4.67)
-LR 0.04 (0.02-0.09) 0.26 (0.19-0.35) 0.20 (0.14-0.29)
PPV 86.8% (80.7-91.6%) 87.0% (80.0-92.3%) 71.0% (63.7-77.5%)
NPV 97.6% (94.5-99.2%) 85.2% (80.1-89.4%) 88.2% (82.8-92.4%)
Postmenopausal
Sensitivity 97.3% (92.3-99.4%)) 80.2% (71.5-87.1%) 91.0% (84.1-95.6%)
Specificity 85.9% (76.6-92.5%) 87.1% (78.0-93.4%) 58.8% (47.6-69.4%)
+LR 6.89 (4.08-11.65) 6.20 (3.54-10.84) 2.21 (1.70-2.87)
-LR 0.03 (0.01-0.10) 0.23 (0.16-0.33) 0.15 (0.08-0.28)
PPV 90.0% (83.2-94.7%) 89.0% (81.2-94.4%)) 74.3% (66.1-81.4%)
NPV 96.1% (88.9-99.2%) 77.1% (67.4-85.1%) 83.3% (71.5-91.7%)
Premenopausal
Sensitivity 94.9% (82.7-99.4%) 64.1% (47.2-78.8%) 66.7% (49.8-80.9%)
Specificity 92.8% (87.2-96.5%) 95.7% (90.8-98.4%) 87.8% (81.1-92.7%)
+LR 13.19 (7.23-24.07) 14.85 (6.56-33.62) 5.45 (3.31-8.97)
-LR 0.06 (0.01-0.21) 0.38 (0.25-0.57) 0.38 (0.24-0.59)
PPV 78.7% (64.3-89.3%) 80.7% (62.5-92.6%) 60.5% (44.4-75.2%)
NPV 98.5% (94.6-99.8%) 90.5% (84.5-94.7%) 90.4% (84.1-94.8%)

The cut-off values used were 200 for the RMI, and 12.5% and 14.4% for the premenopausal and postmenopausal patients with the ROMA,
respectively.
The prevalence of malignancy: all patients 40.1% (95% CI: 35.1-45.3%), postmenopausal patients 56.6% (95% CI: 49.4-63.7%) and premenopausal

patients 21.9% (95% CI: 16.1-28.7%).

Ultrasound examiners take demographic, clinical and
ultrasound information into account when they evaluate
an adnexal mass and they subconsciously apply their
experience from previous examinations during subse-
quent evaluations of the adnexal masses. The level of
ultrasound expertise therefore has a marked influence
on the quality of an ultrasound examination.’” The
International Ovarian Tumour Analysis (IOTA) study
group has sought to tackle this problem by developing
a two-tiered diagnostic setup. Ten simple ultrasound
rules were developed for discriminating between benign
and malignant adnexal masses.”® These rules were appli-
cable in three-quarters of patients with an ovarian mass
with a sensitivity of 92% and a specificity of 96%.%
When these simple rules do not apply the patient should
be referred to an expert ultrasound centre. This two-
tiered diagnostic setup yielded a sensitivity of 91% and
a specificity of 93%.

The present study had certain limitations. One was
that 13.4% of all eligible patients were excluded; the
majority had malignant adnexal masses. We presume
that in these cases, ultrasound was not performed
due to time constraints. The serum volume was also
more frequently insufficient due to a larger number
of blood tubes taken for other analyses. Second,
the data were obtained in a tertiary referral centre
with a specialised gynaecological ultrasound unit.

The high prevalence of malignant disease in this cen-
tre will have influenced the predictive values in this
study. A lower prevalence of ovarian cancer would
have decreased the positive predictive value and
increased the negative predictive value. However, this
would also have been true for all of the diagnostic
tests examined in this study. Moreover, in smaller
hospitals with a lower prevalence of ovarian cancer,
a test with the same sensitivity and specificity would
yield an even higher negative predictive value. Third,
the fact that these results were obtained within a ter-
tiary referral centre will also have increased the expe-
rience of the sonographers and thereby improved the
performance of the ultrasound methods, in particular
the subjective assessment. Nevertheless, we hope that
the present study will encourage sonographers to
increase their knowledge and experience by training
in gynaecological sonography.

In summary, although much energy has been put into
the discovery and validation of new tumour marker
algorithms, such as the ROMA, the present study sug-
gests that the diagnostic value of these algorithms is lim-
ited compared to sonography. In particular, subjective
assessment seems to be highly accurate. The fact that
subjective assessment is influenced by experience should
not discourage sonographers in non-expert centres to
increase their knowledge and expertise.
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