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sensitivity of 0.93 (95% confidence interval [CI] 0.92—0.95) and specificity of 0.89 (95% CI 0.86
—0.92). Simple rules (classifying inconclusives as malignant) (sensitivity 0.93 [95% CI 0.91
—0.95] and specificity 0.80 [95% CI 0.77—0.82]) and LR2 (sensitivity 0.93 [95% CI 0.89
—0.95] and specificity 0.84 [95% CI 0.78—0.89]) outperformed RMI (sensitivity 0.75 [95%
CI 0.72—0.79], specificity 0.92 [95% CI 0.88—0.94]). A two-step strategy using simple rules,
when inconclusive added by subjective assessment, matched test performance of subjective
assessment by expert examiners (sensitivity 0.91 [95% CI 0.89—0.93] and specificity 0.91
[95% CI 0.87—0.94)).

Conclusions: A two-step strategy of simple rules with subjective assessment for inconclusive
tumours yielded best results and matched test performance of expert ultrasound examiners.

The LR2 model can be used as an alternative if an expert is not available.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
1.1. Rationale and objectives

In order to ensure that ovarian cancer patients receive
appropriate treatment, an accurate characterisation of
any adnexal mass that needs surgery is pivotal to
improve the outcome of this disease. Subjective assess-
ment by experienced examiners, also called ‘pattern
recognition’, is generally accepted to be the best way to
classify adnexal masses prior to surgery. Several indi-
vidual reports have demonstrated that subjective
assessment is superior to the use of scoring systems and
mathematical models, such as International Ovarian
Tumour Analysis (IOTA) simple ultrasound-based rules
(simple rules), IOTA logistic regression model 2 (LR2)
or the risk of malignancy index (RMI) [1—4]. However,
both LR2 and simple rules closely approximate the
performance of subjective assessment by expert exam-
iners [5,6]. An advantage of these models over subjective
assessment is their objectivity and simplicity which
facilitates their use by ultrasonographers with different
backgrounds and various levels of experience [7—10].
Despite accumulating and compelling evidence in
favour of both subjective assessment and the
ultrasound-based models such as simple rules and LR2,
many national guidelines concerning the management
of ovarian masses still advocate the use of RMI in the
classification of adnexal masses. Consequently, the RMI
is still the most commonly used model in clinical
practice.

Several reviews have critically appraised the evidence
relating to this subject [5,6,11—16]. However, none of
these has provided a meta-analysis on the test perfor-
mance of subjective assessment of adnexal tumours,
while in general this method is considered the most
accurate way to distinguish benign from malignant
adnexal tumours. The aim of this meta-analysis was to
compare the diagnostic accuracy of subjective assess-
ment, simple rules, LR2 and RMI for the pre-operative

differentiation of benign and malignant adnexal
masses.

2. Methods
2.1. Protocol and registration

All methods described in this manuscript were deter-
mined in advance and recorded in a study protocol
(Prospero CRD42013004334, http://www.crd.york.ac.
uk/PROSPERO). The conduct of this systematic
review and meta-analysis was done in accordance with
prevailing guidelines (http://www.prisma-statement.org
and http://srdta.cochrane.org/handbook-dta-reviews).-

2.2. Eligibility criteria

Eligible studies had to evaluate diagnostic accuracy of
subjective assessment, simple rules, LR2 and/or RMI for
the characterisation of adnexal tumours in women
scheduled for surgery (in order to obtain a final histo-
logical diagnosis). Regarding subjective assessment,
studies were only eligible when the diagnosis of the
tumour was based purely on the ultrasonographic inter-
pretation of the examiner (whether or not complemented
with clinical information, such as medical history).

The simple rules comprise two strategies; simple rules
supplemented with subjective assessment in case the
simple rules could not be applied, or classification of all
masses in which simple rules could not be applied as
malignant [17]. Studies evaluating either of these stra-
tegies or both were eligible.

Three principal variants of the RMI have been
described (RMI-I, II and III) which differ according to
points attributed to the different ultrasound variables and
the menopausal status of the patient [18—20]. All studies
regarding one or more of these three versions were eligible.

Furthermore, eligible studies had to contain sufficient
data to extract 2 x 2 contingency tables of diagnostic
test performance.


http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO
http://www.prisma-statement.org
http://srdta.cochrane.org/handbook-dta-reviews
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Fig. 1. Flow diagram of the study selection process (based on PRISMA 2009). Abbreviation: RMI, risk of malignancy index.

Studies meeting the following criteria were excluded:
studies that evaluated model performance in only a
specific histological subgroup of ovarian cancer, studies
that used only transabdominal ultrasound, studies con-
taining duplicate data, studies using another method
than histology as a reference standard in >10% of pa-
tients, studies of which the full text was unavailable even
after an international library request, case-control
studies and ‘cohort-type’ studies with a retrospective
design not providing any information on blinding of test
results to the final study outcome. The latter are
excluded because knowledge of the reference test will
bias relatively subjective index tests like those based on
ultrasonography, and tend to overestimate diagnostic
test performance.

Studies excluding certain histological subtypes of
ovarian cancer, those containing data inconsistency or
errors, and those classifying borderline tumours as
benign for statistical analysis, were also excluded from
meta-analysis.

2.3. Information sources

Studies were identified by searching the following elec-
tronic bibliographic databases; MEDLINE(OvidSP),
EMBASE(OvidSP) and the Cochrane Central Register
of Controlled Trials (CENTRAL). Additional eligible
articles were identified by manually searching cross-
references of articles retrieved from the computerised
databases and relevant reviews.
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2.4. Search

The MEDLINE, EMBASE and CENTRAL search
was performed on July 31, 2015 using key words con-
sisting of terminology for the different index tests and
target condition, completed with methodological terms.
No language restrictions were made. The search was
limited from 1990 onwards, since RMI -the ‘oldest’
prediction model- was first described in 1990. A
detailed description of the search strategy is presented
in Appendix A.

2.5. Study selection

Two authors (EM/JK) independently reviewed all re-
cords retrieved by the search. Disagreements were
solved by discussion and — if necessary — by consulting
a third party (TVG). Reasons for exclusion after full text
evaluation (n = 161) are summarised in Fig. 1.

2.6. Data extraction

Extracted data from selected studies were entered
independently by the same two authors in a pre-defined
data collection form (Appendix B). If necessary, au-
thors were contacted for additional information.
Expertise in gynaecological ultrasonography is defined
by guidelines of the European Federation of Societies
for Ultrasound in Medicine and Biology (EFSUMB)
[21]. In articles not defining the level of expertise by
EFSUMB guidelines, we considered ultrasonographers
with at least 10 years of experience, who work in a
tertiary referral centre, as level-III experts for the
purpose of further statistical analysis regarding sub-
jective assessment.

2.7. Risk of bias assessment

All original studies were assessed by two authors (EM/
JK) independently, using the QUADAS-2 checklist in
order to evaluate the risk of bias and applicability
(Appendix C) [22].

2.8. Statistical analysis and synthesis of results

Only studies in which the models (simple rules, LR2 and
RMI) were externally validated, were included in the
meta-analysis [17—20,23]. All individual study results
were grouped according to type of index test used and
presented graphically by plotting estimates of sensitivity
and specificity (and corresponding 95%-confidence
intervals [CIs]) in forest plots. Levels of heterogeneity
were primarily deducted from interpretation of these
ClIs, although subgroup analyses were performed if a
sufficient number of studies (>3) were available in the

subgroup. Specific subgroup analyses were performed
for potential sources of heterogeneity between the
different index tests under review (e.g. prevalence, expert
versus non-expert and QUADAS items) by fitting
bivariate models with covariates using multi-level mixed
effects logistic regression (xtmelogit-function in Stata).
The same meta-regression method was used to compare
the accuracy between tests and between pre- and post-
menopausal populations at a p-value of 0.05, using a
chi square test.

Allowing a variation in cut-off values to define a
positive test (e.g. RMI I—-II—III), a hierarchical sum-
mary receiver operating curve (HSROC) model was
fitted using the metandi-command in STATA 13.1
(Stata Corp., College Station, TX, USA). Due to the
low number of studies on LR2 (n = 3) we had to use a
mixed-methods function (GLLAMM) in order to
calculate the pooled summary estimates for sensitivity
and specificity. All graphs were designed using RevMan
(version 5.3. Copenhagen: Nordic Cochrane Centre,
Cochrane Collaboration, 2014).

3. Results
3.1. Study selection and characteristics

In total 60 studies were included in the qualitative data
synthesis (Fig. 1) [1,6,7,9,18—20,24—75]. Of these, 47
were valid for quantitative data synthesis (meta-anal-
ysis), containing 19,674 masses; 13,953 (70.9%) benign
and 5721 (29.1%) malignant (Appendix D)
[1,3,6—10,24—58,70—74]. Out of a total of 4343 first hits,
there was only a 2% difference in studies selected for full
text evaluation by both authors (EM/JK). Overall, only
ten studies were included in the meta-analysis that
simultaneously validated more than one index test
[1,6—8,35,41,42,49,56,71].

3.1.1. Subjective assessment

Subjective assessment of grey scale and colour Doppler
ultrasound findings was the most frequently validated
method in our review (Fig. 2) [1,6—8,24-28,
30—40,43,44,72,73,76]. Only three studies investigated
the performance of subjective assessment in ‘non-ex-
perts’ (i.e. operators with level-I/II experience by
EFSUMB-criteria) [6,36,72], one study investigated
both experts and ‘non-experts’ [73], and in one study the
expertise of the performing ultrasonographer was un-
clear [28].

3.1.2. Simple rules

In five out of ten studies validating simple rules, simple
rules were performed by ‘non-experts’ [6,8—10,71], in
two studies by experts [3,57], in one study by both, and
in two studies level of expertise of the performing



Study TP FP FN TN 7. prevalence Sensitivity (95% ClI) Specificity (95% Cl)  Sensitivity (95% ClI) Specificity (95% Cl)
van Trappen 2007 40 44 0 58 high prevalence (>25%) 1.00[0.91, 1.00] 0.57[0.47,0.67]) -a -
Mancuso 2004 14 23 0 88 low prevalence (<25%) 1.00 [0.77, 1.00] 0.79[0.71, 0.86] —a =
Sohaib 2005 29 24 0 19 high prevalence (>25%) 1.00 [0.88, 1.00] 0.44 [0.29, 0.60] —a ——
Utrilla-Layna 2015 84 60 2 221 low prevalence (<25%) 0.98 [0.92, 1.00]) 0.79[0.73, 0.83) - -
Knafel 2015 80 1 2 143 high prevalence (>25%) 0.98[0.91, 1.00] 0.99 [0.96, 1.00] - -
Van Gorp 2012 145 22 5 202 high prevalence (>25%) 0.97 [0.92, 0.99] 0.90 [0.86, 0.94] - -
Timmerman 1999 80 22 3 195 high prevalence (>25%) 0.96 [0.90, 0.99] 0.90 [0.85, 0.94] - -
Moszynski 2013 87 31 4 196 high prevalence (>25%) 0.96 [0.89, 0.99] 0.86 [0.81, 0.91] - -
Nunes 2013 126 11 6 149 high prevalence (>25%) 0.95 [0.90, 0.98] 0.93 [0.88, 0.97] - -
Romagnolo 2006 20 18 1 182 low prevalence (<25%) 0.95 [0.76, 1.00] 0.91 [0.86, 0.95] —= -
Nunes 2014 128 11 7 157 high prevalence (>25%) 0.95 [0.90, 0.98] 0.93 [0.89, 0.97] - -
Guerriero 2010 441 101 27 1579 low prevalence (<25%) 0.94 [0.92, 0.96] 0.94[0.93, 0.95] L] L]
Lucidarme 2010 128 68 8 51 high prevalence (>25%) 0.94 [0.89, 0.97] 0.43 [0.34, 0.52] - -

Testa 2014 913 189 67 1234 high prevalence (>25%) 0.93 [0.91, 0.95] 0.87 [0.85, 0.88] = L
Daemen 2011 490 102 52 1294 high prevalence (>25%) 0.90 [0.88, 0.93] 0.93 [0.91, 0.94] = =
Van Holsbeke 2009 129 26 14 338 high prevalence (>25%) 0.90 [0.84, 0.95] 0.93 [0.90, 0.95] B -
Sayasneh 2015 86 17 10 200 high prevalence (>25%) 0.90 [0.82, 0.95] 0.92 [0.88, 0.95] - -
Roman 1997 38 24 5 159 low prevalence (<25%) 0.88 [0.75, 0.96]) 0.87 [0.81, 0.91] —= -
Van Calster 2007 234 38 32 762 high prevalence (>25%) 0.88[0.83, 0.92] 0.95 [0.94, 0.97] - L)
Valentin 1999 21 6 3 143 low prevalence (<25%) 0.88 [0.68, 0.97) 0.96 [0.91, 0.99] — -
Strigini 1996 16 4 3 86 high prevalence (>25%) 0.84 [0.60, 0.97] 0.96 [0.89, 0.99] — -
Valentin 2001 30 9 6 91 high prevalence (>25%) 0.83 [0.67, 0.94] 0.91 [0.84, 0.96] - -
Granberg 1990 32 11 7 130 low prevalence (<25%) 0.82 [0.66, 0.92] 0.92 [0.86, 0.96] — -
Salle 1995 8 6 3 74 low prevalence (<25%) 0.73 [0.39, 0.94] 0.93 [0.84, 0.97] T =
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Fig. 2. Forest plots of studies investigating accuracy of subjective assessment included in this meta-analysis. Abbreviations: TP, true
positives; FP, false positives; FN, false negatives; TN, true negatives; CI, confidence interval.

ultrasonographer was unclear (Fig. 3) [58,74]. Six
studies investigated subjective assessment as a second
stage test for inconclusive test results [3,6,8—10,71].

3.1.3. LR2

Our search identified eight articles on LR2
[3,7,24,40,42,62,63,77]. Only three studies on LR2 were
included in the meta-analysis (Fig. 4) [7,8.,42].

3.1.4. RMI

Eighteen RMI validation studies were included in the
final meta-analysis (Fig. 5) [1,8,29,35,41,42,45—56], four
of which addressed more than one version of the RMI
[41,42,49,56]. RMI-I was most reviewed (n = 14).

3.2. Risk of bias within studies

Fig. 6 shows a summary of the quality assessment of all
studies included in the meta-analysis, by using the
QUADAS-2 tool. For more information on the risk of
bias within each study we refer to Appendix E.

All studies included in the meta-analysis were
prospective, used histology as a reference standard, and
avoided a case-control design. One third of the studies
yielded a risk of inappropriate exclusions, i.e. when no
information about the number of patients before
exclusion or no reason of exclusion of patients was
provided.

It was unclear whether blinding of the pathologist to
the outcome of the index test took place in 41 studies.
Moreover, only in 59.6% it was clearly stated how the
index test was performed. For example, expertise of the
performing clinician was not recorded in studies exam-
ining subjective assessment (n = 17), or it was not clear
which version of the RMI was used (n = 3).

In 48.9% an appropriate interval between conducting
the index test (i.e. ultrasound) and getting the histology
results was applied (Appendix C). In 76.6% the study
took place in only second or only third line hospitals.
Furthermore, 43 studies used real time imaging.

3.3. Primary analysis

Pooled summary point estimates (and SROC curves if
appropriate) of subjective assessment, simple rules, RMI
(at various cut-off points) and LR2 (at original cut-off
point of >10%) were calculated and are shown in Fig. 7
and Table 1.

Subjective assessment performed best of all methods
under investigation (Table 1). For studies investigating
‘non-expert’ examiners pooled estimates for sensitivity
and specificity were similar (chi square: p = 0.12).
Simple rules were applicable in 2490 of 3073 masses
(81.0%). Simple rules in combination with subjective
assessment for inconclusive results gave only small dif-
ferences when compared to subjective assessment, which
were not significant according to meta-regression
(Appendix F). When inconclusive findings of simple
rules were classified as malignant specificity dropped
significantly.

LR2 had comparable sensitivity and specificity to the
strategy using simple rules and classifying inconclusives
as malignant.

RMI performed worst of the methods under investi-
gation. Although diagnostic test accuracy is highest in
RMI-I, differences are not statistically significant
between the three versions (Appendix F). There was
however, a statistically significant difference in sensi-
tivity of RMI (I, I and III) compared to all other
methods (all p-values <0.0004).
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Simple ultrasound based rules (simple rules) (if inconclusive, by SA)
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Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI)
Knafel 2015 78 37 4 107 0.95 [0.88, 0.99]
Nunes 2014 127 17 8 151 0.94 [0.89, 0.97]
Timmerman 2010 230 53 25 689 0.90 [0.86, 0.94]
Alcazar 2013 49 11 6 274 0.89[0.78, 0.96]
Sayasneh 2013 64 11 10 170 0.86 [0.77, 0.93]
Hartman 2012 26 11 5 68 0.84 [0.66, 0.95]
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Sayasneh 2013 67 24 7 157 0.91 [0.81, 0.96]
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Fig. 3. Forest plots of studies investigating accuracy of simple rules supplemented with either subjective assessment (SA) or with the
strategy that inconclusive results were classified as malignant. Abbreviations: TP, true positives; FP, false positives; FN, false negatives;

TN, true negatives; CI, confidence interval.

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl) Specificity (95% Cl)
Nunhes 2013 127 43 5 117 0.96 [0.91, 0.99] 0.73[0.66, 0.80] - =
Van Holsheke 2012 235 104 20 638 0.92[0.88, 0.95] 0.86 [0.83, 0.88) - s
Sayasneh 2013 65 19 9 162 0.88[0.78,0.94] 090[0254,094) . & e

0 020406081 0020406081

Fig. 4. Forest plots of studies investigating accuracy of LR2 included in meta-analysis. Abbreviations: TP, true positives; FP, false
positives; FN, false negatives; TN, true negatives; CI, confidence interval; LR2, logistic regression model 2.

3.4. Secondary analysis

3.4.1. Investigating heterogeneity

The prevalence of ovarian carcinoma in this review
ranged from 9.5% to 57% (28.4% overall prevalence
across studies). Subgroup analyses through meta-
regression dividing all studies in two distinct preva-
lence settings (above/below 25%) revealed no significant
influence of prevalence on test performance for those
methods with three or more studies available in each
subgroup (i.e. subjective assessment, simple rules and
RMI). Neither did subgroup analyses performed for site
of recruitment (second/third line hospital or both) or the
QUADAS-items for these methods (with p-values >
0.10 for all heterogeneity analyses).

3.4.2. Pre- versus postmenopausal

We retrieved menopausal status of patients in 38 studies
with a total number of 6444 postmenopausal patients
out of 17060 subjects (37.7%) (Appendix D). Subjective
assessment had the highest diagnostic accuracy for
differentiation between benign and malignant adnexal
masses in premenopausal women (Table 2 and
Appendix G). Nonetheless, meta-regression analysis
showed no significant differences in accuracy between
subjective assessment and simple rules, supplemented

with subjective assessment when simple rules yielded
inconclusive results (Appendix F). LR2 had the highest
diagnostic accuracy among postmenopausal women,
with a statistically significant difference in accuracy be-
tween LR2 and subjective assessment.

4. Discussion
4.1. Main results

This review and meta-analysis summarises the evidence
currently available on the diagnostic accuracy of different
pre-operative ultrasound methods for differentiating
benign from malignant adnexal masses. According to this
systematic review and meta-analysis, we believe an
evidence-based approach should incorporate -either
simple rules with referral for subjective assessment of
ultrasound findings by expert examiners if the rules are
not applicable, or alternatively the LR2 model if such
expertise is not available.

4.2. Strengths and weaknesses

To the best of our knowledge, this is to date the most
comprehensive review on diagnostic test accuracy for
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Risk of Malignancy Index |

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% Cl) Specificity (95% CI)
Asif 2004 47 4 8 41 0.85(0.73,0.94] 0.91(0.79, 0.98) — —=
Terzic 2013 88 99 17 336 0.84 (0.75,0.90] 0.77(0.73, 0.81) - At
Timmerman2 1999 41 22 8 102 0.84 [0.70,0.93] 0.82[0.74, 0.89] —= -
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Fig. 5. Forest plots of studies investigating different versions of RMI; 14 studies on RMI-I, five studies on RMI-II and five studies on
RMI-III were included in this meta-analysis. Abbreviations: TP, true positives; FP, false positives; FN, false negatives; TN, true negatives.

RMLI, risk of malignancy index; CI, confidence interval.

differentiating benign and malignant adnexal masses.
Previous meta-analysis has not included studies consid-
ering subjective assessment. We have worked by a clearly
defined protocol to provide transparency in the review
process and avoid reporting bias. The fact that there was
no substantial disagreement in inclusion of articles by the
two authors (EM/JK) can be regarded as a strong point in
the review process. Furthermore, this review comprises a
large number of studies (n = 47) and adnexal masses
(n = 19674), thereby increasing the power of the analysis.
Finally, we successfully collected additional information
by contacting authors of included studies.

For inclusion it was mandatory that histology was
used as a reference standard. Although interpretation of
histology is a relatively subjective method, it can be
deduced from previous studies that different patholo-
gists report no relevant differences in terms of discrim-
inating between malignant and benign adnexal tumours
[78]. We have classified borderline tumours as malignant
for statistical analysis, since previous research has
shown that comprehensive surgery influences prognosis
in borderline tumours [79]. The overall prevalence of
malignancy across included studies was 28.4%. Because
we excluded studies that also included benign-looking
masses that were managed expectantly, this prevalence
is higher than in daily practice. However, this prevalence

is comparable to previous reviews on prediction models
in the preoperative assessment of adnexal masses
(27%,[5] 23.8%[6] and 28.8%[13], respectively).

A limitation of reviews in general is the possible
heterogeneity between studies. More specifically for this
meta-analysis, only low levels of heterogeneity were
found in most of the subsets allocated to the various
methods. Therefore, in general, differences in included
studies could be explained by sampling variation. For
RMI these differences could also be explained by the
variation in cut-offs used. Most studies have used 200 as
a cut-off since this is suggested in the original articles.
However four of 18 studies (also) used other cut-offs
[47,48,55,56]. In studies where more than one cut-off
was available a cut-off different from 200 was used to
avoid the analyses to be based on a single cut-off value
for RMI, resulting in a point estimate in the ROC space,
rather than a ROC curve.

On the other hand, the fact that we did not find a
significant influence of prevalence and site of recruit-
ment on test performance could be explained by the
small number of studies in some of the subgroups. For
example, only four of the included studies were con-
ducted exclusively in second line hospitals [44,50,53,54].

We have focused on sensitivity and specificity instead
of the area under the curve (AUC) as a primary
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Fig. 6. Summary of the quality assessment of studies included in the meta-analysis (n = 47) by using the QUADAS-2 tool.
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Pooled summary point estimates of all methods included in this review (LR2 at original cut-off point and RMI at various cut-off points) together

with their 95% confidence interval (95%CI).

Sens. (95%CI)

Spec. (95%CI)

DOR (95%CI)

LR+ (95%CI)

LR— (95%CI)

SA 0.93 (0.92—0.95) 0.89 (0.86—0.92)
SR+SA 0.91 (0.89—0.93) 0.91 (0.87—0.94)
SR+Mal 0.93 (0.91—0.95) 0.80 (0.77—0.82)
LR2 0.93 (0.89—0.95) 0.84 (0.78—0.89)
RMI-I 0.75 (0.72—0.79) 0.92 (0.88—0.94)
RMI-II 0.75 (0.72—0.77) 0.87 (0.85—0.89)
RMI-III 0.71 (0.67—0.75) 0.91 (0.88—0.93)

120 (91—157)
102 (74—139)
52 (41—65)
69 (52—92)
33 (23—48)
19 (16—23)
24 (18—=31)

8.78 (6.81—11.32)
9.87 (6.97—13.99)
4.56 (4.06—5.12)
5.80 (4.30—7.80)
8.96 (6.50—12.36)
5.67 (4.90—6.56)
7.58 (5.94—9.67)

0.07 (0.06—0.09)
0.10 (0.08—0.12)
0.09 (0.07—0.12)
0.08 (0.06—0.12)
0.27 (0.23—-0.31)
0.29 (0.26—0.32)
0.32 (0.28—0.36)

Abbreviations: CI, confidence interval; SA, subjective assessment; SR+SA, simple rules, if inconclusive classified by subjective assessment;
SR+Mal, simple rules, if inconclusive classified as malignant; LR2, logistic regression model 2; RMI, risk of malignancy index; sens., sensitivity;
spec., specificity; DOR, diagnostic odds ratio; LR+, positive likelihood ratio; LR—, negative likelihood ratio.

outcome. AUC can be used to summarise diagnostic
accuracy, by combining the accuracy of a test across a
range of thresholds [80]. A disadvantage of the AUC is it
has little clinical consequences if thresholds that are
clinically relevant are combined with those that are
clinically nonsensical [81]. Furthermore, AUC does not
offer any solution to which cut-off should be used. We
have used a HSROC model to summarise the results and
compare RMI at different cut-off values.

The quality assessment did reveal a relatively high
concern on the applicability of the selected patients.
However, the meta-regression analysis showed no sig-
nificant differences in sensitivity and specificity of all
index tests for second and third line centres. Therefore,
we believe it is safe to assume that the included patients
do match the review question.

Furthermore, there were only three studies
comparing all four methods within the same population
and therefore only between-study comparisons of the
index tests were possible [3,8,35]. This can possibly lead
to confounding due to differences in patient character-
istics and other inter-study variation. However, due to
strict inclusion criteria hardly any confounding was
possible for reference standard and study design.

Other limitations include subjective assessment being
at greater risk of review bias due to prior knowledge of
the ultrasonographer, and the limited number of studies
concerning LR2.

Furthermore, we were unable to perform subgroup
analysis for all subgroups, since these were only deemed
suitable if a sufficient number of studies (three or more
as permitted by our meta-analyses techniques) were
available in the subgroup at hand. Therefore, some
caution regarding interpretation of these results is rec-
ommended. Given that the subgroup analysis performed
on other heterogeneity-items (i.e. prevalence, site of
recruitment and QUADAS-items) of the same articles
all showed similar trends regarding heterogeneity, we
are confident that this applies to the overall heteroge-
neity of these articles. Some uncertainty however
remains.

Subjective assessment by experienced examiners is
generally considered the best method to classify adnexal

masses prior to surgery. Our meta-analysis confirms this
presumption. The downside of this method is it requires
availability of an expert in ultrasonography. However, a
subgroup analysis within this meta-analysis, comparing
level-IIT experts with ‘non-experts’, revealed only small
differences in sensitivity and specificity.

Simple rules were proposed as a tool for less experi-
enced examiners, in order to achieve the same results as
expert ultrasonographers. When comparing experts
[3,57] with non-experts [6,8—10], diagnostic test accu-
racy does not differ much between both groups. This
was also confirmed by a recent review [6].

Sensitivity was particularly low for RMI in premen-
opausal women. The outcome of RMI depends mainly
on the level of serum-CA125, while this biomarker is of
limited value for the diagnosis of ovarian cancer, espe-
cially when it concerns premenopausal women
[2,39,63,82]. Another recent review on this subject by
Kaijser et al. revealed a sensitivity of only 44% for RMI-
I in premenopausal women, while we found a sensitivity
of 63% [5]. This difference could be explained by the fact
that Kaijser et al. only used two multicentre cohort
studies, while in the current meta-analysis datasets of
seven different studies were included. Furthermore,
there is a difference in quality appraisal of the included
studies, since — contrary to Kaijser et al.- we did not
include retrospective studies and we have included
various cut-offs for RMI instead of only 200.

Other strategies that were not included in this meta-
analysis might give similar or better diagnostic accuracy
results, but have not been investigated or validated yet.
For example, LR2 could be used as a first line test and
when the result of the LR2 is between certain percentages
(e.g. 5—25%) subjective assessment could be added as a
second line test to increase diagnostic accuracy. This
combination of methods could also be applied for RMI.

Furthermore, new models are introduced frequently.
Some of these have not been validated extensively but seem
promising, such as the ADNEX-model [83]. This model
predicts the risk for a specific type of adnexal pathology,
which could optimise a patients’ triage and thereby
improve treatment and outcome. After all, referral of
patients to a gynaecologic oncology centre is associated
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Table 2

Pooled summary point estimates for the subgroups of pre- and postmenopausal patients for all methods included in this review at their original

cut-off point together with their 95% confidence interval (95%CI).

Postmenopausal
Sens. (95%CI)

Premenopausal
Sens. (95%CI)

LR— (95%CI)

5.60 (3.80—8.30) 0.24 (0.21—0.27)

4.10 (3.40—4.90) 021 (0.17—0.25)

DOR (95%CI) LR+ (95%CI)

Spec. (95%CI)
0.40 (0.30—0.54) 0.79 (0.77—0.82) 0.86 (0.79—0.91) 23 (15—36)

LR— (95%CI)

DOR (95%CI) LR+ (95%CI)

Spec. (95%CI)

8.51 (6.38—11.37)

21 (16—28)
13 (8—22)

0.63 (0.51—0.73) 0.93 (0.89—0.95)

0.58 (0.46—0.68) 0.91 (0.87—0.94)

RMI-I

0.47 (0.36—0.60) 0.84 (0.80—0.87) 0.80 (0.76—0.83) 20 (14-27)

6.3 (4.4—9.0)
5.44 (3.95—7.49)

RMI-II

7.50 (5.80—9.60) 0.23 (0.20—0.27)
6.43 (5.14—8.05) 0.07 (0.05—0.08)
7.37 (5.80-9.36)  0.09 (0.07—0.12)

4.04 (3.28—4.97)  0.07 (0.05—0.10)

0.48 (0.37—0.62) 0.79 (0.76—0.82) 0.89 (0.87—0.92) 32 (23—45)

11 (7—-18)

0.57 (0.45—0.68) 0.90 (0.85—0.93)
0.90 (0.88—0.91) 0.94 (0.93—0.95)

0.89 (0.86—0.92) 0.91 (0.85—0.95)

RMI-III
SA

EM.J. Meys

15.89 (12.86—19.62) 0.11 (0.09—0.12) 0.94 (0.93—0.95) 0.85 (0.82—0.88) 96 (66—139)

10.27 (5.86—18.01)

151 (123—185)

0.12 (0.09—0.16) 0.92 (0.90—0.94) 0.87 (0.84—0.90) 83 (60—115)
0.09 (0.06—0.12) 0.95 (0.92—0.96) 0.77 (0.71—0.81) 57 (40—80)

86 (43—172)
61 (40—92)

SR+SA

5.23 (4.39—6.24)

0.93 (0.90—0.95) 0.82 (0.79—0.85)

SR+Mal
LR2

6.59 (5.23—8.29) 0.07 (0.05—0.10)

0.15 (0.11-0.21)  0.94 (0.92—0.96) 0.86 (0.82—0.89) 92 (55—154)

9.60 (6.20—14.70)

65 (42—100)

0.87 (0.81=0.91) 0.91 (0.86—0.94)

Abbreviations: CI, confidence interval; RMI, risk of malignancy index; SA, subjective assessment; SR+SA, simple rules, if inconclusive classified by subjective assessment; SR+Mal, simple rules, if
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inconclusive classified as malignant; sens., sensitivity; spec., specificity; DOR, diagnostic odds ratio; LR+, positive likelihood ratio; LR—, negative likelihood ratio; LR2, logistic regression model 2.

with better median survival [84]. In addition, a new study
shows how simple rules can be linked to an estimate of the
risk that the tumour is malignant [85]. A classification with
five levels is introduced (very low risk, low risk, interme-
diate risk, elevated risk, very high risk), allowing for a
more fine-tuned assessment of adnexal masses.

5. Conclusions
5.1. Implications for research

Side-by-side comparison studies in which all methods
are validated in the same population should be
performed in order to prove which method demonstrates
the best diagnostic performance. Furthermore, studies
should employ strict blinding of the ultrasonographer to
the outcome (histology) and vice versa.

More research should be performed on new methods,
such as the ADNEX-model, or combinations of current
methods.

5.2. Implications for practice

Evidence of this meta-analysis shows that, although RMI
is used most commonly, both subjective assessment and
simple rules, added with subjective assessment in case
simple rules are inconclusive, show a superior test accu-
racy. Since these tests are equally invasive, they are just as
acceptable for the patient. Furthermore, these methods
provide immediate results (with the exception of about
one out of five patients where simple rules yield an
inconclusive result) since no blood test is needed, while
RMI depends on the level of serum-CA125. The choice
between using subjective assessment or simple rules can be
made depending on the expertise present in the hospital.
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