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Abstract: Pre-surgical clinical assessment of an adnexal mass is a complex process, and ideally requires
accurate and rapid identification of disease status. Gold standard biomarker CA125 is extensively
used off-label for this purpose; however its performance is typically inadequate, particularly for the
detection of early stage disease and discrimination between benign versus malignant status. We
recently described a multi-marker panel (MMP) and associated risk index for the differentiation of
benign from malignant ovarian disease. In this study we applied a net reclassification approach to
assess the use of MMP index to rescue those cases where low CA125 incorrectly excludes cancer
diagnoses, or where benign disease is incorrectly assessed as “high risk” due to elevated CA125.
Reclassification of such patients is of significant value to assist in the timely and accurate referral for
patients where CA125 titer is uninformative.
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1. Introduction

Vague symptoms and a lack of accurate diagnostic approaches are key contributors
to the high five-year mortality rate for ovarian cancer patients, with 314,000 new cases
and 207,000 deaths worldwide in 2020 [1]. Diagnosis at an early stage, prior to extra-
ovarian involvement, is associated with >90% five-year survival; hence population-based
screening is widely believed to be crucial to achieve an overall reduction in ovarian cancer
mortality. Despite significant research efforts [2], there remains no effective approach for
screening-based early identification of ovarian cancers.

The “gold-standard” ovarian cancer biomarker cancer antigen 125 (CA125) is
FDA-approved for monitoring therapeutic responses and disease recurrence. Broadest clin-
ical use of CA125 actually occurs off-label, however, in combination with transvaginal ultra-
sound (TVU) to determine the risk of malignancy in patients who present with an adnexal
mass. Whilst international guidelines vary regarding the clinical work-up of an adnexal
mass [3–5], a threshold of CA125 > 35 U/mL is considered “elevated” in post-menopausal
women and is the trigger for referral to a gynaecological oncologist. However, current
clinical guidelines do not specify what constitutes “elevated” CA125 in pre-menopausal
women, and ranges from 67 U/mL to 250 U/mL have been recommended [3,4,6].

CA125 is an imperfect marker for ovarian cancer. Around 20% of ovarian cancers do
not express CA125 [7,8], and patients with early-stage disease often do not have elevated
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CA125 serum titres [9]. Combined with the generally asymptomatic presentation of ovarian
cancers, false-negative CA125 results are common and complicate the appropriate referral
of patients to a gynaecological oncology specialist for primary surgery [10,11]. Conversely,
CA125 may be abnormally elevated in non-malignant conditions (e.g., endometriosis,
fibroids, adenomyosis, pelvic infection and pelvic inflammatory disease [3]) leading to
high false-positive detection rates. Unsurprisingly, post-surgical diagnoses of benign
disease out-number malignancies by ~9:1 [4,12]. This is a particularly important issue
for pre-menopausal women, who generally have higher serum CA125 titres [7] and a
significantly lower incidence of ovarian cancer than post-menopausal women [5]. False-
positive detection in this group can trigger referral to a gynaecological oncologist for
surgery, where the primary concern is removal of suspicious tissues and not preservation
of fertility or ovarian function [13–16].

The early identification and differentiation of benign from malignant adnexal masses
is paramount in determining outcomes for patients. It is well-established that immediate
referral to a gynaecological oncology specialist results in the best outcomes for cancer
patients [11,17–20]. Conversely, early identification of non-malignant disease can guide the
use of less invasive surgical interventions (for example, laparoscopy) to achieve optimal
patient outcomes and do not need to be performed by an oncology specialist [21]. Interna-
tional guidelines for the management of adnexal masses stipulate the use of radiological
imaging (typically transvaginal ultrasound) to better characterise adnexal masses and guide
referral for secondary evaluation [22]. Depending on the guideline followed, imaging may
be performed prior to, in conjunction with, or after biomarker testing for CA125 [3–5,23].
The nature and order of testing are largely dictated by cost and resource availability; for
example, even though the diagnostic efficacy of CA125 is low [24], it remains recommended
under the National Institute for Health and Care Excellence (NICE) guidelines in England
and Wales for first-line investigation as part of the “2-week wait suspected cancer path-
way” [5,25]. Recent evaluation of this approach suggests that CA125 is an inefficient
method of referral, as most patients referred for imaging based on CA125 titres do not have
cancer [25]. Thus, testing modalities and the order in which they are applied can have
implications for the detection of cancers, as well as the exclusion (and minimisation of the
psychological impacts) of women with benign adnexal masses.

In the United States, imaging typically precedes biomarker evaluation [4]. With the aid of
commonly used risk tools such as Risk of Malignancy Index (RMI), International Ovarian Tu-
mour Analysis (IOTA) or Assessment of Different NEoplasias in the adneXa (ADNEX) scoring,
high quality ultrasound imaging can correctly triage up to ~80% of cases with short turnaround
times; these patients then undergo further testing (including biomarkers) and surgical referral
as warranted [25–27]. For the remaining 20% of patients that return an “indeterminate” result,
however, it is paramount that they are appropriately referred for evaluation within as short
a timeframe as possible (typically 24 h). Interestingly, the measurement of CA125 provides
little additional efficacy to this process [27,28]. Exclusion of false positive cases is therefore
an important target for improved biomarker testing in addition to the capture of as many
cancers as possible during the pre-surgical evaluation process. To have clinical relevance for
pre-surgical triage, a biomarker-based test must therefore provide (i) clear additive efficacy to
imaging in those cases where an indeterminate result is obtained; (ii) differentiation benign
from malignant disease with high accuracy, particularly for early stage malignancies; (iii) simi-
lar efficacy in pre- and post-menopausal women; and (iv) short turnaround times for testing
following receipt of an indeterminate ultrasound finding.

In the absence of consistent guidelines for CA125 use, research has focused on the
development of multi-modal biomarker panels to improve surgical triage and reduce the
incidence of false negative or positive CA125 test results. In a recent study we described
the use of a Multi-Marker Panel (MMP) index comprising CA125, Human Epididymis
Protein 4 (HE4), Interleukin-6 (IL6) and the C-X-C motif chemokine ligand 10 (CXCL10)
active ratio [29] to indicate the risk of malignancy [30]. The panel provided a substantial
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improvement in accuracy over CA125 for the classification of malignant samples against a
background of benign disease [30].

Of particular interest within this cohort are those patients for whom CA125 failed to
provide an appropriate classification; i.e., cancer cases missed because of a low CA125 serum
titre, and benign cases where elevated CA125 resulted in mis-classification and triage to
a gynaecological oncologist. We have applied a risk reclassification approach [31] to ex-
plore whether MMP index can add value over existing testing, specifically in cases where
CA125 results fall outside accepted clinical thresholds.

2. Materials and Methods
2.1. Patient Cohort

The patient cohort was assembled from a multi-centre retrospective collection con-
ducted between 2007 and 2021, and included 334 patients as previously described [30].
Ethical approval was obtained from the Southern Health Human Research Ethics Commit-
tee (HREC #06032C and #02031B), and all participants provided prior informed written
consent. Summarised details regarding confirmed diagnoses and CA125 titres (the focus
for this study) are provided in Table 1. In brief, samples were retrospectively collected
from anaesthetised, chemo-naïve patients referred for surgery for suspected gynaecological
malignancy. Post-surgical diagnoses were confirmed from hospital records. Imaging data
were reviewed and scored by a gynaecological oncology specialist. A full description of the
cohort, including comprehensive pathology, was provided previously [30].

Table 1. Summary of cohort details included in this study.

Total Participants (n=) All Samples Pre-Menopausal Post-Menopausal

334 115 219

FIGO Stage # Cases
(n=)

CA125 (Median,
IQ Range)

# Cases
(n=)

CA125 (Median,
IQ Range)

# Cases
(n=)

CA125 (Median,
IQ Range)

Malignant
all 164 724 (213, 1734) 32 549 (110, 1350) 132 797 (259, 1845)

stage I 17 178 (62, 527) 11 229 (71, 448) 6 137 (35, 646)
stages II–IV 147 821 (281, 2105) 21 911 (130, 2743) 126 817 (301, 1988)

Benign n/a 170 13 (7, 25) 83 14 (8, 26) 87 12 (6, 24)

2.2. Risk Prediction Models

CA125 serum tires, accompanying post-surgical diagnoses and scoring were as de-
scribed in [30]. For post-menopausal women, a cut-off of 35 U/mL was used according to
international guidelines [4]. For pre-menopausal women three different cut-off values from
67 U/mL to 250 U/mL [3,4,6] were individually assessed. Net re-classification index (NRI)
was calculated as described in [32], using a binary re-classification into high risk (cancer) or
low risk (benign) groups. Re-classification scores and +/−95% confidence intervals were
calculated as percentages of the total number of cases or controls, respectively.

Linear regression models, the calculation of MMP Index and all other statistical
analyses were conducted as previously reported [30]. In brief, a diagnostic algorithm for
the multi-marker panel was developed using a multivariate logistic regression model and
applied for the differentiation of benign from malignant samples. A scoring cut point of
3.684 was determined that provided 95% sensitivity and 95% specificity for differentiation
between samples of benign and malignant origin [30]. Classifications according to the multi
marker panel were compared directly against CA125 titre. All other statistical analyses,
including Student’s t-tests and the generation of x–y plots, were performed using GraphPad
Prism v10.0.3 (275) (Boston, MA, USA).
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3. Results
3.1. Use of MMP Index Successfully Rescues Samples Mis-Classified by CA125

A summary of relevant characteristics of the cohort is provided in Table 1. Malignancy
was diagnosed more commonly in the post-menopausal group and was generally late stage
(Table 1). Reported CA125 titres were not significantly different between pre- and post-
menopausal women grouped according to disease stage, although pre-menopausal women
diagnosed with stage I cancer trended towards higher median CA125 values compared to
post-menopausal women diagnosed at the same stage (p = 0.059; Student’s t-test). Within
the pre-menopausal cohort, CA125 was significantly elevated in cancers relative to benign
cases (stage I vs. benign, p < 0.0001; stages II–IV vs. benign, p < 0.0001) as well as between
cancer stages (stage I vs. stages II–IV, p = 0.03). Similar findings were observed within the
post-menopausal cohort (stage I vs. benign, p = 0.0003; stages II–IV vs. benign, p < 0.0001;
stage I vs. stages II–IV, p = 0.00).

The distribution of sample pathology against cut-off thresholds for MMP index vs.
CA125 in each of the post- and pre-menopausal cohorts is shown in Figure 1A,B, respec-
tively. For post-menopausal patients a single threshold of 35 U/mL was used, as specified
by international guidelines [4]. For pre-menopausal patients, three different threshold val-
ues at 67 U/mL [6], 200 U/mL [4] and 250 U/mL [3] were assessed. As expected, increasing
the CA125 cut-off threshold in the pre-menopausal cohort had clear influences on the
sensitivity and specificity of testing by CA125 (Figure 1A,B). In all cases, misclassifications
across the entire cohort were higher using CA125 at each tested threshold compared to
MMP index (Figure 1C,D). For both post-menopausal (Figure 1C) and pre-menopausal
(Figure 1D) women, the MMP index correctly re-classified most false negative and false
positive cases suggested using CA125. Overall there was a reduction of between ~2- to
5-fold in mis-classifications when samples were re-evaluated using MMP index.

The converse situation, where MMP index mis-classified a patient that CA125 correctly
classified, was previously reported [30] and was only observed in 3 cases. Amongst
these was one pre-menopausal patient (age 41 years, CA125 at 246 U/mL) with a stage
I grade 3 mixed endometroid/clear cell tumour; and one post-menopausal patient (age
87 years, CA125 at 32 U/mL) with benign cystadenofibroma. Interestingly, the third mis-
classification was of a patient with ovarian endometriosis and a CA125 titre at 44.2 U/mL;
this patient self-reported as pre-menopausal but was aged 51 years at the time of diagnosis,
suggesting menopausal status (and thus classification by CA125) may not have been
accurate. Overall, very few patients with accurate CA125 classifications were mis-classified
by MMP index.
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Figure 1. Distributions and classification error rates amongst patients with false negative or false
positive CA125 outcomes. (A,B) Distribution of patient samples scored according to CA125 or Multi
Marker Panel (MMP) index. Dotted lines indicate cut-off values according to the literature for post- or
pre-menopausal women, respectively. Confirmed diagnosis (benign or malignant) for each patient is
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findings in the cohort at each threshold. Pie charts show the proportion of cases corrected following
re-classification by MMP index when CA125 provided an incorrect result. Grey or black shading indicates
those false positive or negative cases, respectively, remaining after reclassification.

3.2. Net Re-Classification Analysis Improves Case/Control Assignment at Clinical Thresholds

Net reclassification risk analysis was used to evaluate the efficacy of re-assignment of
patients into low risk (benign) or high-risk (malignant) groups by MMP index compared to
CA125 score. In each case the net re-classification index (NRI) was calculated using a single
MMP index score of 3.48 [30] against CA125 at 35 U/mL (post-menopausal) or 67 U/mL,
200 U/mL, and 250 U/mL (pre-menopausal).

NRI showed significantly improved performance of the MMP index compared to CA125 in
post-menopausal women at 35 U/mL and in pre-menopausal women at 200 U/mL and
250 U/mL; when a CA125 threshold of 67 U/mL was used, a similar but non-significant
change was also observed (Table 2). Of particular interest, the greatest improvements in
the re-classification of cancer cases were achieved for pre-menopausal patients in whom
“missed” cancers (i.e., those with CA125 below the threshold) were correctly re-assigned using
the MMP index (Table 2). Similarly, an improved re-assignment of controls as lower risk
(i.e., benign cases with CA125 above the threshold) was also observed; interestingly, the most
substantial change was made at the 67 U/mL threshold despite the overall NRI failing to
reach significance (Table 2). The data indicate that the MMP index provided a substantial
advantage for the re-classification of samples with ambiguous CA125 titres, particularly in the
pre-menopausal group.

Table 2. Re-classification matrix for CA125 versus Multi-Marker Panel index in pre- or post-
menopausal women. Net re-classification index (NRI) was calculated for all samples classified
by MMPI at each CA125 threshold (post-menopausal women at 35 U/mL; pre-menopausal women at
67 U/mL, 200 U/mL, or 250 U/mL). Up or down indicate re-classification to higher risk (malignant)
or lower risk (benign) groups, respectively.

Combined Risk Score
Malignant Benign

Menopausal
Status

Risk Score
CA125

MMP
Index ≤ 3.48

MMP
Index > 3.48 Up Down MMP

Index ≤ 3.48
MMP

Index > 3.48 Up Down NRI (95% CI) p Value

post-
menopausal

≤35 U/mL 2 5 0.04 0 72 1 0.011 0.09 0.12 (0.04, 0.21) 0.01
>35 U/mL 0 125 8 6
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Table 2. Cont.

Combined Risk Score
Malignant Benign

Menopausal
Status

Risk Score
CA125

MMP
Index ≤ 3.48

MMP
Index > 3.48 Up Down MMP

Index ≤ 3.48
MMP

Index > 3.48 Up Down NRI (95% CI) p Value

pre-
menopausal

≤67 U/mL 4 2 0.06 0.063 72 1 0.012 0.11 0.10 (−0.07, 0.27) 0.26
>67 U/mL 2 24 9 1
≤200 U/mL 5 6 0.18 0.03 78 1 0.012 0.05 0.19 (0.02, 0.37) 0.03
>200 U/mL 1 21 4 1
≤250 U/mL 6 7 0.22 0 79 1 0.01 0.02 0.23 (0.07, 0.41) 0.01
>250 U/mL 0 19 2 1

3.2.1. Re-Classification of Post-Menopausal Patients

International guidelines stipulate a CA125 threshold of 35 U/mL as the trigger for
referral of post-menopausal patients to a gynaecological oncologist. Amongst 7 cancers
mis-classified by CA125 (false negative rate 8.8%), 5 were correctly re-classified as cancers
using MMP index (Table 3 and Supplementary Data S1). All re-assigned samples were of
high grade serous pathology (grades 2–3), including one stage I cancer (CA125 = 9) and
four stage III cancers (CA125 range 24–34). Two low grade cancers remained incorrectly
assigned in either case. Within the same cohort, 6 out of a total of 14 benign cases with
CA125 > 35 U/mL (false positive rate 10.1%) were correctly re-assigned using the MMP
index (Table 3). Overall there were ~71% and ~57% reduction in false positive and false
negative detections, respectively, in post-menopausal women.

Table 3. Number of mis-classifications according to CA125 (U/mL) in pre- and post-menopausal
women. The numbers of false negative (cancer with CA125 ≤ threshold) and false positive (benign
with CA125 > threshold) findings were compared following re-classification. Total percentage of mis-
classifications were calculated according to numbers within pre- or post-menopausal groups, respectively.

Post-Menopausal Pre-Menopausal
CA125 Threshold

35 U/mL
CA125 Threshold

67 U/mL
CA125 Threshold

200 U/mL
CA125 Threshold

250 U/mL

n= misclassified % n= misclassified % n= misclassified % n= misclassified %

total patients 80 80 90 95

# cancer misclassified CA125 7 8.8% 6 7.5% 11 12.2% 13 13.7%

# cancer misclassified MMPI 2 2.5% 4 5.0% 5 5.6% 6 6.3%

%∆ false negatives 71.4% 66.7% 54.5% 53.8%

total patients 139 36 25 22

# benign mis-classified CA125 14 10.1% 10 27.8% 4 16.0% 3 13.6%

# benign mis-classified MMPI 6 4.3% 1 2.8% 1 4.0% 1 4.5%

%D false positives 57.1% 90.0% 75.0% 66.7%

3.2.2. Reclassification of Pre-Menopausal Patients

No explicit guidelines for CA125 threshold in pre-menopausal women are stipulated
in international guidelines, beyond a suggestion that referral to a gynaecological oncologist
should be considered when CA125 > 200 U/mL (or >250 U/mL) [3,4]. Classification was
therefore assessed according to previously suggested CA125 thresholds of 67 U/mL [6],
200 U/mL [4] and 250 U/mL [3].

As anticipated an increasing number of cancers were correctly re-classified by MMP
index as the CA125 threshold was raised (Table 3). Amongst 13 mis-classified cancers with
CA125 below 250 U/mL, 7 were correctly re-classified using the MMP index
(including 4 stage Iancers). Similarly, 6 and 4 cancers were re-classified when the lower
CA125 thresholds of 200 U/mL or 67 U/mL were evaluated, respectively;
including 3 or 1 stage I cancers in each case. Improved re-assignment of benign cases with
elevated CA125 was also observed; the greatest change occurred at a CA125 threshold
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of 67 U/mL, where 9/10 patients were correctly re-classified as low-risk compared to
CA125 (Table 3). Amongst the entire cohort (including both pre- and post-menopausal),
only a single patient with benign fibroma was not reassigned after reclassification
using MMP index.

4. Discussion

False positive detection of benign disease by CA125 outnumbers malignancy by
approximately 9:1 [4,12] and is a significant issue for triage of patients who present with an
adnexal mass. An elevated CA125 test has significant psychological burden for patients,
including increased anxiety and psychological morbidities, whilst they wait for a surgical
diagnosis to be made [2,33,34]. The development of more accurate testing is thus desirable
to ensure that patients with non-malignant disease can be provided an alternate pathway;
particularly for pre-menopausal women, where fertility preservation strategies require
early specialist input [4,13–15].

Due to multiple co-morbidities associated with oophorectomies (e.g., increased risk
of heart disease, osteoporosis and some cancers) [35–37], current ACOG guidelines sug-
gest a conservative surgical approach for the management of adnexal mass and the use
of laparoscopic techniques where possible [4]. Of particular interest therefore was the
re-classification of “false positive” patients with elevated CA125 who were subsequently
diagnosed with benign disease. Reclassification using the MMP index excluded 8/14 (57%)
of post-menopausal patients and up to 9/10 (90%) of pre-menopausal patients with ele-
vated CA125 levels but benign adnexal mass. Whilst a CA125 threshold of 35 U/mL is
well-established in post-menopausal women, there is no similar approved CA125 cutoff
used in pre-menopausal women. Prior ACOG guidelines suggested a working threshold
of 200 U/mL as the trigger for referral of pre-menopausal patients to a gynaecological
oncologist [38]. However, the most recent advice suggests that “care providers should inte-
grate the CA 125 level with other clinical factors in judging the need for consultation” [4].

Improved elimination of false-positive CA125 results has particular relevance in pre-
menopausal women, where cancer diagnoses are typically rare. In this cohort initial clinical
workup is focused on determining the risk of malignancy, and biomarker measurements are
recommended when imaging provides an indeterminate result [39]. Analysis of in-patient
hospitalisations in the US over a 7 year period identified ~428,000 pre-menopausal women
admitted for adnexal masses [40]. Whilst ~54% of these women underwent surgery, ~27% of
patients (~116,000 women) were excluded following further clinical work-up. Administration
of an accurate biomarker test early in the clinical workflow could therefore substantially
decrease the requirement for hospital admissions and reduce overall burden on the healthcare
system. Our data suggest that MMP index can provide a superior pre-surgical measurement
to correctly identify patients in whom CA125 proves inadequate, and who may benefit from
primary referral to a gynaecologist rather than an oncology specialist.

Arguably more crucial is the requirement for “rescue” of those cancer patients in
whom a low CA125 test outcome provides a false negative indication. This is a particularly
important consideration in the pre-surgical setting, where rapid identification and triage to a
gynaecological oncology surgeon is critical to achieve greatest benefit for patients [18,41,42].
Reclassification using MMP index captured up to 71% of post-menopausal and between
33–67% of pre-menopausal “low CA125” cancers, respectively, substantially reducing
overall false negative rates. Dearking previously suggested a CA125 threshold of 67 U/mL
for improved sensitivity of cancer detection, at which specificity was not changed [6].
A recent study by Dunton compared the performance of OVA1TM against this benchmark,
and demonstrated an improvement of ~50% for identification of “low CA125” cancers
in premenopausal women [43]. Whilst in a substantially smaller dataset, MMP index
identified >60% of “low risk” cancers in both pre- and post-menopausal groups at the same
thresholds, suggesting performance improvement over CA125 and OVA1TM.

Early stage diagnosis of ovarian cancers, combined with rapid referral to an oncologist,
is critical to optimize patient outcomes and overall survival. For patients with CA125 below
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the prescribed threshold, or if elevated but without concordant ultrasound findings, current
guidelines suggest a “watch and wait” strategy [4,5]. Uncertainty around a potential ovar-
ian cancer diagnosis can delay referral, potentially reducing the likelihood of successful
treatment. Amongst stage I cancers mis-classified due to low CA125 in this study, reclassi-
fication analysis identified up to 6/9 (dependent on CA125 threshold used) for a total of
66% improvement over CA125. This included 1/2 (50%) in the post-menopausal group,
and up to 5/7 (71%) in the pre-menopausal group, suggesting a significant improvement in
capability for early stage detection.

Pre-operative discrimination of benign from malignant adnexal masses is critical in
the early patient management pathway, where rapid triage to an appropriate specialist has
direct correlation with patient outcomes [20]. Whilst standard clinical workflows differ
internationally (Figure 2), radiological imaging (typically transvaginal ultrasound) forms
the cornerstone of practice designed to identify or exclude a diagnosis of malignancy [4].
Most broadly used for the interpretation of ultrasound imaging are RMI score (combining
ultrasound score, CA125 and menopausal status) and the IOTA rules, developed to provide
guidance for the differentiation of benign from malignant disease and adapted in several
variations including Assessment of Different NEoplasias in the adneXa (ADNEX) and
the Ovarian-Adnexal Imaging-Reporting-Data System (O-RADS) system [44–47]. Patients
in whom the risk of malignancy is deemed low can be managed conservatively, either
expectantly or laparoscopy; whilst those at high risk can be rapidly referred to specialist
oncology surgeons for optimal management [20,21].
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Figure 2. Typical clinical workflow for diagnosis and referral of patients with adnexal mass. De-
pendent on geographical region and guidelines adopted patients experience a different workflow.
However all commence with an assessment of symptoms, physical examination, medical and familial
history. In the United Kingdom CA125 testing is performed prior to ultrasound; in Australia/NZ
both are typically performed; and in the US ultrasound is generally performed before biomarker test-
ing. In all cases the information is used to provide the ultimate surgical referral. Specific guidelines
(NICE [5], RCOG [48], ACOG [4]) according to region are indicated. Adapted from [49].

The complication that arises in all clinical workflows, however, is where imaging suggests
an “intermediate” or undetermined risk of malignancy. In this case CA125 provides little
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additive benefit [25,28] and does not contribute sufficient diagnostic power to differentiate
benign from malignant disease; for example, at a specificity of 90%, RMI provides sensitivity
of 72.3% or 64% for identification of malignant disease in post- or pre-menopausal patients,
respectively [24]. Similarly, scoring using the IOTA simple rules typically results in ~20%
of patients classified as “inconclusive” [26]. In our recent work [30], amongst 169 patients
for whom RMI could be calculated were 73 with RMI score >200 suggesting malignancy;
however, 27% of these (20 of 73 patients) were subsequently diagnosed with benign disease [30].
Improved biomarker testing is thus required to assist in pre-surgical triage and streamline the
referral process. Such testing must provide additive efficacy to ultrasound; and must be able
to return results within a short timeframe (typically 24 h) to ensure clinical relevance. Using
our multi-marker panel 16 of 20 patients with RMI > 200 indicating malignancy were correctly
re-assigned as benign; whilst 2 of 3 with RMI < 200 were correctly assigned as cancers using
the panel. Our data suggest that the application of such a panel in the pre-surgical window
could significantly improve surgical referral accuracy over CA125 alone.

Correct triage of cases is an essential component of an improved clinical workflow to
treat patients with an adnexal mass, both to improve outcomes for all patients as well as
reduce burden on the healthcare system. The current dataset is comparatively small hence
provides an indication of reclassification performance only. Further evaluation is now
required in larger prospective trials aimed at determining the rescue capacity for patients
in whom CA125 provides inaccurate or misleading diagnostic information.

5. Conclusions

Reclassification analysis demonstrated improved discrimination of benign from malig-
nant ovarian disease using a multi-marker panel compared to CA125, and was effective in
both pre- and post-menopausal patient samples. This multi-marker panel may provide an
important new tool to assist in the pre-surgical discrimination of patients with suspected
ovarian cancer.
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