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Abstract

Objective: Cancer Antigen 125 (CA125), the biomarker in common clinical use for ovarian cancer, is limited by low sensitivity
for early disease and high false positives. The aim of this study was to evaluate several candidate biomarkers, alone or in
combination, compared to CA125. Design: A prospective observational cohort study Setting: St. James’s Hospital (SJH),
a tertiary referral centre for gynaecological malignancy in Dublin, Ireland. Population: 274 patients undergoing surgery for
symptomatic pelvic masses between 2012 and 2018. Methods: Preoperative Human Epididymis Protein 4 (HE4), the Risk
of Ovarian Malignancy Algorithm, the Risk of Malignancy Index I and II, D-dimer, and fibrinogen were assessed. Logistic
regression models were fitted for each biomarker alone and in combination. AUCs and pAUCs in the 90-100% specificity range
were determined. Main Outcome measures: The accuracy of biomaker(s) in the prediction of malignant/borderline versus
benign tumour status compared to CA125. Results: 89 pre- and 185 post-menopausal women were included. In premenopausal
women, no biomarker(s) outperformed CA125 (AUC 0.73; 95% CI 0.63-0.84). In postmenopausal women, HE4 had a pAUC of
0.71 (95% CI 0.64-0.79) compared with 0.57 (95% CI 0.51-0.69) for CA125 (p = 0.009). HE4 + D-dimer had an improved pAUC
of 0.74 (95% CI 0.68-0.81, p < 0.001). Conclusion: A novel biomarker panel of HE4 + D-dimer outperformed CA125 alone as a

high specificity biomarker in postmenopausal women and could aid in the preoperative triaging of symptomatic pelvic masses.

Introduction

Approximately 1.3% of women are diagnosed with ovarian cancer (OC) over their lifetime and less than half
of these survive 5 years following diagnosis (1). OC symptoms are difficult to differentiate from those of
benign and other conditions (2, 3). Resultantly, the majority of cases are metastatic at diagnosis (4). An
estimated 10% of pre- and 20% of post-menopausal women presenting with a pelvic mass ultimately receive
a diagnosis of OC (5). The challenge for clinicians is to identify and refer those cases most suspicious for OC
to a specialist gynaecologic oncologist at the earliest possible stage of the disease. This intervention has been
shown to improve prognosis (6-8). Effective triaging would enable lower risk cases to undergo less invasive
surgery, possibly with preservation of fertility, and to remain in the care of general gynaecology services.

Current work-up of a pelvic mass centers on CA125 and transvaginal ultrasound (TVUS), both of which
have limitations. CA125 is elevated in benign gynaecologic conditions (9), increased in only 50% of early OC
(1, 10), and not expressed in 20% of OC (11). While TVUS frequently detects ovarian cysts, most are benign
and accurate diagnosis is user-dependent (12, 13). Formal ultrasound-based criteria increase sensitivity but
are less specific than subjective US testing (14).



Several tumour biomarkers have been identified to improve risk-stratification. Human Epididymis Protein
4 (HE4) has shown the most promise (15). It is found in particularly high concentrations in serous and
endometrioid OC, and detected in up to 50% of cases where CA125 is not (16). HE4 is elevated in earlier
stages (FIGO I-II) (16) and less affected by benign conditions than CA125 (17). Based on encouraging initial
studies (18), HE4 was FDA-approved in 2011 combined with CA125 and menopausal status in the Risk of
Ovarian Malignancy Algorithm (ROMA) (19). However, subsequent studies yielded conflicting results (20,
21).

Other algorithms have been formulated to improve on the above biomarkers but no clear conclusions of clinical
benefit have been drawn due to a lack of prospective trials (22, 23). Amongst them are the combinations
of CA125 + HE4 (24), and CA125 + D-dimer (25). The Risk of Malignancy Index (RMI) I or II (26) are
weighted products of CA125, menopausal score and ultrasound score. The addition of fibrinogen to this
combination has also been described (27). In the past decade, over 50 novel biomarkers have been reported
to improve on the sensitivity of CA125 (11, 28-30)

Given the uncertainty regarding the optimal risk-stratification method for pelvic masses, we sought to
evaluate HE4, ROMA, RMI I, RMI II, D-dimer, and fibrinogen, alone or in combination, compared with
CA125.

Methods
Study Population

This was a prospective cohort study performed at St. James’s Hospital (SJH), a tertiary referral centre for
gynaecological malignancy in Dublin, Ireland. Patients undergoing surgery for a pelvic mass were invited
to participate and donate pre-operative blood samples and health data to the DISCOVARY bioresource.
Sequential patients presenting with a symptomatic pelvic mass over a 6-year period between 2012 and 2018
and who underwent surgery were included in this study. All cases were suspected to be ovarian malignancies
based on MDT discussion. Prior to recruitment, all patients provided written, informed consent and the
study was approved by the SJH Research Ethics Committee. Tumours that were not ovarian in origin on
final histology, representing either metastases to the ovary or disease at another site entirely, were included
in the final study analysis as well as benign and borderline/malignant ovarian cases. Recurrent OC, patients
undergoing neoadjuvant chemotherapy and patients presenting with venous thromboembolism were excluded.

Tumour status (benign, borderline or malignant), menopausal status and age were recorded for all patients.
Menopause was defined as the absence of menstruation for 12 consecutive months and/or age 50 years with
a history of previous hysterectomy. Pre-operative laboratory values of CA125, HE4, D-dimer, and fibrinogen
and RMI ultrasound features were recorded.

Laboratory Methods

Pre-operative serum samples were centrifuged, snap frozen with liquid nitrogen and stored at -80QC until
analysed. Serum biomarker levels were analysed for CA125 and HE4 using the Roche €602 Immunoassay
platform. Matched plasma samples were used to measure D-dimer levels using the Vidas(r) D-Dimer
Exclusion(tm) IT assay and fibrinogen levels using the Clauss method (31).

Calculation of ROMA

A Predictive Index (PI) was calculated for premenopausal and postmenopausal patients separately using
equations (1) and (2) below. The HE4 and CA125 results were inserted into the appropriate equation:

Premenopausal:
Predictive Index (PI) = -12.0 + 2.38*LN [HE4] + 0.0626*LN [CA125]
Postmenopausal:

Predictive Index (PI) = -8.09 4+ 1.04¥LN [HE4] + 0.732*LN [CA125]



To calculate the ROMA value, the calculated value for Predictive Index was inserted into equation (3):
ROMA value % = exp (PI) / [1 + exp (PI)] *100
Calculation of RMI I and II

The RMI was calculated as first described by Jacobs et al .(26) as a product of pre-operative CA125 level
in U/ml, menopausal status, and ultrasound (US) score. Premenopausal status gave 1 mark for both RMI
I and II while postmenopausal status gave 2 and 4 marks, respectively, for RMI I and II. US reports were
reviewed, and 1 mark given to each of 5 features (multilocular cyst, solid areas, metastases, ascites and
bilateral lesions). The US score was then assigned for RMI I as follows:

U = 0 for ultrasound score of 0

U = 1 for ultrasound score of 1

U = 3 for ultrasound score of 2 — 5.

And for RMI II:

U =1 for ultrasound score of 0 or 1

U = 4 for ultrasound score of 2 or more.
Statistical Analysis

As biomarker distributions were not normally distributed based on the Shapiro-Wilk test (<0.05), median
values were compared using the Wilcoxon rank sum test. A p-value of <0.05 was deemed to be significant.

Cases were analysed in two cohorts: pre- and post-menopausal. The outcomes were dichotomised into
benign or borderline/malignant for all statistical analyses. Biomarkers of interest and combinations of these
biomarkers were used as predictors for both cohorts.

Sensitivity and specificity were calculated for the following biomarkers using the following a priori cut-off
values in parentheses: CA125 (35 U/ml), HE4 (70pM/L in premenopausal women and 140 pM/L in post-
menopausal women), ROMA ([?]11.4% in premenopausal women and [?]29.9% in postmenopausal women),
RMI I (250), RMI II (250), fibrinogen (3.5 g/L) and D-dimer (500 ng/ml).

Biomarkers were right-skewed and were thus log-transformed before logistic regression analysis. Combination
panels were constructed by entering biomarkers into a binary logistic regression model with a dichotomous
outcome of benign or borderline/malignant. Receiving-Operating Characteristic (ROC) curves and their
corresponding 95% CI were determined for each biomarker and combination panel. Overall assessment of
predictor performance was evaluated using the ROC Area Under the Curve (AUC). Each predictor’s AUC
was compared against that of CA125, the most commonly used biomarker for detection of OC in clinical
practice, using the method of DeLong et al (32). Optimal cutoffs for each biomarker are shown using the
minimum distance from the top-left of the ROC curve. This is a method of providing the best balance
between sensitivity and specificity for a predictor (33).

As it is desirable to have a high specificity biomarker, the partial area under the curve (pAUC) of each
panel’s ROC curve was determined in the region of the curve where for the specificity ranges from 90-
100%. Confidence intervals and comparisons of pAUCs for panels against CA125 were calculated using
bootstrapping with 10,000 repeats as previously described (34). Biomarker cutoffs are shown based on the
top-left method within the high specificity range and at 98% specificity with the corresponding sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) at that cutoff. All statistical
analyses were performed in R Version 3.53 (R Foundation). AUC and pAUC statistics were calculated using
the pROC package (35).

Results

Patient demographics



274 sequential patients from the DISCOVARY bioresource met the inclusion criteria and were included in
the study, of whom 89 were pre- and 185 post-menopausal. Patient demographics are displayed in Table
1 . The premenopausal group consisted of 47 benign, 21 borderline, and 21 malignant cases while the
postmenopausal group had 97 benign, 20 borderline and 68 malignant tumours.

Of the malignant cases, 12 were non-ovarian in origin and a further 7 cases consisted of mixed ovarian and
non-ovarian histology. Serous was the most common malignant subtype (47.2%). Ovarian malignancies were
most commonly high grade (54%). The distribution of cancer stages was stage 1 (29.2%), stage 2 (4.5%),
stage 3 (29.2%), and stage 4 (18%) (Table 1).

Biomarker performance

Median levels of CA125, HE4, D-dimer, fibrinogen, ROMA, RMI I, and RMI II were all significantly higher
in borderline/ malignant than in benign cases (p <0.001) (Table S1 and Figure S1 ). Pre-operative US
scoring for RMI calculation was not possible in a significant number of patients as pre-operative US reports
were not available.

Table 2 demonstrates the AUC-ROC for each biomarker/ combination of biomarkers, analysed as continuous
variables, for premenopausal and postmenopausal groups respectively.

Premenopausal Group

In the premenopausal group, CA125 had an AUC of 0.73 (95% CI 0.63-0.84) (Table 2A ). Two panels, (i)
HE4 + Fibrinogen and (ii) HE4 + D-dimer + Fibrinogen, had ROC-AUCs of 0.76 (95% CI 0.64-0.87). How-
ever, no biomarker or biomarker panel was significantly different when compared to CA125 in premenopausal
women.

Postmenopausal Group

In the postmenopausal group, HE4 had an AUC of 0.81 (95% CI 0.74-0.87) but was not statistically significant
compared to CA125 (AUC 0.77; 95% CI 0.71-0.84; p = 0.371) (Table 2B ). HE4 had a specificity of 84.5%
at a sensitivity of 70.5%. The addition of D-dimer or Fibrinogen to the model resulted in AUCs of 0.83 (95%
CI 0.77-0.89) and 0.81 (95% CI 0.74-0.88), respectively.

Using the pre-defined cutoff values described above, sensitivity and specificity levels for all biomarkers were
calculated and are displayed in Table S2. HE4 had a specificity of 92%.

Optimal Biomarker Cutoffs and partial AUCs

As a high specificity biomarker is desirable, partial AUCs for biomarkers and combination panels for the
high specificity region of 90-100% were constructed for the postmenopausal group and are shown inTable 3
and Figure 1 . HE4 had a corrected pAUC of 0.71 (95%CI 0.64-0.79) compared to a pAUC of 0.57 (95% CI
0.51-0.69) for CA125 (p = 0.009). This was followed by D-Dimer (pAUC 0.66, 95% CI 0.6-0.74) and ROMA
(pAUC 0.68; 95% CI 0.62-0.76). At 98% specificity, HE4 had a sensitivity of 44.3% compared to 9.1% for
CA125 (p = 0.009). HE4 had a specificity of 90.7% and a sensitivity of 58% at a cut-off of 111.75 pm/L.

A combination of HE4 and D-dimer had a corrected pAUC of 0.74 (95%CT 0.68-0.81) compared with 0.57
for CA125 (95%CI 0.51-0.69, p < 0.001). The addition of CA125 £ Fibrinogen provided only modest
improvement in the pAUC to 0.75 (95% CI 0.68-0.82, p <0.001). Optimal cut-off values for each predictor
are displayed for the 90-100% and 98% specificity regions.

Validation Sample

A separate validation sample was selected from the DISCOVARY bioresource (Table S3 ) and used to
calculate the probability of malignancy for selected models derived from the original test sample (Table S4
). This consisted of preoperative blood samples collected from 133 postmenopausual women between 2006
and 2012, with the same inclusion and exclusion criteria applied to the main study cohort. This cohort was
limited as D-dimer and RMI biomarkers were unavailable.



HE4 had an AUC of 0.8 (95% CI 0.72-0.88) compared to an AUC of 0.75 for CA125 (95% CI 0.66-0.83; p
= 0.181). The addition of Fibrinogen + CA125 to HE4 resulted in a modest increased in the AUC to 0.82
(95% CI 0.73-0.91, p = 0.058) and 0.83 (95% CI 0.74-0.92, p = 0.193), respectively. As D-dimer and RMI
scores were not available in the validation sample, it was not possible to assess any models that included
D-dimer or to perform a ROC comparison analysis.

Discussion
Main Findings

This study showed that among postmenopausal patients, HE4 significantly outperformed CA125 as a high
specificity biomarker with a pAUC of 0.71 (95% CI 0.64-0.79) compared with 0.57 (95% CI 0.51-0.69) for
CA125 (p = 0.009). A model combining HE4 + D-dimer improved the pAUC to 0.74 (95% CI 0.68-0.81)
versus CA125 (p < 0.001). This is, to our knowledge, the first study to assess the diagnostic accuracy of this
combination of biomarkers. No panel statistically outperformed CA125 in the premenopausal group of this
study.

Strengths and limitations

The strengths of this study include its relatively large study population, choice of widely available biomarkers
and pragmatic inclusion criteria. Differences in laboratory assays, threshold values and case definitions have
contributed to a wide disparity in the performance of novel biomarkers. For example, the retrospective
exclusion of borderline and non-epithelial OC has been shown to increase the sensitivity of ROMA (37).
In order to reflect clinical practice, this study included borderline and non-ovarian tumours as well as all
subtypes of OC in the primary outcome for two reasons. Firstly, a pelvic mass encompasses a wide range
of differentials which would be unknown at the time of presentation. Secondly, borderline tumours routinely
undergo at least intraperitoneal staging surgery. Furthermore, stratification of women by menopausal status
minimised variablility seen with CA125 and HE4, in particular, with age and physiological status.

This study has some limitations. It was performed in a single institution and, as a tertiary gynaecologic
referral centre, the women in this study represented an older, higher risk population compared to the general
population where this panel would be intended for use. For example, a proportion of these women would have
been referred as urgent cases with CA125 levels of >200kU/ml in accordance with the national guidelines
(38). This may lead to overestimation of the values of HE4, D-dimer, and fibrinogen, which have been shown
to correlate with advanced stage and poorer prognosis.

The performance of other biomarkers in this study, in particular RMI and ROMA, could be underestimated
as they were not intended for use in a tertiary centre (39). Assessment of RMI was further limited by a lack
of strict RMI protocols used in ultrasound reports (40). To account for this selection bias, the study would
need to be expanded to the primary care setting or to a hospital with general gynaecology services as a first
step. Alternatively, increased cutoffs could be applied for a high-risk population as were created in this study
but this would need to be validated in other tertiary referral centres.

Finally, the validation was limited to a relatively small population and a larger population is needed to
confirm the findings. Although the combination of HE4 + fibrinogen performed well with an AUC-ROC of
0.82 in a separate cohort of postmenopausal women, D-dimers were not available for this cohort and the
panel could not be fully validated.

Interpretation

It is estimated that 10% of women will undergo surgery for a pelvic mass during their lifetime (41). There is
currently no clinical algorithm in routine use for the preoperative triaging of such masses. Effective triaging
would direct patients to the optimal surgical pathway.

Several algorithms have been proposed for use in the assessment of pelvic masses, two of which are FDA-
approved. ROMA uses a model derived from CA125, HE4 and menopausal status to classify women presenting
with a pelvic mass as either high or low risk for OC. It was initially validated in a multicentre clinical trial



of 472 postmenopausal women presenting with pelvic masses. In this study, it demonstrated an impressive
sensitivity and specificity of 92.3% and 76.0%, respectively, for the detection of OC (18). However, several
subsequent studies have yielded conflicting results. For example, a prospective study of 389 women showed
no added benefit of ROMA (AUC-ROC 0.898) over CA125 alone (AUC-ROC 0.877) (20). A recent cohort
study of 1590 women with pelvic masses found that HE4 added no value to CA125 and TVUS (21).

The second FDA-approved algorithm is the OVA1 test, a multivariate assay which includes CA-125, trans-
thyretin, apolipoprotein A1, $2-microglobulin, transferrin and transthyretin. In a prospective, multicentre
trial of 494 women with pelvic masses, it demonstrated higher sensitivity (95.7%, 95%CI 89.3-98.3) and ne-
gative predictive value (98.1%, 95%CI 95.2-99.2) for OC compared to CA125-I1, a second generation CA125
assay (42). A smaller study of 118 women found no added benefit for this panel (43).

Our proposed model of HE4 + D-dimer for the postmenopausal group compared favourably to the current
FDA-approved algorithms. HE4 4+ D-dimer had an AUC of 0.83 (95% CI 0.77-0.89) compared to an AUC of
0.78 for ROMA (95% CI 0.71-0.85). A potential advantage of our panel compared to OVA1 or panels that
include radiological imaging is that D-dimer, in particular, is relatively inexpensive to perform, routinely
measured in clinical practice, and operator-independent.

The AUC-ROC is a useful measure of overall diagnostic performance. However, it includes regions which are
of little clinical relevance such as those with low specificity. (44). Sensitivities of >75% and a remarkably high
specificity of 99.6% have been proposed for the screening of asymptomatic women for OC in order to achieve
a high positive predictive value and minimize false positive results (11). For the postmenopausal group of this
symptomatic study population, a slightly broader predefined specificity of 90-100% was applied for pAUC
calculation. At this range, HE4 + D-Dimer had a corrected pAUC of 74.22 (95% CI 67.88-81.16) with a
sensitivity of 62.5%. HE4 was the best performing single biomarker (pAUC 71.21, 95% CI; 63.93-79.01) and
significantly outperformed CA125 (p = 0.009). The addition of fibrinogen to HE4 + D-dimer was associated
with only a modest improvement in pAUC.

Fibrinogen and its end product D-dimer have been shown to predict poor prognosis in OC, independent of
venous thromboembolism (45-48). Their use as potential diagnostic biomarkers, however, is often overlooked
by researchers as alterations in their levels can be seen in a wide range of conditions (49). They have not
previously been studied alongside HE4 for OC diagnosis. However, a similar panel has recently been described
for the diagnosis of endometrial cancer (EC) (50). In a study of 254 women, a panel combining HE4 + D-
dimer + fibrinogen + CA199 was the best predictor of EC with a sensitivity and specificity of 91.34% and
70.08%, respectively, at the optimal cut-off value. This supports the diagnostic potential of serum D-dimer
and fibrinogen, something which few previous studies have examined.

Conclusion

The addition of biomarkers to CA125 does not increase ovarian cancer detection in premenopausal women.
HE4 alone and in combination with D-dimer had a high specificity and may play a role as a second-line test
in the setting of premenopausal women with an inconclusive TVUS and a positive CA125.

Our results showed that among postmenopausal patients, HE4 significantly outperformed CA125 as a high
specificity biomarker. The combination of HE4 + D-dimer improves on the diagnostic accuracy of CA125
alone and could help with the preoperative assessment of pelvic masses. This study also proposed new bio-
marker cutoffs in this symptomatic population. Prospective studies are required to validate the performance
of this panel and to assess the cost efficacy of adding additional analytes to the current diagnostic work-up.
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Table S1. Biomarker Levels in Benign and Borderline/Malignant cases for pre and postmenopausal women Table S1. F
Biomarker Benign
Premenopa
n = 47
CA125 (IU/ml) 23.0 [11.5, 51
HE4 (pm/L) 47.3 [41.1, 6(
D-Dimer (ng/ml) 446.3 [236.2,
Fibrinogen (g/L) 3.2 [2.8, 3.8]
ROMA (%) 7.6 [4.9, 11.8
RMI I 39.0 [12.5, 68
RMI II 52.0 [12.5, 1(
Postmenop
n =97
CA125 (IU/ml) 20.0 [12.0, 47
HE4 (pm/L) 65.7 [51.0, 8¢
D-Dimer (ng/ml) 489.3 [346.5,
Fibrinogen (g/L) 3.5 [3.0, 4.0]
ROMA (%) 17.0 [10.3, 28
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Figure Titles
Figure 1

Corrected Partial AUCs of biomarkers for the prediction of borderline/malignant status in postmenopausal
women

Figure S1

Boxplots of log of biomarker levels in pre- and post-menopausal women
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