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Comparison of a novel multiple marker assay vs the Risk
of Malignancy Index for the prediction of epithelial
ovarian cancer in patients with a pelvic mass
Richard G. Moore, MD; Moune Jabre-Raughley, MD; Amy K. Brown, MD; Katina M. Robison, MD; M. Craig Miller, BS;
W. Jeffery Allard, PhD; Robert J. Kurman, MD; Robert C. Bast, MD; Steven J. Skates, PhD

OBJECTIVE: We sought to compare the Risk of Malignancy Index (RMI)
to the Risk of Ovarian Malignancy Algorithm (ROMA) to predict epithelial
ovarian cancer (EOC) in women with a pelvic mass.

STUDY DESIGN: In all, 457 women with imaging results from ultra-
sound, computed tomography, magnetic resonance imaging, and se-
rum HE4 and CA125 determined prior to surgery for pelvic mass were
evaluable. RMI values were determined using CA125, imaging score,
and menopausal status. ROMA values were determined using HE4,
CA125, and menopausal status.

RESULTS: At a set specificity of 75%, ROMA had a sensitivity of 94.3%
and RMI had a sensitivity of 84.6% for distinguishing benign status from
EOC (P � .0029). In patients with stage I and II disease, ROMA achieved
a sensitivity of 85.3% compared with 64.7% for RMI (P � .0001).

CONCLUSION: The dual marker algorithm utilizing HE4 and CA125 to
calculate a ROMA value achieves a significantly higher sensitivity for
identifying women with EOC than does RMI.
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Each year between 169,000 and
289,000 women are hospitalized

with an ovarian cyst or pelvic mass. This
represents approximately 5-10% of all
women in the United States who will un-
dergo surgery for an ovarian neoplasm
during their lifetime.1 The National In-
stitutes of Health (NIH) Consensus De-
velopment Conference Statement esti-

mates that anywhere from 13-21% of
patients with a pelvic mass will be diag-
nosed with an invasive epithelial ovarian
cancer (EOC),2 consistent with the
American Cancer Society estimate that
there would be 21,550 women (13% of
169,000) in the United States diagnosed
with ovarian cancer in 2009.3 Differenti-
ating the malignant pelvic masses from

the benign pelvic masses is important for
optimal patient care.

It has been demonstrated that cytore-
ductive surgery with optimal tumor de-
bulking increases overall survival in pa-
tients with EOC.4-6 Equally important is
the concept of comprehensive surgical
staging to fully evaluate the extent of dis-
ease and the detection of microscopic
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metastasis, as, for example, �30% of pa-
tients with clinical stage I ovarian cancer
after their initial surgery will be upstaged
upon comprehensive surgical staging.7

Recent studies indicate that women op-
erated on by surgeons specializing in the
management of EOC and at centers ex-
perienced in the surgical and medical
management of patients with this disease
have decreased morbidity and mortality,
and an increase in overall survival.8-11

Despite these findings, only half of
women with ovarian cancer in the
United States will have comprehensive
surgery performed by high-volume sur-
geons, typically gynecologic oncologists,
and at institutions experienced in the
management of women diagnosed with
this disease.12-14 Therefore, it is critical
that women with a pelvic mass or ovar-
ian cyst considered at high risk for a ma-
lignancy be referred to appropriate cen-
ters prior to their surgery to improve the
quality of care and enhance survival for
ovarian cancer patients.

The serum tumor marker CA125 is
commonly used to predict the presence
of a malignancy in women with a pelvic
mass, but CA125 measurement has lim-
itations. CA125 is elevated in less than
half of early-stage EOC patients and in
approximately 80% of women with
EOC, potentially leaving 20% of ovarian
cancer patients without a useful serum
biomarker for the management of their
disease.15,16 In addition, many premeno-
pausal women with common benign gy-
necologic disorders will have an elevated
serum CA125 level, and many medical
conditions affecting postmenopausal
women can also elevate serum CA125,
resulting in the reduction of sensitivity
and specificity of CA125.16

The combination of serum CA125 lev-
els and pelvic sonography improves the
sensitivity and specificity for predicting
the presence of ovarian cancer in pa-
tients with a pelvic mass.17 Jacobs et al17

developed the Risk of Malignancy Index
(RMI) an algorithm that employs ultra-
sound (US) findings and architectural
features of a pelvic mass, CA125 levels,
and menopausal status. Several subse-
quent reports have validated the pre-
dicted levels of sensitivity and specific-
ity.18,19 The RMI is a straightforward and

widely used algorithm that produces a
numeric score to stratify patients into
high- and low-risk groups for EOC. The
RMI successfully categorizes patients
into high- and low-risk groups, but it
uses US imaging data that can have inter-
preter variability between users and cen-
ters. Equally important, clinical evalua-
tion of a pelvic mass often includes
computed tomography (CT) imaging,
magnetic resonance imaging (MRI), US,
or a combination of imaging modalities
resulting in a lack of standardization
across imaging methods for risk of ovar-
ian malignancy.

An objective risk-assessment tool that is
determined through objective quantitative
measures would provide reproducibility
and consistency from center to center. We
conducted a prospective multicenter clin-
ical trial to validate a predictive model,
called the Risk of Ovarian Malignancy Al-
gorithm (ROMA), to estimate the risk of
EOC in women presenting with a pelvic
mass.20 As part of a secondary analysis, the
results of the dual marker combination of
HE4 and CA125 used in the ROMA were
compared with the RMI for the detection
ofEOCinwomenpresentingwithanovar-
ian cyst or pelvic mass.

MATERIALS AND METHODS
This was a prospective multicenter trial
that was entered in the NIH clinical
trial registry (ClinicalTrial.gov identifier
NCT00315692). All participating sites
obtained institutional review board ap-
proval from their respective institutions.
To be eligible for enrollment, patients
were required to be aged �18 years and
have a diagnosis of an ovarian cyst or a
pelvic mass with a planned surgical in-
tervention. Prior to collection of biolog-
ical samples and surgery, all patients
were required to give full informed con-
sent. All patients had radiologic imaging
by pelvic US, CT scanning, and/or MRI
within 6 weeks prior to surgery to docu-
ment the presence of an ovarian cyst or
pelvic mass. Immediately prior to sur-
gery, blood and urine samples were ob-
tained. Whole blood samples were ob-
tained in 3 10-mL serum separator tubes
and 1 EDTA plasma tube. Within 4
hours of collection, blood samples were

centrifuged and the serum and plasma
were collected and dispensed into multi-
ple 5-mL cryotubes and frozen to –20°C.
All specimens were batch shipped on
dry ice to Fujirebio Diagnostics Inc
(Malvern, PA) for distribution to 1 of 4
separate testing laboratories (University
of Texas M.D. Anderson Cancer Center,
Houston, TX; Massachusetts General
Hospital, Boston, MA; Fujirebio Diag-
nostics AB, Gothenburg, Sweden; and
Fujirebio Diagnostics Inc, Malvern, PA).
Serum CA125 concentrations were mea-
sured by trained operators using the Ar-
chitect CA125II assay (Abbott Diagnos-
tics, Abbott Park, IL) and serum HE4
levels were determined using the HE4
EIA assay (Fujirebio Diagnostics Inc).
All assays were run according to manu-
facturers’ instructions, and appropriate
controls were within the ranges provided
by the manufacturer for all runs.

Study sites were monitored for com-
pliance with the protocol and for data
accuracy. All data were captured onto
case report forms and entered into a val-
idated NetRegulus database (NetRegu-
lus, Inc., Centennial, CO). All patients
underwent surgical removal of the ovar-
ian masses or cysts, and if a patient was
diagnosed with EOC, surgical staging
was required by protocol. Tissue speci-
mens were obtained from all patients
and centrally reviewed by 3 gynecologic
pathologists to verify the diagnoses made
by the site pathologists. Two gynecologic
oncologists reviewed the histopathology
results from the site pathologist and the
central review pathologists to determine
concordance and the final consensus for
histopathological diagnosis. All histologic
evaluations were conducted blinded to
laboratory values for the biomarker assays
and laboratory testing was conducted
blinded to histologic outcome. Serum lev-
els for HE4 and CA125II, as well as the
ROMA value determined for the protocol,
were withheld from the physicians and pa-
tients participating in the study.

For the purpose of analysis, women
were considered to be postmenopausal if
they had not had a menstrual period for
�1 year prior to their study blood draw,
or if they were �55 years old and the date
of the last menstrual period was un-
known. Women were considered to be
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