
of patient specimens, integration of high throughput 
screening, and use of molecular heterogeneity in bio-
marker discovery, we are poised to make progress in 
ovarian cancer screening. This review will summarize 
current biomarkers, imaging, and multimodality screen-
ing strategies in the context of emerging technologies.
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Core tip: Ovarian cancer is a lethal gynecologic malig-
nancy with five-year survival of only 20% to 40% for 
advanced stage disease. Detection at an early stage 
would likely have significant impact on mortality rate. 
Advances in high throughput screening with the human 
“-omes” including the proteome, genome, metabolome, 
and transcriptome are now available in various pack-
aged forms. To make progress in screening we need 
greater emphasis on prospective collection of patient 
specimens, integration of high throughput screening, 
and use of molecular heterogeneity in biomarker dis-
covery.
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INTRODUCTION
Ovarian cancer is a lethal gynecologic malignancy with 
greater than 70% of  women presenting with advanced 
stage disease[1]. Worldwide it is estimated there are 225500 
new cases of  ovarian cancer and 140200 deaths every 
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Abstract
Ovarian cancer is a lethal gynecologic malignancy with 
greater than 70% of women presenting with advanced 
stage disease. Despite new treatments, long term out-
comes have not significantly changed in the past 30 
years with the five-year overall survival remaining be-
tween 20% and 40% for stage Ⅲ and Ⅳ disease. In 
contrast patients with stage Ⅰ disease have a greater 
than 90% five-year overall survival. Detection of ovar-
ian cancer at an early stage would likely have signifi-
cant impact on mortality rate. Screening biomarkers 
discovered at the bench have not translated to success 
in clinical trials. Existing screening modalities have not 
demonstrated survival benefit in completed prospec-
tive trials. Advances in high throughput screening are 
making it possible to evaluate the development of 
ovarian cancer in ways never before imagined.  Data 
in the form of human “-omes” including the proteome, 
genome, metabolome, and transcriptome are now 
available in various packaged forms.  With the correct 
pooling of resources including prospective collection 
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year including 14030 deaths in the United States alone[2,3]. 

Primary treatment for advanced stage disease involves 
both surgery and chemotherapy.  

Despite new treatments, long term outcomes have 
not significantly changed in the past 30 years with the 
five-year overall survival remaining between 30 and 
40%[3]. Greater than 60% of  advanced stage patients will 
develop recurrent disease[4].  Patients with advanced stage 
disease have a five-year overall survival between 20% and 
40%, in stark contrast to the greater than 90% five-year 
overall survival of  patients identified and treated with 
stage Ⅰ disease[5-7].   

Given the poor prognosis for patients with advanced 
stage disease, effective screening modalities are needed 
to identify patients with early stage disease. The majority 
of  women with early stage disease are asymptomatic, and 
unfortunately when they do present for diagnosis, three 
quarters are found to have regional or distant metasta-
ses[7]. Preliminary evaluations of  screening with serum 
markers, pelvic ultrasounds, and multimodality strategies 
have demonstrated potential benefit in the earlier iden-
tification of  ovarian cancer[8,9]. With these encouraging 
results, prospective screening trials have been undertaken 
as the scientific community continues to increase the 
number of  potential biomarkers and imaging tests which 
might assist with identification of  early stage ovarian can-
cer in asymptomatic women. 

In the United States a woman’s lifetime risk of  de-
veloping ovarian cancer is 1 in 70 and the prevalence of  
ovarian cancer in postmenopausal women over the age 
of  50 is 1 in 2500[10]. To minimize harms while identifying 
women at risk, a positive predictive value (PPV) of  10% 
is needed, requiring a sensitivity of  greater than 75% 
and specificity of  99.6% to identify one case of  ovarian 
cancer for every ten operations[10]. It is unlikely that one 
biomarker test will meet this criteria given the high speci-
ficity needed[11].  

The ideal biomarker or panel of  biomarkers is ob-
tained through noninvasive means such as a bodily fluid: 
blood, saliva, urine, and cervical mucous are possibili-
ties[12]. Advances in high throughput screening have made 
it possible to evaluate the human genome with the hope 
of  better understanding genetic and epigenetic changes 
associated with the development of  ovarian cancer. Enor-
mous amounts of  data in the form of  human “-omes” 
including the proteome, genome, metabolome, and tran-
scriptome are now available in various packaged forms. 
The Cancer Genome Atlas (TCGA) recently completed 
a comprehensive genomic and epigenomic evaluation 
of  over three hundred high-grade serous ovarian cancer 
samples with microarray analyses and massively parallel 
sequencing coupled with hybrid affinity capture[13].

Ovarian cancer represents a very diverse group of  
tumors. Scientific endeavors such as TCGA are now 
making it possible to better delineate characteristics of  
various subtypes. The continued quest for a strategy that 
meets the need to identify asymptomatic women in the 
general population may depend on the ability to parse 

out the origins of  ovarian cancer. The epithelial category, 
which accounts for 90% of  all ovarian cancers, consists 
of  the following subtypes: (1) serous (50%); (2) endome-
trioid (10%-25%); (3) mucinous (5%-10%); (4) clear cell 
(4%-5%); (5) undifferentiated carcinomas (5%); and (6) 
transitional cells (rare)[14]. These ovarian tumors are likely 
distinct diseases with different cells of  origin and driver 
mutations, united under one term due to their predilec-
tion for dissemination to the ovary and related pelvic 
organs[15]. A pitfall of  the past may be failure to develop 
screening strategies based on differences among these tu-
mors. It is not yet clear if  one screening strategy or sepa-
rate approaches will be needed to identify patients with 
these tumor types at an early stage of  disease. This review 
will summarize current biomarkers, imaging, and multi-
modality screening strategies in the context of  emerging 
technologies.

BIOMARKERS AND EXISTING 
ALGORITHMS
Initially described by Bast et al[16] in 1981, cancer antigen 
125 (CA125) was recognized by the murine monoclonal 
antibody OC-125 as an antigenic determinant on a high 
molecular-weight glycoprotein. It is the most widely stud-
ied biomarker in ovarian cancer screening. Measurement 
of  CA125 can be performed with different commercial 
assays resulting in a certain degree of  variation. The 
majority of  assays appear to be both clinically reliable 
and correlative, nonetheless, new quantitative methods 
including mass spectrometry are under investigation[17,18]. 
As part of  its development, CA125 underwent molecular 
cloning and was found to have characteristics of  mucin, 
receiving the name MUC16[19]. 

In adults, CA125 is expressed in tissues derived from 
coelomic epithelium (mesothelial cells of  the peritoneum, 
pleura, and pericardium) and Mullerian (tubal, endo-
metrial, and endocervical) epithelia, as well as epithelia 
of  the pancreas, colon, gall bladder, lung, kidney, and 
stomach[20,21]. CA125 can be elevated in a number of  
conditions unrelated to ovarian cancer, resulting in de-
creased specificity and PPV.  Diverticulitis, endometriosis, 
liver cirrhosis, uterine fibroids, menstruation, pregnancy, 
benign ovarian neoplasms, and other malignancies (pan-
creatic, bladder, breast, liver, lung) can all result in an 
elevated CA125[11].  

When values below 35 U/L are designated as nor-
mal, CA125 is elevated in 80% of  epithelial ovarian 
cancers[22]. CA125 is elevated in approximately 50%-60% 
of  stage Ⅰ epithelial ovarian cancers and 75%-90% of  
patients with advanced stage disease[21,23]. The sensitivity 
of  CA125 to identify early stage disease is limited as a 
screening tool.  With evaluation of  22000 volunteers and 
over 50000 serum CA125 samples with a median follow 
up of  8.6 years, Jacobs et al[24] demonstrated CA125 levels 
in women without ovarian cancer remained static or de-
creased over time while levels associated with malignancy 
tended to increase[8,24]. Based on these findings, the Risk 
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of  Ovarian Cancer Algorithm (ROCA) was developed 
incorporating an individual’s age specific incidence of  
ovarian cancer and CA125 profile to triage women into 
various risk categories[8]. ROCA increased the sensitivity 
of  CA125 from 62% to 86% for detection of  preclinical 
ovarian cancer while maintaining a specificity of  98%[25]. 

A randomized control trial to evaluate ROCA consisted 
of  13582 postmenopausal women over the age of  50 
and demonstrated a specificity of  99.8% (CI: 99.7% to 
99.9%) and positive predictive value of  19% (CI: 4.1% to 
45.6%)[26]. This model has been incorporated into various 
multimodality screening strategies in an attempt to opti-
mize sensitivity, specificity, and positive predictive value.

The quest for other biomarker candidates has contin-
ued because a single CA125 value at a given time point 
will not reach a specificity of  99.6%, and approximately 
20% of  ovarian cancers may not express this antigen. 
Human epididymis protein (HE4), found primarily in the 
epithelia of  normal genital tissues and made up of  two 
whey acidic protein (WAP) domains and a four disulfide 
core, is elevated in epithelial ovarian cancer[27,28]. HE4 is 
overexpressed in 50% of  clear cell, 93% of  serous, and 
100% of  endometrioid cancers but is not overexpressed 
in mucinous tumors[28]. Identified initially as an mRNA 
transcript specific to the distal epididymal tissue, genomic 
advances with microarray gene expression profiling dem-
onstrated HE4 is highly-expressed in ovarian cancer[29,30]. 
HE4 has greater specificity in the premenopausal age 
group than CA125 given it does not appear to be ex-
pressed at high levels in the setting of  benign conditions 
such as endometriomas[31-33]. HE4 represents a victory for 
genomic strategies in the search for potentially effective 
biomarkers with microarray gene expression[34].

In a systemic review of  women with suspected gy-
necologic disease HE4 demonstrated a higher specificity 
(93% vs 78%) and similar sensitivity (79%) to CA125 
when distinguishing benign disease from ovarian can-
cer[35]. Studies have demonstrated a potential benefit in 
combining HE4 and CA125 when quantifying risk po-
tential malignancy in the evaluation of  a pelvic mass[36,37]. 
Even with new technology, it is unlikely that an individual 
biomarker will reach a specificity of  99.6%, positive pre-
dictive value of  10%, and sensitivity greater than 75% 
when screening an asymptomatic general population.  

In efforts to further triage women in the detection of  
ovarian cancer, progress has been made in the develop-
ment of  algorithms to delineate malignancy in the setting 
of  an adnexal mass. Woman appropriately referred to 
a gynecologic oncologist have better outcomes includ-
ing survival, demonstrating the potential importance 
of  these triage tests[38,39]. The Risk of  Malignancy Index 
(RMI), developed by Jacobs et al[40] in 1990, is a formula 
which incorporates a woman’s CA125 level, ultrasound 
score, and menopausal status to determine her likelihood 
of  malignancy in the setting of  an adnexal mass.  Since 
that time two other algorithms have been developed for 
assessment of  malignancy risk in women with adnexal 
masses: the Risk of  Malignancy Algorithm (ROMA) and 

the OVA1 test[41,42]. The ROMA algorithm is based on 
serum levels of  HE4 and CA125 with menopausal sta-
tus[41]. OVA1, with the exception of  CA125, is made up 
of  biomarkers discovered through mass spectrometry: β-2 
microglobulin, transferrin, transthyretin, and apolipopro-
tein[42,43]. Various studies have been published evaluating 
the effectiveness of  RMI, ROMA, and OVA1, as well as 
other strategies to help delineate the likelihood of  malig-
nancy in the setting of  a pelvic mass. Table 1 provides a 
summary of  various algorithms and assays used to pre-
dict likelihood of  malignancy. 

OVA1 and ROMA each have benefits and disadvan-
tages. Prospective multi-institutional trials and cost-ben-
efit analysis are needed before definitive conclusions can 
be drawn regarding these tests[34]. Table 2 lists sensitivities 
and specificities for various modalities in the setting of  a 
pelvic mass. Based on available data, OVA1 and ROMA 
likely have similar sensitivities, but ROMA appears to 
have greater specificity (75% vs 43%) which may impact 
cost-effectiveness and referral patterns from general gy-
necologists reticent to lose patients with benign masses to 
gynecologic oncologists[53]. OVA1, based largely on mass 
spectrometry with proteomics, and ROMA, made possi-
ble by the incorporation of  a microarray gene-expression 
based discovery in HE4, represent hopeful advancements 
in the ability to identify women with malignancy earlier 
than had been in the past. These are not screening tests 
for the general population, but represent potential tools 
to further triage of  women to the appropriate provid-
ers once the decision for surgical intervention has been 
made.  

Various other biomarkers and biomarker panels are 
currently under development for both the prediction of  
malignancy in the setting of  a pelvic mass and in asymp-
tomatic women. Table 3 lists various single biomarker and 
multi-biomarker panels with sensitivities and specificities 
for ovarian cancer detection. An important consideration 
with all of  these tests is the ultimate need to demonstrate 
benefit for patients through reduction in morbidity and 
mortality while minimizing harm. The advancements of  
technology combined with our exponentially growing 
knowledge of  the human “-omes” have outpaced our 
ability to reliably test these discoveries through clinical 
settings in a timely fashion. 

AREAS OF GROWTH IN BIOMARKER 
DISCOVERY
High throughput technology in conjunction with TCGA  
has now made it possible to combine multiplex assays 
with data from the proteome, genome, metabolome, 
and transcriptome. Within proteomics, biomarker panels 
have been developed in an attempt to increase sensitivity 
for ovarian cancer detection due to the heterogeneous 
make up of  subtypes (Table 3). Biomarker discovery in 
proteomics is usually based on two-dimensional gel elec-
trophoresis, mass spectrometry (MS), and/or protein mi-
croarrays in combination with bioinformatics analysis[65]. 
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MS with matrix assisted laser desorption and ionization 
time of  flight (MALDI-TOF) and surface-enhanced laser 
desorption and ionization time of  flight (SELDI-TOF) 
allow for the entire protein complement of  a patient sam-
ple to be evaluated in rapid high throughput fashion[12,64]. 

Protein microarrays can be used to profile the proteome 
of  cell populations using antigen-antibody interactions[66]. 

Protein microarrays are made up of  two major classes: 
(1) forward-phase arrays (FPA) with antibodies arrayed 
and probed with cell lysates; and (2) reverse-phase arrays 
(RPA) with cell lysates arrayed and probed with antibod-
ies[65].   

Unfortunately, proteomics has not resulted in the ma-
jor breakthroughs previously anticipated. An important 
consideration here is the biological samples used when 
identifying potential biomarkers. Various studies have 
demonstrated protein biomarkers perform very differ-

ently in the detection of  ovarian cancer when analyzed 
in prospectively collected samples from asymptomatic 
patients[67,68]. Future proteomic discovery may best focus 
on samples from patients prospectively followed until di-
agnosis in larger population based trials. Incorporation of  
methods aimed at depletion of  abundant serum proteins 
such as acute phase reactants, and the use of  multiplex 
bead-based immunossays may allow for identification of  
low abundance or low concentration proteins not previ-
ously identified[12].

MS continues to serve as an important tool to explore 
the thousands of  proteins relevant to ovarian cancer and 
has now been extended to use in glycomics, metabolo-
mics, MALDI-MS imaging, and autoantibody signatures 
for biomarker discovery[69]. Glycosylation or the addition 
of  carbohydrates to nascent proteins is a common post-
translational modification that is potentially altered in a 
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Table 1 Screening algorithms and commercially available assays

Algorithm or assay (Screening population)                                                       How it works

ROCA
(asymptomatic general population)

1 Compares a woman’s longitudinal CA-125 pattern to the change-point CA-125 profile seen in women 
with ovarian cancer and the flat CA-125 profiles seen in women without ovarian cancer[1]

2 Based on the ROCA result, women get triaged into one of three groups[1]:
(1) Low Risk: continue annual CA-125 testing
(2) Intermediate Risk: repeat CA-125 test 3 mo later
(3) High Risk: receive TVS and referral to a gynecologic oncologist
3 After each additional CA-125 value, ROCA is recalculated and a new recommendation is made[1]

ROMA
(known pelvic mass)

1 Uses both HE-4 and CA-125 test levels to evaluate patients as low or high risk for ovarian cancer[8]

2 A predictive index (PI) is calculated using different equations for pre-menopausal and post-menopausal 
women[8]

3 The PI is then inserted into the ROMA algorithm to predict the probability of ovarian cancer[8]

RMI (known pelvic mass) Uses menopausal status, ultrasound findings, and serum CA-125 levels to determine malignancy risk[40]

OVA1 (known pelvic mass) 1 A multivariate index assay that incorporates CA-125, transferrin, transthyretin (prealbumin), 
apolipoprotein A1, and beta-2-microglobulin[41]

2 An algorithm is used to generate an ovarian malignancy risk score between 0 and 10[41]

3 OVA1 scores greater than or equal to 5.0 (premenopausal) or 4.4 (postmenopausal) result in high risk 
stratification and referral to a gynecologic oncologist[41]

LR-1 (known pelvic mass) 1 An ultrasound-based prediction model
2 Twelve variables are used to calculate a probability of malignancy[88]:
(1) personal history of ovarian cancer
(2) current hormonal therapy
(3) age of the patient
(4) maximum diameter of the lesion
(5) pain during examination
(6) ascites
(7) blood flow within a solid papillary projection
(8) a purely solid tumor
(9) maximum diameter of the solid component
(10) irregular internal cyst walls
(11) acoustic shadows
(12) color score

LR-2 (known pelvic mass) 1 An ultrasound-based prediction model
2 Uses six variables to calculate a probability of malignancy[90]:
(1) patient’s age
(2) presence of ascites
(3) presence of blood flow within a papillary projection
(4) maximal diameter of solid components
(5) irregular internal cyst walls
(6) presence of acoustic shadows

ROCA: Risk of ovarian cancer algorithm; ROMA: Risk of ovarian malignancy algorithm; RMI: Risk of malignancy index; OVA1: Vermillion Inc. OVA1
® blood test; LR-1: International ovarian tumor analysis logistic regression model 1;LR-2: International ovarian tumor analysis logistic regression model 2; 
ROCA: Risk of ovarian cancer algorithm; ROMA: Risk of Malignancy Algorithm.



malignant state[69-71].  There is evidence to indicate various 
histologic subtypes of  ovarian cancer exhibit different 
glycoproteins[72]. This is encouraging given the significant 
heterogeneity of  ovarian cancer. The differences seen in 
glycomics may assist in screening algorithms which can 
be developed with this heterogeneity in mind.  

Evaluation of  the metabolome through MS has dem-
onstrated differences in metabolites in patients with and 
without epithelial ovarian cancer[73,74]. Existing concerns 
with the study of  metabolites include the significant vari-
ation in metabolic response and extensive biotransforma-
tion from the site of  malignancy to fluids such as serum 
or plasma[75]. Study of  the peptidome within the low-
molecular weight proteome in ovarian cancer has been 
limited by the potential loss of  peptides bound to carrier 
proteins during sample processing, although attempts 
have been made to mitigate this with isolation and en-
richment of  carrier proteins prior to MS evaluation[69,76]. 

Ovarian cancer diagnoses may also be aided with the uses 
of  anti-tumor autoantibody signatures and MALDI-MS 
imaging; however, these areas of  research are preliminary 
with MS[77,78].  

Separate from the use of  MS, there is a growing role 
for microRNAs in the development of  ovarian cancer 
biomarkers[79]. MicroRNAs are a class of  small noncoding 
RNAs which impact gene expression by targeting mul-
tiple messenger RNAs and triggering translation repres-
sion and/or RNA degradation[80]. Aberrant expression of  
microRNAs in ovarian cancer indicate they may act as a 
novel class of  oncogenes or tumor-suppressor genes[79].  
Five microRNAs (miR-200a, miR-100, miR-141, miR-
200b, and miR-200c) have been found to be consistently 

differentially regulated in epithelial ovarian cancer and 
may assist in the development of  biomarkers[81]. The fu-
ture is promising with these techniques; however, valida-
tion strategies and appropriate patient samples are vital 
to improving success in clinical testing. No individual 
biomarker or biomarker panel has been developed which 
meets the sensitivity, specificity, and PPV criteria desired 
for screening in a general population.

IMAGING
There has been an immense effort placed in the evalua-
tion of  screening with radiologic technology. A system-
atic approach to the diagnosis of  ovarian tumors with 
imaging is necessary given the majority of  women have 
benign lesions, and unnecessary interventions should be 
avoided without placing patients at risks for advanced 
stage disease[82]. Available imaging modalities include ultra-
sound, computed tomography (CT), magnetic resonance 
imaging (MRI), and 18F-fluorodeoxyglucose positron 
emission tomography (FDG-PET). Pelvic ultrasound has 
been the most studied imaging modality in ovarian can-
cer screening. Of  48053 postmenopausal women in the 
ultrasound group of  the United Kingdom Collaborative 
Trial of  Ovarian Cancer Screening (UKCTOCS), 4367 
asymptomatic women (9.1%CI: 8.8%-9.3%) had abnor-
mal adnexal morphology with an overall absolute risk of  
epithelial ovarian cancer of  1.08% (95%CI: 0.79%-1.43%) 
and a 1 in 22 risk of  epithelial ovarian cancer if  the ab-
normal findings included solid elements[83].  

In a single arm prospective screening cohort, the 
University of  Kentucky Ovarian Cancer Screening Trial, 
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Table 2 Specificity and sensitivity results of various screening strategies in the setting of a pelvic mass

Algorithm or assay          Ref. Sensitivity (%) Specificity (%)

ROMA Karlsen et al[44]   94.4   76.5
Moore et al[45]   94.3 75
Sandri et al[46]   91.2 75

  89.3   81.7
Van Gorp et al[89]   84.7   76.8
Sandri et al[46]   84.4 90
Chan et al[47]   89.2   87.3
Kaijser et al[90] 84 80

RMI Karlsen et al[44]   94.4   81.5
Håkansson et al[48] 92 82
Moore et al[45]   84.6 75
Van den Akker[49] 81 85
Van Gorp et al[89] 76   92.4

OVA1 Bristow et al[50]   92.4   53.5
Longoria et al[52]   92.2   49.4

OVA1 + Bristow et al[50]   95.7   50.7
Clinical assessment Longoria et al[52]   95.3   44.2
LR-1 Kaijser et al[88] 93 77
LR-2 Nunes et al[51] 97 69

Kaijser et al[88] 92 75
Kaijser et al[90]   93.8   81.9

TVS van Nagell et al[8]   86.4   98.8

ROMA: Risk of ovarian malignancy algorithm; RMI: Risk of malignancy index; OVA1: Vermillion Inc. OVA1® blood 
test; LR-1: International ovarian tumor analysis logistic regression model 1; LR-2: International ovarian tumor analysis 
logistic regression model 2; TVS: Transvaginal ultrasonography.



asymptomatic women 25 years or older with a docu-
mented family history of  ovarian cancer and asymptom-
atic women 50 years or older were screened with annual 
transvaginal ultrasound[84]. Serial ultrasonography in this 
trial demonstrated many ovarian abnormalities resolve in 
follow up: 63.2% of  women with an initially abnormal 
ultrasound were found to have resolution on subsequent 
imaging[85]. Observation with serial imaging may help 
improve positive predictive value and decrease false 
positive results in screening trials[85]. Of  37293 women 
who underwent annual screening, the five-year disease-
free survival rate for women with ovarian cancer in the 
screening group, including those who developed ovar-
ian cancer within one year of  a normal ultrasound (false 
negative), was 74.8% ± 6.6%. In contrast, a group of  un-
screened women with ovarian cancer treated at the same 
institution with the same surgical and chemotherapeutic 
protocols had a five-year disease free survival of  53.7% 
± 2.3%, P-value < 0.01[86]. Ultrasound screening does not 
impact disease-free survival by itself. Ultimately, the goal 
of  ultrasound screening is to identify patients with early 

stage disease who can be treated before the malignancy 
becomes advanced. While the results from this study are 
encouraging, the mortality benefit may have been im-
pacted by a healthy volunteer effect and lead time detec-
tion rather than impact on the natural history of  ovarian 
cancer[87].

Although screening in an asymptomatic population 
ultimately provides the best opportunity to improve sur-
vival in women with ovarian cancer, there has been prog-
ress made in the development of  imaging algorithms de-
signed for those women with a known adnexal mass. The 
International Ovarian Tumor Analysis (IOTA) group has 
developed various approaches to characterize adnexal 
masses as malignant or benign with ultrasound guidelines. 
These approaches can be divided into two strategies: the 
first consisting of  risk prediction with two logistic regres-
sion models (LR1 and LR2) based on demographic and 
ultrasound variables (Table 1), and the second based on 
simple ultrasound features that are descriptors of  benign 
or malignant masses[88]. In women with a pelvic mass the 

sensitivity and specificity of  ROMA and the RMI were 
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Table 3 Results of serum marker panels for the detection of ovarian cancer

Serum marker(s) Ref. Sensitivity (%) Specificity (%)

CA-125 1Karlsen et al[44]   91.7   75
1Chan et al[47]   90.8     67.2
1Leung et al[123] 89   90
1Sandri et al[46]   84.4   80
1Montagnana et al[54] 83 100
1Sandri et al[46]   73.1   90
Yang et al[55]   62.5   80
Havrilesky et al[56] 45.9-58.5     98.2
1Moore et al[37]   43.3   95
Jacob et al[57]   12.5 90.1-93.9

HE-4 1Montagnana et al[54] 98 100
Yang et al[55]   96.2      83.8
1Karlsen et al[44]   91.3   75
1Sandri et al[46]   83.1   90
Havrilesky et al[56] 82.7-92.5      86.3
1Moore et al[37]   72.9   95
Jacob et al[57]   62.5 81.8-85.9
1Chan et al[47]   56.9     96.9

CA-125, HE-4 1Moore et al[37]   76.4   95
1Moore et al[41]   88.7      74.7

CA 125, leptin, PRL, OPN, IGFII, MIF Visintin et al[58]   95.3      99.4
CA 125, CRP, SAA, IL-6, IL-8 Edgell et al[59]    94.1      91.3
CA-125, apoA-I, TTR, TF Su et al[60] 89-97 91-99
CA 125, HE4, CEA, VCAM-1 Yurkovetsky et al[61] 86–93   98
CA 125, ApoA1, TTR Kim et al[62]   93.9   95

Zhang et al[42] 74   97
CA 125, CA 19-9, EGFR, CRP, myoglobin, ApoA1, ApoCIII, MIP-1a, IL-6, IL-18, tenascin C 1Amonkar et al[63]   91.3      88.5
CA-125, OVX1r, LASA,CA15-3, CA72-4 Nossov et al[11]   90.6      93.2
CA 125, CA 72-4, CA 15-3, M-CSF 1Skates et al[64] 70   98
LPA Nossov et al[11] 90-100   90
FOLR1 1Leung et al[123] 62   90
M-CSF Nossov et al[11] 61-68   93
SMRP 1Moore et al[37]   53.7   95

1Study involved patients presenting with a pelvic mass; CA: Cancer antigen; HE-4: Human epididymis protein 4; PRL: Prolactin; OPN: Osteopontin; IGFII: 
Insulin-like growth factor II; MIF: Macrophage inhibitory factor; CRP: C-reactive protein; SAA: Serum amyloid A;  IL: Interleukin; apoA-I: Apolipoprotein 
A-I; TTR: Transthyretin; TF: Transferrin; CEA: Carcinoembryonic antigen; VCAM-1: Vascular cell adhesion protein 1; EGFR: Epidermal growth factor 
receptor; ApoCIII: Apolipoprotein CIII; MIP-1a: Macrophage inflammatory protein-1alph; OVX1: Mouse antibody generated by immunizing mice with 
antigenic preparations from multiple OC cell lines[21]; LASA: Lipid-associated sialic acid; M-CSF: Macrophage colony-stimulating factor; LPA: Lipoprotein A; 
FOLR1: Folate receptor 1; SMRP: Soluble mesothelin-related peptide.



compared to subjective assessment by skilled ultrasonog-
raphers in a prospective cohort study of  women[89]. The 
sensitivity of  ROMA, RMI, and expert ultrasonographers 
were 84.7% (77.9% to 90.0%), 76.0% (68.4% to 82.6%), 
and 96.7% (92.4% to 98.9%) respectively, and the speci-
ficity was 76.8% (70.7% to 82.2%), 92.4% (88.1% to 
95.5%), and 90.2% (85.5% to 93.7%) respectively[89]. Gen-
eralizability of  these results may not be possible based on 
its location, the cohort, and the ultrasonographers used. 
The study took place at one single tertiary care center in 
Europe with experienced ultrasonographers and a high 
prevalence of  malignant disease in the cohort[89].

In a different study, a cross-sectional cohort of  360 
patients with adnexal masses undergoing surgery was 
retrospectively evaluated with ROMA and LR2[90]. This 
study demonstrated decreased sensitivity and specificity 
for ROMA vs LR2 in both premenopausal and post-
menopausal patients, with overall sensitivity 84.0% vs 
93.8%, and specificity 80% vs 81.9%, respectively[90]. 

While this result indicates LR2 may be a more effective 
screening test in the setting of  adnexal mass, prospective 
randomized control trials are needed before conclusions 
can be made regarding the use of  algorithms which in-
clude biomarkers such as HE4 and CA125 (ROMA) vs 
ultrasound-based prediction models such as LR2. Table 2 
lists sensitivities and specificities for various modalities in 
the setting of  a pelvic mass.

Currently no prospective randomized studies support 
the use of  imaging as a single strategy in screening for 
ovarian cancer. At this time, given ultrasound is relatively 
inexpensive, available widely, and can provide tissue spe-
cific information with a presumptively risk-free technol-
ogy; it is the method of  choice for initial evaluation of  
an adnexal mass and estimating risk of  malignancy[82]. In 
asymptomatic postmenopausal women, the ultrasound 
screening arm results of  the UKCTOCS expected in 
2015 will help elucidate the role of  ultrasound in popula-
tion-based screening strategies. At this time is it unlikely 
ultrasound will significantly reduce mortality in primary 
screening, but it may be extremely important in reducing 
false positive rates in multimodality screening[91]. Exist-
ing ultrasound-based strategies evaluating the likelihood 
of  malignancy in the setting of  a known adnexal mass 
are based on those who have already been scheduled for 
surgery. Comparative prospective studies are needed to 
determine efficacy and effect on survival in women who 
have surgery based on prediction models using proposed 
ultrasound-based strategies with and without biomarkers 
such as CA125 and HE4.

MULTIMODALITY SCREENING
The promising results of  imaging in population-based 
screening for ovarian cancer have led to large scale mul-
timodality strategies. Prior prospective studies demon-
strating CA125 and ultrasound were feasible screening 
modalities have given way to prospective randomized 
multimodality screening trials involving ultrasound, serum 

biomarkers, and risk calculations using patient demo-
graphics[92,93]. The Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening Trial (PLCO) is a multicenter random-
ized control trial of  78216 asymptomatic women aged 55 
to 74 years who underwent multimodality screening or 
usual care between November 1993 and July 2001 with 
management of  positive screens left to the discretion of  
the patient’s physician[94].   Multimodality screening con-
sisted of  annual testing for three years with transvaginal 
ultrasound and serum CA125 with a cutoff  of  35 U/mL 
followed by CA125 alone for an additional two years[94]. 

After four rounds of  screening, the PPV and cancer yield 
per 10000 women screened in the multimodality screen-
ing arm remained similar across screening rounds at 
1.0% to 1.3% and 4.7 to 6.2 cancers respectively with the 
overall ratio of  surgeries to screen-detected cancers 19.5 
to 1[95]. After a median follow up of  12.4 years (25th% to 
75th%, 10.9 to 13.0), no mortality benefit was found with 
combination transvaginal ultrasound and CA125 using 
an absolute cutoff: 118 deaths due to ovarian cancer (3.1 
per 10000 person-years) in the intervention group and 
100 deaths (2.6 per 10000 person-years) in the usual care 
group (mortality rate ratio, 1.18; 95%CI: 0.82-1.71)[96].    

The Japanese Shizuoka Cohort Study of  Ovarian 
Cancer Screening is a randomized control trial of  82487 
low risk postmenopausal women between 1985 and 1999 
with the intervention arm consisting of  annual ultra-
sound and CA125 with a cutoff  value[97]. The strategy 
achieved a sensitivity of  77.1% and specificity of  99.9% 
with a nonsignificant difference in the proportion of  
stage Ⅰ ovarian cancers identified, 63% in the screened 
group vs 38% in the control group, P-value = 0.2285[97]. 
Mortality results from this trial have not yet been pub-
lished and, as such, conclusions cannot be drawn from 
this trial regarding the benefit of  screening in an asymp-
tomatic population. 

The UKCTOCS is a randomized prospective multi-
arm ovarian cancer screening study in the United King-
dom. This trial, made up of  202638 post-menopausal 
women aged 50 to 74, randomizes women in a 2:1:1 for-
mat to three arms: (1) control; (2) annual screening with 
ultrasound; and (3) a multimodality strategy that takes 
advantage of  ROCA to triage women to various sub-
strategies[98]. These substrategies include transvaginal ul-
trasound and/or repeat CA125 at defined time points[98]. 
In the prevalence screen of  the UKCTOCS, ultrasonog-
raphy alone was compared to multimodality screening 
(ROCA as a primary test followed by transvaginal ultra-
sound as a secondary test or repeat CA125 if  indicated). 
With regard to primary invasive epithelial and tubal 
cancers, the multimodality screening arm demonstrated a 
higher specificity compared to the ultrasonography arm 
(99.8% vs 98.2%), P-value < 0.001, while the difference 
in sensitivity was not statistically significant (89.4% vs 
84.9%), P-value = 0.564[98]. 

A single-arm prospective cohort study of  4051 aver-
age-risk postmenopausal women in the United States was 
performed over 11 years using a two-stage ovarian cancer 
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screening strategy (CA125 interpreted through ROCA 
with subsequent repeat CA125 or transvaginal ultrasound 
as indicated) with a PPV of  40% for invasive ovarian 
cancer and specificity of  99.9% (95%CI: 99.7%-100%)[1]. 

The results from both the UKCTOCS and two-stage 
strategy in the United States indicate the use of  ROCA 
to interpret CA125 may be effective in triaging women to 
subsequent follow-up categories that impact both screen-
ing outcomes.  

When comparing the UKCTOCS prevalence screen 
results to the PLCO trial results, both the UKCTOCS 
multimodality arm (89.4% vs 51.7%) and the ultrasound 
arm (75.0% vs 67.4%) had higher sensitivities[99]. When 
CA125 values were retrospectively evaluated with ROCA 
within the PLCO data set no mortality benefit was seen; 
best-case and stage-shift scenarios resulted in 25 and 19 
deaths prevented with ROCA for relative risks of  0.90 
(95%CI: 0.69-1.17) and 0.95 (95%CI: 0.74-1.23), respec-
tively[100]. In addition to the use of  absolute cutoff  value 
for CA125, other concerns have been raised regarding 
the PCLO trial design including leaving management of  
positive screens to the discretion of  the treating physician 
and 40.6% of  ovarian cancer diagnosis took place after 
the screening ended[101]. Use of  an individualized algo-
rithm that tracks a patient over time will likely provide 
the best combination of  sensitivity, specificity, and PPV. 
For this reason, the UKCTOCS and its incorporation of  
ROCA in the multimodality screening arm, represents 
the best opportunity yet to identify a potential screening 
strategy. The results from the final mortality analysis in 
the UKCTOCS will be reported in 2015 and provide sig-
nificant insight into whether population-based screening 
in asymptomatic women is possible with currently avail-
able imaging and biomarkers. 

SYMPTOM-BASED SCREENING
Screening efforts in ovarian cancer have largely focused 
on asymptomatic women in the general population or 
women with known adnexal masses requiring further di-
chotomization for treatment purposes. Women with ovar-
ian cancer do have physical symptoms such as abdominal 
pain, bloating, and bowel irregularity that may serve as 
a potential trigger for diagnosis. In a case-control study 
comparing woman with ovarian cancer to age and race 
matched controls, more than 90% of  cases reported at 
least one symptom and symptoms were cited as the most 
common reason for the doctor visit leading to diagnosis 
(74%)[102]. Two feasibility studies have been performed 
demonstrating symptom-based screening in women is 
possible[103,104]. A symptom index was created with a sen-
sitivity of  56.7% for early stage disease and 79.5% for ad-
vanced stage disease, and a specificity of  90% for women 
greater than 50 years of  age and 86.7% for women less 
than 50 years of  age[105]. Based on patient interviews per-
formed with 812 women with ovarian cancer and 1313 
population-based controls, the symptom index and symp-
toms established in consensus recommendations had a 

PPV of  0.6%-1.1% overall and less than 0.5% for early-
stage disease[106]. The identification of  specific symptoms 
associated with ovarian cancer has value, but recognition 
of  symptoms alone will not significantly improve overall 
survival from ovarian cancer[107]. A cross sectional study 
of  160 women evaluated with use of  this symptom index 
found that the addition of  CA125, HE4, or the ROMA 
to a positive symptom index increased PPV when deter-
mining malignancy vs benign process in patients with a 
known adnexal mass[108]. At this time, given no effective 
screening tool has been proven in a prospective model, 
physicians should continue to discuss potential symptoms 
with their patients in an effort to increase self-awareness 
regarding warning signs for ovarian cancer.  

SCREENING IN HIGH RISK PATIENTS
Familial genetic predisposition makes up approximately 
10% of  ovarian cancers with germline mutations in 
BRCA1/BRCA2 and mismatch repair (MMR) genes in 
Lynch syndrome being the most common[109]. Women 
with BRCA1 and BRCA2 mutations have a cumula-
tive lifetime risk of  ovarian cancer of  40%-50% and 
20%-30% respectively, while the DNA MMR genes, in-
cluding those that predispose to Lynch syndrome, result 
in a cumulative lifetime risk of  ovarian cancer ranging 
from 6.7% to 12%[110]. As seen with improved survival 
in BRCA-associated ovarian cancers, inherited ovar-
ian cancers may have biological differences which allow 
treatment at time of  screen detection to have significant 
benefit[111].

Currently, no prospective studies exist which demon-
strate a mortality benefit by screening high risk asymp-
tomatic patients. The United Kingdom Familial Ovarian 
Cancer Screening Study (FOCSS) has recently completed 
a phase 1 trial in which 3563 women at greater than a 10% 
risk of  ovarian or fallopian tube cancer were screened 
with annual transvaginal ultrasound and CA125 for a 
mean of  3.2 years[109]. Sensitivity for detection of  incident 
ovarian and fallopian tube cancers at one year after last 
annual screen was 81.3% (95%CI: 54.3%-96.0%) if  occult 
cancers were classified as false negatives, and the PPV was 
25.5% (95%CI: 14.3%-40.0%) with only four women un-
dergoing surgery for each case of  detected cancer[109]. As 
part of  phase Ⅱ of  the FOCSS, screening frequency will 
increase to every four months, ROCA will be incorpo-
rated into the decision tree, and the threshold and work-
up for repeat tests will be per protocol. The Gynecologic 
Oncology Group (GOG) and Cancer Genetics Network 
have recently completed GOG 199, a prospective study 
screening women at high risk of  ovarian cancer with the 
use of  ROCA and transvaginal ultrasound[112]. 

For women with Hereditary Breast/Ovarian Cancer 
Syndrome who have not undergone risk reducing bilateral 
salpingo-oophorectomy, the National Comprehensive 
Cancer Network recommends screening with transvaginal 
ultrasound and CA125 every 6 mo starting at age 30 or 5 to 
10 years prior to the earliest age at diagnosis of  ovarian can-
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cer in relatives[113]. Given the potential biologic differences 
associated with high risk patients, screening asymptomatic 
women within this population may have greater benefit 
than in the general population. The FOCSS phase Ⅱ re-
sults and GOG 199 will provide evidence regarding poten-
tial screening benefits and assist with strategy optimization.

FUTURE CONSIDERATIONS 
Despite the technological advances which have been 
made, our current approach to screening strategies in 
ovarian cancer has inherent difficulties which need to be 
overcome. Directly impacting our ability to screen asymp-
tomatic women for ovarian cancer is the evolving reclas-
sification of  this heterogeneous group of  tumors. Results 
from the recently completed study of  serous ovarian 
cancer through TCGA demonstrate significant genomic 
heterogeneity even within one subtype of  epithelial ovar-
ian cancer, high grade serous carcinoma[13]. 

As in colorectal cancer and cervical cancer, identifi-
cation of  a precursor lesion or lesions will improve our 
ability to screen for the disease. These precursor lesions 
are likely varied based on the subtype of  ovarian cancer.  
With high grade serous carcinoma, a precursor lesion 
may develop in the fimbria of  the fallopian tube (serous 
tubal intraepithelial carcinoma also known as a STIC) or 
in an ovarian cortical inclusion cyst during implantation 
of  fimbrial epithelium on the denuded ovarian surface 
with ovulation[114]. Genetic evaluation links both clear cell 
and endometrioid carcinomas to precursor lesions within 
endometriosis[115]. A new model that considers both mor-

phologic and molecular characteristics separates epithelial 
ovarian tumors into two categories: type Ⅰ tumors are 
low-grade serous, low-grade endometrioid, clear cell, and 
mucinous tumors which usually present as large cystic 
masses within one ovary, while type Ⅱ tumors are com-
posed of  high-grade serous, high-grade endometrioid, 
malignant mixed mesodermal (carcinosarcoma), and 
undifferentiated carcinomas which commonly present as 
advanced stage disease[116].

A focus on identification of  the origins of  these 
groups of  tumors will lead to more effective screening 
strategies in an asymptomatic population.  For example, 
evaluating blood samples of  patients found to have 
STICs at the time of  prophylactic bilateral salpingo-oo-
phorectomy may prove useful in identifying biomarkers 
for preclinical serous carcinoma[12]. Type Ⅰ tumors tend 
to be genetically stable with mutations in various genes 
including PTEN, BRAF, β-catenin and KRAS, while type 
Ⅱ tumors have a high level of  genetic instability and 
commonly have a TP53 mutation[117]. Biomarker panels 
and multimodality screening may achieve better sensitivity 
and specificity with screening strategies based on differ-
ences in both cell origin and genetics among these varied 
tumors. 

In addition to the varied origin and molecular hetero-
geneity, the time course of  ovarian cancer development 
still eludes understanding. The time required for develop-
ment of  invasive disease or progression from stage Ⅰ to 
stage Ⅲ remains unknown[118]. This information is likely 
specific to the various ovarian tumors, and improved 
categorization through molecular advances will better 
elucidate the time course of  disease. For example, type Ⅰ  
tumors appear to follow a developed path of  transforma-
tion with stepwise progression from a benign lesion to 
a malignant tumor[119]. It has been proposed that ovarian 
cancer screening strategies should focus on type Ⅱ tu-
mors with the goal to identify low volume disease rather 
than early stage, as high grade serous carcinomas repre-
sent 75% of  all ovarian cancers and result in the majority 
of  deaths[113,120]. Low volume advanced stage disease may 
be more easily resectable at the time of  tumor debulking, 
but advanced stage patients still have a worse prognosis 
than those patients who are treated with early stage dis-
ease. Identification of  early stage disease will have the 
greatest benefit on mortality, and will require a shift from 
current approaches to incorporate advances made in the 
understanding of  tumor heterogeneity in this malignancy.  

Five phases of  biomarker development have been 
previously proposed: (1) the preclinical exploratory 
phase; (2) the clinical assay and validation stage; (3) the 
retrospective longitudinal study; (4) prospective screen-
ing evaluation; and (5) randomized control trials[121]. The 
preclinical exploratory phase must take advantage of  de-
velopments in high-throughput screening technologies to 
more effectively identify potential biomarkers among the 
thousands of  candidate molecules. For example, a bio-
marker discovery platform which incorporates proteome 
and transcriptome comparisons of  serum, tissue, ascites, 
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Figure 1  Biomarker candidates must be tested in patient samples col-
lected prior to the onset of physical symptoms in ovarian cancer screen-
ing strategies.
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cancer cell lines, and animal models through mass spec-
trometry and microarray technology makes it possible 
to take advantage of  these immense data sets[122]. Folate 
receptor 1 protein, developed through use of  proteomics, 
transcriptomics, and bioinformatics, demonstrates the in-
corporation of  various technologic platforms that make 
it possible to identify new biomarkers[123]. 

Further efforts must be devoted to the collection 
of  appropriate patient specimens in prospective trials. 
Within ovarian cancer, the majority of  biomarkers are 
evaluated with patient samples taken at the time of  diag-
nosis, usually advanced stage disease. It is not surprising 
that biomarkers discovered in an advanced disease setting 
do not perform with the same sensitivity or specificity in 
a prospective trial in which the goal is diagnosis of  early 
stage disease. Prospectively collected samples in asymp-
tomatic women provide a better understanding of  the 
ability of  candidate biomarkers to detect cancer prior to 
physical symptoms[124]. The prospective specimen collec-
tion retrospective blinded evaluation (PRoBE) study de-
sign mandates samples are collected prospectively, stored 
in a similar fashion, and once outcome status is defined, 
used to validate biomarkers in a blinded fashion with 
randomly selected cases and controls[125]. Given the low 
prevalence of  ovarian cancer in the general population, 
pooling of  resources is necessary to make advances in 
biomarker discovery. The National Cancer Institute’s Ear-
ly Detection Research Network assists with development 
of  prospective patient samples under the PRoBE study 
design[126]. PLCO samples have been used in this fashion 
to test potential biomarkers[67,68].  Development of  a large 
scale collection of  samples prospectively in asymptomatic 
women on a national or international level would provide 
the ability to validate biomarkers and predict lead time in 
the discovery of  ovarian cancer prior to physical symp-
toms (Figure 1).   

The final phase of  biomarker design is a randomized 
control trial, with the goal of  ovarian cancer screening 
to demonstrate a mortality benefit in the studied popula-
tion. This mortality benefit must be considered in the 
context of  the number needed to treat to reach such a 
benefit. A systematic review and meta-analysis of  avail-
able screening trials involving asymptomatic women 
found no reduction in ovarian cancer-specific or all-cause 
mortality [relative risk (RR), 1.08; 95%CI: 0.84-1.38; and 
1.0; 95%CI: 0.84-1.38 respectively][127]. While this analy-
sis does not include results from the UKCTOCS which 
will not be available until 2015, it does demonstrate that 
prospective trials within current paradigms have failed to 
meet major goals.  

In the PLCO trial 1080 women underwent surgery in 
the setting of  false positive results and 163 (15%) expe-
rienced a complication[96]. Based on review of  available 
clinical trials, 6% of  women with false positive screening 
results experienced a severe complication while under-
going surgery[127]. These patients underwent potential 
harm without benefit. A mortality benefit is necessary 
to justify the potential harm associated with false posi-

tives. If  the UKCTOCS and/or the Japanese cohort 
fail to show a benefit in mortality, this may be explained 
by lead time bias in which slow growing tumors are de-
tected more commonly by screening than fast growing 
lethal serous epithelial ovarian cancers[91]. Type Ⅰ tumors, 
which tend to be slow growing and more indolent than 
type Ⅱ tumors, were detected twice as often as type Ⅱ 
tumors in the ultrasound arm  of  the UKCTOCS (32 
borderline or type Ⅰ tumors vs 15 type Ⅱ tumors) despite 
a higher prevalence of  type Ⅱ tumors in epithelial ovar-
ian cancer[83]. If  this same pattern is seen through the 
UKCTOCS in 2015, it is unlikely there will be a mortality 
benefit given the better prognosis associated with the ma-
jority of  borderline and type Ⅰ tumors compared to type 
Ⅱ tumors.  

While further prospective screening trials will take 
place, ovarian cancer screening in the asymptomatic gen-
eral population results in potential harms without proven 
benefit at this time. Guidelines from the American 
College of  Obstetrics and Gynecology, the Society of  
Gynecologic Oncologists, the United States Preventive 
Services Task Force, and the American Cancer Society do 
not recommend screening for ovarian cancer in asymp-
tomatic low-risk women in the general population[128-130].

CONCLUSION
Ovarian cancer is deadly at advanced stage, and as the 
quest for an optimal screening strategy continues, it is ap-
parent there are risks associated with false positives and 
invasive tests. When surveyed, 80% of  women without 
risk factors or symptoms for ovarian cancer in the Uni-
versity of  Kentucky cohort felt that they would definitely 
want to participate in ovarian cancer screening starting 
at age 50[131]. Various avenues continue to be investigated 
in ovarian cancer screening including imaging, protein 
profiles, specific symptoms, and combinations of  these, 
as well as other modalities. An expanded and shared bio-
bank of  patient specimens collected before development 
of  symptoms and advanced disease is needed. It is with 
these precious samples that high throughput technology 
and human “-omes” will have the most positive impact 
on identification of  screening modalities. Emerging 
technology will allow science to evaluate biological data 
in ways never imagined. With the correct pooling of  re-
sources, including prospective collection of  patient speci-
mens, integration of  high throughput screening, and use 
of  molecular heterogeneity in biomarker discovery, we 
are poised to make progress in ovarian cancer screening. 
If  we are prudent in trial design and altruistic in the shar-
ing of  resources such as biological samples, identification 
of  an effective screening modality for ovarian cancer is 
within our capabilities.
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