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Ovarian Cancer Screening:
Lessons about Effectiveness

Edward J. Pavlik

Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, University of Kentucky Chandler
Medical Center-Markey Cancer Center, Lexington, KY 40536, USA; Epaul1@uky.edu

Received: 18 December 2017; Accepted: 29 December 2017; Published: 29 December 2017

Ovarian cancer screening has been described in scientific reports [1–4], as well as in reviews
and summaries. Scientific reports contain the facts of a study, while reviews and summaries present
interpretations. Presented here are scientific reports which add considerable information to the area of
early stage ovarian cancer detection and the application of this detection to ovarian cancer screening.
In the present reports:

Froyman and collaborators have assessed and compared the performance of different
ultrasound-based International Ovarian Tumor Analysis (IOTA) strategies and subjective assessment
for the diagnosis of early stage ovarian malignancy. This important study establishes that the
approaches that are taken present a good discrimination between early stage ovarian malignancy and
benign abnormalities of the ovary [5].

Baldwin and co-investigators have realized that oophorectomy confers protection against ovarian
cancer to the population that has undergone this surgical procedure. As a consequence, risk estimates
of ovarian cancer must be adjusted for this protection so that true risk is not underestimated.
When these adjustments were made, the rates of ovarian cancer were substantially higher when
salpingo-oophorectomy was considered [6].

Ore and associates have examined how frequently and confidently healthy women report
symptoms during surveillance for ovarian cancer. They found that the frequency of symptoms
relevant to ovarian cancer was more than two hundred times higher than the occurrence of ovarian
cancer and that 80.1% of women expressed confidence in the symptoms they reported [7].

Miller and her investigational team compared complications of surgical intervention for
participants in the Kentucky Ovarian Cancer Screening Program to results from the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening trial (PLCO). They report that complications resulting
from surgery performed in the Kentucky Ovarian Cancer Screening Program were infrequent and
significantly fewer than reported in the Prostate, Lung, Colorectal and Ovarian Cancer Screening
trial. Complications observed were mostly minor (93%) and were more common in cancer versus
non-cancer surgery [8].

Ormsby and collaborators present arguments in favor of serial ultrasonography as an alternative
to immediate surgery so that any benign abnormality will have the opportunity to resolve.
Ultimately, this report presents arguments relative to the benefits of surveillance [9].

Ed Pavlik presents ten critical considerations for ovarian cancer screening, some of which have
not been realized in published ovarian screening study reports. These considerations are presented
in depth along with illustrations of how they impact the outcomes of ovarian cancer screening trials.
These considerations highlight effects that have an important bearing on ovarian screening outcomes
and their interpretations [10].

Michael Andrykowski presents considerations that have psychological and behavioral impacts
on individuals participating in ovarian screening. His findings suggest that a “normal” screening test
result can have psychological benefits, including increased positive affect and beliefs in the efficacy of
screening. Moreover, any psychological or behavioral harms attributable to ovarian cancer screening
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are generally very modest in severity and duration, and might be counterbalanced by psychological
benefits accruing to women who participate in routine ovarian cancer screening and receive normal
test results [11].

Koshiyama and collaborators present current issues that are related to ovarian cancer and
screening. They report that the efficacy of ovarian cancer screening may be higher in Asia than
in Europe and the USA. These investigators review the re-analysis of PLCO screening data when
cancers presenting more than one year after screening are excluded and show a significant survival
benefit in the PLCO screening. They highlight their views by considering the difficulties of detecting
Type II ovarian carcinomas [12].

Chris Smith examines the effects that ovarian cancer has on patients and their families. The rigors
of treatment conspire with the inevitability of recurrence in the eyes of this first year resident in
Obstetrics and Gynecology. He postulates that in the absence of effective therapies, early detection
holds the greatest promise [13].

Fred Ueland relates the 50 year history of biomarkers and ultrasound in the context of ovarian
cancer. He emphasizes the serial application of both biomarkers and ultrasound. Importantly, he looks
to what the future may bring with regard to the utilization of biomarkers and ultrasound in routine
patient exams [14].

Taken together, these authors have provided both original data and overviews of ovarian cancer
screening studies that enhance the present interpretation of this type of screening.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Ovarian cancer is the foremost cause of gynecological cancer death in the developed world,
as it is usually diagnosed at an advanced stage. In this paper we discuss current issues, the efficacy
and problems associated with ovarian cancer screening, and compare the characteristics of ovarian
cancer subtypes. There are two types of ovarian cancer: Type I carcinomas, which are slow-growing,
indolent neoplasms thought to arise from a precursor lesion, which are relatively common in Asia;
and Type II carcinomas, which are clinically aggressive neoplasms that can develop de novo from
serous tubal intraepithelial carcinomas (STIC) and/or ovarian surface epithelium and are common in
Europe and the USA. One of the most famous studies on the subject reported that annual screening
using CA125/transvaginal sonography (TVS) did not reduce the ovarian cancer mortality rate in the
USA. In contrast, a recent study in the UK showed an overall average mortality reduction of 20% in
the screening group. Another two studies further reported that the screening was associated with
decreased stage at detection. Theoretically, annual screening using CA125/TVS could easily detect
precursor lesions and could be more effective in Asia than in Europe and the USA. The detection of
Type II ovarian carcinoma at an early stage remains an unresolved issue. The resolving power of
CA125 or TVS screening alone is unlikely to be successful at resolving STICs. Biomarkers for the
early detection of Type II carcinomas such as STICs need to be developed.

Keywords: subtypes; two types of ovarian cancer; ovarian cancer screening; CA125;
transvaginal sonography

1. Introduction

Ovarian cancer is the foremost cause of gynecological cancer death and is overall one of the most
frequent causes of fatal malignancy in women [1]. The symptoms are often nonspecific, hampering
early detection, so the majority of patients present with advanced-stage disease.

Screening is defined as the application of a test or a combination of tests to an asymptomatic
at-risk population to detect a disease at an earlier and more curable stage. In 2011, an examination of
a screening program for prostate, lung, colorectal, and ovarian cancer (PLCO) in the USA revealed that
annual screening using CA125/transvaginal sonography (TVS) did not markedly reduce the ovarian
cancer mortality rate [2,3]. While this finding suggests that it is not possible to detect ovarian cancer at
an earlier curable stage, it is possible to question the validity of these data.

Recently, the characteristics of several subtypes of ovarian cancer have been elucidated by the
findings from histopathological, molecular, and genetic studies. Ovarian cancer can be roughly divided
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into two broad categories: Type I, in which precursor lesions in the ovaries have clearly been described;
and Type II, in which such lesions have not been clearly described and tumors may develop de novo
from the tubal and/or ovarian surface epithelium [4]. Understanding these characteristics is important
in the effort to reduce ovarian cancer mortality.

This study first describes the characteristics of the subtypes of ovarian cancer and the results of
several large-scale studies of ovarian cancer screening. We discuss current issues, the efficacy and
problems associated with ovarian cancer screening, and make comparisons of the characteristics of
ovarian cancer subtypes.

2. Ovarian Carcinoma Types

2.1. Type I Carcinoma

Type I carcinomas are generally slow-growing indolent neoplasms, and their precursor lesions in
the ovaries have been clearly described [4].

2.1.1. Endometrioid Carcinoma and Clear Cell Carcinoma

Clear cell and endometrioid carcinomas are believed to arise from endometriosis of the ovary.
Among malignant transformation cases of endometriotic cyst, serial transvaginal ultrasonography
(USG) examinations revealed an increase in the cyst size [5]. Increased risks of ovarian carcinoma
arising from endometriosis were associated with infertility, early menarche, and late menopause [6].
Pathologically, the co-existence of ovarian carcinoma and endometriosis is frequently observed, and in
such cases endometriosis is called “atypical endometriosis”, a putative precursor lesion including
atypia of the cell nucleus [7].

Carcinogenesis of endometrioid and clear cell carcinomas arising from endometriotic cysts is
significantly influenced by the microenvironment in the precursors [8]. The content of an endometriotic
cyst (including free iron in old blood) is thought to be associated with cancer development through
the induction of persistent oxidative stress [9]. The epithelial cells in the cyst are exposed to oxidative
stress and hypoxia. Thus, they are subject to increased cellular and DNA damage, have less efficient
DNA repair, and are easily transformed [10,11].

Somatic mutations in the ARID1A tumor-suppressor gene have been frequently identified in clear
cell carcinoma. BAF250a encoded by ARID1A is a member of the SWItch/sucrose nonfermentable
(SWI/SNF) complex. We recently reported that clear cell carcinomas exhibiting the loss of one or
multiple SWI/SNF complex subunits demonstrated aggressive behaviors and poor prognosis [12].

2.1.2. Mucinous Carcinoma

A subset of mucinous carcinomas is thought to develop in association with ovarian benign
teratomas; however, the majority of mucinous carcinomas do not show any teratomatous
components [13,14]. Other theories of an ontogeny include origin from mucinous metaplasia of surface
epithelial inclusions, endometriosis, and Brenner tumors [5,14]; however, these observations are
relatively uncommon, except for Müllerian endocervical mucinous or mixed borderline tumors [15,16].

Morphological transitions from cystadenoma to a mucinous borderline tumor (MBT) to
intraepithelial carcinoma and invasive carcinoma have occasionally been observed [17]. An increasing
frequency of KRAS mutations at codons 12 and 13 has been reported in cystadenomas, MBTs,
and mucinous carcinomas [18–21]. These findings support the hypothesis of the “mucinous
adenoma–carcinoma sequence” [17,22] and the view that mucinous carcinomas may develop in
a step-wise fashion from mucinous cystadenomas and MBTs.

2.1.3. Low-Grade Serous Carcinoma

Low-grade serous carcinomas are very rare tumors. They are genetically stable and are
characterized by their low number of genetic mutations; therefore, they develop slowly from the
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precursors and behave in an indolent fashion. They are also thought to grow in a step-wise
fashion from benign serous cystadenoma to serous borderline tumors (SBTs), and then to low-grade
serous carcinoma.

p53 mutations are uncommon in low-grade serous carcinoma [23]. These carcinomas have a DNA
content and level of copy number alterations that closely resembles that of SBTs [24,25].

One theory of the origin of these tumors is that they are derived from ovarian epithelial inclusions
that have undergone Müllerian metaplasia [26]. The exposure of the mesothelial cells to the ovarian
stromal microenvironment may result in transformation to Müllerian epithelium.

Another theory is that serous tumors may be derived from a secondary Müllerian system,
arising from the embryological remnants of the proximal Müllerian ducts located within the ovarian
hilm [27,28]. However, a new theory suggests that low-grade serous carcinoma may be derived from
the fallopian tube. The premise is that shed tubal epithelial cells can implant on the ovarian surface
epithelium, followed by the formation of inclusion cysts and transforming serous carcinoma [29,30].

2.2. Type II Carcinoma

Type II carcinomas are clinically aggressive neoplasms and may develop de novo from the tubal
and/or ovarian surface epithelium.

High-Grade Serous Carcinoma

High-grade serous carcinomas account for 68% of ovarian cancer and have the worst prognosis,
as they are high-grade clinically aggressive neoplasms that are usually diagnosed at an advanced stage.
They show TP53 gene mutations in nearly 80% of cases [31–34] and have a high Ki67 proliferation index
(50%–75%). Chromosomal rearrangements are common and associated with gene instability. Mutations
in the BRCA 1 and 2 genes are associated with 90% of hereditary high-grade serous carcinoma cases [35].

Recently, analyses of gene expression microarray data from The Cancer Genome Atlas (TCGA)
project have revealed that high-grade serous carcinoma can be classified into one of four gene
expression subtypes: mesenchymal, immunoreactive, proliferative, and differentiated [36,37].
Our group reported that the progression-free and overall survival were best in the immunoreactive
group, whereas the overall survival was worst in the mesenchymal transition group (p < 0.001 for
each) [38]. Expression of vascular endothelial growth factor (VEGF) inhibits tumor immunity through
the accumulation of myeloid-derived suppressor cells, and contributes to poor prognosis [39].

These tumors may develop de novo from the tubal and/or ovarian surface epithelium. In 2001,
Piek et al. [40] found new transformations from hyperplastic to dysplastic lesions on tubal segments
removed from women who had either BRCA mutations or a strong family history of ovarian
carcinoma and underwent a risk-reducing bilateral salpingo-oophorectomy (BSO). These dysplastic
lesions within the tubal epithelium are termed “serous tubal intraepithelial carcinomas” (STIC) and
microscopic disease.

A very early abnormality termed “secretory cell outgrowths” (SCOUTs) was recently
reported in tubal epithelia [41]. The TP53 signatures were the next earliest entities, and have
an immunohistochemical definition of “p53-positive with a low proliferative index (Ki67 < 10%)”.
Developing later were “serous tubal intraepithelial lesions” (STILs) [42], also known as “transitional
intraepithelial lesions of the tube” (TILTs) by some authors. These have proliferative p53 signatures,
tubal dysplasia, and even tubal epithelial atypia [40,43]. Lastly, these turned into STICs; thus, STICs
appear to be associated with the development of serous carcinoma.

It was recently reported that the junction of the fallopian tube epithelium with the mesothelium
of the tubal serosa might be a potential site for carcinogenesis [44]. Carcinomas arising from this
junctional zone can easily invade the extensive lymphovascular system under the tubal epithelium
and rapidly spread throughout the abdominal cavity.
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In contrast, ovarian hilum cells have shown increased transformation potential after the
inactivation of tumor suppressor genes transformation-related protein 53 (Trp53) and retinoblastoma 1
(Rb1) in mice [45]. These stem cells may also be the origin of high-grade serous carcinoma.

3. Large-Scale Studies of Ovarian Cancer Screening

Ovarian cancer screening was once thought to be ineffective, but has recently been reported to
result in a better prognosis than without screening [46].

3.1. A Screening Program for Prostate, Lung, Colorectal, and Ovarian Cancer

One large-scale study of ovarian cancer screening examined a screening program for prostate,
lung, colorectal, and ovarian cancer (PLCO) in the USA, performed using a randomized controlled
trial (RCT) [2,3]. The annual screening in this study was performed by transvaginal sonography and
CA125 level measurements.

The PLCO screening arm involved 78,216 women receiving either annual screening (n = 39,105)
or the usual care (n = 39,111). Ovarian cancer was diagnosed in 212 patients (0.54%) in the screening
group and 176 patients (0.45%) in the standard care group. The stage distribution in the screening
group was as follows: 32 (15%) cases of Stage I disease, 15 (7%) cases of Stage II disease, 120 (57%)
cases of Stage III disease, and 43 (20%) cases of Stage IV disease, indicating that 77% of patients had
cancer at Stage III or higher. The distribution of cancer histologies included 116 (80%) cases of serous
carcinomas, five (3%) cases of mucinous carcinomas, 19 (13%) cases of endometrioid carcinomas, and
six (4%) cases of clear cell carcinomas, indicating that most cases involved serous cancers.

The authors concluded that annual screening did not reduce the ovarian cancer mortality rate
compared with standard care. Based on this report, ovarian cancer screening is not considered to
be effective.

3.2. Re-Analysis of the PLCO Screening Data

We obtained the authors’ datasets and performed a new analysis. We divided the patients who
were diagnosed with ovarian cancer into two groups. One group included 101 patients whose ovarian
cancers were detected through annual screening (CA125 and/or TVS) or within one year after screening.
The other group included 344 patients in the screening group whose ovarian cancers were found at
more than one year after screening due to the patient experiencing symptoms, as well as patients
in the no screening and control groups. We previously reported these results [47]. The prognosis
was significantly better in the patients in the former group than in those in the latter group (median
survival: 6.1 vs. 3.3 years, p = 0.0017). Additionally, the first group contained significantly fewer Stage
IV cases than the second group (13% vs. 29%, respectively, p = 0.005).

We identified two weaknesses in the PLCO screening: the group undergoing annual screening
included many women who never received screening, and many patients with ovarian cancer in the
screening group were diagnosed incidentally more than one year after screening, and as such could
not be related to the direct effect of screening.

3.3. The United Kingdom Collaborative Trial of Ovarian Cancer Screening

The United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) is an RCT of
202,638 women (control: 101,359; multimodal screening (MMS): 50,640; TVS alone: 50,639) [48–50].
The MMS protocol included annual CA125 screening interpreted using a patented “Risk of Ovarian
Cancer” algorithm (ROCA) with TVS as a second-line test [51,52]. Ovarian cancer was diagnosed in
38 (0.08%) patients in the MMS group and 32 (0.06%) patients in the TVS group. The distribution of
the cancer histologies was similar to that of the PLCO group. The distribution of the cancer stages in
the MMS group was as follows: 17 (45%) patients with Stage I disease, 2 (5%) patients with Stage II
disease, 19 (50%) patients with Stage III disease, and 0 (0%) patients with Stage IV disease, which was
similar to that of the TVS group. Recently, a UK team reported on the final mortality, citing an overall
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average mortality reduction of 20%, and a reduction of 8% in years 0–7 and 28% in years 7–14 in
the MMS group, compared with the no screening group [46]. They suggested that this late effect of
screening was predictable given the unavoidable time interval from randomization to diagnosis and
finally death. Therefore, their interpretation was that MMS screening was more effective after seven
years of screening.

Very recently, Pavik pointed out two problems raised by the work of the UKCTOCS [53].
The UKCTOCS results from the analysis using the Cox proportional hazards model and the
Royston–Parmar flexible parametric model indicated only small differences between the MMS and
TVS modalities that were not statistically significant (estimated mortality reduction for years 7–14:
23% MMS vs. 21% TVS with the Royston–Parmar flexible parametric model). Another problem was
that an expected lack of CA125 expression (20%) produces CA125-negative ovarian carcinomas that
cannot be expected to be detected in the MMS group.

3.4. The Kentucky Screening Study

In the Kentucky Screening Study, single-arm annual TVS screenings of 37,293 women was
performed [54,55]. The stage distribution of the 47 invasive ovarian cancers was as follows: 22 (47%)
Stage I lesions, 11 (23%) Stage II lesions, 14 (30%) Stage III lesions, and 0 (0%) Stage IV lesions,
with a 70% rate of Early-Stage (I/II) disease. The distribution of cancer histologies included 38% with
serous carcinomas, 2% with mucinous carcinomas, 26% with endometrioid carcinomas, 4% with clear
cell carcinomas, and 30% with others. The survival rate at five years of the patients with ovarian cancer
in the annual screening group was better than that of the patients with ovarian cancer who did not
undergo screening (74.8% ± 6.6% vs. 53.7% ± 2.3%, p < 0.001). Histologically, compared with the
PLCO data, the rate of serous carcinomas was relatively low and the rate of endometrioid carcinomas
was relatively high.

The authors concluded that annual TVS screening was associated with a decreased stage at
detection, as well as a decrease in the case-specific ovarian cancer mortality. However, this study was
not an RCT.

3.5. The Japanese Study

In Japan, the results of the Shizuoka Cohort Study of Ovarian Cancer Screening have been
reported [56]. This study was an RCT of 82,487 low-risk postmenopausal women (intervention group:
41,688, control group: 40,799) who were screened using annual TVS and CA125 levels. The total
number of cases of ovarian cancer in the screening group was 27 (0.06%). The stage distribution in the
intervention group was as follows: 17 (63%) cases of Stage I disease, 1 (4%) case of Stage II disease,
7 (26%) cases of Stage III disease, and 2 (7%) cases of Stage IV disease. The distribution of the cancer
histologies included 8 (30%) cases of serous carcinomas, 4 (15%) cases of mucinous carcinomas, 5 (19%)
cases of endometrioid carcinomas, 9 (33%) cases of clear cell carcinomas, and 1 (4%) case of “other”.
Histologically, most of these cases involved cancers other than serous carcinoma. The proportion of
Stage I/II ovarian cancers was higher in the screening group (67%) than in the control group (44%).
The rate of complete surgical excision was higher in the screening group (21; 78%) than in the control
group (15; 47%) (p = 0.018). However, the mortality rates are unknown, which again is problematic.

4. Differing Histological Subtypes of Ovarian Carcinoma among Races

In Europe, the USA, and Asia, there are significant differences in the rates of histological subtypes
of ovarian carcinoma [57–62]. As we reported previously, the rate of aggressive ovarian cancer such
as high-grade serous cancer (Type II) is significantly higher in Europe and the USA than in Asia
(p < 0.001) [47]. For example, the rates of Type I vs. Type II are, 24% vs. 48% in Europe (including the
UK); 24% vs. 66% in Denmark; and 30% vs. 45% in the USA. Conversely, Type I carcinomas—indolent
carcinomas arising from precursors—are relatively common in Asia. For example, the rates of
Type I vs. Type II are 53% vs. 33% in Japan; 58% vs. 24% in Hong Kong; and 66% vs. 34% in
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Korea. These results theoretically imply that ovarian cancer screening using CA125/TVS would be
more effective in Asia than in Europe and the USA, as the precursors or ovarian cancer can be detected
at an earlier stage, thereby reducing the mortality.

5. Conclusions

We presented characteristics of subtypes of ovarian cancer, summarized in Table 1. Type I
carcinomas are generally slow-growing indolent neoplasms, and their precursor lesions in the ovaries
have clearly been described and are easily detected. Conversely, Type II carcinomas are clinically
aggressive neoplasms and may develop de novo from the tubal and/or ovarian surface epithelium.
The efficacy of ovarian cancer screening depends on the subtypes of ovarian cancer. Type I ovarian
carcinomas are relatively common in Asia, while Type II ovarian carcinomas are relatively common
in Europe and the USA. Therefore, annual ovarian cancer screening may improve the prognoses in
Asia to a substantially greater degree than in Europe and the USA, as precursors or early-stage Type I
ovarian carcinomas can be detected using CA125/TVS in those regions. Furthermore, it is possible to
improve the prognosis or induce down-staging of Type II ovarian carcinomas, even in Europe and
the USA. The detection of Type II ovarian carcinoma at an early stage remains an unresolved issue.
We have likely failed to notice the presence of STICs using CA125/TVS screening alone, as neither
method showed positive findings in women with STICs. Biomarkers for the early detection of Type II
carcinomas such as STICs are therefore urgently needed [53].

Table 1. Characteristics of two types of ovarian carcinoma.

Type I Type II

Behavior Indolent Aggressive
Genetic instability Not very unstable Very unstable

TP 53 mutation Low High
BRCA1/BRCA2 mutation Low High
Ki 67 proliferative index 10%–15% 50%–75%

Histological subtype Endometrioid High grade serous
Clear cell
Mucinous

Low grade serous
Precursor Benign cyst s/o Tubal dysplasia

(de novo starting)
Discover a precursor Easy Difficult

Incidence Asia > Europe, USA Europe, USA > Asia
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Abstract: Evaluation of costs and benefits associated with cancer screening should include
consideration of any psychological and behavioral impact associated with screening participation.
Research examining the psychological and behavioral impact of screening asymptomatic women for
ovarian cancer (OC) was considered. Research has focused upon potential negative psychological (e.g.,
distress) and behavioral (e.g., reduced future screening participation) impact of false positive (FP) OC
test results. Results suggest FP OC screening results are associated with greater short-term OC-specific
distress. While distress dissipates over time it may remain elevated relative to pre-screening levels
for several weeks or months even after clinical follow-up has ruled out malignancy. The likelihood of
participation in future OC screening may also be reduced. Research focused upon identification of
any beneficial impact of participation in OC screening associated with receipt of “normal” results was
also considered. This research suggests that a “normal” screening test result can have psychological
benefits, including increased positive affect and beliefs in the efficacy of screening. It is concluded
that any psychological or behavioral harms attributable to OC screening are generally very modest in
severity and duration and might be counterbalanced by psychological benefits accruing to women
who participate in routine OC screening and receive normal test results.

Keywords: ovarian cancer; psychological; psychosocial; behavioral; screening; false positive
test result

1. Introduction

For some cancers, participation in cancer screening can lead to early diagnosis and an associated
improvement in five-year survival. Consequently, great effort has been expended to develop
cost-effective screening tests and protocols for cancers of the breast, colon, rectum, cervix, prostate,
lung, and ovary—cancers with a high likelihood of treatment success when diagnosed and treated
at an early stage of disease. Furthermore, for those screening tests for which the evidence suggests
cost-effectiveness, great effort has been expended to ensure widespread uptake and appropriate repeat
screening by screening-eligible individuals.

While participation in cancer screening can improve prognosis for some cancers, cancer screening
is not without its drawbacks. All cancer screening approaches yield some proportion of inconclusive
or abnormal results. These results typically require additional clinical follow-up to determine if a
malignancy is present. Clinical follow-up might include surgery or biopsy, performance of a second-line
screening test, or perhaps simply a repeat of the original screening test. In most instances, follow-up
indicates the original abnormal or inconclusive screening test result is benign—no malignancy is
present. Such false positive (FP) results may not be psychologically or behaviorally benign, however.
A survey of recipients of FP test results in the context of breast, prostate, cervical or colorectal
cancer screening found 40% described the experience as “very scary” or “the scariest time of my
life” [1]. In general, research has shown a FP cancer screening test result can negatively impact
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both psychological (e.g., distress) and behavioral (e.g., participation in future cancer screening)
outcomes [2–6], although research suggesting no impact is also available (e.g., [7]).

Recommendation of any cancer screening test for routine use in asymptomatic, average-risk
women is based on the relative balance of the benefits and costs associated with that screening test.
Identification of the benefits of any cancer screening test is relatively straightforward. Whether a cancer
screening test results in a significant reduction in the number of deaths due to that specific cancer
(i.e., cancer-specific mortality) is the primary determinant of the benefits of a particular screening test.
A broader view of the benefits of a screening test could include consideration of any psychological or
behavioral benefits associated with a screening test. Though rarely considered, participation in cancer
screening may yield positive outcomes including reductions in cancer worry or increases in feelings of
reassurance and well-being [8,9].

As one might expect, calculation of the costs of a screening test include consideration of the
monetary costs associated with testing. In addition, calculation of the costs of a screening test should
also include the “costs” associated with FP screening test results. These costs include the monetary as
well as physical morbidity costs associated with performance of additional follow-up procedures or
unnecessary surgeries. In addition, a FP screening test result might also exact certain psychological
or behavioral costs. Psychological costs include fear or anxiety, a heightened sense of personal risk
for cancer, or reduced confidence in the efficacy of the screening test, all of which might result in a
significant behavioral cost—a lessened likelihood of returning for repeat screening in the future. If the
collective costs associated with a screening test exceed the collective benefits of screening, one might
well conclude that a particular screening test does more harm than good.

The purpose of this paper is to consider the literature regarding the psychological and behavioral
impact of participation in routine screening for ovarian cancer (OC). Evidence regarding the potential
for OC screening to yield both positive and negative psychological and behavioral outcomes will
be considered.

2. Screening for Ovarian Cancer

When diagnosed and treated at a localized stage, OC is associated with a good prognosis.
The five-year relative survival rate is 92% [10]. Unfortunately, the majority of cases of OC (61%)
are diagnosed with late stage disease where existing treatment approaches are less likely to be
successful and five-year relative survival rates are correspondingly only 27% [10]. Given this state
of affairs, considerable effort has been expended to develop cost-effective approaches to screening
for OC [11–16]. For the most part, these approaches include transvaginal ultrasonography (TVS) and
serum tests for cancer antigen 125 (CA125), alone or in combination. While demonstrating some
value in promoting early detection of OC in average-risk, asymptomatic women, no approach to OC
screening has been shown to significantly reduce OC-specific mortality in asymptomatic, average-risk
women in a prospective, randomized trial. As a result, implementation of routine screening for
OC in asymptomatic, average-risk women has been controversial. Currently, the US Preventive
Services Task Force recommends against routine screening for OC in asymptomatic, average-risk
women (D recommendation) [17]. However, despite this recommendation, screening for OC is widely
available and utilized for asymptomatic women at either average or elevated risk for OC. A recent
survey of primary care physicians and obstetrician-gynecologists in the USA found many (33%)
believed TVS and CA125 were effective screening tests for OC and many would offer OC screening
tests to low (28%) and medium risk (65%) women [18].

3. Impact of False Positive OC Screening Test Results

Similar to screening tests for other cancers, screening for OC yields a certain proportion of
inconclusive or abnormal test results [19]. For asymptomatic women at average risk for OC,
approximately 5%–10% of OC screening tests yield an inconclusive or abnormal result, necessitating
clinical follow-up. Fortunately, the vast majority of inconclusive or abnormal OC screening test results
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are ultimately deemed benign. While clinically benign, however, a FP OC screening test result may
not be psychologically or behaviorally benign. An inconclusive or abnormal OC test result requiring
additional clinical follow-up could understandably cause a woman to consider the possibility of a
diagnosis of OC, resulting in a heightened sense of personal vulnerability. This in turn could result in
the experience of fear, anxiety, and/or distress as well as a reduced likelihood of returning for future
OC screening.

What is the evidence for such reactions? To answer this question a group of 10 studies are
considered [20–29]. While an attempt was made to use PubMed to identify all relevant studies,
a systematic review of the literature was not conducted and consequently no guarantee is made
regarding the completeness of the studies considered here. Each of the 10 studies considered involves
comparison of two groups of women participating in OC screening: women receiving a “normal”
screening test result (i.e., Normal group) and women receiving an abnormal test result with clinical
follow-up revealing no malignancy present (i.e., FP group). Comparison of these two groups of women
has the potential to shed light on the impact of a FP OC screening test result. The specific OC screening
test(s) employed varies across these studies but each employed CA125 testing or ultrasonography,
typically transvaginal sonography (TVS), either alone or in combination. The psychological and
behavioral outcomes the Normal and FP groups are compared upon vary widely across studies.
The most common outcomes being generic mental health outcomes (e.g., state anxiety, depression,
distress), OC-specific measures of distress and worry, OC risk perception, and participation in future
cancer screening, either actual or stated intention to participate. These studies also vary widely with
regard to study design (e.g., cross sectional vs. longitudinal), sample size in both the Normal and FP
groups, and the timing of the assessment of outcomes (e.g., short-term vs long-term). Finally, some of
these studies focused upon OC screening for women at intermediate or high risk for OC, typically due
to a strong family history of OC [23,25–28]. The remaining studies focused upon OC screening among
asymptomatic women generally at average risk for OC [20–22,24,29].

3.1. Impact of FP Results on Women at Intermediate or High Risk for OC

In an early study, 266 women at risk for familial OC underwent either transabdominal or
transvaginal ultrasonagraphy with color Doppler imaging [27]. Women with abnormal results on
initial scan returned in six weeks for a repeat scan. Women with repeat abnormal results at the repeat
scan were referred for surgery. All women completed a questionnaire 6–15 weeks before the initial scan
and again after their initial scan. Women also completed the same questionnaire after a repeat scan.
Psychological outcomes assessed included OC risk perception, cancer worry, coping style, depression
and anxiety symptoms, and general distress. Results indicated that following an initial scan, before
a repeat scan ruled out the presence of malignancy, women receiving an abnormal result (n = 51)
reported greater cancer worry, general distress, and anxiety than women receiving a normal scan result
(i.e., Normal group; n = 189). Of women receiving an abnormal result at the initial scan, 32 received a
normal result at the repeat scan and thus constituted a FP group. In the FP group, distress returned
to baseline levels but remained elevated relative to the Normal group. Overall, it was concluded FP
results are associated with increased distress in the short-term but this adverse impact is neither severe
nor persistent.

Participants in this initial study completed the same study questionnaire as in the initial study
one year after their initial scan [28]. In general, one year after their initial scan, women in the FP
group did not differ from women in the Normal group with regard to distress and anxiety. However,
more women in the FP group described themselves as “more worried” about cancer than women
in the Normal group. It was concluded while FP results may be associated with some increased
worry about cancer in the longer term, there is little evidence to suggest severe and persistent adverse
psychological effects.

Kauff et al. examined women at intermediate risk for OC due to a personal or family history
of breast and/or ovarian cancer but no documented BRCA1/2 mutation [25]. Women were offered
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semi-annual OC screening using TVS, CA125 testing, and pelvic examination. Women completed
a baseline assessment at enrollment in the screening program and follow-up assessments every six
months thereafter in conjunction with OC screening. Impact on mental quality of life (QOL) was
indexed by the Mental Component Score of the Medical Outcome Study Short Form-36. At least one
follow-up assessment was completed by 135 women. During a mean of 19.8 months of follow-up,
52 women experienced ≥1 abnormal OC screening test result. None of these women were ultimately
deemed to have OC and constituted the FP group. Women in the FP group evidenced a clinically and
statistically significant mean 6.4 point decrease in their Mental Component Score between baseline and
their most recent follow-up assessment. (Lower scores represent poorer mental QOL). Women with no
abnormal OC screening test result constituted the Normal group (n = 83) and evidenced a statistically
and clinically insignificant mean 0.67 point drop in their Mental Component Score. It was concluded
for women at intermediate risk for OC, FP screening results are associated with a significant decline in
mental QOL.

As part of the United Kingdom Familial Ovarian Cancer Screening Study (OKFOCSS), women at
increased genetic risk for OC (estimated lifetime risk >10%) participated in an OC screening program
involving thrice yearly CA125 testing coupled with annual TVS [23]. If an abnormal test result
occurred for either type of testing, women were recalled for retesting within two months. Women
(n = 1999) completed a baseline assessment (T1) one month prior to an initial CA125 test and a
follow-up assessment one week after receiving the result of this initial test (T2). Women receiving
an abnormal test result at any time completed an additional follow-up one week after repeat of the
screening test ruled out malignancy and they were returned to routine screening (T3). These women
constituted the FP group (n = 167). The remaining women who received only normal test results during
participation in the screening program constituted the Normal group. Finally, all women completed a
final follow-up assessment nine months after receiving a normal test result (n = 825) or nine months
after return to routine screening after receiving a FP result (n = 87) (T4). Specific outcomes assessed at
each assessment included OC-specific distress, anxiety and depression symptoms, and reassurance.
Compared to the Normal group the FP group reported moderately elevated OC-specific distress one
week after being notified of their abnormal result. No difference in OC-specific distress was evident
at T3 or T4, after women with FP results returned to routine screening. No differences with regard
to anxiety, depression, or reassurance were noted between the Normal screening and FP groups at
any assessment point. Finally, women in the FP group were significantly more likely to withdraw
from the screening program (primarily for risk-reducing salpingo oophorectomy) (OR = 4.38). It was
concluded FP screening results are associated with transient OC-specific distress but are not associated
with sustained psychological harm.

Finally, 111 female BRCA1/2 mutation carriers who had not undergone risk-reducing surgery
(i.e., salpingo oophorectomy) participated in a screening program involving both annual breast cancer
screening and OC screening involving both CA125 testing and TVS [26]. All abnormal screening
test results were followed by additional imaging and biopsy when appropriate. All participants
completed a questionnaire prior to a baseline screening visit, as well as 3 and 12 months post-baseline.
Psychological outcomes assessed included general anxiety, perceived absolute and comparative risk
for OC, and OC worry. Women receiving normal OC screening test results following baseline screening
constituted the Normal group and those receiving abnormal results with no cancer subsequently
detected constituted a FP group. No significant differences were found between the Normal and FP
groups for any of the OC risk or worry outcomes at either the 3 or 12 month follow-ups. Furthermore,
there were no differences between the two groups in the likelihood of undergoing risk-reducing
surgery. It was concluded FP test results were not associated with large increases in risk perception,
cancer worry, or uptake of risk-reducing surgery. Unfortunately, only two women received abnormal
CA125 test results (<2% of the sample) while the number of women receiving FP TVS test results was
not reported. As a result, it is unclear whether the lack of significant findings might be due to a true
absence of effect or simply due to inadequate statistical power.
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3.2. Summary: Impact of FP Results on Women at Intermediate or High Risk for OC

Each of the studies considered in this group examined the impact of a FP screening test result
on one or more psychological outcomes. Overall, the evidence suggests that a FP result in screening
programs targeted at women at intermediate or high risk for OC is associated with significantly poorer
psychological status in the immediate aftermath of an abnormal OC screening test result. This appears
particularly true with regard to cancer-specific worry and distress [23,25,27]. Little evidence suggests
much impact on more general indices of depression, anxiety or mental health or on perceptions
of OC risk. Any impact on psychological status appears to be short-lived, however, as differences
between FP and Normal groups generally decline over time following determination no malignancy is
present [23,28]. The study by Kauff et al. [25] appears to be an exception to this general conclusion,
however, as they found FP results were associated with significant and long-term declines in a generic
measure of mental health. However, their data analytic strategy did not account for when a FP result
was experienced in the course of the mean nearly 20 months of observation. This makes it difficult to
attribute any observed declines in mental health status to the experience of a FP screening test result.
Finally, Brain et al. found women receiving FP results were over four times more likely to withdraw
from their OC screening program [23]. Withdrawal was typically followed by risk-reducing surgery,
however, eliminating the need for further OC screening. It was unclear, however, whether women
in the FP group were more likely than women in the Normal group to discontinue participation in
OC screening in the absence of risk-reducing surgery. This is a critical missing piece of information
given any risk-reducing impact of a screening program is predicated upon continued, appropriate
participation with the program [30].

3.3. Impact of FP Results on Women at Average Risk for OC

The studies considered here examined the psychological and behavioral impact of a FP OC
screening test result on asymptomatic women generally at average risk for OC [20–22,24,29]. Andersen
et al. examined women (n = 592) at “conventional” risk for OC (i.e., ≤1 first degree relative with OC)
undergoing alternating CA125 and TVS testing every six months for 18 months [20]. Abnormal CA125
results were followed by TVS screening while abnormal TVS results required repeat TVS screening in
six to eight weeks. Measures of QOL, worry about OC risk, and OC-specific distress were completed
at a baseline assessment prior to the initial OC screening test and a follow-up two years post-baseline,
after the screening program was concluded. At follow-up, women receiving a FP OC screening test
result at some point during the two-year screening period (n = 32) were compared to similar women
who received normal screening test results (i.e., Normal group). The FP group reported significantly
greater worry about OC risk. Cancer-specific distress and quality of life did not differ between the FP
and Normal screening groups. It was concluded FP screening test results may have long-term effects
and increase worry about cancer risk.

Barrett et al. examined the psychological impact of a FP screening test in women participating in
the United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS), a randomized trial
of annual multimodal OC screening [21]. Women (n = 202,638) were randomized to one of three arms:
(1) OC screening with CA125 testing followed, if necessary, by TVS (CA125+TVS) as a second line test;
(2) OC screening with TVS; or (3) no OC screening. Following receipt of an abnormal screening test
result women in the CA125+TVS arm underwent a repeat CA125 test with (Level 2) or without (Level 1)
TVS testing. Women in the TVS group underwent a repeat TVS test by a senior ultrasonographer
within three months (Level 1) or a repeat TVS test or biopsy within six weeks (Level 2). All women
completed a baseline questionnaire prior to randomization. Women in the two screening groups who
received an abnormal screening test result (n = 22,035) completed a questionnaire following each
abnormal screen and annually thereafter. The questionnaire included measures of state anxiety as
well as general psychological morbidity as assessed by the General Health Questionnaire (GHQ-12).
Results indicated greater psychological morbidity in women after receipt of a FP test result but only
for women receiving more intensive repeat screening (i.e., Level 2 repeat screening). In other words,
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women in the CA125+TVS screening group exhibited greater psychological morbidity only if repeat
screening involved repeat of both the CA125 and TVS tests while women in the TVS screening group
exhibited greater psychological morbidity only if repeat screening involved a TVS scan or biopsy (i.e.,
Level 2 repeat screening). No differences between the FP and Normal groups were found for state
anxiety. It was concluded a FP test results in slightly increased psychological morbidity when an
abnormal screening test result is followed by more intensive forms of repeat screening.

The remaining studies in this group examined asymptomatic, average-risk women participating
in an ongoing trial of OC screening using annual TVS at the University of Kentucky [22,24,29]. In this
trial, an abnormal TVS test result requires repeat of the TVS screening test in 2–16 weeks. In an initial
study [22], women (n = 540) completed a baseline assessment immediately before undergoing a routine
annual TVS screening test and follow-up assessments two weeks and four months post-baseline.
A single-item measure of OC risk perception (i.e., perceived lifetime personal risk) as well as measures
of general and OC-specific distress were completed at all assessments. Women receiving a FP screening
test result (n = 33) at baseline were compared to women receiving a normal screening test result
(i.e., Normal group; n = 507). Compared to women receiving a “normal” TVS test result, women
receiving a FP result reported significantly elevated OC-specific distress at the two-week follow-up,
before a repeat TVS test had clarified whether a malignancy was present. Distress returned to baseline
levels at four-month follow-up, after repeat of the TVS test indicated no malignancy was present.
No differences between the FP and Normal groups on mood disturbance, depression, or OC risk
perception were found. It was concluded a FP test result is associated with a significant, but transient,
increase in OC-specific distress.

As a follow-up to this initial study, a larger longitudinal study examining psychological and
behavioral responses to receipt of a FP OC screening test result was implemented [29]. Women
receiving a FP TVS test result (n = 375) in the course of routine, annual TVS screening were compared
to women (n = 375) receiving a normal test result (i.e., Normal group). Women in the FP group
were matched with women in the Normal group with regard to age, family history of OC, and OC
screening history (prior FP result, number of prior TVS tests). Women in the FP group completed
a baseline assessment immediately prior to undergoing a repeat TVS test, required to clarify the
nature of a recent abnormal TVS test 2 to 16 weeks earlier. Women in the Normal group completed a
baseline assessment immediately prior to a routine, annual TVS screening test. Both groups completed
follow-up assessments one and four months after baseline. Results indicated FP test results were
associated with clinically significant increases in OC-specific distress with distress remaining elevated
through the four month follow-up. Women receiving a FP result also reported significantly higher
perceptions of OC risk on two different, two-item composite measures of risk (Personal OC Risk and
Comparative OC Risk) and fewer perceived positive consequences of screening participation. A FP test
result also impacted screening intentions as the FP group reported at one month follow-up significantly
weaker intentions to return for future OC screening. No differences between the FP and Normal groups
were found with regard to depressive symptoms, benefit finding, or beliefs in the effectiveness of OC
screening at any of the study assessments. It was concluded FP results negatively impact both affective
(OC-specific distress) and cognitive (risk perception) outcomes in both the short and intermediate
term. The negative psychological impact of a FP test is still evident for several months after repeat
testing has ruled out malignancy and may serve to reduce motivation to participate in future routine
OC screening.

Finally, Floyd et al. examined the impact of a FP test result on women’s interest in receiving
health-related information [24]. Based on the possibility a FP screening test result could be experienced
as a very scary and threatening event [1], it was hypothesized a FP result may serve as a “teachable
moment” [31] and enhance interest in obtaining additional information about OC as well as other
health-related topics. A Normal screening group (n = 124) consisted of women undergoing a routine,
annual TVS test with receipt of normal results. This group completed a baseline assessment prior
to undergoing routine TVS screening. A FP screening group (n = 279) consisted of women who had
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received an abnormal TVS test result 2–16 weeks earlier and were returning for a repeat TVS test to
clarify whether a malignancy was present. These women completed a baseline assessment prior to
undergoing this repeat TVS screening test. All women completed a follow-up assessment one month
post-baseline where interest in receiving information about 10 different health- and cancer-related
topics was assessed. Contrary to hypothesis, results indicated women receiving FP screening test results
were significantly less interested in receiving health- and cancer-related information than women
receiving normal screening results. It was concluded receipt of a FP result does not represent a teachable
moment when women may be more receptive to health information and health behavior change.
Rather receipt of a FP screening test result appears to make women less interested in health-related
information, including information regarding OC.

3.4. Summary: Impact of FP Results on Women at Average Risk for OC

Most studies in this group examined the impact of a FP screening test result on one or more
psychological outcomes [20–22,29]. In each of these studies, a negative impact on psychological
outcomes was observed. Receipt of a FP result was associated with poorer psychological status,
particularly OC-specific worry [20] and OC-specific distress [22,29]. Little evidence suggests FP results
exert a significant impact on more general measures of psychological morbidity or distress, although
one study did find elevated psychological morbidity in women receiving a FP result requiring more
intense, invasive repeat testing after an abnormal result [21]. While it is clear FP results impact
OC-specific distress, the duration of this impact is not completely clear. It is quite apparent receipt of
an abnormal screening test result is associated with an immediate and pronounced spike in OC-specific
distress [22,29] which remains elevated for at least several weeks or months even after repeat OC
screening rules out malignancy [29]. Overall, the evidence suggests that receipt of a FP screening test
result increases OC-specific distress and worry in the short term and quite possibly in the intermediate
term. As for other outcomes, the data are sparse or mixed. The two studies that examined the impact
of a FP test result on perceptions of OC risk yielded mixed results [22,29]. While one study found no
impact upon OC risk perception [22], a larger and better designed study found a FP result resulted in
higher perceptions of OC risk up to four months after repeat TVS testing ruled out malignancy [29].
The failure to find a significant impact on OC risk perception in the earlier study [22] could be due to a
lack of statistical power as well as use of a relatively crude measure of OC risk perception. The earlier
study [22] included only 33 women in the FP result group compared to 375 women in the later
study [29], making it less likely a “true” impact on OC risk perception could be detected in the earlier
study. Additionally, the earlier study indexed OC risk perception using only a single, single-item
measure of risk perception. In contrast, the later study [29] found significant effects on two separate,
two-item composite measures of OC risk perception. Finally, a FP result may impact the likelihood
of participation in future screening as receipt of a FP result was associated with significantly weaker
intentions to return for future OC screening [29].

4. Impact of Normal OC Screening Test Results

As might be expected, an abnormal or FP test result appears to have at least some negative
impact on psychological and behavioral outcomes. Might the opposite be true? Does receipt of a
“normal” OC screening test result yield a positive impact on psychological or behavioral outcomes?
In contrast to the attention focused upon the impact of abnormal or FP results, it appears the impact of
a “normal” test result on psychological and behavioral outcomes has received less attention. In an
initial study, high-risk women (n = 275) underwent ultrasound screening for OC [32]. Nearly 3

4
reported feeling reassured after screening. In a more recent and comprehensive study, asymptomatic,
average-risk women (n = 560) completed a baseline assessment immediately prior to undergoing
routine, annual TVS screening for OC as well as follow-up assessment two weeks and four months
post-baseline [33]. All women received a “normal” screening test result. Growth curve modeling
revealed receipt of a “normal” test result was associated with a significant decrease in OC-specific
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distress and significant increases in positive affect, belief in the efficacy of OC screening, and knowledge
of OC risk factors between the baseline and four-month follow-up assessment. No effect was observed
on OC risk perceptions, negative affect, or more generic measures of distress (i.e., depression, mood
disturbance). It was concluded participation in routine OC screening with receipt of a normal result can
positively impact affective and cognitive psychological outcomes that can serve to promote continued
participation in OC screening.

5. Summary and Recommendations

Determination of the value of any cancer screening test requires careful consideration of the
costs and benefits associated with that screening test. Obviously, certain types of costs and benefits
are weighed more heavily than others. The paramount benefit of a screening test is the extent to
which it reduces cancer-related mortality. On the cost side of the ledger, the economic and physical
morbidity costs (e.g., surgeries) associated with a screening test are weighed most heavily. Less
frequently considered are any psychological and behavioral costs and benefits associated with a cancer
screening test.

The purpose of this paper was to consider the psychological and behavioral impact, both costs
and benefits, associated with participation in OC screening. The studies we considered are diverse
in methodology and design. Most of these studies focused upon documenting the psychological
“costs” associated with abnormal, ultimately FP, OC screening test results. In general, these studies
clearly suggest that women who experience a FP OC screening test result report more OC-specific
worry and distress in the short-term [22,23,27,29]. This is unsurprising, of course, given receipt
of an abnormal result raises at least the possibility of a subsequent diagnosis of OC. This distress
appears to dissipate over time, but may still be present to a degree four months to a year or more
after receipt of an abnormal result and after clinical follow-up has ruled out a malignancy [20,28,29].
This general conclusion appears to be true regardless of the OC risk status of the asymptomatic women
being screened.

In contrast to the findings for OC-specific distress and worry, the impact of a FP screening test
result on other psychological outcomes is less clear. The impact on generic measures of mental health,
depression and anxiety is mixed with some research showing a negative impact [21,25,27] and other
research showing no impact [20,22,23,29]. Similarly, the impact of a FP result on perceptions of OC risk
is also mixed with some studies finding no impact [22,27] but another, larger, better-designed study
finding increased perceptions of OC risk in women experiencing a FP result [29].

With regard to behavioral costs associated with a FP OC screening test result, FP test results may
be associated with reduced future participation in OC screening [23] or reduced intentions to return
for routine screening in the future [29]. Given the effectiveness of any cancer screening modality is
predicated upon continued screening uptake at appropriate intervals, this is a significant potential cost
associated with FP results in the OC screening setting.

In contrast to the negative impact of a FF OC screening test result, it appears woman may
benefit from participation in routine OC screening when a “normal” screening test result is received.
For asymptomatic, average-risk women, participation in OC screening with receipt of a “normal” test
result was associated with a significant decrease in OC-specific distress and significant increases in
positive affect, belief in the efficacy of OC screening, and knowledge of OC risk factors over a four
month period following screening [33]. Additionally, comparison of women receiving FP and normal
results found women receiving normal screening test results attributed more positive consequences
to their screening experience such as greater feelings of well-being and reassurance [29]. This data is
provocative in its suggestion that participation in screening may not be a completely benign experience
from a psychological and behavioral standpoint. Rather, participation in screening may create affective
and cognitive conditions that may not only be inherently positive and reinforcing, but may also serve
to further promote continued participation in OC screening.
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While showing some ability to detect OC at an earlier stage, randomized trials have failed to
show a reduction in cancer-specific mortality in asymptomatic, average-risk women participating in
OC screening programs. Coupled with consideration of the monetary costs of OC screening and the
potential physical morbidity costs (e.g., surgery) associated with FP test results, the US Preventive
Services Task Force recommends against routine screening for OC in asymptomatic, average-risk
women (D recommendation) [17]. Despite this negative recommendation, routine screening of
asymptomatic women at average risk for OC is unlikely to go away. OC screening is well accepted
by many physicians [18] as well as by the public. An overwhelming majority of women participating
in the University of Kentucky OC screening program indicated they agreed or strongly agreed that
TVS screening is effective in the early diagnosis of OC [29]. As a result, further research on the
psychological and behavioral impact of participation in OC screening is warranted. While more
research is needed, what is particularly needed is better research. Future research examining the
impact of FP screening test results should be characterized by (1) sufficient numbers of women
receiving abnormal or FP results to ensure adequate statistical power and the ability to interpret null
findings; (2) longitudinal assessment to enable identification of the duration of impact of a specific
abnormal or FP test result on key psychological and behavioral outcomes; and (3) removal of women
who undergo risk-reducing oophorectomy from analyses focused upon understanding the impact of
FP results on future screening participation.

In addition, there is likely benefit from expanding the focus of research regarding the psychological
and behavioral impact of participation in OC screening. In particular, more research is needed
regarding the potential impact of participation in routine OC screening with receipt of a “normal”
test result. While research has examined the potential positive impact of a normal test result [33] the
potential negative impact of a normal test result has received scant, if any, attention. Potential negative
impact might involve delay in help-seeking following any subsequent onset of symptoms related to OC
or a general complacency about health. Two other areas are also largely unexamined: the psychological
and behavioral impact of false negative OC screening test results—receipt of a normal screening test
result when OC is present—and the impact of true positive OC screening test results. In the latter case,
the psychological and behavioral impact of a diagnosis of OC may differ depending on whether OC
was screening- or symptomatically-detected.

In conclusion, the research considered here does not suggest that FP test results in the course of
screening asymptomatic women for OC result in significant, durable psychological harm. In addition,
there is some suggestion that participation in routine screening for OC may confer psychological
benefits. Some have contended OC screening “does more harm than good” [34]. If true, this contention
is true based largely on consideration of the physical harms associated with surgeries performed
for diagnostic or preventive purposes following abnormal OC screening results. Any psychological
or behavioral harms attributable to OC screening appear to be, at worst, rather modest in severity
and duration and might well be counterbalanced by psychological benefits accruing to women who
participate in routine OC screening and who receive normal test results.

Conflicts of Interest: The author declare no conflict of interest.

References

1. Schwartz, L.M.; Woloshin, S.; Fowler, F.J., Jr.; Welch, H.G. Enthusiasm for cancer screening in the United
States. J. Am. Med. Assoc. 2004, 291, 71–78. [CrossRef] [PubMed]

2. Brewer, N.T.; Salz, T.; Lillie, S.E. Systematic review: The long-term effects of false-positive mammograms.
Ann. Intern. Med. 2007, 146, 502–510. [CrossRef] [PubMed]

3. Lin, K.; Lipsitz, R.; Miller, T.; Janakiraman, S. Benefits and harms of prostate-specific antigen screening for
prostate cancer: An evidence update for the U.S. Preventive services task force. Ann. Intern. Med. 2008, 149,
192–199. [CrossRef] [PubMed]

22

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 15

4. Slatore, C.G.; Sullivan, D.R.; Pappas, M.; Humphrey, L.L. Patient-centered outcomes among lung cancer
screening recipients with computed tomography: A systematic review. J. Thorac. Oncol. 2014, 9, 927–934.
[CrossRef] [PubMed]

5. Taylor, K.L.; Shleby, R.; Gelmann, E.; McGuire, C. Quality of life and trial adherence among participants in
the prostate, lung, colorectal, and ovarian cancer screening trial. J. Natl. Cancer Inst. 2004, 96, 1083–1094.
[CrossRef] [PubMed]

6. Wardle, J.; Pope, R. The psychological costs of screening for cancer. J. Psychosom. Res. 1992, 36, 609–624.
[CrossRef]

7. O’Sullivan, I.; Sutton, S.; Dixon, S.; Perry, N. False positive results do not have a negative effect on
reattendance for subsequent breast screening. J. Med. Screen 2001, 8, 145–148. [CrossRef] [PubMed]

8. Cockburn, J.; de Luise, T.; Hurley, S.; Clover, K. Development and validation of the PCQ: A questionnaire to
measure the psychological consequences of screening mammography. Soc. Sci. Med. 1992, 34, 1129–1134.
[CrossRef]

9. Tyndel, S.; Austoker, J.; Henderson, B.J.; Brain, K.; Bankhead, C.; Clements, A.; Watson, E.K. What is the
psychological impact of mammographic screening on younger women with a family history of breast cancer?
Findings from a prospective cohort study by the PIMMS Management Group. J. Clin. Oncol. 2007, 25,
3823–3830. [CrossRef] [PubMed]

10. Cancer Facts and Figures; American Cancer Society: Atlanta, GA, USA, 2015.
11. Buys, S.S.; Partridge, E.; Black, A.; Johnson, C.C.; Lamerato, L.; Isaacs, C.; Reding, D.J.; Greenlee, R.T.;

Yokochi, L.A.; Kessel, B.; et al. Effect of screenning on ovarian cancer mortality: The Prostate, Lung, and
Ovarian (PLCO) Cancer Screening randomized controlled trial. J. Am. Med. Assoc. 2011, 305, 2295–2303.
[CrossRef] [PubMed]

12. Jacobs, I.J.; Menon, U.; Ryan, A.; Gentry-Maharaj, A.; Burnell, M.; Kalsi, J.K.; Amso, N.N.; Apostolidou, E.B.;
Cruickshank, D.; Crump, D.N.; et al. Ovarian cancer screening and mortality in the UK Collaborative Trial of
Ovarian Cancer Screening (UKCTOS): A randomised controlled trial. Lancet 2016, 387, 945–956. [CrossRef]

13. Menon, U.; Griffin, M.; Gentry-Maharaj, A. Ovarian cancer screening—Current status, future directions.
Gynecol. Oncol. 2014, 132, 490–495. [CrossRef] [PubMed]

14. Reade, C.J.; Riva, J.J.; Busse, J.W.; Goldsmith, C.H.; Elit, L. Risks and benefits of screening asymptomatic
women for ovarian cancer: A systematic review and meta-analysis. Gynecol. Oncol. 2013, 130, 674–681.
[CrossRef] [PubMed]

15. Schorge, J.O.; Modesitt, S.C.; Coleman, R.L.; Cohn, D.E.; Kauff, N.D.; Duska, L.R.; Herzog, T.J. SGO white
paper on ovarian cancer: Etiology, screening and surveillance. Gynecol. Oncol. 2010, 119, 7–17. [CrossRef]
[PubMed]

16. Van Nagell, J.R., Jr.; Pavlik, E.J. Ovarian cancer screening. Clin. Obstet. Gynecol. 2012, 55, 43–51. [CrossRef]
[PubMed]

17. Moyer, V.A. U.S. Preventive Services Task Force. Screening for ovarian cancer: U.S. Preventive Services Task
Force reaffirmation recommendation statement. Ann. Intern. Med. 2012, 157, 900–904. [CrossRef] [PubMed]

18. Baldwin, L.-M.; Trivers, K.F.; Matthews, B.; Andrilla, C.H.A.; Miller, J.W.; Berry, D.L.; Lishner, D.M.; Goff, B.A.
Vignette-based study of ovarian cancer screening: Do U.S. physicians report adhering to evidence-based
recommendations. Ann. Intern. Med. 2012, 156, 182–194. [CrossRef] [PubMed]

19. Pavlik, E.J.; Ueland, F.R.; Miller, R.V.V.; Ubellacker, J.M.; DeSimone, C.P.; Hoff, J.; Baldwin, R.J.; Kryscio, R.J.;
van Nagell, J.R., Jr. Frequency and disposition of ovarian abnormalities followed with serial transvaginal
sonography. Obstet. Gynecol. 2013, 122, 210–217. [CrossRef] [PubMed]

20. Andersen, M.R.; Drescher, C.W.; Zheng, Y.; Bowen, D.J.; Wilson, S.; Young, A.; McIntosh, M.; Mahony, B.S.;
Lowe, K.A.; Urban, N. Changes in cancer worry associated with participation in ovarian cancer screening.
Psychooncology 2007, 16, 814–820. [CrossRef] [PubMed]

21. Barrett, J.; Jenkins, V.; Farewell, V.; Menon, U.; Jacobs, I.; Kilkerr, J.; Ryan, A.; Langridge, C.; Fallowfield, L.;
UKCTOCS Trialists. Psychological morbidity associated with ovarian cancer screening: Results from more
than 23,000 women in the randomised trial of ovarian cancer screening (UKCTOCS). BJOG 2014, 121,
1071–1079. [CrossRef] [PubMed]

22. Andrykowski, M.A.; Boerner, L.M.; Salsman, J.M.; Pavlik, E. Psychological response to test results in an
ovarian cancer screening program: A prospective, longitudinal study. Health Psychol. 2004, 23, 622–630.
[CrossRef] [PubMed]

23

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 15

23. Brain, K.E.; Lifford, K.J.; Fraser, L.; Rosenthal, A.N.; Rogers, M.T.; Lancastle, D.; Phelps, C.; Watson, E.K.;
Clements, A.; Menon, U. Psychological outcomes of familial ovarian cancer screening: No evidence of
long-term harm. Gynecol. Oncol. 2012, 127, 556–563. [CrossRef] [PubMed]

24. Floyd, A.; Steffens, R.F.; Pavlik, E.; Andrykowski, M.A. Receipt of a false positive test result during routine
screening for ovarian cancer: A teachable moment? J. Clin. Psychol. Med. Settings 2011, 18, 70–77. [CrossRef]
[PubMed]

25. Kauff, N.D.; Hurley, K.E.; Hensley, M.L.; Robson, M.E.; Lev, G.; Goldfrank, D.; Castiel, M.; Brown, C.L.;
Ostroff, J.S.; Hann, L.E.; et al. Ovarian carcinoma screening in women at intermediate risk: Impact on quality
of life and need for invasive follow-up. Cancer 2005, 104, 314–320. [CrossRef] [PubMed]

26. Portnoy, D.B.; Loud, J.T.; Han, P.K.J.; Mai, P.L.; Greene, M.H. Effects of false-positive cancer screenings
and cancer worry on risk-reducing surgery among BRCA1/2 carriers. Health Psychol. 2015, 34, 709–717.
[CrossRef] [PubMed]

27. Wardle, J.; Collins, W.; Pernet, A.L.; Whitehead, M.I.; Bourne, T.H.; Campbell, S. Psychological impact of
screening for familial ovarian cancer. J. Natl. Cancer Inst. 1993, 85, 653–657. [CrossRef] [PubMed]

28. Wardle, J.; Pernet, A.; Collins, W.; Bourne, T. False positive results in ovarian cancer screening: One year
follow-up of psychological status. Psychol. Health 1994, 10, 33–40. [CrossRef]

29. Wiggins, A.; Pavlik, E.J.; Andrykowski, M.A. Affective, cognitive, and behavioral outcomes associated with
a false positive screening test for ovarian cancer. J. Behav. Med. 2017, in press.

30. Weller, D.P.; Campbell, C. Uptake in cancer screening programmes: A priority in cancer control. Br. J. Cancer

2009, 101 (Suppl. 2), S55–S59. [CrossRef] [PubMed]
31. McBride, C.M.; Emmons, K.M.; Lipkus, I.M. Understanding the potential of teachable moments: The case of

smoking cessation. Health Educ. Res. 2003, 18, 156–170. [CrossRef] [PubMed]
32. Andolf, E.; Jorgensen, C.; Uddenberg, N.; Ursing, I. Psychological effects of ultrasound screening for ovarian

carcinoma. J. Psychosom. Obstet. Gynaecol. 1990, 11, 155–162. [CrossRef]
33. Gaugler, J.E.; Pavlik, E.; Salsman, J.M.; Andrykowski, M.A. Psychological and behavioral impact of receipt

of a “normal” ovarian cancer screening test. Prev. Med. 2006, 42, 463–470. [CrossRef] [PubMed]
34. Slomski, A. Screening women for ovarian cancer still does more harm than good. J. Am. Med. Assoc. 2012,

307, 2474–2475. [CrossRef] [PubMed]

© 2017 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

24

B
o
o
k
s

M
D
P
I



diagnostics

Opinion

A Perspective on Ovarian Cancer Biomarkers: Past,
Present and Yet-To-Come

Frederick R. Ueland

Department of Obstetrics and Gynecology, Division of Gynecologic Oncology and the Markey Cancer Center,
University of Kentucky College of Medicine, Lexington, KY 40515, USA; fuela0@uky.edu; Tel.: +1-859-257-1613

Academic Editor: Andreas Kjaer
Received: 7 January 2017; Accepted: 23 February 2017; Published: 8 March 2017

Abstract: The history of biomarkers and ultrasonography dates back over more than 50 years.
The present status of biomarkers used in the context of ovarian cancer is addressed. Attention
is given to new interpretations of the etiology of ovarian cancer. Cancer antigen 125 (CA125) and
multivariate index assays (Ova1, Risk of Ovarian Malignancy Algorithm, Overa) are biomarker-driven
considerations that are presented. Integration of biomarkers into ovarian cancer diagnostics and
screening are presented in conjunction with ultrasound. Consideration is given to the serial
application of both biomarkers and ultrasound, as well as morphology-based indices. Attempts
are made to foresee how individualized molecular signatures may be able to both provide an alert
of the potential for ovarian cancer and to provide molecular treatments tailored to a personalized
genetic signature. In the future, an annual pelvic ultrasound and a comprehensive serum biomarker
screening/diagnostic panel may replace the much maligned bimanual examination as part of the
annual gynecologic examination. Taken together, it is likely that a new medical specialty for
screening and early diagnostics will emerge for physicians and epidemiologists, a field of study that
is independent of patient gender, organ, or the subspecialties of today.

Perspective 

Ghost of Christmas Yet-To-Come 

Original illustration by John Leech, 1843 

 

Keywords: biomarkers; ovarian tumor biomarkers; ultrasound; serial ultrasound; ovarian cancer

Diagnostics 2017, 7, 14 25 www.mdpi.com/journal/diagnostics

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 14

As one year closes and another begins, I find myself reflecting on ovarian cancer diagnostics. It is
truly humbling how little we have accomplished in this field over the last half-century. All the while,
the rest of the world has been busy. Since the first biomarker was reported, we have harnessed the
atom and ushered in the Nuclear Age. Since the first ovarian biomarker was reported, we have invented
the integrated circuit and spawned the dynamic Information Age. Yet, as gynecologic oncologists, we
continue to struggle with the early identification of ovarian cancer and whether ovarian cancer actually
begins in the ovary at all. The first serum biomarker for epithelial ovarian cancer was introduced
in 1965 (carcinoembyonic antigen, CEA) [1]. This was a milestone in cancer diagnostics, as prior to
this, oncologists were equipped with little to detect or monitor ovarian cancer. Keep in mind that
this was when ultrasound was just emerging as a very rudimentary medical diagnostic instrument,
and well before the advent of computed tomography (CT) or magnetic resonance imaging (MRI).
Now some fifty years later, it is easy to ask, “Why haven’t we done more?” Perhaps the recent focus on
molecular-genetic technology and personalized cancer treatment will inspire a new Diagnostic Age in
oncology. I am an optimist at heart, and am hopeful that our biomarker story will read somewhat like
the Charles Dickens novella, A Christmas Carol, where the return of Jacob Marley’s ghost 7 years after
his death helps give clarity to the past, present, and yet-to-come.

First, it is important to clarify our diagnostic objective. My generation has believed, quite sensibly
I think, that epithelial ovarian cancer arises from the ovary. Ovarian cancer has always utilized
a taxonomy-based classification system first introduced in the 1930s, then validated by the World
Health Organization’s Classification in 1973, and propagated into modern day. The story was as
follows: ovarian epithelial inclusion cysts are trapped beneath the surface epithelium of the ovary
and eventually undergo malignant transformation giving rise to invasive cancer. It was all a little
mysterious and the association with ovulation was difficult to validate, but “incessant ovulation”
did appear to be a significant risk factor. Until recently, true fallopian tube cancers were very rare.
The historic requirement for the diagnosis of a fallopian tube cancer included the following: (1) the
main tumor is grossly in the fallopian tube; (2) microscopically, the mucosa is chiefly involved and has
a papillary pattern; and (3) if the tubal wall is involved to a great extent, the transition between benign
and malignant tubal epithelium should be demonstrated [2]. Truthfully, many serous “ovarian cancers”
probably do begin elsewhere and metastasize to the ovary since ovarian stromal involvement is the
principle requirement to categorize a malignancy as primary ovarian cancer. Since serous peritoneal,
fallopian tube, and ovarian cancers are histologically and morphologically similar regardless of where
they begin, and are treated alike, they have been collectively categorized as ovarian cancer. Today,
our approach to treatment is based on this premise, specifically that all these cancers are lumped
together as one. National collaborative group trials for ovarian cancer have typically studied all three
malignancies together rather than individually, even non-serous cell types. And this was very sensible,
since we thought of ovarian cancer in terms of its anatomic origin and combining made practical sense
for clinical trial accrual. This dilemma is apropos given the current belief that the fallopian tube (serous
tubal intraepithelial carcinoma, STIC) may be the primary culprit in the etiology of many serous
cancers of the ovary [3]. It is very helpful to know what the target is, not just for purposes of tidiness
and taxonomy, but also for understanding how to envision the next generation of diagnostic tests.

Kurman and coauthors recently described the need for a paradigm shift in our understanding of
ovarian cancer [4]. Endometrial precursors are likely responsible for many of the Type I ovarian cancers
as endometrioid and clear cell types originate ostensibly from endometriotic implants. These are
typically indolent, low-grade malignancies, and endometrioid, transitional and clear cell cancers
with distinct molecular markers: KRAS, BRAF, ERB-2, PTEN and others, but not TP-53. And most
gastrointestinal-type tumors involving the ovary are also secondary malignancies, with primary
mucinous ovarian cancers comprising only 3% of all epithelial ovarian cancers. Fallopian tube
precursors are likely the cause of the more common Type II, high-grade serous ovarian cancers which
are characterized by TP-53 mutations. In the end, stromal and germ cell tumors may be the only
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true anatomic ovarian malignancies. The challenge of course, is that all gynecologic cancers are not
organ-specific, so our diagnostic and treatment strategies need to evolve.

1. Past

The biomarker past was an era of single-marker diagnostics. CEA was first described in 1965 as
a serum biomarker for mucinous colon cancer, and in 1976 as a blood test for women with ovarian
cancer [1,5]. At the time, this was a tremendous advance in science. Not long after, cancer antigen 125
(CA125) was announced as a serum biomarker specific for ovarian cancer [6] (Table 1). To move from
an age of very limited imaging and diagnostics to an ovarian cancer blood test was transformational.
In retrospect, it can be argued that CA125 has done little to improve ovarian cancer care. The Food and
Drug Administration (FDA) never approved CA125 for preoperative use in the United States, but only
for cancer surveillance for women with a known diagnosis of ovarian cancer. Ironically, the majority
of CA125 tests ordered today are for the evaluation of an ovarian tumor prior to surgery. The use of
serum CA125 has also never been associated with a survival benefit, whether utilized before or after
diagnosis. This may be an indictment of the test itself, of the disease, the stage at diagnosis, treatment
options, or a combination of these factors.

Table 1. Common serum biomarkers for ovarian cancer, year of publication or Food and Drug
Administration (FDA) clearance. CEA, carcinoembyonic antigen; CA125, cancer antigen 125; ROMA,
Risk of Ovarian Malignancy Algorithm; HE4, human epididymis protein 4; Ova1 and Overa are
proprietary multivariate index assays, Vermillion, Inc.

Biomarker Year

CEA 1965
CA125 1981

HE4 2008
Ova1 2009

ROMA 2010
Overa 2016

Although CA125 is the best-known serum ovarian cancer biomarker, it is not the only one: CEA
(mucinous), LDH (dysgerminoma, mixed germ cell tumors), β-hCG (choriocarcinoma, mixed germ
cell tumors), inhibin B (granulosa cell tumors), α-fetoprotein (yolk sac tumors, embryonal cell tumors),
and HE4 are also available. In 2008, HE4 was cleared by the FDA for use in monitoring patients with
a known diagnosis of ovarian cancer, able to detect recurrence of epithelial cancers 2 to 3 months in
advance of CA125. Like CA125, it does not have a preoperative diagnostic indication from the FDA.
CA125 is the most studied biomarker for serous epithelial cancer arising from the ovary, fallopian tube,
or peritoneal cavity, but it is neither a sensitive nor particularly specific cancer marker. This may partly
explain why its use has not translated into an improvement in patient survival. For 35 years, we have
been trying to overcome this biomarker’s inadequacy by combining it with other markers, combining
it with imaging, or monitoring its behavior over time: all ultimately without epic success. Success, our
patients have discovered, is identifying ovarian cancer in the earliest of stages where treatment can
have a lasting impact on survival. Our understanding of protein biomarkers has improved recently as
a result of advances in proteomic diagnostic technologies.

2. Present

In 2009, the FDA cleared the first preoperative serum biomarker test for ovarian cancer. After five
years of diagnostic discovery and systematic clinical testing, a 5-protein biomarker panel named
Ova1® became the first multivariate index assay (MIA) to gain clearance in the United States [7,8].
Ova1 combines the second generation CA125-II with other inflammatory and transport proteins
(transferrin, β-2 microglobulin, apolipoprotein A-1, and transthyretin) into a test result of low or high

27

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 14

risk for ovarian cancer. The following year, a two-protein test was FDA-cleared that combined CA125
and HE4 (Risk of Ovarian Malignancy Algorithm, ROMA®) for identical indications [9]. These MIA
tests were a significant improvement for preoperative testing compared to single biomarker tests
because of increased sensitivity (Table 2) [10]. Importantly, these tests are not true diagnostic tests,
but rather triage or referral tests. When a woman is known to have an ovarian tumor that requires
surgery, these tests are used to determine the likelihood of malignancy. A primary care provider can
utilize the test to determine whether referral to a gynecologic oncologist is indicated. These tests have
two critical requirements: (1) a mass has been confirmed on imaging, and (2) the ovarian tumor has
already been determined to require surgery. Since the test itself is not used to determine whether
or not surgery is necessary, it should result in minimal tangible harm. Nationwide, the majority of
ovarian cancer surgeries are not initially performed by a gynecologic oncologist, so the hope is that the
quality of patient care and cancer survival will improve over time as appropriate referrals are made.
Provided that the two critical requirements are observed, this carefully considered strategy should
prevent unnecessary surgery from a falsely positive biomarker test, an important consideration for the
women, their doctors, and the FDA.

Table 2. Test performance for detecting ovarian cancer of all histologic types.

Biomarker Sensitivity Specificity

CA125 *,+,# 76% 94%
Ova1 * 94% 54%

ROMA ˆ 89% 83%
Overa * 91% 69%

* Studied in same patient population; + CA125-II assay (second generation); # CA125 not FDA-approved for
preoperative use; ˆ Meta-analysis [11]

Multivariate index assays have continued to evolve. In 2016, the FDA cleared a new generation
Ova1 test (Overa®) that essentially combines two MIA tests and maintains a high diagnostic sensitivity
with improved specificity [12], Table 2. The individual markers are CA125-II, HE4, apolipoprotein A-1,
follicle stimulating hormone, and transferrin. The preoperative indications are the same. Other panels
will soon follow [13]. Naturally, there are always temptations to move a diagnostic test into a
screening role, but without proper study, this is a premature and potentially harmful notion. Cancer
screening and cancer diagnostics are vastly different challenges with regard to disease prevalence and
endpoint objectives.

Ovarian biomarkers are not restricted to the blood. Ultrasound, like all imaging, is a biomarker
of disease. Ultrasound has been widely studied in the United States and Europe as a screening tool
and as a diagnostic adjunct. We are beginning to discover that ovarian ultrasound screening alone, or
in combination with CA125, may have the potential to save lives [14,15]. Findings from the United
Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) recently reported preliminary
results of a shift to early stage disease and a reduction in cancer deaths on follow up to 14 years with
multimodal ovarian cancer screening with serum CA125 interpreted using the Risk of Ovarian Cancer
Algorithm (ROCA), transvaginal ultrasound, and clinical assessment. ROCA is an algorithm used to
interpret longitudinal CA125 values for ovarian cancer screening. This story is far from over, but it is
definitely premature to begin screening the general population off protocol. In fact, shortly following
the UKCTOCS publication, the FDA, the American College of Obstetrics and Gynecology, and the
Society of Gynecologic Oncology all made prompt safety statements announcing that ROCA is not an
approved screening strategy and may trigger unnecessary surgical procedures.

How we combine biomarkers has a significant impact on their overall test performance. Tests can
be combined in series or parallel. When combined in series (A, B and C, etc.), the statistical consequence
is improved specificity at the expense of sensitivity. Conversely, tests combined in parallel (A or
B or C, etc.) will result in improved sensitivity with a compromise in specificity. At the risk of
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oversimplification, the MIA tests are essentially combining individual biomarker tests in a parallel
manner. Ova1 is a good example. Five biomarkers are applied in parallel in the same serum specimen
with resultant high sensitivity (and high negative predictive value), making it an excellent triage test.
If the test is low-risk, it is very unlikely to be malignant and the patient can have surgery without
consulting a specialist. But the apparent drawback of this MIA strategy can be a modest specificity
and ovarian tumors may have a high-risk test result even though cancer is not present. By requiring
that a mass be confirmed on imaging prior to ordering Ova1, there is a mandate of sorts to combine
an additional test (imaging) that localizes the problem to the ovary, improving both the sensitivity of
finding an abnormality and the specificity that the problem arises from the ovary (though not that it is
necessarily malignant).

Today, serum biomarkers alone are not enough. In developed countries, there is no practical
way to divorce serum biomarkers from ovarian imaging since ultrasound and CT scan are ubiquitous
tests available to nearly every woman. Ultrasound is far less expensive than a CT scan or MRI,
but ultrasound findings are limited mainly to the pelvis. An ultrasound-based morphology scoring
system is an effective and objective way to identify ovarian tumors at high-risk for malignancy.
The International Ovarian Tumor Analysis group (IOTA) has a multifaceted algorithm that has
been systematically evaluated in Europe to high acclaim [16]. There have also been attempts
to simplify the IOTA algorithm [17,18], and IOTA has yet to be evaluated in the United States.
Other morphology-based indices have been proposed and validated in the U.S. and abroad [19–21].
Moreover, much like longitudinal CA125 (ROCA), serial ultrasound offers improved diagnostic results
over a single evaluation (Figure 1) [22,23]. Serial ultrasonography is a sensible approach because each
tumor is evaluated both on its changing complexity and its physiologic evolution. There can be clinical
reasons not to perform serial evaluations on women with ovarian tumors. First, the presentation may
be so concerning for malignancy that prompt surgery is best. Second, the woman may be symptomatic
from the tumor so delayed intervention is problematic. Third, the patient may be traveling a great
distance or have other personal reasons why a delay in treatment is not feasible. In the absence of
these issues, a thoughtful re-evaluation is a valuable diagnostic option, and the data support this
concept for serum CA125 in ovarian cancer screening (ROCA) and serial ultrasound with a quantifiable
morphology index score in ovarian diagnostics (and maybe screening). The coup de gras, given our
present diagnostic capability, would be a combination of serial MIA biomarkers with serial ultrasound.
This data has yet to be published.

Figure 1. Results of serial ultrasound evaluation of ovarian tumors. MI, Morphology Index score,
University of Kentucky (Lexington, KY, USA).
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3. Yet-To-Come

Dickens was artful in his portrayal of Ebenezer Scrooge, allowing him to see his unflattering
future through Marley’s ghost of Christmas yet-to-come. Of course, after his apparitional vision
on Christmas Eve, Scrooge awoke transformed. And transformation is what we need for ovarian
cancer diagnostics. It is certainly possible that new innovations will give rise to novel diagnostic
insights, just as cancer therapy is trending toward targeted, molecular-based treatment. Although
personalized cancer treatment is still far from the standard of care, it does raise the question, “Can we
pursue a similar evolution in ovarian cancer diagnostics?” After 50 years, it is regrettable that we are
still searching for effective approaches to early cancer diagnosis, but we are. As we transition our
thinking and our oncology research to a molecular genetic model, we will recognize that this will unite
malignancies in a different way, based on common molecular footprints rather than on an anatomic
location or a given oncology specialty.

In the near term, we will see new types of serum cancer biomarkers that outperform our current
protein-based markers in both selectivity and accuracy. Nucleic acids are showing promise as a
new group of serum markers, including free DNA, mRNA, microRNAs, and circulating tumor
DNA (ctDNA) [24,25]. A thoughtful combination of protein and nucleic acid markers may permit a
comprehensive screening and diagnostic panel that captures all gynecologic malignancies in one
blood test. In the future, an annual pelvic ultrasound and a comprehensive serum biomarker
screening/diagnostic panel may replace the much maligned bimanual examination as part of the
annual gynecologic examination. If abnormal, repeat testing will provide a personalized, serial database
that will recalculate the likelihood of malignancy based on the objective change over time in tumor
morphology and physiology. As the diagnosis and treatment of cancer changes, so too must clinical trial
design to accommodate the new era of multiple biomarkers and targeted, personalized therapies [26].

Beyond the near future, germ-line cancer testing will be initiated at birth as part of newborn
screening. Today, we often recommend genetic cancer testing following a malignant diagnosis, which
is helpful for their future screening and for their relatives, but it is obviously a little late to prevent their
own cancer. The power of knowing individual genetic risk at birth is that it may potentially modify
behavior in those found to have a germ-line mutation, which comprise 5%–10% of cancers, and permit
selective screening algorithms that are customized to personal cancer risk. And periodic genomic
screening throughout one’s lifetime may help identify acquired mutations that predispose to specific
cancers, heighten awareness, alter personal behavior, and dictate medical surveillance. The technology
to sort, store and personalize this colossal amount of data is available today, a consequence of Moore’s
law whereby computer processing speeds and power have roughly doubled every two years beginning
in the 1960s. Cancer testing will quickly move beyond organ and specialty-specific screening. Whole
body scans and universal cancer panels will screen and monitor all cancers, solid and hematogenous.
An asymptomatic patient may not even need to see a physician if the annual evaluation is normal.
A new medical field for screening and early diagnostics will emerge for physicians and epidemiologists,
a field of study that is independent of patient gender, organ, or the subspecialties of today.

To get there, we must agree to work with industry innovators in medicine, technology and finance
to develop and fund novel strategies for diagnosis and screening. We must encourage the national
collaborative groups and the National Cancer Institute’s Clinical Trials Reporting Program to promote
screening and diagnostic trials with as much vigor as the interventional treatment trials. Since the
early detection of any cancer has the promise of shifting diagnosis to an earlier stage, cancer survival
will improve. This approach could ultimately revolutionize how we provide care for our patients, and
perhaps spare us yet another salvage chemotherapy trial for relapsed ovarian cancer.

So let us awake on a future Christmas morning with newfound clarity. Let us transform how we
categorize ovarian cancer, how we identify ovarian cancer, how we treat ovarian cancer, and possibly
how we screen for cancer in general. It did not take long for the Nuclear Age to change our worldview or
for the Information Age to profoundly alter our daily lives; with any luck, it will not take long to revisit
our approach to early diagnostics for ovarian cancer. If Ebenezer Scrooge can change his ways . . .
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Abstract: The aim of this study was to evaluate complications of surgical intervention for participants
in the Kentucky Ovarian Cancer Screening Program and compare results to those of the Prostate,
Lung, Colorectal and Ovarian Cancer Screening trial. A retrospective database review included
657 patients who underwent surgery for a positive screen in the Kentucky Ovarian Cancer Screening
Program from 1988–2014. Data were abstracted from operative reports, discharge summaries, and
office notes for 406 patients. Another 142 patients with incomplete records were interviewed by
phone. Complete information was available for 548 patients. Complications were graded using the
Clavien–Dindo (C–D) Classification of Surgical Complications and considered minor if assigned
Grade I (any deviation from normal course, minor medications) or Grade II (other pharmacological
treatment, blood transfusion). C–D Grade III complications (those requiring surgical, endoscopic,
or radiologic intervention) and C–D Grade IV complications (those which are life threatening) were
considered “major”. Statistical analysis was performed using SAS 9.4 software. Complications were
documented in 54/548 (10%) subjects. For women with malignancy, 17/90 (19%) had complications
compared to 37/458 (8%) with benign pathology (p < 0.003). For non-cancer surgery, obesity was
associated with increased complications (p = 0.0028). Fifty patients had minor complications classified
as C–D Grade II or less. Three of 4 patients with Grade IV complications had malignancy (p < 0.0004).
In the Prostate, Lung, Colorectal and Ovarian Cancer Screening trial, 212 women had surgery for
ovarian malignancy, and 95 had at least one complication (45%). Of the 1080 women with non-cancer
surgery, 163 had at least one complication (15%). Compared to the Prostate, Lung, Colorectal and
Ovarian Cancer Screening trial, the Kentucky Ovarian Cancer Screening Program had significantly
fewer complications from both cancer and non-cancer surgery (p < 0.0001 and p = 0.002, respectively).
Complications resulting from surgery performed as a result of the Kentucky Ovarian Cancer Screening
Program were infrequent and significantly fewer than reported in the Prostate, Lung, Colorectal and
Ovarian Cancer Screening trial. Complications were mostly minor (93%) and were more common in
cancer versus non-cancer surgery.

Keywords: ovarian cancer screening; complications; ovary; cancer; screening

1. Introduction

Ovarian cancer is the most common cause of gynecologic cancer death in the United States with
22,280 new cases and 14,240 deaths from the disease in 2016 [1]. Despite the introduction of targeted
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therapies, refinements in novel chemotherapy regimens, and advances in surgical techniques, survival
outcomes have remained essentially unchanged over time [2]. Most patients with ovarian cancer are
diagnosed with advanced stage disease where survival outcomes are poor. Surgical stage at the time
of diagnosis remains among the most important prognostic factors for patients with ovarian cancer.
Women with Stage I disease, where cancer is confined to one or both ovaries have a 10-year survival
rate of 74%, whereas those with Stages II, III, and IV disease have 10-year survival rates of 45%, 21%,
and <5%, respectively [3]. Identifying women with early stage disease is difficult since early ovarian
cancer does not reliably cause symptoms. A specific symptom profile has been described in patients
with ovarian cancer; however, it is most often reported in those with advanced stage disease [4].
Early stage disease rarely demonstrates this symptom profile [5,6].

The key to a successful screening program is the increased detection of early stage disease and
subsequent improved survival in the screen-detected cancers. Efforts in ovarian cancer screening
have focused on the integration of transvaginal sonography and serum biomarkers, specifically CA
125 [7–10]. Improved survival from ovarian cancer screening has been reported [11–13], especially
with regard to screen-detected incident ovarian cancers [9,14]. One large trial (the Prostate, Lung,
Colorectal and Ovarian (PLCO) Randomized Controlled Screening Trial: PLCO trial) failed to observe
improved survival in the intervention (screening) group [15] and reported a surprisingly high false
positive rate with 19 women recommended for surgery for every malignancy that was identified [16].
This is in contrast to other screening studies that reported lower false positive rates [9,11,13]. In the
PLCO trial, screen positive cases found to be non-malignant at surgery had an unexpectedly high
complication rate (15%) [15] and led to announcements that ovarian cancer screening does more harm
than good [17]. In comparison, the United Kingdom Controlled Trial on Ovarian Cancer Screening
(UKCTOCS trial) reported a surgical complication rate of less than 1% [9].

The present study examines complications in women undergoing surgery as a result of an
abnormality detected in the Kentucky Ovarian Cancer Screening Program, an ultrasound-based
program that has screened over 40,000 women from 1988 to present. We objectively evaluated
the number and type of complications observed in these women using the Clavien–Dindo (C–D)
Classification of Surgical Complications [18,19] and compared findings to those reported in the
PLCO trial.

2. Methods

The study was approved by the (University of Kentucky Institutional Review Board protocol
88-0021-9F with the most recent renewal on 11 August 2016. Women enrolled in the Kentucky
Ovarian Cancer Screening Program from 26 May 1988 to 1 June 2014 were included in the study group
(n = 41,529). The University of Kentucky Institutional Review Board approved this study. Women
were recruited by physician referral, media announcements, and word of mouth. Eligibility criteria
included asymptomatic women age 50 years or older without a family history of ovarian cancer,
or those 25 years or older with a documented family history of ovarian cancer in at least one first
or second-degree relative, and the ability to read and understand the informed consent presented
in English. Women under clinical evaluation because of pelvic symptoms, a known ovarian tumor,
or a personal history of ovarian cancer were excluded. Women enrolled in the Kentucky Ovarian
Cancer Screening Program underwent annual screening with transvaginal sonography. Abnormalities
were managed according to the study algorithm (Figure 1), which included increased frequency of
screening with transvaginal sonography, assessment of morphology index score, and serum CA 125
(Figure 2). Diagnostic surgical intervention was recommended if results indicated at least moderate
risk of malignancy according to the published protocol [20]. Minimally invasive surgical technique was
preferred, unless medical issues prohibited this approach. Details of the study algorithm, threshold for
intervention, and cancer outcomes have been previously published [12,20].
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Figure 1. Study algorithm for the Kentucky Ovarian Cancer Screening Program. Reprinted from [12].

 

Figure 2. Morphology Index (numeric value 0–10). Reprinted from [12].

In the first 26 years of the Kentucky Ovarian Cancer Screening Program, 657 patients underwent
surgical intervention for positive screens. Three investigators performed a thorough review of all
available medical records including operative reports, discharge summaries, and office notes. Phone
interviews were conducted when medical records were incomplete. A complication was defined as any
deviation from the normal postoperative course within 60 days of surgery. Complete information was
obtained for 548 patients. Physician investigators graded all surgical complications that were identified
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in these 548 patients according to the C–D Classification of Surgical Complications (Table 1) [18,19].
Complications were considered “minor” if they were C–D Grades I or II. Grade I complications
included any minor deviations from a normal postoperative course without the need for pharmacologic
intervention. Grade II complications consisted of complications treated pharmacologically. C–D Grade
III complications (those requiring surgical, endoscopic, or radiologic intervention) and C–D Grade IV
complications (those which are life threatening) were considered “major.”

Table 1. Classification of Surgical Complications. Modified from [19].

C–D Grades Definition

Grade I

Any deviation from normal postoperative course without the need for pharmacological
treatment or surgical, endoscopic and radiological interventions. Acceptable

therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, and
electrolytes and physiotherapy.

Grade II Requiring pharmacological treatment with drugs other thanthan such allowed for
Grade I complications.

Grade III Requiring surgical, endoscopic or radiologic intervention.
Grade III-a Intervention not under general anesthesia.
Grade III-b Intervention under general anesthesia.

Grade IV Life threatening complications (including CNS complications) ‡ requiring
IC/ICU management.

Grade IV-a Single organ dysfunction (including dialysis).
Grade IV-b Multi organ dysfunction.

Grade V Death of patient.

Suffix “d”

If the patient suffers from a complication at the time of discharge (see examples in
Appendix B, http://Links.Lww.com/SLA/A3), the suffix “d” (for “disability”) is
added to the respective grade of complication. This label indicates the need for a

follow-up to fully evaluate the complication.
‡ Brain hemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks (TIA);
IC: intermediate care; ICU: intensive care unit (www.surgicalcomplications.info).

Descriptive analysis for demographics and clinical factors was performed. We used χ
2 tests to

examine associations between complication status (yes and no) and other factors such as age, race, body
mass index (BMI), type of surgery, cancer status, and type of hospital where surgery was performed.
Multivariate logistic regressions were fitted to evaluate the association between complication status and
other factors. The final model included only covariates with a significance level of 0.05 or less. Model
goodness of fit, multicollinearity, and interactions were also examined. All analyses were performed
using SAS Statistical software version 9.4. All statistical tests were two-sided with a p-value ≤0.05
used to identify statistical significance.

3. Results

Complete clinical information was available on 548 of the 657 patients who underwent surgery for
positive screens in the Kentucky Ovarian Cancer Screening Program between the years of 1988–2014.
A summary of demographic information is presented in Table 2 and shows that women with and
without complications were similar. Complications were documented in 54 of 548 (10%) subjects.
Fifty patients (93%) had minor complications classified as C–D Grade II or less, while four had
complications categorized as C–D Grade IV. Complication profiles for individuals are shown relative
to age and BMI in Figure 3.
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Figure 3. Clavien–Dindo classification of complication relative to age (A) and BMI (B) in women with
benign (green circles) and malignant results (red circles) at surgery.

Table 2. Demographics of the group studied.

Variable No Complications Complications Excluded

N = 494 N = 54 N = 109
Age 59.7, 59 (29–86) 59.6, 59 (38–79) 59.6, 60 (36–84)
Weight 163.6, 158.5 (80–368) 173.7, 170 (121–274) 159.2, 150 (101–250)
Height 64.6, 64.5 (55–71) 64.4, 65 (60–70) 64.5, 64 (57–72)
BMI 27.6, 26.6 (15.1–58.4) 29.4, 29.2 (19.9–45.7) 26.9, 25.8 (18–43.9)
Family history of:

Ovarian cancer 132 (26.7%) 15 (27.8%) 36 (33%)
Breast cancer 27 (50%) 217 (43.9%) 46 (42.2%)
Breast cancer personal history 8 (14.8%) 39 (7.9%) 8 (7.3%)
Colon cancer 128 (25.9%) 11 (20.3%) 46 (24.7%)
Colon cancer personal history 3 (0.6%) 0 (0%) 1 (0.9%)

No history of hormone
replacement therapy 372 (75.3%) 43 (79.6%) 65 (59.6%)

History of hormone
replacement therapy 122 (24.7%) 11 (20.4%) 38 (34.9%)

Menopausal Status
Premenopausal 73 (14.8%) 6 (11.1%) 18 (16.5%)
Perimenopausal 18 (3.6%) 0 7 (6.4%)
Postmenopausal 403 (81.6%) 48 (88.9%) 84 (77.1%)

Any symptoms 254 (51%) 30 (55.5%) 51 (46.8%)
Ovarian cancer symptoms * 27 (14.8%) 4 (7.4%) 5 (4.6%)
Other symptoms ** 248 (50.2%) 30 (55.6% 48 (44%)

Mean, median (range) * Women reporting pelvic or abdominal pain, being unable to eat normally, feeling full quickly,
feeling abdominal bloating or increased abdominal size presenting for >12 days per month with an onset in less
than the last 12 months. ** Women reporting back pain, indigestion, nausea, vomiting, weight loss, urinary urgency,
frequent urination, constipation, menstrual irregularities, bleeding after menopause, pain during intercourse,
fatigue, leg swelling, difficulty breathing. Any symptoms: any symptom included under ovarian cancer symptoms
or other symptoms without regard to frequency of duration.

Complication rates were compared for surgeries that resulted in the diagnosis of malignancy
versus surgery for false positive screens with benign pathology. For women with malignancy, 17 of 90
(19%) had complications compared to 37 of 458 (8%) with benign pathology (p < 0.003), Figure 4. Thus,

37

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 16

a diagnosis of cancer increased the likelihood of complications with an odds ratio of 2.65. Three of four
patients with C–D Grade IV complications had malignancy, while one Grade IV complications occurred
in the benign conditions group (p < 0.0004). In the PLCO trial, 212 women in the intervention group
had surgery for ovarian malignancy, and 95 had at least one complication (45%). Of the 1080 women
with surgery with a benign outcome, 163 had at least one complication (15%), yielding an odds ratio of
3 for complications in surgical cancer cases over benign surgical cases. Complication rates from the
Kentucky Ovarian Cancer Screening Program were compared with the PLCO trial results. Compared to
the PLCO trial, the Kentucky Ovarian Cancer Screening Program had significantly fewer complications
from both cancer (p < 0.001) and non-cancer surgery (p = 0.002) based on chi-square analysis (Figure 4).

 

Figure 4. Complications associated with surgery.

Bivariate analysis of complication status versus other clinical variables was performed and obesity
was associated with increased incidence of complication, p = 0.049 (Table 3). Evaluating clinical
variables by cancer status, obesity was not associated with increased complications in surgeries
performed for non-cancer pathology, p = 0.458 (Table 4). While patients with a cancer diagnosis were
significantly older than those with a benign diagnosis, p = 0.002 (Table 4), age was not different for
those who had complications when compared to those that did not, p = 0.463 (Table 3). Other factors
evaluated in bivariate analysis did not show significant differences based on complication status.

Table 3. Associations between complications and other factors.

Variables
Complications No Complications

p-Value
N % N %

Age 0.463
<50 7 13.0 75 15.2
50–64 32 59.3 257 52.0
65–74 10 18.5 121 24.5
75+ 3 5.6 35 7.1
Unknown 2 3.7 6 1.2

Weight 0.049
Under-weight 0 0.0 5 1.0
Normal 11 20.4 185 37.4
Over-weight 20 37.0 175 35.4
Obese 20 37.0 108 21.9
Extreme obesity 3 5.6 21 4.3

38

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 16

Table 4. Patient characteristics by cancer status.

Variables
Cancer Non-Cancer

p-Value
N % N %

Age 0.002
<50 6 6.7 76 16.6
50–64 38 42.2 251 54.8
65–74 33 36.7 98 21.4
75+ 11 12.2 27 5.9
Unknown 2 2.2 6 1.3

C–D Grade N % N % <0.001
None 73 81.1 421 92.0
Minor 14 15.6 36 7.9
Severe 3 3.3 1 0.2

Weight 0.458
Under-weight 1 1.1 4 0.9
Normal 37 41.1 159 34.7
Over-weight 31 34.4 164 35.8
Obese 20 22.2 108 23.6
Extreme obesity 1 1.1 23 5.0

In multivariate analysis, obesity was determined to be associated with increased risk of
complication versus normal weight (OR 3.17, 1.46–6.90). The location where the procedures were
performed was also significantly associated with complication risk (OR 1.97, 1.07–3.65) (Table 5).

Table 5. Odds ratio estimates.

Effect Odds Ratio 95% Confidence Limits

Age
Unknown vs. 50–64 4.75 (0.86–26.19)
<50 vs. 50–64 0.76 (0.32–1.81)
75+ vs. 50–64 0.77 (0.22–2.71)
65–74 vs. 50–64 0.69 (0.33–1.48)

Weight
Overweight vs.

Underweight/Normal 2.06 (0.95–4.49)

Obese vs.
Underweight/Normal 3.17 (1.46–6.90)

Location
UK vs. Non-UK 1.97 (1.07–3.65)

4. Discussion

Ovarian cancer is the second most common gynecologic cancer, but the most common cause
of gynecologic cancer death. Most women have advanced disease at the time of their diagnosis,
with cancer spread throughout the peritoneal cavity and occasionally into the pleural cavity. Despite
aggressive surgery and chemotherapy [21], the five-year overall survival for patients with advanced
ovarian cancer is less than 30%. Unfortunately, only about 25% of women present with early stage
ovarian cancer, where the five-year overall survival may exceed 80%–90% with appropriate surgical
staging and adjuvant therapy.

Ovarian cancer screening with transvaginal sonography and serum biomarkers has been explored
as a means for increasing the number of women diagnosed with early stage disease [7–13,20]. This shift
in stage at diagnosis should result in an improved overall survival as a result of screening. There is
a need for ovarian cancer screening because early stage disease rarely produces reliable symptoms.
Goff and colleagues reported a symptom profile associated with ovarian cancer [4,22], which included
abdominal pain or bloating, pelvic pain, and urinary symptoms present for more than two weeks
out of the month and persisting for fewer than 12 months. The effectiveness of a symptom profile is
limited as a screening tool because the profile is most useful for identifying advanced stage disease.

Ovarian cancer screening presents unique challenges that are inherent to the disease itself. First,
ovarian cancer has a low incidence with only 22,280 new cases expected in 2016, compared to breast or
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colorectal cancer in women with 246,660 and 68,830 new cases, respectively [1]. The annual balance of
deaths from disease to incident cases for ovarian cancer (0.639) is 3.9 times higher than for breast (0.164)
and 1.8 times higher than for colorectal cancer (0.346), indicating that ovarian cancer is a much deadlier
disease. This is reflected in the low prevalence of ovarian cancer with an estimated 195,767 women
living with the disease in the United States in 2013, relative to colorectal (1,177,556) and breast cancers
(3,053,450) [23].

A second challenge in ovarian cancer screening is the lack of a thorough understanding of the
etiology and natural history of ovarian, primary peritoneal, and fallopian tube cancer. Historically,
ovarian cancer was thought to arise from the surface epithelium of the ovary. However, this did
not explain normal size ovaries as seen in primary peritoneal cancers. The similarities between
serous ovarian and primary peritoneal cancers from the standpoint of genetic mutations, histology,
behavior, and response to treatment suggest similar etiologic factors. More recently, investigators
have hypothesized that ovarian, primary peritoneal, and fallopian tube cancers originate from
serous intraepithelial carcinomas in the fallopian tube [24–33]. If this is the case, then screening
for abnormalities of the ovary with transvaginal sonography will prove futile because the early
abnormalities exist in the fallopian tube. This model is founded on the presence of microscopic disease
that is below the resolution of biomarkers and ultrasonography, and consequently implies that these
screening tools cannot be effective. However, the discovery of Stage I cancers in several screening
studies indicates that biomarker and ultrasonography screening modalities are sufficiently effective
in detecting ovarian cancer early enough to decrease mortality and increase survival [9–12]. Thus,
cases that have progressed beyond microscopic disease in the distal fallopian tube can be detected
by biomarker and ultrasonography screening often enough to achieve a favorable prognosis for
extending survival.

In the present report, we evaluate the complications related to surgery for a positive ovarian
cancer screen. In other cancers, such as breast, colon, and cervical, a diagnostic biopsy is performed
to determine the presence or absence of malignancy. Percutaneous or transvaginal biopsy of ovarian
abnormalities is not recommended because of concern for “seeding” the needle track in the case of
malignancy, or for rupturing a malignant tumor, resulting in potentially worse outcomes. Given
the aggressive nature of ovarian cancer, these two possibilities could impact the need for adjuvant
treatment, or increase the risk of recurrence in early stage disease. As a result, patients with a positive
screen indicating a moderate to high risk of malignancy are offered definitive surgery for diagnosis.
In most cases, removal of an ovary or ovaries because of an abnormality detected on ovarian cancer
screening can be accomplished using a minimally invasive technique, but there are situations when this
is not medically recommended. Surgical exploration for a positive screen introduces the possibility of
intervention for benign or false positive ovarian abnormalities. The combination of a high percentage
of surgeries for women without a malignancy in the PLCO trial (1 malignancy for every 19 surgeries)
coupled with a high complication rate [15] led to published statements that screening is harmful [17].

In conclusion, little has been published regarding the nature of the complications reported from
surgeries resulting from ovarian cancer screening. In this investigation, we report a low complication
rate, with 93% classified as minor. Similarly, the UKCTOCS trial reported a very low complication
rate of less than one percent in both screening groups [9]. The procedures of the PLCO trial were
to notify the referring physician that a screen was abnormal, but not to make recommendations on
whether surgery should be performed or by whom. It is possible that the high complication rates
reported in the PLCO trial [15] are related to the recent recognition that better outcomes are achieved
when ovarian cancer is treated by specialists at high volume hospitals [34–39], and this benefit may
particularly apply to early stage ovarian cancers [40]. Ultimately, the methods used to decide who
went to surgery and who would perform the operation may best explain the high false positive rates
and high complication rates observed in the PLCO trial.
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Abstract: To examine how frequently and confidently healthy women report symptoms during
surveillance for ovarian cancer. A symptoms questionnaire was administered to 24,526 women
over multiple visits accounting for 70,734 reports. A query of reported confidence was included
as a confidence score (CS). Chi square, McNemars test, ANOVA and multivariate analyses were
performed. 17,623 women completed the symptoms questionnaire more than one time and
>9500 women completed it more than one four times for >43,000 serially completed questionnaires.
Reporting ovarian cancer symptoms was ~245 higher than ovarian cancer incidence. The positive
predictive value (0.073%) for identifying ovarian cancer based on symptoms alone would predict
one malignancy for 1368 cases taken to surgery due to reported symptoms. Confidence on the
first questionnaire (83.3%) decreased to 74% when more than five questionnaires were completed.
Age-related decreases in confidence were significant (p < 0.0001). Women reporting at least one
symptom expressed more confidence (41,984/52,379 = 80.2%) than women reporting no symptoms
(11,882/18,355 = 64.7%), p < 0.0001. Confidence was unrelated to history of hormone replacement
therapy or abnormal ultrasound findings (p = 0.30 and 0.89). The frequency of symptoms relevant
to ovarian cancer was much higher than the occurrence of ovarian cancer. Approximately 80.1% of
women expressed confidence in what they reported.

Keywords: symptoms; questionnaire; certainty/uncertainty

1. Introduction

Intake forms are commonly used in clinical care and are often presented to women undergoing
well-woman exams and routine gynecologic care. Guidelines exist for British general practitioners [1]
as well as for American generalists [2] for collecting and evaluating information on symptoms related
to ovarian cancer (OvCA). Women who report certain symptoms are candidates for testing with Ca125,
pelvic ultrasound and/or referral to a gynecologic oncologist. Symptoms indicative of ovarian cancer
have been included in information collected through the Patient Reported Outcomes Measurement
Information System (PROMIS [3,4]) developed by NIH in the United States and integrated with
electronic medical records in the ambulatory care setting [5]. Discrepancy has been described between
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clinician and patient symptoms reporting with many cancer-related symptoms going unrecognized [6].
The dynamics of communication between the physician and patient can be complex and lead to this
discrepancy in symptoms discovery with the doctor assuming that the patient will initiate a revealing
conversation while the patient expects the doctor to inquire about possible symptoms. Differences in
symptoms reporting even exist between paper and electronic reporting [7].

The present report is unique in that it examines factors influencing personal confidence inherent
to symptoms reporting by focusing on a large cohort of women without cancer. This report focuses on
intake information specific to symptoms of ovarian cancer for deciding the possibility of malignancy.
We have employed a questionnaire containing a constellation of symptoms (both related and not
related to ovarian cancer) that was reported on by Goff [8]. While data challenging the power of this
symptoms index to identify early-stage ovarian cancer has been reported [9,10], symptoms information
cannot be ignored, otherwise delays in diagnosis can occur [11]. We have added a self-administered
evaluation of reporting confidence to the Goff symptoms questionnaire in order to assess the degree to
which women are confident in their responses and have analyzed serially completed questionnaires to
determine how time and repeated exposure to symptoms reporting affect confidence. Contemplation
of patient-reported confidence is paralleled by the judiciary system where a great deal of emphasis is
placed on witness confidence in determining the credibility of testimony [12]. Our report is noteworthy
because it identifies changing patient confidence in information that they report on questionnaires
which should make physicians more sensitive to the reliability of patient responses.

2. Materials and Methods

Women enrolled in the ongoing ultrasound-based University of Kentucky Ovarian Cancer
Screening Program [13–15] from 1987 to July 2013 consisted of both women in the general population
and those of high risk based on confirmation of a primary or secondary relative diagnosed with ovarian
cancer (n = 41,529). Approval was received from the University of Kentucky Institutional Review
Board (IRB number 88-0021-9F6, renewed 11 August 2016). Women were recruited by physician
recommendation, media announcements, and word of mouth. Women needed to be competent
and understand the terms of the informed consent presented in English, or they were excluded
from screening.

Participants in this screening program are characterized as health conscious (>90% medical
checkups, >85% annual mammography), well educated (>50% college, ~3% not high school graduates),
married (75%) and medically insured (95%) [16].

In October of 2008, participants began completing a modified symptoms questionnaire printed
in English which was originally developed by Goff et al. [8]. In total, 24,526 women completed the
questionnaire and 17,623 women completed the questionnaire more than once on subsequent screens,
for a total of 70,734 evaluated questionnaires. The questionnaire was in the exact form as published by
Goff, [8] but was modified to include the confidence of the responder as reported [9]. This modification
added the question: “How confidently did you answer these questions?” The possible responses
were: “no confidence” = 0, “minimally sure” = 1, “more than minimally sure” = 2, “pretty sure” = 3,
“sure” = 4 and “absolutely sure” = 5. The screening sonographer queried each participant about their
understanding of each symptom and was responsible for the participant providing answers to all data
fields prior to screening. Sonographers gave explanations about the symptoms on the questionnaires
as a clarification process prior to screening. Effort was made to model general clinical practice by
presenting clarifications as necessary at every participant encounter with the questionnaire. The setting
for this study was most similar to women presenting for well-woman exams or routine gynecological
checkups. Each questionnaire was completed prior to screening ultrasonography. Over the course of
the study 12 different sonographers were involved, each of which received individual training related
to questionnaire administration.

Study eligibility, exclusions, instrumentation, protocol, criteria for designating an abnormality,
data collection and storage were as previously reported [14,17–19]. In brief, criteria for eligibility were:
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(1) women aged ≥50 years and (2) women aged 25–49 years with a documented family history of
OvCA in at least one primary or secondary relative.

Participants provided their medical history, surgical history, menstrual history/menopausal
status, hormonal use, and family history of cancer. Women with a known ovarian tumor or a personal
history of OvCA were excluded. Ultrasound findings were designated as abnormal if ovarian volume
exceeded 20 cm3 for pre-menopausal women or 10 cm3 for post-menopausal women, and if cysts
(with septations, solid areas, or papillary projections) as well as echogenic solid structures were
observed. An abnormal screening result referred exclusively to the ultrasound result per se and not to
biomarkers or genetic testing results. Less than 100 women were observed to have free fluid on their
ultrasound exam and free fluid generally resolved on their subsequent exam(s) so that free fluid was
not treated as an informative predictor.

Following an abnormal ultrasonographic result, repeat screens were scheduled at intervals ranging
from six weeks to six months and the symptoms questionnaire was re-administered at each screening.
In the present study, the majority of screens were administered annually. The mean interval between
questionnaires was 1.15 years ± 0.01 (SEM), median = 1.03 years, min = 0.02 years/max = 4.9 years,
75th percentile = 1.13 years, 90th percentile = 1.49 years, 95th percentile = 1.95 years. Criteria for
Goff symptoms related to ovarian cancer were a symptom presenting for >12 days per month with
an onset <12 months for having pelvic or abdominal pain, being unable to eat normally, feeling full
quickly, feeling abdominal bloating or increased abdominal size. Symptoms unrelated to ovarian cancer

included on the Goff questionnaire (non-Goff symptoms) used in the present study were: back pain,
indigestion, nausea, vomiting, weight loss, urinary urgency, frequent urination, constipation, diarrhea,
menstrual irregularities, bleeding after menopause, pain during intercourse, fatigue, leg swelling,
difficulty breathing.

Confidence of respondents on the symptoms questionnaire was examined in terms of age,
menopausal status, body mass index (BMI), hormone replacement therapy (HRT) usage, reporting
no vs. any symptoms, number of Goff symptoms reported, number of non-Goff symptoms reported,
number of any symptoms reported and receipt of an abnormal ultrasound screening result. Subjects
with missing information listed above were excluded.

Statistical Methods

All information was entered by the sonographer performing the ultrasound into a Medlog
database (Medlog Systems, Crystal Bay, NV, USA) using encodings for symptoms, severity,
frequency & duration to minimize error on an electronic template organized identically to the printed
questionnaire. Random audits of the data and corrections yielded estimates of accuracy greater than
98%. Significance was determined at the p ≤ 0.05 level in order to robustly identify differences.
Proportions were compared using chi-square statistics. In longitudinal analysis, McNemars test for
correlated proportions in the marginals was used.

Multivariate analysis: Two binary variables were created from the symptoms confidence scores
(CS): (1) no confidence defined as a confidence score of 0 versus all other (higher) scores and (2) little
confidence defined as a score of 0 or 1 versus all other (higher) scores. Each was tabulated against
the assessment number. It was decided to abbreviate the assessment number as 1, 2, 3, 4, or 5 plus
assessments on the basis of the sample size for each value and due to the fact that the percentage of
respondents with no or little confidence did not vary much beyond the fifth time the confidence score
was recorded. Similar cross tabulations were done for other potential explanatory variables including
BMI (recorded as less than 25, 25–29.99, or 30 plus); presence of HRT (yes or no); number of reported
Goff symptoms complying with frequency (>12 days/month) and duration (<12 months) recorded
as 0, 1, or 2 plus; abnormal screen (yes or no); menopausal status (premenopausal, postmenopausal,
or peri-menopausal); and the number of other symptoms (non-Goff symptoms, recorded as 0, 1–10,
and ≥11). Age at the assessment was not recoded.
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To compare the percentage of “no” or “little” confidence scores among assessments, a generalized
linear mixed model was constructed based on a logit link function. Confidence was rated on a six-point
Likert (ordinal) scale. The model was fitted using a generalized estimating equation (GEE) procedure
to account for repeated assessments on the same subject (working correlation matrix estimated using
a compound symmetry assumption). This was done for both a reduced model with only assessment
number as a predictor variable and then for a full model with all variables outlined above used as
predictor variables. Because the results for the assessment variable were similar for each model, we report
only the results for the full model. Statistical significance was determined at the 0.05 level. The GEE
models were fitted using PROC GENMOD in PC-SAS, Version 9.3 (SAS Institute, Cary, NC, USA).

3. Results

The demographic characteristics of the group studied are presented in Table 1. None of these
women had a diagnosis of ovarian malignancy during the study period or during 40 months of
follow-up. Only a small fraction (7.1%) experienced an abnormal ultrasound exam during the study
period during which they completed symptoms questionnaires. A total of 24,526 women completed
70,734 symptoms questionnaires (Table 2). The vast majority of participants (prevalence = 88.8%) at
some time reported one or more of the constellation of symptoms with only 11.2% never reporting
any symptom, shown in Table 2. About a third of reported symptoms (31.9%) occurred on the first
questionnaire, while 68.1% had no symptoms on the first reporting. Only 11.5% did not report any
symptoms after reporting symptoms on the first report, while about twice as many (20.7%) continued
to report symptoms, shown in Table 2. A majority (67.8%) reported symptoms after not having
symptoms on the first reporting, accounting for a 60.2% incidence, shown in Table 2. More than
9500 women completed the symptoms questionnaires four or more times, accounting for more than
43,000 symptoms questionnaires completed four or more times (Table 3). Examination of reported
confidence on the symptoms questionnaires was made with confidence considered as both a confidence
score >0 and >1.

Confidence (CS > 0) was highest on the first questionnaire completed (83.3% of all respondents)
and decreased to 74% when five or more questionnaires were completed (Table 4). Complete lack
of confidence (CS = 0) in symptoms reporting was observed in 21.1% of all responses and increased
(from 16.7% to 26%) as a function of questionnaires completed (Table 4, CS = 0 line), showing decreasing
confidence despite increasing experience with the symptoms questionnaire.

Table 1. Demographic characteristics of the study group at first symptom evaluation.

Variable All, n = 24,526 Women

Age 61.7, 61 (24–99)
Parity 2.3, 2 (1–19)

Weight (pounds) 162.4, 156 (76–420)
Height (inches) 64.3, 64 (47–78)

BMI 27.6, 26.6 (12.6–80.5)
Family history of:

Ovarian cancer 5566 (22.7)
Breast cancer 10,935 (44.6)
Colon cancer 6595 (26.9)

Personal history of:
Breast cancer 2278 (9.3)
Colon cancer 202 (0.8)

No history of hormone replacement therapy 21,206 (86.5)
History of hormone replacement therapy 3315 (13.5)

Nulliparous 3500 (14.3)
Premenopausal 1597 (6.5)
Perimenopausal 444 (1.8)
Post menopausal 22,840 (93.1)

Abnormal exam history 1742 (7.1)
Any symptoms 18,610 (75.9)
Goff symptoms 845 (3.4)

Other symptoms 16,433 (67.0)

Data are mean, median (range) or n (%). BMI: body mass index.
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Table 2. Frequency and occurrence of symptoms.

Duration Period of Data Collection Studied 15 April 2008–25 June 2013

Women screened 24,526 (100%)

Symptoms questionnaires administered 70,734 (100%)

Questionnaires reporting symptoms 52,467 (64.3%)

Women reporting symptoms 21,789 women (88.8%) on 52,467 questionnaires

Women never reporting symptoms 2737 (11.2%)

Women reporting symptoms on first symptoms questionnaire 6956 (31.9% of women reporting symptoms)

Women reporting symptoms with no symptoms on first
symptoms questionnaire 14,833 (68.1% of women reporting symptoms)

Women reporting symptoms on first symptoms questionnaire
AND subsequently no symptoms reported

2503 (38.2% of women reporting symptoms on 1st
questionnaire; 11.5% of all women reporting symptoms)

Women reporting symptoms on first symptoms questionnaire
AND subsequently symptoms reported

4515 (68.9% of women reporting symptoms on 1st
questionnaire; 20.1% of all women reporting symptoms)

Women reporting NO symptoms on first symptoms
questionnaire AND subsequently symptoms

14,771 (99.6% of women with no symptoms on 1st
questionnaire; 67.8% of women reporting symptoms)

Table 3. Frequency of symptom questionnaire completion.

Number of Symptoms
Questionnaires Completed

Women Completing
Questionnaire (n)

Total Questionnaires
Completed

1 6903 6903
2 4423 8846
3 3696 11,088
4 4530 18,120
5 4168 20,840
6 714 4284
7 84 588
8 7 56
9 1 9

Total 24,526 70,734

Table 4. Confidence as a function of the number of symptoms questionnaires completed.

Confidence
Questionnair
Completed

Nunber
Completed

Nunber
Completed

Nunber
Completed

Nunber
Completed

Total
Completed

Confidence Score (CS) 1st 2nd 3rd 4th 5 or more All times
0 4103 (16.7) 4055 (23) 2992 (22.7) 2226 (23.4) 1529 (26) 14,905 (21.1)
1 714 (2.9) 443 (2.5) 391 (3) 250 (2.6) 165 (2.8) 1963 (2.8)
2 506 (2.1) 411 (2.3) 349 (2.6) 226 (2.4) 172 (2.9) 1664 (2.4)
3 4090 (16.7) 1984 (11.3) 1353 (10.3) 989 (10.4) 593 (10.1) 9009 (12.7)
4 4280 (17.5) 3477 (19.7) 2774 (21) 2127 (22.4) 1289 (21.9) 13,947 (19.7)
5 10,833 (44.2) 7252 (41.2) 5341 (40.5) 3686 (38.8) 2134 (36.3) 29,246 (41.3)

Responses 24,526 (100) 17,622 (100) 13,200 (100) 9504 (100) 5882 (100) 70,734 (100)
Women completing 1 2 3 4 ≥5 Questionnaires

n 6903 4423 3696 4530 4974 24526
Comparisons

1 vs. 2,3,4 or >4 p < 0.0001

2 vs 3, 4 NS p > 0.5
2, 3, 4 vs. >4 p < 0.0001

Response scores were: “no confidence” = 0, “minimally sure” = 1, “more than minimally sure” = 2, “pretty sure” = 3,
“sure” = 4 and “absolutely sure” = 5. Analysis for difference included both 0 vs. all other scores and 0 + 1 vs. all
other score in both 2 × 2, 2 × 6, 2 × 5 contingency tables. NS: not statistically significant.

3.1. General Factors Associated with Expressions of Confidence in Symptoms Reporting

With increased age, a statistically significant decrease in confidence in symptoms reporting was
observed (Table 5), with the fall-off appearing after age 60 so that the ratio of confident to non-confident
women over 75 years (2.0) was half that of women under 40 (4.0), shown in Table 5.
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Table 5. Confidence as a function of age.

Age, Years
Confidence n (%)

Y/N Ratio
Women N = No Y = Yes

25–40 1073 (1.5) 214 (19.9) 859 (80.1) 4.0
41–50 2911 (4.1) 562 (19.3) 2349 (80.7) 4.2
51–60 21,668 (30.6) 4094 (18.9) 17,574 (81.8) 4.3
61–74 35,900 (50.8) 8972 (25) 26,928 (75) 3.0
≥75 9182 (13) 3026 (33) 6156 (67) 2.0
Total 70,734 (100) 16,868 53,866

For women under age 40, 80.1% (859/1073) expressed confidence in their response and this
decreased to 76.1% for all women over 40 (53,007/69,661), shown in Table 5. Confidence decreased to
75.9% (50,658/66,750) for women over 50, to 73.4% (33,084/45,082) for women over 60 and to 68.9%
(11,565/16,778) for women over 70 (p < 0.0001). Expressed confidence for postmenopausal women
was 75.7% (49,100/64,831), mirroring confidence for women over 50 years of age.

The fraction of underweight (BMI ≤ 18.5) and normal weight (BMI = 18.5–24.9) women who
expressed confidence in their reporting (21,263/27,932 = 76.1%) was not significantly different from
overweight (BMI = 25–29.9) and obese (BMI ≥ 30) responders (32,603/42,802 = 76.2%). The fraction of
women that received an abnormal screening result and expressed confidence in their reporting only
differed by 1% from the fraction of women that had a normal screening result, while for only Goff
symptoms the difference was 6% and not statistically significant.

Significantly more women reporting at least one symptom expressed confidence in their responses
(41,984/52,379 = 80.2%) than women who reported no symptoms (11,882/18,355 = 64.7%), p < 0.0001.
Women that reported at least one Goff symptom relevant to ovarian cancer expressed confidence
with the same frequency (1597/1931 = 82.7%) as women that did not report any Goff symptoms
(9895/11,871 = 83.4%). There were more women that expressed confidence who reported at least one
of the symptoms (those not relevant to ovarian cancer) (37,163/45,992 = 80.8%) than women who did
not report any symptoms (16,703/24,742 = 67.5%), p < 0.0001. Thus, participants that were the least
certain about what they reported were those women who did not report having symptoms.

3.2. Longitudinal Analysis of Confidence Stability

Efforts were directed at determining if confidence scores changed as individuals completed
more symptoms evaluations. Analysis focused on 17,623 individuals who completed two or more
symptoms questionnaires. Results were based on individuals initially reporting some confidence
(CS > 0) and tracked on the basis of the number of symptoms questionnaires that were completed.
The change between the first and last confidence score was determined for each individual as increasing,
decreasing or unchanged. The fraction of women that demonstrated a decrease in confidence
expanded as additional questionnaires were completed (Figure 1). Confidence remained unchanged
in approximately one-third of the cases (35.1%–37.4%, Table 6). Confidence scores increased in ~20%
of women that initially reported some confidence (CS > 0: 18.4%–22.6%, Table 6). Decreases in
confidence occurred in just under 50% of the individuals that initially reported some confidence
(CS > 0: 41.4%–46%, Table 6). There was a statistically significant difference in the response distribution
between individuals completing the questionnaire two to three times vs. those taking the questionnaire
five or more times (p < 0.005), shown in Table 6. Examining paired longitudinal differences using
the McNemars test showed a significant difference (p < 0.0001) for completing three, four, or five or
more evaluations compared to two evaluations (Table 6). Thus, longitudinal analysis indicated
a trending decrease of confidence scores (Table 6) in almost half of the women completing the
symptoms questionnaires.
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Figure 1. Confidence reported as a function of the number of symptoms questionnaires completed.
Decreased confidence reported by women who originally reported confidence (CS > 0).

Table 6. Longitudinal stability as a function of the number of symptoms questionnaires completed
(CS > 0).

Questionnaires
Completed

Change n % Comparison Significance

2 a. Increased 827 22.6% 2 vs. 3, 4 NS
2 b. Unchanged 1318 36.0% 2 vs. ≥5 p < 0.005
2 c. Decreased 1518 41.4%
2 Sub-total 3663 100.0%
3 a. Increased 688 22.3% 3 vs. 4 NS
3 b. Unchanged 1101 35.7% 3 vs. ≥5 p < 0.005
3 c. Decreased 1297 42.0%
3 Sub-total 3086 100.0%
4 a. Increased 708 18.4% 4 vs. ≥5 NS
4 b. Unchanged 1439 37.4%
4 c. Decreased 1702 44.2%
4 Sub-total 3849 100.0%
≥5 a. Increased 793 18.8% 4 vs. ≥5 NS
≥5 b. Unchanged 1478 35.1% 3 vs. ≥5 p < 0.005
≥5 c. Decreased 1936 46.0% 2 vs. ≥5 p < 0.005
≥5 Sub-total 4207 100.0%

Significance in the table is based on chi square 3 × 2 contingency table analyses. p < 0.0001 using McNemars test
for correlated proportions in the marginals of a 2 × 2 contingency table for initial confidence >0 where decreased
paired confidence = ”Yes”. Comparisons were for two to five or more evaluations. Odds ratio changed from
1.18 (two vs. three evaluations) to 1.496 (two vs. five or more evaluations). p < 0.0001 using McNemars test for
initial confidence = 0 where increased confidence = “Yes”.

3.3. Multivariate Analysis

Relating the binary outcome (confidence scale) to the number of symptoms questionnaires
completed was based on the frequencies reported in column 2 of Table 3 and not on arbitrarily
varying the cut point to achieve significant results. The percentage of respondents expressing no
confidence increased significantly from 16.7% after the first assessment (p < 0.0001 when each of the no
confidence levels for assessments two, three, four, or five plus were compared to the first assessment).
It then leveled off during assessments two, three, or four (23.0%, 22.7%, and 23.4%, respectively)
which were not statistically different from each other. However, by assessment five or later, those
expressing no confidence increased to 26.0% which is significant when compared to assessments
two, three, or four (p < 0.001 in all cases). All other variables examined were significant in the
multivariate model except for use of hormone replacement therapy (p = 0.44), and normal vs. abnormal
screening exams (p = 0.09). Thus, although the number of women with abnormal findings is small,
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so it should be expected to have little effect in this study, it does not test as a confounder. Specifically,
the percentage of patients expressing no confidence increased with age (p < 0.001). The percentage
was stable through age 60 and then increased steadily from 18.8% to 32.8% by age 85; decreased
for morbidly obese patients (19.9% compared to normal BMI 21.2%, (p < 0.03); declined with the
number of other symptoms reported (symptoms unrelated to ovarian cancer) from 31.2% (score 0) to
18.5% (scores 1 through 10) to 6.4% (score 11); decreased with the number of reported Goff symptoms
complying with frequency (>12 days/month) and duration (<12 months) from 21.3% at score 0 to
15.1% at score 1 to 12.1% for scores ≥2; and increased in postmenopausal women when compared
to premenopausal women (21.3% versus 19.3%, p < 0.0001). Similar results were obtained for the
endpoint little confidence (results not shown).

3.4. Symptoms Reported Relevant to Ovarian Cancer

Overall, 59.9% (42,404/70,734) of the symptoms questionnaires reported one or more of the five
symptoms related to ovarian cancer, but only 3.9% (2756/70,734) met the frequency and duration
criteria and did so with a significantly different distribution (Table 7. p < 0.0001). The overall
incidence of symptoms was: abdominal bloating > pelvic pain > increased abdominal size > feeling full
quickly > unable to eat normally (Table 7). In these women that were not diagnosed with an ovarian
malignancy during the study period or during 40 months of follow-up, the incidence of any of
the five symptoms relevant to ovarian cancer was high, but frequency and duration information
significantly reduced this number. Symptom severity was significantly lower in women that did
not meet the Goff-positive frequency and duration criteria (p < 0.001, Table 7), but did not differ
with regards to reported confidence (CS = 0 vs. CS > 0). Most women (68.4%, Table 8) reported
only one symptom that met the Goff criteria of frequency and duration, while 23.3% reported two
and ~8% reported three or more of these symptoms (Table 8). Moreover, the incidence of symptoms
was not different with respect to reported confidence (CS = 0 vs. CS > 0). Nevertheless, the 2.7%
Goff-positive occurrence (Table 8: 1931/70,734) was nearly ~245 times higher than the ovarian cancer
incidence for this population (11.2/100,000), [20]. Unlike one-time reports that have previously
considered symptoms related to ovarian cancer, the present report is a longitudinal study of multiple
reports collected over time. Consequently, a woman may be positive for the Goff ovarian cancer
symptoms in the context of always meeting or sometimes meeting the frequency and duration criteria.
There are also women in the present data set who, after being positive for the Goff ovarian cancer
symptoms, subsequently no longer report these symptoms. Against this background, to address
these considerations, we identify two groups: (A) women that at any time have reported any Goff
ovarian cancer symptoms and (B) women that at any time satisfied the frequency and duration
criteria for any Goff ovarian cancer symptoms. Approximately one-third of the women surveyed
(7983/24,526) qualified for inclusion in Group A, while ~7% of women qualified for inclusion in Group
B (1708/24,526). Our estimates mirror a recent report from the United Kingdom on ovarian cancer
symptoms reported in the general population [21]. In relating these findings to the positive predictive
value (PPV) which depends on prevalence (PPV = True Positives/(True Positives + False Positives)),
the work presented here would yield a symptoms-estimated PPV of 0.073% or one malignancy for
1368 cases that would be taken to surgery using the sample reported on here (24,526 women filling
out 70,734 questionnaires reporting 52,467 symptoms for 21,789 women) and screen-detected ovarian
cancers reported previously [9]. This symptoms-estimated PPV is smaller than that reported by Rossing
from a much smaller study size (n = 1905) [10] that would not have approached prevalence as closely
as the results described here. However, despite the occurrence of symptoms being vastly higher than
the incidence of ovarian cancer, ignoring symptoms is very likely to result in women being diagnosed
with advanced-stage disease [11].
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Table 7. Occurrence of symptoms related to ovarian cancer.

Symptom
Goff-Negative Occurrence
Freq < 12 per Month and

Duration > 12 Months, n (%)
CS = 0 Severity CS > 0 Severity

Pelvic Pain 10,859 (25.6) 1702 (24.3) 2.1 ± 0.03 9157 (25.9) 2.1 ± 0.01
Unable to eat normally 2584 (6.1) 459 (6.6) 2.2 ± 0.06 2125 (6) 2.2 ± 0.03

Feeling full quickly 5566 (13.1) 960 (13.7) 2.2 ± 0.04 4606 (13) 2.1 ± 0.02
Abdominal bloating 14,934 (35.2) 2477 (35.4) 2.2 ± 0.02 12,457 (35.2) 2.2 ± 0.01

Increased abdominal size 8461 (20) 1396 (20) 2.3 ± 0.03 7065 (20) 2.3 ± 0.02
Total 42404 (100) 6994 (100) 35,410 (100)

Symptom
Goff-Positive Occurrence
Freq > 12 per Month and

Duration < 12 Months, n (%)
CS = 0 Severity CS > 0 Severity

Pelvic Pain 588 (21.3) 86 (22.6) 3.1± 0.13 502 (21.1) 3.04 ± 0.05
Unable to eat normally 244 (8.9) 36 (9.5) 3.1 ± 0.21 208 (8.8) 3.5 ± 0.09

Feeling full quickly 446 (16.2) 62 (16.3) 3.3 ± 0.15 384 (16.2) 3.2 ± 0.06
Abdominal bloating 832 (30.2) 115 (30.2) 3.5 ± 0.1 717 (30.2) 3.4 ± 0.04

Increased abdominal size 646 (23.4) 82 (21.5) 3.4 ± 0.13 564 (23.8) 3.12 ± 0.05
Total 2756 (100) 381 (100) 2375 (100)

Severity was reported using the scale: 1 = minimal to 5 = severe (mean ± SEM). Severity Goff-negative vs.
Goff-positive: p < 0.001.

Table 8. Occurrence of multiple symptoms.

Number of
Symptoms

Goff-Positive Occurrence Freq > 12 per
Month and Duration < 12 Months, n (%)

CS = 0 CS > 0

1 1321 (68.4) 200 (73) 1121 (67.7)
2 450 (23.3) 49 (17.9) 401 (24.2)
3 115 (6) 18 (6.6) 97 (5.9)
4 35 (1.8) 6 (2.2) 29 (1.8)
5 10 (0.5) 1 (0.4) 9 (0.5)

Total 1931 (100) 274 (100) 1657 (100)

CS = 0 vs. CS > 0: p = 0.23.

4. Discussion

This is the first work to examine symptoms related to ovarian cancer in a very large sample
and to consider the confidence that women, all with an eventual non-surgical outcome, have in the
responses they entered on a symptoms questionnaire that they completed prior to their ultrasound
exam. A significant finding of the work presented here is that a large majority of women (80.1%)
were confident in their reporting. Confidence was lowest (64.7%) in women who did not report
any symptoms. Decreasing confidence despite increasing experience with the questionnaire was
demonstrated by the finding that the fraction lacking confidence increased as a function of the number
of times that the symptoms questionnaire was completed. Importantly, confidence scores in individuals
followed longitudinally showed a decreasing trend in almost 50% of women. There was a significant
age-related decrease in confidence, and women that did not report any symptoms were significantly
less confident than women who reported at least one symptom. Importantly, confidence decreased
as more symptoms were reported, including both ovarian cancer–related Goff symptoms complying
with frequency (>12 days/month) and duration (<12 months), as well as other symptoms unrelated to
ovarian cancer. Thus, reporting of an increased number of symptoms did not coincide with greater
confidence in the results reported. Analyses of symptom severity indicated that severity was higher
in women that met the Goff-positive frequency and duration criteria than in women that did not,
suggesting that transient or long-standing symptoms may be of lower intensity. It is noteworthy that
symptoms reporting was done prior to receiving an ultrasound exam with the result that there was
no statistically significant difference in confidence between women receiving a normal vs. abnormal
sonographic result.
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These findings indicate that while uncertainty in symptoms reporting occurs to a much lesser extent
than certainty, every individual’s report must be carefully assessed and not unconditionally accepted.
It may even be appropriate to consider serial evaluation of symptoms in order for physicians to
understand the extent to which complaints continue to persist or resolve. The symptoms questionnaire
utilized here includes reporting of frequency and duration in addition to the actual symptoms.
Consequently, uncertainty about frequency and duration may be contributing to how an individual’s
response reflects confidence in what they report on the questionnaire. Memory certainly plays a role
in recalling when symptoms began and how often they have occurred, and this may become more
challenging as a person gets older. Thus, age-related effects on memory may be most relevant to
certainty about the frequency and duration of symptoms and, with multiple co-morbidities that
accumulate over time, can make it difficult to identify a “new” symptom per se or to pinpoint its
onset. It is also possible that as a person gets older, they become accepting of many of the symptoms
considered here occurring sporadically or episodically and as such are reluctant to declare them
a symptom of anything other than age.

An impact on the healthcare delivery system arises when symptoms related to ovarian cancer
are reported by women that do not have an ovarian malignancy and can result in inappropriate
clinical decisions that could lead to unnecessary surgery. Some data exist supporting symptoms-based
surveillance with even early cancers producing symptoms detectable by questionnaire [22]. Symptoms
reporting is currently important for the identification of patients needing imaging and closer
examination. Just as a lack of witness confidence in legal testimony raises questions about
credibility, physicians should be sensitive to the same possibility being relevant to over-diagnosis
and over-treatment if a patient may be uncertain about what they report. In addition, certainty about
symptoms should not be mistaken to be related to the presence of pathology. Physicians should be
made aware that confidence will decrease with age and that reporting multiple symptoms does not
imply patient confidence or credibility in the report. Thus, physicians should deliberate through
patient information in order to make appropriate assignments of diagnostic tests and follow-up.

The strengths of this study include the large number of patients participating, and the large
number of patients completing questionnaires on more than one occasion. In addition, trained
sonographers assisted participants in collecting their medical history by answering questions about
the context of the questionnaires that participants were filling out. The present report focuses on the
level of confidence women have in reporting symptoms as a statistical estimation and not hypothesis
testing. It investigates factors that might alter this level and while this involves hypothesis testing, the
large sample size assures adequate statistical power to identify some factors that do affect the reported
confidence level.

The inherent weakness of a study of this nature is its subjective nature. One person’s symptom
may be something that someone else has become accustomed to. Subjectivity also occurred in the
confidence scale; however, its gradation allowed different dichotomization points to be examined
to delineate certainty from uncertainty. It is also possible that a lack of confidence associated with
reporting an increased number of symptoms reflects a lack of confidence in only part of the symptoms
reported on the questionnaire but not in others. This possibility was not examined in the design that
was utilized because addressing this would add the burden of 63 individual confidence assessments
(i.e., confidence assessments for 21 symptoms, amplified by confidence queries on severity, frequency
and duration: 21 × 3 = 63). Understanding the context of the questionnaire certainly has an influence
on confidence. The questionnaire used here included reporting of severity, frequency and duration in
addition to the symptoms per se. Consequently, uncertainty about severity, frequency and duration
may contribute to how an individual response reflects confidence.

Directions for future study might include an assessment of whether the levels of confidence
reported here are chiefly related to completing a printed questionnaire and how they also extend to
interviews with healthcare professionals. The discrepancy between clinician and patient symptoms
ratings is greatest for more subjective symptoms [23]. To this end, it must be realized that clinician
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symptom ratings are lower than patient-reported ratings [24,25]. Consequently, care must be taken
about assuming the superiority of information on symptoms gathered by clinicians and about the
inferiority of patient-reported symptoms. Likewise, the results here indicate that uncertainty can exist
in patient-reported symptoms.

5. Clinical Implications

Although the balance between patient confidence and uncertainty very heavily favors confidence,
the level of uncertainty in symptoms reporting described here should be kept in mind when extracting
symptoms information from patients. This principle may affect the extent to which symptoms
information is relied upon or should be probed during the clinical evaluation process. The addition of
psychosocial tools to evaluate the contributions of stress, anxiety and depression need to be explored
to help the clinician extract the pertinent information from patient symptoms reporting so that those
most at risk for malignancy can be identified.
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Abstract: Current reported incidence rates for ovarian cancer may significantly underestimate the
true rate because of the inclusion of women in the calculations who are not at risk for ovarian cancer
due to prior benign salpingo-oophorectomy (SO). We have considered prior SO to more realistically
estimate risk for ovarian cancer. Kentucky Health Claims Data, International Classification of Disease
9 (ICD-9) codes, Current Procedure Terminology (CPT) codes, and Kentucky Behavioral Risk Factor
Surveillance System (BRFSS) Data were used to identify women who have undergone SO in Kentucky,
and these women were removed from the at-risk pool in order to re-assess incidence rates to more
accurately represent ovarian cancer risk. The protective effect of SO on the population was determined
on an annual basis for ages 5–80+ using data from the years 2009–2013. The corrected age-adjusted
rates of ovarian cancer that considered SO ranged from 33% to 67% higher than age-adjusted rates
from the standard population. Correction of incidence rates for ovarian cancer by accounting for
women with prior SO gives a better understanding of risk for this disease faced by women. The rates
of ovarian cancer were substantially higher when SO was taken into consideration than estimates
from the standard population.

Keywords: ovarian cancer; prevalence; incidence; oophorectomy; screening

1. Introduction

Cancer incidence rates are calculated by dividing new primary cancer cases of a disease by the
population at risk in the same time period adjusted by the US standard population [1]. This assessment
has great importance clinically, especially for gynecologic oncology with regard to training a sufficient
number of physician specialists. Cancer incidence rates help physicians and researchers assess risk
levels, which can be used for public health and individual patient education, to prioritize prevention
and research efforts, and to guide assessment of the cost and efficacy of cancer screening. Thus, the
accuracy of this risk assessment is very important.

There is an inherent problem in the incidence calculation for some malignancies due to the
inclusion of patients in the denominator who are not at risk for the disease [2]. In gynecologic oncology,
this has been most thoroughly evaluated in the case of endometrial cancer and hysterectomy. Many

Diagnostics 2017, 7, 19 56 www.mdpi.com/journal/diagnostics

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 19

women will undergo hysterectomy in their lifetime for a variety of benign conditions [3,4]. These
women are not at risk for developing endometrial cancer after uterine removal and should not be
included in the population at risk for incidence rate calculation. There have been multiple publications
that have evaluated methods of correcting risk calculations for endometrial cancer. In 2012, Siegel et al.
reported on age-adjusted, hysterectomy-corrected uterine cancer rates stratified by race and geography
and found that failure to adjust rates for hysterectomy leads to distortion of racial and geographic
patterns and underestimates disease burden [5].

There is less guidance in the literature concerning the impact of oophorectomy rates on ovarian
cancer incidence. Many women have salpingo-oophorectomy (SO) performed alone due to benign
ovarian disease, or have SO performed at the time of hysterectomy for benign conditions. There has
been new evidence linking the origin of serous ovarian cancer to the fimbriated end of the fallopian
tube [6–17]. During adnexal surgeries, the tube is usually removed concurrently with the ovary.
Whether the pathogenesis for the most common type of ovarian cancer truly arises from the distal
tube or the ovary itself, those who have undergone SO should have drastically reduced risk of
this type of malignancy. This reduction has been demonstrated in high risk women with Breast
Cancer Susceptibility (BRCA) mutations who undergo risk-reducing salpingo-oophorectomy and have
dramatically lower risk of ovarian malignancy [16–19].

The current reported incidence of ovarian cancer from 2005–2009 is 12.7 per 100,000 women [20].
Incidence rates are higher in whites and the average age at diagnosis is 63 [20]. Lifetime risk of
developing ovarian cancer in the United States is 1.4% [20]. In 2016, 22,280 new cases were expected
and 14,240 deaths anticipated from this disease [21]. Ovarian cancer is the 5th leading cause of death
from malignancy in women in this country due to the fact that the majority of cases are diagnosed at
an advanced stage. Research into prevention and screening for ovarian cancer is hampered by this low
prevalence, which negatively affects accurately estimating the positive predictive value for these tests.
We hypothesize that when incidence rates are corrected for prior SO, incidence of this disease will be
higher than in commonly reported statistics which currently underestimate the risk of ovarian cancer
for women whose ovaries and/or tubes remain intact.

2. Materials and Methods

2.1. Cancer Incidence Data

To calculate the cancer incidence rates, the most recent five-year ovary cancer cases diagnosed in
years 2009–2013 from the Kentucky Cancer Registry (KCR) were extracted. Ovary cancer cases were
defined as ICD-O-3 site codes C569 excluding ICD-O-3 histology codes 9050–9055, 9140, 9590–9992.
Only invasive cancer cases were included for the analysis.

The KCR is a population-based registry, and has been awarded the highest level of certification
by the North American Association of Central Cancer Registries for an objective evaluation of
completeness, accuracy, and timeliness every year since 1997. The KCR is part of both the CDC
National Program of Cancer Registries and the NCI Surveillance, Epidemiology, and End Results
(SEER) program, which are considered among the most accurate and complete population-based cancer
registries in the world. The KCR also links its database annually with the National Death Index (NDI)
to capture the most accurate survival information. No new data was collected from subjects specifically
for this study and no contact with any patients was required. All data was previously de-identified.

2.2. Kentucky Health Claims Data (KHCD)

In order to correctly calculate the age-adjusted rates for ovary cancer incidence, the underlying
risk population needs to be modified to reflect the fact that women who had SO will have minimal risk
of having ovarian cancer. To estimate the prevalence of women who had prior SO for years 2009–2013
in Kentucky, the Kentucky health claims data (KHCD) 2000–2014 data sets were acquired from the
Office of Health Policy in the Kentucky Cabinet for Health and Family Services (KCHFS).
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The KHCD data include hospital discharge reports from all Kentucky hospitals, Medicare
provider-based entities and ambulatory facilities (http://lrc.ky.gov/KAR/900/007/030.htm). The data
include in-patient and out-patient files containing de-identified individual records. Key elements, such
as ICD-9 procedure codes, CPT codes, and demographics are included in the files. Age is presented in
the format of age groups.

2.3. Kentucky Behavioral Risk Factor Surveillance System (BRFSS) Data

The Behavioral Risk Factor Surveillance System (BRFSS) data is the annual telephone survey
that collects state data related to health risk behavior, chronic health conditions, and use of
preventive services for all 50 states, the District of Columbia, and three territories in the U.S
(https://www.cdc.gov/brfss/). For women aged 18 and older, responses to the question “Have you
had a hysterectomy?” are included. The data related to this question was used to estimate the
prevalence of prior hysterectomy by age group. Since the hysterectomy question was presented every
other year, the Kentucky BRFSS data 2008–2012 was acquired from the KCHFS to match the ovary
cancer incidence data 2009–2013.

2.4. Estimating Oophorectomy Prevalence

To estimate the prevalence of prior SO for Kentucky women in 2009–2013, two approaches were
used. The first method estimated the full SO prevalence rates directly from the KHCD data and the
second method estimated the SO prevalence rates based on both BRFSS data and KHCD data.

In the first method, SO cases were identified by ICD-9 procedure codes and CPT codes from
the KHCD data for the years 2000–2014. Since the KHCD data in 2000–2003 did not include age or
CPT codes and 2014 data were beyond the study period, only data for years 2004–2013 were used
for the data analysis. The combined counts of SO cases by year and age group from both in-patient
and out-patient files were considered as the total SO incidence. The age groups in KHCD data were
categorized as 0, 1–5, 6–10, . . . , 76–80, 81+ years. Statistical approaches to estimating prevalence
from incidence data commonly involves mortality and survival data, and can be either parametric
or non-parametric [22–25]. Counting Method, a non-parametric approach, was used to estimate
prevalence of prior SO based on the SO incidence data from the KHCD [23]. This approach counts
cases of ‘still alive’ individuals on the desired prevalence date while making adjustment based on the
estimates of cases lost to follow-up. For example, the number of prevalence case in age i and calendar
year j was estimated as

Nij =
∫ i

0
I(t)S(t, i − t)dt

where I(t) is the number of incidence in age t, and S(t, i − t) is the survival probability from all causes
from age t to i − t. Since the KHCD data do not include survival and mortality data, the US 2010
female life tables were used to estimate the survival probabilities from all causes in the specific years
and age groups. Bridged life tables to match the age group defined in the KHCD were calculated from
the complete US 2010 female life table [26]. Because no SO incidence data by age group were available
prior to 2004, it was assumed that the incidence data prior to 2004 were same as in the average of
2004–2013. To understand the impact of the assumption, the same calculation was also done while
assuming incidence data prior to 2004 was the same as in the year 2004 and the year 2012, as the
highest count of prevalence was identified in year 2004 and the lowest in 2012. To reflect the fact that
the US life expectancies have increased over time and that women with oophorectomy had lower life
expectancies than the general population [27], the probability of survival estimates were lowered from
values in the US life tables by 0.5% when calculating the complete prevalence rates for prior SO.

To validate the prevalence estimates from the first method, we also used the BRFSS data to
estimate the prevalence rates. In previous published studies, prevalence rates of prior SO were
estimated by multiplying the prevalence rates of hysterectomy from the BRFSS data by the proportion
of hysterectomy incidences with bilateral oophorectomy [2]. Similarly, we calculated the ratio of SO vs.
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hysterectomy by age group from the KHCD data for years 2004–2013 and the weighted prevalence
rates of prior hysterectomy by age group for those aged 20+ from the BRFSS data for 2008, 2010
and 2012. The prior SO prevalence estimates by age groups were the product of the ratio of SO vs.
hysterectomy and the prevalence of prior hysterectomy from the BFRSS data.

2.5. Age-Adjusted Incidence Rates for Ovary Cancer

All age-adjusted rates were calculated based on the standard 2000 US population. To examine
how the different formats of age groups in the background population impact age-adjusted rates, the
traditional age-adjusted rates based on the 19 age groups in the standard Kentucky population were
calculated along with the traditional age-adjusted rates based on the 18 age groups defined in the
KHCD data. To calculate the corrected age-adjusted rates for ovary cancer, the standard Kentucky
population data were corrected by deducting the number of women with SO derived through the
prevalence estimates from the two approaches previously discussed.

All analyses were done using SAS Statistical software version 9.4. SAS (SAS Institute, Cary, NC,
USA) was also used to develop programs to calculate the complete prevalence rates from the KHCD
data. Statistical tests were two sided with a p-value ≤ 0.05 used to identify statistical significance.

3. Results

There was a total of 81,359 SO cases identified from the KHDC data during 2004–2013 (Table 1).
The highest frequencies were found in the age groups 41–45 and 46–50. Very few cases were found in
women with ages younger than 20 or ages older than 80. The number of SO cases from the inpatient
files had dropped steadily over the study period and the number of cases from the outpatient files had
increased. The overall SO cases had consistently dropped since 2003 (Figure 1).
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Figure 1. Trend of salpingo-oophorectomy (SO) cases from the Kentucky Hospital Discharge
Data, 2004–2013.

Using the Counting Method, estimates of annual prevalence counts and rates by age group for the
years 2009 to 2013 were calculated from the KHCD. Only results from the years 2009 and 2013 based
on the assumption that SO incidences prior 2004 are same as the average in 2004–2013 are shown in
Table 2. The results based on the assumptions that SO incidences prior 2004 are same as in 2004 or
2012 can be found in Tables S1 and S2. The prevalence rates increased by age and peaked at the oldest
age groups of 76–80 and 81+. Because of the decreasing trend of SO cases, the prevalence rates had
dropped from year 2009 to 2013. For example, the rates dropped from 27.4% to 24.4% in the age group
61–65 and from 42.1% to 38.1% in the age group 71–75 (Table 2).
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In Table 3, hysterectomy prevalence rates by age group were calculated from the BRFSS data
for 2008, 2010, and 2012. The highest rates appeared in the age group 76–80. Ratios of SO vs.
hysterectomy from the KHCD data varied from 65% to 103% by age group. The prior SO prevalence
rates modified from the hysterectomy rates from the BRFSS data peaked in the age group 66–70 (50.7%)
and were considerably smaller in the age group 81+ (42.5%) compared to the prevalence rates from the
Counting Method.

Table 3. Estimated hysterectomy and oophorectomy prevalence based on the Kentucky BRFSS data
and discharge data.

Age Group
Hysterectomy Prevalence

Rate by BRFSS ˆ
Ratio of SO vs. Hysterectomy *

SO Prevalence
Rate by BRFSS

21–25 0.000 0.902 0.000
26–30 0.024 0.723 0.018
31–35 0.076 0.665 0.051
36–40 0.120 0.649 0.078
41–45 0.196 0.719 0.141
46–50 0.256 0.879 0.225
51–55 0.379 1.010 0.383
56–60 0.415 1.033 0.429
61–65 0.461 1.021 0.471
66–70 0.513 0.988 0.507
71–75 0.517 0.963 0.498
76–80 0.532 0.900 0.479
81+ 0.512 0.829 0.425

ˆ Estimated hysterectomy prevalence based on the KY BRFSS data, 2008–2012; * Ratio of SO vs. hysterectomy in
Kentucky discharge data from year 2004 to 2013.

A total of 1403 invasive ovary cancer cases for years 2009–2013 were extracted from the KCR
database. The age-adjusted rates from the standard Kentucky population show the rates 10.7 per
100,000 (95% Confidence Interval (CI) 10.2–11.3) for all ages (Table 4). To match the age groups defined
in the KHCD data, the age adjusted rates based on the standard Kentucky population with modified
age groups were also calculated. The corrected age-adjusted rates from adjusting the population under
risk based on the prevalence estimates of prior SO from the KHCD data were 15.5 (95% CI 14.7–16.3)
per 100,000 assuming SO incidences prior 2004 were the same as the average of the incidence in the
years 2004–2013, 16.9 (95% CI 16.0–17.8) per 100,000 assuming the SO incidences prior to 2004 were
the same as in 2004 (highest incidence), and 14.3 (95% CI 13.6–15.1) per 100,000 assuming the SO
incidences prior to 2004 were the same as in 2012 (lowest incidence). The corrected age-adjusted
rate from the BRFSS prevalence estimates of SO was 17.7 (95% CI 16.8–18.7), which is higher than
the highest estimates from the KHCD data (16.9 per 100,000). Overall, risk population adjusted SO
age-adjusted rates ranged from 33% to 65% higher than the rates from the standard population. We also
included the age-specific rates for ovary cancer by various approaches in Table S3.
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Table 4. Age adjusted rates for invasive ovary cancer in Kentucky, 2009–2013.

Type of Population Under Risk
All Ages

Population under Risk N Adj Rate 95% CI

Standard Population ˆ 11,083,781 1403 10.73 10.16 11.32
Standard Population with Modified Age Group * 11,083,781 1403 10.73 10.17 11.32

Modified Population based on KCHD-Assumption 1 ~ 9,630,865 1403 15.47 14.65 16.32
Modified Population based on KCHD-Assumption 2 ~ 9,414,282 1403 16.88 15.98 17.82
Modified Population based on KCHD-Assumption 3 ~ 9,847,449 1403 14.34 13.58 15.12

Modified Population based on BRFS † 9,009,436 1387 17.72 16.78 18.69

ˆ The standard 19 population age groups, 0, 1–4, 5–9, . . . , 80–84, 85+; * Use the 18 age groups in the hospital
discharge data, 0, 1–5, 6–10, . . . , 76–80, 81+; ~Adjusted the standard population based on the prevalence rates
from the Kentucky Health Claims Data; Assumption 1: Assume incidence prior to2004 same as the average in
year 2004–2013; Assumption 2: Assume incidence prior to 2004 same as the average in year 2004; Assumption 3:
Assume incidence prior to 2004 same as the average in year 2012; † Adjusted the standard population based on the
prevalence rates from BRFSS data.

4. Discussion

In the efforts reported here, the rates of ovarian cancer were 33% to 65% higher when prior SO was
taken into consideration than estimates from the standard population. Due to the limitation of data
availability, the risk-population adjusted prior SO rates have rarely been calculated previously. In the
current study, we used the KHCD data and the Counting Method, a modern statistical approach, to
estimate the prior SO prevalence rates based on various assumptions and the risk-population adjusted
SO rates. We also estimated the SO rates using estimated SO prevalence rates from the BRFSS data.
The prevalence rates of prior SO from the Counting Method and the BRFSS data are different because
of various assumptions and different data sources, hence leading to the variation of the risk-population
adjusted SO rates. The results demonstrate the challenge to correctly estimate the rates because of the
data limitations.

Compared to previous published studies with only one type of estimate [2], our study is able
to provide a range of estimates that gives a more comprehensive view of the estimates. It is possible
that the 0.5% survival deduction of probability of annul survival from the standard US life table was
too harsh and caused the lower estimates of SO prevalence rates compared to the estimates from the
BRFSS data. Using the ratio of SO vs. hysterectomy from the KHCD data to estimate SO prevalence
rates from the BRFSS was likely biased as the ratio was based on incidence data, not prevalence data.

Ovarian cancer remains the deadliest gynecologic malignancy in the United States, being the 5th
most common cause of cancer death in women. Over 14,000 deaths from ovarian cancer are expected
for the US in 2016 [20]. Despite advances in operative care and chemotherapy, including the recent use
of targeted agents for this disease, overall survival remains poor [20,28–30]. While ongoing research
efforts continue to search for better treatments with which to combat this disease, another approach
to improve survival is through screening and earlier detection of disease. The majority of ovarian
cancer cases are diagnosed at advanced stage prior to the onset of symptoms. Pelvic exam has been
shown to have limited value in detecting ovarian abnormalities, especially in postmenopausal and
obese women [31]. Only 15% of cases are confined to the ovary at the time of diagnosis [32]. However,
survival is much improved for women who are diagnosed at an early stage [26]. Therefore, efforts to
increase the detection of early stage disease have a potential to greatly impact survival. Estimates that
reveal the true risk of ovarian cancer will support efforts to screen for early stage disease.

Screening for malignancy has been highly effective for other common malignancies such as
breast and cervix cancers [33,34]. Ovarian cancer meets criteria as a disease that could benefit from
effective screening since it is the 5th leading cause of cancer mortality in women with proven improved
survival when diagnosed at an earlier stage [20,26]. Screening has been studied in ovarian cancer,
most commonly with serum Ca125 levels and transvaginal ultrasound (TVUS) or a combination of
the two [35,36]. There have been four major trials that have evaluated ovarian cancer screening.
The first of these is the prostate, lung, colorectal, and ovarian (PLCO) trial, which showed no benefit to
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screening [37]. There was a multicenter prospective randomized trial in Japan that compared screening
with pelvic exam, serum Ca125, and ultrasound to routine care and saw an increase in the rate of
optimal debulking in the screen detected cancers [38]. Optimal debulking has a known association
with improved survival in ovarian cancer [39]. The University of Kentucky Ovarian Cancer Screening
Trial (UKOCST) has been in progress since 1987 [40,41]. Over 45,000 women have been screened to date
with TVUS. Detection of 47 ovarian cancers has been reported by the UKOCST and these women have
improved five-year survival and are more likely to be early stage than women with clinically detected
cancers [29,34,42]. Most recently, the results of the UKCTOCS randomized trial were published in the
Lancet and have shown a survival benefit for screening [30].

Taken together, the available data from these four trials suggests screening works to detect disease
at an earlier stage, which leads to improved survival. However, one of the most common criticisms
of screening and the studies that have evaluated it is the lower positive predictive values, which are
likely driven by the lower prevalence of this disease. Statistical calculations for predictive values vary
greatly depending on the prevalence of the disease being studied, unlike sensitivity and specificity
of a test, which remain constant. Thus, a test with inherently good sensitivity and specificity can be
brought to improved predictive ability by narrowing the screening population to a high-risk group for
which the prevalence is high.

One way to narrow threat risk population for ovarian cancer is by focusing on ages at which
incidence is high. This has been commonly applied in previous screening trials and the results of the
work reported here confirm the importance of age. In the present study, ovarian cancer incidence is
highest for women over age 75, while the rate of hysterectomy peaks at age 65. Age continues to be
one of the most important risk factors for ovarian cancer.

Given the importance of correct incidence to predictive calculations for screening programs and
epidemiologic risk assessment, an accurate calculation of incidence is critical. An accurate assessment
of risk is more easily determined in some diseases than others. If all subjects are at risk, then the
calculation is a straight forward division of those diagnosed with disease by those at risk. This is
not so clear in all diseases, however. For example, surgical interventions for unrelated problems
can reduce the at-risk pool for certain disease sites. This has been demonstrated in the literature
regarding endometrial cancer [5,43]. Correcting risk rates for endometrial cancer involves reducing
threat risk pool (or denominator of the calculation) by removing those women who have undergone
prior hysterectomy for a benign condition. Ignoring hysterectomy underestimates the risk for women
who have not undergone that procedure and has also been shown to distort data regarding the
distribution of disease [44]. Hysterectomy has recently been declining in nationwide statistics for the
US, but remains one of the most common procedures performed in this country today, which alters the
epidemiology significantly for uterine derived cancer risk [38]. Approximately 600,000 hysterectomies
are performed each year in the United States, and around a third of all women have had the procedure
by the time they turn 60 [45–47].

Salpingo-oophorectomy (SO) is even more difficult to quantify than hysterectomy. Many women
elect to have their ovaries and tubes removed at the time of a hysterectomy that is performed for a
variety of reasons related to primary uterine pathologies. Additionally, many women undergo bilateral
SO either separate from a hysterectomy or at some time after a hysterectomy has been performed
for a wide variety of primary ovarian or other conditions, many of which are benign. These include
endometriosis, non-cancerous ovarian cysts or masses, risk reduction for genetic conditions, and for
hormone reduction in breast cancer patients. The overall trend for SO in the US has been on the
decline [48]. This decline coincides with the similar decline in hysterectomy rate. This decline may
also be a result of data showing that surgical menopause prior to age 50 in women who never used
estrogen is associated with increased all causes mortality [49]. Despite this, the rates of SO remain
significant [42].

Given the robust number of women who have undergone SO, risk of ovarian cancer is greatly
reduced for these women and importantly alters the epidemiology of risk for malignancy at this site
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on a population level. There are some important caveats to this reduction. Serous peritoneal cancers
behave nearly identically to ovarian cancer and the risk for these cancers is unlikely to be altered
by SO [50]. It should be noted that peritoneal cancer is quite rare. The protective effect of SO is
illustrated in high risk women who have undergone prophylactic SO for BRCA mutation, and have
achieved a drastically reduced risk of serous malignancy [16–19]. In one study, the relative risk of
ovarian, fallopian tube or peritoneal carcinoma in women with known BRCA mutations after risk
reducing bilateral SO was 0.04 (95% CI 0.01–0.16) [18]. Recent literature supports two separate types
of ovarian malignancy, with separate pathogenesis [6–17]. Type 1 tumors are generally considered
low grade malignancies that arise from the epithelium of the ovaries. Type 2 cancers generally include
high grade serous malignancies that are felt to arise from the distal, fimbriated end of the fallopian
tube. The fallopian tube is generally removed with the ipsilateral ovary in most procedures that are
performed—few indications, if any, would preserve the tube if the ovary is being removed. Thus,
protection from Type 2 ovarian malignancy is gained from ovarian removal in most cases since the
tube is removed concomitantly (i.e., a salpingo-oophorectomy is typically performed rather than an
oophorectomy alone).

An additional consideration is that there is a rising trend in bilateral salpingectomy rather than
bilateral salpingo-oophorectomy, which allows ovarian preservation while still potentially reducing
cancer risks [42]. The degree to which this procedure is as protective as SO has yet to be determined.
The current study takes into account women having SO but not salpingectomy alone. An argument
can be made to include these patients for future studies, which has the potential to further correct the
underestimation of the prevalence of ovarian cancer for women who retain all portions of their adnexa.

Overall, the SO rate nationally has been reported to be declining. However, it is still common
for women to undergo this procedure and greater than 40% of women still undergo bilateral SO at
the time of hysterectomy [42,51]. This significant rate needs to be taken into account for estimating
accurate ovarian cancer incidence. Failing to recognize and account for the population of women
no longer at risk underestimates the incidence for the rest of the population. This was the driving
motivation for the current study and the results confirm that incidence rates need to take surgical
procedures into account. Incidence is certainly higher by all methods used for calculation in this study
once SO was taken into account. This was true both with overall incidence across ages, as well as
age-adjusted groups.

There is inherent difficulty in establishing the overall risk associated with SO. Prior
studies have shown an overall mortality disadvantage for women who undergo premenopausal
oophorectomy—prior to age 50—and never used estrogen therapy [43]. This decrease in lifespan may
be attributed to changes in cardiovascular health and other important roles provided through the
hormonal functions of the ovary. How this risk quantitatively translates to changes in expected lifespan
on an annual statistical level is unclear. This study estimated decreased survival of 0.5% annually for
women who had undergone premenopausal SO. However, these are estimates and the true annual
change in expected survival is unknown. Even taking this into account though, all calculations still
show that incidence is underestimated if SO is not taken into account when evaluating ovarian cancer.

The strengths of this study include the use of population level data and novel statistical evaluation
to correct risk assessments in an important way for women with regard to ovarian cancer. A couple
of limitations are worth noting. Most notably, this study is limited by the dependence on CPT
and ICD codes for diagnosis. Actual operative reports or pathology reports were not available for
confirmation of procedure performed. This introduces the possibility of inappropriate coding leading
to incorrect inclusion (or exclusion) of patients in the analysis. In addition, newer ICD codes are more
specific in that bilateral procedures are noted and were isolated for inclusion. This is important as
unilateral procedures would not be expected to confer the same protection against ovarian cancer as
the remaining ovary and/or tube could lead to a malignancy. Not all CPT codes separate unilateral
from bilateral procedures and thus there is some uncertainty on the extent of adnexal removal with
patients coded this way. Also, some hysterectomy codes are nonspecific as to inclusion of adnexal
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removal or not. Most notably, abdominal hysterectomy CPT codes can include patient “with or
without” adnexal removal. Thus, using these codes can contribute uncertainty to the study as the true
proportion of patient with adnexal removal with hysterectomy is not indicated by the code. About
30% of the procedures included in this study came from these questionable codes and the estimates for
SO prevalence are likely over estimated because of their inclusion. Future studies can address these
uncertainties by verifying procedures performed by complete chart review. This technique is time
consuming and would limit the number of patients able to be studied, but is important for refining the
exact risk estimates. The advancement of electronic medical records and more specific ICD coding will
make this kind of confirmation more feasible in the future.

Additionally, because the KHCD data prior to 2004 are not available, the SO rates prior to 2004
were based on assumptions. This will certainly generate biases for the estimates. Although this study
requires a range of assumptions, it is reasonable to assume the true estimate is captured within the
variation of the estimates. There are no survival data available in the KHCD data, hence the 2010
US life table estimates with a 0.5% deduction were used to estimate the alive SO cases for specific
prevalence date and age groups. How much bias is introduced and in which direction this bias goes is
unknown. With increasing availability and reliability of health claims data, this approach will likely
provide more accurate estimates in the future. The BRFSS data are limited by sampling biases, recall
biases, and missing data. Overall, although we cannot provide specific rates for the SO estimates, we
can conclude that the corrected rates of ovarian cancer were substantially higher when SO was taken
into consideration than estimates from the standard population.

Finally, this study should be expanded to a broader national population as there may be important
differences between the population in Kentucky versus other parts of the nation.

In conclusion, this study presents an important concept for correcting the underestimation
of ovarian cancer risk for women who retain their ovaries and tubes. This correction has critical
implications for the calculation of screening program performance in terms of predictive value.
It is also critically important to refine the epidemiological assessment of the distribution of this
disease and the populations at risk so that the highest risk groups can be identified, which will
improve screening programs ability to reduce mortality from ovarian cancer while reducing harm
from unnecessary interventions.
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Abstract: The unique intricacies of ovarian cancer screening and perspectives of different screening
methods are presented as ten considerations that are examined. Included in these considerations are:
(1) Deciding on the number of individuals to be screened; (2) Anticipating screening group reductions due

to death; (3) Deciding on the duration and frequency of screening; (4) Deciding on an appropriate follow-up

period after screening; (5) Deciding on time to surgery when malignancy is suspected; (6) Deciding on how

screen-detected ovarian cancers are treated and by whom; (7) Deciding on how to treat the data of enrolled

participants; (8) Deciding on the most appropriate way to assign disease-specific death; (9) Deciding how to

avoid biases caused by enrollments that attract participants with late-stage disease who are either symptomatic

or disposed by factors that are genetic, environmental or social; and (10) Deciding whether the screening

tool or a screening process is being tested. These considerations are presented in depth along with
illustrations of how they impact the outcomes of ovarian cancer screening. The considerations
presented provide alternative explanations of effects that have an important bearing on interpreting
ovarian screening outcomes.

Keywords: ovarian; cancer; screening; considerations

1. Introduction

Screening for different cancers, can appear similar; however, closer inspection reveals that there
are considerable differences in approaches to cancer screening. This report focuses on the factors,
issues and characteristics that uniquely distinguish ovarian cancer screening.

2. The Bare-Bones Basics of Screening

Cancer screening can be over-simplified so that it is conceived as the application of a test that
discriminates malignancy. In general, the test for malignancy can be image-based or reagent-based.
Image-based screening utilizes the identification of peculiar visual features not unlike correctly finding
Waldo in an illustration that contains Waldo and other characters that may resemble Waldo to some
degree [1]. Identification skills and sufficient time to complete the visual assignments are central to an
image-based approach. Biomarker-based screening utilizes a chemical outcome which gives a result
that discriminates malignancy, usually through a cut-off value above which malignancy becomes more
likely. This approach can be thought of as asking the test for a “yes” vs. “no” answer about malignancy.
This is best illustrated by the cut-off value of CA-125 (cancer antigen 125) for recurrent malignancy.
However, one should be mindful that CA-125 becomes elevated by a variety of benign conditions [2].
Overlap in the outcome values of both malignant and non-malignant tests on both sides of the cut-off
can occur with biomarker-based screening tests.

The key concept described above is “discrimination of malignancy”. In simple terms this implies
finding malignancy at a high rate, missing malignancy at a low rate, and testing non-malignancy as
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malignancy at a low rate. To do this, protocols that test screening discrimination must be designed to
assess screening effectiveness.

3. Collecting Evidence to Examine Screening Effectiveness—Perspective Analysis for
a Prospective Screening Trial

3.1. Consideration 1

Deciding on the Number of Individuals to Be Screened

After the screening tool has been selected, the first step is to make decisions about the size of the
screening group framed against a time period needed to accumulate that number of screens. This time
frame must be long enough to include a sufficient number of incident cases to give the incident portion
of the study power because it is the screening detection of incident cases that can be expected to
be at an early stage and demonstrate the clearest benefit from screening. In the Kentucky Ovarian
Screening trial, approximately half the malignancies detected by screening were incident [3], and this
suggests that the sample size predicted apriori by power analysis probably should be twice as large as
a power prediction based on both prevalent and incident cases. For simplicity, incident cases can be
defined as those detections that occur after receiving at least one normal screen. This sample enlarged
for incidence should be able to distinguish screening effectiveness in prevalent vs. incident cases.
A key issue is utilization of a standard of significance to determine power and test results in order to
guarantee reproducibility. By comparing Bayesian hypothesis testing with classical hypothesis tests, it
has been reported that thresholds for a significance finding should be changed to p < 0.005 [4], however,
doing such would increase sample size, duration of the trial and ultimately costs [5]. Others favor
less stringency and including assessments of actual costs, benefits and probabilities [6]. A potential
solution is possible by balancing a weighted sum of type I (false positive) and type II (false negative)
errors [7,8]. Bearing in mind that the present status of the UK Collaborative Trial of Ovarian Cancer
Screening (UKCTOCS) [9] is an inability to detect a significant statistical difference in survival between
screened and unscreened women, the chance of not detecting a difference between groups must be
respected [10] by the doubling of sample size as outlined above. Although other factors have been
enumerated that are responsible for research findings that are false [11], they do not mitigate the
mistake of insufficient power based on choosing too low a level of significance.

3.2. Consideration 2

Anticipating Screening Group Reductions due to Death

Based on family reports and the Social Security Death Index (SSDI), 7.7% of 42,000+ participants
in the Kentucky Ovarian Cancer Screening trial died after they began participating, with women over
age 75 accounting for 70% of these deaths (Figure 1). Because of participants providing incorrect
identifying information and due to the 3-year lag in listing on the SSDI, it is reasonable to expect
an overall reduction in the screened population due to death of ~10%. Importantly, as the follow-up
window extends to older age groups, a reduction in the screened population due to death of participants
that can be followed for disease-specific survival will occur. This increase should be anticipated and
used to adjust the group size predicted by power analysis.
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Figure 1. Age at death of screening participants.

3.3. Consideration 3

Deciding on the Duration and Frequency of Screening

The four major ovarian screening trials [3,9,12,13] used a periodic annual screening approach that
accrued participants for 4.6–28.1 years and continued screening after enrollment for 7.7–28.1 years [14].
Two trials have employed a serial evaluation of abnormal screens [9,15]. Duration of the screening
portion of the trial is a function of the sample needed and the resources made available to screen.
A more difficult question regards frequency of screening. Screening high-risk women every six
months has been practiced in the Kentucky trial without prior demonstration of benefit. The repeat
screening interval after an abnormal screening exam is more subjective and has been performed
at 3–6-month intervals on ovarian abnormalities that appear to be of low risk (cysts and cysts
with septations) and at 4-week intervals for 3 months on ovarian tumors of uncertain malignant
potential [16]. Annual follow-up for five years has been recommended for ovarian abnormalities that
remain stable on several surveillance intervals of < 6 months [16].

A simplified picture of screening frequency is that women with a normal result be scheduled
for annual screening, women with a result that is low risk for malignancy are screened more
frequently and those with high risk for malignancy or with an abnormality of uncertain malignant
potential are screened even more frequently. However, by what method can a result be assigned
to one of these categories that minimizes subjectivity? Several characteristics are associated with
an expected low risk grouping: (unilocular or septate morphology, morphology index (MI) = 4
or less, ∆MI less than 1.0/month, low-risk Assessment of Different NEoplasias in the adneXa or
ADNEX score, absence of Doppler flow, CA125 (Cancer Antigen 125 <200 units/mL premenopausal
or < 35 postmenopausal), CA125 stable/month, OVA1 (<5.0 premenopausal or <4.4 postmenopausal,
OVA1 is the first multivariate index assay with FDA clearance), low-risk Risk of MAlignancy (ROMA)
test, [17], absence of pelvic fluid), while others are associated with considering a high risk grouping
(complex or solid morphology, MI >4, ∆MI (1.0/month or greater), high-risk ADNEX score, central
Doppler flow, CA125 (≥200 units/mL premenopausal or ≥35 postmenopausal), CA125 (doubling
within a month), OVA1 (≥5 premenopausal or ≥4.4 postmenopausal), high risk ROMA [17], pelvic
ascites >60 cm3). These characteristics have been discussed with more definition in the context of low-
and high-risk groups elsewhere [16]. When a new screening modality is decided upon, one or more
of these characteristics should be employed for deciding the frequency of its application based upon
a potential for risk of malignancy.
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An abnormality of uncertain malignant potential may be considered as a tumor of indeterminate
status. Following these abnormalities for either resolution or worsening status presents a logical
rationale. The Kentucky Ovarian screening Program has activated a protocol to decide if continuing
surveillance or a decision-favoring surgery will be made based on findings [18]. In this protocol, four
risk groups are defined. Risk Group A (MI0 0–2) is considered for surgery if the MI increases by 2 or
more in the first 4 weeks of observation or 3 or more in the next 12 months. Risk Group B (MI0 3–4) is
considered for surgery if the MI increases by 1 or more in the first 4 weeks of observation or 2 or more
in the next 12 months (observation at 3 & 12 months). Risk Group C (MI0 5–6) is considered for surgery
if the MI increases by 1 or more in the first 4 weeks of observation or 1 or more in the next 12 months
(observation at 3, 6, 12 months). Risk Group D (MI0 7–10) is considered for surgery if the MI increases
by 1 or more or remains unchanged in the first 4 weeks of observation. Thus, this protocol utilizes
variable periods of observation that are determined by the level of risk determined initially (MI0).

3.4. Consideration 4

Deciding on an Appropriate Follow-Up Period after Screening

An overly simple view of follow-up after screening is that it should extend long enough after the
last participant in the screening trial has been screened to adequately assess the effect of screening on
survival. However, a lesson learned from the UKCTOCS trial is that incident cancers occur after the
first screen so that the follow-up for survival can be expected to be extended by one or more years.
In the UKCTOCS trial, 4.6 years of screening accrual was coupled to 6.1 years of periodic screening and
a final 3.1 years of follow-up. Secondly, over the course of a trial that occupies a decade of time, new
treatments can be expected to be introduced that extend survival. Taken together, a longer follow-up
extended to 10 years might be more appropriate for the UKCTOCS screening model to adequately
assess the effect of screening on survival.

3.5. Consideration 5

Deciding on Time to Surgery When Malignancy Is Suspected

A 40-day tumor doubling time for ovarian malignancy has been estimated using the doubling of
CA-125 [19]. While tumor doubling time may vary in different tumors, a 40-day doubling estimate
is a good mid-range value [20]. Using this doubling time (Figure 2), comparative increases in size
indicate that if the interval between a screen-detected abnormality and surgery is prolonged, tumor
size will advance considerably. The mean volume of early stage ovarian malignancies (Stage I & II)
detected by the Kentucky Ovarian Cancer Screening Program is 115 cm3 (±26.7 (SEM)). This represents
enlargement to about 75% the size of an orange (Figure 2 black dashed line) and upon removal is
associated with significantly extended survival. After 90 days, malignant tumors with an initial volume
of up to twice the size of the ovary will approach or exceed the size of an orange and this indicates that
the time to surgery should be limited to well under 90 days after a screening is decided to be indicative
of malignancy. Efforts in the Kentucky Ovarian Cancer Screening Program limit the time to surgery to
less than 30 days to minimize the opportunity for an early stage screening detection to develop into
advanced disease diagnosed at surgery. In contrast, the Prostate, Lung, Colorectal and Ovarian Cancer
(PLCO) Screening Trial [13] allowed the time to surgery to extend for up to 9 months, a duration that
would allow very considerable increases in tumor burden and the opportunity for the development of
disease diagnosed at an advanced stage.
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Figure 2. Ovarian Malignancy Doubling.

3.6. Consideration 6

Deciding on How Screen-Detected Ovarian Cancers Are Treated and by Whom

It has recently been recognized that better outcomes are achieved when ovarian cancer is treated
by specialists at high volume hospitals [21–29]. No provision for treatment by specialists in high
volume hospitals was included in the PLCO trial [13]. Consequently, it is likely that the treatment
component of this trial under-performed the detection component and accounted for less than optimal
survivals. In order to reduce confounding factors due to treatment that could be deleterious for
survival, an ovarian screening trial should limit treatment to high-volume centers by a gynecologic
oncologist adhering to National Comprehensive Cancer Network guidelines so that optimal therapy
based on staging will be provided. Doing so may be particularly appropriate for early stage ovarian
cancer in order that chemotherapy can be utilized in high grade tumors [29,30].

3.7. Consideration 7

Deciding on How to Treat the Data of Enrolled Participants

In the PLCO trial [13], the UKCTOCS trial [9,31] and the Shizuoka Cohort Study of Ovarian
Cancer Screening (SCSOCS) trial [12], enrollment in the screening arm was subject to intention to
treat (ITT) analysis so that participants were analyzed in the group to which they were originally
randomized: “once randomized an individual was always analyzed”, even if they were assigned to the
screening arm, but never were screened or never received treatment. In this model anything that occurs
after randomization is ignored, including non-compliance, protocol deviations, and withdrawal [32].
In contrast, in the Kentucky Ovarian Screening Program [3], only participants that completed the
screening and treatment phases of the protocol were analyzed as a per protocol population. ITT analysis
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strongly favors preserving sample size so that originating power estimates continue to apply. The null
hypothesis in a screening trial is that screening does not work. In the simplest sense, this null hypothesis
is true if screening is falsely claimed to have a positive effect on disease, but positive screens cannot
have a positive effect on disease if treatment is absent or sub-optimal. Individuals in the screening arm
that do not receive screening and treatment will make the screening arm less distinguishable from the
control arm, while individuals in the non-screening control arm that do receive screening and treatment
will make the control arm less distinguishable from the screening arm. ITT analysis gives equal weight
to each of these alternatives without testing for balance. Individuals who will seek out, schedule, attend
and pay for screening are likely to occur less frequently than those who are assigned to the screening
group but become non-compliant for receiving screens and treatment. This imbalance of never-screened
individuals in the screening group is more likely to be greater than individuals who cross over to
screening in the control group and will dilute the effectiveness of screening. This imbalance will not
occur in a protocol-driven trial where unscreened/untreated individuals in the screening arm are
censored, as well as individuals, screened independent of the protocol, in the unscreened control arm.
In the PLCO trial, this imbalance consisted of 24 never-screened cases within the screening group,
21 untreated screen-positive cases in the screening group, and 8 cases in the screening group that
were sub-optimally treated because they did not receive chemotherapy and accounted for 25% of the
212 malignancies reported in the screening group [13]. For the unscreened control arm, 25 untreated
cases and 5 sub-optimally treated cases were reported or 17% of the 176 malignancies reported in
the control arm [13]. No information was reported on how many cases in the control arm obtained
treatment based on seeking access to the screening method. In summary, to test the question “Does
screening work?” only cases of positive screens in the intervention group should be included that
received treatment adhering to National Comprehensive Cancer Network guidelines, while the control
group should identify and censor cross-over cases that obtained out-of-protocol screening.

The PLCO investigators decided to interpret the interval of protection conferred by screening
to extend considerably beyond one year. Re-examination of the PLCO data by other investigators
that limited the analysis to cancers detected within one year of screening showed that the survival
in the screening group was significantly better than in the control group (p = 0.0017) and contained
fewer Stage IV cases [33]. Thus, it is important to realize that malignancies that appear several
years after screening should not be included in the intervention group, and should be censored as
an “out-of-screening cycle” event.

3.8. Consideration 8

Deciding on the Most Appropriate Way to Assign Disease-Specific Death

Facile assignment of mortality due to disease is death that occurs with evidence of disease while
under treatment for ovarian cancer, meeting the requirement used in both the PLCO and UKCTOS
trials that the disease process and/or associated treatments initiated or sustained a chain of events causally

responsible for death. Conversely, a sudden death with no evidence of disease is a death clearly due
to other causes. Conditions for assigning disease-specific death are complicated when disease is
evident and a sudden death occurs. Accidents, suicide, diabetic death, stroke and cardiac failure
may be responsible for these complications. Difficult assignments of cause of death occur when
reporting is incomplete. Both the PLCO trial and the UKCTOCS trial adjudicate disease-specific death
differently [34,35]. The PLCO trial incorporated efforts to determine the underlying cause of death
through periodic updates of questionnaires, cancer registries, and attempted contacts with next-of-kin
and personal physicians (Table 1). Different procedures were used after the first two years of the PLCO
trial to ascertain the underlying cause of death. The global resource available to the PLCO trial was the
National Death Index which restricts the release of information until three years after any death has
occurred. Admittedly, more information was available to the PLCO trial for screened cancers than for
unscreened cancers and the control group [35]. The UKCTOCS trial had much greater global access
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to cancer and death registrations using the National Health Service (NHS) number of participants to
access information from the Health & Social Care Information Center, the National Cancer Intelligence
Network, Hospital Episodes Statistics, Central Services Agency, the Northern Ireland Cancer Registry,
and the Hospital Episodes Statistical records (Table 2). To resolve the underlying cause of death, two
pathologists and two gynecologic oncologists relied upon an algorithm involving disease progression
(new lesions or increase in size of original lesions by imaging), clinical worsening, or rising biomarkers.
Clearly the UKCTOCS had a more comprehensive access to death and factors related to cause of death
through information arising in national health services.

Table 1. Mortality review in the Prostate, Lung, Colorectal and Ovarian Cancer Screening (PLCO) trial.

PLCO PLCO PLCO

Death due to ovarian cancer

The disease process and/or
associated treatments initiated or

sustained a chain of events
causally responsible for death

Identify other underlying cause
of death

Annual update questionnaire Periodic

Population-based cancer registries Whenever possible

Linkage to National Death Index Periodic

Obtained diagnostic medical records:
Abstracted by registrars: stage,

histology , grade, and treatment

Reviewers blinded to participation
in screened vs. unscreened arm

Identify next of kin and
personal physician

Underlying cause of death: first 2 years
Death certificate & relevant

determinations underlying cause
of death

Potential, ovarian cancer deaths,
deaths of unknown or uncertain
deaths were reviewed by at least
1 member of a panel of expertise
(2 reviewers with discrepancies

decided by a third)

Underlying cause of death: after year 2
Primary reviewer considered

records without access to
death certificate

If primary review disagreed with
death certificate, a second expert

reviewed record & death
certificate. Disagreement triggered

another independent review
which led to a resolution by
meeting or teleconference

Attempt to collect identical death
information from both screen-detected

and non-screen detected cancers

Screen-detected cancers will have
more extensive

information collected

Less information for both
unscreened group participants &

screened false positives

Table 2. Mortality review in the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) trial.

UKCTOCS UKCTOCS UKCTOCS

Direct communication
with participants

Postal follow-up questionnaires 3–5 years after randomization

Diagnosis: England & Wales

Linked by NHS number to the Health &
Social Care Information Center, the

National Cancer Intelligence Network,
Hospital Episodes Statistics

Cancer & death registrations

Diagnosis: Northern Ireland Central Services Agency and the
Northern Ireland Cancer Registry Cancer & death registrations

Surgery outside the trial Hospital Episodes Statistical records

Underlying cause of death
Outcomes review committee

(2 pathologists & 2 gynecological
oncologists)

Final diagnosis based on algorithm: disease
progression, (new lesions or increase in size

of original lesions by imaging, clinical
worsening, or rising biomarkers)
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3.9. Consideration 9

Deciding How to Avoid Biases Caused by Enrollments that Attract Participants with Late-Stage
Disease Who Are either Symptomatic or Disposed by Factors that Are Genetic, Environmental
or Social

It may be possible to explain the failure to detect early stage disease in the PLCO trial in
terms of promotions that attracted symptomatic women or women already with late-stage disease.
If recruitment inadvertently allowed a biased enrollment of women who already were demonstrating
clinical disease, it would certainly explain why early stage disease was not detected. Such a bias could
also be contributed to by attracting nulliparous women or women with a family history of ovarian
cancer. In contrast to the PLCO trial, the UKCTOCS ran a separate protocol specialized for women at
elevated risk for ovarian cancer. Since screening is intended for detecting sub-clinical disease, post-hoc
analysis should be performed that censors participants with clinical manifestations of disease when
the screening tool is not needed.

3.10. Consideration 10

Deciding Whether the Screening Tool or a Screening Process Is Being Tested

Differences in the screening process between the PLCO and UKCTOCS trials have already been
outlined here and in print [14,36] and are likely to have greater impact on outcomes than differences
in the screening tools in these two trials. As an aside, completion of full human papillomavirus
(HPV) vaccination is subject to age, rural vs. urban location, parental hesitancy/refusal and cultural
factors [37,38]. In this example, which utilizes a very effective agent, effectiveness at the population
level is limited by these barriers to utilization so that the role of the process assumes great importance
even with a very effective vaccination tool. In summary, in a screening trial both the screening tool
and the screening process contribute to the overall evaluation so that it is possible for a quite effective
screening tool to be utilized in a flawed screening process with the result that overall outcomes are
unimpressive. As part of this consideration, the control group is also process driven. If the control
group is supposed to receive “usual care”, such care could involve no visits to a care-giver as well
as timed annual visits that are matched to the frequency of screening visits. In this latter case, the
scheduled visits may provide a superior level of care that, based on information related by the subject,
leads to imaging with CT or MRI and the potential to identify malignancy. Against this background it is
not surprising that individuals in the control arm of clinical trials do better than the overall population.

4. Conclusions

Ten considerations are presented here that can impact the outcomes of ovarian cancer screening.
Each should be considered for implementing screening processes and re-considered in post-hoc
analyses as alternative explanations of effects that influence screening outcomes.

In addition, the consideration of ovarian cancer risk is appropriate and has been coupled to
ovarian cancer screening. The United Kingdom Familial Ovarian Cancer Screening Study (UKFOCS)
was begun in 2007 and included 4348 women that received annual screening for five years and
follow-up for an additional 4.8 years [39]. The participants met the familial criteria for risk by having
had a family member that had been diagnosed with ovarian cancer and would be considered to have
a life-time risk ≥10%. A shift to early-stage ovarian cancer discovery was observed to result from this
screening; however, it is too early to tell if an improved survival will be demonstrated in this screened
group of high-risk women. Improved assessments of risk have now been defined based on mutations
in BRCA1 (Breast Cancer susceptibility gene 1: 39%–65% life-time risk), and BRCA2 (Breast Cancer
susceptibility gene 2: 11%–37% life-time risk) [40,41]. Additional germline mutations in BRIP1, BARD1,
PALB2, NBN, RAD51B, RAD51C, RAD51D [42,43] as well as MLH1, MSH2, MSH6, PMS2, EPCAM,
(all associated with Lynch syndrome [44]), TP53 (associated with Li-Fraumeni syndrome [45]) and
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STK11/LKB1 (associated with Peutz-Jeghers syndrome [46]) are related to moderately increased risk
of ovarian cancer. With the number of germline mutations expanding, there has been support for
population-based screening for all women before ovarian cancer develops [47]. Such a position would
allow surveillance screening, surgical prophylaxis, or chemoprevention through oral contraceptives.
However, utilization of these strategies must be weighed against potential problems (false negative
screening, surgical complications, stroke, pre-mature menopause and increasing the risk of other
cancers). Thus, with the list of associated gene mutations evolving, more women can be expected
to carry some mutation pre-disposing them to ovarian cancer and overall will exceed the 15% of all
ovarian cancers attributed to BRCA1 and BRCA2 [46]. In this context, some form of ovarian cancer
screening/surveillance will have a role.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Identifying, understanding, and curing disease is a lifelong endeavor for any medical
practitioner. Equally as important is to be cognizant of the impact a disease has on the individual
suffering from it, as well as on their family. Ovarian cancer is the leading cause of death from
gynecologic malignancies. Symptoms are vague, and the disease is generally at an advanced
stage at diagnosis. Efforts have been made to develop methods to identify ovarian cancer at
earlier stages, thus improving overall mortality. Transvaginal ultrasound (TVUS), with and without
laboratory tests, can be used to screen for ovarian cancer. For over thirty years, the University of
Kentucky Markey Cancer Center Ovarian Cancer Screening Program has been studying the efficacy
of TVUS for detecting early stage ovarian cancer. After 285,000+ TVUS examinations provided to over
45,000 women, the program has demonstrated that regular TVUS examinations can detect ovarian
cancer at early stages, and that survival is increased in those women whose ovarian cancer was
detected with screening and who undergo standard treatment. These results demonstrate the utility
of TVUS as an efficacious method of ovarian cancer screening.

Keywords: ovarian cancer; screening; transvaginal ultrasound; quality of life

1. Introduction

As a first-year resident in Obstetrics and Gynecology, I am relating my perspective on ovarian
cancer at this stage of my career. This disease has received modest attention during medical school and
during residency. Having been to weekly didactics dedicated to this disease, as well as opportunities
to scrub in on complex pelvic surgeries, I am beginning to understand more about the nuances of this
disease process, its diagnosis, and management. Much of what I am relating here I have learned in my
own efforts to eventually prepare me for a career in Gynecologic Oncology.

Cancer is the second most common cause of death among women in the United States of
America and is the leading cause of death among women 40 to 79 years of age. Among the types
of cancers affecting women, ovarian cancer is considered uncommon, yet it causes severe morbidity
and mortality [1]. Abdominal ascites, bowel obstructions, venous thromboses, and adverse effects
from chemotherapy are the realities faced by women diagnosed with ovarian cancer. Ovarian cancer
is most often diagnosed at an advanced stage, which has led to investigations of screening tests to
detect the disease at early stages. Transvaginal ultrasonography (TVUS) has been studied as a means
to characterize and categorize adnexal masses. Since 1987, the University of Kentucky Markey Cancer
Center Ovarian Cancer Screening Program has been studying the efficacy of TVUS for detecting
early stage ovarian cancer. After over 285,000+ TVUS examinations provided to over 45,000 women,
the program has demonstrated that regular TVUS examinations can detect ovarian cancer at early
stages, and that survival increased in those women whose ovarian cancer was detected with screening
and underwent standard treatment [2,3].

Histologically, ovarian cancer is any neoplasm arising from ovarian cells. Historically, these cells
can either be those that line the surface of the ovary (epithelial) or those that originate from the ovary
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as non-epithelial cancers (embryonic or extra-embryonic (germ), hormone-producing, or structural
cells [sex-cord stromal]) [4–8]. In recent years, numerous reports have proposed a unified hypothesis
about the origin of high-grade serous ovarian cancer, implicating the Fallopian tubes fimbria as the
point of origin [9–18]. In this hypothesis, invasive or serous tubal intraepithelial carcinoma (STIC)
originating in the Fallopian fimbria is responsible for seeding the ovaries and peritoneal cavity with
malignant cells [19]. However, STIC is not present in many high-grade serous carcinomas [20].

Ovarian cancer generally affects older women, the average age being 63 [21]. Ovarian cancer is
the eleventh most common cause of cancer among women, with a lifetime risk of one in 70 to develop
disease [22]. It is also the leading cause of death from gynecological malignancy. Nearly two thirds of
ovarian carcinomas are diagnosed with disease located outside of the pelvis and thereby impose the
consequences of advanced stage disease. Overall, the five-year survival rate for women diagnosed
with ovarian cancer is 46%. When ovarian cancer spreads to distant sites, five-year survival decreases
to 28%, and decreases to nearly 16% with Stage 4 disease [1].

2. Ovarian Cancer Risk Factors

2.1. Inherent Risk Factors

Over her lifetime, a woman has a nearly one in 70 chance of developing ovarian cancer [17].
However, certain risk factors confer an increased chance of developing ovarian cancer. Nulligravidity,
or never becoming pregnant, can increase the risk for ovarian cancer. The basis for the increased risk is
that repetitive ovulation can cause cellular damage, inflammation, and cellular repair, all processes
that increase the likelihood of introducing DNA mutations. Multiple pregnancies, using contraception
methods that interrupt ovulation, and ovulation suppression due to extended lactation can reduce the
risk of developing ovarian cancer [23].

2.2. Genetic Risk Factors

The most significant risk factor for ovarian cancer is a strong family history of gynecological, breast,
or colon cancers. These women generally have an underlying genetic predisposition to developing
ovarian cancer and have mutations in tumor suppressor genes that prevent cancer [24]. Mutations that
lead to the loss of function of tumor suppressor genes are recessive; therefore, they must be passed
on by both parents to their daughter, resulting in an increased risk of cancer. However, in the case of
ovarian cancer, there are mutations that are dominant, so that only one copy of the mutated gene needs
to be inherited from either parent. BRCA-1 and -2 are tumor suppressor genes, specifically caretaker
genes, that encode proteins involved in DNA repair that prevent the accumulation of mistakes encoded
in DNA [25,26]. Ovarian cancer associated with BRCA-1/2 mutations is more indolent and affects
younger women. Among women with mutations in BRCA-1, the risk of ovarian cancer can range from
39% to 44%, while the risk with BRCA-2 mutations 12% to 20% [27–29].

Lynch Syndrome is a disorder that predisposes women to right sided non-polyposis colon cancer
and ovarian and endometrial cancers. There are five tumor suppressor genes mutations associated
with Lynch Syndrome: MSH2, MLH1, MLH6, PMS1, and PMS2. Mutations in these genes are inherited
in a dominant fashion, and result in increased microsatellite instability, or regions of DNA with
incorrectly transcribed DNA. Ovarian cancer risk in women with Lynch Syndrome is six to 8% [30].
It is quite clear that women with inherited genetic mutations are at a greater risk of developing ovarian
cancer, with a nearly three to fifteen-fold increase in risk for different gene mutations [31].

3. Clinical Presentation

3.1. Symptoms

Ovarian cancer is considered a “silent killer”, meaning most women have no symptoms from the
disease. Symptoms reported to be associated with ovarian cancer [32,33] are more often non-specific
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and associated with other conditions [26]. Sometimes, patients may present to their clinician with
pelvic pain secondary to ovarian torsion. It is rare that any symptoms are associated with early stage
ovarian cancer [34,35], and even when they do occur it is possible that they are coincidental. Women
with advanced disease, however, are likely to have complaints of pelvic pain, abdominal fullness,
early satiety, and bloating when tumor burden inflames abdominal structures.

3.2. Physical Examination Findings

A clinician may have an increased index of suspicion for ovarian cancer following their physical
examination of the patient. A palpable pelvic mass, ascites with a fluid wave, or diminished breath
sounds from pleural effusions can be identified on a physical examination. Rarely, a Sister-Mary Joseph
nodule, resulting from ovarian cancer metastasized to the umbilicus, or the Sign of Leser-Trelat, which
is an abrupt increase in seborrheic keratoses, can be indicative of occult cancer.

3.3. Ovarian Cancer Paraneoplastic Syndromes

Various paraneoplastic syndromes are infrequently associated with ovarian cancer. Hypercalcemia,
usually due to increased levels of circulating parathyroid hormone releasing protein, can occur and
cause altered mental status, increased thirst, urination, fatigue, constipation, and abdominal pain.
Subacute cerebellar degeneration presenting as ataxia, dysarthria, vertigo, nystagmus, and double
vision is due to cross-reactivity of antibodies to tumor antigens to cerebellar tissue. This condition
usually precedes tumor occurrence by months to years, and can be associated with severe morbidity
and mortality. Finally, Trousseau’s syndrome, or unexplained thromboses, has been associated with
ovarian cancer [36].

4. Diagnosis of Ovarian Cancer

4.1. Diagnostic Schema

If there is a high clinical index of suspicion, diagnostic evaluation can be undertaken. This begins
with a transvaginal ultrasound (TVUS). TVUS is highly sensitive and provides morphological
information about the ovary. Abnormal cystic findings on TVUS are broadly defined as simple
or complex, with echogenic components in complex cysts more indicative of malignancy. Ultrasound
findings can then be paired with blood tests that measure levels of tumor markers.

4.2. Tumor Markers

Discovered over 30 years ago, CA-125 is one of the most utilized biomarkers for ovarian
cancer [37,38]. When circulating levels of the CA-125 glycoprotein are elevated, it is often indicative of
ovarian cancer, although benign conditions like pregnancy, menstruation, endometriosis, and pelvic
inflammation can also be responsible for elevated CA-125 levels [39]. CA-125 can be used to calculate
the risk of malignancy index (RMI) for an individual patient. The RMI consists of a score assigned to
TVUS findings, menopausal status, and CA-125 level. RMI values greater than 200 indicate high risk
of malignancy [40].

A biomarker reported to be more sensitive for identifying ovarian cancer is HE-4, which is
expressed on multiple organs but, surprisingly, not on the ovary. Elevations in HE-4 are found in
nearly 100% of serous and endometrioid ovarian cancers and are sensitive in diagnosing early ovarian
cancer. Compared to CA-125, HE-4 is not elevated in benign processes, allowing the biomarker to be
specific for ovarian malignancy. The caveat for utilizing HE-4 is that normal values are not established.
With the high specificity of HE-4, and the high sensitivity of CA-125, the utility of combining the two
for diagnosing ovarian cancer has been implemented as the Risk of Malignancy algorithm (ROMA).
The ROMA uses a mathematical formula utilizing HE-4 and CA-125 concentrations adjusted for pre-
and post-menopausal status. Elevated ROMA values place women in a high risk of malignancy
category. The ROMA serves as a good screening test that also has specificity for epithelial ovarian
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cancer. It not only detects more patients with ovarian cancer than the RMI, but also those with early
stages of ovarian cancer [41].

In 2009, the Food and Drug Administration approved the clinical use of OVA-1, a serum
test analyzing five biomarkers: CA-125, II-microglobulin (both elevated in ovarian cancer),
apolipoprotein A1, prealbumin (transthyretin), and transferrin (which are decreased in ovarian cancer).
Biomarker levels are used in a computer algorithm to provide a result between zero and ten and are
stratified based on menopausal status. Patients with higher scores should be evaluated by a gynecologic
oncologist because the complexity of their disease is expected to be greater than those with lower
scores. To date, there are no studies directly comparing the performance of OVA-1 and ROMA [42].

5. Ovarian Cancer Staging

Once a woman is considered to be at high risk for ovarian malignancy, a referral to a gynecologic
oncologist is made. Surgery is generally undertaken to properly assess the extent of the disease.
An exploratory laparotomy through a midline incision allows for gross evaluation of the abdominal
and pelvic cavities for disease. If staging of ovarian cancer is found to be necessary, saline is initially
used to irrigate the pelvis and collected as “pelvic washings”. This is followed by the surgical removal
of the uterus, cervix, both Fallopian tubes, ovaries, lymph nodes that drain the ovaries (para-aortic
lymph nodes), and the fat pad that insulates the intestines (omentum). Tissue is sent to the pathologist
for final diagnosis of histological type, grade, and staging [31].

6. Treatment of Ovarian Cancer and Side Effects

6.1. Side Effects of Surgery

There are multiple side effects in the treatment of ovarian cancer. With surgery, potential
risks generally include infection, hemorrhage, blood transfusion, pain, prolonged hospitalization,
readmission, anesthesia complications, and death. Ovarian cancer surgical staging is often considered
to be an “intermediate-complex surgery” and is associated with a 20% risk of morbidity and mortality
occurring within the first 30 days following the operation [43]. Additionally, there is a ten to 15% risk
of surgical site infections [44].

6.2. Chemotherapy and Associated Side Effects

Following surgery, most women receive some sort of chemotherapy treatment to eradicate any
residual microscopic disease. More advanced stage ovarian cancer will have a greater likelihood of
being associated with residual disease. Various platinum-based chemotherapy regimens have been
used and are dependent on the stage of the cancer. These agents are not without side effects that
can include nausea, renal and ototoxicity, myalgia, alopecia, bone marrow toxicity with resulting
pancytopenia, mouth sores, swelling, redness, and chronic pain in the hands and feet (hand-foot
syndrome) [45,46].

7. Psychosocial Effects of Ovarian Cancer

There can be considerable emotional and physical burdens associated with ovarian cancer. Anxiety
and depression can develop from the distress over the pending removal of organs that represent
a woman’s femininity, motherhood, and sexuality [47]. Recurrence of disease is common, nearly 80%
with advanced stage, serving as another nidus for stress. In a study from the Dana-Farber Cancer
Institute, 56% of ovarian cancer survivors surveyed were concerned about recurrence [48]. Anxiety
and depression is nearly two times more likely in women with ovarian cancer, and higher if there
are other underlying health issues. Additionally, nearly 33% of ovarian cancer patients experience
high levels of psychological distress [49]. The burden of ovarian cancer can be extended to caregivers.
The Australian Ovarian Cancer Study Group investigated the effects of ovarian cancer on the quality
of life of ovarian cancer caregivers. This study found that in the last year of life, caregivers had lower
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quality of life measures as well as higher distress than those who were not taking care of ovarian
cancer partners. Additionally, mental and physical well-being worsened the closer their partner came
to the end-of-life. The most reported unmet needs of caregivers in the last six months were found to be
concerned with managing emotions surrounding prognosis, fear of worsening disease, balancing of
both the needs of themselves and their partners, the impact of caring for their partner had on their
career, and making decisions in an environment of uncertainty [50].

8. Ovarian Cancer Screening

8.1. Overview of Early Detection of Ovarian Cancer

Advanced ovarian cancer is associated with decreased survival, and increased morbidity with
not only the disease itself, but also surgery and the effects of chemotherapy. A recent study found
that if 75% of ovarian cases can be detected as Stage I or II disease, there would be a 50% reduction
in ovarian cancer related deaths [3]. Therefore, there have been multiple investigations to improve
detection of ovarian at earlier stages.

8.2. Disease Screening Principles

One method is to screen women for ovarian cancer. Disease that benefits from screening is one
that is (1) highly prevalent in the population, (2) a major health problem, (3) has a significant preclinical
stage during which detection by screening is possible, and (4) is significantly more curable at earlier
stages. Ovarian cancer satisfies these conditions, but does challenge the condition of prevalence.

Screening for a disease is the process by which an asymptomatic population is evaluated for the
likelihood of having the disease before there are symptoms or any indication of disease. Screening
has two outcomes: positive (likely has the disease) or negative (does not have the disease). The ideal
screening test will have:

A. High sensitivity: the ability to identify everyone with disease who tests positive (true positive)
from everyone with disease (true positives + false negatives). Ideally, a highly sensitive test will
have a low rate of false negative results so the test rarely misses subjects with the disease;

B. High specificity: the ability to correctly identify subjects without the disease (true negatives)
from everyone without disease (true negatives + false positives). A highly specific screening test
will have a low false positive rate;

C. High positive predictive value: the portion of subjects with disease that tested positive (true
positives) relative to all who tested positive (true positives + false positives), a value dependent
on the prevalence of the disease;

D. High negative predictive value: the portion without disease that tested negative (true negatives)
relative to everyone testing negative (true negatives + false negatives), which is inversely

dependent on disease prevalence;
E. Low cost: to allow maximum test affordability.

Table 1 summarizes these terms and relates them to ovarian cancer screening.

Table 1. Statistical terms and definitions used in ovarian cancer screening [51].

Term Screening Result Findings

True Positive (TP) Positive Histologically-proven ovarian cancer
False Positive (FP) Positive Benign ovarian histology

True Negative (TN) Negative No evidence of ovarian cancer 12 months after a negative screen
False Negative (FN) Negative Ovarian cancer diagnosed within 12 months of a negative screen

Sensitivity = TP/(TP + FN); Specificity = TN/(TN + FP); Positive Predictive Value = TP/(TP + FP); Negative
Predictive Value = TN/(TN + FN). Reproduced from [51] with permission from publisher.
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Screening tests are compared to an acceptable “gold standard” test, which is usually a definitive
diagnostic test. It is typically invasive, unpleasant, expensive, or impractical for wide use. Considered
the best test under “reasonable conditions”, the “gold standard” test provides 100% sensitivity and
specificity [52]. Regarding ovarian cancer, there is no current “gold standard” screening test. However,
TVUS performs with the highest sensitivity and specificity. A TVUS is performed with a 5–7.5 mHz
vaginal probe that generates accurate images of the ovary used to detect changes in ovarian morphology
and volume that are subtle and usually inappreciable on physical examination.

8.3. Ovarian Cancer Screening Trials

8.3.1. University of Kentucky Ovarian Cancer Screening Program

There have been four large ovarian cancer screening trials with TVUS as the primary screening
modality, one of which is the University of Kentucky Markey Cancer Center Ovarian Cancer Screening
Program. Originally initiated in 1987 by Dr. John R. van Nagall, this project has enrolled over
45,000 women, and investigators have performed over 280,000 scans. The project includes two groups:
asymptomatic women ≥50 years old, and asymptomatic women ≥25–49 years old with a documented
history of ovarian cancer in at least one primary or secondary family member. Both groups of women
are compared to an unscreened control group of women from the same geographic area who received
the same treatment protocols over the same period. The groups undergoing screening undergo
evaluation based on an established algorithm (Figure 1).

 

Figure 1. University of Kentucky Ovarian Cancer Screening Trial screening, evaluation, and treatment
algorithm [53]. Reproduced with permission from publisher.

Using the algorithm, the detection of 53 primary epithelial ovarian malignancies has been
reported [2]. Women who had ovarian cancer diagnosed by screening had earlier-stage disease (Stage 1
or 2) than those who did not receive screening (68% vs. 27%). The five-year survival rate of all women
whose ovarian cancer was detected by screening compared to those not undergoing screening was
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74.8% ± 6.6% and 53.7% ± 2.3%, a statistically significant difference. To date, the overall sensitivity,
specificity positive and negative predictive values, and false positive rate are 86.4%, 98.8%, 14.53% to
20.17%, 99.97%, and 1.2%, respectively [54–57].

8.3.2. Prostate, Lung, Colon, and Ovarian Cancer Screening Trial

The Prostate, Lung, Colon, and Ovarian Cancer Screening Trial (PLCO) is a large, population-based
randomized trial designed and sponsored by the National Cancer Institute starting in 1993 to determine
the effects of screening on cancer-related mortality and secondary outcomes in men and women aged 55
to 74. Regarding ovarian cancer screening, women were assigned to undergo either annual screening with
CA-125 and TVUS or usual care. There was no statistically significant reduction in ovarian cancer–related
deaths between those screened and those who underwent usual care. There was a minimal increase in the
detection of early stage ovarian cancer with screening than with usual care (22% vs. 21%). The five-year
survival rate was 47.4% in the screening group compared to 36.0% in the group receiving usual care.
The sensitivity, specificity, positive and negative predictive values, and false positive rate were 85.14%,
90.34%, 6.06%, 99.88%, and 9.6%, respectively [58,59].

8.3.3. United Kingdom Collaborative Trial of Ovarian Cancer Screening Trial

The United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS) trial recruited
200,000 women beginning in 2001 and randomized them into a usual care group, annual screening
with TVUS group, or annual multimodal screening with CA-125 and risk for ovarian cancer algorithm
(ROCA) group. The ROC utilizes an individual’s CA-125 level profile (initial values and trends over
time) and compares it to populations of women with and without cancer. The more a woman’s
ROC looks like profiles of women who have ovarian cancer, the greater her risk of having ovarian
cancer [60]. Women found to have a high ROC scores were subsequently screened with TVUS per their
algorithm. Results demonstrated an increased detection of low-volume disease (Stage 1, 2, and 3a)
in the multimodal screening group than by TVUS alone (40% vs. 24%). There was no reduction in
mortality regardless of the type of screening. Regarding the detection of any primary ovarian, tubal,
or peritoneal cancers, the sensitivity, specificity, and positive predictive value for the TVUS group
were found to be 84.9%, 98.2%, and 5.3%, respectively. The multimodal screening had a sensitivity
of 89.4%, specificity of 99.8%, and a positive predictive value of 43.3%, respectively. When detecting
primary invasive ovarian, tubal, and peritoneal malignancies, the sensitivity and positive predictive
value of TVUS decreased to 75% and 2.8%. The multimodal screening was essentially unchanged,
yet the positive predictive value decreased to 35% [61,62].

8.3.4. Multi-Center Japan University Trial

The final, large-scale ovarian cancer screening trial is the Multi-center Japan University trial.
Over 80,000 asymptomatic women were divided into either a control group consisting of usual
care following a physical examination or a screening group. Screening involved an annual pelvic
examination, TVUS and/or transabdominal ultrasound, and measurement of CA-125 levels. The study
showed that screening could detect Stage I and II disease at a higher rate compared to usual care (67%
and 44%, respectively). Using the published data, the sensitivity, specificity, and positive and negative
predictive values were 68.6%, 99.8%, 23.3% and 99.9%, respectively. The analysis of this screening
protocol for the long-term effect on ovarian cancer mortality is presently in progress [63].

9. Life Is More Than Death: An Interview with the Husband of a Recently Deceased Woman
Suffering from Advanced Stage Ovarian Cancer

In my short time in medical school and residency, I have made myself familiar with the
pathophysiology of ovarian cancer, its treatments, the status of screening for the disease, and the
survival curves that serve as the ultimate sterile summary of this disease. In all actuality, survival
curves are the measure of time from diagnosis to death, conveying nothing more than the math of

86

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 24

mortality. I have looked into the faces of women at various stages of this disease and have seen the
suffering in their eyes as their mortality approaches them.

I felt compelled to convey only one story, a story that is much larger than the deaths due to
ovarian cancer, because it is the journey on the terrifying road that women travel from their diagnosis
to their death. I received permission to discuss the final stages of ovarian cancer with the husband and
subsequent caregiver of a patient who died from ovarian cancer. To preserve patient confidentiality,
identities are de-identified with pseudonyms.

9.1. Pre-Diagnosis Life

Mr. and Mrs. Johnson (pseudonyms) were college sweethearts who met through a mutual friend.
Their first date consisted of a lovely bike ride across their college campus. Eventually, they wed and
had three children. Mrs. Johnson primarily took care of their children and homeschooled them much
of the time. Eventually, the children grew up and left home. She enjoyed working with her hands and
loved embroidery, designing children’s clothing, and creating smocking designs.

Mrs. Johnson took very good care of herself and never missed her annual gynecologic
examinations. However, one day she noticed changes in her body. She mentioned this to her husband
and said she “felt like she was filling up with water”. Initially, they dismissed the complaint as
something that would resolve itself. However, two days later, she again commented on how bloated
she felt, and lifted her shirt, showing her husband how distended her abdomen was. She began to
shake her hips, and they both could hear “water sloshing around her abdomen”. Mrs. Johnson called
a physician friend, who urged her to set up an appointment with her gynecologist.

At the discretion of her gynecologist, she underwent a CT scan and had a CA-125 level
drawn. When her doctor entered the room with the results, he “had a complete change in his
demeanor”. Her CA-125 was over 15,000, and imaging showed some sort of gynecologic malignancy.
Her gynecologist counseled her that she needed to be evaluated by a gynecologic oncologist and
suggested she be evaluated at the Markey Cancer Center, located on the University of Kentucky
Medical Center campus.

The gynecologic oncologist was certain she was suffering from at least Stage IIIC ovarian
cancer and that a staging surgery was necessary. Surgery revealed extensive disease throughout
the abdomen including involvement of the liver and diaphragm. A ureter obstruction required a ureter
re-anastomosis by a urology consultation team. Post-operatively, she spent 11 days in the hospital,
which was complicated by a right pleural effusion. The final pathology was consistent with high-grade
Stage IVA papillary serous adenocarcinoma of the ovary arising from both ovaries. According to her
husband, revelation of her diagnosis was “like being hit between the eyes”.

9.2. Life after Diagnosis for Both Individuals

Though the chances of a five-year survival had been quoted as 15%, Mrs. Johnson had always
been a strongminded individual, and she was determined to beat her disease. Chemotherapy options
were discussed, and she elected to proceed with dose-dense carboplatin and taxol.

9.3. Life during Treatment for Both Individuals

Life during chemotherapy was a struggle, though she did not let those struggles dampen her
faith and determination. Fatigue was the worst side effect from her chemotherapy to the point that she
was unable to enjoy her usual embroidery activities. Faith played a large role in keeping her will to
beat cancer alive. Her family and church members prayed constantly that she would not suffer from
neuropathy in her hands so she could continue knitting, and thankfully, their prayers were answered.
She had mild neuropathy in her feet with sparing of her hands.

Mrs. Johnson experienced recurrent pleural effusions, eventually showing evidence of malignancy
and recurrence. She had the the lining of her right hemi-thorax removed, which did not show evidence
of disease. Additionally, a new area of suspected malignancy on her spleen was evident on a repeat CT
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scan, along with a rise in her CA-125 to a maximum level of 4000. She received various chemotherapy
regimens including, gemcitabine, Avastin with vinorelbine, taxotere, cyclophosphamide, and etoposide.
External beam radiation therapy was utilized to address the malignant area of her spleen. She had
13 radiation treatments, but decided to decline any more radiation treatments because they caused
more fatigue than her chemotherapy. Her cancer responded to the cyclophosphamide, but eventually
her CA-125 began to rise. She declined further chemotherapy, and the topic of hospice was approached.
She decided that she did not want hospice at that point.

9.4. Life during the Final Months for Both Individuals

The final months of Mrs. Johnson’s life were filled with overwhelming difficulties resulting from
her recurrent ovarian cancer. She suffered greatly from recurrent pleural effusions and abdominal
ascites. She had nearly eight liters of ascites removed as an outpatient. She would continue to have
paracenteses whenever she became symptomatic. She decided to resume chemotherapy treatment
with etoposide. Two days later, she was admitted to the hospital with chemotherapy induced nausea
and vomiting. She was discharged after five days, but was readmitted for intractable symptoms.
She wanted to have a Denver drain placed to allow personal drainage of her ascites whenever she was
symptomatic. This improved her quality of life considerably.

However, she suffered another setback when she was diagnosed with a small bowel obstruction.
She elected to forego aggressive surgical treatment to address the obstruction and decided instead
to go home to be treated with intravenous fluids. The topic of hospice was brought up multiple
times, but she did not want to give in to her cancer. She was unable to tolerate any food, but she was
determined to eat. The thought of food became an obsession, as she would “watch cooking shows and
read every page of every cookbook in her kitchen”. She developed a routine of self-induced emesis in
the morning and evenings so that she could at least eat something. She continued to be symptomatic
from her small bowel obstruction, utilizing outpatient intravenous fluid hydration and electrolyte
replacements. Through all of this, she still declined hospice, with hope still alive of overcoming
her disease.

Mrs. Johnson died in November 2016. From the time of diagnosis, she lived 33 months, underwent
66 chemotherapy treatments with 10 different chemotherapy agents, 13 external radiation treatments,
five thoracenteses to relieve recurrent pleural effusions, and four paracentesis procedures that removed
nearly eight liters of ascites. Mrs. Johnson did not live without pain, nor die without immense suffering.

9.5. Feelings of the Family (Husband) after the Woman’s Death

Mrs. Johnson’s family had a very peaceful Thanksgiving with her son and his wife assuming
the cooking responsibilities that Mrs. Johnson had traditionally performed. Christmas was “a ‘new’
Christmas, but not a sad one”. Mr. Johnson said that he did not regret anything about his wife’s fight
with cancer, and though it was the most terrible time for them, they would do nothing different if they
had to go through it again.

10. Conclusions

It is estimated that a woman’s lifetime risk of developing ovarian cancer is one in 70. Many ovarian
cancers are diagnosed at an advanced stage, with only 15% of cases diagnosed in early stages. Ovarian
cancer screening trials have attempted to diagnose women with early stage disease because survival
is significantly greater in those patients. With screening programs like the University of Kentucky
Markey Cancer Center Ovarian Cancer Screening Program, transvaginal ultrasound is effective for
discovering early stage ovarian cancer. With continued efforts and determination, more ovarian
cancers can be diagnosed at earlier, more curable stages, avoiding the pain and suffering associated
with advanced stage disease like that endured by Mrs. Johnson.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Women that are positive for an ovarian abnormality in a clinical setting can have either a
malignancy or a benign tumor with probability favoring the benign alternative. Accelerating the
abnormality to surgery will result in a high number of unnecessary procedures that will place cost
burdens on the individual and the health delivery system. Surveillance using serial ultrasonography
is a reasonable alternative that can be used to discover if changes in the ovarian abnormality will occur
that favor either a malignant or benign interpretation. Several ovarian cancer screening trials have
had extensive experiences with changes in subclinical ovarian abnormalities in normal women that
can define growth, stability or resolution and give some idea of the time frame over which changes
occur. The present report examines these experiences and relates them to the current understanding
of ovarian cancer ontology, presenting arguments related to the benefits of surveillance.

Keywords: ovary; cancer; screening; monitoring; surveillance; serial ultrasonography

1. Introduction

Ovarian cancer is the deadliest cancer that women face, causing more deaths than any other
cancer of the female reproductive system [1]. However, the prevalence of ovarian cancer is low,
responsible for only about 3% of all cancers in women [2] and accounting for a lifetime risk of 1.3%
(1 in 75) [3]. Transvaginal ultrasound (TVS) has been widely recognized as the first line for evaluating
adnexal masses presenting both low risk and low cost. Prospective ovarian cancer screening trials
have utilized TVS to detect early stage malignancies. The five-year survival rate for women diagnosed
with stage I ovarian cancer has been reported to be as high as 95% [4,5] in contrast to only 30% for
women with stage III disease [6]. While large prospective screening trials have focused on how best
to identify malignancies in asymptomatic women in the general population, adnexal masses are
commonly identified by ultrasound ordered for a wide variety of indications in routine clinical practice
even when a patient does not present with relevant symptoms. While the US Preventive Services
Task Force (USPSTF) has recommended against population screening for ovarian cancer [7], many
women undergo ultrasound for various symptoms. This paper reviews recent prospective ovarian
cancer screening trial findings for clinical application on how women with adnexal masses, found by
ultrasound, for various reasons other than for screening purposes, should be managed and followed.

Ovarian cysts are often observed sonographically even in post-menopausal women with a
reported incidence rate of up to 21% [8]. The question of how best to manage these masses has
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been the subject of much interest and debate among clinicians including obstetric gynecologists,
primary care physicians, radiologists and gynecology oncologists. Several reports have asserted that
resected ovarian cysts do not contain malignancy [9–11], but that if left unmonitored, ovarian cysts can
progress to ovarian cancers [12,13]. Therefore, all ovarian cysts may present some source of concern.
Historically, this concern has led to a conundrum among radiologists and clinicians. Should these
cysts be monitored (how frequently and for how long) or should ovarian cysts be managed operatively
at the risk of potential harm from surgical complications and medical expenses?

In 2010, a consensus panel of the Society of Radiologists in Ultrasound (SRU) that was composed
of 19 experts in radiology, obstetric gynecology, and gynecology oncology, as well as pathology
released a recommendation regarding the management of adnexal masses found sonographically
in asymptomatic women [14]. The panel analyzed literature available at the time of the conference
(October 2009) and strategies in clinical practice with the goal of reaching a consensus on: (1) which
masses might not require follow-up, (2) which masses would need imaging follow-up, as well as when
follow-up evaluation should occur, and (3) which masses should warrant referral to a gynecologic
oncologist for surgical evaluation. The consensus agreed that it is reasonable to perform annual
ultrasound follow-up of cysts larger than 5 cm in premenopausal women and those larger than 1 cm in
postmenopausal women, although such cysts are unlikely to be malignant [14]. A recent expert review
suggested that low risk abnormalities can undergo an initial three-month follow-up with those that
remain stable or decreasing in size being examined every 12 months for five years [15].

Since the SRU guidelines from 2010 [14], differences over how best to manage adnexal masses
persisted and were recently addressed by the first international consensus conference on adnexal
masses [15]. This panel included representatives of societies in the fields of gynecology, gynecologic
oncology, radiology and pathology and clinicians from Europe, Canada and the United States. While
many of the adnexal masses are benign appearing (i.e., simple cysts or hemorrhagic cysts), for many
more, it is not clear whether the mass may contain foci of malignancy and consequently are classified
as indeterminate. As a clarification of terminology, “simple cysts” and “unilocular cysts” are the same
and are characterized as being anechoic structures that are absent papillae, solid areas and septa
(complete or incomplete). The low prevalence of ovarian cancer (3%) [2] establishes the likelihood that
most ovarian cysts are benign yet cysts cannot be dismissed because they occur with a high incidence
rate (21–35%) [8]. Some cysts are not simple and include morphologic elements that can demonstrate
multiseptations or small solid nodules. No specific guideline had been established for indeterminate
masses by the SRU consensus due to the fact that data analyzing long-term follow up of adnexal
masses at the time was insufficient. The SRU stated that “as research continues, the recommendations
regarding management of adnexal cysts may vary”. The present review examines the evidence
from recent research in histopathology of ovarian cancer types, ovarian cancer screening trials and
ultrasound morphology of adnexal masses to establish a framework for surveillance of these masses.

2. Type 1 and Type 2 Ovarian Cancers Found in Ultrasound Imaging

Currently, ovarian cancers now include two distinct types of malignancy: Type 1 or 2 based
on histologic pathogenesis, molecular alterations and clinical progression (Table 1). Type 1 ovarian
cancers include low grade serous carcinoma, endometrioid carcinoma, and clear cell carcinoma.
Type 1 ovarian cancers demonstrate a step-wise progression originating from a benign precursor
or borderline tumor or endometriosis [16–18]. For example, low grade serous carcinomas may
arise via transformation of benign and borderline serous tumors that are thought to be derived
from inclusion cysts originating from the ovarian surface or tubal epithelium. This progression is
analogous to the adenoma-to-carcinoma sequence seen in colorectal carcinoma pathogenesis or the
hyperplasia-to-carcinoma sequence in endometrioid carcinoma of the endometrium [19].

In contrast, Type 2 ovarian cancers are highly aggressive and include high grade serous, high grade
endometrioid and undifferentiated carcinomas, as well as malignant mixed mesodermal carcinomas,
usually presenting at an advanced stage [17,19,20]. Type 2 ovarian cancers often have TP53 mutations
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but rarely have mutations that are associated with Type 1 ovarian malignancies [17,20]. Some Type 2
ovarian cancers (in particular, high grade serous carcinoma) are associated with BRCA (BReast CAncer
susceptibility gene) inactivation [21]. Compelling evidence indicates that these malignancies may
originate from the epithelium of the fimbrial portion of the fallopian tube as serous tubal intraepithelial
carcinomas (STIC) [22–32]. Finally, some high grade serous carcinomas have been reported to develop
from transformation of serous borderline tumors or low grade Type 1 serous carcinomas [17–20]. While
pathogenesis may differ, the morphology of the high-grade serous carcinomas that develop in the
Type 2 pathway is similar to high-grade serous carcinomas that are transformed from Type 1 tumors
with shared clinical behaviors [17]. Using this paradigm, a stratified treatment plan can be devised.
However, currently there is no prospective means that differentiates between the subtypes of ovarian
cancer based on ultrasound imaging. Based on recent ovarian cancer screening results, abnormalities
with lesser degrees of morphologic complexity may harbor micro foci of ovarian cancer indicating
that a wide spectrum of abnormal morphology should be considered for ultrasound follow up and
active surveillance.

Table 1. Summary of Type 1 and Type 2 ovarian carcinomas.

Tumor Type Type 1 Tumors Type 2 Tumors

Behavior Indolent Aggressive
Diagnosis at Early Stage Advanced Stage

Survival Rate at 5 years About 55% About 30%

Type/Precursor

-Endometrioid
carcinoma/Endometriosis
-Clear cell carcinoma/Endometriosis
Mucinous carcinoma/Mucinous
Cystadenoma, Endometriosis, Teratoma,
-Brenner Tumor, and Mucinous
borderline tumor
-Low grade serous carcinoma/Serous
cystadenoma, Adenofibroma, Atypical
proliferative serous tumor, Mullerian
epithelial cyst
-Transitional cell carcinoma or
Malignant Brenner tumor/
Brenner tumor

-High grade serous
carcinoma/Probably de novo
starting at the tubo, ovarian
surface epithelium, serous tubal
intraepithelial carcinomas (STIC)
or ovarian hilum stem cell
-Undifferentiated carcinoma?
-Malignant mixed carcinoma?

2.1. Summary of Information from Recent Prospective Ovarian Cancer Screening Trials

There have been four large prospective ovarian cancer screening trials utilizing ultrasound in
asymptomatic women [5,33–35]. The first randomized control trial in the US was the Prostate, Lung,
Colorectal and Ovarian Cancer Screening (PLCO) Trial, a randomized controlled trial (RCT) of 68,616
women aged 55 to 74 of whom 30,630 underwent screening between 1993 and 2007 [34]. Women
were screened using serum CA-125 (cancer antigen 125) at a cut-off of ≥35 kU/L and transvaginal
ultrasound (TVS) for four years followed by CA-125 alone for an additional two years. Endpoint
analysis showed that screening with the combination of CA-125 and transvaginal ultrasound had no
mortality benefit compared to the unscreened control group [34]. Importantly, in the PLCO study,
surgical decisions were made on the basis of a single ultrasound exam and an absolute CA-125 level of
35 units/mL. More importantly, the PLCO trial had no uniform evaluation and treatment algorithm
for patients with screen-detected adnexal masses so that women identified in the screening arm could
be treated up to nine months after ultrasound detection, allowing their disease to progress to later
stages during this time.

In the multicenter prospective randomized Shizuoka Cohort Study of Ovarian Cancer Screening
(SCSOCS) trial in Japan [33], conducted between 1985 and 1999, asymptomatic postmenopausal women
were assigned either to a screening arm (n = 41,688) or to a control arm (n = 40,799). Furthermore,
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63% of ovarian cancers detected by screening were stage I disease versus 38% in the control arm.
Importantly, optimal tumor debulking was achieved more often in women whose ovarian cancer was
detected by screening [33]. Assessment of ovarian cancer specific survival was not completed in the
SCSOCS trial.

More recent studies have been published with a screening strategy that improves on using a
single ultrasound exam or a single CA-125 value at 35 units/mL, an approach that did not achieve an
acceptable positive predictive value (PPV) in the PLCO trial [34]. These strategies include the use of
serial ultrasound instead of a single ultrasound exam dictating the surgical decision and the utilization
of multimodalities keying on changes in serial CA 125 determinations. The University of Kentucky
Ovarian Cancer Screening Trial utilized a prospective single arm that focused on annual ultrasound
screening study of 25,327 women from 1987 to 2012 [36]. In the Kentucky study, serial ultrasound follow
up of the 6807 women with ovarian abnormalities displaying varying ultrasonographic morphologic
features resulted in a 304% improved PPV from 8.1% to 25% and reduced unnecessary surgery on
benign tumors [36]. Importantly, this study found that women in the screening group had a higher
rate of earlier stage cancer discovery (68% stage I or II disease) than the unscreened comparison group
(27% stage I or II, p < 0.01) [36–38]. Overall five-year survival of women who had epithelial ovarian
cancer (EOC) found during the serial ultrasound follow up including false negative cancers was
74.8% ± 6.6% compared to 53.7% ± 2.3% for women who were clinically detected (p < 0.01) [37,38].
Using the serial ultrasound approach, differentiating benign from malignant tumors was based on the
regression of benign masses [36]. Extending serial ultrasound to include a quantitative index showed
that malignant tumors demonstrated increasing morphology index scores over time [37,39].

Others have evaluated serial CA-125 level or other biomarkers such as human epididymis protein
4 (HE4) to improve the detection of ovarian cancer [40–42]. The Risk of Ovarian Cancer Algorithm
(ROCA) is a multivariate linear model based on longitudinal data from women with ovarian cancer
and estimates intermediate and high risk for malignancy based on changes in CA-125 levels relative to
an individual’s previous levels. ROCA with multiple CA-125 determinations has performed better
in detecting ovarian cancer than a single level since CA-125 levels vary greatly depending on the
menopausal status, fertility drug use, current cigarette use, race, pelvic inflammation and irregular
menstruation [43]. Using an absolute CA-125 cut off value of 35 units/mL may result in a high false
negative rate because only 50–60% of women with stage 1 EOC will have CA-125 elevated above this
level and borderline, and Type 1 or low grade tumors are known to express low levels of CA-125 [44].

In the United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOC), the largest
randomized control screening trial to date, performed between 2001–2005, 202,638 women from
the general population were assigned to a control group (no intervention) or to annual screening
using either transvaginal ultrasound (USS) or serum CA-125 interpreted by ROCA with transvaginal
ultrasound as a second line test (multimodal screening, MMS) [12,35,44]. The stage distribution of
the screen-detected primary invasive cancers was similar in both the multimodality group and the
group that received only ultrasonography [35]. In addition, 50% of primary invasive ovarian and tubal
malignancies detected by serial ultrasound screening alone had stage I or II disease versus 26% in the
control cases detected clinically (i.e., without screening) [35]. Screening produced a significant increase
in the detection of early stage ovarian malignancy. A report on the survival benefit from the UKCTOCS
has been published, which showed that, when prevalent cases were excluded, a significant mortality
reduction was noted after 7–14 years within the multimodality arm [35]. Similar but lesser mortality
reduction was seen with ultrasound alone. The trial is currently undergoing additional follow up
to further examine mortality reduction. Based on these data, it was concluded that 641 screens are
needed to prevent one ovarian cancer death [35].

Recently, it has been reported that ovarian cancer screening detects more indolent and less
aggressive Type 1 cancers [45] and that the frequency of Type 2 cancer is ~75% is higher than Type 1
with higher mortality rate for Type 2 cancer due to its faster rate of growth and metastasis. This result
is in contrast to findings from the Kentucky Ovarian Cancer Screening trial where 83.3% of early stage
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malignancies were aggressive Type 2 cancers [5,35,36,38]. In the UKCTOC ultrasound arm trial, both
Type 1 and Type 2 cancers were detected albeit more Type 1 than Type 2 [35]. Of the 23 Type 2 cancers
diagnosed in the UKCTOC ultrasound arm, 15 were associated with adnexal abnormalities, while eight
had normal ultrasound with subsequent diagnosis of ovarian cancer within 16 months (ranging 6–13
months with median of 10) [12]. No women with persisting normal ultrasound results were found to
have Type 1 ovarian cancers of the 32 women with Type 1 cancer who were detected by ultrasound in
the ultrasound arm of the UKCTOC [12]. Based on these observations, it may be concluded that many
Type 2 cancers are found in women brought to clinical practice by symptoms and that Type 2 cancers
have been shown to be quite possible to find through ovarian cancer screening using ultrasonography.
Therefore, serial ultrasound follow up of persistent masses may benefit women in clinical practice
by discriminating lethal Type 2 ovarian cancers as well as by reducing unnecessary surgery in cases
where complexity moderates or abnormalities resolve.

2.2. Can Type 2 Ovarian Cancers Be Detected by Ultrasound?

Using a growth model of serous cystadenocarcinoma (Type 2) based on retrospective analysis of
BRCA1 carriers who had undergone prophylactic bilateral salpingo-oophorectomies (PBSOs), it was
noted that high grade serous carcinoma likely spends approximately 4.3 years as histopathologically
detectable but clinically occult early stage tumors [46]. This analysis also stated that more than 50%
of serous carcinomas advanced to stage III/IV by the time they reached 3 cm in diameter. Assuming
spherical shape, this would be a volume of 14 cm3 (note that the normal ovary is 10–20 cm3 and a
walnut is 22 cm3). The report postulated that the tumor would double in volume every two and a half
months so that, at best, ultrasound follow up may only lead to the detection of low volume high grade
Type 2 cancers rather than early stage cases. However, early stage disease detected in the Kentucky
Ovarian Screening Program was larger than postulated by this model (Stage I Type 2: 65.4 cm3 ± 27.6,
27, 4.1, 366, n = 13; Stage II Type 2: 131.1 cm3 ± 33.4, 95.8, 10, 351.4, n = 14 (mean ± SEM, median,
min, max)) [5,37]. Thus, the prediction made by the model [46] that to achieve 50% sensitivity in
detecting tumors before they advance to Stage III, an annual screen would need to detect tumors of
1.3 cm in diameter is inaccurate and not supported by empirical screening data. Other investigators
modeling the levels of CA-125 associated with the smallest progressing ovarian cancers reported that
these cancers could develop unnoticed for 10.1 years and presented the view that the largest tumor
below the resolution of ultrasound (0.5 cm diameter) could progress to a detectable size (1.2–2.5 cm)
in 1–2 years [47]. Based on this estimation [47] and the Kentucky findings summarized above, early
stage Type 2 ovarian malignancies are well within the range of discovery by ultrasound. In the context
of surveillance monitoring, it would seem that arbitrary cessation as suggested by one retrospective
study [48] of ultrasound follow up of small complex adnexal masses, which are less than 6 cm at seven
months would miss both small volume high grade Type 2 cancers and the indolent Type 1 tumors that
can potentially progress to higher grade invasive cancer.

3. Risk of Ovarian Cancer When There Is an Adnexal Mass

Adapting the information from these prospective ovarian cancer screening trials to non-screening
applications in day-to-day clinical practice needs consideration. The USPSTF has recommended against
ultrasound exams for ovarian cancer screen in asymptomatic women [7] based on prior randomized
prospective ovarian cancer trials that failed to show mortality benefits while focusing on the risk of
unnecessary surgery with a small immediate complication rate or more long-term effects of premature
menopause from oophorectomy such as bone density loss. However, women present clinically with a
wide variety of indications including nonspecific symptoms, as well as more gynecologic symptoms
such as vaginal bleeding, pelvic fullness or pain. Sometimes, women may be referred for follow up
ultrasound on incidental abnormal findings from other diagnostic radiology exams such as CT that
have been obtained for unrelated reasons. Women who had any adnexal mass had a much higher
relative risk of developing ovarian cancer as observed in the UKCTOC trial, compared to women who
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had no adnexal mass [12]. The relative risk ratio for all EOC (Types 1 and 2) was 49.2 for women with
a multilocular solid cyst and 38.4 for women with a solid mass when compared to women with normal
ultrasound exams [12]. For the most deadly and aggressive ovarian cancers (Type 2), the relative risk
was 31.3 for women with a multilocular cysts with solid components and 38.4 for women with a solid
mass [12].

Even benign appearing unilocular and multilocular cysts without any solid elements have been
reported to be associated with epithelial ovarian cancer. In the UKCTOC report, unilocular and
multilocular cysts without any solid components had a relative risk for EOC within three years of
5.3 (95% CI (confidence interval) 1.9–15.2) and 6.8 (95% CI 1.9–22.9), respectively, compared to normal
ultrasound exams [12]. Among the primary EOC detected in the UKCTOC ultrasound screening
trial, 16% (nine out of 55) developed from unilocular cysts while 9% (five out of 55) developed
from multilocular cysts within three years of an initial scan. Among the borderline tumor and
Type 1 epithelial cancers, 16% (five out of 32) developed from unilocular cysts while 13% (four out
of 32) developed from multilocular cysts [12]. In another series by a separate research group, 11%
(4/35) of borderline tumors and 4% (1/24) of epithelial ovarian cancers were classified as unilocular
cysts at ultrasound examination performed by an ultrasound expert in a tertiary referral center for
gynecological ultrasound [49].

Valentin et al. noted in their cohort that the overall malignancy rate for unilocular cysts was 1%
and was higher among postmenopausal women (2.76%) then premenopausal women (0.54%) [50].
While the rates were very low, the difference was statistically significant between the two age groups.
The authors of the study noted that, upon pathologic inspection, seven of the 11 malignant cysts
described as unilocular on ultrasounds were found to contain small papillary projections or solid
components, which were not observed sonographically [50]. Careful scrutiny of ultrasound images
was advocated because subjective error or ultrasound resolution may provide explanations for the
failure to observe the papillary projections. While there are limitations to ultrasound, the degree to
which these limitations contribute to ultrasound results is small as shown by high sensitivities (>80%)
and high negative predictive values (>99%) [5,37,38].

3.1. The Risk Profile for Abnormal Ultrasound Findings

Among postmenopausal women in the general US population, the overall risk of ovarian cancer
rises with age to a 9–13% lifetime risk [51]. Relative risk increases when symptoms are present for
which a pelvic ultrasound is often performed in clinical practice, mostly because of pelvic pain. The
great majority of women with symptoms alone do not have an ovarian malignancy. The majority of
women with both symptoms and an ovarian abnormality on ultrasound also do not have a malignancy
due to the low prevalence of ovarian cancer; however, women with symptoms have been found to
have a higher prevalence of ovarian cancer than that reported for asymptomatic women in screening
trials using ultrasonography [52–54]. Differences between screening trial pelvic ultrasound outcomes
and those in clinical settings result because symptoms predominate in clinical settings.

3.2. Benefit of Serial Ultrasound Follow-Up

Serial ultrasound and a subsequent increase in morphologic complexity of an adnexal mass have
been used as the basis for surgical decisions in the single arm trial at the University of Kentucky [37]
and in the UKCTOC [35]. In the University of Kentucky trial, the majority of ovarian abnormalities
resolved within a year with serial ultrasound, including indeterminate masses. More than half of
women (63%) with ovarian cystic abnormalities had resolution in the subsequent follow-up with near
exponential resolution of ovarian abnormalities so that, by 1–2 years, only a fraction of the ovarian
abnormalities persisted (Figure 1, from [36]).

Ovarian abnormalities that continue to persist comprise only a fraction of the ovarian
abnormalities that are identified and are candidates for ongoing serial observation until their
indeterminate status changes due to an increase in morphologic complexity. Therefore, serial
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ultrasound surveillance can mitigate the potential risk from surgical complications due to prematurely
resecting indeterminate adnexal masses, especially if an adnexal mass demonstrates signs of resolving.
Ultrasound follow-up is advantageous because it is cost effective and low risk. The cost of ultrasound
follow-up is nominal compared to the cost of surgical treatment for women [55] and provides a greater
margin of safety than dismissing an extant adnexal mass without follow-up based on presuming
benign status due to an initial indeterminate ultrasound morphology.

Figure 1. Resolution of complex ovarian abnormalities. (A) unilateral abnormalities, never
simultaneously on both sides; (B) intermittent unilateral abnormalities consisting of ovarian
abnormality on one side or the other at different times; (C) bilateral abnormalities occurring
simultaneously on both sides. Cysts with solid components: red open circles. Solid components:
black solid circles. Intrapanel comparisons, (A): not statistically different. (B) p < 0.001, (C) p < 0.001.
Interpanel comparisons: A vs. C p < 0.01, A vs. B and B vs. C, not significantly different.

4. Subjectivity

4.1. Does Stability Over Time Argue Against Malignancy?

To address this question, work that focused on the ultrasound discovery of adnexal masses
was reviewed [13]. Malignancy has been found in stable masses, which enlarged and increased in
morphologic complexity in up to three years after initial detection in the UKCTOCS [12]. To put the
risk of prematurely terminating ultrasound surveillance in perspective, the definition of the acceptable
risk level (ARL) from environmental studies [56] of no more than 1 extra death/100,000 was used
to normalize the UKCTOCS trial data. Using this approach, the absolute risks for the appearance of
malignancy in up to three years after an initial ultrasound exam as calculated from the UKCTOCS
data [12] are considerably elevated (Figure 2). The risk of malignancy is higher after finding any of the
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ovarian ultrasound abnormalities as judged by the 95% CI (Figure 2). Even allowing the 0.001% ARL
to be relaxed 10 fold would still lead to the expectation of a considerable number of extra malignancies
within three years of the first scan. If prematurely stopping surveillance caused 50% or more of these
malignancies to be diagnosed at an advanced stage, likely destined to be fatal, then extra deaths due
to curtailing surveillance can be expected to be high and emphasizes the peril of limiting ultrasound
surveillance [13].

Figure 2. Estimation of risk in terms of extra deaths in women diagnosed with Type 2 primary epithelial
ovarian cancer within three years after an ultrasound exam. Data were collected in the United Kingdom
Collaborative Trial of Ovarian Cancer Screening Protocols as published [12] and normalized by the
acceptable level of risk of no more than one extra death per 100,000 in environmental studies. Absolute
risk of subsequent malignancy is shown by the bar labeled with each type of finding on the first
ultrasound exam. The 95% confidence interval extends upward from each bar. The dashed line
indicates the 95% confidence interval of the normal ovary extended across all types of findings.

4.2. The Conundrum of Ultrasound: Subjectivity and Technical Considerations

Subjectivity and operator-dependent errors are intrinsic to ultrasound imaging even when the
images are acquired and interpreted by expert radiologists or gynecologists and contain subtle features
that can go unreported or be missed. While the term expert sonographer is in wide use, there is no
definition that provides an understanding of this status or terminology. Ultrasounds are very often
performed by technologists whose varying skills and expertise are acquired and honed in the practice
in which they are employed. For experts and technologists alike, small lesions can be missed due
to various technical factors such as subject motion, lack of patient cooperation, large body habitus
with poor acoustic penetration, bowel gas shadowing which obscures pelvic organs, positioning of
the ovarian structure behind the uterus, etc. For some large masses, complete visualization of the
wall and internal morphology cannot be obtained because the signal from the transvaginal probe
cannot adequately reach the entire mass. When this is the case, the SRU recommendations advocate
pelvic magnetic resonance images (MRIs) for better characterization and full visualization of large
masses [14]. Small papillary projections within unilocular cysts can be absent on ultrasound, but later
confirmed by surgical pathology. Thus, there can be situations where information from ultrasound can
be inadequate.

Although ultrasound is highly sensitive, subjectivity inherent to the interpretation of ultrasound
images accounts for variation in ultrasound reports especially for indeterminate adnexal masses.
Recently, the International Ovarian Tumor Analysis (IOTA) study showed that there is considerable
uncertainly and inter-observer disagreement when solid components and papillary projection were
present [57]. Most disagreement was on the definition of a papillary projection, but there was also
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uncertainty leading to disagreement about whether a certain structure should be classified as a solid
component or as a collection of septa, a collection of small cysts or as ovarian stroma. Including
Doppler imaging can introduce variability because some septa can only be visualized with Doppler
and, therefore it can change the type of morphology that is reported.

In addition to physiological cysts, serous and mucinous cystadenomas, transitional and germ
cell tumors, struma ovarii, stromal cell tumors, fibromas, endometriomas, low malignant potential
(borderline) tumors, and malignancies, and other structures that are expected to have the potential to be
reported as having solid components in ultrasound exams of the adnexa include: inflammations,
infections and abscesses. Only after surgery has been performed is it possible to establish the
histopathologic identity of an ovarian abnormality seen on ultrasound. Histopathological identification
is not a possibility in serial ultrasound surveillance when solid structures resolve as has been reported
in the Kentucky study [36]. In brief, this study reported that while cysts with solid components had
the highest risk for epithelial ovarian cancer, many complex abnormalities (cysts with apparent solid
areas) and apparent solid masses were more likely to resolve within a year of surveillance (76.5–80.6%)
than unilocular cysts and cysts with septations (32.8–43.9%, p < 0.001) [36]. Complex abnormalities
and solid masses had a median time to resolution of 7.8–8.7 weeks, while unilocular cysts and cysts
with septations had a median time to resolution of 53–55.6 weeks. The expectation is that if these were
truly solid masses that are highly suspicious for cancer, they should not resolve. There are several
possibilities to explain this observation. First, something other than the ovary was measured in the
ultrasound report (i.e., overlapping adjacent tissue like a bowel loop). Second, the plane through which
a partially solid ovarian structure was sonographically examined exaggerated the extent to which
the structure appeared to be solid. Third, unverified factors like inflammation, infection or abscess
were responsible for reporting solid areas in the ultrasound report, providing pseudo-findings. Serial
ultrasonography provides a protection against a pseudo-finding of solid structure whenever there is
evidence of a resolving process or resolution. Few would argue that uncertainty can be eliminated
in ultrasound exams, especially with subjective interpretation providing the foundation for what is
reported. The degree to which subjective interpretation can account for the identification of apparently
“solid components” that subsequently resolve is not presently known, but can be corrected by a serial
ultrasound imaging approach in diagnostic imaging. Moreover, the utilization of complementary
Doppler imaging could contribute to differentiating a truly solid mass as distinct from a mass of clotted
blood. However, even with Doppler imaging, not all solid masses will be able to demonstrate Doppler
flow if there is too much tissue for the ultrasound beam to penetrate or if certain tumors are not
sufficiently vascularized for detection by Doppler imaging. Thus, in the absence of definitive Doppler
identification, the best solution for distinguishing apparently solid components is serial ultrasonography.

5. Ovarian Mass Ultrasound Morphology

There is considerable overlap between the ultrasonographic morphology of ovarian masses.
In the UKCTOCS study, 25 (78.1%) of the borderline/Type 1 cancers had adnexal abnormalities with
solid elements (unilocular solid/multilocular solid cysts or solid masses) on the initial (n = 23) or
subsequent (n = 2) scans [12]. Of the 23 women diagnosed with Type 2 EOC, 15 had sonographic
adnexal abnormalities where eleven (47.8%) had solid elements or ascites on the initial scan [12]. While
in the UKCTOCS study, the strongest association between ovarian morphology and epithelial ovarian
cancer was the presence of “solid component(s)”, borderline, and Type 1 and Type 2 cancers were
found across all sonographic morphologies including unilocular and multilocular cysts without solid
components. In contrast, benign pathology was the norm for all morphologies including cysts with solid
components [36]. The challenge for radiologists and gynecologic oncologists is correctly diagnosing
epithelial ovarian cancers associated with indeterminate masses having multiple thick septations and
or solid components that can be seen across borderline, indolent Type 1 tumors, aggressive Type 2
tumors and benign masses. This challenge is complicated by the low prevalence of ovarian cancer. Clear
expressions of ovarian abnormalities seen ultrasonographically are presented in Figure 3. Tumors of low
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malignant potential (i.e., borderline tumors) account for 15% of all epithelial ovarian cancers (Figure 3A).
Nearly 75% of these tumors are stage I at the time of diagnosis. They represent a heterogeneous
group and occur in younger women with favorable prognosis. However, symptomatic recurrence
and death may be found as long as 20 years after therapy in some patients. While low grade serous
tumors (Type 1) occur less frequently, pernicious high-grade serous carcinomas (Type 2) predominate,
accounting for over half of ovarian malignancies, Figure 3B. Undifferentiated carcinomas (Figure 3C,
2%), malignant mixed mesodermal tumors (Figure 3D, 3%) and high grade transitional cell carcinomas
(Figure 3E, 2%) (all Type 2) each carry a serious prognosis, but together account for less than 10%
of ovarian malignancies. Endometriod carcinomas comprise ~20% of ovarian malignancies with
low and high grade endometriod carcinomas appearing ultrasonographically similar (Figure 3F,G).
Together with clear cell carcinomas (Figure 3H, 3%), malignant Brenner’s tumor (Figure 3I, <1%) and
mucinous carcinomas (Figure 3J,K, 5%) are recognized as being responsive to treatment. Overlapping
morphological components characterize all of these tumors. To discriminate malignant from benign
abnormalities, a Morphology Index (MI) has been developed at the University of Kentucky [58]. The MI
grades an abnormality on the basis of both size and structure (morphology) as shown in Figure 4.
Increasing MI scores correlate well with the risk of an abnormality being malignant [39].

Figure 3. Cont.
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Figure 3. Ultrasonographic appearance of borderline, Type 1 and Type 2 ovarian cancers. (A) Bilateral
Serous Borderline Tumor: tumors of low malignant potential (i.e., borderline tumors) account for 15%
of all epithelial ovarian cancers. Nearly 75% of these tumors are stage I at the time of diagnosis. They
represent a heterogeneous group and occur in younger women with favorable prognosis. However,
symptomatic recurrence and death may be found as long as 20 years after therapy in some patients.
(B) High Grade Serous Carcinoma (Type 2): serous carcinomas comprise the majority of ovarian
carcinomas. Unlike low-grade serous carcinoma, TP53 mutation occurs in up to 80% of high-grade
tumors [17,20]. (C) Undifferentiated Carcinoma (Type 2): about 5% of ovarian cancers are so poorly
differentiated and difficult to classify that they are called undifferentiated carcinomas and occur as
large, solid hemorrhagic structures with necrosis. (D) Malignant Mixed Mesodermal Tumor (Type 2):
occur almost exclusively in postmenopausal women. (E) High grade transitional cell carcinoma (Type 2)
is probably not a distinct entity but a poorly differentiated form of serous or endometrioid carcinoma.
(F) Low Grade Endometrioid Carcinoma (Type 1): endometriosis a likely precursor of endometrioid
carcinoma. (G) High grade Endometriod carcinoma (Type 2) is morphologically indistinguishable from
high grade serous carcinoma. (H) Clear Cell Carcinoma (Type 1): as with endometrioid carcinomas,
there is a close association between endometriosis and clear cell carcinoma. (I) Malignant Brenner
Tumor (Type 1): relatively uncommon neoplasm. Most Brenner tumors are benign, only 2–5% being
malignant. (J) Mucinous Borderline Tumor (Type 1): 53.3% of borderline tumors are serous tumors and
42.5% are mucinous tumors (42.5%). (K) Mucinous Carcinoma (Type 1): frequently has a heterogeneous
composition with coexisting elements of cystadenoma, stromal microinvasion, noninvasive carcinoma,
and invasive carcinoma.

103

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 25

 

Figure 4. Morphology Index evaluation of ovarian abnormalities. Part of the figure is reprinted
from [39,58].

5.1. Malignant Degeneration of Benign Masses

It is well known that epithelial ovarian carcinomas can develop from ovarian
endometriosis [59–63]. The strongest association is seen with endometrioid and clear cell
carcinomas [64–66], which have been reported to be associated with ovarian endometriosis in
30–40% and 40–70% of cases, respectively [66,67]. Endometrioid cancer is considered as a Type 1
tumor while clear cell carcinoma is a more intermediate type [16]. Twenty-eight per cent of benign and
38% of borderline endometrioid tumors were reported to be associated with endometriosis in one
series [68,69]. Thus, there are benign entities that can become malignant.

5.2. Psychosocial Elements in Prospective Ovarian Cancer Screening Trials

In an age when patients can freely review their medical charts, including their entire radiology
report, and access the Internet for information, we enter uncharted territory in how to communicate
our findings with patients. The cost in following an ovarian mass by ultrasound is nominal compared
to surgery or extensive chemo-radiation treatment when ovarian cancer is detected at a later stage.
When women were polled about screening for ovarian cancer by the University of Kentucky Ovarian
Cancer trial team, 97% of the women surveyed reported that they wanted to be screened and that they
would even pay for screening themselves because ovarian cancer has a mortality ratio that is four times
greater than breast cancer, despite an incidence rate that is low [70] even with potential complications
that range from long-term physiological changes such as bone density loss to surgical mortality.

It is legitimate to consider if serial ultrasound and surveillance impacts psychosocial well-being.
Non-physical or psychological harm to women has been examined in the Kentucky Ovarian Screening
trial. When compared to an age and education matched group with no history of ovarian screening,
women in the Kentucky trial had more ovarian cancer-specific distress/anxiety, less optimism, and less
knowledge about risk factors upon entry [71]. Thus, some distress or anxiety relative to ovarian cancer
appears to play a motivating role for entering the Kentucky screening trial. As part of these efforts,
the validity of self-reporting by women in the Kentucky trial was evaluated and found to be very
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high [72]. In a study with baseline, two-week and four-month measurement, recipients of a normal
ovarian screening exam showed decreased ovarian cancer-related distress, increased positive effects
and increased knowledge of risk factors [73], indicating, for the vast majority of women screened, that
there are beneficial effects on ovarian cancer-specific anxiety, attitude and knowledge. Women who
received an abnormal TVS screening result were found to have an elevated ovarian cancer-specific
distress (but not general distress) at a two-week follow-up that returned to baseline at the four-month
follow-up [74]. Results were influenced by a monitoring coping style, low optimism and family
history of ovarian cancer. Needs that have been identified in women with an abnormal TVS screening
result deal with anticipation, emotional responses, role of the sonographer and impact of prior cancer
experiences [75]. In examining social cognitive processing vs. cognitive social health processing after
an abnormal TVS screening, analyses found that greater distress was associated with greater social
constraint [76]. Thus, psychological conditions that are apparently associated with ovarian screening
are governed by different underlying factors in different women and not the screening result per se.
Furthermore, recent published findings from the UKCTOCS data showed that screening does not
necessarily provoke an unacceptable level of anxiety or psychological morbidity [77]. Taken together,
these results support the position that surveillance and serial ultrasonography may not negatively
impact perceptions of well-being, particularly if more women were made aware that some tumors
may be low grade and slow growing.

6. Executive Summary of What We Already Know

There has been significant advancement in our understanding of ovarian cancer since the first
randomized prospective ovarian cancer screen trials were initiated to detect cancers in early stages to
reduce the mortality of this disease. We now know that ovarian cancer is a large heterogeneous group
consisting of Type 1 (indolent and low grade tumor) and Type 2 (aggressive and high grade tumor)
based on molecular, genetic make-up of the cancer and how they progress based on their precursors
or genetic predisposition [16–32]. The evidence indicates that surgical treatment based on limited
imaging or tumor marker data based on single or short-term exams has led to unnecessary surgery
with potential for morbidity or mortality [34]. Ultrasounds in ovarian cancer screening have detected
both Type 1 and Type 2 cancers even at early stages [5,12,35–38]. Because benign and malignant
ovarian neoplasms share overlapping ultrasound morphologies, accounting for a high ratio of benign
to malignant surgical findings and because ovarian cancer prevalence is low while the prevalence of
ovarian abnormalities is high, active ultrasonographic surveillance of ovarian abnormalities based
on the morphologic index provides the best means for detecting Type 2 ovarian cancers. Theoretical
modeling on how Type 2 cancers behave has shown that it may be possible to detect low volume
high grade cancer with better outcomes utilizing close follow-up with ultrasounds [46,47]. Ovarian
cancer screening with ultrasound has detected a stage shift that finds malignancies at an earlier stage
and serial ultrasound has increased the positive predictive value of this approach while decreasing
false positive cases [5,36–38]. Medical-legal risk may enter the consideration when an indeterminate
mass is not followed, often leading to surgery that proves unnecessary. Unnecessary surgery on false
positive cases can have serious immediate complication rates ranging from 2–15% [12,34], but, if serial
ultrasound indicates that the abnormality is resolving, then the need for surgery could be circumvented.
Based on a comprehensive review of the literature, it can be concluded that:

(1) there are benefits in ultrasound monitoring of persisting indeterminate masses;
(2) resolution of sonographic abnormality defines benign status;
(3) stability over time may not equate with benign status particularly for Type 1 tumors;
(4) for certain types of tumors benign lesions are precursors of malignant lesions;
(5) repeated ultrasound monitoring does not negatively impact psychosocial well-being.
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7. Conclusions

In conclusion, ultrasounds are inexpensive, associated with low morbidity, widely available,
have high sensitivity in detecting abnormalities and are free of risk in image acquisition. Decisions
for following ovarian masses detected by ultrasound in day-to-day practice differ from decisions
for annual ovarian cancer screening in asymptomatic women with normal risk. The goal of ovarian
cancer screening is to detect early stage ovarian cancer with improved mortality benefit. The role of
ultrasounds in adnexal mass management should be to increase positive predictive value of detecting
ovarian cancer to minimize unnecessary surgeries and to avoid failures to detect ovarian cancers.
Findings from ovarian cancer screening trials and advances in our understanding of ovarian cancer
pathogenesis can guide the management of adnexal masses found in clinical practice, especially
since screening studies have observed that women with ovarian masses found by ultrasounds have a
higher risk for ovarian cancer than those women who do not have an ovarian mass. Serial ultrasound
surveillance using a morphologic index allows quantitative surveillance and the ability to distinguish
benign masses based upon stable index scores (absence of growth, stable morphology) or decreasing
index scores (resolution), while increasing index scores are strongly linked to malignancy. Concomitant
use of serial CA-125 as in the ROCA model should also increase the positive predictive value of
detecting malignancy. All improvements should promote a close working relationship between
diagnostic radiology and clinicians using standardized structured reporting models as advocated by
the American College of Radiology as seen in the Breast Imaging Reporting Data System (BI-RADS)
or the Liver Imaging Reporting Data System (LI-RADS) to reduce ambiguous terminology, decrease
variability in interpretation and improve communication.
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Abstract: Background: The aim of this study was to assess and compare the performance of
different ultrasound-based International Ovarian Tumor Analysis (IOTA) strategies and subjective
assessment for the diagnosis of early stage ovarian malignancy. Methods: This is a secondary
analysis of a prospective multicenter cross-sectional diagnostic accuracy study that included 1653
patients recruited at 18 centers from 2009 to 2012. All patients underwent standardized transvaginal
ultrasonography by experienced ultrasound investigators. We assessed test performance of the
IOTA Simple Rules (SRs), Simple Rules Risk (SRR), the Assessment of Different NEoplasias in the
adneXa (ADNEX) model and subjective assessment to discriminate between stage I-II ovarian cancer
and benign disease. Reference standard was histology after surgery. Results: 230 (13.9%) patients
proved to have stage I–II primary invasive ovarian malignancy, and 1423 (86.1%) had benign disease.
Sensitivity and specificity with respect to malignancy (95% confidence intervals) of the original SRs
(classifying all inconclusive cases as malignant) were 94.3% (90.6% to 96.7%) and 73.4% (71.0% to
75.6%). Subjective assessment had a sensitivity and specificity of 90.0% (85.4% to 93.2%) and 86.7%
(84.9% to 88.4%), respectively. The areas under the receiver operator characteristic curves of SRR
and ADNEX were 0.917 (0.902 to 0.933) and 0.905 (0.920 to 0.934), respectively. At a 1% risk cut-off,
sensitivity and specificity for SRR were 100% (98.4% to 100%) and 38.0% (35.5% to 40.6%), and for
ADNEX were 100% (98.4% to 100%) and 19.4% (17.4% to 21.5%). At a 30% risk cut-off, sensitivity
and specificity for SRR were 88.3% (83.5% to 91.8%) and 81.1% (79% to 83%), and for ADNEX were
84.5% (80.5% to 89.6%) and 84.5% (82.6% to 86.3%). Conclusion: This study shows that all three IOTA
strategies have good ability to discriminate between stage I-II ovarian malignancy and benign disease.
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1. Introduction

Ovarian tumors are common in women of all ages [1–3]. It has been estimated that in the female
population, the lifetime risk of undergoing surgery for a suspected ovarian neoplasm is 5–10% [4].
However, the incidence of ovarian cancer is low. In Europe, there were 65,538 new cases during 2012,
with an age-adjusted incidence rate of 13.1 per 100,000 women. Still, ovarian cancer is an important
health problem in gynecology, as it is the most lethal gynecological malignancy, with 42,700 deaths
occurring in 2012 in Europe (mortality rate 7.6 per 100,000) [5]. This accounts for 5% of all cancer
deaths in women, which makes ovarian cancer the sixth most lethal cancer in females in Europe [6].

In recent decades, despite advances in cytoreductive radical surgery and cytotoxic chemotherapy,
we have seen only a marginal improvement in the overall survival of patients with ovarian cancer [7].

Almost 60% of patients are diagnosed with advanced disease with regional or distant spread and
an unfavorable long-term prognosis. Five-year relative survival is 46% for all International Federation
of Gynecology and Obstetrics (FIGO) stages [8], but ranges from 90% at Stage I to 4% for Stage IV
disease [6,8]. Therefore, attention for the development of strategies to detect ovarian malignancy at
an early stage using imaging and/or biomarkers is increasing, in order to improve patient survival.
This idea is reflected in the conduction of several large ovarian cancer screening trials [9–11], but also
plays an important role in clinical management of the non-screening population.

Early detection of cancer means that treatment is not delayed and that appropriate staging can be
carried out in specialized surgical centers, which is known to improve survival [12–15].

The best ultrasound method for discrimination between benign and malignant adnexal masses
is the subjective assessment of ultrasound findings by an experienced ultrasound examiner [16–18].
However, as such expert knowledge is not available in each center, the International Ovarian Tumor
Analysis (IOTA) study aims to develop diagnostic algorithms to assist clinicians in characterizing
adnexal pathology, irrespective of their level of expertise. The IOTA group initially published
a consensus paper in order to standardize terms, definitions, and measurements used to assess
ovarian pathology [19]. By prospectively investigating patients presenting with an adnexal mass (i.e.,
non-screening population), this formed the basis for the development of different IOTA methods such
as the Simple Rules (SRs), which are based on five ultrasound features suggestive for a benign lesion
(B-features) and five features suggestive for a malignant lesion (M-features) [20]. The IOTA SRs have
become very popular because they are easy to use, without the need for any calculation. They have
been extensively validated and are incorporated in international guidelines [21,22]. Two systematic
reviews and meta-analyses have concluded that the IOTA SRs are one of the best performing
available diagnostic methods for differentiating between benign and malignant adnexal masses [18,23].
Shortcomings of the SRs are that there are inconclusive results in a proportion of cases (when B and
M features apply or when no features apply) and the absence of an estimated risk of malignancy.
Therefore, the ultrasound features used in the SRs have recently been used to calculate a risk of
malignancy, leading to the Simple Rules Risk (SRR) model [24]. Another logistic regression model
developed by the IOTA group is the Assessment of Different NEoplasias in the adneXa (ADNEX)
model. As a multiclass prediction model, ADNEX not only calculates the likelihood of malignancy
in adnexal masses, but also divides this into the likelihood that the mass is borderline malignant,
stage I primary invasive ovarian cancer, stage II–IV primary invasive ovarian cancer, or a metastasis
in the ovary from another primary tumor [25]. The performance of ADNEX is at least as good as
the performance of previous IOTA methods, as confirmed by external validation studies [26–30].
The ADNEX model is available online and in mobile applications (www.iotagroup.org/adnexmodel/).
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Given the good performance of IOTA strategies in discriminating between benign and malignant
disease in patients presenting with an adnexal mass prior to surgery, we are often confronted with
the question on how IOTA methods could potentially improve detection in ovarian cancer screening.
For the purpose of this special issue of Diagnostics, we assessed and compared the test performance of
various diagnostic IOTA methods and subjective assessment to identify early stage, i.e., FIGO stage I
and II [8], primary invasive ovarian malignancy in a non-screening population.

2. Materials and Methods

2.1. Patients

This study was performed on data of IOTA phase 3 [31], a multicenter cross-sectional diagnostic
accuracy study with prospective data collection. Patients were recruited in 18 centers in six countries
(Sweden, Belgium, Italy, Poland, Spain, and Czech Republic) between October 2009 and May 2012.
The participating centers were either oncology referral centers (i.e., tertiary centers with a specific
gynecological oncology unit) or general hospitals and units with a special interest in gynecological
ultrasound. Ethics approval for IOTA 3 was obtained by the ethics committee of the University
Hospitals Leuven (B32220095331/S51375 approved 21 January 2009) as the main investigating center
as well of the local ethics committees of all contributing centers.

Patients were eligible for IOTA 3 if they presented with at least one adnexal mass (ovarian,
para-ovarian, or tubal), underwent standardized transvaginal ultrasonography by a principal
investigator at one of the participating centers, and were then selected for surgical intervention
by the managing clinician. All examiners were experienced in gynecologic ultrasound. Details on
the ultrasound examination technique and the IOTA terms and definitions used to describe adnexal
pathology have been published elsewhere [19]. More information on data collection can be found in
the original IOTA 3 publication [31]. The pathologist was blinded to the predicted outcomes of the
index tests being compared.

For the purpose this study, only patients having a histopathology diagnosis of a benign mass or
FIGO stage I and II [8] invasive (epithelial or non-epithelial) ovarian malignancy were considered
for analysis.

2.2. Diagnostic Models

Three diagnostic IOTA methods for the assessment of adnexal masses (the original SRs, SRR and
ADNEX) were evaluated in terms of their ability to discriminate between benign disease and stage
I–II primary ovarian malignancy. These methods were developed on data of earlier IOTA phases.
Hence, this is a temporal validation study, including new centers. The original IOTA SRs result in
a classification of ovarian masses as benign, malignant, or inconclusive. In this work, we classified
inconclusive cases as malignant. The SRR yields a predicted probability of ovarian malignancy. The
ADNEX model provides the predicted risks of four different subclasses of malignant adnexal tumors
(borderline, stage I invasive, stage II-IV invasive or metastatic cancer). When using the ADNEX
model, the probability of malignancy is computed as the sum of the predicted probabilities for all
malignant subtypes (including borderline tumors). We validated the version of ADNEX that does not
use serum cancer antigen 125 (CA125) measurements as a predictor, because CA125 results are not
always available in women with benign or stage I–II tumors (results for serum CA125 measurements
were missing for 45% of women in our database). ADNEX with and without CA125 has similar
ability to predict malignancy [25]. Both SRR and ADNEX were initially developed on data from IOTA
phases 1 and 2, validated on data from IOTA 3, and then refitted on all data [24,25]. In this study,
we used the initial versions of SRR and ADNEX that were not refitted using IOTA 3 data. We also
evaluated the performance of subjective assessment.

113

B
o
o
k
s

M
D
P
I



Diagnostics 2017, 7, 32

2.3. Statistical Methods

All strategies were evaluated in terms of their ability to discriminate between benign and
malignant masses. The area under the receiver-operator characteristic curve (AUC) was computed
for ADNEX and the SRR. We also calculated the sensitivity and specificity for ADNEX and the SRR
at risk thresholds of 1%, 10%, 20%, and 30%, as well the sensitivity and specificity of the original
SRs (classifying inconclusive results as malignant) and subjective assessment. Subgroup analyses
were performed for pre- and postmenopausal women. R software (version 3.3.1.) was used for all
calculations (R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria, Available online: http/www.r-project.org/). The pROC package and
binom packages were used to calculate Delong [32] and Wilson [33] confidence intervals for AUCs and
sensitivity/specificity, respectively. The Transparent Reporting of a multivariable prediction model for
Individual Prognosis or Diagnosis (TRIPOD) guidelines [34] were used for reporting in this study.

3. Results

In total, 2541 women with adnexal masses were enrolled in IOTA phase 3. We excluded 138 women
from the final data set after the application of exclusion criteria [31].

Of the remaining 2403 patients, 1423 had a benign mass. Patients with borderline tumors,
stage III–IV primary invasive malignancies, and metastatic cancer were excluded from the analysis.
The resulting database for analysis consisted of 1653 women from 18 centers, 230 of which had stage
I–II invasive ovarian malignancy. Patient and tumor characteristics are represented in Table 1. Of the
women included, 34.6% were postmenopausal. Histology findings are listed in Table 2.

Table 1. Descriptive statistics of the sample.

Variable
Result

Benign Tumor Early Stage Malignancy (I and II)

N 1423 (86.1%) 230 (13.9%)
Age (years) 44 (33 to 56) 55 (42 to 66)
Postmenopausal 447 (31.4%) 125 (54.3%)
CA125 (IU/L), if available a 21 (12 to 46) 55 (20 to 207)
Maximum tumor diameter (mm) 64 (47 to 90) 103 (68 to 143)
Presence of solid components 474 (33.3%) 214 (93.0%)
Maximum diameter of the solid component (if any, mm) 28 (13 to 54) 62 (37 to 93)
Locularity

Unilocular 595 (41.8%) 2 (0.9%)
Unilocular-solid 141 (9.9%) 34 (14.8%)
Multilocular 354 (24.9%) 14 (6.1%)
Multilocular-solid 179 (12.6%) 93 (40.4%)
Solid 154 (10.8%) 87 (37.8%)

Number of locules (if any) 1 (1 to 3) 5 (1.5 to 6)
Acoustic shadows 265 (18.6%) 17 (7.4%)
Intratumoral blood flow

No blood flow 574 (40.3%) 5 (2.2%)
Minimal blood flow 563 (39.6%) 54 (23.5%)
Moderate blood flow 239 (16.8%) 95 (41.3%)
Very strong blood flow 47 (3.3%) 76 (33.0%)

Irregular internal cyst wall 385 (27.1%) 151 (65.7%)
Presence of ascites 18 (1.3%) 33 (14.3%)
Presence of papillary structures 180 (12.6%) 54 (23.5%)
Number of papillary structures (if present) 1 (1 to 3) 3 (2 to 4)

a CA125: cancer antigen 125. There were 683 (48%) missing values for CA125 for benign tumors and 64 (28%) for
early stage tumors.

Results are shown as medians (interquartile range) for continuous and ordinal variables, and as
N (%) for categorical variables. Possible values for “Number of locules” are 1 = presence of one locule,
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2 = presence of two locules, 3 = presence of three locules, 4 = presence of four locules, 5 = presence of
five to ten locules, 6 = presence of more than ten locules. Possible values for “Number of papillary
structures” are 1 = presence of one papillary structure, 2 = presence of two papillary structures,
3 = presence of three papillary structures, 4 = presence of more than three papillary structures.

Table 2. Overview of histologic outcomes (N, %).

Histology N (%)

Endometrioma 344 (20.8%)
Teratoma 231 (14.0%)

Simple cyst + parasalpingeal cyst 106 (6.4%)
Functional cyst 40 (2.4%)

Hydrosalpinx + salpingitis 47 (2.8%)
Peritoneal pseudocyst 18 (1.1%)

Abscess 17 (1.0%)
Fibroma 130 (7.9%)

Serous cystadenoma 259 (15.7%)
Mucinous cystadenoma 183 (11.1%)

Rare benign 48 (2.9%)
Primary invasive (epithelial) cancer stage I 128 (7.7%)
Primary invasive (epithelial) cancer stage II 47 (2.8%)

Rare primary invasive malignancy stage I or II * 55 (3.3%)

* Includes germ cell tumors and sex cord-stromal tumors.

Regarding the identification of stage I–II primary ovarian malignancy as malignant disease,
the original SRs (classifying inconclusive cases as malignant) had a sensitivity and specificity
(95% confidence intervals) of 94.3% (90.6% to 96.7%) and 73.4% (71.0% to 75.6%). Subjective assessment
had a sensitivity and specificity of 90.0% (85.4% to 93.2%) and 86.7% (84.9% to 88.4%), respectively.
Considering the discrimination of benign and malignant disease in the study population of patients
with benign masses and stage I–II primary ovarian malignancy the AUCs of the SRR and ADNEX
model were 0.917 (0.902 to 0.933) and 0.920 (0.905 to 0.934), respectively. The sensitivity and specificity
for these risk prediction models differ depending on the selected risk threshold to predict malignancy.
Table 3 summarizes the sensitivity and specificity for the two models at different risk thresholds.

Table 3. Sensitivity and specificity for Assessment of Different NEoplasias in the adneXa (ADNEX)
model and Simple Rules Risk (SRR) model at various risk thresholds (percent (95% confidence interval)).

Risk Threshold Statistic ADNEX SRR

1%
Sensitivity 100.0% 100.0%

(98.4% to 100.0%) (98.4% to 100.0%)

Specificity 19.4% 38.0%
(17.4% to 21.5%) (35.5% to 40.6%)

10%
Sensitivity 97.4% 97.0%

(94.4% to 98.8%) (93.9% to 98.5%)

Specificity 69.5% 65.1%
(67.1% to 71.8%) (62.6% to 67.6%)

20%
Sensitivity 91.3% 94.3%

(87.0% to 94.3%) (90.6% to 96.7%)

Specificity 79.7% 74.3%
(77.5% to 81.7%) (71.9% to 76.5%)

30%
Sensitivity 84.5% 88.3%

(80.5% to 89.6%) (83.5% to 91.8%)

Specificity 84.5% 81.1%
(82.6% to 86.3%) (79.0% to 83.0%)

When stratifying for menopausal status, the original SRs (classifying inconclusive cases as
malignant) had a sensitivity and specificity of 94.3% (88.1% to 97.4%) and 77.3% (74.5% to 79.8%) in
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premenopausal patients, and 94.4% (88.9% to 97.3%) and 64.9% (60.3% to 69.2%) in postmenopausal
patients. Subjective assessment had a sensitivity and specificity of 87.6% (80.0% to 92.6%) and 89.0%
(86.9% to 90.8%) in premenopausal patients, and 92.0% (85.9% to 95.6%) and 81.7% (77.8% to 85.0%) in
postmenopausal patients.

In premenopausal women, the AUCs of the SRR and ADNEX model were 0.932 (0.913 to 0.950)
and 0.932 (0.913 to 0.950), respectively. In postmenopausal women, the AUCs of the SRR and ADNEX
model were 0.882 (0.853 to 0.912) and 0.885 (0.858 to 0.912), respectively.

Table 4 summarizes the sensitivity and specificity for the two models at different risk thresholds
for pre- and postmenopausal women.

Table 4. Sensitivity and specificity by menopausal status for Assessment of Different NEoplasias in
the adneXa (ADNEX) model and Simple Rules Risk (SRR) model at various risk thresholds (percent
(95% confidence interval)).

Risk
Threshold

Statistic
ADNEX SRR

Premenopausal Postmenopausal Premenopausal Postmenopausal

1%
Sens

100.0% 100.0% 100.0% 100%
(96.5% to 100.0%) (97.0% to 100%) (96.5% to 100.0%) (97.0% to 100.0%)

Spec 25.8% 5.4% 41.4% 30.6%
(23.2% to 28.7%) (3.6% to 7.9%) (38.3% to 44.5%) (26.6% to 35.1%)

10%
Sens

94.3% 100% 98.1% 96.0%
(88.1% to 97.4%) (97.0% to 100%) (93.3% to 99.5%) (91.0% to 98.3%)

Spec 77.8% 51.5% 70.6% 53.2%
(75.1% to 80.3%) (46.8% to 56.1%) (67.7% to 73.4%) (48.6% to 57.8%)

20%
Sens

86.7% 95.2% 94.3% 94.4%
(78.9% to 91.9%) (89.9% to 97.8%) (88.1% to 97.4%) (88.9% to 97.3%)

Spec 85.6% 66.9% 78.5% 65.1%
(83.2% to 87.6%) (62.4% to 71.1%) (75.8% to 80.9%) (60.6% to 69.4%)

30%
Sens

78.1% 92.0% 84.8% 91.2%
(69.3% to 84.9%) (85.9% to 95.6%) (76.7% to 90.4%) (84.9% to 95.0%)

Spec 89.5% 73.6% 84.1% 74.5%
(87.5% to 81.3%) (96.3% to 77.5%) (81.7% to 86.3%) (70.3% to 78.3%)

4. Discussion

This validation of IOTA ultrasound-based rules and risk prediction models showed good test
performance to discriminate between benign disease and stage I–II ovarian malignancy before surgery.

The strength of this study is the use of a large international database in which information was
prospectively collected using well-defined terms, definitions, and measurement methods [19]. The large
sample size and the participation of different types of centers are likely to yield generalizable results.

A limitation of our study is that the diagnostic methods were validated exclusively on patients
who underwent surgery. This does not reflect clinical practice, where some masses are managed
expectantly, but it allowed us to use histological diagnosis as the gold standard. We are awaiting the
results of IOTA phase 5, in which IOTA methods are validated on consecutively collected adnexal
masses of all kinds, including those managed conservatively. A second limitation is that all ultrasound
examiners in the study were very experienced. Our results might not necessarily be applicable to less
experienced operators. However, published studies have shown that the IOTA SRs and ADNEX retain
their performance in the hands of less experienced examiners [27,28,35–41]. This is likely to be true
also for the SRR model, because the same ultrasound variables are used in the original SRs are used
to calculate the risks of the SRR model. A third limitation of our study is that not all histopathology
information necessary to classify the tumors into type I and type II epithelial malignancies had been
collected. This is explained by the fact that patient recruitment for IOTA 3 started in 2009, before the
dualistic model of ovarian carcinogenesis [42] was widely accepted.

The findings of our study show that the performance of IOTA methods for differentiating
benign disease from stage I–II primary ovarian malignancy is not much lower than the performance
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for the discrimination of benign from all malignant disease (all malignant subtypes grouped
together) [24,25,31]. In the original publications including all IOTA 3 patients, validation AUCs
(95% confidence intervals) regarding discrimination between benign and malignant disease for SRR
and ADNEX (without CA125) were 0.917 (0.902–0.930) [24] and 0.932 (0.922–0.941) [25], respectively.
Sensitivity and specificity for the original SRs on validation in the same population were 95.3% (93.1%
to 96.9%) and 74.1% (67.7% to 79.7%), respectively [24,25,31].

Borderline malignant tumors were excluded from our analysis. These tumors are known to
be more difficult to classify as benign or malignant [25,43,44]. On the other hand, borderline (i.e.,
non-invasive malignant) ovarian tumors rarely precede invasive epithelial ovarian carcinoma [45,46].
More clinically relevant is the correct identification of early stage primary invasive tumors, where
prompt and adequate surgical staging is important for improving survival [47]. Detection of stage
I-II ovarian cancer is particularly important for screening for ovarian cancer to be successful. The
aim of screening for ovarian cancer is to decrease ovarian cancer mortality. For this to be possible,
screening should result in a shift towards earlier stages at detection, i.e., the detection rate of stage I–II
ovarian cancer should be high. However, a shift towards earlier detection of ovarian cancer has been
shown in only two [9,11] of three randomized controlled trials [9–11] on ovarian cancer screening,
and none of the two completed screening trials has shown conclusive evidence of decreased ovarian
cancer mortality in the screened group [10,11]. In the two completed randomized trials on ovarian
cancer screening [10,11], the ultrasound criteria to define an abnormal screening result were subjective
or arbitrary. As a result, many patients with benign disease were scheduled for surgery, i.e., a large
number of operations were performed to detect one cancer case. We speculate that the positive
predictive value of an abnormal screen result could be improved if the IOTA methods were used
to define an abnormal scan result. To the best of our knowledge, the discriminative or predictive
performance of the IOTA methods has never been assessed in a screening population.

About 90% of invasive malignant ovarian tumors are epithelial [48]. The dualistic model
proposed by Shih and Kurman highlights the heterogeneity of ovarian carcinoma and implies that
ultrasound-based screening will not be effective in detecting all types of ovarian carcinoma. Type I
tumors (low-grade serous, low-grade endometrioid, clear cell, and mucinous) are slow growing, attain
a large size while still confined to the ovary, and are thus likely to be detected early by transvaginal
ultrasound. Unfortunately, these lesions constitute only 25% of ovarian cancers and account for
only approximately 10% of ovarian cancer deaths. On the other hand, type II tumors (high-grade
serous and undifferentiated carcinomas, and malignant mixed mesodermal tumors (carcinosarcomas))
represent 75% of all ovarian carcinomas, are responsible for 90% of ovarian cancer deaths, and may
originate outside the ovary. These tumors are almost never confined to the ovary at diagnosis, making
their diagnosis at an early point in the disease course challenging [42,49]. To allow detection of this
aggressive type of ovarian cancer, there is ongoing search for sensitive biomarkers expressed early in
ovarian carcinogenesis. More recently, there is increasing interest in the use of genomic profiling as
a potential candidate for the detection of ovarian malignancies [50,51]. Further research should explore
whether IOTA methods may serve as a second stage test in a program of ovarian cancer screening to
avoid unnecessary surgery without delaying a diagnosis of ovarian cancer.

5. Conclusions

This analysis shows that the IOTA methods have good ability to discriminate between stage I–II
ovarian malignancy and benign adnexal lesions prior to surgery. The potential use of IOTA methods
as a second stage test in ovarian cancer screening should be the subject of further investigation.
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