
Pathologic Findings Following False-Positive Screening Tests
for Ovarian Cancer in the Prostate, Lung, Colorectal and Ovarian
(PLCO) Cancer Screening Trial

Sarah J. Nyantea, Amanda Blacka, Aimée R. Kreimera, Máire A. Dugganb, J. Daniel
Carreona, Bruce Kesselc, Saundra S. Buysd, Lawrence R. Ragarde, Karen A. Johnsonf,
Barbara K. Dunnf, Lois Lameratog, John M. Comminsh, Christine D. Bergf, and Mark E.
Shermana
a Division of Cancer Epidemiology and Genetics, National Cancer Institute, National Institutes of
Health, 6120 Executive Blvd., Rockville, MD, USA 20852
b Department of Pathology and Laboratory Medicine, University of Calgary, 1403 - 29 St. NW,
Calgary, Alberta, Canada T2N 2T9
c Pacific Health Research Institute and University of Hawaii, 550 S. Beretania St. Suite 610,
Honolulu, HI, USA 96813
d Huntsman Cancer Institute, University of Utah, 2000 Circle of Hope, Salt Lake City, UT, USA
84112
e Westat, 1600 Research Blvd., Rockville, MD 20850 Rockville, MD, USA
f Division of Cancer Prevention, National Cancer Institute, National Institutes of Health, 6130
Executive Blvd., Rockville, MD, USA 20852
g Henry Ford Hospital, 1 Ford Place, Detroit, MI, USA 48202
h Information Management Services, 6110 Executive Blvd. Suite 310, Rockville, MD, USA 20852

Abstract
Objective—In the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO),
ovarian cancer screening with transvaginal ultrasound (TVU) and CA-125 produced a large
number of false-positive tests. We examined relationships between histopathologic diagnoses,
false-positive test group, and participant and screening test characteristics.

Methods—The PLCO ovarian cancer screening arm included 39,105 women aged 55-74 years
assigned to annual CA-125 and TVU. Histopathologic diagnoses from women with false-positive

Corresponding author: Sarah J. Nyante Mailing address: Hormonal and Reproductive Epidemiology Branch, National Cancer
Institute, 6120 Executive Blvd., Suite 550, EPS/5029, MSC 7234, Rockville, MD, USA 20852-7234 Telephone: (301) 451-5950 Fax:
(301) 402-0916 sarah.nyante@nih.gov.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Research highlights

• Serous cystadenomas were the most common ovarian false-positive (FP) finding (28%)

• Leiomyoma and paratubal cysts were the most common non-ovarian FP findings (33% and 30%)

• 4% of women were diagnosed with non-ovarian cancers, mainly associated with elevated CA-125
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tests and subsequent surgery were reviewed in this analysis: all CA125+ (n=121); all CA125+/
TVU+ (n=46); and a random sample of TVU+ (n=373). Demographic and ovarian cancer risk
factor data were self-reported. Pathologic diagnoses were abstracted from surgical pathology
reports. We compared participant characteristics and pathologic diagnoses by category of false-
positive using Pearson χ2, Fisher's exact, or Wilcoxon-Mann-Whitney tests.

Results—Women with a false-positive TVU were younger (P < 0.001), heavier (P < 0.001), and
reported a higher frequency of prior hysterectomy (P < 0.001). Serous cystadenoma, the most
common benign ovarian diagnosis, was more frequent among women with TVU+ compared to
CA-125+ and CA-125+/TVU+ (P < 0.001). Benign non-ovarian findings were commonly
associated with all false-positives, although more frequently with CA-125+ than TVU+ or
CA-125+/TVU+ groups (P=0.019). Non-ovarian cancers were diagnosed most frequently among
CA-125+ (P < 0.001).

Conclusions—False-positive ovarian cancer screening tests were associated with a range of
histopathologic diagnoses, some of which may be related to patient and screening test
characteristics. Further research into the predictors of false-positive ovarian cancer screening tests
may aid efforts to reduce false-positive results.

Introduction
Ovarian cancer is the most lethal gynecologic cancer in the United States, accounting for
approximately 14,600 deaths in 2009 (1). Most ovarian cancers are disseminated at
presentation which portends a poor prognosis (2). However, ovarian tumors identified at an
early stage are associated with over 90% five-year survival (2); therefore, development of an
effective method for early detection of ovarian cancer may improve outcomes substantially.
Several ovarian cancer screening trials have been conducted to assess early detection
approaches, but initial results have demonstrated low specificity resulting in a high number
of false-positive screening tests (3-7).

In the first four rounds of screening in the Prostate, Lung, Colorectal, and Ovarian (PLCO)
cancer screening trial, less than 2% of the 3,387 women with an abnormal transvaginal
ultrasound (TVU) and/or abnormal serum CA-125 screening test were diagnosed with
invasive ovarian or peritoneal cancer (6). Surgery is the most definitive means of
investigating an abnormal ovarian cancer screening test, but it is invasive, expensive, and
can pose a significant risk to the patient. Thus, the frequency of false-positive tests in PLCO
is unacceptably high. Characterization of the pathologic diagnoses associated with false-
positive screening tests may suggest approaches for improving test performance.
Accordingly, we performed a detailed analysis of the pathologic findings associated with
false-positive TVU and CA-125 tests in PLCO.

Methods
PLCO Trial

PLCO is a multi-center, randomized, two-arm clinical trial designed to evaluate the effect of
prostate, lung, colorectal, and ovarian cancer screening on disease-specific mortality.
Detailed descriptions of the PLCO study design and the ovarian cancer screening component
have been reported previously (3,6,8). PLCO participants were enrolled from November
1993 to December 2001. Women were eligible to participate if they were 55-74 years old,
had not been previously diagnosed with lung, colorectal, or ovarian cancer, had not
previously undergone a pneumonectomy or total colectomy, and were not receiving cancer
treatment (except for nonmelanoma skin cancers). Women who had undergone bilateral
oophorectomy prior to enrollment were ineligible to participate in the ovarian screening
component.
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All participants provided informed consent, and the study was approved by local
institutional review boards. Participants were randomized either to annual serum CA-125
testing for 6 years with annual TVU for 4 years or to usual care. This analysis utilizes
information from the first 4 screening years only.

Screening Tests
Blood samples collected at screening visits were processed and frozen at -70°C within 2
hours of collection. Serum CA-125 was measured using the Centocor CA-125II
radioimmunoassay (Centocor, Inc, Malvern, PA). A CA-125 level ≥ 35 U/mL was
considered abnormal and suspicious for ovarian cancer (CA-125+).

TVU was performed using a 5-7.5 MHz transvaginal probe. Ovaries and cysts were
measured in three dimensions, and volumes were calculated using the prolate ellipsoid
formula (volume=0.523 × width × height × thickness). Cysts were characterized according
to solid area (none/mixed/solid), septal structure (none/≤ 3mm/> 3mm), outline (smooth/
irregular/papillary), and wall thickness (≤ 3mm/> 3mm). Criteria for classifying TVU exams
as abnormal and suspicious for ovarian cancer (TVU+) included: ovarian volume > 10cm3;
cyst volume > 10cm3; identification of intracystic solid or papillary areas; or detection of
mixed solid/cystic components. Abnormal screening results were reported to participants
and their primary physicians, who then decided on subsequent management. As a result,
some participants who had one or more abnormal screening results remained in the trial, but
never underwent surgery.

Study Subjects
At enrollment, 39,105 women were randomized to the intervention arm, of whom 4,852
were excluded due to prior oophorectomy, leaving 34,253 women eligible for ovarian cancer
screening. A total of 3,387 women had an abnormal ovarian screening test (Table 1).
Women were categorized into groups based on whether they had an abnormal CA-125 or
TVU test during the first 4 screening years. Women with one or more abnormal CA-125
tests and no abnormal TVU tests were classified as CA-125+. Women with one or more
abnormal TVU tests and no abnormal CA-125 tests were classified as TVU+. Women with
one or more abnormal CA-125 tests and one or more abnormal TVU results were classified
as CA-125+/TVU+, regardless of whether the CA-125 and TVU tests were abnormal in the
same or different screening years.

Medical records for women with one or more abnormal screening tests were collected by
PLCO screening centers, and information regarding diagnostic procedures and subsequent
diagnoses was abstracted using standardized forms. There were 1,125 women who
underwent a diagnostic procedure after an abnormal ovarian screening test in the first four
rounds of screening and were not diagnosed with invasive ovarian, peritoneal, or fallopian
tube cancer (i.e., false-positives, Table 1).

Data Collection
At enrollment, participants completed a questionnaire to collect information on
demographics, anthropometry, family history of cancer, and medical and reproductive
histories. A family history of breast or ovarian cancer was defined based on reported history
in a first-degree relative. Age at surgery was taken from the surgical pathology report.

De-identified pathology reports were abstracted by two pathologists who were masked to
screening test results (where possible) using a pre-tested form. Available reports from all
women in CA-125+ and CA-125+/TVU+ groups were abstracted, as well as reports from a
random subset of 400 women in the TVU+ group. Baseline questionnaire or screening test
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characteristics did not differ between women in the TVU+ group who were and were not
included in the pathology review (data not shown). Pathologists abstracted data regarding
the type of surgical specimen, anatomic site, cystic features, and 25 types of ovarian and
extra-ovarian pathologic diagnoses. A masked, random sample of 12 reports underwent
duplicate abstraction to assess inter-observer agreement, which was evaluated using a simple
Kappa statistic. Agreement between pathologists was substantial (kappa=0.71, P < 0.001).

Out of 581 pathology reports selected for analysis, 25 were not provided by screening
centers for data abstraction, and 16 were unusable because they were illegible or lacked
information on surgical specimens. Data were abstracted from 540 reports: 46 of 47 (98%)
CA-125+/TVU+; 121 of 134 (90%) CA-125+; and 373 of 400 (93%) TVU+ (Table 1).

Statistical Analysis
Participant characteristics, medical history related to ovarian cancer risk, and pathologic
diagnoses were tabulated overall and stratified by false-positive test group. Calculations for
leiomyoma, endometrial or endocervical polyp, adenomyosis, and endometrial hyperplasia
excluded women who reported a previous hysterectomy. Characteristics of the last abnormal
TVU or CA-125 test prior to surgery were compared by pathologic diagnoses.

Pearson χ2 and Fisher's exact tests were used to evaluate differences in the distribution of
categorical variables by false-positive test group. The Wilcoxon-Mann-Whitney test was
used to evaluate differences in the distribution of continuous variables by false-positive test
group. Statistical analyses using two-sided tests were performed using StataSE 11 (STATA,
College Station, Texas) and SAS v9.1 (SAS, Cary, North Carolina).

Results
Participant Characteristics

Of the 540 women included in this analysis, 46 had abnormal results for both screening tests
(Table 1), including 23 for whom both tests were abnormal within the same study year.
Surgery consisted of a bilateral oophorectomy for the majority of women, and was less
frequent in the TVU+ group when compared to CA-125+ and CA-125+/TVU+ groups
(CA-125+/TVU+ - 76%, CA-125+ - 75%, TVU+ - 64%, P=0.039). Unilateral oophorectomy
was performed for a smaller proportion of women, and was more common among the TVU+
group (CA-125+/TVU+ - 15%, CA-125+ - 8%, TVU+ - 21%, P=0.006). Various other
procedures were performed with much lower frequency. The mean age at surgery was 64.1
years (standard deviation=5.6, range 55 – 77 years). Women classified as TVU+ were
slightly younger and had a higher body mass index (BMI) compared with other women (age
at surgery: P < 0.001; BMI: P < 0.001; Table 2). Prior hysterectomy was reported by 30% of
the TVU+ group as compared with 22% of CA-125+/TVU+ and 14% of CA-125+ groups (P
< 0.001, Table 2). History of a benign ovarian tumor or cyst was also reported more
frequently by TVU+ women (P=0.010), whereas a history of endometriosis was most
frequently reported by CA-125+/TVU+ (P=0.029, Table 2). Distributions of other
demographic and ovarian cancer risk factors were similar by false-positive group (Table 2).

Histopathologic Diagnoses
A total of 1119 findings were reported for the 540 participants for whom pathology reports
were reviewed. Frequencies of the histopathologic findings, overall and stratified by false-
positive group, are shown in Table 3.

Ovarian diagnoses—Benign neoplastic ovarian diagnoses were reported for 45% of
women. These lesions were most frequent among the TVU+ group and least frequent among
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CA-125+ (P < 0.001, Table 3), reflecting higher frequencies of serous and mucinous
cystadenomas, teratomas, and borderline ovarian tumors among women with a false-positive
TVU. Serous cystadenomas were diagnosed in the largest proportion of women (28%),
followed by fibromas and thecomas (7%), mucinous cystadenomas (6%), and teratomas
(5%). Additionally, 5 (1%) women were diagnosed with borderline ovarian tumors (4
serous, 1 mucinous).

Non-neoplastic ovarian findings were also common, particularly simple ovarian cysts (16%)
and inclusion cysts (13%). Functional cysts (mainly follicular or corpus luteum cysts) were
detected in 5% of women. Women diagnosed with functional cysts were not younger or
more likely to report hormone use (data not shown). The overall frequency of non-neoplastic
ovarian findings did not vary by false-positive group (P=0.130, Table 3).

Non-ovarian diagnoses—Non-ovarian neoplastic findings were reported for 26% of
women. Leiomyoma was the most common, reported for 33% of women who reported not
having undergone a prior hysterectomy. Additionally, 19 women were diagnosed with
nonovarian cancers, including cancers of the endometrium (n=15), cervix (n=1), colon
(n=1), and adenocarcinomas of unspecified primary sites (n=2). The frequency of non-
ovarian cancers was highest among women classified as CA-125+ at 11% (P < 0.001, Table
3). The false-positive test associated with each cancer is shown in Table 4.

Non-ovarian non-neoplastic diagnoses were common among all false-positive groups,
though most frequent among CA-125+ (P=0.038, Table 3). Common findings included
paratubal cysts (30%), polyps (18%), and adenomyosis (17%). Endometrial hyperplasia was
diagnosed in 23 (6%) women, 6 of whom were diagnosed with atypical endometrial
hyperplasia (CA-125+, n=5; TVU+, n=1).

Pathologic diagnoses in women with a history of benign gynecological
conditions—To determine whether a history of benign ovarian cysts or tumors, uterine
leiomyomas, endometriosis, or previous hysterectomy was correlated with a particular
pathologic diagnosis, we tabulated diagnoses stratified by these conditions. Women who
reported a previous hysterectomy had a higher frequency of serous cystadenomas when
compared with women without a previous hysterectomy (37% vs. 24%, P=0.002).
Pathologic diagnoses did not vary by other conditions (data not shown).

Abnormal CA-125 characteristics—We examined the last abnormal CA-125 test prior
to surgery among CA-125+ and CA-125+/TVU+ groups, but the distribution of CA-125 was
unrelated to specific pathologic diagnoses (data not shown). The median value of the last
abnormal CA-125 test prior to surgery was 45 U/mL (standard deviation=54, range 35 - 433
U/mL).

Abnormal TVU characteristics—Only one of several possible criteria was required to
classify a TVU as abnormal and suspicious for ovarian cancer, leading to a high frequency
of missing data for some features (missing data: ovarian volume - 16%; cyst volume - 34%;
solid component - 26%; septal structure - 32%; cyst wall features - 32%). Using available
data, we examined characteristics of the last pre-operative TVU among women in TVU+
and CA-125+/TVU+ groups. The median volume of the largest ovary per woman was 17.9
cm3 and the median volume of the largest cyst per woman was 31.0 cm3. A cyst wall
thickness of > 3mm was present in 8% of women, septal structure > 3mm thick was present
in 9% of women, intracystic papillations were present in 11% of women, and a mixed solid/
cystic component was present in 20% of women.
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Large ovarian volume was associated with a diagnosis of cystadenoma (median ovarian
volume, any cystadenoma vs. other diagnosis: 28.1 cm3 vs. 14.2 cm3, P < 0.001) due in part
to large ovarian volume among women with a mucinous cystadenoma (median ovarian
volume, 42.0 cm3); patterns between other pathologic diagnoses and TVU characteristics
were less clear (data not shown).

Discussion
In PLCO, approximately 20 surgeries were performed for each ovarian cancer detected by
CA-125 and TVU screening (3,6), demonstrating a high frequency of false-positive tests. In
this report, we described the histopathologic diagnoses associated with false-positive
CA-125 and TVU tests and their relationship to participant and screening test characteristics.
This description of false-positive screening tests is a first step towards understanding factors
related to the poor specificity of ovarian cancer screening in PLCO. Specific knowledge of
which benign conditions are associated with abnormal CA-125 and TVU tests is necessary
in order to implement improved screening techniques that can distinguish between ovarian
cancers and these false-positive findings.

Our results suggest that certain groups of women may be prone to false-positive CA-125 or
TVU tests. For example, we found that prior hysterectomy was most frequent among the
TVU + group. Studies have demonstrated that hysterectomy characteristics, such as surgical
method or retention of the ovaries, were associated with findings that prompted for re-
operation (9-11). Women in the TVU+ group were also slightly younger and had higher
BMI compared with other women. The higher frequency of abnormal TVU examinations
among younger women may reflect the inverse association of ovarian volume with age
(12-14). Women in the CA-125+ and CA-125+/TVU+ groups underwent bilateral
oophorectomy more frequently, probably reflecting the fact that elevated CA-125 does not
pinpoint the anatomical source of production, whereas an abnormal TVU finding can be
localized to one ovary. Further research on the association between personal characteristics
and the risk of a false-positive ovarian cancer screening tests is needed to expand our
understanding in this area, and to suggest approaches for triage of screening abnormalities.

Benign neoplastic ovarian findings were most common among women in the TVU+ and
CA-125+/TVU+ groups. Consistent with other reports, the most common benign neoplastic
ovarian diagnosis was serous cystadenoma. Serous cystadenomas were the most common
benign ovarian neoplasm in two case series of middle-aged and older women (15-16). The
University of Kentucky Ovarian Cancer Screening Project (UKOCSP) also reported that
serous cystadenoma was the most common diagnosis among women who underwent surgery
after abnormal screening results (7). By convention, cysts measuring > 1 cm are considered
cystadenomas. Cystadenomas can be quite large and may become symptomatic, especially
in cases of torsion, rupture, or adhesion to adjacent structures, and removal of large cysts
among older women is routine even if suspicion of malignancy is low. However, it is
commonly held that serous cystadenomas are unrelated to cancer, and some have argued
these lesions may not be neoplasms at all (17).

Women were also diagnosed with solid or partly cystic benign tumors, including fibromas,
thecomas and teratomas. Although benign ovarian teratomas are most common among
women younger than 30 years old (15,18-19), the frequency observed in PLCO was
consistent with other studies: benign teratomas were diagnosed in 5% of women in the
UKOCSP screening study, and 7% to 16% of older women in case series (15-16,19).
Paratubal cysts and other non-neoplastic non-ovarian pathologic findings were also
diagnosed, though there were few consistent patterns by false-positive group. In many
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instances, these diagnoses may have been recorded on the pathology report as incidental
findings in otherwise normal specimens.

Although most findings were benign, 4% of women were diagnosed with non-ovarian
malignancies. This is within the range reported by other ovarian cancer screening studies
that used CA-125 and ultrasound: 2% of women in the UKOCSP, 4% of women in the
CA-125 and ultrasound arm the UK Collaborative Trial of Ovarian Cancer Screening, and
1% of women in the Shizuoka Cohort Study of Ovarian Cancer Screening (4-5,7). Non-
ovarian cancers were found more often among women in the CA-125+ group. The
association between elevated CA-125 and colorectal metastases, endometrial cancer, and
cervical cancer has been reported previously (20-22); our finding confirms that the
incidental discovery of such tumors may be a consequence of ovarian cancer screening with
CA-125. It is unclear whether earlier detection altered the outcomes for these women.

Screening also identified potential cancer precursors, including endometrial hyperplasia and
atypical endometrial hyperplasia, a precursor of endometrioid endometrial carcinoma (23).
Additionally, 1% of women were diagnosed with borderline ovarian tumors. Most serous
borderline tumors pose limited patient risk, though the biological potential of a subset may
be of more concern (24). Similar to the non-ovarian cancers, diagnoses of borderline ovarian
tumors and endometrial hyperplasia, were more common among women with elevated
CA-125.

Although the majority of diagnoses underlying the false-positive diagnoses are typically not
life-threatening, we cannot assess the influence that patient concerns or non-specific
symptoms may have had on the decision to operate. In the UKOCSP many ovarian cysts
resolved spontaneously, and ovarian cancer was rare among women whose abnormal cystic
findings persisted (7). Autopsy studies of postmenopausal women have shown that small
adnexal masses are common among older women, further suggesting that most of the
diagnoses we have described are not unusual for women of this age group (25-26).

This analysis was limited by a reliance on original pathology diagnoses from multiple
institutions. Additionally, we only analyzed a sample of pathology reports from women in
the TVU+ group. However, these women were similar to all eligible TVU+ women with
respect to medical, demographic, and screening test characteristics, suggesting that the
sample was representative. Fewer than half of women with a positive screening test
underwent surgery, and fewer women with an abnormal CA-125 test underwent surgery than
women with an abnormal TVU test (6). Individual reasons for proceeding to surgery are
unknown; if the reason was related to the underlying pathologic entity then the findings
described here may not be representative of all false-positives in PLCO.

Strengths of our analysis include its basis within a large cancer screening trial that utilized
the two most common ovarian cancer screening tools. Additionally, diagnoses were
abstracted by two gynecologic pathologists with good agreement, and availability of
extensive medical and lifestyle data allowed us to characterize ovarian cancer risk factors
among women with false-positive results.

In summary, our results show that benign neoplastic ovarian findings were diagnosed more
commonly after false-positive TVU examinations, whereas non-neoplastic findings were
common among all three false-positive groups. Characteristics such as age, BMI, and prior
hysterectomy may be related to false-positives, and require further study. By detailing the
conditions associated with false-positive screening tests in a large postmenopausal
population, this study may aid efforts to improve test properties and reduce false-positives.
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Table 1

Number of women with abnormal ovarian cancer screening tests in PLCO.

Description Overall CA-125+/TVU+ CA-125+ TVU+

Abnormal ovarian cancer screening test 3387 108 927 2352

Underwent diagnostic procedure and not diagnosed with invasive ovarian, peritoneal,
fallopian tube cancer

1125 47 134 944

Pathology report abstracted 540 46 121 373
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Table 4

Screening results for non-ovarian cancers.

CA-125+/TVU+ CA-125+ TVU+

N N N

Type of cancer

    Endometrial 1 10 4

    Colon 0 0 1

    Cervical 0 1 0

    Unspecified adenocarcinoma 0 2 0
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