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Background. Prior studies suggest that combining the Symptom Index (SI) with a serum HE4 test or a
CA125 test may improve prediction of ovarian cancer. However, these three tests have not been evaluated in

Methods. A prospective case-control study design including 74 women with ovarian cancer and 137

10“'5’ words: healthy women was used with logistic regression analysis to evaluate the independent contributions of HE4
nggn cancer and CA125, and the SI to predict ovarian cancer status in a multivariate model. The diagnostic performance of
HE4 various decision rules for combinations of these tests was assessed to evaluate potential use in predicting

Symptom Index ovarian cancer.

Sensitivity

Results. The SI, HE4, and CA125 all made significant independent contributions to ovarian cancer prediction.

Adecision rule based on any one of the three tests being positive had a sensitivity of 95% with specificity of 80%. A
rule based on any two of the three tests being positive had a sensitivity of 84% with a specificity of 98.5%. The SI
alone had sensitivity of 64% with specificity of 88%. If the SI index is used to select women for CA125 and HE4
testing, specificity is 98.5% and sensitivity is 58% using the 2-of-3-positive decision rule.

Conclusions. A 2-of-3-positive decision rule yields acceptable specificity, and higher sensitivity when all 3
tests are performed than when the SI is used to select women for screening by CA125 and HEA4. If positive
predictive value is a high priority, testing by CA125 and HE4 prior to imaging may be warranted for women with

Specificity

ovarian cancer symptoms.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Ovarian cancer is the second most commonly diagnosed gyneco-
logic malignancy in the United States; it is also the most deadly
because over 70% of women with ovarian cancer are diagnosed with
advanced stage disease when cure rates are only 20-30% [1]. Ovarian
cancer meets the World Health Organization's criteria for a disease
that would benefit from screening [2]. However, because current
screening modalities have not been shown to reduce the morbidity or
mortality of this disease [3], the National Institutes of Health (NIH)
Consensus Panel on Ovarian Cancer currently recommends screening
only for women at elevated-risk of disease due to a family history [4].
Thus at this time most diagnoses of ovarian cancer start with
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evaluation of women's spontaneous complaints of suspicious symp-
toms or as a result of tests such as ultrasounds conducted for other
reasons.

Finding a screening test for ovarian cancer is challenging because
ovarian cancer is not a common disease [5]. High-risk women can be
identified who are more likely to benefit from intensive screening
than average-risk women, but only 10% of ovarian cancer occurs in
these women [5]. Multi-modal screening of women at high-risk for
ovarian cancer using CA125 and transvaginal sonography (TVS) is
recommended for those at highest risk, and is being studied in large
efficacy trials in average-risk post-menopausal women [6,7]. When
used as a first-line screen, TVS may be sensitive but produces a
relatively high rate of false positive results and a potentially
unacceptable number of surgeries per cancer found [8]. The use of
CA125 as a first-line screen to select women for imaging by TVS as a
second-line screen is a promising approach [9], but it has been
reported that CA125 is elevated above reference levels in only 50% of
clinically detectable early stage patients [3,10,11]. Efforts are
underway to improve the performance of CA125 [12], and to identify
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additional biomarkers for ovarian cancer [13-15]. The use of novel
markers in a screening strategy is also being explored (NIH/NCI Grant
P50 CA083636). These strategies use imaging prior to surgery to
confirm the existence of a mass, and thus may be limited by the
sensitivity of imaging.

One of the most promising new serum biomarkers is human
epididymis protein 4 (HE4) [5]. HE4 (gene name WFD(C2) is a
glycoprotein that is highly expressed by ovarian carcinomas [16] and
[17] its highest normal tissue expression is in the trachea and salivary
gland [18]. It has been proposed as a potential biomarker for ovarian
cancer as it is expressed by 32% of ovarian cancers without CA125
expression, and, in combination with CA125, serum HE4 has been
shown to improve prediction of malignancy in ovarian masses [19].
HE4 was recently approved by the Food and Drug Administration
(FDA) for use in the U.S. to monitor ovarian cancer patients for disease
recurrence. We have shown that the diagnostic accuracy of HE4 to
differentiate cases from healthy controls is similar in high-risk and
average-risk women (AUC= 0.931 and AUC= 0.928, respectively,
p=0.94) [20].

Until recently symptoms of ovarian cancer were thought to
develop only after the disease had progressed to an advanced stage,
but now it is appreciated that women with early stage disease often
report non-specific symptoms. Symptoms that are new to an
individual and occur frequently may distinguish cancer cases from
healthy women [21-23] and may be useful in identifying women
with ovarian cancer for diagnostic testing; questions assessing these
conditions could be used proactively by physicians routinely as a
screening tool. We have developed a Symptom Index (SI) that
yields a decision rule that might be employed for either purpose.
Women reporting pelvic or abdominal pain, bloating, increased
abdominal size, difficulty eating or feeling full quickly more than 12
times per month and reporting that these symptoms have occurred
for less than one year are considered to have a positive SI [23].
When symptoms are proactively solicited, only 2% of women in a
general clinic sample reported symptoms consistent with a positive
SI score [23], and a study of its prospective use in a clinic is
currently underway. In a sample of high-risk women with pedigrees
consistent with inherited susceptibility, 10% reported symptoms
consistent with a positive SI [24].

Our prior reports have described the development of the SI [23]
and explored its potential use in combination with a CA125 blood
test [24]. We reported that symptoms consistent with a positive SI
occurred in half of women with ovarian cancer who had normal
CA125 levels at a blood draw immediately prior to their diagnostic
surgery, and that 53% of women with ovarian cancer were positive
on both the SI and CA125 [24]. Here we report the sensitivity and
specificity of decision rules using HE4, CA125, and the SI as
potential components of a multi-modal multi-step screening
program.

Methods
Study population

The study population includes 74 women with ovarian cancer
and 137 healthy screening controls. Cases and controls completed
identical surveys asking about the frequency (number of days per
month) and the duration (number of months) of symptoms that
may be associated with ovarian cancer [21]. Cases were surveyed
prior to surgery and before receiving a definitive diagnosis of
ovarian cancer. Cases were enrolled in the Surgical Specimen
Donation protocol of the Pacific Ovarian Cancer Research Consor-
tium (POCRC) and donated a blood sample prior to surgery either at
the pre-operative clinic visit or on the day of surgery in the
operating room, while under anesthesia and prior to the incision. Of
the 74 cases, 14 (19%) have a pedigree consistent with inherited

susceptibility. Controls completed surveys as part of ovarian cancer
screening visits conducted on a quarterly basis prior to the
collection of blood or performance of TVS. The symptom survey
that was completed immediately prior to the blood collection from
which biomarker levels were measured was selected for analysis.
Controls were enrolled in the POCRC Ovarian Cancer Early Detection
Study (OCEDS); all have family histories consistent with inherited
susceptibility suggesting high risk for ovarian cancer. The eligibility
criteria for OCEDS have been previously described [25]. As only one
case reported a documented mutation in BRCA, she was excluded
from the analysis as were controls who reported a documented
mutation. All women provided informed consent. Approval for this
study was obtained from the Institutional Review Board of the Fred
Hutchinson Cancer Research Center and area hospitals with
participating patients.

Determination of ovarian cancer stage at diagnosis

Whenever possible, women with ovarian malignancies were
comprehensively staged by a gynecological oncologist. Women with
ovarian cancer diagnosed at stages 1 or 2 were considered to have
early stage disease (n=31). Those diagnosed at stages 3 or 4 were
considered to have late stage disease (n= 41). Two women who were
unstaged were not included in stage-specific analyses.

Blood collection and processing

Blood was collected from both cases and controls according to the
standard POCRC research protocol. Blood samples sat at room
temperature for at least 30 min after collection and before processing
to allow clotting. Samples were centrifuged at 1200 x g for 10 min. The
serum was then collected and stored at —80°C until analyzed.

Measurement of CA125 and HE4

CA125 and HE4 were measured in serum by sandwich ELISA on a
Luminex platform without multiplexing using monoclonal antibodies.
CA125 and HE4 serum levels were assessed using bead-based
immunoassays performed as described by Scholler et al. [14]. Briefly,
bead-based assays were carried out in 96 well MultiScreen®GV filter
plates (Millipore Corporation, Billerica, MA) using a vacuum manifold
(Millipore) to drain assay reagents. Plates were analyzed with the Bio-
Plex Array reader (Bio-Rad, Nercules, CA).

For the CA125 assay, complementary anti-CA125 mouse mono-
clonal antibodies (mAb) X306 and X52 were purchased from Research
Diagnostics, Inc. (RDI) (Flanders, NJ). The CA125 bead-based assay
yields values that are strongly correlated (r=0.95) with the research
standard CA125II RIA from Fujirebio Diagnostics, Inc. (FDI, Malvern,
PA) [14]. For the HE4 assay, complementary anti-HE4 mAbs 3D8 and
2H5 were kind gifts from Dr. Ingegerd Hellstrom [16]. The assay was
performed as described by Scholler et al. [14] with the following
modifications: antibody-coated beads were incubated with 10-fold
diluted sera and captured antigens were detected with 2 pg/ml of
biotinylated 3D8. The HE4 bead-based assay yields values that are
strongly correlated (r=0.90) with a plate-based assay using the same
antibodies [14].

Thresholds for a positive CA125, HE4, and Symptoms Index

The thresholds for positivity of CA125 and HE4 were determined
by dichotomizing each marker at the 95th percentile in the control
group. Cases and controls with marker levels above this threshold
were considered to have a positive test result; all others were
considered to have a negative test result. Consistent with prior reports
[23], women were classified as having a positive SI if they reported
bloating or increased abdominal size, abdominal or pelvic pain, or
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Screening Tests | Description
Single Markers
CA125 CAI125 was dichotomized at the 95" percentile in the control group. Subjects with a marker value above

that threshold were considered to be positive for CA125.

HE4 HE4 was dichotomized at the 95" percentile in the control group. Subjects with a marker value above
that threshold were considered Lo be positive for HE4.

Symptom Index

The Symptom Index was considered to be positive if the patient had at least one of the following
symptoms for less than one year but more than 12 times per month: bloating or increased abdominal size,
abdominal or pelvic pain, difficulty eating or feeling full quickly.

Marker Combinations

CA125 or HE4

Screen considered positive if CA125, HE4 or both were positive.

Symptom Index or CA125

Screen considered positive il either the Symptoms Index or CA125 was positive, or if both were positive.

Symptom Index or HE4

Screen considered positive if either the Symptoms Index or HE4 was positive, or if both were positive.

Any 1 of 3 tests positive
more tests were positive.

Screen considered positive if any one of the Symptoms Index or CA125 or HE4 was positive, or if two or

Any 2 of 3 tests positive

were positive.

Screen considered positive if both the Symptoms Index and CA125 were positive, or if both the
Symptoms Index and HE4 were positive, or if both CA125 and HE4 were positive, or if all three tests

Symptom Index and at least 1
additional test positive

Classified as positive if the Symptom Index was positive in addition to either a positive CA125 or a
positive HE4, or il all three tests were positive.

Fig. 1. Description of screening tests and biomarker combinations.

difficulty eating or feeling full quickly more than 12 times per month
and occurring newly within the past 12 months.

Statistical analysis

The cases and controls were frequency matched on age above or
below 50 prior to analysis. STATA statistical software package (version
10.0, Stata Corporation, College Station, TX) was used for uncondi-
tional logistic regression analysis to determine if each test (the SI,
CA125, and HE4) independently predicted cancer after controlling for
the contribution of the other two tests. All statistical tests were two-
sided and considered to be statistically significant at p<0.05. Baseline
age was dichotomized at 50 years. The age, stage, SI, and dichoto-
mized CA125 and HE4 levels were compared across the study
populations using the Fisher's exact test.

The diagnostic accuracy of one-, two-, and three-marker decision
rules were determined by calculating the sensitivity (defined as true
positives divided by the sum of true positives and false negatives) and
specificity (defined as true negatives divided by the sum of true
negatives and false positives) of the overall test. We explored
alternative decision rules for using the three markers including
requiring that 2 of the 3 markers be positive to call the overall test
positive, and requiring that the 2 positive tests include the SI. The
sensitivity and specificity of the tests and their combinations were also
calculated for women age 50 and over and those under the age of 50, for
those with early and late stage disease, and for high-risk women only.

Results

The 74 cases from the surgical population included 6 women with
mucinous cancer, 6 women with clear cell carcinoma, 7 women with
endometrioid cancer, 5 women with other adenocarcinomas, and 50
women with serous cancer. Cases were more likely to be positive for
the SI, CA125, and HE4 (p<0.001 for each marker) than were the 137
controls from the screening population. CA125, HE4, and the SI were
all highly significant predictors of ovarian cancer in the logistic
regression model (p<0.001 for each marker), which explained 68% of
the variability in case status.

Fig. 1 defines the marker combination decision rules that were
evaluated. Table 1 reports the numbers of cases and controls by age

Table 1
Numbers of cases and controls by age group, risk status, stage (cases only), and screen
positivity by CA125, HE4, Symptom Index, and marker combinations.

Controls, Cases, p-
n= 137 n= 74 value

Age*?

<50 years 22 (16%) 12 (16%)

>50 years 109 (80%) 59 (80%)  0.98
Risk status

Average 0 60 (81%)

High 137 (100%) 14 (19%) NA
Stage”

Early NA 31 (42%)

Late NA 41 (55%) NA
CA125°¢

Positive 7 (5%) 60 (81%)

Negative 130 (95%) 14 (19%)  <0.001
HE4¢

Positive 7 (5%) 57 (77%)

Negative 130 (95%) 17 (23%)  <0.001
Symptom Index®

Positive 16 (12%) 47 (64%)

Negative 121 (88%) 27 (36%)  <0.001
CA125 or HE4C

Positive 14 (10%) 66 (89%)

Negative 123 (90%) 8 (11%) <0.001
Symptom Index or CA125¢

Positive 23 (17%) 68 (92%)

Negative 114 (83%) 6 (8%) <0.001
Symptom Index or HE4“

Positive 21 (15%) 68 (92%)

Negative 116 (85%) 6 (8%) <0.001
Any 1 of 3 tests positive®

Positive 28 (20%) 70 (95%)

Negative 109 (80%) 4 (5%) <0.001
Any 2 of 3 tests positive®

Positive 2 (2%) 62 (84%)

Negative 135 (98%) 12 (16%)  <0.001
Symptom Index and at least 1 additional test

positive®

Positive 2 (2%) 43 (58%)

Negative 135 (98%) 31 (42%)  <0.001

¢ Data missing for 6 subjects in the control group and 3 cases.
b Data missing for 2 cases.
¢ See Fig. 1 for descriptions of the screening tests and biomarker combinations.



M.R. Andersen et al. / Gynecologic Oncology 116 (2010) 378-383 381

Table 2
Diagnostic accuracy and 95% CI for CA125, HE4, the Symptom Index, and marker combinations by age group.
Screening tests? Number of cases with positive Sensitivity” Number of controls with negative Specificity®
screening test screening test
Total: n="74; <50 years old: Total: n=137; <50 years old:
n=12; >50 years old: n=>59 n=22; >50 years old: n=109
CA125 60 81.1 (70.3-89.3) 130 94.9 (89.9-97.9)
<50 years 10 83.3 (51.6-97.9) 20 90.9 (70.8-98.9)
>50 years 48 81.4 (69.1-90.3) 105 96.3 (90.9-99.0)
HE4 57 77.0 (65.8-86.0) 130 94.9 (89.8-97.9)
<50 years 10 83.3 (51.6-97.9) 22 100 (84.6-100)
>50 years 45 76.3 (63.4-86.4) 102 93.6 (87.2-97.4)
Symptom Index (SI) 47 63.5 (51.5-74.4) 121 88.3 (81.7-93.2)
<50 years 10 83.3 (51.5-97.9) 20 90.0 (70.8-98.9)
>50 years 34 57.6 (44.1-70.4) 97 89.0 (81.6-94.2)
CA125 or HE4 66 89.2 (79.8-95.2) 123 89.8 (83.4-94.3)
<50 years 12 100 (73.5-100) 20 90.9 (70.8-98.9)
>50 years 52 88.1 (77.1-95.1) 98 89.9 (82.7-94.9)
Sl or CA125 68 91.9 (83.2-97.0) 114 83.2 (75.9-89.0)
<50 years 11 91.7 (61.5-99.8) 18 81.8 (59.7-94.8)
>50 years 54 91.5 (81.3-97.2) 93 85.3 (77.3-91.4)
SI or HE4 68 91.9 (83.2-97.0) 116 84.7 (77.5-90.3)
<50 years 12 100 (73.5-100) 20 90.9 (70.8-98.9)
>50 years 53 89.8 (79.2-96.2) 92 84.4 (76.2-90.6)
Any 1 of 3 tests positive 70 94.6 (86.7-98.5) 109 79.6 (71.8-86.0)
<50 years 12 100 (73.5-100) 18 81.8 (59.7-94.8)
>50 years 55 93.2 (83.5-98.1) 88 80.7 (72.1-87.7)
Any 2 of 3 tests positive 62 83.8 (73.4-91.3) 135 98.5 (94.8-99.8)
<50 years 1 91.7 (61.5-99.8) 22 100 (84.6-100)
>50 years 49 83.1 (71.0-91.6) 107 98.2 (93.5-99.8)
SI and at least 1 additional test positive 43 58.1 (46.1-69.5) 135 98.5 (94.8-99.8)
<50 years 10 83.3 (51.6-97.9) 22 100 (84.6-100)
>50 years 31 52.5 (39.1-65.7) 107 98.2 (93.5-99.8)
2 See Table 1 for descriptions of the screening tests and biomarker combinations.
b Sensitivity = true positives/ (true positives + false negatives).
¢ Specificity = true negatives/ (true negatives + false positives).
group, risk status, stage (cases only), and screen positivity by CA125, Discussion

HE4, SI, and marker combinations, summarizing the overall sensitivity
and specificity of each decision rule. Table 2 provides estimates of
sensitivity and specificity within age (above or below age 50) and
stage (early stage vs. late stage). Table 3 provides estimates of
sensitivity and specificity for average-risk and high-risk cases and for
early-stage and late-stage cases separately.

As a single marker, CA125 had the highest overall sensitivity at
95% specificity, identifying 81.1% of the case population overall
including 78.6% of the high-risk cases and 67.7% of the early stage
cases. HE4 had the highest overall sensitivity at 95% specificity in
high-risk cases, identifying 100% of the 14 high-risk cases. The SI
alone yielded sensitivity of 63.5% and specificity of 88.3%. The two-
marker decision rules combining the SI with either CA125 or HE4
identified 91.9% of the cases overall and 100% of both the early-
stage cases and the high-risk cases, with specificity of 83% to 85%
for CA125 and HE4, respectively. Better specificity was achieved
using CA125 and HE4 without the SI, identifying 89.2% of the cases
overall at a specificity of 89.8%. A three-marker decision rule
defining a test positive if any one of CA125, HE4, or the SI was
positive identified 94.6%, 90.3%, and 100% of the overall, early-stage
and high-risk cases, respectively, with a false positive rate of 20.4%
(specificity 79.6%).

The three-marker decision rule yields high sensitivity but poor
specificity; in general, there is a trade-off between sensitivity and
specificity. Specificity can be improved by requiring that 2 of the 3
tests be positive. A three-marker decision rule requiring 2 of 3 tests to
be positive identifies 83.8%, 67.7%, and 100% of the overall, early-stage,
and high-risk cases, respectively, with a false positive rate of 1.5%
(specificity 98.5%). Requiring that one of the 2-of-3 positive markers is
the Slidentified 58.1%, 35.5%, and 64.3% of the overall, early-stage, and
high-risk cases, respectively, with the same false positive rate of 1.5%
(specificity 98.5%).

Prior studies suggest that combining either a proactively solicited
SI [24] or a serum HE4 test [26] with a serum CA125 test could
improve ovarian cancer diagnostic test performance. We evaluated all
three tests in combination using a prospective case-control study
design including 74 women with ovarian cancer and 137 healthy
women. Logistic regression analysis was used to evaluate the
independent contributions of HE4, CA125, and the SI to the prediction
of ovarian cancer status in a multivariate model; each test made a
significant independent contribution. We also assessed the diagnostic
performance of various decision rules using combinations of these
tests.

In this study, HE4 and CA125 performed similarly overall both
on their own and in combination with the SI. HE4 performed
somewhat better (100% vs. 78.6% sensitivity at 95% specificity for
HE4 and CA125, respectively) in high-risk women, the population of
greatest interest because it is the only group for whom screening is
currently recommended. This finding is consistent with recent
reports that HE4 outperforms CA125 as a first-line screen due to its
high sensitivity [27]. Specificity can be controlled by choice of a
threshold for CA125 and HE4, but for the SI, it depends on women's
symptom reports. In this study, specificity of the SI was 88.3%,
consistent with previous reports of symptom reporting among high-
risk women [23,24]. Improvement in specificity was achieved by a
decision rule requiring at least 2 of the 3 tests to be positive. When
requiring that one of the 2 positive tests be the SI (blood work
performed only in women with symptoms), this rule had specificity
of 98.5% with overall sensitivity of 58.1% (35.5% and 64.3% for early-
stage disease and high-risk women, respectively). Use of all three
tests together as a first-line screen improves sensitivity dramatically
while preserving specificity: This rule had excellent overall
sensitivity of 83.8% (67.7% and 100% for early-stage disease and
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Table 3

Sensitivity of the screening tests by risk status and ovarian cancer stage.

M.R. Andersen et al. / Gynecologic Oncology 116 (2010) 378-383

Scref‘e)ning Sensitivity by risk status® Sensitivity by ovarian cancer stage®
LR Number of Sensitivity in Number of Sensitivity in Number of Sensitivity in early Number of Sensitivity in late
average-risk cases average-risk cases high-risk cases high-risk cases early stage cases stage cases late stage cases stage cases
with positive with positive with positive with positive
screening test screening test screening test screening test
(n=60) (n=14) (n=31) (n= 41)
CA125 49 81.7 (69.6-90.5) 11 78.6 (49.2-953) 21 67.7 (48.6-83.3) 38 92.7 (80.1-98.5)
HE4 43 71.7 (58.6-82.5) 14 100 (76.8-100) 18 58.1 (39.1-75.5) 38 92.7 (80.1-98.5)
Symptom 38 63.3 (49.9-75.4) 9 643 (35.1-87.2) 14 45.2 (27.3-64.0) 32 78.0 (62.4-89.4)
Index (SI)
CA125 or 52 86.7 (75.4-94.1) 14 100 (76.8-100) 25 80.6 (62.5-92.5) 40 97.6 (87.1-99.9)
HE4
Sl or CA125 54 90.0 (79.5-96.2) 14 100 (76.8-100) 26 83.9 (66.3-94.5) 40 97.6 (87.1-99.9)
SI or HE4 54 90.0 (79.5-96.2) 14 100 (76.8-100) 26 83.9 (66.3-94.5) 40 97.6 (87.1-99.9)
Any 1 of 3 56 93.3 (83.8-98.2) 14 100 (76.8-100) 28 90.3 (74.2-98.0) 40 97.6 (87.1-99.9)
tests positive
Any 2 of 3 48 80.0 (67.7-89.2) 14 100 (76.8-100) 21 67.7 (48.6-83.3) 40 97.6 (87.1-99.9)
tests positive
Sland at least 34 56.7 (43.2-69.4) 9 643 (35.1-87.2) 11 35.5 (19.2-54.6) 32 78.0 (62.4-89.4)

1 additional
test positive

@ Sensitivity = true positives/(true positives + false negatives).
b See Table 1 for descriptions of the screening tests and biomarker combinations.

high-risk women, respectively) and specificity of 98.5%, suggesting
its potential utility as a first-line screen to select women for
imaging.

In the absence of periodic proactive screening, average-risk
women may report symptoms to their physicians. No longer
considered to be a “silent killer,” ovarian cancer now is believed to
cause non-specific abdominal symptoms, and recent guidelines alert
women and physicians specifically to new, frequent symptoms. The
American Cancer Society now recommends women to see their doctor
if they experience symptoms of abdominal swelling or bloating, pelvic
pressure or pain, difficult eating or feeling full quickly, or problems
with urination [28]. We used women's solicited self-report of
symptoms associated with bloating, pain, and difficulty eating that
were experienced frequently (more than 12 days a month) and newly
(beginning within the past 12 months) to create our SI [23];
alternative approaches to defining relevant symptoms have also
been described [29].

Appropriate follow-up when symptoms are reported, either as
spontaneous complaints or because they have been proactively
solicited by a physician, has not yet been defined. In either case,
physicians might refer women with symptoms for pelvic imaging to
confirm that the symptoms are associated with an ovarian mass.
However, referral for imaging of all women with symptoms is likely to
identify many more benign than malignant conditions [29] and lead to
unnecessary surgery. An alternative approach might be to test such
women for elevation of CA125 and/or HE4 prior to referral for
ultrasound. This approach could potentially reduce the need for
imaging as well as unnecessary surgery in the follow-up of women's
reports of nonspecific symptoms. In this analysis, 91.5% of women
with cancer who reported symptoms were positive on either CA125 or
HE4. Thus, this approach identified all but 4 (8.5%) of the 48 ovarian
cancer cases identified by symptoms reports alone, yielding overall
detection of 58% of the women with ovarian cancer. High specificity
was obtained, with a low rate of false positive results (1.5% of the
control group).

The strengths of our study include the prospective collection of
data on 3 test modalities that have not been evaluated in combination
previously. A limitation of our study is that women included in the
control group all have a family history of ovarian and/or breast cancer
whereas only 19% of the cases have such a pedigree. The design,
driven by the fact that we screen only women with a family history,

may bias our results conservatively because symptoms are more
frequently reported by the high-risk population than by the general
clinic population; specificity of the SI would have been better if we
had used controls matched for risk status. Less bias is expected for the
markers because recent studies show that the performance char-
acteristics of CA125 and HE4 are largely unaffected by risk status of
the population [20]. Offsetting this conservative bias in our study is
the potential for recall bias among the cases: women scheduled for
surgery due to suspected ovarian cancer may have been even more
likely to remember recent symptoms than were the high-risk
controls. Because it is difficult to ascertain the degree of these biases,
efforts are currently underway to prospectively collect symptoms data
in a primary care clinic. A final limitation is that we do not have
detailed information for imaging results. All women in the case group
of this study had positive imaging that led to surgery and this may
have influenced their symptoms reports. Whether or not the
symptoms they reported on our questionnaires were also recorded
in medical records was not evaluated as part of this study effort.

In average-risk women, the incidence of ovarian cancer is 40/
100,000. With this relatively low incidence, a screening test would
need a specificity of 99.6% to achieve a positive predictive value of
10%. The 2-of-3 rule yielded a first-line screen specificity of 98.5%; the
addition of imaging as a second-line screen would likely further
improve specificity perhaps bringing the PPV to an acceptable level.
The use of a SI, CA125, and HE4 as an annual first-line screen to select
women for imaging if any 2 of the 3 tests are positive warrants further
study. Its cost-effectiveness relative to alternative multi-modal
screening strategies such as using CA125 alone to select women for
imaging as in the United Kingdom Collaborative Trial of Ovarian
Cancer Screening (UKCTOCS) or using both CA125 and imaging
annually as in the Prostate, Lung, Colon and Ovary (PLCO) screening
trial, is of particular interest.
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