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Early detection of ovarian cancer
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Abstract. Despite advances in therapy, ovarian cancer remains the most deadly of the gynecological cancers. Less than 30%
of women with advanced stage disease survive long-term. When diagnosed in stage |, up to 90% of patients can be cured with
conventional surgery and chemotherapy. At present, only 25% of ovarian cancers are detected in stage | due, in part, to the
absence of specific symptoms and to lack of an effective screening strategy. Early detection of ovarian cancer might significantly
improve the overall survival rate of women with ovarian cancer if 1) most cancers are clonal and unifocal, arising in the ovary
rather than in the peritoneum, 2) metastatic disease results from progression of clinically detectable stage I lesions, and 3) cancers
remain localized for a sufficient interval to permit cost-effective screening. Given the prevalence of ovarian cancer, strategies
for early detection must have high sensitivity for early stage diseag8%), but must have extremely high specificity (99.6%)

to attain a positive predictive value of at least 10%. Transvaginal sonography (TVS), serum markers and a combination of the
two modalities have been evaluated for early detection of ovarian cancer. Among the serum markers, CA125 has received the
most attention, but lacks the sensitivity or specificity to function alone as a screening test. Greater specificity can be achieved by
combining CA125 and TVS and/or by monitoring CA125 over time. Two stage screening strategies promise to be cost effective,
where abnormal serum assays prompt TVS to detect lesions that require laparotomy. Accrual has been completed for a 200,000
woman trial in the United Kingdom that will test the ability of a rising CA125 to trigger TVS and subsequent exploratory surgery.
Given the heterogeneity of ovarian cancer, it is unlikely that any single marker will be sufficiently sensitive to provide an effective
initial screen. Sensitivity of serum assays might be enhanced by utilizing a panel of biomarkers. Candidate biomarkers have
been discovered through empirical development of monoclonal antibodies, studies of gene expression, cloning of gene families
and proteomic techniques. The development of technologies that measure multiple serum markers simultaneously, linked to the
creation of statistical methods that enhance sensitivity without sacrificing specificity hold great promise.
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1. Introduction or pelvic pain, bloating, gastrointestinal distress, and
abdominal swelling [93]. Because these symptoms can
Despite advances in cytoreductive surgery and com- be indicators of other, more frequently occurring dis-
bination chemotherapy, reflected in improved five year eases, patients are often misdiagnosed or their diagno-
survival [1], less than 30% of women with advanced sis is delayed [92]. Overall survival and the rate of cure
stage ovarian cancer survive long-term. When ovarian might be significantly improved by the development of
cancer is diagnosed in stage I, up to 90% of patients can an effective screening strategy that could detect disease
be cured with conventional surgery and chemotherapy. in its earliest stage prior to clinical presentation.
Unfortunately, only 25% of ovarian cancers are detect-
ed in stage | due, in part, to the absence of specific early
warning signs. The most commonly reported symp- 2. Attemptsto detect early stage ovarian cancer
toms prior to diagnosis of ovarian cancer are abdominal
2.1. Biological requirements for early detection

*Corresponding author: Robert C. Bast, Jr., M.D, U.T. M.D. An- : :
derson Cancer Center, Box 355, 1515 Holcombe Boulevard, Hous- The ultimate success of any screening strategy for

ton, TX 77030, USA. Tel.: +1 713 792 7743; Fax: +1 713792 7864; Malignant disease depends upon the clinical biology
E-mail: rbast@mdanderson.org. of a cancer. The expectation that screening for ovar-

ISSN 0278-0240/07/$17.00 2007 — I0S Press and the authors. All rights reserved



398

ian cancer will impact favorably on survival depends
upon several assumptions regarding the biology of the
disease. For effective screening: 1) most tumors must
arise from single clones of cells within the ovary rather
than from multiple foci throughout the abdominal cav-
ity; 2) most metastatic disease should develop by pro-
gression from clinically detectable stage | lesions; and
3) the length of time that ovarian cancers remain local-
ized to the ovary (Stage |) must be sufficiently long to
permit cost-effective screening at practical intervals [7].
In support of the first assumption, our group and oth-
ers [35,45,58] have shown that most sporadic invasive
epithelial ovarian cancers are clonal. When primary
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ical disease, Skates et al, analyzed CA125 values from
28 patients with ovarian cancer that had been detect-
ed during a longitudinal screening trial conducted with
22,000 women in the United Kingdom [34]. Assuming
an exponential increase in CA125 with the growth of
ovarian cancer, serial CA125 values were fitted using
a longitudinal change point model to estimate the in-
terval from tumor inception to clinical detection. The
mean estimated duration of preclinical ovarian cancer
was 1.9+ 0.4 years. If cancers remained in stage |
for half of this interval, annual screening should be
effective [90].

ovarian masses and peritoneal metastases have beer2.2. Epidemiologic requirements for early detection

compared, the same X chromosome is inactivated, the
same patterns of loss of heterozygosity are present,and Ovarian cancer is neither a common nor a rare dis-
identical p53 mutations are found at both sites in more ease. Prevalence of epithelial ovarian cancer in the
than 90% of cases. These studies support a unifocal post-menopausal population of the United States or Eu-
origin for ovarian cancer. rope is approximately 1 in 2500. Therefore, an ef-
Screening also depends on the assumption that ad- fective screening strategy must have sensitivity greater
vanced metastatic disease arises from clinically de- than 75% and specificity greater than 99.6% to attain a
tectable stage | lesions. Ovarian cancers are thought positive predictive value (PPV) of 10%. Although the
to arise from epithelial cells that cover the ovarian sur- limit of 10% for the PPV is arbitrary, most advocates
face or that line subserosal cysts, but some investigators and gynecologic oncologists feel that no more than 10
have proposed that epithelial cancers arise from the rete laparotomies per case of ovarian cancer detected would
ovarii [21] or from the epithelial lining of the fallopian ~ be acceptable [7]. Several approaches have been eval-
tube [43]. Itis currently thought that from 4 to 7 ge-  uated for detecting epithelial ovarian cancer, including
netic alterations may be required to transform normal TVS, serum markers, and a two-stage screening strate-
ovarian epithelial cells into an invasive malignancy. If gy in which rising serum markers prompt TVS.
most metastatic ovarian cancer arises from clinically
detectable early stage disease, we would expect to see2.3. Approachesto early detection
similar patterns of oncogene activation and tumor sup-
pressor gene loss in all stages of the disease, leading t02.3.1. Ultrasonography
similar patterns of gene transcription and expression.  In early studies, transabdominal ultrasonography
Results of expression array analysis lend support to the (TAU) was used to detect ovarian cancer [14]. Im-
possibility that early stage ovarian cancer is indeed a provements in sonographic techniques resulted in the
precursor of late stage disease, at least for the more fre- development of transvaginal sonography (TVS). TVS
guently occurring high grade cancers. Using cDNA mi- provides a more precise image of the ovary. Subsequent
croarray analysis, Shridhar, et al, identified genes that trials of TVS have been conducted in the United King-
were differentially expressed in ovarian cancers when dom, United States and Japan [11,78,99]. If the three
compared to normal ovarian epithelial cell brushings. major studies are considered together, approximately
The same family of genes was expressed in both early 66,620 women have been screened, prompting 565 op-
and late stage high grade ovarian cancer [83]. These erations to detect 45 ovarian cancers, 34 of which were
findings are consistent with the possibility that stage invasive. Approximately 35 of the 45 borderline and
| ovarian cancer is, in fact, the precursor of advanced invasive cancers (78%) were in stage |. Overall, speci-
disease. ficity for the major trials is at the margin of that required
Even if late stage disease arises from clinically de- to achieve a positive predictive value of 10%. One
tectable early stage disease, a sufficient interval must study from the University of Kentucky [99] achieved a
exist between the development of potentially detectable positive predictive value (PPV) of 9.9%, equaling the
early-stage cancer and metastasis to permit screening atgoal of 10 operations for each case of ovarian cancer
practical intervals. To estimate the duration of preclin- detected. Interestingly, the sensitivity of TVS for de-
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tecting stage | ovarian cancer in major trials did not ex- nosed with late stage ovarian cancer [8]. In late stage
ceed 90%, although this may reflect detection of preva- disease the biomarker is shed not only from cancer cells,
lent disease during an initial screen. Perhaps the major but also from activated host mesothelial cells adjacent
limitation to the widespread use of TVS is the cost of to peritoneal implants. Overall, significant expression
annual screening for the entire postmenopausal popu- of CA125 is observed in 80% of ovarian cancers at a
lation, given the prevalence of ovarian cancer and diffi- tissue level [72], but this varies with histotype. Intissue
culties in identifying women at increased risk. Model- arrays, CA125 was expressed by 85% of serous, 68%
ing of the potential cost and benefit exceeds the limits of papillary, 65% of endometrioid, 40% of clear cell
for other screening tests [77,97]. and 36% of undifferentiated adenocarcinomas, but in
Women with mutations of BRCAL, BRCA2 or mis-  only 12% of mucinous cancers [30].
match repair genes are at dramatically increased risk of ~ Aside from limited sensitivity, individual values of
developing ovarian cancer, but account for only about CA125 are not sufficiently specific to be used for early
10% of cases. Ninety percent of ovarian cancers are detection of ovarian cancer. In postmenopausal wom-
sporadic. Several laboratories are attempting to identi- en, the CA125 assay exhibits a specificity of 99%, but
fy single nucleotide polymorphisms (SNPs) and other does not attain the 99.6% specificity required to achieve
more subtle genetic markers that could identify women a positive predictive value of 10%. In pre-menopausal
at moderate risk of developing ovarian cancer, permit- women, CA125 can be elevated by a variety of benign
ting more cost effective screening strategies that would conditions including menstruation, first trimester preg-
focus on a smaller subset of women at greater than av- nancy, endometriosis, adenomyosis and salpingitis. In
erage risk. Although a number of SNPs have been as- women of any age, CA125 is elevated by benign ovari-
sociated with increased or decreased risk, confirmation an cysts and tumors, uterine fibroids or by inflammation
has proven difficult. of the pleura, peritoneum or pericardium. In the ab-
Intuitively, members of ovarian cancer families sence of identifiable benign disease, some women have
would seem to be an optimal group to test screening individual baselines that exceed the usual 35 U/ml cut
strategies, given the increased incidence of cancer and off for 99% specificity [89, 87]. A further complication
motivation to participate in screening studies. Biolog- is posed by the fact that CA125 can also be elevated
ically, familial ovarian cancer may not, however, be by other types of cancer, including carcinomas of the
optimal for screening. Women with BRCA1 and BR- breast and lung [73,75,86]. While detection of other
CA2 mutations often have multifocal disease [43] and cancers might actually be an asset, additional diagnos-
primary peritoneal cancer occurs in approximately 5% tic studies would be required to evaluate multiple po-
of mutation carriers following prophylactic oophorec- tential primary sites in a woman with a rising CA125.
tomy [23]. In microscopic cancers found at prophy- To enhance both specificity and sensitivity, as well as
lactic oophorectomy, p53 mutation is already present to develop a cost-effective strategy, CA125 has been
in most cases [12]. As p53 mutation has been corre- combined with ultrasonography, both concurrently and
lated with metastatic potential [41], it is possible that sequentially.
these small cancers that could not be readily imaged
with TVS are already capable of spread. In addition, 2.3.3. Concurrent combination of CA 125 and
there are anecdotal reports of women who present with transvaginal sonography
widespread intraperitoneal cancer within 3 months of ~ The Prostate, Lung, Colon and Ovary (PLCO)
a normal TVS and CA125. Paradoxically, early detec- Screening Trial has studied postmenopausal women
tion may be more difficult in this population. In any  between 55 and 74 years, randomizing 37,000 to the
event, strategies for early detection need to be evaluat- screening arm of the trial and another 37,000 to par-
ed in both familial and sporadic groups and it may not ticipate as non-screened controls [2,28]. For ovarian
be possible to extrapolate from one group to another. cancer screening, CA125 levels have been obtained up-
on entry into the trial and then annually for 5 years.
2.3.2. Serummarkers TVS is performed upon entry into the trial and then
Use of serum markers for early detection has large- annually for 3 years. Participants will be followed for
ly focused on CA125, a heavily glycosylated high- a total of 13 years. If CA125 is elevated or a pelvic
molecular-weight mucin (MUC 16) [67,107]. Serum lesion encountered, patients are referred to their local
CA125 levels are elevated in 50—-60% of patients with physicians for management. A serum and plasma bank
early stage ovarian cancer and in 90% of patients diag- is being created that will provide valuable serial sam-
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ples from patients that develop ovarian cancer during
the course of the study and will also provide samples
from normal controls. Thus the PLCO Screening Trial
will not only a test the efficacy of CA125 and TVS,
but will also provide an important resource for future
studies. In a preliminary report from the initial years of
the PLCO study, CA125 alone had a PPV of 3.7% for
detection of ovarian cancer, TVS had a PPV of 1%, and
both together had a PPV of 23.5%, but 60% of invasive
cancers would not have been detected [13].

2.3.4. Sequential combination of CA 125 and
ultrasonography

Specificity can be improved by combining CA125
with ultrasonography in a two-stage strategy or by se-
guential monitoring of CA125 values over time. An
early study in the United Kingdom compared the speci-
ficity of CA125 alone and in combination with TAU,
demonstrating that a combination of CA125 and ultra-
sound could achieve a specificity of 99.9% [34]. A
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33,000 sequential serum CA125 values from more than
9000 postmenopausal women at average risk who par-
ticipated in a screening study coordinated by the Royal
London/St Bartholomew’s Hospital [89]. The risk of
ovarian cancer algorithm (ROCA) using serial CA125
values proved superior to a fixed cutoff of 30U/ml for
identifying women at increased risk. When specifici-
ty was set at 98%, serial values of CA125 achieved a
sensitivity of 86%, a significant improvement over the
sensitivity of 62% achieved using the arbitrary cutoff
of 30 U/mL. These results led to the development of a
computer algorithm that estimates the risk of ovarian
cancer being present based on rising CA125 values [55,
56].

In a prospective trial, Menon, et al. [55] used CA125
values and the ROCA to classify over 13,000 volunteers
older than 50 years of age into normal, intermediate
or elevated risk groups. Those at normal risk returned
for annual screening. Women with elevated risk were
referred immediately for TVS. Women at intermediate

more recent and larger study was also conducted in the risk were asked to repeat CA125 in three months. If

United Kingdom by lan Jacobs and his colleagues [36].

Postmenopausal women older than 45 years were ran-

domizedto a control group (10,977) or ascreened group
(10,985). CA125 was measured annually for three
years. If CA125 levels were greater than 30 U/mL,
TAU was performed. When TAU results were abnor-
mal, surgery was undertaken. Among 10,985 wom-

CA125 levels and the risk of ovarian cancer were fur-
ther elevated, TVS was performed; if CA125 was un-
changed or decreased participants were asked to return
in one year for CA125. This strategy. [74] achieved a
specificity of 99.8% and a positive predictive value of
19% [55].

Currently, a trial is underway in the United Kingdom

en screened, 29 operations were performed to detect 6 that will include 200,000 postmenopausal women who

cancers, providing a positive predictive value of 21%.
During 7 years of follow-up, 10 more cancers were di-
agnosed in the screened group. During the same in-

tervals, 21 ovarian cancers were diagnosed in the con-

trol group. Median survival in the screened group (73
months) was significantly greates & 0.012) than in
the control group [36].

2.3.5. Risk of ovarian cancer algorithm

have been randomized to three groups. A control group
(100,000) is being followed with conventional pelvic
examinations, a second group (50,000) receives annual
TVS, and a third group (50,000) has CA125 levels
determined atleastannually. Based onincreasesinrisk,
calculated with the ROC algorithm, patients in the third
group are referred for TVS and/or surgery. Women
will be screened for 3 years and subsequently followed
for up to 7 years. This trial will test the feasibility

Patients with benign disease or no disease tend to of screening for ovarian cancer in a postmenopausal

have stable levels of CA125, even when they are ele-
vated, whereas patients with ovarian cancer generally
have progressively rising values. Skates, et al. [91]
have analyzed changes in CA125 over time. Their
initial analysis considered linear regression of sequen-
tial CA125 Il values after logarithmic transformation.
When the slopes and intercepts were plotted for pa-
tients with ovarian cancer and for healthy individuals,
the two groups could be distinguished with a specificity
of 99.7% and an apparent sensitivity of 83%, yielding a
positive predictive value of 16%. In subsequent studies,
Skates, et al, utilized change point analysis to calculate

population at average risk and will determine whether
TVS or a two-stage strategy will impact on survival.
Use of the ROC algorithm to prompt TVS may not only
improve specificity, but might also improve sensitivity
that can be attained with a single value of CA125.
CA125 levels are greater than 35 U/mL in 50% to 60%
of patients with stage | ovarian cancers at the time
of conventional diagnosis. The ROC algorithm could
potentially detect rising levels of CA125 and increased
risk of disease within the normal range of less than 35
U/mL, providing sensitivity in excess of 60%. CA125
cannot, however, be detected in tissue sections from 10—
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20% of ovarian cancers. Consequently, the sensitivity

ofa CA125-based screening strategy should not exceed

80%. Multiple markers may provide greater sensitivity,
provided that specificity is unchanged.

2.4. Multiple markers may improve sensitivity and
specificity

During the last two decades, a large number of serum
tumor markers have been evaluated for their ability to
detect early-stage epithelial ovarian cancer. Consider-
ing the heterogeneity of ovarian cancers from differ-
ent patients, it is unlikely that any single marker will
be sufficiently sensitive to provide an optimal initial
screen. In most early studies [39] the use of multiple
markers has improved sensitivity at the expense of a
marked decrease in specificity. For example, Peters-
Engl, et al, evaluated tumor-associated trypsin inhibitor
(TATI) and CA125 levels in the serum of patients with
ovarian cancer. In this study, the sensitivity and speci-
ficity of CA125 were 80% and 82% respectively for
all stages of disease. The sensitivity and specificity of
TATI were 63% and 72%. When the two markers were
considered together, the sensitivity improved to 91%
but the sensitivity decreased to 65% [69]. Our group
has evaluated a Lewis X mucin determinant (OVX1)
and the cytokine macrophage colony-stimulating fac-
tor (M-CSF) for their ability to detect stage | ovarian
cancer and to complement CA125 [101,102]. Among
89 serum samples obtained from patients with stage |
ovarian cancer before surgery, CA125 was greater than
35 U/mL in 69%. A combination of CA125, OVX1,
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2.5. Development of mathematical tools to assess
multiple markers simultaneously

The development of reliable analytical tools is a criti-
cal component when assessing multiple markers simul-
taneously. A number of statistical techniques are being
developed to allow the complex analysis required to
utilize multiple markers simultaneously. These include
artificial neural networks, logistic regression, classifi-
cation tree and mixture discriminant analysis [88,95].
Each method has its own strengths and weaknesses.
Neural network analysis of multiple marker values has
proven superior to CA125 alone in distinguishing be-
nign from malignant pelvic masses [64,113]. Neural
network analysis has been compared directly to step-
wise regression for distinguishing benign from malig-
nant ovarian tumors. The logistic regression model
provided a sensitivity of 66% and specificity of 78%,
whereas a neural network increased both sensitivity to
86% and specificity to 93% [64].

Skates et al., investigated the utility of mixed
discriminant analysis to combine information from
CA125Il and three other markers (CA15-3, CA72-4
and macrophage colony stimulating factor (M-CSF))
for distinguishing sera from patients with early stage
ovarian cancer from healthy control sera [88]. When
logistic regression, classification tree and mixed dis-
criminant analysis were compared for combining mul-
tiple markers, the classification tree was the least effec-
tive [88]. Logistic regression and mixed discriminant
analysis exhibited similar sensitivity for distinguishing
women with early stage disease from healthy individu-
als [88]. At a fixed specificity of 98%, sensitivity was
increased from 45% using CA125Il alone to 70% using
a combination of CA125Il, CA72-4 and M-CSF.

and M-CSF detected 84% of early-stage cancers and Multivariate predictive models have been used to

specificity was decreased from 99% to 84%. From
an update of a recent review [6], at least 29 different
serum tumor markers have been evaluated in combi-
nation with CA125 and reported to increase sensitivity
and specificity. Markers have generally been analyzed
only two or three at a time. When used in combination

with CA125, sensitivity has generally been increased
by 5% to 10% with multiple markers at the cost of a

combine levels for three proteomic biomarkers in com-
bination with CA125. Sensitivity for early stage dis-
ease was increased from 66% with CA125 alone to 74%
with the combination of all 4 markers, while specificity
was also increased from 52% to 94% [114]. In an-
other study, Mclintosh et al., evaluated CA125 alone,
soluble mesothelin related protein (SMRP) alone and
a combination of the two markers. CA125 and SM-
RP values were transformed using the natural log and

substantial decrease in specificity. Some studies report 1hen standardized. A combined marker was then esti-
more promising results. In another study, researchers mated using a linear combination of the standardized
showed that sensitivity to early stage disease increased markers and logistic regression. The combined marker
from 45% for CA125 alone to 70% when they com-  improved sensitivity for ovarian cancer identification
bined CA125, CA72-4 and M-CSF at a fixed specificity ~ without compromising specificity [53]. These stud-
of 98% [88]. ies provide evidence that combining information from
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multiple markers using appropriate statistical methods
can improve sensitivity for early stage ovarian cancer,
while maintaining specificity.

2.6. Novel serumbiomarkers

Given mathematical methods for combining multiple
biomarker values to improve sensitivity without com-
promising specificity, there has been an intensive search
for additional serum biomarkers that would distinguish
patients with early stage or preclinical ovarian cancer
from healthy controls. Potential biomarkers have been
discovered by multiple methods including the empir-
ical development of monoclonal antibodies, gene ex-
pression array analysis, cloning of gene families, and
proteomic techniques. Gene expression arrays have
proven to be particularly powerful tools for biomarker
discovery [10,37,48,59,84], having contributed to the
identification of HE4 [31,80], prostasin [59], and osteo-
pontin [37]. Gene expression arrays have also provided
useful information concerning the biology of ovarian
cancer, molecular changes in different histotypes and
signatures that predict prognosis and response to treat-
ment [26,41,44,51,54,68,81,82]. For biomarker dis-
covery, it has been essential to show that changes in
MRNA expression are reflected at the level of tumor
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cancer sera at 98% specificity. Importantly, mesothelin
was shown to complement serum CA125 and the com-
bination of the two markers detected a greater fraction
of ovarian cancers than either marker alone [53]. Our
group has recently completed a study in which mesothe-
lin was elevated in 48% of late stage and 12% of early
stage ovarian cancer serum samples at 95% specificity.
Interestingly, when urine was assayed from the same
donors and the values normalized using the glomerular
filtration rate, urinary mesothelin was elevated in 42%
of early (stage I-1l) cancers and 75% of late (stage I,
IV) cancers. We also found that urinary mesothelin
values provide some complementarity to serum CA125
values in the detection of early stage ovarian cancer.
CA125 levels were elevated-@5 units/ml) in 75% of
early cancer patient samples. When individual samples
were analyzed for serum CA125 and GFR-normalized
mesothelin urine levels the detection rate increased to
82% using the criteria that one or both markers were
elevated [2, paper submitted].

2.6.3. Kallikreins

Diamandis’ group [109] has cloned and cataloged
the 15 human kallikrein (hK) genes, some of which
have also been shown by expression arrays to be al-
tered in ovarian cancer. The kallikreins are a fam-

associated protein and that these proteins are shed intoily of serine proteases that cleave peptides distal to

body fluid where they can be sampled conveniently.

2.6.1. HE4

Overexpression of HE4 in ovarian cancer was first
identified in comparative hybridization studies and us-
ing serial analysis of gene expression [31,80]. Hell-
strom, et al, generated monoclonal antibodies to HE4
and developed an ELISA for the protein. HE4 was
detected in the serum of patients with both early and
late stage ovarian cancer with sensitivity comparable
to CA125 and greater specificity for distinguishing be-
nign from malignant pelvic masses. The initial study
included 65 healthy controls, 30 patients with advanced
disease and 7 with early stage ovarian cancer. At 100%
specificity, 3 of the 7 (43%) had elevated HEA4.

2.6.2. Mesothelin

Mesothelin is another promising candidate for early
detection of ovarian cancer. Scholler, et al. were able to
detect elevated mesothelin in 77% of late stage ovarian
cancer sera at a specificity of 100%, but no early stage
samples were included in this study [79]. In a later
study that included some early stage samples, elevat-
ed serum mesothelin was detected in 60% of ovarian

arginine residues (trypsin-like activity) and/or pheny-
lalanine residues (chymotrypsin-like activity). Some
kallikreins are overexpressed in ovarian cancers, shed,
and activated extracellularly. Kallikreins 6, 10, and 11
have been identified as potential biomarkers for ovarian
cancer [84,108]. Transcriptional profiling and North-
ern blot analysis using RNA isolated from normal ovar-
ian epithelium, ovarian cancer cell lines and primary
ovarian tumors revealed a markedly upregulated level
of kallikrein 10 in some ovarian cancers [84]. Thirty-
two of 35 primary serous ovarian carcinoma samples
(91.4%) expressed elevated levels of hK10 mRNA,
when compared to normal ovarian epithelium. Eleven
of 15 (73.3%) non-serous epithelial ovarian carcinoma
samples and 8 of 10 (72.8%) primary peritoneal carci-
nomas also overexpressed hK10 at the level of message.
Importantly, the serous stage | tissue samples included
in the microarray cDNA analysis demonstrated marked
overexpression of hK10. Atthe level of protein, Rosen,
et al, utilized tissue arrays to identify potential mark-
ers that might complement CA125 expression. Having
selected a panel of ovarian cancers that expressed lit-
tle or no CA125, the expression of 10 other potential
markers was assessed using specific antibodies. All
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of the ovarian cancers that lacked CA125 expression
were shown to express hK10 and hK6 [72], although
these kallikreins were also expressed by several normal
tissues. Using an immunoassay for serum hK10 [49],
56% of ovarian cancer patients had significantly ele-
vated hK10 serum levels compared to healthy women.
Similarly, elevated hK11 was found in 70% of ovarian
cancer sera at a specificity of 95% [18].

2.6.4. Osteopontin

Osteopontin was identified as a potential ovarian can-
cer marker using a cDNA microarray system [100].
Significantly higher levels of osteopontin were found
in the serum of patients with epithelial ovarian cancer,
including early stage disease, compared to healthy con-
trols [37]. Importantly, osteopontin detection of ovari-
an cancer is complementary to CA125 [62]. Nakae, et
al examined serum from healthy women and women di-
agnosed with ovarian cancer, including early stage dis-
ease. Sensitivity for ovarian cancer was 81% when os-
teopontin was used alone compared to 84% for CA125
alone. A combination of the two markers increased
sensitivity to 94% [65]. Mor, et al have reported that
four analytes, including osteopontin, leptin, prolactin
and insulin-like growth factor, can achieve a sensitivity
of 96% at a specificity of 94% in 24 early stage (I/11)
ovarian cancers [62]. Studies with larger numbers of
early stage cases will be required to judge the utility
of the multiple marker combinations. Interestingly, a
fragment of osteopontin has also been detected in the
urine of ovarian cancer patients [106].

2.6.5. Prostasin

Mok et al. [59] demonstrated overexpression of the
serine protease prostasin in ovarian cancer cell lines
using a cDNA microarray system. Increased prostasin
was subsequently detected immunohistochemically in
ovarian cancer tissue in a comparison with normal hu-
man ovarian surface epithelial cells. Using an ELISA
assay, significantly higher prostasin levels were detect-
ed in the serum of ovarian cancer patients compared
to healthy individuals [59]. Sensitivity for early stage
disease has not been defined.

2.6.6. Macrophage colony stimulating factor
(M-CSF) and OvX1
M-CSF has been found elevated in the serum of
68% of patients with ovarian cancer at 98% specifici-
ty [101]. M-CSF complements CA125 in the iden-
tification of ovarian cancer patients, increasing sensi-
tivity from 64% to 90% using the criteria that one or
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both markers were elevated [101]. A Lewis X mucin
determinant (OVX1) also complements M-CSF in dis-
tinguishing stage | ovarian cancers from healthy con-
trols [101,102], with an improvement in sensitivity,
but with a considerable loss in specificity as described
above. A confirmatory study evaluated the combina-
tion of CA125I1, M-CSF and OVX1 [27]. Sensitivity
for stage | disease was improved with the combination
of markers (76%) compared to CA125 alone (66%),
but with a substantial loss of specificity. M-CSF has
also been shown to improve sensitivity for early stage
disease when used in combination with CA72-4 and
CA125 [88]. When specificity was fixed at 98%, a
combination of M-CSF, CA72-4 and CA125 achieved a
sensitivity of 70% for stage | ovarian cancer compared
to 45% with CA125 alone [88].

2.6.7. Lysophosphatidic acid (LPA)

Elevated levels of LPA have been found in ascites
from most ovarian cancer patients [57,103]. LPA levels
were initially reported to be elevated in the plasma of
90% of patients diagnosed with Stage | disease and in
100% of patients with Stage Il Ill, and IV at 95% speci-
ficity [104]. In a later study, LPA subspecies were also
evaluated. Elevated total LPA levels were detected in
the plasma of 80% of early stage ovarian cancer patients
and a combination of the subspecies 16:0 LPA and 20:4
LPA achieved sensitivity for ovarian cancer of 91% at
96% specificity [94]. As platelets can contribute some
LPA species, measurement of LPA has required plasma
rather than serum. As many tissue banks store serum
rather than plasma, validation of this biomarker has
been difficult. The narrow dynamic range of LPA also
requires careful collection of samples and substantial
precision in the assay.

2.6.8. Vascular endothelial growth factor (VEGF)

VEGF has been detected in ascites, tissue and serum
of patients with ovarian cancer [105]. Plasma VEGF
levels are significantly higher in ovarian cancer patients
than in normal controls or patients with benign dis-
ease [50]. Inarecent study, Gorelik, et al. demonstrated
that a panel of five markers that included VEGF could
detect ovarian cancer with a sensitivity of 84% at 95%
specificity [25]. When Rosen, et al examined the tissue
from ovarian cancer patients with low or absent levels
of CA125, 81% of CA125-deficient tissues expressed
VEGF, suggesting that VEGF may prove complemen-
tary to CA125 [72].



404

2.6.9. Interleukins

LabMAP multiplex technology has been utilized to
evaluate the usefulness of 24 markers for the early de-
tection of ovarian cancer. Interleukin (IL)-6 and IL-8
were included as putative markers in this study. When
IL-6 and IL-8 were included in a panel of 5 markers
with CA125, a sensitivity for early stage disease of
84% was achieved at a specificity of 95% [25]. The
same group conducted another study using IL-8, anti-
IL-8 antibodies and CA125 in early stage ovarian can-
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hibin] was evaluated using recursive descent partition
analysis (RDPA). A combination of HE4, CA125, and
MUC1 expression could distinguish tumor from nor-
mal specimens [48]. Using immunohistochemistry, a
combination of CLDN3, CA125, and MUCL1 stained
157 (99.4%) of 158 cancers, and all of the tumors
were detected with a combination of CLDN3, CA125,
MUC1, and VEGF. These observations are consistent
with the possibility that a limited number of markers in
combination might identify>99% of epithelial ovarian

cer serum samples. When these three markers werecancers despite the heterogeneity of the disease.

combined, a sensitivity of 88% was achieved at 98%
specificity [47].

2.6.10. B7-H4

Using quantitative PCR analysis, B7-H4 was ex-
pressed in 100% of tissue from serous, endometrial and
clear cell carcinomas but in only 9% of mucinous can-
cers [76]. Importantly, 60% of Stage | ovarian tissues
and 90% of Stage Il tissues stained positive for B7-
H4 [96]. Elevated levels of B7-H4 were detected in
45% of early stage cancers at a specificity of 97% using
an ELISA assay [85]. A combination of B7-H4 and
CA125 detected a greater fraction of early stage ovari-
an cancers (65%) than either CA125 (52%) or B7-H4
(45%) alone.

2.6.11. Other candidatesidentified by gene
expression arrays
Our group used Affymetrix arrays to analyze dif-
ferences in gene expression of 41,441 known genes

2.6.12. Proteomic markers

Biomarkers have been sought by proteomic anal-
ysis of sera from ovarian cancer patients and from
healthy individuals [63]. Mass spectrometry (MS) us-
es mass to charge ratios to identify patterns of both
known and unknown proteins. Two different ap-
proaches have been used. The first attempts to iden-
tify differences in patterns that consistently differen-
tiate healthy individuals from cancer patients [17,24,
71]. Surface-enhanced laser desorption and ionization
(SELDI) or matrix-enhanced laser desorption and ion-
ization (MALDI) have been used to detect novel pat-
terns of low-molecular-weight moieties in serum sam-
ples from patients with ovarian cancer. SELDI patterns
have been reported to yield 100% sensitivity and 95%
specificity with a PPV of 94% for distinguishing ovar-
ian cancer from healthy individuals [70]. This analy-
sis appears, however, to have systematic bias and has
proven difficult to confirm [4,5]. Multiple algorithms

and expressed sequence tags between five pools of nhor-have been generated with different data sets and it will

mal ovarian surface epithelial cells and 42 epithelial

ovarian cancers of different stages, grades, and histo-

be important to define which peaks are consistently
predictive of early-stage disease. Greater definition

types [48]. Some 86 genes were upregulated at least has been obtained with matrix assisted laser desorption

three-fold over normal epithelium. These genesinclud-
ed claudin 3 (CLDN3), vascular endothelial growth
factor (VEGF), Notch homologue 3 (NOTCH3), E2F
transcription factor 3 (E2F3), GTPase activating pro-
tein (RACGAP1), and hematological and neurologi-
cal expressed 1 (HN1). The combination of elevated
CLDN3 and elevated VEGF distinguished the cancers
from normal ovarian surface epithelium. The combi-
nation of NOTCH3, E2F3, RACGAP1 and HN1 also
distinguished all tumor samples from normal ovarian
surface epithelial cells. In the same study, expression
of a panel of 11 genes known to encode potential tumor
markers [mucin 1, transmembrane (MUC1), mucin 16
(CA125), mesothelin, WAP four-disulfide core domain
2 (HEA4), kallikrein 6, kallikrein 10, matrix metallopro-
teinase 2, prostasin, osteopontin, tetranectin, and in-

ionization time of flight (MALDI-TOF) [16,110] than
with SELDI, but the possibility of systematic bias in
the results has also been raised [4].

A second approach has utilized proteomic patterns
as a first step in the discovery of putative biomark-
ers that can then be analyzed with more convention-
al techniques [38,39,46,106,111] . Once a peak has
been identified, the protein is purified and the purified
protein is enzymatically digested. The resulting pep-
tides are sequenced and the protein identified. Zhang,
et al used SELDI as a first step in the identification
of three putative biomarkers for the detection of early
stage ovarian cancer. This group showed differential
expression of apolipoprotein Al, a truncated form of
transthyretin and a cleavage fragment of inter-alpha-
trypsin inhibitor heavy chain 4 (ITIH4) between serum
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from patients with ovarian cancer and healthy wom-
en [114]. They were able to show an increase in sensi-
tivity for early stage ovarian cancer for the three mark-
ers and CA125 combined (74%) when compared to
CA125 alone (65%) at a fixed specificity of 97%. The
value of at least two of these markers was indepen-
dently confirmed with serum samples from the Mayo
Clinic. High sensitivity (79%) and specificity (94%)
were attained using transthyretin cleavage fragments,
apolipoprotein A1, CA125 and age [60].

2.7. Use of multiplexed assays

One disadvantage of mass spectrometry is that this

technology cannot be used to measure extremely large

and heavily glycosylated proteins such as CA125. The
Luminex LabMap technology permits simultaneous as-
say of multiple analytes>20) with small volumes

of serum (50 uL). This system uses polystyrene mi-
crospheres internally dyed with different ratios of two
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human chorionic gonadotropin (hCG) free beta subunit
and beta subunit core fragment in the urine of women
with ovarian cancer [15]. The free beta subunit of hCG
is a nicked form of the beta subunit that results in its
disassociation from the alpha subunit and this form is
removed from circulation at a much greater rate than
intact hCG. The free beta subunit can be further de-
graded in the kidney and excreted into the urine as the
beta-subunit core fragment. Our laboratory measured
SMRP in the serum and urine of patients with invasive
ovarian cancers and tumors of low malignant potential.
Thresholds were set to include 95% of SMRP values
for sera and urines from healthy women. Urine values
were considered: 1) as assayed; 2) normalized using
the ratio of serum to urine creatinine; and 3) normalized
using the Cockroft-Gault formula for glomerular filtra-
tion rate (GFR) which includes the age and weight of
the patient. Interestingly, a greater fraction of patients
with early stage disease was detected with the urine as-
say than with the serum assay for SMRP. Optimal sen-
sitivity for early stage disease was obtained when data

spectrall_y distinct fluorophores to create a family of up were normalized using the GFR. SMRP levels were el-
to 100 different spectrally addressed bead sets. Each o ated in urine from nearly 42% of patients with early

of the bead sets is conjugated with a different capture  giage ovarian cancer and 75% of patients with late stage
antibody specific for a unique target protein. Fluores- 5y arian cancer 3].

cent probes are linked to different antibodies that bind

to distinct epitopes on each of the captured analytes to

create sandwich assays. The doubly fluorescent beads3. Conclusionsand futuredirections

are then analyzed by flow cytometry. Lokshin and col- ] ) ]

leagues have established and validated more than 50 E@rly detection of ovarian cancer still holds great

Luminex assays that include CA125, MUCL, CA 15- promise as an approach to reduce mortality from this
3 CA 19-9. MMP2. MMP9. MCP1. IL-6. IL-8. IL- disease. Within the next 5 years, results of the UKC-

13, VEGF, soluble EGFR, osteopontin, and kallikrein ;FOtCSt triﬁl itrr‘]the Uni.te(? K‘”QSOF" ShOUIddbt?] availr::\ble
10 [25,47]. Using the Luminex format, it was possible Oc])c estw ? Ier Slljrv[vaofcgrllb\lgéTop”roved b “’T“\?S ulfse
to achieve a sensitivity of 84% at a specificity of 95% sequential analysis owed by )

with IL-6. IL-8, VEGF, EGF and CA125. this trial is positive, th(_ar.e. will still be a need to im-
prove sensitivity of the initial phase through the use of

multiple biomarkers. Currently, investigators from the
NCI-funded Ovarian SPOREs are collaborating with

. . each other and with the Early Detection Research Net-
_ Most ovarian cancer biomarkers ha\_/e beenmeasured, o and the PLCO to evaluate most of the markers in
in serum of patients with early stage disease, less atten- development listed above as well as the multiplex ap-
tion has been given to potential biomarkers in the urine. proach to detect preclinical disease among PLCO sam-
Identification of urine markers could provide a more ples. These studies should provide guidance in prior-
convenient and less invasive initial step in a two stage itizing candidate biomarkers. Additional development
strategy. Urine proteins are generally small and there- of statistical methods will be required if multiple mark-
fore more thermodynamically stable [40]. Urine also ers are to be followed over time to more precisely de-
tends to be less complexwhen comparedto serum[106] fine the risk of ovarian cancer. Detection of sporadic
which can be an advantage in proteomic analysis. Re- disease and of hereditary disease may prove to be dif-
cently, eosinophil derived neurotoxin (EDN) and afrag-  ferent problems, given the biological differences noted
ment of osteopontin have been detected in the urine above. In the long run, further exploration of urine
of patients with early stage ovarian cancer [106]. In biomarkers may be desirable, considering the potential
earlier studies, Cole, et al, had reported elevation of convenience of urinary assays in screening populations.

2.8. Urine markers for early stage ovarian cancer
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