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Abstract

There has been a proliferation of candidate biomarkers
for ovarian cancer during the last decade, driven by recognition of the need for progress in managing this disease and
by technological developments including mass spectrometry and multiplex analytic approaches. Excitement generated by publication of new markers and marker panels and
related media coverage has been matched by controversy
over their true potential for early detection and by disappointment and frustration when anticipated or claimed
breakthroughs have not been validated. Despite intensive
efforts to find new, better biomarkers for the early detection
of ovarian cancer, the gold standard remains CA 125, a
marker discovered using monoclonal antibody technology
almost 30 years ago.
It is possible that the failure to improve upon CA 125 is a
genuine indication that current technologies are unable to
identify biomarkers with greater or complementary potential for early detection and diagnosis. This seems unlikely,
however, given the power of available technologies and our
vast knowledge of the molecular changes and biology of
cancer. An alternative explanation is that the available
technologies, powerful as they are, have not yet been
applied appropriately either in discovery or in validation.
Against this background, new data published in this issue
of the journal by Cramer and colleagues (1) and Zhu and
colleagues (2) are of great importance and provide valuable
insight into the current status of this field. First, the articles
represent a major collaborative effort involving 9 of the
leading research centers for ovarian cancer research in
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This perspective discusses reports by Cramer and colleagues (beginning on page 365 in this issue of
the journal) and Zhu and colleagues (beginning on page 375), which provide the first systematic and
reliable comparison of a large number of candidate biomarkers for the early detection of ovarian cancer in a
sample set well-suited for this purpose. This research has important implications for the future design of
cancer biomarker studies. Cancer Prev Res; 4(3); 299–302. 2011 AACR.

the United States, an achievement in itself for which the
authors should be congratulated. Second, the research team
has clearly distinguished between samples obtained at the
time of clinical diagnosis (phase II specimens) and samples
collected and banked prior to clinical diagnosis (phase III
specimens). Third, the studies utilized phase III specimens
and related data accumulated within the Prostate, Lung,
Colorectal and Ovarian (PLCO) cancer study. Fourth, careful attention to the design of the analyses included a
systematic blinded approach allowing comparison between
biomarkers, biomarker panels, and centers. The result is the
first systematic and reliable comparison of a large number of
candidate biomarkers for early detection of ovarian cancer
in a sample set well-suited for this purpose.
The study of Cramer and colleagues (1) involves a
comparison of the sensitivity and specificity of 35 biomarkers for ovarian, primary peritoneal, and fallopian tube
cancers in phase II and phase III sample sets. The results
were reported at a fixed specificity of 95%, and CA 125
proved to have the highest sensitivity in phase II samples
overall (73%), early-stage phase II samples (56%), and
phase III samples taken within 6 months of diagnosis
(86%). A number of other markers (HE4, transthyretin,
CA 15.3, CA 72.4) had sensitivities ranging from 40% to
60% for all phase II samples, but none had a sensitivity of
more than 40% for early-stage phase II samples and only
HE4 (at 73%) had a sensitivity of more than 50% for phase
II samples from within 6 months of diagnosis. Sensitivity in
phase III samples decreased significantly at increasing
intervals before diagnosis for CA 125 (86% within 6
months, 33% >6–12 months, 12% >12–18 months) and
for HE4 (73% within 6 months, 23% >6–12 months, 18%
>12–18 months). The most important finding in this study
was the lack of evidence that any of the newer biomarkers
improve upon the performance of CA 125 in either the
phase II or phase III setting.
The study of Zhu and colleagues (2) involved 5 previously described panels of 6 to 8 biomarkers each (28 total
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The second message is that samples for biomarker
validation must be chosen carefully and appropriately.
It has become increasingly clear that systematic bias
introduced by differences in cases and controls has led
to the exaggerated reports of cancer biomarker performance that have appeared over the past decade. The
current studies highlight this point and provide strong
support for future biomarker study designs that involve
nested case–control studies within clinically relevant prospective cohort studies, in which specimens have been
banked before outcome ascertainment. The design proposed in 2008 by Pepe and colleagues for prospective
specimen collection, retrospective blinded evaluation
(PRoBE) eliminates many common biases since specimens are collected and handled in a "blinded" manner,
prior to diagnosis (3). Given the large biobanks built in
the course of ongoing screening [PLCO, ref. 4; United
Kingdom Collaborative Trial of Ovarian Cancer Screening
(UKCTOCS), ref. 5] and prevention [European Prospective Investigation into Cancer and Nutrition (EPIC); refs.
6, 7] trials and those with high-quality biospecimen
repositories resulting from specific biobanking efforts
(e.g., UKBiobank; ref. 8), there should now be sufficient
high-quality samples to facilitate optimal study designs.
Every effort must be made to access samples from these
banks for future biomarker studies. It is also imperative
that the custodians of the banks make every effort to
facilitate such collaborations if the full potential of these
banks to help reduce cancer mortality through early
detection is to be realized. This goal will often require
an innovative open-access approach involving both commercial and academic partners.
Another important issue is the heterogeneity of ovarian
cancer. The use of all histologic types of ovarian cancer to
identify early detection markers is based upon the paradigm that ovarian cancer is a single disease originating in
the ovary and spreading to the pelvis, abdomen, and
distant sites. Recent morphologic and molecular genetic
studies have questioned these assumptions, with important
implications both for our understanding of the origin of
ovarian cancer and for early detection research. These
studies distinguish 2 groups of epithelial ovarian
tumors–type I and type II. Type I comprises low-grade
serous, low-grade endometrioid, clear cell, mucinous,
and transitional carcinomas, which exhibit a shared lineage
with the corresponding benign cystic neoplasm, often
through an intermediate (borderline tumor) step. In contrast, type II tumors are highly aggressive, evolve rapidly,
and in most cases have TP53 mutations. They include highgrade serous, undifferentiated, and malignant mixed mesodermal cancers. As type II tumors account for most of the
mortality associated with ovarian cancer, it is crucial for the
impact of screening on morality that histologic type is
taken into account in choosing sample sets for discovery.
In the current reports of Cramer and colleagues and Zhu
and colleagues, borderline tumors were excluded and primary invasive ovarian, fallopian, and peritoneal cancers
were included. Although the majority of patients in these
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biomarkers, with some overlap between panels) with a
phase III case–control set of 118 ovarian cancers and 951
controls. Cancer samples were obtained within 365 days
prior to diagnosis in 57% of cases and from 366 up to 2,898
days before diagnosis in the rest. Three analytic approaches
were used sequentially, from validation blinding all samples, through splitting into a training and validation set, to
a discovery set without validation. Surprisingly and disappointingly, none of the panels or analytic approaches
revealed an improvement compared with CA 125 alone,
which was analyzed at a cutoff of 35 U/mL and had a
sensitivity/specificity of 63.1%/98.5% in the validationonly set and 72.4%/97.9% in the training and validation
set, with an area under the curve in the validation set of
0.89. Only one panel, which included CA 125 along with
B7-H4, CA15-3, CA72-4, and HE4, had results comparable
with those of CA 125 alone. The Yale algorithm panel
(CA125, IGF2, leptin, MIF, OPN, and prolactin) performed
particularly poorly compared with previously published
data for the same algorithm in phase II samples, with a
sensitivity of just 34.3% at a specificity of 96.8% in the
validation-only set. The Pittsburgh panel (CA125, CA72-4,
EGFR, eotaxin, HE4, MMP3, prolactin, and VCAM1) was
equally disappointing, with sensitivity/specificity of only
37.9%/89.8% in the validation-only set.
Lessons can be learned from these carefully conducted
studies and from the experience over the last two decades in
sample selection for discovery of biomarkers relevant to
screening/early detection and their validation. A key message is selection of the appropriate sample set for screening
biomarker discovery. Several markers with high ranks in
early-stage phase II samples, such as CA19.9, apolipoprotein A1, and prolactin, did not perform well in phase III
specimens (1). The intended use of a diagnostic marker is
to aid assessment of whether symptomatic, clinically presenting patients have a particular condition, and a screening marker is intended to assess in advance of symptoms
whether disease is present in apparently healthy individuals. The standard approach of biomarker discovery to
date has been to undertake studies for both purposes in
clinical samples obtained from symptomatic patients and
often from patients with advanced stage disease. Even an
approach utilizing phase II samples from patients with
clinically diagnosed early-stage ovarian cancer is dubious.
There is increasing evidence that clinically diagnosed earlystage ovarian cancer is often low-grade serous/endometrioid/mucinous carcinoma, which behaves indolently and
thus contrasts with advanced stage and highly aggressive
high-grade
serous/undifferentiated/malignant
mixed
mesodermal ovarian cancers. The results reported in this
issue of the journal (1, 2) highlight the need to use sample
sets that precede a cancer diagnosis by more than 6 to
12 months (phase III sample sets) for discovery of screening biomarkers. There have been very few reports in the
literature to date on the use of this approach, and one can
be reasonably optimistic that discovery with well-characterized phase III samples will yield novel screening markers
during the next few years.
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disease at incidence screening compared with 22% at
incidence screening (17) and 28% after 4 rounds of screening (12) in PLCO. In the multimodal arm of UKCTOCS, 9
of the 34 women with screen-detected primary invasive
epithelial cancer initially had a normal CA 125 result, but
they underwent repeat testing for an estimated "intermediate" risk based on the ROC algorithm. During ongoing
incidence screening in UKCTOCS, it has become increasingly clear that low-volume, high-grade serous ovarian
cancer can be detected with serial CA 125 monitoring
interpreted by the ROC algorithm in the absence of ultrasound abnormalities (unpublished data).
Whether or not optimal use of CA 125 in screening for
ovarian cancer can lead to a reduction in ovarian cancer
mortality will be unclear until the PLCO and UKCTOCS
studies report their mortality findings. It is already clear,
however, that CA 125 can achieve a significant diagnostic
lead time over clinical diagnosis. Indeed, a limitation of the
reports by Cramer and colleagues and Zhu and colleagues
is that their baseline is influenced by intervention based on
CA 125 measurement in the PLCO trial. Women with
elevated CA 125 levels tended to be diagnosed within 1
year of sample collection, and samples from these cases
were excluded from the more than 12-month sample set,
which must be interpreted in this context. For this reason,
biobanks such as PLCO and UKCTOCS are ironically of
greater value for estimating the potential lead time in
nonovarian cancers and diseases which were not targeted
by the screening intervention.
It is now possible to link the power of novel technologies
for biomarker discovery with carefully selected phase III
samples from biobanks such as UKCTOCS and PLCO. Of
equal importance, there is increasing acceptance of the
need for rigorous attention to study design, especially in
the choice of sample sets. The new approach integrating
these advances offers hope for identification of a novel
generation of biomarkers which can achieve sufficient lead
time to alter the natural history of ovarian and other
cancers and reduce their mortality. The reports by Cramer
and colleagues and Zhu and colleagues provide a foundation for this work.
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studies had primary invasive epithelial ovarian cancer, a
few nonepithelial (granulosa, squamous) and unknown
histology cancers were included. Ideally, a histologic review
of all cancers in the cohort with reclassification into type I
and type II cancers should be undertaken and along with a
focus on initial discovery of early detection biomarkers in
type II cancers (9).
There are suggestions that type II cancers originate in
other pelvic organs (tube, endometrium) and involve the
ovary secondarily (10). This possibility implies that early
detection of type II tumors might not result in a stage shift
but in detection only of low-volume disease. Residual
disease is nevertheless one of the most powerful prognostic
markers in ovarian cancer, and low-volume disease may
still translate into better outcomes. It is likely that this
explains the significant survival benefit (median survival of
women with index cancers in the screened group 72.9
months vs. 41.8 months in the control group) noted in
the absence of stage shift in the first U.K. randomized
controlled trial of ovarian cancer screening (11).
Screening for type II cancers will require sensitive and
specific biomarkers that are expressed during ovarian carcinogenesis and reach the peripheral circulation early
enough at levels distinguishable from those in healthy
individuals and thus permit interventions that can alter
the natural history of the disease. Many investigators are
skeptical that this objective is achievable with current
screening strategies, which are based on CA 125 and pelvic
ultrasonography. After 4 rounds of screening in the PLCO
trial, 72% of screen-detected ovarian cancer cases were late
stage (III/IV; ref. 12). Neither the PLCO trial nor the studies
reported here by Cramer and colleagues and Zhu and
colleagues, however, utilized serial changeover time in
individuals’ biomarker profiles. A longitudinal time-series
approach to CA 125 analysis has now been shown to
increase CA 125 performance in 3 separate screening trials
(13–15). In each of these studies, CA 125 was interpreted
according to the Risk of Ovarian Cancer (ROC) algorithm,
which uses a change-point model to estimate risk based on
age-specific ovarian cancer incidence and serial CA 125
levels in serum (16). It is likely that an improved screening
performance achieved in UKCTOCS (14) compared with
that in the ovarian arm of the PLCO was due to the use of
the ROC algorithm in UKCTOCS (along with a more
rigorously defined and managed screening protocol; ref.
17). The sensitivity for preclinical primary invasive epithelial ovarian cancer, using the ROC algorithm to interpret
CA 125 in UKCTOCS, was 89.5% in the CA 125 (multimodal) group at prevalence screening (12) compared with
67.4% after 4 rounds of screening in PLCO (12, 17). More
important, 47.1% of patients in UKCTOCS had early-stage
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