
Predictive Biomarkers and Personalized Medicine

Predicting Response to Bevacizumab in Ovarian Cancer:
A Panel of Potential Biomarkers Informing Treatment
Selection

FionaCollinson1,2,MichelleHutchinson3, Rachel A.Craven3, David A. Cairns3, Alexandre Zougman3, TobiasC.
Wind3, Narinder Gahir3, Michael P. Messenger3, Sharon Jackson3, Douglas Thompson3,4, Cybil Adusei5,
Jonathan A. Ledermann6, Geoffrey Hall2, Gordon C. Jayson7, Peter J. Selby3, and Rosamonde E. Banks3

Abstract
Purpose: The aim of this study was to identify and validate novel predictive and/or prognostic serum

proteomic biomarkers in patients with epithelial ovarian cancer (EOC) treated as part of the phase III

international ICON7 clinical trial.

Experimental Design: ICON7 was a phase III international trial in EOC which showed a modest but

statistically significant benefit in progression-free survival (PFS) with the addition of bevacizumab to

standard chemotherapy. Serum samples from 10 patients who received bevacizumab (five responders and

fivenonresponders)were analyzedbymass spectrometry to identify candidate biomarkers. Initial validation

and exploration by immunoassay was undertaken in an independent cohort of 92 patients, followed by a

second independent cohort of 115 patients (taken from across both arms of the trial).

Results: Three candidate biomarkers were identified: mesothelin, fms-like tyrosine kinase-4 (FLT4), and

a1-acid glycoprotein (AGP). Each showed evidence of independent prognostic potential when adjusting for

high-risk status in initial (P < 0.02) and combined (P < 0.01) validation cohorts. In cohort I, individual

biomarkers were not predictive of bevacizumab benefit; however, when combinedwith CA-125, a signature

was developed that was predictive of bevacizumab response and discriminated benefit attributable to

bevacizumab better than clinical characteristics. The signature showed weaker evidence of predictive ability

in validation cohort II, but was still strongly predictive considering all samples (P ¼ 0.001), with an

improvement inmedianPFS of 5.5months in signature-positive patients in the experimental arm compared

with standard arm.

Conclusions: This study shows a discriminatory signature comprising mesothelin, FLT4, AGP, and

CA-125 as potentially identifying those patients with EOCmore likely to benefit from bevacizumab. These

results require validation in further patient cohorts. Clin Cancer Res; 19(18); 5227–39. �2013 AACR.

Introduction
Epithelial ovarian cancer (EOC) causes significant mor-

bidity and mortality worldwide with an estimated 21,880

new cases and 13,850 attributable deaths in 2010 (1).
Standard treatment for many years has involved debulking
surgery combined with systemic platinum-based chemo-
therapy (2). However, despite EOC being very chemosen-
sitive, most patients subsequently develop recurrent disease
and die. Novel drug targets include VEGF, with progression
of EOC commonly being VEGF-driven and increased VEGF
expression is associated with more advanced disease, asci-
tes, and a worse overall prognosis (3, 4). Preclinical and
early clinical data supported the further investigation of
bevacizumab, a monoclonal antibody to VEGF, in the
treatment of EOC.

ICON7 was a two-arm phase III international random-
ized open-label trial of 1,528 women with high-risk early-
or advanced-stage EOC, comparing six cycles of standard
chemotherapy (carboplatin and paclitaxel) to six cycles
of chemotherapy plus the addition of concurrent and
maintenance bevacizumab. Initial results showed that
bevacizumab improved progression-free survival (PFS),
but although statistically significant, over the entire trial

Authors' Affiliations: 1Clinical Trials Research Unit, Leeds Institute of
Clinical Trials Research, University of Leeds; 2St James's Institute of
Oncology, Bexley Wing; 3Cancer Research UK Centre, Leeds Institute
of Molecular Medicine, St James's University Hospital; 4Department of
Clinical Biochemistry and Immunology, Leeds General Infirmary, Leeds;
5MRC Clinical Trials Unit; 6UCL Cancer Institute, University College, Lon-
don; and 7Christie Hospital, University of Manchester, Withington, Man-
chester, United Kingdom

Note: Supplementary data for this article are available at Clinical Cancer
Research Online (http://clincancerres.aacrjournals.org/).

F. Collinson, M. Hutchinson, R.A. Craven, and D.A. Cairns contributed
equally to this work.

Corresponding Author: Rosamonde E. Banks, Cancer Research UK
Centre, St James's University Hospital, Beckett Street, Leeds, West York-
shire, LS9 7TF, United Kingdom. Phone: 44-113-2064927; Fax: 44-113-
2429886; E-mail: r.banks@leeds.ac.uk

doi: 10.1158/1078-0432.CCR-13-0489

�2013 American Association for Cancer Research.

Clinical
Cancer

Research

www.aacrjournals.org 5227

on April 20, 2020. © 2013 American Association for Cancer Research. clincancerres.aacrjournals.org Downloaded from 

Published OnlineFirst August 9, 2013; DOI: 10.1158/1078-0432.CCR-13-0489 

http://clincancerres.aacrjournals.org/


population the absolute PFS benefit was only 1.5 months
(5). These data, along with the results of a similar trial,
GOG218 (6), have led to bevacizumab being licensed in
combination with carboplatin and paclitaxel in the first-
line treatment of advanced EOC.

Subset analysis within ICON7 showed increased benefit
when the population was restricted to those patients at
higher risk of disease progression [Federation Internatio-
nale des Gynaecologistes et Obstetristes (FIGO) stage IV
disease or FIGO stage III disease with >1 cm residual disease
after surgical debulking], with an increase in median PFS of
3.6 months and a trend toward increased overall survival.
Identifying novel biomarkers to select patients with EOC
who will derive most benefit from bevacizumab is impor-
tant, and is also required for patients with glioblastoma,
colorectal, lung, and renal cancerwhere bevacizumab is also
licensed for use, as there are no predictive biomarkers in
clinical use.

Patients participating in ICON7 were asked to donate
tissue and longitudinal blood samples for use in future
translational research projects. The ICON7 sample bank,
with rigorous sample collection, processing, and storage
and associated high-quality clinical data, provides an excel-
lent opportunity to identify potential EOC prognostic and
predictive biomarkers, and to conduct initial validation.
The aim of this study was to use serum samples from the
ICON7 sample bank to identify, and subsequently validate,
candidate biomarkers relating to bevacizumab use in EOC.

Materials and Methods
Patients and samples

ICON7 patient recruitment, trial design, and outcomes
have been published elsewhere (5). Following ethical
approval, blood samples were obtained from ICON7
patients following a schedule dependent on their level of
consent (Fig. 1A). Samples were collected into plain clot
activator tubes, allowed to clot for 1 hour before centrifu-
gation at 2,000 � g for 10 minutes at 20�C, and serum
aliquotted and stored at�80�C. Thiswas conducted accord-

ing to standard operating procedures and samples trans-
ferred to the central ICON7 sample bank in Leeds. Follow-
ing approval of this study by the ICON7 Trial Management
Group, 762 serum samples from 217 patients were used (all
patients with baseline samples from the total of 226 who
donated serum; Fig. 1A and B).

Proteomic biomarker discovery by LC/MS-MS
Serum samples from 10 patients within the ICON7

experimental arm were selected for biomarker discovery,
grouped as 5 responders (complete and partial response)
and 5nonresponders (stable or progressive disease) defined
by Response Evaluation Criteria in Solid Tumors (RECIST)
and/orCA-125 after six cycles of treatment. Selectionon this
basis was used as PFS data were not available at that time.
However, the median (range) PFS was 24.7 (12.0–25.8)
months in the responder group and 12.8 (8.12–23.8)
months in the nonresponder group. All patients had grade
3 serous tumors and the two groupswerematched as closely
as possible by age, FIGO stage, and surgical outcome (opti-
mal or suboptimal debulking; Supplementary Table S1).
Paired serum samples at time point 1 (baseline) and time
point 4 (pre-cycle 2) from each of the selected patients were
subjected to proteomic analysis by label-free mass spec-
trometry and candidate biomarkers of response selected
(Fig. 1B).

For each sample, 200 mL of serum was filtered through
0.22 mm Spin-X filters (Corning) and 150 mL then depleted
of the 14 most-abundant proteins using a Multiple Affi-
nity Removal System (MARS) human 14 column (7), leav-
ing an average of 7% of the total protein in the samples.
Samples were concentrated using 15 mL 10 kDa molecular
weight cut off (MWCO) filters (Millipore), desalted using
2 mL 7 kDa MWCO Zeba spin-desalting columns (Thermo
Scientific), and 150 mg protein was digested with trypsin
using filter-aided sample preparation (FASP; refs. 7, 8).

Peptides (triplicate injections each of 2 mg) were separat-
ed by online reversed-phase capillary liquid chromatogra-
phy (LC) and analyzed by electrospray tandem mass spec-
trometry (MS-MS) using a ThermoOrbitrap Velos (9). Data
were searched against an International Protein Index (IPI
3.80) human protein sequence database with MaxQuant
1.1.1.36 software (10) and the Andromeda search engine
(11). The initial maximal mass tolerance for mass spec-
trometry scan was set to 10 ppm, the fragment mass toler-
ance for MS-MS was set to 0.5 Th. The maximum protein
and peptide false discovery rates were set to 0.01. Label-free
quantitation was conducted with MaxQuant.

Results were subjected to initial exploratory data analysis
using principal component analysis and hierarchical clus-
tering considering the whole profile together to identify
gross patterns and identify potential outliers. Each protein
was then examined separately to identify differences in
protein abundance between responders andnonresponders
at time points 1 and4 (Mann–Whitney tests) and to identify
differences between these time points (Wilcoxon signed-
rank tests). False discovery rate was estimated by the q-value
method.

Translational Relevance
The benefit seen from the addition of bevacizumab to

standard chemotherapy in the ICON7 trial was relatively
modest in the overall population studied in terms of
progression-free survival (PFS; 1.5months). When addi-
tional clinical factors were used to identify the popula-
tion of patients at high risk of progression, the benefit
specifically to this group increased to3.6months. Several
biomarkers predictive of bevacizumab response have
been reported in a number of different tumors, with
promising preliminary results. This translational
research study aligned to the ICON7 trial identified a
biomarker signature, which seems to assist in identifying
patients with ovarian cancer most likely to benefit from
bevacizumab treatment.
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Biomarker validation by immunoassay
Themass spectrometry results from the discovery analysis

were confirmed by immunoassay. Validation and explora-
tion of initial findings was undertaken using a cohort of 92
patients [627 longitudinal samples (Supplementary Table
S2): validation cohort I], with further validation in an
additional 115 patients (baseline samples only: validation
cohort II). Samples in validation cohort I were selected to
ensure similar numbers in each of the patient treatment and
outcome groups described (limited by available assessable
patients in the nonresponder groups). Validation cohort II
consisted of all remaining baseline samples from the bio-
bank. Validation cohorts included patients from both arms
of the trial (to enable markers differing specifically in
response to bevacizumab and not just chemotherapy to be
distinguished; Fig. 1B), were independent of each other
and the discovery set, and were representative of the trial
population (Table 1). Patients in the validation cohorts
were separated around the median PFS (18 and 16.8
months in validation cohort I and II, respectively) into
early and late progressors (includes nonprogressors). This
differed from the RECIST-based criteria used for selection of
patients for biomarker discovery as at the later time of
validation sample analysis, the ICON7 trial PFS data, which

is more clinically relevant than response or nonresponse,
had become available.

An ELISA for soluble fms-like tyrosine kinase-4 (FLT4;
VEGFR3) was developed (Supplementary Methods) using
the human sVEGFR3 DuoSet (R&D Systems) but with a
substituted standard due to validation issues. Soluble
mesothelin-related peptides (sMRP) were quantified using
the U.S. Food and Drug Administration (FDA)–approved
MESOMARK assay (Fujirebio Diagnostics) and a1-acid gly-
coprotein (AGP) and CA-125 concentrations were mea-
sured using routine clinical assays (Behring Nephelometric
Analyzer II, Siemens and SiemensADVIACentaurCA-125 II
assay, respectively) at the Leeds General Infirmary (Leeds,
United Kingdom).

Statistical analysis
Results were examined for predictive use, either on the

basis of baseline concentrations or patterns of longitudinal
change of the proposed protein biomarkers. All analyses
were conducted according to REMARK (REporting recom-
mendations for tumor MARKer prognostic studies) criteria
(12). Associations between the four biomarkers under
study were visualized using a correlogram based on simple
linear regression and Spearman rank correlation coefficient.
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Figure 1. Timing of serum samples as part of the ICON7 trial and schematic diagram describing discovery and validation experiments. A, for patients
consenting to level 4 sample collection, samples were taken pre-cycle 1 (T1 and T2), post-cycle 1 (T3), pre-cycles 2 (T4) and 6 (T5), post-cycle 6 (T6)
and at 3, 6, and 9months from completion of chemotherapy (T7–T9) and at either 5 years from randomization or at progression (whichever occurred first; T10).
For patients consenting to level 3 sample collection, samples were taken pre-cycle 1 (T1), pre cycles 2 and 6 (T4 and T5) and at either 5 years from
randomization or at progression (whichever occurred first; T10). A total of 226 patients consented to levels 3 or 4 with a further 536 patients consenting
to the use of fresh-frozen paraffin-embedded tissue and/or blood samples for genomic DNA analysis; B, discovery and validation experiments showing
number of patients and serum samples and sample time points examined at each stage. B, bevacizumab; C, carboplatin; P, paclitaxel; Aexperimental arm
only; PR, partial response; CR, complete response; PD, progressive disease; SD, stable disease.
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Table 1. Baseline characteristics of validation cohorts I and II at randomization and associated disease
outcomes

Validation cohort I Validation cohort II

Characteristic
Standard
arm (N ¼ 47)

Experimental
arm (N ¼ 45)

Standard
arm (N ¼ 49)

Experimental
arm (N ¼ 66)

Outcome
Early progressors 26 19 30 28
Late progressors 21 26 19 38

Age, y
Median (range) 59 (38–75) 53 (31–71) 58 (38–79) 56 (34–76)

Race, n (%)
White 44 (94) 40 (89) 48 (98) 61 (92)
Asian/Black/Other 3 (6) 5 (11) 1 (2) 5 (8)

ECOG PS, n (%)
0 17 (36) 20 (45) 20 (41) 29 (44)
1 28 (60) 23 (51) 25 (51) 35 (53)
2 1 (2) 2 (4) 4 (8) 2 (3)
Unknown 1 (2) 0 (0)

Origin of cancer, n (%)
Ovary (epithelial) 44 (94) 36 (81) 41 (84) 60 (91)
Fallopian tube 1 (2) 2 (4) 1 (2) 1 (1)
Primary peritoneal 1 (2) 5 (11) 5 (10) 5 (8)
Multiple sites 1 (2) 2 (4) 2 (4) 0 (0)

Histology, n (%)
Serous 30 (64) 30 (67) 36 (74) 43 (65)
Mucinous 1 (2) 0 (0) 1 (2) 0 (0)
Endometrioid 5 (11) 4 (9) 4 (8) 0 (0)
Clear cell 6 (13) 3 (7) 5 (10) 14 (21)
Mixed 4 (8) 7 (15) 2 (4) 9 (14)
Undefined 1 (2) 1 (2) 1 (2) 0 (0)

FIGO stagea, n (%)
I/IIA 4 (8) 6 (13) 5 (10) 5 (8)
IIB/IIC 5 (11) 2 (4) 7 (14) 10 (15)
III 34 (72) 32 (72) 33 (68) 42 (64)
IV 4 (9) 5 (11) 4 (8) 9 (13)

Grade, n (%)
Well differentiated 1 (2) 2 (4) 2 (4) 5 (8)
Moderately differentiated 10 (21) 5 (11) 8 (16) 9 (14)
Poorly differentiated 36 (77) 38 (85) 36 (74) 50 (76)
Unknown 0 (0) 0 (0) 3 (6) 2 (2)

Debulking surgery, n (%)
No (inoperable) 0 (0) 0 (0) 0 (0) 0 (0)
Yes 47 (100) 45 (100) 49 (100) 66 (100)
>1 cm residual disease 23 (49) 18 (40) 20 (41) 34 (52)
�1 cm residual disease 24 (51) 27 (60) 29 (59) 32 (48)

High-risk of progression, n (%)a

No 25 (53) 27 (60) 30 (61) 34 (52)
Yes 22 (47) 18 (40) 19 (39) 32 (48)

PFS
Median (range) 17.3 (1.90–42.9) 20.6 (6.30–33.30) 12.1 (1.7–36.3) 17.9 (3.7–41.8)
Number of events 31 33 31 50

aFIGO stage IV disease or FIGO stage III disease and >1.0 cm residual disease after debulking surgery.
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Associations with demographic and clinical characteristics
at baseline were investigated using Fisher exact test for
categorical variables and Spearman rank correlation coef-
ficient for continuous variables. Corrections for multiple
testingwere not applied because of the explorative nature of
the study.
Estimates of intra- and intersubject variation for each of

the selected proteins were obtained using linear mixed
effects models (13) considering biomarker concentrations
from pretreatment time points 1 and 2. Longitudinal line
and box plots were used to assess trends in biomarker
concentration over time to inform salient nonparametric
significance testing of differences between time points. A
linear mixed effect model was also used to investigate the
rate of change of FLT4 concentration over time in patients
in the experimental arm.
PFS was calculated from the date of randomization to the

date of disease progression or death, whichever occurred
first. Patients who were alive without disease progression
were censored as of the date of their last assessment, with a
cutoff date of November 30, 2010. Cox proportional
hazards models were used to estimate the association
between biomarker concentrations and PFS, the Kaplan–
Meier method was used to estimate survival functions and
the log-rank test was used to compare survival functions.
Markers were initially considered as continuous variates
and then as binary factors using cutoff points derived by
maximizing Harrell concordance (C) index (for visualiza-
tion of effects) in validation cohort I and subsequently by
predictive index-defined cutoff points in the combined
data. The predictive potential of markers was assessed using
interaction terms for treatment arm and biomarker concen-
tration in Cox proportional hazards models.
An additive marker index with scale 0–4 was calculated

from the individual markers. Further details of marker
index construction are provided in Supplementary Meth-
ods. Briefly, the optimum cutoff point in the index was
identified by using Cox proportional hazards models [by
examining the likelihood ratio test (LRT) on the interac-
tion term for treatment arm and each level of the index],
with indices below cutoff points considered as signature-
negative and those above as signature-positive. Internal
validation of the optimal model was conducted using R ¼
1,000 bootstrap resamples to estimate the optimism in
model predictive ability. Proportional hazards assump-
tions were tested for each model using tests based on
Schoenfeld residuals (14). All analyses were initially
conducted in validation cohort I and replicated in vali-
dation cohort II and the cohorts combined, with the
exception of longitudinal analysis which was conducted
only in validation cohort I. All statistical tests were two-
sided and all analyses were undertaken in the R environ-
ment for statistical computing (15).

Results
Biomarker discovery phase
Serum profiling of the discovery cohort identified a total

of 352 proteins with at least two significant and one unique

peptide in the total dataset (www.proteomics.leeds.ac.
uk). From these, four proteins were selected on the basis
of differences between responders and nonresponders,
either at time point 1 or longitudinally: mesothelin,
FLT4/VEGFR3, and AGP1 and -2. In the discovery cohort,
mesothelin did not differ at baseline between responders
and nonresponders, but decreased in both groups, and
was not detected in responders at time point 4 (Supple-
mentary Fig. S1). FLT4 was only detected in two respon-
ders and at time point 1 only. Both these proteins were
identified by only two peptides and therefore differences
were potentially due to under-sampling during analysis,
but given their biologic relevance they were investigated
further. Subsequent ELISA measurements of serum sam-
ples from the 10 patients in the discovery set confirmed
the initial findings (Supplementary Fig. S1 and Fig. 2A).
AGP1 and -2 were higher in 3 responders at time point
1 and decreased by time point 4. Although nominally
removed by immunodepletion, their presence could
reflect saturation of the column, with the residual amount
detected being proportional to the starting concentration.
The mass spectrometry results were confirmed using an
immunoassay which detects both AGP1 and -2, which are
referred to hereafter as AGP.

Biomarker validation cohorts and clinical
characteristics/associations

Biomarker validation cohort characteristics. The three
candidate biomarkers together with CA-125were examined
in a further 207 patients (n ¼ 92 and 115 in validation
cohort I and II, respectively) from both arms of the trial in
relation to disease progression. Baseline clinical and path-
ologic characteristics and outcomes in the cohorts were
similar to those in the overall trial population (Table 1;
ref. 5).Median PFSwas longer in the experimental arm as in
the trial, but was not significantly different between trial
arms in either validation cohort (validation cohort I, P ¼
0.860; Supplementary Fig. S2A; validation cohort II, P ¼
0.664; log-rank test) due to the reduced power in these
smaller cohorts. Treatment effect on PFS was also similar
in both cohorts to that seen in the overall trial population
(HR, 0.956, validation cohort I; HR, 0.923, validation
cohort II, cf. 0.81) with no evidence of being significantly
different (validation cohort I, P ¼ 0.340; validation
cohort II, P ¼ 0.664; Wald test). The lack of proportional
hazards seen in the trial arms (5) was also apparent in the
biomarker validation cohort, with comparable violation
from proportionality (Supplementary Fig. S2B).

Association of biomarkers with clinical characteristics.
Examination of candidate biomarkers (Supplementary Fig.
S3) and clinical characteristics at baseline in validation
cohort I (Table 2) showed an association betweenmesothe-
lin and FLT4 and patients at high risk of progression (P ¼
0.002 and 0.043, respectively), with patients at higher risk
of progression having higher concentrations. These asso-
ciations were confirmed in validation cohort II (Supple-
mentary Table S3) and the combined validation cohort
(Supplementary Table S4) with all candidate markers and
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CA-125 showing an associationwith high-risk status (all P <
0.02).Mesothelin andAGPwere associatedwith FIGO stage
in validation cohort I (P ¼ 0.008 and 0.003, respectively),
confirmed in validation cohort II (P < 0.001 and 0.001;
Supplementary Table S3) and overall (P < 0.001 and 0.001;
Supplementary Table S4). CA-125, as expected, was asso-
ciatedwith FIGOstage (P<0.001) andhistologic subtype (P
¼ 0.052) with highest concentrations in more advanced
stages and serous tumors, confirmed in validation cohort II
andoverall (Supplementary Tables S3 and S4). BaselineCA-
125 concentrations were higher in patients in the experi-
mental arm of validation cohort I (P ¼ 0.043) although
ranges overlapped. This is likely an artifact of selection,
supported by no such significant differences being seen in
validation cohort II or overall. The markers showed no
strong positive or negative associations (although correla-
tions were significantly different from zero, all P < 0.01 in
validation cohort I; Supplementary Fig. S4). Similar results
were observed in validation cohort II and the combined
validation cohort (data not shown).

Biomarker validation—cohort I
Longitudinal changes in biomarkers during treatment.

The inclusion in the validation group of 61 patients who
had two baseline samples (ranging from 0 to 32 days apart)
allowed for an estimate of "normal" intrapatient variation,
important when considering biomarker changes in indivi-
duals during treatment. Intraindividual coefficients of var-
iation (CV%) were 22.6% for mesothelin, 14.6% for FLT4,
12.0% for AGP, and 16.3% for CA-125.

In validation cohort I, mesothelin differed in concen-
tration between time points 1 and 4 in the early progres-
sor subset of the experimental arm (P < 0.001; Fig. 2B),
with slight but not statistically significant downward
trends in the late progressor groups for each treatment
arm. Comparing the difference in change between these
time points in early and late progressors separately show-
ed evidence of a significantly different change in the
experimental arm (P ¼ 0.003) not observed in the stan-
dard arm (P ¼ 0.945). The most striking decreases in
mesothelin concentration were observed for patients at a
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Figure 2. Relationship between mesothelin and response to treatment and the kinetics of change in FLT4 related to treatment in validation cohort I. A,
longitudinal changes in mesothelin between time points 1 and 4 in responders and nonresponders in the discovery cohort as determined confirmed by
ELISA. Longitudinal changes in mesothelin between time points 1 and 4 in early and late progressors in the validation cohort in the standard arm
(Bi) and experimental arm (Bii) measured by immunoassay. Data points are themean with dotted lines representing� SE. C, relationship betweenmesothelin
and response to treatment by risk of progression status in validation cohort. Longitudinal box plots� showing changes in mesothelin concentration
across the sample time points in early and late progressors in the standard and experimental arms for patients at high risk of progression and patients not at
high risk of progression (high risk of progression defined as FIGO stage IV disease or FIGO stage III disease and >1.0 cm residual disease after debulking
surgery). D, longitudinal box plots� showing changes in FLT4 median concentration over time points in ICON7 sampling. Panels show early and late
progressors in termsofPFS in standard andexperimental armsof trial. �Boxplots showmedian, interquartile range (IQR) and1.5� IQR.Dots represent outliers
(defined as greater/less than 1.5 � IQR).
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high risk of progression, although they generally had
higher baseline concentrations (Fig. 2C).
Patients in the experimental (bevacizumab) arm of the

trial had generally decreasing concentrations of FLT4
between time points 1 and 4, irrespective of the timing of
disease progression (Fig. 2D). This decrease was observed
during treatment with plateauing during follow-up. At time
point 10 (when 41 of 45 patients with available samples
have experienced disease progression), a rebound increase
in concentration was apparent. Considering the longitu-
dinal mean profile and using a simple trend variable for

time point in a linear mixed effects model, there was a
significant decrease of 2.49 ng/mL per time point (time
points, 1–9; P < 10�10). However, early progressors had
higher concentrations overall as compared with late pro-
gressors even when taking this longitudinal effect into
account (increased concentration of 9.99 ng/mL in early
progressors; P ¼ 0.01), indicating a potential prognostic
effect.

Concentrations of AGP also tended to reduce throughout
the period of treatment, particularly between time points 1
to 6 (during systemic therapy; Supplementary Fig. S5A),

Table 2. Associations between the baseline concentrations (time point 1) of the serum biomarkers under
investigation and the clinical characteristics in validation cohort I

Characteristic N

Mesothelin
(nmol/L)
median (range) P

FLT4 (ng/mL)
median (range) P

AGP (g/L)
median (range) P

CA-125 (kU/L)
median (range) P

All patients 88 1.33 (0.23–23.28) 52.72 (18.96–114.37) 1.29 (0.52–2.74) 76 (5,6333)
Treatment
Standard arm 45 1.21 (0.23–23.28) 50.30 (18.96–114.37) 1.29 (0.52–2.74) 57 (7,4996)
Experimental arm 43 1.44 (0.56–14.43) 0.433 56.08 (23.57–104.46) 0.295 1.29 (0.68–2.73) 0.970 109 (5,6333) 0.043

Age, ya 88 0.16 (0.16–0.16) 0.145 �0.04 (�0.04, �0.04) 0.723 0.01 (0.01–0.01) 0.929 0.05 (0.05–0.05) 0.641
Race, n (%)
White 81 1.35 (0.23–23.28) 52.74 (18.96–114.37) 1.29 (0.54–2.74) 76 (7,6333)
Asian/Black/Other 7 1.24 (0.58, 5.21) 0.951 50.02 (43.54, 59.46) 0.441 1.29 (0.52,2.63) 0.847 16 (5,970) 0.280

ECOG PS, n (%)
0 34 1.52 (0.45–14.43) 46.35 (18.96–114.37) 1.15 (0.52–2.32) 76 (5,6333)
1 36 1.12 (0.23–23.28) 57.54 (32.19–96.17) 1.45 (0.68–2.63) 101.5 (14,4996)
2 3 3.25 (1.54–3.98) 0.390 59.20 (52.48–79.76) 0.024 1.96 (0.94–2.73) 0.088 284 (61,1168) 0.328

Origin of cancer, n (%)
Ovary (epithelial) 77 1.31 (0.23–23.28) 53.43 (18.96–114.37) 1.27 (0.52–2.74) 67 (5,1593)
Fallopian tube 3 1.17 (0.83–3.98) 45.27 (35.85–52.48) 1.27 (0.97–1.96) 104 (57,284)
Primary peritoneal 6 2.43 (0.58–8.85) 56.73 (42.80–76.60) 1.60 (0.68–2.21) 133.5 (14,4996)
Multiple sites 2 8.38 (2.33–14.43) 0.228 53.73 (45.02–62.43) 0.556 1.13 (0.82–1.44) 0.627 3,236 (139,6333) 0.310

Histology, n (%)
Serous 57 1.54 (0.23–23.28) 52.48 (18.96–114.37) 1.43 (0.68–2.73) 90 (14,6333)
Mucinous 1 1.18 (1.18–1.18) 61.58 (61.58–61.58) 1.55 (1.55–1.55) 42 (42,42)
Endometrioid 8 1.51 (0.96–2.47) 57.41 (29.45–103.40) 1.05 (0.54–2.74) 46 (7,181)
Clear cell 9 0.96 (0.58–2.22) 48.82 (38.42–59.95) 1.22 (1.00–2.63) 43 (5,970)
Mixed 11 1.21 (0.79–5.21) 59.46 (38.65–89.01) 0.99 (0.52–2.62) 100 (13,518)
Undefined 2 1.08 (0.78–1.38) 0.594 39.89 (32.19–47.58) 0.642 1.88 (1.80–1.95) 0.241 314 (204,424) 0.052

FIGO stage, n (%)
I/IIA 10 0.86 (0.45–2.14) 47.88 (29.31–69.25) 1.12 (0.81–1.6) 56.60 (5,90)
IIB/IIC 7 1.12 (0.88–1.58) 44.30 (36.30–58.82) 1.02 (0.52–1.12) 20 (7,112)
III 62 1.49 (0.46–23.28) 57.99 (23.57–114.37) 1.38 (0.68–2.74) 89.5 (14,4996)
IV 9 3.25 (0.23–14.43) 0.008 47.40 (18.96–79.76) 0.030 1.56 (0.98–2.73) 0.003 970 (43,6333) <0.001

Grade, n (%)
Well differentiated 3 1.58 (0.58–8.85) 58.82 (50.02–76.60) 1.63 (1.04–2.21) 44 (14,4996)
Moderately differentiated 14 1.03 (0.23–4.95) 50.52 (32.35–114.37) 1.37 (0.83–2.29) 109 (10,1352)
Poorly differentiated 71 1.38 (0.45–23.28) 0.719 52.74 (18.96–104.46) 0.631 1.27 (0.52–2.74) 0.561 72 (5,6333) 0.788

Debulking surgery n (%)
>1 cm residual disease 38 1.57 (0.23–23.28) 56.35 (18.96–89.01) 1.23 (0.72–2.63) 64.5 (10,1352)
�1 cm residual disease 50 1.15 (0.45–14.43) 0.160 48.80 (23.57–114.37) 0.171 1.40 (0.52–2.74) 0.365 78 (5,6333) 0.913

High-risk of progressionb n (%)
No 51 0.99 (0.45–8.85) 48.82 (23.57–114.37) 1.27 (0.52–2.74) 66 (5,4996)
Yes 37 1.80 (0.23–23.28) 0.002 57.22 (18.96–89.01) 0.043 1.33 (0.72–2.73) 0.657 100 (14,6333) 0.243

aSpearman rank correlation coefficient between analyte and age in years.
bFIGO stage IV disease or FIGO stage III disease and >1.0 cm residual disease after debulking surgery.
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with patients at higher risk of progression showing the
greatest reductions (Supplementary Fig. S5B).

Association between candidate biomarker concentrations at
baseline and PFS. When using the 88 time point 1 samples
for which analyte measurements were available, each of the
candidate biomarkers and CA-125 showed evidence of
prognostic potential upon univariate analysis in Cox pro-
portional hazards models (Table 3, validation cohort I,
column 1, all P < 0.05), and independently of risk of
progression status (Table 3, column 2) upon multivariable
analysis. Similar results were observed when stratifying
analysis by treatment arm (Table 3, column 3–4) and
adjusting for high risk of progression status with the excep-
tion of mesothelin in the standard arm. This evidence of
independent prognostic potential for FLT4 and AGP war-
rants further investigation in a larger cohort and was also
evident in Kaplan–Meier survival functions for optimal
cutoff points in biomarker concentration (Supplementary
Fig. S6).None of thesemodels showed evidence of violating
the proportional hazards assumption.

Predictive potential of individual biomarkers. All three
candidate biomarkers and CA-125 showed evidence of
prognostic potential (Table 3). However, to determine
whether a marker has predictive potential, a contrasting
effect in treatment armsmust be identified (usually through
a significant treatment/biomarker interaction term in a Cox
proportional hazards model). Cox proportional hazards
models with terms for marker concentration, treatment,
and the relevant interaction term gave nonsignificant Wald
tests on the interaction term, indicating that individually
the markers showed no evidence of predictive potential
(Supplementary Fig. S6, column d). However, examination
of plots for treatment effects separated by optimal cutoff
points (derived by maximizing Harrell C-index) for bio-
marker concentrations (Supplementary Fig. S6, columns b
and c) showed some evidence of nonadditive effects, sug-
gesting further investigation to combine the effect of bio-
markers in a predictive score.

A predictive biomarker index to inform treatment deci-
sions. A biomarker index was constructed as described
and when Cox proportional hazards models with index,
experimental arm, and interaction terms were estimated for
the dichotomized index at each potential cutoff point (no
patients had index ¼ 0, implying dichotomization around
1, 2, and 3), the optimum model had a significant interac-
tion term (P ¼ 0.006, LRT; full model shown in Supple-
mentary Table S5) indicating potential predictive ability.
When patients were separated at this optimum cutoff point
(index < 3; index � 3), Cox’s proportional hazards models
for each treatment arm yielded significant results with
contrasting beneficial treatments [signature-negative (n ¼
35):HR, 2.38; 95%confidence interval (CI), 0.97–5.81; P¼
0.058 and signature-positive (n ¼ 53): HR, 0.51; 95% CI,
0.28–0.94; P ¼ 0.031; Supplementary Table S5]. Kaplan–
Meier estimates of survival functions highlighted the dif-
ference between treatment arms in each signature group
(Fig. 3A). In the signature-negative group, patients
responded better to the standard therapy (median PFS

standard arm not attained, but >42 months; experimental
arm, 22.8 months; P¼ 0.051; log-rank test), whereas in the
signature-positive group, themedian PFS for patients on the
experimental arm was 4.1 months longer (median PFS
standard arm, 13.8 months; experimental arm, 17.9
months; P ¼ 0.028; log-rank test). Constructing the index
similarly excluding CA-125 resulted in a significant inter-
action in the Cox proportional hazards model (P¼ 0.035),
but an index with lesser predictive ability.

The biomarker index showed weak evidence of prognos-
tic potential overall (P ¼ 0.099; log-rank test; Supplemen-
tary Fig. S7A) representing the combined and conflicting
effects in each arm (Supplementary Fig. S7B). Considering
age, FIGO stage, histology, Eastern Cooperative Oncology
Group (ECOG) performance status, surgical outcome, and
those patients classified clinically to be at higher risk of
progression, there was no significant difference in the com-
position of the groups which could explain the better
prognosis in the signature-negative, standard arm (age P
> 0.05, Kruskal–Wallis test; all others P > 0.05, Fisher exact
test).

The final Cox proportional hazards model for the bio-
marker index was internally validated using bootstrap
resamples to estimate the optimism in the model (16). The
final model had an estimated Harrell C-index of 0.62 and
the optimism (O) was estimated to be 0.05 from 1,000
resamples. As the estimated C–O was more than 0.5, this
implies that the final model has predictive ability. The
second baseline sample at time point 2 also allowed the
evaluation of themodel in a smaller subset of patients (N¼
58 with 38 PFS events). The results were similar with
coefficients of the same sign and similar magnitude, but
with increasedWald test P values (all P < 0.150) most likely
caused by the lack of power given the smaller cohort.

Biomarker validation—cohort II
Association between candidate biomarker concentrations at

baseline and PFS. The univariate associations seen
between candidate biomarkers and PFS observed in valida-
tion cohort I were confirmed in validation cohort II (Table
3, validation cohort II, P� 0.05).Multivariable associations
overall and in each trial arm also showed similar effects, but
were not statistically significant (P > 0.05).

Validating the biomarker index. The biomarker index
was recalculated using the 115 time point 1 samples in
validation cohort II with the same methods and cutoff
points as outlined earlier. The subsequent model showed
further evidence for a predictive effect for the biomarker
index (interaction term from the LRT; P¼ 0.060; full model
shown in Supplementary Table S5). Separating at the opti-
mal cutoff point, there was further evidence from the Cox’s
proportional hazards models of contrasting benefit in each
treatment arm [signature-negative (n¼ 21): HR, 3.64; 95%
CI, 0.80–16.57; P ¼ 0.095 and signature-positive (n ¼ 94):
HR, 0.76; 95% CI, 0.47–1.25; P ¼ 0.283). Kaplan–Meier
estimates of median survival indicated differences between
treatment arms in each signature group (Fig. 3B) with
patients in the signature-negative standard arm responding
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Table 3. Univariate and multivariable analysis of prognostic potential of biomarkers

Multivariable analysis

Univariate analysis þadjusted for risk
þadjusted for risk
(standard arm)

þadjusted for risk
(experimental arm)

Level HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Validation cohort I

Mesothelin

(nmol/L)

Risk (�) 1.08 (1.03–1.14) 0.002 1.08 (1.02–1.14) 0.005 1.04 (0.97–1.12) 0.23 1.30 (1.13–1.50) <0.001
Not high (�) 1 1 1

High (�) 1.05 (0.61–1.8) 0.871 1.08 (0.51–2.28) 0.84 0.82 (0.37–1.82) 0.623

FLT4 (ng/mL) Risk (�) 1.02 (1.01–1.04) 0.008 1.02 (1.00–1.04) 0.011 1.02 (1.00–1.04) 0.063 1.02 (1.00–1.05) 0.102

Not high (�) 1 1 1

High (�) 1.14 (0.69–1.90) 0.602 1.17 (0.58–2.38) 0.663 1.14 (0.54–2.42) 0.726

AGP (g/L) Risk (�) 2.29 (1.40–3.75) 0.001 2.25 (1.37–3.69) 0.001 2.06 (1.04–4.08) 0.038 2.65 (1.21–5.82) 0.015

Not high (�) 1 1 1

High (�) 1.17 (0.71–1.95) 0.538 1.27 (0.62–2.59) 0.514 1.05 (0.48–2.27) 0.906

CA-125 (kU/L) Risk (�) 1.05 (1.03–1.08) <0.001 1.05 (1.03–1.07) <0.001 1.04 (1.01–1.08) 0.024 1.07 (1.03–1.11) 0.001

Not high (�) 1 1 1

High (�) 1.40 (0.85–2.31) 0.189 1.37 (0.67–2.82) 0.384 1.48 (0.70–3.13) 0.302

Risk (�) (�) (�) (�) (�)

Not high 1 (�) 1 1

High 1.51 (0.92.2.48) 0.103 (�) 1.28 (0.64–2.61) 0.482 1.86 (0.92–3.76) 0.0842

Validation cohort II

Mesothelin Risk (�) 1.10 (1.07–1.14) <0.001 1.06 (1.02–1.1) 0.002 1.01 (0.96–1.06) 0.663 1.06 (0.96–1.17) 0.216

Not high (�) 1 1 1

High (�) 3.30 (2.00–5.47) <0.001 6.80 (2.69–17.22) <0.001 2.69 (1.43–5.03) 0.002

FLT4 Risk (�) 1.01 (1.00–1.02) 0.050 1.01 (0.99–1.02) 0.286 1.01 (0.99–1.03) 0.32 1.01 (0.99–1.03) 0.423

Not high (�) 1 1 1

High (�) 3.96 (2.47–6.33) <0.001 7.51 (3.41–16.54) <0.001 2.86 (1.57–5.22) 0.001

AGP Risk (�) 2.03 (1.44–2.86) <0.001 1.44 (0.95–2.16) 0.083 1.67 (0.96–2.93) 0.071 1.33 (0.74–2.37) 0.341

Not high (�) 1 1 1

High (�) 3.48 (2.11–5.74) <0.001 6.75 (3.04–14.99) <0.001 2.61 (1.34–5.05) 0.005

CA-125 Risk (�) 1.03 (1.01–1.04) <0.001 1.02 (1.00–1.03) 0.028 1.00 (0.98–1.02) 0.792 1.06 (1.02–1.10) 0.001

Not high (�) 1 1 1

High (�) 3.81 (2.37–6.15) <0.001 7.83 (3.46–17.68) <0.001 2.54 (1.37–4.68) 0.003

Risk (�) (�) (�) (�) (�)

Not high 1 (�) 1 1

High 4.11 (2.58–6.54) <0.001 (�) 7.56 (3.47–16.5) <0.001 3.03 (1.69–5.43) <0.001

Validation cohorts I and II combined

Mesothelin Risk (�) 1.10 (1.07–1.13) <0.001 1.07 (1.04–1.11) <0.001 1.05 (1.02–1.09) 0.004 1.11 (1.03–1.21) 0.01

Not high (�) 1 1 1

High (�) 2.04 (1.42–2.91) <0.001 2.10 (1.2–3.68) 0.009 2.00 (1.22–3.28) 0.006

FLT4 Risk (�) 1.01 (1.00–1.02) 0.003 1.01 (1.00–1.02) 0.009 1.01 (1.00–1.03) 0.014 1.01 (1.00–1.02) 0.183

Not high (�) 1 1 1

High (�) 2.46 (1.77–3.44) <0.001 2.98 (1.78–5) <0.001 2.33 (1.48–3.68) <0.001
AGP Risk (�) 2.16 (1.63–2.86) <0.001 1.86 (1.38–2.51) <0.001 2.12 (1.41–3.18) <0.001 1.69 (1.08–2.65) 0.021

Not high (�) 1 1 1

High (�) 2.14 (1.52–3.02) <0.001 2.68 (1.62–4.46) <0.001 2.00 (1.23–3.26) 0.005

CA-125 Risk (�) 1.03 (1.02–1.04) <0.001 1.00 (1.00–1.00) <0.001 1.01 (1.00–1.03) 0.045 1.05 (1.03–1.08) <0.001
Not high (�) 1 1 1

High (�) 2.32 (1.65–3.26) <0.001 2.53 (1.52–4.24) <0.001 2.13 (1.34–3.37) 0.001

Risk (�) (�) (�) (�) (�)

Not high 1 (�) 1 1

High 2.53 (1.81–3.52) <0.001 (�) 2.69 (1.62–4.46) <0.001 2.51 (1.61–3.91) <0.001

NOTE:Columns represent a univariate analysis in validation cohort followedby resultswhen adjusting for risk in all patients and in each
treatment arm separately. Univariate analysis of risk of progression in all patients and in each treatment arm separately is displayed in
the fifth row of each cohort. HRs for biomarkers refer to increase in risk per unit increase in concentration.
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better than patients in the experimental arm of the same
signature group (median PFS in the standard arm, 36.3
months; experimental arm, 17.9months) with the converse
result seen in the signature-positive group (median PFS in
the standard arm, 10.9 months; experimental arm, 17.9
months).

Biomarker validation—combined cohorts I and II
Association between candidate biomarker concentrations at

baseline and PFS. Using the data from 203 time point 1
samples from both validation cohorts allowed a more
powerful assessment of prognostic potential of the proteins.
Significant univariate associations were again seen (Table 3,
combined data, P� 0.003). Uponmultivariate analysis, the
candidate markers and CA-125 were independently prog-
nostic overall and in each arm separately (P � 0.045), the
exception being FLT4 in the experimental arm (P¼ 0.183).

Further validation of biomarker index. The biomarker
index was recalculated using time point 1 samples from the
207 patients from validation cohorts I and II combined,
using the same methods and cutoff points as described

earlier. The resultant model had a significant interaction
term from the LRT (P ¼ 0.001; full model shown in
Supplementary Table S5) and Kaplan–Meier survival esti-
mates show differences between treatment arm for both
signature groups (Fig. 3C), again with the standard arm
responding better in the signature-negative group (median
PFS in the standard arm, 36.3 months; experimental arm,
20 months; P ¼ 0.005; log-rank test) and the experimental
arm responding better in the signature-positive group
(median PFS in the standard arm, 12.4months; experimen-
tal arm, 17.9 months; P ¼ 0.040; log-rank test).

Further analysis of the candidate markers in the com-
bined validation cohorts (with increased statistical power)
suggested that combined mesothelin and AGP may per-
form equally as well as the biomarker index (Supplemen-
tary Tables S6–S8 and Supplementary Fig. S8).

Discussion
Bevacizumab has shown efficacy in a number of different

solid tumors (17–20), but identification of patients who
would derive most benefit would allow more selective

Figure3. Predictive potential of biomarker index in signature-negative and -positive patient groups. Kaplan–Meier estimates of survival functions for biomarker
index in signature-negative and -positive groups separated by treatment arm in (A) validation cohort I, (B) validation cohort II, and (C) validation
cohorts I and II combined. Index constructed by calculating cutoff points for each marker (mesothelin¼ 0.96 nmol/L; FLT4¼ 45.45 ng/mL; AGP¼ 1.29 g/L;
CA-125 ¼ 295 kU/L; all P < 0.05) converting to binary and summing for each patient before dichotomizing around the optimal index cutoff point to
give signature-negative and -positive patient groups (index construction described fully in Supplementary Methods).
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and appropriate usage, improving efficacy and cost-effec-
tiveness. In this exploratory translational study focused
on proteomic identification of relevant serum biomarkers
in ICON7 patients, we identified three candidate biomar-
kers (FLT4, AGP, and mesothelin), which we then sought
to validate in larger cohorts. Although baseline values of
all candidate markers seemed to have prognostic value,
unfortunately none were individually predictive of ben-
efit from the addition of bevacizumab. However, com-
bining these with CA-125 in a biomarker index, a clear
predictive value was seen in validation cohort I with
signature-positive patients shown to benefit from the
addition of bevacizumab.
We conducted additional validation of the biomarker

index in a further independent cohort of ICON7 patients.
Using an approximation based on the LRT for interaction
(21) with the HRs observed in validation cohort I for the
signature negative (HR1, 2.38) and signature positive (HR2,
0.51) groups, a sample size of 15 PFS events in each group
(signature-positive or -negative crossed with trial arm)
would be required at a significance level of 5% and 80%
power. However, post hoc power analysis based on the true
number of events observed in each group and the reduced
interaction effect (HR1, 2.58 and HR2, 0.75) meant that the
sample had a power of only 43%. In somepart, this explains
the disparate significance levels for the interaction effect in
validation cohorts I and II as a larger and more matched
cohort would have been more appropriate.
The identification of a biomarker index with potential

clinical use shows the potential of proteomics. However,
limitations need to be acknowledged. First, with practical
limitations influencing sample number in the discovery
phase, only patients on the experimental arm were includ-
ed. Potential markers were then examined for predictive use
by analyzing samples from patients in both arms in the
subsequent validation phase. Ideally comparing both arms
at the discovery phasewould have allowed earlier highlight-
ing of bevacizumab-specific response biomarkers. Second,
although the initial immunoassay results on the discovery
samples did reproduce the mass spectrometry findings, not
all findings replicated independently within the larger val-
idation cohorts, presumably due to biologic variation and
the small size of the discovery set. For example, changes seen
between time points 1 and 4 for the various proteins were
reproduced in the validation cohort. However, the finding
of higher baseline mesothelin being associated with poorer
outcome/response in the validation set was not apparent in
the mass spectrometry data.
Selection of candidate biomarkers for further validation

included consideration of biologic relevance. Mesothelin is
overexpressed in EOC, involved in tumor progression (22,
23) and associated with chemoresistance and a poorer
overall prognosis (24). It has also been proposed as a
potential biomarker for EOC identification (25, 26), and
in mesothelioma as a putative biomarker to monitor
response to treatment (27). Our association between base-
line mesothelin and risk of EOC progression may relate
to increased disease burden. Mesothelin is synthesized as a

precursor and cleaved to form soluble megakaryocyte-
potentiating factor and membrane-bound mesothelin. The
two peptides identified in themass spectrometry studywere
both in themesothelin part of themolecule and are present
in variants including the soluble forms. The immunoassay
used detects forms including variant 1, most frequently
found in ascitic fluid due to shedding from EOC cells
(28), and variant 3.

FLT4 (VEGFR3) is a receptor for VEGF-C and -D, and
plays a key role in angiogenesis, being implicated in breast
cancer for example (29). FLT4 signaling leads to increased
VEGF-C and -A. The reduction of soluble FLT4 here only in
patients treated with bevacizumab is presumably due to the
effect of bevacizumab on the VEGF-related angiogenic
pathway. However, as it is not independently predictive of
response, nonresponders may have alternative angiogenic
pathways predominating. Similar changes are seen in serum
VEGFR2 inpatientswith renal cancer treatedwith sorafenib,
an antiangiogenic tyrosine kinase inhibitor (30).

AGP is an acute phase protein which is elevated in several
cancers (31, 32), and although not previously linked with
EOC, it has been reported to have proangiogenic properties
and to support the proangiogenic effect of VEGF-A (33).

The predictive ability of the biomarker index is promising
and strength is the derivation from a major randomized
controlled trial, allowing a comparison between the stan-
dard and experimental arms, high quality clinical data, and
stringent sample processing (34). The signature requires
further validation including eventual prospective validation
within a clinical trial, for example randomizing to bevaci-
zumab based on biomarker index, and possible investi-
gation of relevance in other solid tumors treated with
bevacizumab, should be considered. Circulating protein
and cellular biomarkers, single-nucleotide polymorphisms
(SNP), expression arrays, and clinical correlates such as
hypertension have been examined for potential association
with bevacizumab effectiveness (reviewed in ref. 35) but no
definitive biomarkers have yet been found. Higher baseline
VEGF-A is most promising as potentially predictive of bev-
acizumab benefit in breast cancer (AVADO; ref. 36), gastric
cancer (AVAGAST; ref. 37), and pancreatic cancer (AViTA;
ref. 38). However, in some studies it has appeared only
prognostic rather than predictive, for example in colorectal
cancer (AVF2107g; ref. 39) and renal cancer (AVOREN;
ref. 38), possibly reflecting study design, specific disease
type, or assay. Other promising markers include delta-like
ligand-4, VEGF-C, neuropilin (40), and a VEGFR2 SNP (41)
in breast cancer, high circulating intercellular adhesion
molecule (ICAM) in non–small cell lung cancer (although
as there was still benefit in the low ICAM group this seemed
to be prognostic rather than predictive; ref. 42) and day 4
circulating endothelial progenitor cells and proportion of
baseline CXCR4-positive circulating endothelial cells in
colorectal cancer (43). Hypertension has also been proposed
(44, 45), although again not borne out in all studies (46).

Predictive biomarkers relating to bevacizumab in EOC
are exploratory and limited to smaller phase II studies
(reviewed in ref. 47). High tumor VEGF levels have been
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reported to be associated with early progression in patients
treated with bevacizumab and erlotinib (48), whereas in
patients treated with gemcitabine/oxaliplatin and bevaci-
zumab (n¼19), increases in plasmaplacental growth factor
and VEGFR2-expressing monocytes correlated with EOC
outcomes (49). Examination of biomarkers relating to
alternative angiogenic pathways (for example platelet-
derived growth factor and fibroblast growth factor) found
none to be of predictive value in a study of 106 patients with
chemotherapy-resistant EOC treated with single-agent bev-
acizumab (50).

On the basis of the results from ICON7 and GOG218,
bevacizumab is the first targeted therapy to be licensed for
use in the first-line treatment of EOC, in combination
with carboplatin and paclitaxel. Current clinical practice
is variable, with some clinicians using it in all patients
with advanced EOC, and others using it only in those
clinically identified at high risk of progression. There is
clearly still a need to identify biomarkers predictive of
response to bevacizumab, to enable avoidance of poten-
tial toxicities in those least likely to benefit and also to
maximize the cost effectiveness of this drug. Our study
has identified a biomarker index which seems predictive
of benefit from bevacizumab but further validation of
clinical use in a larger population, including assessment
of the predictive ability of all possible biomarker combi-
nations, is needed.
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