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Abstract. Background/Aim: Predicting response to trearment
in high-grade serous ovarian carcinoma (HGSOC) still
remains a clinical challenge. The standard-of-care for first-
line chemotherapy, based on a combination of carboplatin and
paclitaxel, achieves a high response rate. However, the
development of drug resistance is one of the major limitations
to efficacy. Therefore, identification of biomarkers able to
predict response to chemotherapy in patients with HGSOC is
a critical step for prognosis and treatment of the disease.
Several studies suggest that angiogenesis is an important
process in the development of ovarian carcinoma and
chemoresistance. The aim of this study was to identify a profile
of angiogenesis-related genes as a biomarker for response to
first-line chemotherapy in HGSOC. Materials and Methods:
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Formalin-fixed paraffin-embedded samples from 39 patients
with HGSOC who underwent surgical cytoreduction and
received a first-line chemotherapy with carboplatin and
paclitaxel were included in this study. Expression levels of §2
angiogenesis-related genes were measured by quantitative
real-time polymerase chain reaction using TagMan low-
density arrays. Results: Univariate analysis identified five
genes [angiopoietin 1 (ANGPTI), aryl hydrocarbon receptor
nuclear translocator (ARNT), CD34, epidermal growth factor
(EGF) and matrix metallopeptidase 3 (MMP3)] as being
statistically — associated — with treatment.
Multivariable analysis by Lasso-penalized Cox regression

response  to

generated a model with the combined expression of seven
genes [angiotensinogen (AGT), CD34, EGF, erythropoietin
receptor (EPOR), interleukin 8 (IL8), MMP3 and MMP7)].
The area under the receiver operating characteristics curve
(0.679) and cross-validated Kaplan—Meier survival curves
were used to estimate the accuracy of these predictors.
Conclusion: An angiogenesis-related gene expression profile
useful for response prediction in HGSOC was identified,
supporting the important role of angiogenesis in HGSOC.

Advanced ovarian carcinoma is a leading cause of death
from gynecological cancer in developed countries (1). The
lethality of this disease is mainly due to the fact that most
patients are diagnosed with advanced disease (2, 3).
Moreover, despite initial effectiveness of standard treatment,
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involving surgical cytoreduction and a platinum/paclitaxel
chemotherapy regime, most women will experience relapse
and eventually die of their disease (4). Recent high-
throughput analysis has demonstrated that high-grade serous
ovarian carcinoma (HGSOC) is a different entity in the
group of ovarian carcinomas (5). However, to date, there are
no reliable biomarkers ready for the clinic able to identify
HGSOC tumors resistant to therapy before there is
radiographic or biochemical evidence of progression in the
patient.

Neoangiogenesis, the formation of new vessels from pre-
existing vasculature, is one of the hallmarks of cancer (6-8).
This is a finely regulated process, dynamically changing
between pro-angiogenic and anti-angiogenic states, based on
the balance of a plethora of regulators.

Specifically, in ovarian cancer it is now well-established
that vascular endothelial growth factor (VEGF), the main
regulator of this process, is elevated in ascites, suggesting a
more intense angiogenic activity in the peritoneal cavity, and
this has also been associated with poor prognosis (9). The
inhibition of angiogenesis seems to be a rational approach to
therapy and an antibody to VEGF, bevacizumab, has been
already approved in Europe for first-line and relapse settings.
Additionally, other antiangiogenic drugs were tested,
including a VEGF-trap peptide, tyrosine kinase inhibitors,
and angiopoietin inhibitors (10).

We and others previously described prognostic signatures
associated with ovarian carcinoma, and our data support the
important role of angiogenesis in ovarian carcinoma (11). In
this article, we report 82 angiogenesis-related genes and their
relation with response to treatment as a variable for the
identification of a favorable versus unfavorable angiogenic
profile.

Materials and Methods

Patient samples and clinical records. Thirty-nine non-consecutive
patients with International Federation of Gynecology and Obstetrics
(FIGO) stage III-IV HGOSC treated at the La Paz University
Hospital, Madrid, Spain, between February 1996 and December
2003 were included in this study. The main criteria for the selection
of the patients were as follows: Uniform histological type (HGOSC)
in order to avoid inter-patient heterogeneity, availability of enough
tumoral tissue for the molecular and immunohistochemical studies
(avoiding necrotic areas, see below), and adequate follow-up data.
All patients received at least six cycles of a platinum/taxane-based
chemotherapy after surgery.

Baseline characteristics, such as stage, age at diagnosis and
surgery outcome (optimal vs. sub-optimal), and follow-up were
retrieved from the local clinical records. Progression-free survival
(PFS) was defined as the period from the beginning of the treatment
until disease progression or death from any cause, and overall
survival (OS) was calculated from the beginning of therapy to death
or last record. Optimal surgery was defined as <1 cm in diameter
residual disease, according to the definition at the time the study
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started. Complete response (CR) was defined as absence of all
radiographic evidence of disease after finishing surgical resection
and chemotherapy.

Tissue sections stained with hematoxylin and eosin were
reviewed by three gynecological subspecialty pathologists (A.B.,
L.Y., and D.H.). Eligible samples included more than 80% tumor
cells, avoiding necrotic areas.

This study was carried out in accordance with the Helsinki
Declaration, and was approved by the Ethics Committee (Comité
Etico de Investigacién Clinica) of the University Hospital La Paz,
Madrid, Spain (code HULP: PI-1020).

RNA purification from formalin-fixed paraffin-embedded samples
and real-time quantification of gene expression. Four to eight 4-um
sections were used for total RNA isolation, with MasterPure RNA
Purification Kit (EPICENTRE Biotechnologies, Madison, WI, USA)
according to the manufacturer’s instructions with minor
modifications. RNA concentrations and RNA quality were measured
using a Nanodrop 1000A spectrophotometer (Nanodrop
Technologies, Wilmington, DE, USA). One microgram of total
RNA was used for cDNA synthesis according to the protocol
provided with the High Capacity Archive cDNA Reverse
Transcription kit (Applied Biosystems, Foster City, CA, USA).

Eighty-two angiogenesis-related genes selected from a previous
study were examined (11). Specific assays for each gene were
selected and gene expression was determined by quantitative reverse
transcription polymerase chain reaction with TagMan Low Density
Arrays (TLDA) in an ABI PRISM 7900 HT Sequence Detection
System (Applied Biosystems). Each TLDA was configured with 96
genes in duplicate for two samples. Threshold point expression values
were calculated with SDS 2.2. software (Applied Biosystems).
Normalization of gene expression according to the expression of five
housekeeping genes [/8S, actin beta (ACTB), beta-2 microglobulin
(B2M), glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and
glucuronidase beta (GUSB)] was performed as previously described
(12). Best performing genes for normalization of raw data were
selected by GeNorm Analysis software (13).

Inmunohistochemical  analysis. Two 6-mm in diameter
representative cores for each case were included in the tissue
microarray (TMA) using a workstation (Beecher Instruments, Silver
Spring, MD, USA). Five-micrometer TMA sections were obtained
by a semiautomated microtome HM3508 (Microm GmBH,
Walldorf, Germany), as described elsewhere (14). Tissue sections
were then incubated for 60 min with the following antibodies: CD34
(#ab8158, 1:50), epidermal growth factor (EGF) (#ab10409, 1:500),
and matrix metallopeptidase 3 (MMP3) (#ab52915, 1:100) from
Abcam (Cambridge, UK). Detection was performed with Envision
Plus Detection System (Dako, Agilent Technologies, Glostrup,
Denmark). Optimal conditions for each antibody were set according
to distributor recommendations and adjusted with positive and
negative controls. CD34 staining is usually performed as a surrogate
of vascular density or presence of endothelial cells in stroma.
Additionally, a specific subset of stromal cells harboring CD34
antigen, known as CD34+ stromal cells, has been recently
characterized (15). The samples were classified as having low or
high CD34+ stromal cells expression, with a cutoff value of 10%.
For EGF and MMP3, cytoplasmic staining of tumoral cells was
categorized as focal when present in fewer than 20% of cells, or
diffuse when higher, as previously described (16, 17).
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Statistical analysis. Our endpoint was to find predictive
angiogenesis-related biomarkers of CR to standard therapy. Firstly,
univariate Cox regression models were used to evaluate the
association between gene-expression values (as a continuous
variable), immunohistochemical data, and PFS and OS. The area
under the curve (AUC) of the receiver operating characteristics
(ROC) was also assessed to study the predictive accuracy of the
Cox regression models. In an attempt to create a more powerful
predictor combining more than one variable, different regression
methods were used to stratify the patients into CR and non-CR
groups, including logistic regression with Lasso and Elastic Net
penalization and stepwise Akaike Information Criterion methods. To
evaluate the predictive performance of the models, the AUC
calculated with the cross-validated prediction score obtained with
leave-one-out cross-validation (LOOCYV) techniques was used (18,
19). The statistical significance of the predictor was evaluated based
on the permutation distribution of the cross-validated AUC,
repeating the whole LOOCV process with randomly permuted
response. The 95% confidence interval (CI) of the AUC was
computed with 2,000 bootstrap replicates.

We additionally explored the impact of clinical variables and
gene and protein expression values on PFS and OS by log-rank test,
and Kaplan—Meier plots were obtained. All analyses were performed
using R Bioconductor package (Bioconductor, Open Source
Software for Bioinformatics, www.bioconductor.org) and SPSS 19
software (IBM, Armonk, NY, USA), and reported p-values are two-
sided and considered significant when p<0.05.

Results

Descriptive statistics and univariate gene-expression analysis.
The median age at diagnosis was 55 years (range=35-82
years). All patients had advanced disease (FIGO stage III/IV).
Most of them were diagnosed with FIGO stage III (82%),
grade 3 (61.5%) tumors. Optimal debulking at surgery was
achieved in 36.4% of patients. However, 74% of patients
achieved a CR to chemotherapy. Median PFS and OS were 17
(range=15-18) and 40 (range=24-56) months, respectively.
The characteristics of the patients included in this study are
summarized in Table I.

Univariate analysis of clinical and pathological variables
identified optimal surgery as the only statistically significant
variable for CR [hazard ratio(HR)=18.99, 95% CI=2.0-
2548.5 p<0.05]. As expected, all the optimally debulked
patients achieved a radiological CR. Figure 1 shows survival
plots for PFS and OS regarding debulking surgery status in
our series. Suboptimally debulked patients showed
statistically significant shorter OS (p=0.017). PFS was also
reduced in our series, although not significantly (p=0.2).

The expression of five genes [angiopoietin 1 (ANGPTI),
aryl hydrocarbon receptor nuclear translocator (ARNT),
CD34, epidermal growth factor (EGF) and matrix
metallopeptidase 3 (MMP3)] was statistically associated with
CR in the complete HGSOC series. Three of them, CD34,
ARNT and MMP3, remained associated with CR in the
subgroup of suboptimally debulked patients (Table II).

Table 1. Characteristics of the patients included in the study.
Percentages were calculated adjusted to the total of cases evaluated by
variable to have a cumulative total of 100%.

Characteristic Value
Age at diagnosis, years (mean, range) 55 (35-82)
FIGO stage, n (%)

11 32 (82)

v 7 (18)
Grade, n (%)

2 15 (38.5)

3 24 (61.5)
Optimal surgery, n (%)

No 21 (63.6)

Yes 12 (36.4)

NR 6(-)
CR, n (%)

Yes 29 (74 .4)

No 10 (25.6)
Relapse, n (%)

Yes 15 (38.5)

No 24 (61.5)
Died, n (%)

Yes 25 (67.6)

No 12 (32.4)

NR 2(-)
PFS, months

Mean (range) 17 (15-18)
OS, months

Mean (range) 40 (24-56)

CR: Complete response; FIGO: International Federation of Gynecology
and Obstetrics; PFS: progression-free survival; OS: overall survival;
NR: not recorded.

Additionally, we analyzed the prognostic value of these
angiogenesis-related genes, finding four genes to be
associated with PFS in the complete HGSOC series
(ANGPT2, CD36, CD44 and EPHB?2), and five with OS
[ANGPTI, CD34, CD44, MMP7 and platelet-derived growth
factor 3 (PDGFB) (Table III).

Multivariable analysis. In an attempt to characterize a more
accurate model for CR prediction, we combined the
expression of different genes. Alternative methods for
predictor selection were compared, including Elastic Net,
Stepwise AIC and selection operator (Lasso), the latter being
chosen (data not shown). The selected model was composed
of the combined expression of seven genes [angiotensinogen
(AGT), CD34, EGF, erythropoietin receptor (EPOR),
interleukin 8 (IL8), MMP3 and MMP7)]. The AUC of this
model was 0.679 (95% CI1=0.478-0.880) and a borderline
statistical significance was found based in a permutation test
(p-value=0.097). LOOCYV and AUC were used to assess the
accuracy of the model, and Kaplan—Meier curves to evaluate
discrimination of survival groups (Figure 2). However, no
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Figure 1. Kaplan—Meier curves for progression-free and overall survival of patients with high-grade serous ovarian carcinoma according to
debulking status. Black lines indicate evolution of the optimally debulked patients, and grey lines show evolution of suboptimally debulked patients.

Table II. Gene expression significantly associated (p<0.05) with response to treatment by univariate analysis in the complete high-grade serous
ovarian carcinoma (HGSOC) series and in the subgroup with suboptimal surgery.

HGSOC (All, N=39) Suboptimal surgery (N=21)

Gene symbol Protein product OR (95% CI) p-Value OR (95% CI) p-Value
AGTR2 Angiotensin II receptor type 2 0.75 (0.52-1.07) 0.10 0.40 (0.16-0.99) 0.01
ANGPT1 Angiopoietin 1 0.52 (0.25-1.10) 0.04 0.31 (0.10-1.00) 0.03
ARNT Aryl hydrocarbon receptor nuclear translocator 0.15 (0.03-0.86) 0.02 0.12 (0.01-1.04) 0.03
AURKB Aurora kinase b 1.10 (0.86-1.40) 0.46 1.94 (0.82-4.58) 0.03
CD34 CD34 0.64 (0.33-1.27) 0.03 0.67 (0.27-1.68) 0.20
EGF Epidermal growth factor 0.68 (0.50-0.93) 0.01 0.76 (0.53-1.09) 0.12
FLT4 Fms related tyrosine kinase 4 0.62 (0.28-1.40) 0.24 0.26 (0.06-1.17) 0.04
IL8 Interleukin 8 1.13 (0.96-1.34) 0.15 1.34 (0.94-1.91) 0.04
MMP3 Matrix metallopeptidase 3 0.59 (0.38-0.94) 0.01 0.42 (0.18-0.99) 0.01

OR: Odds ratio; CI: confidence interval.

statistically significant differences were reached regarding
PFS (»=0.72) or OS (p=0.36). We also applied this
classification to the suboptimally debulked group, where the
predictor was not able to classify patients accurately into risk
categories (data not shown).

Inmunohistochemical evaluation of candidate biomarkers.
Most patients (88.9%) had low CD34 expression, and focal
expression of EGF (78.6%). In the case of MMP3, 57.6% of
cases showed focal expression, and the remaining 42.4% of
tumors showed diffuse staining. None of these markers were
significantly associated with response to treatment (data not
shown).
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Discussion

One of the main challenges in ovarian cancer research is the
identification of reliable biomarkers for prediction of tumor
behavior, keeping in mind that despite a very high response
rate to first-line treatment, the majority of patients will
experience recurrence, significantly reducing the possibility
of being cured.

We decided to focus our study on angiogenesis, one of the
most actively investigated hallmarks in ovarian cancer (20).
Due to the high number of genes involved in this process, a
single biomarker is unlike to predict benefit from therapy
and, therefore, we studied 82 angiogenesis-related genes in
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Table III. Gene expression significantly associated (p<0.05) with progression-free survival (PFS) or overall survival (OS) in the complete high-
grade serous ovarian carcinoma (HGSOC) series and in the subgroup with suboptimal surgery.

PFS (0N}
HGSOC Suboptimal HGSOC Suboptimal
(All, N=39) surgery (N=21) (All, N=39) surgery (N=21)

Gene symbol Protein product HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value HR (95% CI) p-Value
ANGPTI Angiopoietin 1 1.17 (0.96-1.44) 0.08 1.31(0.82-2.09) 0.26 1.30 (0.99-1.71) 0.03 1.52 (091-2.53) 0.10
ANGPT2 Angiopoietin 2 0.59 (0.36-0.97) 0.03 0.54(0.23-1.27) 0.13 0.60 (0.34-1.04) 0.06 0.52(0.20-1.36) 0.16
AURKB Aurora kinase B 1.01 (0.89-1.13) 092 0.55(0.37-0.81) <0.001 1.03 (0.89-1.18) 0.73  0.67 (0.50-0.89) 0.01
CD36 CD36 0.66 (0.45-097) 0.03 0.74 (0.48-1.14) 0.16 0.81 (0.54-1.23) 032 098 (0.63-1.52) 0.92
CD34 CD34 1.06 (0.96-1.16) 023 0.73 (042-1.26) 0.25 1.15(0.99-1.34) 0.03 0.67 (0.37-1.19) 0.17
CD44 CD44 0.54 (0.34-0.86) 0.01 0.57(0.35-092) 0.01 0.51 (0.30-0.85) 0.01 0.53 (0.32-0.90) 0.01
EDNRB Endothelin 0.97 (0.86-1.09) 0.63 0.88 (0.74-1.05) 0.18 1.03 (090-1.17) 0.67  0.81(0.67-0.97) 0.04

receptor type B
EPHB?2 EPH receptor B2 1.70 (1.10-2.63) 0.02 1.31(0.75-2.31) 0.35 1.52 (0.93-2.48) 0.10 1.49 (0.85-2.62) 0.16
ILS Interleukin 8 0.93 (0.86-1.01) 0.09 0.85(0.74-098) 0.04 0.98 (0.89-1.08) 0.67 092 (0.81-1.06) 0.28
KDR Kinase insert 1.11 (0.81-1.53) 049 0.58(0.24-142) 0.22 097 (0.70-1.34) 0.86 0.44 (0.20-0.93) 0.03

domain receptor
MMP7 Matrix metallo- 1.01 (093-1.11) 0.76 094 (0.72-1.24) 0.68 1.15(098-137) 0.04 1.05(0.78-141) 0.75

peptidase 7
PDGFB Platelet-derived 1.04 (0.83-1.31) 0.73 1.16 (0.79-1.69) 0.44 1.35(1.00-1.82) 0.04 1.36(0.87-2.15) 0.16

growth factor

subunit B
THBS1 Thrombospondin 1 1.19 (0.69-2.05) 053 1.23 (0.65-2.30) 0.53 145 (0.73-2.89) 029 259 (1.07-6.28) 0.03
VEGFC Vascular endothelial

growth factor C 1.04 (0.90-1.19) 0.6 1.14(091-143) 0.23 1.04 (0.89-1.20) 0.62 137 (1.06-1.78) 0.01

HR: Hazard ratio; CI: confidence interval.

order to find a classification profile. This can be pointed out
as one of the strengths of this work. Focusing on the
expression of a selected group of genes involved in the same
process and choosing them by their biological plausibility
adds credibility to our findings. In this study, the expression
of five individual genes was statistically associated with
response. Additionally, we also employed different statistical
methodologies in order to find the most robust predictive
tool. Finally, the Lasso penalized regression model was
selected. This methodology offers robust internal validation,
and has been used for identification of prognostic indices in
different tumor types (21, 22). We identified a combination
profile able to predict response, consisting of the expression
of seven genes. The smaller number of components of the
profile makes it easier to be implemented in clinical practice.

However, this model only reached borderline significance
by permutation tests. This might be due to the low
dimensionality of our data set (39 samples). This is one of
the main limitations of this study. However, the cases were
carefully selected to reduce inter-patient heterogeneity,
comprising only the most prevalent ovarian carcinoma
subtype, namely HGSOC. Moreover, all the patients were
homogenously treated; this is particularly relevant when the

primary endpoint of the study is complete response to
therapy, instead of an arbitrarily established time to relapse
or death. This surrogate marker has proven prognostic and
predictive value (23, 24) and, in our opinion, it can
accurately categorize patients with ovarian cancer.

For predictive modeling where the number of variables
exceeds the number of cases, validation of results needs to be
part of the analysis. Particularly in scenarios where an
independent validation series is difficult to obtain, LOOCV
can be used as an alternative to reduce the over-optimism due
to sample size limitations (25). In our study, the performance
of the 7-gene classifier after LOOCV had a maximum mean
AUC of 0.68, and did not reach statistical significance,
probably due to the small sample size of the study.

Another question to be asked related to our findings is if
the clinical scenario is favorable for developing clinical
application of the profile. Bevacizumab, the first molecular
targeted agent used for the treatment of ovarian carcinoma,
has been actively combined in clinical trials with standard
chemotherapy for first-line treatment of advanced ovarian
carcinoma, and also for platinum-sensitive and resistant
recurrent ovarian carcinoma (26). Results from phase 111 trials
have demonstrated a statistically significant improvement in
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Figure 2. A: Receiver operating characteristics curve showing sensitivity and specificity of the angiogenesis-related gene model. The model was
composed of the expression of the seven genes indicated at the right, including their coefficients, and area under curve (AUC). B: Kaplan—Meier
curves for progression-free and overall survival. In this panel, black lines indicate evolution of patients with better prognosis, whereas grey lines
show evolution of patients with poor prognosis according to the model. AGT: Angiotensinogen, CD34: CD34 molecule, EGF: epidermal growth
factor, EPOR: erythropoietin receptor, IL8: interleukin 8, MMP3/7: matrix metallopeptidase 3/7.

PFS but not in OS [reviewed in (27)]. Moreover, the
associated side-effects of this therapy must be considered, in
particular when therapeutic success is not guaranteed. For
these reasons, it would be interesting to test if the benefit of
the addition of bevacizumab to the standard regime could be
predicted by the angiogenesis-related profile.

Three out of the seven genes of this profile were correlated
with response in the univariate analysis: EGF, MMP3 and
CD34. However, the expression of the proteins encoded by
these genes was not related to response to treatment nor to
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survival in our series. The epidermal growth factor receptor
(ERBB)/EGEF receptor tyrosine kinase plays an important role
in cell proliferation, survival, adhesion, motility, invasion and
angiogenesis (28). Even though controversially, EGFR
overexpression has been correlated with poor prognosis in
ovarian cancer (28), and it has also been described that
members of the EGF ligand family play a role in the
aggressive behavior of ovarian cancer (29). Extracellular
matrix components, such as MMP3, can also promote cancer
progression and affect drug resistance. MMP3 has been
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previously described to be up-regulated in cellular and animal
models of ovarian cancer (30, 31). MMP7 expression has
been found to be a strong independent prognostic factor for
favorable prognosis in ovarian carcinoma (32, 33). MMP7
together with MMP9 can generate angiostatin from
plasminogen, inhibiting tumor progression by limiting
angiogenesis (34). Although CD34 has been reported to be
correlated with poorer PFS and OS in ovarian carcinoma,
results still remain controversial (35, 36).

In conclusion, we identified a reduced 7-gene profile that
can be useful to stratify patients regarding response to
standard treatment in HGSOC. This profile, however, should
be adequately validated in a large prospective series of
patients.
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