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► Gene expression proﬁles of serous cancer demonstrate biologic and prognostic heterogeneity that we discerned from archival parafﬁn specimens.
► This approach facilitates retrospective and prospective analyses of the disease using more population-based cohorts
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a b s t r a c t
Introduction. Gene expression signatures have been identiﬁed for epithelial ovarian cancer survival (TCGA)
and intrinsic subtypes (Tothill et al.). One obstacle to clinical translation is that these signatures were developed
using frozen tissue, whereas usually only formalin-ﬁxed, parafﬁn embedded (FFPE) tissue is available. The aim of
this study was to determine if gene expression signatures can be translated to ﬁxed archival tissues.
Methods. RNA extracted from FFPE sections from 240 primary ovarian cancers was analyzed by DASL on
Illumina BeadChip arrays. Concordance of expression at the individual gene level was assessed by comparing
array data from the same cancers (30 frozen samples analyzed on Affymetrix arrays versus FFPE DASL).
Results. The correlation between FFPE and frozen survival signature estimates was 0.774. The TCGA signature
using DASL was predictive of survival in 106 advanced stage high grade serous ovarian cancers (median survival
33 versus 60 months, estimated hazard ratio for death 2.30, P =0.0007). Similar to Tothill, we found using DASL
that most high grade serous ovarian cancers (102/110, 93%) were assigned to subtypes 1, 2, 4 and 5, whereas
most endometrioid, clear cell, mucinous and low grade serous cases (39/57, 68%) were assigned to subtypes 3
and 6 (Pb 10e-15).
Conclusions. Although individual probe estimates of microarrays may be weakly correlated between FFPE and
frozen samples, combinations of probes have robust ability to predict survival and subtype. This suggests that it
may be possible to use these signatures for prognostic and predictive purposes as we seek to individualize the
treatment of ovarian cancer.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Epithelial ovarian cancer is a leading cause of cancer death in US
women because most cases present at an advanced stage. Clinically useful molecular markers that are both prognostic and predict response to
speciﬁc therapies have been discovered for some cancer types. In this
regard, the multi-marker OncotypeDx test has become widely adopted
to predict recurrence risk in breast cancer [1] and assessment of HER-2/
neu ampliﬁcation is used to guide the use of trastuzumab [2]. Similar
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tests do not exist for ovarian cancer and this has been a limitation in
the management of the disease.
Our group and others have sought to use expression microarrays to
identify signatures that are predictive of outcome and other phenotypes
in ovarian cancer [3–9]. As has been noted in other cancer types, there is
little overlap in the gene lists that comprise the ovarian cancer survival
signatures derived by various groups. Possible explanations for the lack
of overlap include the use of different microarray platforms as well
as false-discovery due to multiple comparisons inherent in large data
sets. Alternatively, the differences in gene lists may reﬂect the complexity of discoverable pathways involved in determining ovarian cancer
outcome. More recently, The Cancer Genome Atlas Project (TCGA) has
embarked on a genomic analysis of various types of human cancers.
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High grade serous ovarian cancer was among the ﬁrst cancers characterized by TCGA. This histologic subtype comprises about 60% of epithelial
ovarian cancers and is responsible for most disease-related deaths. Data
from 489 tumors analyzed by TCGA was published and made publically
available in 2011 [10]. In the TCGA ovarian cancer project, a robust
gene expression signature for overall survival was developed and then
validated in several other existing data sets. The TCGA also identiﬁed
four gene expression “intrinsic subtypes” of high grade serous ovarian
cancer based on patterns of gene expression (mesenchymal, immunoreactive, differentiated, proliferative) that are highly congruent with the
subtypes described by Tothill et al. [9]. These patterns appear to reﬂect
basic biologic heterogeneity within high grade serous cancers.
Nearly all prior studies that have developed gene expression signatures of ovarian cancer phenotypes have used fresh frozen tumor samples, including the TCGA. This may represent a signiﬁcant obstacle to
clinical application, since only formalin ﬁxed, parafﬁn embedded (FFPE)
tissue is typically available. In this regard, both OncotypeDx and HER-2/
neu testing generally are performed on FFPE tissue blocks. The aim of
the present study was to determine if the TCGA high grade serous survival signature and Tothill ovarian cancer subtype expression signatures
can be reliably detected in archival FFPE tissue using the cDNA-mediated
annealing, selection, extension and ligation (DASL) assay [11]. We chose
this method as it was the most widely used approach for whole genome
proﬁling from FFPE at the time of the analysis.

Methods
Study subjects
Samples were obtained from 240 separate invasive epithelial ovarian
cancer cases. These included a set of 43 invasive high grade (moderately
or poorly differentiated) serous ovarian cancer cases from the Duke
University IRB approved frozen gynecologic tumor bank and 197
cases of various histologic types from the North Carolina Ovarian
Cancer Study (NCOCS). The NCOCS is an IRB approved populationbased case–control study initiated in 1999 using rapid case ascertainment to identify incident ovarian cancers in 50 counties in North Carolina
[12]. Among the 197 NCOCS cases, 128 were serous, 26 endometrioid,
9 clear cell, 7 mucinous and 27 mixed/other histologic types. Grade distribution among the NCOCS cases was 29 well differentiated (15%),
68 moderately differentiated (35%) and 99 poorly differentiated (51%).
Of the 108 advanced stage (III/IV) high grade serous cancers (54 moderately differentiated, 54 poorly differentiated and 54 were optimally
debulked), 106 of these cases were used to validate the TCGA survival
signature. Two cases were eliminated as technical outliers from our QC
analysis. All cases were reviewed by a study pathologist at Duke University
to conﬁrm these histologic designations.

RNA isolation
From hematoxylin and eosin stained sections, percent tumor nuclei
was quantiﬁed and ranged from 10 to 90% with a median of 70%. RNA
was extracted from two slides containing 5 μm-thick sections of tumor.
Total RNA was isolated using the Ambion Recover All Total Nucleic
Acid Isolation kit (Cat. No. AM1975) according to the manufacturer's
protocol. RNA concentration was determined with a ND-1000 spectrophotometer (NanoDrop, Wilmington, DE, USA). The normal metric of
RNA quality, 28S:18S rRNA ratio, is not useful for the degraded RNA
derived from FFPE tissue. Therefore to obtain a quantitative metric of
RNA quality real time RT-PCR was performed to amplify small regions
of two abundant mRNAs, the 18 s rRNA (F 5′CGAAGACGATCAGAT
ACCGT, R 5′GGTCATGGGAATAACGCCG; 77 bp amplicon) and gACTB
(F 5′CAGCAGATGTGGATCAGCAAG, R 5′GCATTTGCGGTGGACGAT; 65 bp
amplicon).

Whole genome DASL microarray analysis
In brief, a total of 200 ng of RNA was analyzed using the Illumina
Whole-Genome DASL (cDNA-mediated annealing, selection, extension, and ligation) assay with the HumanRef-8 Bead Chip (Cat. No.
DA-903-1024) corresponding to 24,526 gene transcripts or 18,631
unique genes. Total RNA was converted to cDNA using biotinylated
oligo-dT18 and random nonamer primers, followed by immobilization to a streptavidin-coated solid support. The biotinylated cDNAs
were then simultaneously annealed to a set of assay-speciﬁc oligonucleotides designed to correspond to 24,526 probes (18,626 unique genes),
based on content derived from the National Center for Biotechnology
Information Reference Sequence Database (Build 36.2, Release 22).
Extension and ligation of the annealed oligonucleotides generated
PCR templates that were ampliﬁed using ﬂuorescence-labeled and
biotinylated universal primers. The labeled PCR products were then
captured on streptavidin paramagnetic beads, washed, and denatured
to yield single-stranded ﬂuorescent molecules which were hybridized
to Whole Genome gene expression BeadChips (HumanRef-8, Illumina)
for 16 h at 58 °C. Images were extracted and ﬂuorescence intensities
were read on a BeadArray Reader and scanned data were uploaded
into BeadStudio for further analysis.
Expression analysis
In the 43 cases from our institutional bank, expression data from
fresh frozen tissue was derived from Affymetrix U133A arrays. The
justRMA R/Bioconductor implementation of RMA [13] was used at
its default settings to normalize, background correct and estimate expression on the log2 scale for the Affymetrix data. The DASL data for
13 of the 43 paired samples and four of the 197 NCOCS samples failed
to meet laboratory quality control standards and were removed from
the analysis. We used neqc from the limma package [14] using its default settings to background correct and normalize the remaining
DASL data after removing probes not expressed in all samples following Shi et al. [15]. Finally, we used limma's removeBatchEffect to adjust
for batch. Affymetrix and Illumina probes were matched on the basis
of the RefSeq ID(s) assigned to each. Illumina provides a single RefSeq
ID in its annotation data. The ‘hgu133aREFSEQ’ data set distributed
with the R/Bioconductor package hgu133a.db was used to associate
RefSeq IDs with the Affymetrix probes. DASL probes were mapped
to Affymetrix probes by gene symbol. For each Affymetrix probe
that matched one or more DASL probes, the median expression across
those DASL probes was used to represent the DASL estimate corresponding to that Affymetrix probe. The subtype signatures are deﬁned in terms of probe-level expression estimates while the TCGA
survival signature is deﬁned in terms of gene-level estimates. For
purposes of the subtype analysis, we normalized the Affymetrix and
DASL data for the remaining probes separately, so that across samples
in each set the probe means are all zero and the probe SDs are all one;
for purposes of the survival signature, we calculated gene level estimates of expression by taking the median probe level estimate of
expression for each gene prior to normalization.
Statistical analysis
The TCGA survival signature gene set comprises 193 genes, 85
with increased expression related to a “good” prognosis and 108
with increased expression related to a “poor” prognosis [10]. We
identiﬁed 166 genes in the normalized gene-level expression sets
that matched a gene in the TCGA gene set. The TCGA reported the
log hazard estimate for each gene used in the TCGA survival analysis
(Supplementary Table 6.1) [10]. We deﬁned the survival signature as
the weighted sum of the normalized gene-level DASL expression
values where each gene in the signature was weighted by the product
of its published log hazard estimate and its squared Affymetrix/DASL
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correlation in the 30 paired samples. We normalized the survival signature to have mean zero and standard deviation one in the 193 cases
from the North Carolina Ovarian Cancer study.
Tothill et al. published (Supplementary Table S2) the 4809 Affymetrix
U133A probes that were at least 2-fold over or under expressed in each
of six subtype clusters (5). The 1806 of these that mapped directly to
an Affymetrix U133A probe were used to create a ‘signature’ associated
with each of the 6 original Tothill subtypes. In the 193 cases from
the North Carolina Ovarian Cancer study, the signature for each subtype
was deﬁned as a weighted sum of the normalized expression values
for the over-expressed probes minus a weighted sum of the normalized
expression values for the under-expressed probes. We weighted each
probe in the signature functions by the square of its correlation between
the Affymetrix and DASL log2 expression estimates calculated in the 30
paired samples. This was to ensure that the transcripts measured most
accurately by DASL had the most inﬂuence. Thus, the value of a subtype
signature is large and positive when the case is likely to belong in that
subtype and small when it is not.
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While age of the specimen was not a major factor, principal component (PC) analysis of the quality metrics and the DASL expression
data revealed signiﬁcant structure in the data inconsistent with true
biologic variation. The ﬁrst PC (PC1), separating samples into two
distinct groups, was found to be correlated with the speciﬁc BeadChip
(8 assays per chip or batch) on which each speciﬁc sample was run
(Fig. 1A). Once this structure was revealed, scaling of the expression
data based on this variable (batch) produced a uni-modal distribution
(Fig. 1B). Importantly, the values of PC1 after this correction correlated very strongly with both our metrics (qRT-PCR for actin: Pearson
r = − 0.50, P b 10e-15; qRT-PCR for 18 s rRNA: Pearson r = − 0.52,
P b 10e-15) and Illumina BeadChip metrics (percent positive probes:
Pearson r = 0.74, P b 10e-15). Finally, based on this PC grouping, we
eliminated outliers (PC1 b − 0.69) for the analyses described below
(outliers indicated in red, Fig. 1B). Only through analysis of all available quality control data could we logically and conﬁdently remove
speciﬁc samples. Further, these data indicate that qRT-PCR is an accurate
predictor for the utility of degraded RNA samples for high throughput
expression analysis.

Results
Testing the TCGA survival signature in FFPE samples
Evaluating RNA and DASL quality
A challenge of gene expression array studies is to understand and
control for unwanted variables that are not related to RNA levels in
the tissues. From frozen or fresh material the quality of the extracted
RNA should not be a major source of variation but variably degraded
and modiﬁed RNA in FFPE is typical, and therefore samples cannot
be excluded based on the standard metric i.e., the 28S:18S ratio. The
majority of samples in this study were derived from a North Carolina
population based case control study of ovarian cancer. Tissue blocks
were obtained from participating institutions, sectioned, and then
returned. FFPE sections were stored at 4 °C without desiccation from
179 to 3399 days (median of 1660 days) before RNA was extracted for
this current study. The number of days stored did not correlate with
the amount of RNA obtained or its quality as assessed by qRT-PCR for
actin and the 18S rRNA indicating that time of storage under these
conditions did not adversely affect the RNA in these sections
(Supplementary Fig. S1).
The DASL assay itself produced a series of quality control metrics
related to the ﬁnal hybridization and detection on the bead array.
Of these metrics, the percentage of positive probes is a primary measure of the overall success of the assay. Increased time of storage was
positively correlated with percentage of positive probes (Pearson r =
0.22, P = 0.0017), again indicating that there was no degradation of
signal based on extensive storage of the sections.

To assess the relationship between gene expression measures
derived from optimal RNA (ﬂash frozen tissue) compared to the degraded material from the FFPE sections, we analyzed the data from
30 paired frozen (Affymetrix U133A) and parafﬁn samples (that
passed the quality control described above). The TCGA survival signature consists of 194 genes, 166 of which map back to the DASL array.
Linear correlations of these 166 genes between DASL and Affymetrix
expression estimates in the 30 paired samples ranged from − 0.265
to 0.868 (mean = 0.331), and included 14 genes with negative correlations and 43 genes with a linear correlation > 0.50 (Fig. 2A). After
weighting individual probes based on their squared correlation between the two platforms, we arrive at highly concordant estimates of
the TCGA survival between frozen and FFPE in these 30 cases (Pearson
r = 0.774, P = 5.2e-7). The survival signature was developed on high
grade serous cancers speciﬁcally. Therefore we next applied this algorithm to the DASL data in the subset of 106 advanced stage high grade
serous ovarian cancers from the North Carolina Ovarian Cancer Study.
When cases were divided into two groups based on whether their
TCGA survival signature scores were above or below the median
value, the median survival of the two groups was 33 months versus
60 months (Fig. 3). In a Cox proportional hazards model adjusted for
age and grade the estimated hazard ratio for death was 2.30 (P=
0.0007). These results indicate that the survival signature is robust
and retains prognostic information in FFPE expression data.

Fig. 1. Principal component analysis of the DASL expression data on all samples. A) Unscaled data demonstrating an obvious bi-modal distribution along the PC1 space. This distribution was found to correlate with batch and presents a systematic variable in the data not related to the type of cancer. B) After batch correction, PC1 now distinguishes outliers
that correlate with RNA quality (by PCR) and percent positive probes on the array. These outliers in red were excluded from subsequent analyses.
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Fig. 2. Correlation between Affymetrix and DASL gene expression signatures. A) TCGA survival signature: linear correlations between the DASL and Affymetrix gene expression
estimates in the 30 paired samples ranged from −0.265 to 0.868 (mean = 0.331). The dotted line indicates the relative weighting of probes at each correlation level. After this
weighting, the correlation between the DASL and Affymetrix signature estimates was 0.774. B) Tothill et al. gene expression subtype signature: linear correlations between the
DASL and Affymetrix gene expression estimates in the 30 paired samples ranged from −0.333 to 0.914 (mean = 0.453). The dotted line indicates the relative weighting of probes
at each correlation level. After this weighting, correlation levels for the subtype signatures C1 through C6 are denoted under the X axis.

Testing signatures of ovarian cancer subtypes in FFPE samples
Tothill et al. developed a classiﬁcation of epithelial ovarian cancer
based on unsupervised hierarchical clustering that grouped these diseases into 6 gene expression subtypes [5]. Their analysis included low
malignant potential serous and some endometrioid cancers accounting for two of the 6 groups. The great majority of high grade serous
cancers clustered into 4 groups. These 4 subtypes that capture the expression heterogeneity of high grade serous cancers were recapitulated closely in the TCGA study [10]. These were named mesenchymal,
immunoreactive, differentiated and proliferative by TCGA based on
the identity of the genes that were overexpressed in each cluster.
Over the 1806 probes in these signatures that map to the BeadChip
array, the 30 paired frozen and FFPE samples linear demonstrated
correlations between the DASL and Affymetrix gene expression estimates ranging from − 0.333 to 0.914 (mean = 0.45) including 62
probes with negative correlations and 807 probes with a linear correlation > 0.50 (Fig. 2B).
After applying corrections based on these correlations as above,
the correlations between the Affymetrix and DASL versions of these
6 signatures in the 30 paired samples were 0.618 (cluster 1; P =

2.8e-4), 0.804 (cluster 2; P = 8.7e-8), 0.887 (cluster 3; P = 7.9e-11),
0.548 (cluster 4; P = 1.7e-3), 0.857 (cluster 5; P = 1.5e-9) and 0.753
(cluster 6; P = 1.6e-6). As reported by Tothill et al. (5), we found
that most high grade serous ovarian cancers (102/110, 93%) were
assigned to subtypes 1, 2, 4 and 5, whereas most endometrioid, clear
cell, mucinous and low grade serous cases (39/57, 68%) were assigned
to subtypes 3 and 6 (Table 1, Fig. 4) (correct classiﬁcation, P b 10e-15).
These data indicate that the intrinsic subtype signatures can also be
discerned accurately in the majority of cases.
Discussion
Most prior expression microarray work in ovarian and other cancers has been done using fresh frozen tissues where high quality
RNA is reliably obtained. FFPE tissues represent the bulk of all clinical
specimens (both retrospective and prospective), therefore translation
of ovarian cancer genomic signatures to this platform is an important
step towards potential clinical application. Although RNA in FFPE tissues is degraded and chemically altered, methods have been developed to perform whole genome expression analysis from this type of
degraded RNA. The use of the DASL assay to develop a cancer prognosis signature using FFPE tissues was reported in 2008 in a study of
hepatocellular carcinoma [11]. Samples from 90% of patients yielded
Table 1
Predicted subtypes of epithelial ovarian cancer using DASL.

Tothill Expression Subtypes*

Fig. 3. Validation of the Cancer Genome Atlas survival predictor using DASL in 106
advanced stage high grade serous ovarian cancers from the North Carolina Ovarian
Cancer Study. When cases were divided into two groups based on whether their
TCGA survival signature scores were above or below the median score, the median survival of the two groups was 33 months versus 60. In a Cox proportional hazards model
adjusted for age and grade the estimated hazard ratio for death was 2.30 (P = 0.0007).

C1

C2

C3

C4

C5

C6

Serous high grade

38

26

8

16

22

0

Serous low grade

2

1

13

0

0

0

Endometrioid

2

3

1

4

3

12

Clear cell

2

1

4

0

0

2

Mucinous
0
0
1
0
0
6
*Shaded areas represent correctly classiﬁed cases: 102/110 (93%) high grade serous
cases were correctly assigned to subtypes 1, 2, 4 and 5, (corresponding TCGA subtypes
are C1 = mesenchymal, C2 = immunoreactive, C3 = differentiated, C4 = proliferative),
while 39/57 (68%) clear cell, endometrioid, mucinous and low grade serous cases were
correctly assigned to subtypes 3 and 6 (p b 10e-15). 26 samples with mixed or other histological types are not included in this table.
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Subtype
C1

C2

C3

C4

C5

C6

High Grade
Serous

Low Grade
Serous
Other
Mucinous
Endometrioid
Clear Cell
Legend
Q1

Q2

Q3

Q4

Fig. 4. Heat map of the probability of being assigned to each of the six Tothill et al. gene
expression subtype classes arranged by tumor histology. The predictions for each cancer
(rows) for the six expression subtype signatures (columns) are demonstrated in this
heat map. Probability predictions are grouped by quartiles from the lowest probability of
class membership (Q1, light green) to the highest probability (Q4, red).

interpretable data, including samples that had been archived for more
than 24 years. In this study, the patterns of gene expression in the normal liver surrounding the tumors, rather than from the tumors, were
prognostic. Subsequently, Xiang et al. used the DASL Human Cancer
Panel Assay that targets 502 cancer related genes to develop a signature
correlating with lymph node metastasis in hepatocellular carcinoma
[16]. The Affymetrix U133 plus 2.0 array also has been used to develop
a gene expression signature in FFPE that predicts prognosis of nonsmall-cell lung cancer patients [17]. The 59 gene lung cancer prognosis
signature was validated successfully in independent data sets and was
useful in reﬁning the prognosis of stage I cases. A commercial disease
speciﬁc array has also been successfully employed in developing a prognostic signature from archival FFPE stage II colon cancers [18]. These
studies indicate that there is no intrinsic barrier to deriving useful
array based expression data from archival FFPE specimens.
In the past decade a number of groups have developed gene
expression signatures correlating with clinical features and having
prognostic value in epithelial ovarian cancer [3–5]. The TCGA has
developed and validated a gene expression signature that predicts
survival in high grade serous cancers. Bowtell's group in Australia
was the ﬁrst to classify ovarian cancers into subtypes based on gene
expression signatures (5) and four of these subtypes comprising
high grade serous cancers were validated in the TCGA study. In view
of this prior work with signatures developed and validated in multiple data sets and across platforms, we attempted to validate these
existing signatures using the DASL platform as opposed to developing
new signatures based on FFPE derived data. This strategy allowed us
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to directly test the quality of the DASL data using established metrics
and to provide further support for the strength of these signatures
across platforms.
The only prior study using DASL in ovarian cancer was performed
by Chien et al. and involved a comparison of 5 early stage invasive
serous ovarian cancers and 5 serous borderline tumors [19]. Using a
differentially expressed gene set, class comparison prediction analysis
correctly identiﬁed serous carcinomas from serous borderline tumors
in 3 independent data sets at over 80% accuracy.
A systematic issue with FFPE material is the inconsistent quality
of RNA that can be extracted. The usual metric for RNA integrity, the
28S:18S ratio, is of little practical value in samples where these peaks
cannot even be clearly discerned. To explore this problem, we employed
quantitative RT-PCR analysis of two abundant mRNA's. After discovering
and correcting for systematic batch variation in the BeadChip DASL data,
we were able to show that the qRT-PCR values directly and strongly
correlated with the overall quality of the assay and could be used to
eliminate samples before costly analysis.
We were able to directly evaluate the DASL assay by analyzing
data from 30 matched frozen (Affymetrix U133A) and FFPE samples
using the survival (166 genes on DASL) and Tothill classiﬁcation
(1806 genes). On a gene by gene basis, we observed a broad range of correlation from FFPE (Illumina BeadChip) to frozen samples (Affymetrix
U133). This analysis led us to use the squared correlations as a means of
weighting the contribution of individual probes to the overall signatures
leading to improved classiﬁcations. A similar study on 20 matched frozen
and FFPE breast cancers, also using the whole genome DASL platform, arrived at similar results and found that with appropriate data processing,
the MammaPrint 70 gene prognostic signature could be recapitulated
from archival specimens [20].
For assigning categories in the FFPE samples, we found that 93%
of high grade serous cases were assigned to subtypes 1, 2, 4 and 5
(mesenchymal, differentiated, proliferative, immunoreactive high grade
serous). In contrast, 68% of epithelial ovarian cancers with other histologies were assigned to subtypes 3 and 6. These results are similar to those
reported by Tothill et al., who deﬁned these six expression subtypes using
frozen tissue samples [9]. This conﬁrms that microarray expression data
derived from FFPE samples can discriminate between histological subtypes of epithelial ovarian cancer and can deﬁne the 4 consistent subtypes of high grade serous ovarian cancer that are characterized by
distinct patterns of gene expression. Since these subtypes may represent
different etiologies, pathway activations, and potentially response to
therapy the ability to go back into the FFPE archives and identify cancer
subtype opens many possible avenues of investigation.
The TCGA developed a survival signature using data from four
gene expression platforms and validated this in several independent
data sets, including one from our institution [21]. We recapitulated
the TCGA survival signature using DASL data and found that among
high grade serous ovarian cancers the median survival of the poor
versus favorable survival groups was 33 months versus 60 months.
This was similar to what was seen in the TCGA study. Although a
27 month difference highlights the importance of gene expression
in determining outcome, this information does not have clinical utility at present in view of the lack of predictive information to guide
speciﬁc treatments.
The ability to assess the gene expression and survival subtypes in
FFPE tissue samples now makes it possible to evaluate their predictive
potential in the context of large clinical trials. Despite the weak correlation of individual probes between FFPE and frozen samples, these
multi-gene signatures appear to be robust enough to withstand the
signiﬁcant technical variability introduced by ﬁxation and expression
platform. This is essential if we hope to use signatures such as these
for prognostic and predictive purposes as we seek to improve and
individualize the treatment of ovarian cancer.
Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.ygyno.2012.12.030.
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