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often leads to overtreatment. Therefore, a better molecular characterization of stage I EOCs
could improve the assessment of the risk of relapse and the refinement of optimal treatment
options.

Materials and methods: 205 stage I EOCs tumor biopsies with a median follow-up of eight
years were gathered from two independent Italian tumor tissue collections, and the genome
distribution of somatic copy number alterations (SCNAs) was investigated by shallow whole
genome sequencing (sWGS) approach.

Results: Despite the variability in SCNAs distribution both across and within the histotypes,
we were able to define three common genomic instability patterns, namely stable, unstable,
and highly unstable. These patterns were based on the percentage of the genome affected by
SCNAs and on their length. The genomic instability pattern was strongly predictive of patients’
prognosis also with multivariate models including currently used clinico-pathological variables.
Conclusions: The results obtained in this study support the idea that novel molecular markers,
in this case genomic instability patterns, can anticipate the behavior of stage I EOC regardless
of tumor subtype and provide valuable prognostic information. Thus, it might be propitious to
extend the study of these genomic instability patterns to improve rational management of this
disease.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

Prognosis

1. Introduction genome sequencing (alias shallow whole genome

The prognosis of patients diagnosed with epithelial
ovarian cancer (EOC) confined to one or both ovaries
(International Federation of Gynecology and Obstet-
rics, FIGO, stage 1) is better than the prognosis of pa-
tients with disease widespread in the abdominal cavity
(FIGO stage III/IV) [1,2]. According to the criteria
defined by the “ICON1/ACTION” trial, all stage I EOC
patients are treated with staging procedure, while only
for a small subset of cases adjuvant platinum-based
chemotherapy (CT) can be withheld, according to
tumor grade and FIGO sub-stage [3]. These clinical/
histological parameters are imperfect proxy of the risk
of patients to relapse, and there is an urgent need to
identify novel molecular-based classifiers to improve our
ability to predict at the diagnosis the risk of patient
relapse and identify those cases that, as a low risk to
relapse, should be treated with surgery alone avoiding
exposure to toxic effects of CT. The infrequent diagnosis
of stage I EOC and the presence of at least five different
histological subtypes (high-grade serous HGSOC, low-
grade serous LGSOC, mucinous MOC, clear cell
OCCC, and endometrioid EC) have limited till now
translational studies aimed to answer this issue.

On a unique and retrospective cohort of more than
200 snap-frozen stage I EOC, our group identified in-
tegrated transcriptional signatures with a better prog-
nostic  predictivity than conventional clinico-
pathological classifiers [4—6].

However, since gene expression classifiers are usually
less feasible in clinical practice than genomic markers,
we decided to assess the genomic landscape of stage |
EOC subtypes to gain more insights into the molecular
features of the disease and define novel potential pre-
dictive markers. In the present study, low pass whole

sequencing, SWGS), approach was exploited to uncover
the somatic copy number alterations (SCNAs) profile
across the genome of 205 stage I tumor biopsies.

2. Materials and methods
2.1. Study cohort

A retrospective cohort of 205 tumor biopsies collected
between 1989 and 2018 was selected from 225 stage |
EOC tumor biopsies stored in Pandora tumor tissue
collection at Istituto di Ricerche Farmacologiche
Mario Negri, IRCCS (Milano, Italy) (Supplementary
Fig. S1). Details are reported in the Supplementary
Methods section 1 and Supplementary Results
sections 1 and 2. Briefly, cases were gathered from
two independent Italian clinical centers: San Gerardo
Hospital (Monza, Italy) n = 172 (from now onward as
cohort A) and Citta della Salute (Torino, Italy) n = 53
(from now onward as cohort B), and recently revised by
a second pathologist following the current guidelines of
the World Health Organization for EOC [7]. The study
was performed following the Declaration of Helsinki
and the scientific ethical committee “Brianza”
approved the collection and usage of tumor, blood, and
plasma samples (N° 1065, on November 10th, 2015,
emended on February 22nd, 2018). Written informed
consent was obtained from all patients enrolled in the
study.

2.2. Study design and methods
KAPA HyperPrep Kit (Roche, Basel, Switzerland) was

exploited to perform sWGS, and experiments were run
according to the manufacturer’s instructions. In those
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cases where tumor content cannot be evaluated by the
pathologist, the Absolute Copy Estimator (ACE) tool
[8] was used to infer the tumor purity and ploidy of each
sample based on the results of single nucleotide variants
(SNVs) calls obtained from an in house designed panel
of 139 coding genes (Table S2). Absolute SCNAs pro-
files within each histotype were analyzed by the
Genomic Identification of Significant Targets in Cancer
algorithm (GISTIC) [9]. The copy number burden
(CNB), the median SCNA length, and the number of
SCNA in each tumor biopsy were determined and
exploited to define the genome instability patterns. The
potential prognostic role of these SCNAs patterns was
investigated through univariate and multivariate ana-
lyses in combination with current prognostic variables
considered in clinical practice. Details are available in
the Supplementary Methods section.

2.3. Data availability
Sequence data have been submitted to European Genome-

Phenome Archive (EGA; ID EGAS00001004961) and are
available under controlled access.

87
3. Results

3.1. sSWGS analysis reveals distinct SCNA distributions
across the stage I EOC histotypes

The aim of our work was to define the genomic finger-
prints which could be relevant for the prognosis of stage
I EOC. To this end, we applied a low-resolution genome
sequencing approach (i.e., sSWGS, 0.5X coverage) to a
unique retrospective and multicentric cohort of 205
tumor biopsies originally selected from a tumor tissue
collection of 225 stage I EOC patients, encompassing
the five major histological subtypes (HGSOC, LGSOC,
EC, OCCC, and MOC) with a mean follow-up of eight
years (Fig. S1, Supplementary Results section 1). The
demographic and clinical features reported in Table 1
show that the study cohort is histologically distributed
and, as previously published [4—6], representative of the
clinical situation (Supplementary Results section 2).
For each histological subtypes, we initially analyzed
the distribution of SCNAs pattern and determined those
SCNAs that were recurrent in each sample population.
As the SCNA estimation is largely dependent on the

Table 1
Summary of the patients’ clinicopathological features.
Clinical annotations Number % Number of Median FU

of patients of patients patients with [IQR 1-3]

FU

Histology and grade
Mucinous 38 11.2y [7.2y-14.3y]
Gl 26 13
G2 10 5
G3 1 0.5
n.d 1 0.5
Clear cells 29 14 28 5.7y [2.5y-14.3y]
Endometrioid 79 10.1y [6.6y-14.7y]
Gl 14 7
G2 38 18
G3 28 14
Low-grade serous 9 9 19 14.6y [10.3y-17.2y]
High-grade serous 39 19 39 7.3y [5.2y-15.7y]
FIGO substages
A 68 33
B 17 8
C 116 57
n.d 4 2
Median age at diagnosis [min—max]; 549y [16.5y — 89.3y]
Chemotherapy
Yes 148 72
No 51 25
n.d 6 3
Relapse
Yes 43 21
No 145 71
n.d 17 8
PFS [IQR 1-3] 8.7y [4.8y —14.4y]
OS [IQR 1-3] 10.1y [6y —15.5y]

Total number of patients 205

Note: G, grade; y, years; FU, Follow-up; PFS, progression-free survival; OS, overall survival; IQR, interquartile range.
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Fig. 1. Distribution of SCNAs across the different histotypes. Frequency plots distribution of SCNAs with at least one copy-number change

(either gain or loss) from 205 tumor biopsies withdrawn from patients with the diagnosis of stage I EOC. Plots are presented according to

the different histological subtypes. The 22 autosomal chromosomes are arranged horizontally along the x-axis, from largest (on left) to
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Fig. 2. (a) SCNA patterns identified in stage I EOCs. The left-hand panel reports log2 ratios (y-axis) for each 30kbp bin (black points)
across the genome (x-axis, from chromosome 1 to chromosome 22) for the three representative cases of stable (S), unstable (U), and highly
unstable (HU) SCNA pattern (cases n. 18, 39, and 1, respectively). The right-hand panels show the frequency (y-axis) of the length of
DNA regions affected by SCNAs normalized per chromosome arm (ranging from 0, indicating focal SCNAs, to 1, entire chromosomal
arm) for each SCNA pattern. (b) Box plots of CNB distribution for each SCNA pattern. The plot depicts the distribution of CNB, ac-
cording to the S, U, and HU patterns. Boxes indicate the data range between the 25th and 75th percentile; the black line indicates the
median value, and the bottom and top whiskers refer to the Sth and 95th percentile, respectively. * * * *, Mann—Whitney p < 0.0001. (c)
Number of SCNAs in each SCNA pattern. The plots depict the number of amplification (red boxes) and deletions (blue boxes) according to
the S, U, and HU patterns. Boxes indicate the data range between the 25th and 75th percentile; the black line indicates the median value,
and the bottom and top whiskers refer to the 5th and 95th percentile, respectively. (d) Distribution of S, U, and HU patterns according to
the different histological subtypes. The percentage of S, U, and HU tumor biopsies is represented for each of the five main histological
subtypes of stage I EOC analyzed. Note: OCCC, clear cells. EC, endometrioid. MOC, mucinous. HGSOC, high-grade serous ovarian
cancer. LGSOC, low-grade serous ovarian cancer.

tumor purity, we used the ACE algorithm [8] to accu-  (Supplementary Results section 3). GISTIC analysis [9]
rately infer tumor purity and ploidy of each sample and  revealed a relatively different pattern of amplifications/
then adjust the sWGS copy number profile accordingly  deletions between HGSOC and the other histotypes

@9

smallest, with “p” arms to the left. At each genomic location, the percentage of tumor biopsies with an aberration is shown on the y-axis.
Only alterations with an absolute value of log2 ratio greater than 0.3 are reported. Red indicates recurrent copy number gain; blue in-
dicates recurrent copy number loss. Note: HGSOC, high-grade serous ovarian cancer. LGSOC, low-grade serous ovarian cancer. EC,
endometrioid. OCCC, clear cells. MOC, mucinous.
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(Fig. 1). Globally, HGSOC cases were characterized by
a high degree of genomic instability with almost all
chromosomes harboring regions in gain or loss with
variable sizes, ranging from 340 kbp to 76 Mbp.
Differently, LGSOC, EC, OCCC, and MOC cases were
characterized by a lower frequency of regions affected
by SCNAs, mostly involving entire chromosome arms.
GISTIC analysis defined three different types of
SCNAs: (i) arm-level events, involving the entire chro-
mosome arm (Table S5); (if) focal SCNAs events,
spanning less than 25% of the chromosome arm (Table
S6); (iii) broad events, spanning more than 25% of the
chromosome arm but less than its entirety (Table S6).
Focusing on recurrent genomic alterations, HGSOC
cases showed the highest degree of genomic instability
and were characterized by many recurrent focal SCNAs
in all chromosomes. In agreement with data previously
published for stage III/IV HGSOC [10,11], the main
recurrent focal amplification was on cytoband 8q24.21
on which the main oncogene is MYC (82% of cases,
Table S6). Among the recurrent arm-level SCNAs, we
identified a frequent deletion of the short arm of chro-
mosome 17 (namely, 17p), where the TP53 gene is
located (72% of cases, Table S5), while among the
recurrent broad events, we found a 6.6 Mb long deletion
on cytoband 19pl3.3, encompassing the STKII gene
(62% of cases, Table S6); the 49.53 Mbp long deletion on
cytoband 18q23, where the chromosomal instability
suppressor gene ZNF516 is located (62% of cases, Table
S6) [12]; and a 31.35 Mbp deletion on cytoband
13q14.11 encompassing the RBI gene (60% of cases,
Table S6). Focusing on the other histotypes, some
recurrent SCNAs were observed in the OCCC subtype,
while they were almost absent in LGSOC, EC, and
MOC samples (Tables S5 and S6). The complete list of
genes mapped in GISTIC peaks is reported in Table S7.
Overall, these data depict a heterogeneous and complex
landscape of SCNAs, both across the five histotypes and
within the same histotype.

3.2. Three distinct macro-SCNA patterns indicate
different degrees of genomic instability

Based on both the amount of the genome involved in
SCNAs (i.e., CNB) and the size of SCNAs, three
different genomic instability patterns could be clearly
identified: stable (S), unstable (U), and highly unstable
(HU). A representative case for each profile is reported
in Fig. 2a. The S pattern (Fig. 2a, upper panel) had a
median CNB of 0.13% (IQR 0.03—0.4%, Fig. 2b) and
was characterized by a macroscopically stable genome
with the absence of any relevant SCNA at either focal or
arm-level. HE-staining and flow cytometry data, to
exclude that the S profile was due to tumor purity or
sample artifacts, we performed additional analysis by
flow cytometry and Hematoxilin and cosin (H&E)

staining on both snap frozen or matched formalin
fixed, paraffin embedded (FFPE) tissue samples
(Supplementary Results, sections 6 and 7). The U
pattern (Fig. 2a, middle panel) had a median CNB of
17.65% (IQR 10.72—33.2%, Fig. 2b) and included cases
that exhibited mainly large arm-level copy number
rearrangements with a median of 14 SCNAs per sample
(Fig. 2¢). The HU cases (Fig. 2a, lower panel) had a
median CNB of 50.38% (IQR 37.9—59.61%, Fig. 2b)
and were characterized by many SCNAs (median 88
events, IQR 68—120, Fig. 2c), at both focal, broad, and
arm-level. Figure 2d shows the distribution of SCNA
patterns across each histotype. Approximately half of
stage I EOC cases belonged to the U pattern (n = 104,
51%), which characterized the majority of LGSOC
(63%), EC (53%), OCCC (59%), and MOC (74%) cases.
A total of 34 out of 39 HGSOC:s cases (87%) had a HU
pattern, with the remaining five cases having U pattern.
The high level of genomic instability in the HGSOC
cases, reflected by the great prevalence of HU profile,
also resulted in a significantly higher CNB compared to
other histotypes (median CNB 51.5%, Mann—Whitney
test p < 0.001; as shown in Fig. S4). The HU pattern
encompassed also about 19% and 35% of EC and
OCCC cases, respectively, while only one MOC (2.6%)
and one LGSOC (5%) belonged to this category. The S
pattern represented approximately 30% of LGSOC and
EC tumors and 24% of MOC. Only two OCCC (7%)
samples had an S pattern (Fig. 2d). Noteworthy, in a
small subset of stage I cases with matched samples from
both bilateral and relapsed biopsies, we observed that
the identified SCNA pattern is shared by contralateral
ovarian biopsy and its matched metachronous lesion
after CT (Tables S9 and S10).

Finally, we questioned whether observed patterns of
genomic instability were unique to stage I or could also
be detected in stage III/TV tumor biopsies. Results from
preliminary analysis on a cohort of 37 stage II-IV
EOCs biopsies (Table S11) recapitulate the profiles
obtained in stage I EOCs, with the HGSOCs charac-
terized mainly by HU pattern and an heterogeneous
distribution of the three profiles across the other his-
tological subtypes (Figs. S5 and S6, and Table S12). As
HGSOC is the most frequent subtypes observed in
stage I1I/IV, we reasoned to validate this finding in two
independent external datasets of HGSOC: (i) TCGA,
which is the benchmark of HGSOC [13] and (ii) an in-
house dataset of HGSOC cases from which ovarian
tumor biopsies and matched synchronous lesions, naive
to CT, were analyzed by sWGS approach [11]. This
dataset was used to address the issue of spatial het-
erogeneity in stage III/IV HGSOC. Figure S7
confirmed that 96,1% of TCGA stage III/ITV HGSOC
cases harbor an the HU profile. This finding was
further confirmed in the second independent dataset:
87.5% of cases (28 out of 32) were classified as HU
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while 12.5% (4 out of 32) were classified as U, while no
case was found with S profile (Table S13). To note, for
all the cases, the profile identified in the ovary (referred
as “A” biopsy) was the same of the matched synchro-
nous lesions (referred as “B”, “C”, “D”, etc.; Table
S13). These preliminary data suggest that the identi-
fied SCNA profile is an early molecular feature of the
tumor rather than a late passenger event.

As a corollary, to make sample classification auto-
matic, we used a classification tree algorithm to precisely
identify SCNA variables cutoffs that maximized correct
classification. As depicted in Fig. S§, we trained the al-
gorithms on the 130 cases for which the instability

Table 2

pattern was clearly ascribable as S (n = 20), U (n = 70),
and HU (n = 40) obtaining, with a cross-validation
strategy, a 11% error rate. The model was then applied
to predict the SCNA pattern of the remaining 75 sam-
ples obtaining an 8% error rate (Supplementary
Methods, Supplementary Results section 10).

3.3. Association of SCNA genomic profiles with ISC
expression signature

On the same samples used in this study, our group
recently identified a transcriptional signature called in-
tegrated signature classifier (ISC), composed of 16

Multivariate Cox proportional hazard models (OS and PFS) comparing SCNA patterns adjusted for grade, FIGO 2, chemotherapy (CT), TP53
mutation status, and age. Hazard Ratio (HR) with confidence interval at 95% of confidence (CI 95%) and p-value are reported. Highly (p < 0.05)

and moderately significant (p < 0.1) variables are marked in bold.

PFS oS
HR CI (95%) P-value HR CI (95%) P-value
SCNA profile
Stable (reference) — — — - — —
Unstable 1.48 0.57-3.82 0.417 5.10 1.16—22.36 0.031
Highly unstable 1.54 0.48—4.96 0.470 4.39 0.78—24.70 0.093
Grade
Low (reference) — — - - — —
High 1.78 0.83—3.80 0.138 1.67 0.76—3.68 0.204
FIGO 2
a (reference) — — - — —
B 0.47 0.10—2.26 0.349 2.97 0.80—10.94 0.103
C 1.34 0.62—2.93 0.460 3.06 1.26—7.42 0.013
TP53
WT (reference) - - - - - -
Yes 1.36 0.59-3.13 0.471 1.07 0.45-2.55 0.883
CT
No (reference) — — — - — —
Yes 5.52 1.20—25.43 0.028 0.61 0.25—1.48 0.274
Age
1.00 0.98—1.03 0.863 1.05 1.02—1.08 0.001
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miRNAs and ten coding genes, with high and significant
prognostic properties and with higher classification
performance than conventional clinical classifiers [4].
Using ROC analyses, samples were divided into two
groups for both overall survival (OS) and progression-
free survival (PFS), namely high and low-risk groups.

Here, we explored if the SCNAs genomic profiles
were correlated with ISC classes. Interestingly, we found
that cases with an S genomic instability pattern were
almost always (with the exception of one case for OS
and two cases for PFS) classified as low risk by the ISC,
with a low risk of relapse and with a better prog
nosis (chi-squared test p-value = 0.04 for OS and
p-value = 0.11 for PFS).

3.4. Association of SCNA genomic profiles with clinical
variables

Finally, the S, U, and HU profiles were associated with
clinical variables for prognostic purposes. Using uni-
variate models, we found that the three SCNA patterns
were significantly associated with survival in terms of
both PFS (p = 0.019) and OS (p = 0.003) (Fig. 3).
Although in the PFS survival curve a decrease in sur-
vival can be observed after ten years of follow-up in the
S profile, the uncertainty of the last part of the curve is
very large, and the difference between S and U profiles is
not significant. Association with OS was significant even
in multivariate models when FIGO substage, grading,
age, CT treatment, and 7P53 status were included as
covariates (Table 2). Patients with U and HU patterns
had significantly worse OS compared to those in the S
group (HU vs S HR = 4.39, CI95% = 0.78—24.70,
p = 0.09; U vs S HR = 5.1, CI95% = 1.16—22.36,
p = 0.03), while such differences were not observed
between patients in HU and U (HR = 0.90,
CI95% = 0.43—1.88, p = 0.78). As stage I is charac-
terized by different morphology, multivariate analysis
integrating the SCNA patterns with histotypes, grade,
FIGO 2, and age confirmed a moderate association of U
and HU profiles to a worse OS (Table S14). These re-
sults strengthen the prognostic role of the SCNA
pattern, independently of tumor histotype.

Since HGSOC was prevalent in the HU pattern (56%)
and HGSOCs and OCCCs are usually characterized by
a worse prognosis, we assessed the effect of these his-
tological subtypes on survival. The univariate model
shows that OS rates differ between SCNA groups even
when the two histotypes with the worst prognosis in
stage I EOC, namely OCCCs and HGSOC, were
excluded (Table S15).

Lastly, we checked whether the significant survival
trends among cases with the same SCNA pattern would
be confirmed when considering the two sample cohorts
separately. Supplementary Tables S16 and S17 show the
clinico-pathological characteristics divided by clinical
centers, while Fig. S9 shows the survival plots. Except

for PFS in cohort A, U, and HU showed a significantly
worse prognosis than S in both patient groups.

In conclusion, the unique SCNA landscape of stage 1
tumor biopsies at diagnosis can help deciphering the risk
of relapse independently from currently used clinical/
pathological parameters.

4. Discussion

In the present study, genomic landscape analysis of a
unique cohort of 205 stage I EOCs allowed us to extend
the current knowledge of the complex and heteroge-
neous biology behind the conventional histological
classification of stage I EOC and to find promising
correlations with clinical parameters. Briefly, data can
be summarized as follows:

1. sSWGS profiles provide a quantification of tumor hetero-
geneity among patients and histotypes.

2. The genomic data provides a refinement of current
morphological classification.

3. The genome classifier sounds to be useful in predicting the
prognosis of stage I EOC.

Over the last years, genomic signatures based on
SCNA data are growing in importance for predictive
purposes [14], but their clinical utility has been limited
by the amount and complexity of data generated. In this
study, we demonstrated that low-pass whole genome
sequencing is a valuable tool to shed new lights on the
diagnosis and prognosis of stage I EOC. sWGS data
revealed a heterogeneous SCNAs distribution across the
five different histological subtypes. The analysis identi-
fied three distinct patterns of genomic instability,
namely S, U, and HU, defined by the levels and the
extent of copy number events in the genome. These
patterns were differently distributed among the five
histotypes, with a prevalence of U patterns among all
the histotypes but HGSOC. Particularly, HGSOC were
characterized by a prevalence of the HU pattern, in line
with the notion that even at early precursor lesions, this
histotype has the highest degree of genomic instability
[15,16], with many recurrent focal events affecting both
relevant onco-suppressors and oncogenes. Particularly,
the vast majority of HGSOCs harbored a chromosome
17p deletion, a well-recognized SCNA that causes the
complete inactivation of 7P53 gene, the early precursor
event of this histotype [17]. Another recurrent SCNA
that characterize the HGSOC subtype is the deletion of
cytoband 13ql4.11 where the RBI/ tumor suppressor
gene is mapped, which has already been reported to
occur in the early steps of tumor progression and
correlate with different clinical outcomes and therapy
response [18]. In parallel, the most recurrent focal
amplification in HGSOC:s affected the M YC oncogene,
which was already reported in FIGO stages I and II to
be correlated with a worse prognosis [19]. Other genes
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affected by recurrent SCNAs in HGSOCs are STKI1 (or
LKBI) and ZNF516, both included into two regions
where broad deletions occurred in about 60% of cases,
chromosomes 19p13.3 and 18q23, respectively. STKI1 is
the causative gene of the Peutz-Jeghers syndrome, one
of the germline syndromes associated with increased
susceptibility to different tumors, among which breast
and ovarian tumors [20]. The loss of the LKB1 activity
has been reported to be an early tumorigenic event fa-
voring the development of HGSOC from ovarian sur-
face epithelial cells in murine models along with the
deletion of PTEN [21] and to participate in the upre-
gulation of the NF-kB pathway in HGSOC cells models
[22]. On the contrary, ZNF516 is a less known Zinc
Finger protein involved in transcription regulation, but
its cellular functions are not completely described; yet, it
has been involved in replication stresses and particularly
its loss was associated with increases chromosome
instability along with other potential tumor suppressor
genes located on the same chromosome arm, 18q [12],
and further studies will be necessary to clarify the role of
this gene in genomic instability.

As clonal pathogenic variants in the TP53 gene are
considered the founder hallmark of HGSOC [17], we
reasoned whether the HU profile could be explained by
TP53 alterations. Although we found a strong associa-
tion between HU profile and TP53 mutations, we
observed a small fraction of TP53 mutated cases witha U
profile and some HU samples without 7P53 mutation.
Thus, our results are not conclusive regarding the etio-
pathogenic role of 7P53 mutations in leading HU profile
but suggest a more complex scenario that requires further
studies to be properly addressed. Although very pre-
liminary, the finding that on a small cohort of cases, the
identified SCNA patterns are shared in matched bilateral
biopsies, and in relapsed disease after platinum-based CT
suggests that the S, U, and HU profiles could be drivers of
genomic fingerprints of the disease. Analysis on two small
retrospective cohorts of stage II/III/IV EOCs confirmed
the same SCNA patterns. The S profile was observed in
MOC and EC subtypes while HGSOCs were almost all
HU, as further confirmed in TCGA data. Overall, these
data suggest that genomic heterogeneity is a key factor
underlying our inability to fit tumor behavior into a rigid
histological classification and open the possibility of
further stratification of tumor histotypes based on
genomic patterns that are more indicative of different
etiopathogenic processes. Regarding the analysis of stage
III/TV samples, which differently from stage I cases, are
characterized by multiple metastases, it is still to uncover
if the genomic pattern of multiple synchronous lesions
would be different in different anatomical sites of the
same patient.

These three genomic patterns might, therefore,
represent a tool to help divulge the behavior of each
stage I EOC and its prognostic evolution. Intriguingly,
we found that the presence of different patterns of

genomic instability (HU and U) correlated with OS,
even in a multivariate analysis with the currently used
clinical parameters. A similar trend was observed even
when HGSOC and OCCC were excluded from the
analysis. The fact that this type of molecular analysis
could be performed on formalin fixed and paraffin
embedded tumor biopsies (which are routinely stored in
hospitals) and that it requires a relatively straightfor-
ward nature of data evaluation, makes it clinically
feasible and relatively inexpensive. In this perspective,
we have developed an in-house algorithm that, once
validated prospectively, would make the analysis
reproducible and obviates the subjective interpretation.

Although our results uncover new molecular char-
acteristics of early-stage EOCs, our work has some
limitations that have to be mentioned. First, the size of
the cohort precluded a separate survival analysis for
each histotype to further confirm the prognostic role of
the SCNAs patterns within each tumor subtype. More-
over, it also prevented a deeper investigation of molec-
ular features and mechanisms associated with each
SCNA pattern. However, given the rarity of stage I
EOC, the cohort studied here is one of the largest ever
analyzed. Further multi-center studies will be necessary
to support the results described here. Second, our sur-
vival analysis was not run on an independent dataset to
confirm our findings. Yet, to our knowledge, sufficiently
detailed and large public sequencing datasets of stage I
EOC are currently not available.

In conclusion, our results, similarly to the recent
genomic based reclassification of endometrial cancer
[23], open the possibility to develop a novel molecular
taxonomy for stage I EOC that is important for not only
understanding of tumor biology but also differences in
clinical behaviors of EOC.
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