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abstract
Epithelial ovarian cancer (EOC) is a heterogeneous disease that consists of a wide variety of histological types 
with diverse molecular alterations and is the most lethal gynaecological cancer. Despite debulking surgery and 
platinum- and taxane-based chemotherapy, the prognosis remains poor. traditional histological and clinical 
prognostic factors are insufficient to capture the complex cascade of events that drive the heterogeneous 
clinical behaviour of this disease. recently, genomic analysis has confirmed this heterogeneity and has been 
shown to be a powerful tool to identify dysregulated gene expression, aberrantly activated pathways, and 
to discover unique molecular signatures among the different histological types of EOC. the promising results 
obtained to date confirm that genetic analysis might be useful in developing an individualized approach to 
the management patients with advanced EOC. Identification of the gene-expression profile of a patient could 
allow better understanding of the specific disease pathogenesis, enabling clinicians to predict an individual 
response to conventional treatments, ultimately allowing for patients to be triaged to more effective therapies 
specifically targeting the genetic pathway driving the disease. Major efforts are needed to acquire more 
accurate gene signatures that can predict chemotherapy resistance and to investigate new targeted small-
molecule drugs active with favourable toxicity profiles.
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Introduction
Epithelial ovarian cancer (EOC) is the second most com-
mon gynaecological malignancy and the leading cause 
of death from gynaecological cancer in the Western 
World [1]. While more than 90% of patients with can-
cer confined to the ovary will be alive five years after 
diagnosis, the majority of patients are diagnosed with 
disseminated disease, and have only a 30% likelihood 
of survival at five years, despite the use of radical sur-
gery and platinum- and taxane-based chemotherapy [2]. 
Current clinical characteristics employed as prognostic 
indicators include age, International Federation of Gyn-
aecologists and Obstetricians (FIGO) stage, comorbidi-
ties, histological tumour grade and subtype, and initial 
results of surgery. However, these factors are insufficient 
to capture the important individual variations at the time 
of diagnosis; consequently all women receive similar 
chemotherapy regimens, although they will not display 
the same response to treatment and outcome. Consider-
ing the highly diverse population and the variable re-
sponse to currently standardized therapeutic regimens, a 
better understanding of the genetic and molecular mech-
anisms underlying ovarian cancer pathogenesis and che-
motherapy resistance is needed to allow optimized and 
individualized patient care with the aim of improving 
patient outcome. The advances in genomic technolo-

gies have permitted comprehensive genetic profiling of 
EOC. These technologies allow the simultaneous study 
of a significant number of genes and provide multi-gene 
signatures that can classify histologic tumour subtypes 
and that correlate with clinical outcomes. Furthermore, 
targeted therapies of some of these pathways have been 
designed or are under active investigation. In this review, 
we summarize the contributions of gene expression pro-
filing in the management and treatment of EOC and dis-
cuss how this technology could become a useful tool in 
the management of women with this disease.

Heterogeneity of epithelial ovarian cancer: 
histology and grade
EOC is a heterogeneous disease that consists of a wide 
variety of histological types with diverse molecular al-
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terations. The most common type of EOC is serous, fol-
lowed by endometrioid, mucinous, and clear-cell, which 
represent 50–60%, 25%, 4%, and 4% of all ovarian tu-
mours, respectively [3]. Of note, ovarian clear-cell car-
cinomas are considered rare in the Western World, but 
are significantly more common in Japan, accounting for 
30% of EOC [4]. Serous cancers are thought to arise 
from the fallopian tube. Mucinous tumours are cystic tu-
mours with mucin-secreting epithelial cells approximat-
ing either endocervical or colonic epithelium. Endome-
trioid and clear-cell carcinomas are thought to originate 
in part from endometriosis. Of note, mucinous and clear-
cell tumours present frequently at an early stage; how-
ever, when these tumours present with distant metasta-
sis, patients have a lower rate of response to platinum 
and taxane-based chemotherapy. In contrast, the more 
prevalent high-grade serous (HGSOC) and endometri-
oid types typically present at an advanced-stage, and are 
more chemosensitive (>70% response rate), although 
prognosis remains poor. A different subgroup of ovar-
ian neoplasm diseases, that have a favourable prognosis 
even in advanced-stage disease, are the ‘low malignant 
potential’ (LMP or borderline) tumours. These are char-
acterized by the presence of nuclear atypia and micro-
papillary morphology without invasion of the ovarian 
stroma. Of interest, serous low-grade (grade 1) ovarian 
tumours (LGSOC) are more similar to LMP tumours 

than HGSOC, and are typically less aggressive and slow-
growing, with an 85% 5-year survival [5].
Significant efforts over the last decade in genomic analy-
sis of EOC have identified global gene expression pro-
files and signalling pathways, which have helped to de-
fine the molecular features of each of the major subtypes 
(Table 1). In particular, distinct genomic abnormities 
(gene amplification, deletion and mutation) have been 
shown among the various subtypes of ovarian cancer. 
For example, there is a high prevalence of TP53 muta-
tions among women with HGSOC (>90% frequency), as 
well as a high prevalence of mutations involving BRCA1 
and BRCA2 [6]. In contrast, mucinous adenocarcinoma 
and LGSOC are characterized by aberrant Ras/MAPK 
signalling due to the prevalence of activating KRAS and 
BRAF mutations [7-9]. Mutations of CTNNB1/β-catenin 
and PTEN, resulting in hyperactivation of Wnt and PI3K/
Akt signalling, are common in endometrioid tumours, 
but are rare in the other three major histotypes [10, 11]. 
Mutations of PIK3CA and corresponding PI3K/Akt hy-
peractivation are most frequently observed in clear-cell 
carcinomas [12-14]. Approximately 50% of clear-cell 
carcinoma cases also present loss-of-function mutation 
of the ARID1A gene which functions as a tumour sup-
pressor [15-17].
The identification of distinct genetic and molecular pat-
terns among different histologic subtypes has allowed 

table 1. Features of the five major histotypes of ovarian carcinoma  
Histotype Incidence Presentation Precursors Molecular/Genetic Response to Prognosis 
    abnormalities chemotherapy

Clear-cell 4% (24% in Initial stages Endometriosis ARID1A, PIK3CA,  Low Intermediate 
carcinoma Japanese population)   PTEN, microsatellite 
    instability

Endometrioid 20–25% Often confined Endometriosis PTEN, PIK3CA, Good Intermediate 
carcinoma  to pelvis  CTNNB1

Mucinous  4% Often confined Cystadenoma KRAS/HER-2 Low Favourable 
carcinoma  to ovary   
  Histopathological 
  similarity to 
  gastric carcinomas 
  (intestinal type)

Low-grade 5–10% Moderately Serous BRAF/KRAS Intermediate Intermediate 
serous  diffused in the borderline Frequency of BRCA 1/2 
carcinoma  abdominal cavity/ tumour mutations presumed low; 
  advanced stage  chromosomally stable

High-grade 60% Present at older Serous tubal Germline and somatic High Poor 
serous  age than other intraepithelial BRCA 1/2 mutations; 
carcinoma  histotypes and carcinoma TP53; chromosomally 
  higher stage (STIC) unstable 
  (ascites common)
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the development of targeted therapies of specific path-
ways, in order to improve treatment efficacy and patient 
outcome. In clear-cell ovarian cancer, several novel ther-
apeutic approaches have been proposed. A gene expres-
sion signature of clear-cell ovarian cancer has recently 
been derived from clear-cell ovarian cancer cell lines, 
and involves genes associated with oxidative stress, gly-
coneogenesis, angiogenesis and cytokine activation [18]. 
This has led to the development of clinical trials to eval-
uate the use of anti-angiogenic agents and mammalian 
target of rapamycin (mTOR) inhibitors in patients with 
this histotype.
For LGSOC characterized by a poor response to con-
ventional platinum- and taxane-based chemotherapy, tar-
geted therapy against the hyperactivated Ras/Raf/MEK/
Erk pathway has been proposed as a novel approach to 
this disease. A phase II clinical trial (GOG-239) evaluat-
ing selumetinib (AZD6244), an oral non-ATP competi-
tive small molecule inhibitor of MEK1/2 in patients with 
recurrent ovarian LGSC has recently been completed 
[19]. In this study, selumetinib showed substantial activ-
ity in recurrent LGSCs (objective response rate [ORR] 
15%, with another 65% of patients presenting with stable 
disease [SD]), and a substantial improvement in progres-
sion-free interval (PFI) was observed (29 weeks vs 11 
months), with acceptable toxicity [19]. Clinical trials are 
currently investigating the role of MAPK pathway in-
hibitors in patients with LMP or LGSOC.

Gene expression profiling  
and patient prognosis
Several studies have been conducted to identify gene ex-
pression signatures associated with survival of patients 
with EOC [20-23]. However, prognostic signatures re-
main difficult to assess, and these efforts have not gen-
erated reproducible and clinically relevant prognostic 
models. Spentzos et al. [23], by using oligonucleotide 
microarrays, identified, in a training set of samples from 
34 patients, a prognostic 115-gene signature (Ovarian 
Cancer Prognostic Profile [OCPP]). When applied to 
a validation set of another 34 samples, the OCPP dis-
tinguished patients with a favourable overall survival 
and was found to be an independent prognostic factor 
when tested in a multivariate analysis with other known 
risk factors such as age, tumour stage, tumour grade, 
and debulking status. The profile consists of 70 genes 
overexpressed in the unfavourable outcome group and 
45 genes underexpressed in the favourable group. In the 
favourable prognosis group oestrogen-pathway-related 
genes (such as oestrogen receptor binding site associ-
ated antigen 9) were overexpressed; conversely, in the 

unfavourable prognosis group, genes encoding for an-
giogenesis-related cytokines, receptor tyrosine kinases, 
mesenchymal markers (e.g. fibronectin, fibromodulin 
and vimentin), and proinvasive enzymes (i.e. plasmin-
ogen activator inhibitor type 1) were overexpressed. 
Similarly, Berchuck et al. [20] analyzed 54 patients with 
advanced-stage EOC and tried to identify a gene expres-
sion model that could distinguish short-term (<3 years) 
and long-term (>7 years) ovarian cancer survivors. The 
resulting gene expression profile was confirmed to be 
prognostic when tested in an independent set of 68 pa-
tients with EOC, previously reported by Spentzos et al. 
T-cell differentiation protein, which has been shown to 
be associated with chemoresistance, anti-apoptotic heat 
shock protein and lysophospholipase II were considered 
to be markers of short-term survival. Of note, Berchuck 
et al. found similarities in genetic profile between early-
stage ovarian cancers and a subset of advanced-stage 
tumours with favourable outcome; accordingly patients 
with unfavourable advanced EOC showed genetic pro-
files that were distinct from those of patients with early-
stage ovarian cancer, supporting the hypothesis that ad-
vanced EOC is a biologically heterogeneous EOC sub-
type, distinct from early-stage disease [20].
Recently, a systematic validation of all gene expression-
based prognostic models for late-stage, high-grade serous 
ovarian cancer has been published [24]. Fourteen prog-
nostic models were identified that were compared and 
ranked by validation in 10 published datasets compris-
ing 1,251 primarily HGSOC patients. Twelve published 
models had 95% confidence intervals (CI) of the C-index 
(interpretable as the probability that a patient predicted 
to be at lower risk than another patient will survive lon-
ger than that patient: its expected value is 0.5 for random 
predictions and 1 for a perfect risk model) that did not 
include the null value of 0.5. Four top-ranked models 
achieved overall validation C-indices of 0.56 to 0.60 and 
shared negative correlation with expression of immune 
response pathways. This database has been used to gen-
erate a gene expression signature predictive of survival 
and debulking status in late-stage ovarian cancer [25]. 
The study involved meta-analytic techniques using inte-
grated data from 13 publicly available datasets includ-
ing 1,525 patients. The identified survival gene signature 
stratified patients into high- and low-risk groups exhib-
iting significant or near-significant differences in over-
all survival in each of six training data sets and seven 
validation data sets, including patients with early-stage 
disease. Use of the gene signature stratified patients with 
late-stage disease into high- and low-risk groups with 
median overall survival of 29.6 versus 60.1 months (haz-
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ard ratio [HR]=2.19; 95% CI=1.84–2.61). Importantly, 
HR represented an increase of 0.36 (p=0.04) over the HR 
for low versus high risk derived by The Cancer Genome 
Atlas (TCGA) consortium gene signature (HR=1.83; 
95% CI=1.54–2.17). The original TCGA signature and 
an updated TCGA signature had similar performance in 
distinguishing low and high risk (HR difference=0.00; 
95% CI=−0.33 to 0.34) [24-26]. Pathway analysis of the 
newly derived signature showed enrichment of TGF-β 
and PDGF signalling in poor prognosis patients. None-
theless, the authors of the study concluded that the sur-
vival signature, although significantly improved over 
other published signatures, does not meet standard re-
quirements in order to effectively alter clinical manage-
ment of patients with advanced-stage EOC.

Gene profiling and surgery
Optimal cytoreductive surgery is the most important 
prognostic factor in patients with EOC, numerous stud-
ies have demonstrated that patients who are optimally 
cytoreduced, enjoy prolonged progression-free and over-
all survival compared with those who are suboptimally 
debulked [27]. Several authors have hypothesized that 
optimal debulking is not directly related to the technique 
or efforts of the surgeon but that resectability of disease 
may reflect the underlying tumour biology [25, 28]. A 
recent study, looking at genes differentially expressed 
between patients with optimally versus suboptimally 
debulked advanced-stage EOC, showed that among the 
120 differentially expressed genes, RARB, a gene coding 
for the retinoid acid receptor-beta, and MAP2K4, a me-
tastasis-suppressor gene coding for a mitogen-activating 
protein kinase, were upregulated in optimally debulked 
tumours, perhaps conferring a low ability to local and 
distant extension [28]. From these 120 genes, a 32-gene 
model was derived that predicted the debulking status 
in 72.7% of advanced-stage cases in cross-validation, 
and 60% of five additional early-stage cases in an inde-
pendent validation [28]. These findings suggest that mo-
lecular differences exist between patients with optimally 
and suboptimally debulking procedures. This predictive 
model, could allow a more rational selection for an ini-
tial debulking surgery or for less extensive surgery and 
neoadjuvant chemotherapy. More recently, Reister et al. 
[25] characterized a gene expression signature, which 
identifies advanced-stage serous tumours that could not 
be optimally debulked to ≤1 cm of residual tumour. It 
was shown that suboptimal debulking is correlated with 
the upregulation of genes that support tumour dissemina-
tion, decreasing the likelihood of total surgical removal 
and optimal cytoreduction (Figure 1). From an initial 

group of identified genes in a debulking signature, six 
were validated by immunohistochemistry and quanti-
tative reverse-transcription polymerase chain reaction 
(PCR) in two independent cohorts of 78 and 179 patients. 
POSTN, CXCL14, FAP, NUAK1, PTCH1 and TGFBR2 
were validated by quantitative reverse-transcription PCR 
(all p<0.05) as independent predictors of debulking sta-
tus in one cohort, with a model using all genes classify-
ing 76.9% of all samples correctly (area under the curve 
[AUC]=0.76; 95% CI=0.66–0.87). Protein expression of 
three of the associated proteins, POSTN, CXCL14, and 
pSmad2/3 (a surrogate marker of TGF-β pathway activa-
tion) was validated by immunohistochemistry as an inde-
pendent predictor of debulking status in the other cohort. 
The sum of immunohistochemistry intensities for these 
three proteins provided an index that classified 92.8% 
of samples correctly in high- and low-risk groups for 
suboptimal debulking (AUC=0.89; 95% CI=0.84–0.93) 
[25]. This means that the debulking signature, identi-
fied in this study, will have clinical utility if the 93% 
accuracy of the immunohistochemistry tool observed in 
the 179-patient validation cohort will be confirmed in a 
prospective validation. This is the strongest evidence to 
date for the existence of a biologic basis and a predictive 
gene signature for debulking ability of ovarian tumours.

Gene profiling and chemotherapy 
Multiple studies have been conducted in an attempt to 
define and identify a genetic profile corresponding to 
chemotherapy response [29-32]. Since Selvanayagam et 
al. in 2004 [31] published their first small but significant 
experience, many other attempts have been made, but re-
sults are still not conclusive. In particular, in 2005, Spent-
zos et al. [32] identified a 93-gene signature known as 
the Chemotherapy Response Profile (CRP) predictive of 
pathological complete response to chemotherapy by pro-
filing 24 tumours from patients who had undergone sec-
ond-look surgery. Gene families with potential relevance 
to chemosensitivity were represented including genes 
that regulate apoptosis (BAX, Ephrin B2, Ephrin B3), 
cell cycle control and DNA repair (RB1, RASSF1). When 
applied to a separate validation set of 36 patients who 
had not undergone second-look surgery, the CRP distin-
guished between patients with unfavourable versus those 
with favourable survival outlook. Their prognostic 115-
gene profile for overall survival, described above [23], 
 was determined from the same data but, interestingly, 
there was no overlap between the gene signatures identi-
fied by the CRP and those in the previously described 
OCPP, although both demonstrated similar prognostic 
value. Finally, the combination of the predictors yield-

Marchetti et al.
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ed better prognostic discrimination than either predic-
tor alone. Helleman et al. [29] profiled a training set of 
patients (24 samples including 5 non-responders and 19 
responders) using microarray and reverse transcription-
polymerase chain reaction; this allowed the identifica-
tion of 69 differentially expressed genes, from which 
a 9-gene predictor was defined. The predictor was val-
idated in an independent set of 72 patients (9 non-re-
sponders and 63 responders) profiled using quantitative 
real-time PCR with a sensitivity of 89% and a specificity 
of 59%. Of note, Helleman et al. assessed a clinical re-
sponse according to World Health Organization criteria 
and defined as non-responders only patients whose tu-
mours showed progression [29]. This is different to the 
analysis by Spentzos et al. [32], who assessed response 
pathologically and considered all patients without patho-
logical complete response as non-responders. This could 
explain the low number of genes shared by the two pro-
files. Finally, Jazaeri et al. [30] compared the profiles of 
21 pre-treatment chemosensitive tumours (complete re-
sponse to chemotherapy, progression free interval ≥13 

months) with those of 24 pre-treatment chemoresistant 
tumours (presence of residual disease after chemother-
apy or complete response with relapse <6 months after 
initiation of chemotherapy). A total of 85 genes were 
differentially expressed between the two groups, with 
a modest difference between the mean expression lev-
els of the two groups (≤2-fold). These genes represent 
those potentially involved in intrinsic chemoresistance, 
including proliferation genes that were overexpressed 
in sensitive tumours. A predictive model of response 
to chemotherapy based on the 9 most differentially ex-
pressed genes yielded a rate of accurate prediction of 
77.8% in leave-one-out cross-validation. Presuming that 
an important part of chemoresistance is acquired during 
treatment and that tumours obtained shortly after che-
motherapy are enriched in resistant clones, a 7,585-gene 
microarray was next used to compare the 45 pre-che-
motherapy samples with 15 post-chemotherapy samples 
collected during interval or second-look surgery. Consis-
tent with this hypothesis, fewer and smaller magnitude 
gene expression differences were found between post-

Fig. 1. Pathway analysis of the debulking signature [25]: using the Pathway Studio 7.1 (Ariadne Genomics) software and a novel 
signature of 200 debulking-associated genes, several pathways statistically significantly associated with suboptimal debulking 
surgery have been identified. RED: genes overexpressed in tumours that were subsequently suboptimally debulked; BLUE: genes 
overexpressed in tumours with optimal cytoreduction; PINK: genes with predictive power toward poor prognosis based on the 
meta-analysis.

Genetic profiling in ovarian cancer
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chemotherapy and primary chemoresistant samples than 
between post-chemotherapy and primary chemosensi-
tive samples. Proliferation genes were underexpressed 
in post-chemotherapy samples, supporting the idea that 
a decreased proliferation state may also be involved in 
the development of acquired chemoresistance. The lack 
of significant overlap between the gene list differenti-
ating primary chemosensitive and chemoresistant tu-
mours and that differentiating each of them from post-
chemotherapy samples suggests that non-overlapping 
molecular pathways are likely involved in intrinsic and 
acquired chemoresistance. Several extra-cellular matrix-
related genes were overexpressed in post-chemotherapy 
samples when compared with primary chemosensitive 
samples, suggesting that stromal-epithelial interactions 
or the extra-cellular matrix may be involved in acquired 
chemoresistance in ovarian cancer.

Genomic analysis of high-grade  
sserous ovarian cancer
Extensive molecular analysis of women with EOC has 
provided a more detailed genomic profile [6]. These 
genomic data include alterations in DNA copy number, 
methylation of gene promoter regions, gene expression 
profiles, and mutation patterns. Most of the molecu-
lar analyses has focused on high-grade serous ovarian 
cancer, the most common and lethal ovarian neopla-
sia. Noted above, the results suggest that HGSOC is 
very different from other epithelial cancers, presenting 
with high frequency mutational inactivation of the p53 
tumour-suppressor gene along with BRCA1/2. These 
mutations result in a severe abnormality in DNA repair, 
which causes extensive DNA copy number abnormali-
ties including gene deletion and amplifications, many of 
which are thought to be important for the development 
of the tumour [33]. 
Mechanisms of DNA repair can be grouped into: 1) 
single-stranded breaks, which involved the activity of 
polyadenosine diphosphate-ribose polymerase (PARP) 
and include base excision repair (BER), nucleotide ex-
cision repair and mismatch excision repair; or 2) those 
following double-strand breaks (DSB), which comprise 
non-homologous end-joining (NHEJ) and homologous 
recombination repair (HRR) utilising a complex con-
taining BRCA1/2. The defect in DNA repair found in 
HGSOC is in itself targetable. PARP is a complex en-
zyme initially identified in 1963 involved in DNA repair 
[34]. PARP is involved in DNA repair utilizing the BER 
pathway. DNA damage stimulates the catalytic activity 
of PARP 1 [35, 36], which by two zinc finger motifs in 
the DNA-binding domain binds to DNA single-stranded 

DNA-binding protein (SSB), thus activating the BER 
machinery to repair the single-stranded break. Inhibition 
of PARP blocks the BER pathway leading to the genera-
tion of DSB. Normal cells can readily repair this DNA 
damage through the HRR pathway, mediated by the 
BRCA1/2 complex. However, cells with deficient HRR, 
such as BRCA-mutated ovarian cancer cells, without 
both copies of BRCA1 or BRCA2, have to use alternative 
pathways for repair such as NHEJ; this is error-prone 
and eventually leads to cell death. Normal cells (het-
erozygous for the defect with one functional allele) re-
tain BRCA1/2 protein expression and maintain the HRR 
pathway. This difference between tumour and normal 
cells means that PARP inhibitors kill tumour cells se-
lectively compared with the effects in normal cells and 
this has led to the concept of ‘synthetic lethality’, which 
describes the situation whereby one pathway is mutated 
in the cancer cell and another pathway can be inhibited 
[37, 38]. Drugs that inhibit PARP have been developed 
and this targeted approach has demonstrated remarkable 
success in high-grade serous ovarian cancers; phase I 
and II trials have demonstrated a high response rate in 
patients with germline-mutated disease [39-45]. Interest-
ingly, it is now well established that 10–15% of women 
with ovarian cancer has germ-line BRCA1 or BRCA2 
mutations [46, 47]. In addition, data from TGCA [6] in-
dicate that up to 50% of women with high-grade EOC 
could have functional loss of proteins involved in the 
HRC pathways of DNA repair and behave like BRCA1/2 
mutant cancers, even in the absence of germ line BRCA 
mutations. This is the phenomenon called ‘BRCAness’ 
and the identification of the BRCA-like EOC population 
could define a larger population of patients who might 
potentially benefit from PARP inhibition, due to genetic 
instability.

Conclusions
EOC is a heterogeneous disease that consists of a wide 
variety of histological types with diverse molecular al-
terations. Recent genomic analysis has confirmed this 
heterogeneity. Furthermore the promising results ob-
tained to date confirmed that genetic analysis might be 
used in the near future to develop an individualised ap-
proach to the management of patients with advanced 
EOC. Identification of the gene-expression profile of a 
patient could allow a better understanding of the patho-
genesis of disease, enabling clinicians to predict response 
to conventional treatments. This may ultimately allow 
for patients to be triaged to more effective therapies as 
well as receiving chemotherapy agents that specifically 
target the driving genetic pathway. Major efforts should 

Marchetti et al.
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be directed towards the acquisition of more accurate 
gene signatures that can predict chemotherapy resistance 
and, in the meantime, new small-molecule drugs active 

against specific pathways, with favourable toxicity pro-
file should be investigated.
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