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Abstract: Carboplatin is the cornerstone of ovarian cancer (OC) treatment, while platinum-response,
dependent on interindividual variability, is the major prognostic factor for long-term outcomes. This
retrospective study was focused on explorative search of genetic polymorphisms in the Absorption,
Distribution, Metabolism, Excretion (ADME) genes for the identification of biomarkers prognos-
tic/predictive of platinum-response in OC patients. Ninety-two advanced OC patients treated with
carboplatin-based therapy were enrolled at our institution. Of these, we showed that 72% of patients
were platinum-sensitive, with a significant benefit in terms of OS (p = 0.001). We identified an
inflammatory-score with a longer OS in patients with lower scores as compared to patients with
the maximum score (p = 0.001). Thirty-two patients were genotyped for 1931 single nucleotide
polymorphisms (SNPs) and five copy number variations (CNVs) by the DMET Plus array platform.
Among prognostic polymorphisms, we found a potential role of UGT2A1 both as a predictor of
platinum-response (p = 0.01) and as prognostic of survival (p = 0.05). Finally, we identified 24 SNPs
related to OS. UGT2A1 correlates to an “inflammatory-score” and retains a potential prognostic role
in advanced OC. These data provide a proof of concept that warrants further validation in follow-up
studies for the definition of novel biomarkers in this aggressive disease.

Keywords: advanced ovarian cancer; targeted therapy; carboplatin; DMET analysis; prognostic factors

1. Introduction

Epithelial ovarian cancer (OC) is the fifth cause of female death, with a lifetime risk of
developing it in 1/75 women [1,2]. The doublet of carboplatin/paclitaxel still represents
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the gold standard of treatment. Platinum salts are the gold standard of OC therapy in early
high-risk and advanced stages of OC over the past 40 years worldwide. Several studies
demonstrated the superiority of regimens including carboplatin over cisplatin for tolerabil-
ity and efficacy. Advanced-recurrent disease usually receives a second-line chemotherapy,
selected according to previous platinum response (platinum-free interval, PFI) [3–9]. Plat-
inum response is a multifactorial status associated with genetic and non-genetic risk factors,
many of which are unknown. So far, despite several investigations, no molecular and
genomic alterations have been identified as predictive factors of platinum refractories. In
this scenario, the early loss of BRCA and TP53 functions was strongly associated with
platinum-response [10]. This last observation was described experimentally in in vitro and
in vivo models demonstrating the failure of the DNA repair homologous recombination
mechanisms (due to loss of BRCA1-2 function) to restore double-strand breaks induced by
platinum compounds. This condition, like hereditary/somatic mutations in BRCA1-2, cor-
related to a good response to platinum-chemotherapy [11–14]. When platinum-sensitivity
is considered in addition to family history and visceral involvement, with or without
germinal/somatic BRCA mutations, HGSOC is commonly defined as the “BRCA-ness phe-
notype”. Recently, it has been demonstrated that patients with wild-type BRCA (BRCAwt)
have a copy number deletion of RAD50 or HR deregulation (HRD). This deletion seems
to represent a predictive marker of “BRCA-ness phenotype” [15,16]. These patients are
often characterized by a better survival outcome and a BRCA-independent mechanism
of drug sensitivity [17]. Moreover, in the onset and development of OC, several studies
investigated the role of inflammation, immune landscape, and angiogenesis in malignant
cells and their microenvironment, which have been linked to poor prognosis, advanced
disease stage, residual disease status, and ascites [18,19]. At diagnosis, the majority of OC
patients present ascites and/or peritoneal involvement [20]. Tumor infiltration by different
inflammatory cells has been correlated with prognosis and tumor progression in OC [21].
Furthermore, several findings demonstrated that tumor-infiltrating lymphocytes, the high
mutational burden in the tumor genome, and alterations of mismatch repair genes may
represent important predictive factors of efficacy of immune checkpoints inhibitors, but the
real impact of these factors in OC remains to be elucidated. Also, vaccines, cytokines, and
adoptive T-cell therapy have been hypothesized as immune-based approaches in the devel-
opment of OC treatment [22]. A meta-analysis suggested that neutrophil to lymphocyte
ratio (NLR), the platelet to lymphocyte ratio (PLR), and plasmatic fibrinogen level could
represent important prognostic biomarkers in OC as the expression of the inflammation
process, particularly in an advanced stage of disease [23]. Moreover, inter-individual vari-
ability in platinum response could also be due to germline variants in genes involved in
drug absorption, distribution, metabolism, and excretion (ADME) [24–26].

In this study, we performed integrated analyses of clinical, laboratory, and molecular
data on genomic variants for the identification of potential prognostic biomarkers associated
with predictive platinum response in OC patients. Moreover, in a randomly selected group
of 32 patients, the role of 1931 ADME markers and 5 Copy Number Variations (CNV)
was investigated for the identification of potentially predictive biomarkers correlated to
interindividual variability in platinum response [27].

2. Materials and Methods
2.1. Patients

To set up a database on OC patients, we performed a retrospective analysis on
92 patients followed at our institution in the time-frame 2006–2018. Clinical data have
been selected from medical records preserved in institutional archives. Surgical speci-
mens were retrieved from the archive files of the Department of Health Sciences, Surgical
Pathology Section of the University Magna Græcia of Catanzaro, Italy. In this contest,
for the time-frame 2014–2016, regarding consecutive 32 patients, blood samples were col-
lected for DMET plus genotyping after Ethical Committee approval, and informed consent
was obtained from all patients in accordance with the Recommendations of the Declara-
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tion of Helsinki for biomedical research involving human subjects [28]. The study was
compliant with institutional bioethical standards. This study was designed according to
recommendations for REMARK criteria.

Eligibility criteria. These included the histologically-confirmed diagnosis of ovarian
adenocarcinoma, age > 18 years, ECOG performance Status 0–1, adequate renal and liver
function, and no major comorbidities.

Exclusion criteria. These included other malignancies, no basal data retrievable
for first-line treatment (e.g., diagnosis previous to 2006 or chemotherapy performed in
another centre).

All enrolled patients had a high-grade serous or endometrioid tumour (only 10%) and
an advanced stage of disease (III and IV stage). All patients were treated and followed
up exclusively at our institution and received platinum-based therapy. In our series, we
evaluated different OC parameters identified as prognostic factors: age (y), performance
status Eastern Cooperative Oncology Group (PS ECOG), the start of diagnosis, stage
at diagnosis, the presence of metastases, CA125 levels (baseline, during chemotherapy,
at eventual disease relapse), first-line chemotherapy, response to treatment and toxicity
reports, eventual other surgery, and line of chemotherapy subsequently performed.

Response Evaluation Criteria in Solid Tumors (RECIST 1.1) was used to define the
response to chemotherapy. As well as institutional clinical practice, we monitored patient
outcomes every three months. For increasing CA125 or clinical symptoms, patients un-
derwent imaging procedures such as a total body count tomography scan (TC scan) to
assess the status of the disease. Patients were grouped as PR (platinum-resistant) and PS
(platinum-sensitive), taking into account the classification system based on the PFI.

2.2. Molecular Analysis

Within the specific time frame of December 2016–January 2018, consecutive peripheral
blood samples from 32 patients with OC was collected at our institution and genotyped by
DMET Plus assay (Thermo Fisher Scientific Inc., Waltham, MA, USA), including 1931 SNPs
and five CNVs in ADME genes [29,30] as previously described in common and uncommon
diseases [31–34].

2.3. Bioinformatics and Statistical Analysis

DMET Console software was used to perform genotype calls from intensity array
data. Genotypes with a call rate < 95% were excluded. Association analysis between
platinum response and genotypes was performed by Fisher’s test [35] and the Bonferroni
corrector to adjust the computed p-values; both methods are available in DMET-Analyzer
software [36]. In [35], the authors present a method to compare responders (relapse obtained
after 12 months by last carboplatin cycle) vs. non responders (if relapse occurs within
six months) according to PFI. Starting with this first analysis, it was possible to identify
23 particular genotypes in LD with specific significant SNPs related to platinum sensitivity.
Thus, clinical and laboratory parameters were compared to significant genotypes in order
to evaluate the prognostic role. Preliminary power estimation to detect the association
between SNPs and platinum response was performed using the Power of Genetic Analysis
(PGA) package. In order to avoid selection bias, data were collected by two independent
investigators (N.S. and R.I.) and the missing information has been discussed and solved
with the aid of arbiters (M.A. and D.C.). Primary endpoints were OS and PFS (to define a
possible prognostic role of different parameters). The secondary endpoint was response
rate (RR) with respect to platinum-sensitivity (regarding the advanced stage of disease);
the time elapsed between the start of treatment and the date of death describes the OS. PFS
is reported as the time from the start of treatment to progression or death. A Wilcoxon
test and a chi-square test were used for the analyses regarding the differences between the
patients’ baseline characteristics.

For each comparison between two patient groups for a major identified factor we used
a Student’s t-test. The major variables considered in this work are dichotomized on median
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value. The effect of several variables on outcome was evaluated with Kaplan-Meier curves
and a Log Rank test. p-value < 0.05 defines a statistically significant result. The relative HR
with 95% confidence intervals (95% CIs) were calculated using the IBM Statistical Package
for Social Sciences (SPSS) version 22 (IBM Corp, Armonk, NY, USA), Graphpad PRISM
version 6.0 (GraphPad Software, San Diego, CA, USA), and the R Statistical Software (v3.4.2;
R Core Team 2017).

3. Results

In this work, we performed a retrospective mono-institutional analysis. Ninety-two
patients with OC were treated at the Oncology Unit, University Mater Domini Teaching
Hospital of Catanzaro from January 2006 to January 2018 (Table 1). Age, performance status,
and stage at diagnosis were comparable to inclusion criteria of major trials; the median
age was 59 years, median ECOG was PS 0.88% of patients presented with advanced-stage
(FIGO III–IV). At diagnosis, ascites and peritoneal involvement were observed in 53% and
64% of patients, respectively. All were high-grade serous OC (HGSOC) or high-grade
endometrioid tumours. The median value of basal CA 125 was 377 U/mL in the whole
study population, and the patients were divided into two groups according to this cut-off.

Table 1. Basal characteristics of patients. For each predefined prognostic factor, we reported a
descriptive table on the number of patients and the respective percentage for a single variable.

Characteristics Number of Patients (%)

Median age (59 years)

- Age between 18–59 years
- Age > 59 years

46 (51)
45 (49)

Performance Status (PS ECOG)

- 0
- 1
- 2

81 (95)
2 (2.5)
2 (2.5)

Histological subtypes

- high grade serous OC (HGSOC)
- high grade endometrioid tumours.

87 (95)
5 (5)

Stage at diagnosis

- I–II
- III–IV

11 (12)
79 (88)

Site of disease

- Nodes
- Liver
- Peritoneal inv
- Ascites

47 (53)
6 (7)
58 (64)
47 (53.4)

Grading

- 1
- 2
- 3

1 (1)
12 (13)
78 (86)

Median value of CA125

- ≤377
- >377

42 (50)
42 (50)

First line treatment (Carbo-tax) 92 (100)
Avastin

- Yes
- No

23 (28)
59 (72)

Platinum sensitivity

- PR
- PS

25 (35)
46 (65)

BRCA status (34)

- BRCA wt
- BRCA mut

24 (70)
10 (30)

BRCA status (34)

- Yes
- Not

37 (54)
32 (46)

PS ECOG: Performance Status Eastern Cooperative Oncology Group; OC: Ovarian Cancer; HGSOC: High Grade
Serous Ovarian Cancer; PR: platinum-resistant; PS: platinum-sensitive.

Fifty-one percent of the patients received a second-line treatment, and about 25%
underwent a third-line treatment; 20% of the patients underwent second-look surgery.
The median OS in patients in the early stage of the disease was 80 months, with a better
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outcome as compared to data in the literature. Fifty-four percent of patients presented a
BRCAness phenotype according to the clinical parameters previously described. Thirty-
four (37%) patients underwent NGS analysis for the definition of BRCA status. Of these,
in 10 of the 34 (30%) patients, a pathogenic mutation was found (in detail we observed
two BRCA1 deletions in Exon 11c.1360_1361del.AG and one in Exon16c.4964_4982del.19;
one BRCA1 Exon11c.2722G > T nonsense; one BRCA1 Exon5_c.181T > G missense and
BRCA2 Exon11_c.5593A > T missense; four BRCA1 mutations not detailed); in five, ob-
served mutations presented a clinical relevance (class 5 pathogenic mutation); in one,
mutation was a class 3 VUS. All patients received carboplatin-paclitaxel as first-line
treatment and 23 patients also received bevacizumab. According to the PFI definition,
all patients were split into platinum-sensitive (46 patients, 65%) and platinum-resistant
(25 patients, 35%). Considering our database, it was possible to retrieve data about pre-
treatment laboratory findings (i.e., neutrophil, lymphocyte, and platelet counts; fibrinogen,
d-dimer, alkaline phosphatase, lactic dehydrogenase, albumin). Patients were divided into
two groups based on median value as cut-off) >6700 vs. <6700 cells/mm3 neutrophils
count (upper limit of normal), >1275 vs. <1275 cells/mm3 lymphocytes count (lower
limit of normal), >400 × 103 vs. <400 × 103 cells/mm3 platelets count (upper limit of nor-
mal), <6 vs. >6 NLR (measured as the ratio between neutrophil and lymphocyte counts
at baseline) (mean of the group); we also evaluated <3 vs. >3 NLR as value previously
reported in scientific literature; <244 vs. >244 PLR (measured as the ratio between platelet
and lymphocyte counts at baseline) (mean of the group) (Table 2).

Table 2. Basal characteristics of patients, laboratory cut-off. Patients were separated into two groups
on the basis of median value. Each parameter was analyzed on the median value and then reported
in terms of number and percentage for each variable.

Characteristics (on Median Value) Number of Patients (%)

Neutrophil count

- ≤6700 cells/mm3

- >6700 cells/mm3
46 (50)
46 (50)

Lymphocyte count

- ≤1275 cells/mm3
- >1275 cells/mm3

46 (50)
46 (50)

Platelet count

- ≤400 × 103 cells/mm3

- >400 × 103 cells/mm3
46 (50)
46 (50)

Neutrophil count

- ≤6700 cells/mm3

- >6700 cells/mm3
46 (50)
46 (50)

NLR

- ≤6
- >6

52 (57)
40 (43)

PLR

- ≤244
- >244

46 (50)
46 (50)

Albumin

- ≤4.3 g/dL
- >4.3 g/dL

44 (48)
8 (52)

Alkaline Phosphatase

- ≤81 UI/L
- >81 UI/L

48 (52)
44 (48)

Fibrinogen

- ≤244 mg/dL
- >244 mg/dL

45 (49)
47 (51)

D-Dimer

- ≤1.88 mg/L
- >1.88 mg/L

46 (50)
46 (50)

LDH

- ≤371 UI/L
- >371 UI/L

46 (50)
46 (50)

NLR: Neutrophil to Lymphocyte Ratio; PLR: Platelet to Lymphocyte Ratio; LDH: Lactate dehydrogenase.

The median Overall Survival (OS) was 55 months for all EOC patients, 48 months for
those in the advanced-stage of the disease. Median Progression-Free Survival (PFS) was
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18 months in the advanced stage. All potential prognostic factors were transformed into
categorical variables, dichotomous on a median value. Thus, we investigated the impact
of each prognostic factor on survival in a univariate analysis by Log Rank test, Kaplan-
Meier descriptive statistics, and a Cox Proportional Hazard ratio model. Starting with these
results, we confirmed the role of stage at diagnosis (p = 0.0001) and platinum-sensitivity
(p = 0.00001), which are probably the major prognostic factors (Table 3). Moreover, we
observed that node involvement did not produce any statistically significant difference in
terms of OS (Hazard ratio, HR 0.74), but the presence of peritoneal carcinomatosis and/or
abdominal involvement correlated with a worse survival outcome. In detail, patients
who presented ascites (HR 4.04), pleural effusion (HR 2.4) liver (HR 2.64), or peritoneal
involvement (HR 2.68) at diagnosis have a significantly lower OS as compared to the
absence of these conditions. (Figure 1). Taking into account that an important correlate
of effusion is the presence of abnormal CA 125 level at diagnosis, we found that patients
with the lower CA 125 value at diagnosis had a better outcome in terms of PFS (HR 0.40;
CI 0.21 to 0.79, p = 0.008) that translated in a potential trend in OS (HR 0.14; p = 0.14). We
also confirmed a role of CA 125 decrease after first-line treatment with an OS of 67 months
(HR 0.56) (Figure 2). According to platinum-sensitivity, the median OS was 30 months
for refractory patients, 80 months for patients partially platinum-sensitive, while median
survival was still not reached for platinum-sensitive patients (HR 0.12; median OS of total PS
94 months). This last subset showed the most significant advantage in terms of OS, p = 0.001.
(Figure 3). We explored the BRCAness phenotype in our population, demonstrating that
these patients showed a significant advantage both in terms of OS (HR 0.25) and PFS
(p = 0.00013). We searched the germline mutation in a small percentage of cases because
this study design was prior to the current Italian recommendations [37], and the short
follow-up could not permit the identification of the relevance of genetic background.
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Table 3. Overall Survival (OS) for major prognostic factors. Table shows results summarised con-
sidering the impact of each prognostic factor on survival obtained by univariate analysis by Log
Rank test.

Prognostic Factors p-Value
OS
HR

(95% C.I.)
Median

Grading 0.06 1.81
(0.81–4.04) 52

BRCA status 0.18 2.68
(0.59–12.22) 72

BRCAness 0.00003 0.25
(0.13–0.47) 74

Stage at diagnosis
(I/II vs. III/IV) 0.023 3.58

(1.1–11.6) 48

Ascites 0.00001 4.04
(2–7) 35

Peritoneal
involvement 0.002 2.68

(1.39–5.17) 43

Liver
involvement 0.036 2.64

(1.02–6.86) 37

Node
involvement 0.74 1.10

(0.6–2.04) 53

Pleural
effusions 0.013 2.4

(1.17–4.95) 23

Internal
surgery 0.04 2.62

(1.31–5.21) 43

Platinum
sensitivity <0.00001 0.12

(0.05–0.25) 94

Avastin
treatment 0.11 0.45

(0.16–1.26) 127

Albumin 0.02 0.47
(0.24–0.91) 72

Neutrophil
count 0.22 1.48

(0.72–2.83) 43

Lymphocyte
count 0.66 0.86

(0.45–1.65) 52

Platelet
count 0.068 1.79

(0.94–3.40) 43

NLR 0.19 1.52
(0.8–2.91) 43

PLR 0.41 1.3
(0.68–2.48) 43

D-Dimer 0.05 2.01
(0.98–4.14) 43

Fibrinogen 0.01 2.9
(1.46–5.76) 35

LDH 0.02 2.15
(1.11–4.17) 30

ALP 0.33 1.38
(0.7–2.69) 48

CA125 0.14 1.59
(0.84–3.02) 42

CA125
decrease 0.009 0.56

(0.29–1.10) 67

HR: Hazard Ratio; C.I.: Confidence Interval; NLR: Neutrophil to Lymphocyte Ratio; PLR: Platelet to Lymphocyte
Ratio; LDH: Lactate dehydrogenase; ALP: Alkaline Phosphatase.
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However, with regard to germline BRCA analysis, we showed that the small sample
size, as highlighted by larger IC (0.59–12.22), did not permit the achievement of a reliable
result, and thus our findings do not reflect the real-world data on this parameter.
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3.1. DMETTM plus Allowed the Identification of Potential Pharmacogenomic Predictive/Prognostic
Biomarkers Correlated to Platinum Response

In Table 4 we report the results obtained from association analysis in which a Fisher’s
test demonstrated an association between ADME genotypes indicated by SNPs in linkage
disequilibrium with specific polymorphic variants and platinum-sensitivity. Particularly,
we selected the SNPs according to Bonferroni correction, reporting a p-value < 0.00313.
Matching the clinical and pathological characteristics, we identified 20 genotypes correlated
to survival outcome and platinum-response. Moreover, among the polymorphic variants
correlated to platinum-sensitivity, we highlighted the UGT2A1_57885 > (rs2288741) for its
association both as platinum-response predictor (p = 0.0001) and as a prognostic biomarker
(p = 0.05).

Table 4. DMET analysis (Summary of results). Genotypes of 20 SNPs in ADME genes and the
association with platinum-based response and OS in patients with OC.

Chr Gene
(Genotype) dbSNP p-Value * RR

p-Value
PFI

p-Value
PFS

p-Value
OS

p-Value

7 ABCB1
(CC) rs2235033 0.0004 0.0058 0.09 0.43 0.8

7 ABCB1
(AA) rs2235013 0.0004 0.0058 0.21 0.43 0.8

16 ABCC1
(TT) rs246221 0.001 0.013 0.025 0.065 0.028

17 ABCC3
(CC) rs2277624 0.0006 0.003 0.18 0.18 0.008

21 CBR1
(CC) rs1005695 0.003 0.046 0.84 0.36 0.074

21 CBR3
(AG) rs2835286 0.0001 0.005 0.06 0.33 0.53

21 CBR3
(GG) rs2835286 0.0002 0.01 0.057 0.26 0.19

19 CYP2B6
(CG) rs4803418 0.003 0.018 0.46 0.12 0.059

19 CYP2B6
(CT) rs4803419 0.003 0.018 0.46 0.15 0.055

1 FMO4
(AG) rs2223477 0.0005 0.04 0.21 0.38 0.7

X MAOB
(AG) rs1799836 0.0008 0.0039 0.21 0.27 0.81

17 PNMT
(CC) rs2952151 0.003 0.018 0.10 1 0.92

6 PPARD
(AG) rs7751481 0.002 0.022 0.32 0.3 0.08

6 PPARD
(CT) rs1883322 0.002 0.046 0.18 0.3 0.03

6 SLC22A2
(AA) rs316003 0.002 0.018 0.08 0.79 0.425

6 SLC22A2
(GG) rs316003 0.003 0.005 0.21 0.78 0.6

3 SLC6A6
(CC) rs2341970 0.003 0.02 0.09 0.65 0.38

16 SULT1A2
(AG) rs11401 0.001 0.007 0.28 0.25 0.05

4 UGT2A1
(AC) rs2288741 0.0001 0.08 0.08 0.31 0.0001

2 UGT1A9
(TT) rs3821242 0.002 0.21 0.006 0.04 0.014

Chr: Chromosome; dbSNP: Single Nucleotide Polymorphism identifier based on NCBI; RR: Response Rate; PFI:
Platinum-Free Interval; PFS: Progression Free Survival; OS: Overall Survival. * p-value corrected according to
Bonferroni correction (p-value < 0.00313).



Biomedicines 2022, 10, 1210 10 of 14

3.2. Inflammatory Status

To identify basal hematological conditions related to inflammatory status with platinum-
sensitivity, we collected pre-treatment laboratory findings. Particularly, we observed a
worse OS in patients with a lower albumin level (HR 0.47), high levels of fibrinogen (HR 2.9),
D-dimer (HR 2.01), LDH (HR 2.15), and ALP (HR 1.38). A D-dimer value in the normal
range was associated with a longer PFS (28 vs. 13 months; HR 0.35 CI: 0.06 to 1.77, p = 0.07).
We considered the most significant laboratory parameters identified through multivari-
ate analysis (albumin, D-dimer, fibrinogen, LDH, ALP, platelet count, neutrophil count,
lymphocyte count) in correlation to platinum-sensitivity and survival outcome (Table 5).

Table 5. Platinum-sensitivity multivariate analysis. Table shows the results of a multivariate analysis
obtained by selecting each independent prognostic factor calculated on the basis of a univariate analysis.

Platinum-Sensitivity Factors—p Value

Albumin 0.219
ALP 0.381

CA125 (basal) 0.058
Neutrophil count 0.921

Platelet count 0.329
D-Dimer 0.020

Fibrinogen 0.988
LDH 0.000

Lymphocytes 0.828
NLR 0.881
PLR 0.400

ALP: Alkaline Phosphatase; LDH: Lactate dehydrogenase NLR: Neutrophil to Lymphocyte Ratio; PLR: Platelet to
Lymphocyte Ratio.

Moreover, we observed a significant difference in neutrophil count (HR 1.48) and
platelet count (HR 1.79), but no OS difference was found concerning lymphocyte count.
On this basis, we evaluated both NLR and PLR on median value cut off, and we observed
a trend vs. better OS in patients with lower NLR (p = 0.19), while PLR did not represent
a prognostic factor. For platinum status, PR (platinum-resistant) patients had neutrophil
and platelet counts significantly higher compared to PS (platinum-sensitive) patients.
Furthermore, regarding platinum-sensitivity, we showed a strong correlation (by chi-square
analysis) with ascites (p = 0.02), peritoneal involvement (p = 0.030), albumin (p = 0.019),
platelet count (p = 0.034), fibrinogen (p = 0.01), and a potential trend with NLR (p = 0.06)
and CA 125 basal level (p = 0.080).

3.3. Definition of an “Inflammatory-Score”

Based on previous findings, we generated a model by including the neutrophil count,
platelet count, ALP, LDH, albumin, d-dimer, and fibrinogen, allocating 0 or 1 to lower or
upper values calculated on the median, respectively. Each factor was added, and only
the albumin value was subtracted based on univariate analysis. We calculated this score:
(0–2) = 0; (3–4) = 1; (5–7) = 2. Firstly, we showed a better OS in patients with lower scores
compared to patients with a maximum score (p = 0.001). This result confirmed the signif-
icant result for OS according to PFI (p = 0.004). We correlated this “inflammatory score”
to pharmacogenomics data detected by DMET analysis. We found a strong correlation
between the inflammatory score and UGT2A1_57885 > (rs2288741). Indeed, patients with a
high inflammatory score rarely carried heterozygous UGT2A1_57885 > (rs2288741). Accord-
ingly, combined heterozygous UGT2A1_57885 > (rs2288741) and low inflammatory score
patients presented a better outcome. Next, we performed the Fisher’s exact test to evaluate
the correlation between this score and platinum-sensitivity (as variable dichotomous on
PFI), and the result was significant (p = 0.021).

At present, platinum-based regimens are the mainstay therapeutic option for EOC
patients. Indeed, the lack of platinum-response remains one of the most important adverse
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prognostic factors for these patients. In this context, the identification of predictive biomark-
ers may have a crucial role in clinical practice, allowing a better patient stratification for
personalized treatment. Taking into account this scenario, we afforded the identification
of prognostic biomarkers starting with the common hematology evaluations routinely
performed in clinical practice. Indeed, each analyte was correlated to survival outcome
to define their potential prognostic role (univariate analysis). Moreover, identified factors
were correlated to PFI and response to platinum treatment in order to explore the potential
predictive role, while significant variables were used to perform the multivariate analysis to
identify independent prognostic factors. The pharmacogenomic evaluation was included
both as a literature review for the evaluation of the role of ADME genes in our issue and as
a DMET analysis from a blood sample of our patients (in a random sample selection of the
enrolled population). Our findings prompt some considerations. First of all, the outcome of
patients treated at our institute appears to be in line with the data in the relevant literature.
This evidence, despite the small sample size of our analysis, could exclude selection bias.
Interestingly, our exploratory results showed that high NLR (both for median value cut-off
and prognostic value reported in the literature) was correlated with a worse prognosis.
Furthermore, the identification of several parameters in univariate analyses allowed us to
build an inflammatory-score (including low albumin methods value, high neutrophil count,
platelet count, LDH, ALP, d-dimer ad fibrinogen) which was associated with poor OS and
lower platinum-response. Moreover, with the DMETTM array platform, we investigated a
list panel of genetic variants in 231 ADME genes, disclosing a correlation of heterozygous
genotypes to OS benefit (e.g., in ABCC3 analysis). Furthermore, we reviewed the literature
in order to evaluate the coherence of our data. On this basis, it is possible to highlight
that a better survival reported with several allelic variants was particularly detected in
PS patients. Interestingly, ABCC3, a member of the ATP-binding-cassette (ABC) family
of transporters, seems to regulate the platinum-sensitivity which might be correlated to
the expression of miR-200 [38]. Conversely, ABCB1 is one of the most important ADME
genes related to a favorable outcome and it seems that it is strongly associated with ER
expression and chemo-resistance [39]. ABCB1 retains a prognostic role strongly correlated
to a debulking outcome. Thus, high ABCB1 expression correlates to better prognosis and
chemo-sensitivity only in patients with the minimal residual disease [40]. Moreover, some
authors demonstrated that at 3’ the untranslated region (3’-UTR) of the ABCB1 gene con-
tained a potential miRNA binding site for miR-186 which may regulate platinum-sensitivity
by targeting ABCB1 [41]. Instead, UGT2A1, a UDP Glucuronosyltransferase Family 2 Mem-
ber A1 Complex Locus was confirmed as a potential platinum-response predictor (p = 0.01)
with a significant prognostic role (p = 0.05). Interestingly, we showed that UGT2A1 is
strongly related to neutrophil count and NLR expression as a predictor of outcome. Our
findings might have potential relevance for the personalized management of OC patients
who underwent the platinum regimen. In conclusion, our results indicate that OC is an
extremely heterogeneous disease in which several factors play a role in individual drug
metabolism and drug resistance. However, the small sample size of our mono-institutional
series did not allow us to build a conclusive model by including all significant variables for
the design of a personalized BRLMM (Bayesian Robust Linear Model with Mahalanobis
distance classifier) algorithm (which remains a future goal) for the validation set. Indeed,
the major limitation of our study is the low number of patients enrolled, the retrospective
design, and the lack of an independent validation series. Despite these limitations, our
observation may provide a clinically supportive model given the “friendly” availability
of this data. Regarding DMET analysis, we considered 30 patients as a discovery set in
order to explore pharmacogenomic correlation and platinum-sensitivity with a “proof of
concept” aim. We showed that the only one highly statistically significant selected SNP was
rs2288741 in UGT2A1 as a platinum-response predictor (p = 0.01) with a potentially signifi-
cant prognostic role (p = 0.05). Indeed, our analysis, which warrants further investigation
with a larger sample size from different institutions and different genetic backgrounds as
required by the REMARK check-list [42,43], must be considered hypothesis-generating,
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and new studies are eagerly awaited in this field. In the era of personalized medicine, the
availability of new predictive biomarkers is crucial for the selection of better treatments in
the scenario of a personalized continuum of care.

Author Contributions: Conceptualization, N.S., P.T. (Pierfrancesco Tassone), and P.T. (Pierosandro
Tagliaferri); Methodology N.S., M.A. and D.C.; Software, G.A. and M.C. (Mario Cannataro); Valida-
tion, F.S., M.A. and N.S.; Formal Analysis, N.S., D.C., M.A., F.S. and G.A.; Investigation, N.S., A.S.,
M.C. (Maria Cucè) and V.B.; Resources P.T. (Pierfrancesco Tassone), and P.T. (Pierosandro Tagliaferri);
Data Curation, R.I., C.L. and E.I.; Writing—Original Draft Preparation, N.S. and M.A.; Writing—
Review & Editing, N.S., M.A., D.C., P.T. (Pierfrancesco Tassone), and P.T. (Pierosandro Tagliaferri);
Visualization, N.S., M.A., E.I., R.I., C.L., M.C. (Maria Cucè), V.Z., M.C. (Mario Cannataro), G.A.,
V.B., A.S., F.S. and D.C.; Supervision, P.T. (Pierfrancesco Tassone), and P.T. (Pierosandro Tagliaferri);
Project Administration, M.A. and N.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This manuscript has been supported by Institutional funds of the Department of Exper-
imental and Clinical Medicine (DMSC), Magna Graecia University, Catanzaro, Italy, The funding
number is TAGLIAF18.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Regione Calabria, Sezione Area Centro
(Approval Code: N. 2014.38; Approval Date: 14th December 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Acknowledgments: This work is supported by PhD program of Magna Graecia University: “Molec-
ular oncology and translational and innovative medical and surgical techniques”.

Conflicts of Interest: All authors declare that they have no conflict of interest.

References
1. Ferlay, J.; Soerjomataram, I.; Dikshit, R.; Eser, S.; Mathers, C.; Rebelo, M.; Parkin, D.M.; Forman, D.; Bray, F. Cancer incidence and

mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. Int. J. Cancer 2015, 136, E359–E386. [CrossRef]
[PubMed]

2. Jayson, G.C.; Kohn, E.C.; Kitchener, H.C.; Ledermann, J.A. Ovarian cancer. Lancet 2014, 384, 1376–1388. [CrossRef]
3. Bookman, M.A.; Greer, B.E.; Ozols, R.F. Optimal therapy of advanced ovarian cancer: Carboplatin and paclitaxel versus cisplatin

and paclitaxel (GOG158) and an update on GOG0182-ICON5. Int. J. Gynecol. Cancer 2003, 13 (Suppl. 2), 149–155. [CrossRef]
[PubMed]

4. Mendez, L.E.; Mueller, A.; Salom, E.; Gonzalez-Quintero, V.H. Paclitaxel and carboplatin chemotherapy administered during
pregnancy for advanced epithelial ovarian cancer. Obstet. Gynecol. 2003, 102, 1200–1202. [PubMed]

5. du Bois, A.; Luck, H.J.; Meier, W.; Adams, H.P.; Mobus, V.; Costa, S.; Bauknecht, T.; Richter, B.; Warm, M.; Schroder, W.; et al. A
randomized clinical trial of cisplatin/paclitaxel versus carboplatin/paclitaxel as first-line treatment of ovarian cancer. J. Natl.
Cancer Inst. 2003, 95, 1320–1329. [CrossRef] [PubMed]

6. Pignata, S.; Cannella, L.; Leopardo, D.; Pisano, C.; Bruni, G.S.; Facchini, G. Chemotherapy in epithelial ovarian cancer. Cancer Lett.
2011, 303, 73–83. [CrossRef] [PubMed]

7. Ozols, R.F.; Bundy, B.N.; Greer, B.E.; Fowler, J.M.; Clarke-Pearson, D.; Burger, R.A.; Mannel, R.S.; DeGeest, K.; Hartenbach, E.M.;
Baergen, R.; et al. Phase III trial of carboplatin and paclitaxel compared with cisplatin and paclitaxel in patients with optimally
resected stage III ovarian cancer: A Gynecologic Oncology Group study. J. Clin. Oncol. 2003, 21, 3194–3200. [CrossRef]

8. Romanini, A.; Tanganelli, L.; Carnino, F.; Fanucchi, A.; Lionetto, R.; Pastorino, S.; Cosio, S.; Gadducci, A.; Conte, P.F. First-line
chemotherapy with epidoxorubicin, paclitaxel, and carboplatin for the treatment of advanced epithelial ovarian cancer patients.
Gynecol. Oncol. 2003, 89, 354–359. [CrossRef]

9. Vorobiof, D.A.; Rapoport, B.L.; Chasen, M.R.; Cohen, G.L.; Mahomed, R.; Karime, M. Phase II clinical trial of carboplatin and
docetaxel in patients with metastatic ovarian cancer: Active combination with low incidence of peripheral neuropathy. Int. J.
Gynecol. Cancer 2003, 13, 287–291. [CrossRef]

10. Kurman, R.J.; Shih, I.M. The origin and pathogenesis of epithelial ovarian cancer: A proposed unifying theory. Am. J. Surg. Pathol.
2010, 34, 433–443. [CrossRef]

11. Cancer Genome Atlas Research Network. Integrated genomic analyses of ovarian carcinoma. Nature 2011, 474, 609–615.
[CrossRef] [PubMed]

http://doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
http://doi.org/10.1016/S0140-6736(13)62146-7
http://doi.org/10.1136/ijgc-00009577-200311001-00004
http://www.ncbi.nlm.nih.gov/pubmed/14656272
http://www.ncbi.nlm.nih.gov/pubmed/14607056
http://doi.org/10.1093/jnci/djg036
http://www.ncbi.nlm.nih.gov/pubmed/12953086
http://doi.org/10.1016/j.canlet.2011.01.026
http://www.ncbi.nlm.nih.gov/pubmed/21353386
http://doi.org/10.1200/JCO.2003.02.153
http://doi.org/10.1016/S0090-8258(03)00128-8
http://doi.org/10.1046/j.1525-1438.2003.13203.x
http://doi.org/10.1097/PAS.0b013e3181cf3d79
http://doi.org/10.1038/nature10166
http://www.ncbi.nlm.nih.gov/pubmed/21720365


Biomedicines 2022, 10, 1210 13 of 14

12. Tassone, P.; Di Martino, M.T.; Ventura, M.; Pietragalla, A.; Cucinotto, I.; Calimeri, T.; Bulotta, A.; Neri, P.; Caraglia, M.; Tagliaferri,
P. Loss of BRCA1 function increases the antitumor activity of cisplatin against human breast cancer xenografts in vivo. Cancer
Biol. Ther. 2009, 8, 648–653. [CrossRef] [PubMed]

13. Tassone, P.; Blotta, S.; Palmieri, C.; Masciari, S.; Quaresima, B.; Montagna, M.; D’Andrea, E.; Eramo, O.P.; Migale, L.;
Costanzo, F.; et al. Differential sensitivity of BRCA1-mutated HCC1937 human breast cancer cells to microtubule-interfering
agents. Int. J. Oncol. 2005, 26, 1257–1263. [CrossRef] [PubMed]

14. Tassone, P.; Tagliaferri, P.; Perricelli, A.; Blotta, S.; Quaresima, B.; Martelli, M.L.; Goel, A.; Barbieri, V.; Costanzo, F.;
Boland, C.R.; et al. BRCA1 expression modulates chemosensitivity of BRCA1-defective HCC1937 human breast cancer cells. Br. J.
Cancer 2003, 88, 1285–1291. [CrossRef]

15. Lord, C.J.; Ashworth, A. BRCAness Revisited. Nat. Rev Cancer 2016, 16, 110–120. [CrossRef]
16. Zhang, M.; Liu, G.; Xue, F.; Edwards, R.; Sood, A.K.; Zhang, W.; Yang, D. Copy number deletion of RAD50 as predictive marker

of BRCAness and PARP inhibitor response in BRCA wild type ovarian cancer. Gynecol. Oncol. 2016, 141, 57–64. [CrossRef]
17. Bian, L.; Meng, Y.; Zhang, M.; Li, D. MRE11-RAD50-NBS1 complex alterations and DNA damage response: Implications for

cancer treatment. Mol. Cancer 2019, 18, 169. [CrossRef]
18. Maccio, A.; Madeddu, C.; Massa, D.; Mudu, M.C.; Lusso, M.R.; Gramignano, G.; Serpe, R.; Melis, G.B.; Mantovani, G. Hemoglobin

levels correlate with interleukin-6 levels in patients with advanced untreated epithelial ovarian cancer: Role of inflammation in
cancer-related anemia. Blood 2005, 106, 362–367. [CrossRef]

19. Maccio, A.; Madeddu, C. Inflammation and ovarian cancer. Cytokine 2012, 58, 133–147. [CrossRef]
20. Scalici, J.M.; Arapovic, S.; Saks, E.J.; Atkins, K.A.; Petroni, G.; Duska, L.R.; Slack-Davis, J.K. Mesothelium expression of vascular

cell adhesion molecule-1 (VCAM-1) is associated with an unfavorable prognosis in epithelial ovarian cancer (EOC). Cancer 2017,
123, 977–984. [CrossRef]

21. Herr, D.; Sallmann, A.; Bekes, I.; Konrad, R.; Holzheu, I.; Kreienberg, R.; Wulff, C. VEGF induces ascites in ovarian cancer patients
via increasing peritoneal permeability by downregulation of Claudin 5. Gynecol. Oncol. 2012, 127, 210–216. [CrossRef] [PubMed]

22. Menderes, G.; Schwab, C.L.; Black, J.; Santin, A.D. The Role of the Immune System in Ovarian Cancer and Implications on
Therapy. Expert Rev. Clin. Immunol. 2016, 12, 681–695. [CrossRef] [PubMed]

23. Luo, Y.; Kim, H.S.; Kim, M.; Lee, M.; Song, Y.S. Elevated plasma fibrinogen levels and prognosis of epithelial ovarian cancer: A
cohort study and meta-analysis. J. Gynecol. Oncol. 2017, 28, e36. [CrossRef] [PubMed]

24. Khrunin, A.V.; Moisseev, A.; Gorbunova, V.; Limborska, S. Genetic polymorphisms and the efficacy and toxicity of cisplatin-based
chemotherapy in ovarian cancer patients. Pharm. J. 2010, 10, 54–61. [CrossRef]

25. Mao, C.X.; Li, M.; Zhang, W.; Zhou, H.H.; Yin, J.Y.; Liu, Z.Q. Pharmacogenomics for the efficacy of platinum-based chemotherapy:
Old drugs, new integrated perspective. Biomed. Pharmacother. 2020, 126, 110057. [CrossRef]

26. Arbitrio, M.S.F.; Di Martino, M.T.; Pensabene, L.; Tassone, P.; Tagliaferri, P. Pharmacogenetics/Pharmacogenomics of Drug-Metabolizing
Enzymes and Transporters; Elsevier: Amsterdam, The Netherlands, 2021.

27. Arbitrio, M.; Scionti, F.; Di Martino, M.T.; Caracciolo, D.; Pensabene, L.; Tassone, P.; Tagliaferri, P. Pharmacogenomics Biomarker
Discovery and Validation for Translation in Clinical Practice. Clin. Transl. Sci. 2021, 14, 113–119. [CrossRef]

28. Scionti, F.P.L.; Di Martino, M.; Arbitrio, M.; Tagliaferri, P. Ethical Perspectives on Pharmacogenomic Profiling; Elsevier: Amsterdam,
The Netherlands, 2021.

29. Arbitrio, M.; Di Martino, M.T.; Scionti, F.; Agapito, G.; Guzzi, P.H.; Cannataro, M.; Tassone, P.; Tagliaferri, P. DMET (Drug
Metabolism Enzymes and Transporters): A pharmacogenomic platform for precision medicine. Oncotarget 2016, 7, 54028–54050.
[CrossRef]

30. Agapito, G.; Settino, M.; Scionti, F.; Altomare, E.; Guzzi, P.H.; Tassone, P.; Tagliaferri, P.; Cannataro, M.; Arbitrio, M.; Di Martino,
M.T. DMET(TM) Genotyping: Tools for Biomarkers Discovery in the Era of Precision Medicine. High Throughput 2020, 9, 8.
[CrossRef]

31. Scionti, F.; Di Martino, M.T.; Sestito, S.; Nicoletti, A.; Falvo, F.; Roppa, K.; Arbitrio, M.; Guzzi, P.H.; Agapito, G.; Pisani, A.; et al. Ge-
netic variants associated with Fabry disease progression despite enzyme replacement therapy. Oncotarget 2017, 8, 107558–107564.
[CrossRef]

32. Di Martino, M.T.; Scionti, F.; Sestito, S.; Nicoletti, A.; Arbitrio, M.; Guzzi, P.H.; Talarico, V.; Altomare, F.; Sanseviero, M.T.;
Agapito, G.; et al. Genetic variants associated with gastrointestinal symptoms in Fabry disease. Oncotarget 2016, 7, 85895–85904.
[CrossRef]

33. Scionti, F.; Agapito, G.; Caracciolo, D.; Riillo, C.; Grillone, K.; Cannataro, M.; Di Martino, M.T.; Tagliaferri, P.; Tassone, P.; Arbitrio,
M. Risk Alleles for Multiple Myeloma Susceptibility in ADME Genes. Cells 2022, 11, 189. [CrossRef] [PubMed]

34. Arbitrio, M.; Di Martino, M.T.; Barbieri, V.; Agapito, G.; Guzzi, P.H.; Botta, C.; Iuliano, E.; Scionti, F.; Altomare, E.;
Codispoti, S.; et al. Identification of polymorphic variants associated with erlotinib-related skin toxicity in advanced non-small
cell lung cancer patients by DMET microarray analysis. Cancer Chemother. Pharmacol. 2016, 77, 205–209. [CrossRef] [PubMed]

35. Arbitrio, M.; Scionti, F.; Altomare, E.; Di Martino, M.T.; Agapito, G.; Galeano, T.; Staropoli, N.; Iuliano, E.; Grillone, F.;
Fabiani, F.; et al. Polymorphic Variants in NR1I3 and UGT2B7 Predict Taxane Neurotoxicity and Have Prognostic Relevance in
Patients With Breast Cancer: A Case-Control Study. Clin. Pharmacol. Ther. 2019, 106, 422–431. [CrossRef] [PubMed]

36. Guzzi, P.H.; Agapito, G.; Di Martino, M.T.; Arbitrio, M.; Tassone, P.; Tagliaferri, P.; Cannataro, M. DMET-Analyzer: Automatic
analysis of Affymetrix DMET Data. BMC Bioinform. 2012, 13, 258. [CrossRef] [PubMed]

http://doi.org/10.4161/cbt.8.7.7968
http://www.ncbi.nlm.nih.gov/pubmed/19333003
http://doi.org/10.3892/ijo.26.5.1257
http://www.ncbi.nlm.nih.gov/pubmed/15809716
http://doi.org/10.1038/sj.bjc.6600859
http://doi.org/10.1038/nrc.2015.21
http://doi.org/10.1016/j.ygyno.2016.01.004
http://doi.org/10.1186/s12943-019-1100-5
http://doi.org/10.1182/blood-2005-01-0160
http://doi.org/10.1016/j.cyto.2012.01.015
http://doi.org/10.1002/cncr.30415
http://doi.org/10.1016/j.ygyno.2012.05.002
http://www.ncbi.nlm.nih.gov/pubmed/22579791
http://doi.org/10.1586/1744666X.2016.1147957
http://www.ncbi.nlm.nih.gov/pubmed/26821930
http://doi.org/10.3802/jgo.2017.28.e36
http://www.ncbi.nlm.nih.gov/pubmed/28382799
http://doi.org/10.1038/tpj.2009.45
http://doi.org/10.1016/j.biopha.2020.110057
http://doi.org/10.1111/cts.12869
http://doi.org/10.18632/oncotarget.9927
http://doi.org/10.3390/ht9020008
http://doi.org/10.18632/oncotarget.22505
http://doi.org/10.18632/oncotarget.13135
http://doi.org/10.3390/cells11020189
http://www.ncbi.nlm.nih.gov/pubmed/35053305
http://doi.org/10.1007/s00280-015-2916-3
http://www.ncbi.nlm.nih.gov/pubmed/26607259
http://doi.org/10.1002/cpt.1391
http://www.ncbi.nlm.nih.gov/pubmed/30739312
http://doi.org/10.1186/1471-2105-13-258
http://www.ncbi.nlm.nih.gov/pubmed/23035929


Biomedicines 2022, 10, 1210 14 of 14

37. AIOM. Guidelines for BRCA Test Implementation: “Raccomandazioni per L’implementazione Del Test BRCA Nelle Pazienti
Con Carcinoma Ovarico E Nei Familiari a Rischio Elevato Di Neoplasia”. A Cura del Gruppo di Lavoro AIOM-SIGU-SIBIOC-
SIAPEC-IAP, v.2. January 2019. Available online: https://www.aiom.it/raccomandazioni-per-limplementazione-del-test-brca-
nelle-pazienti-con-carcinoma-ovarico-e-nei-familiari-a-rischio-elevato-di-neoplasia/ (accessed on 16 November 2019).

38. Liu, N.; Zeng, J.; Zhang, X.; Yang, Q.; Liao, D.; Chen, G.; Wang, Y. Involvement of miR-200a in chemosensitivity regulation of
ovarian cancer. Zhonghua Yi Xue Za Zhi 2014, 94, 2148–2151. [PubMed]

39. Filipits, M.; Pohl, G.; Rudas, M.; Dietze, O.; Lax, S.; Grill, R.; Pirker, R.; Zielinski, C.C.; Hausmaninger, H.; Kubista, E.; et al.
Clinical role of multidrug resistance protein 1 expression in chemotherapy resistance in early-stage breast cancer: The Austrian
Breast and Colorectal Cancer Study Group. J. Clin. Oncol. 2005, 23, 1161–1168. [CrossRef]

40. Sun, S.; Cai, J.; Yang, Q.; Zhu, Y.; Zhao, S.; Wang, Z. Prognostic Value and Implication for Chemotherapy Treatment of ABCB1 in
Epithelial Ovarian Cancer: A Meta-Analysis. PLoS ONE 2016, 11, e0166058. [CrossRef]

41. Sun, K.X.; Jiao, J.W.; Chen, S.; Liu, B.L.; Zhao, Y. MicroRNA-186 induces sensitivity of ovarian cancer cells to paclitaxel and
cisplatin by targeting ABCB1. J. Ovarian Res. 2015, 8, 80. [CrossRef]

42. McShane, L.M.; Altman, D.G.; Sauerbrei, W.; Taube, S.E.; Gion, M.; Clark, G.M. REporting recommendations for tumour MARKer
prognostic studies (REMARK). Br. J. Cancer 2005, 93, 387–391. [CrossRef]

43. Sauerbrei, W.; Taube, S.E.; McShane, L.M.; Cavenagh, M.M.; Altman, D.G. Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK): An Abridged Explanation and Elaboration. J. Natl. Cancer Inst. 2018, 110, 803–811. [CrossRef]

https://www.aiom.it/raccomandazioni-per-limplementazione-del-test-brca-nelle-pazienti-con-carcinoma-ovarico-e-nei-familiari-a-rischio-elevato-di-neoplasia/
https://www.aiom.it/raccomandazioni-per-limplementazione-del-test-brca-nelle-pazienti-con-carcinoma-ovarico-e-nei-familiari-a-rischio-elevato-di-neoplasia/
http://www.ncbi.nlm.nih.gov/pubmed/25327865
http://doi.org/10.1200/JCO.2005.03.033
http://doi.org/10.1371/journal.pone.0166058
http://doi.org/10.1186/s13048-015-0207-6
http://doi.org/10.1038/sj.bjc.6602678
http://doi.org/10.1093/jnci/djy088

	Introduction 
	Materials and Methods 
	Patients 
	Molecular Analysis 
	Bioinformatics and Statistical Analysis 

	Results 
	DMETTM plus Allowed the Identification of Potential Pharmacogenomic Predictive/Prognostic Biomarkers Correlated to Platinum Response 
	Inflammatory Status 
	Definition of an “Inflammatory-Score” 

	References

