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1  |  INTRODUC TION

Epithelial ovarian cancer (EOC) represents the most lethal gyneco-
logic cancer. Over 70% are diagnosed at an advanced stage (FIGO 
[International Federation of Gynecology and Obstetrics] Stage 
III–IV) and, despite the promising results of new targeted therapies 
(e.g., inhibitors of the enzyme poly-ADP ribose polymerase—PARPi), 

the overall survival (OS) remains low.1 However, about 30% of pa-
tients are diagnosed with early-stage EOC (FIGO Stage I–II) with 
a risk of relapse ranging between 10% and 50% and a 5-year OS 
greater than 70% in most studies.2,3

The standard treatment for FIGO Stage I EOC is total abdomi-
nal hysterectomy, bilateral salpingo-oophorectomy, pelvic and aor-
tic lymph node dissection, omentectomy, peritoneal biopsies, and 
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Abstract
Objective: To determine the prognostic role of systemic inflammatory markers for 
Stage I epithelial ovarian cancer (EOC).
Materials and Methods: We performed a retrospective, single-center, observational 
study. We included patients with Stage I EOC cancer undergoing primary surgery 
between 1993 and 2016. Inflammatory markers were assessed by analyzing blood 
samples collected at initial diagnosis before EOC surgery. We evaluated these mark-
ers' association with disease-free survival (DFS) and cancer-specific survival (CSS).
Results: We included 176 women in our study. The neutrophil-to-lymphocyte ratio 
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune inflammation index 
(SII) were related to both DFS and CSS in the univariate analysis. In the multivariate 
Cox analysis, adjuvant chemotherapy (hazard ratio [HR] 0.17, 95% confidence interval 
[CI] 0.04–0.71, P = 0.02) and SII ≥730 (HR 6.84, 95% CI 1.30–35.9, P = 0.023) were 
independent predictors of DFS, while FIGO Stage IB–IC (HR 7.91, 95% CI 1.04–59.8, 
P = 0.04), NLR ≥3 (HR 56.8, 95% CI 7.46–433, P < 0.001) and PLR ≥169 (HR 49.1 95% 
CI 11.1–217.8, P = 0.005) were independent predictors of CSS.
Conclusions: Systemic inflammatory markers are easily obtainable from patients' 
routine blood analyses and may represent inexpensive and reproducible prognostic 
markers in early-stage EOC.
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washing.4 For adjuvant treatment, platinum-based chemotherapy 
improves both recurrence-free survival and OS and it is usually rec-
ommended, especially in high-risk patients (Stage IA grade 3, IB or IC 
grade 2 or 3, clear cell histology);2 however, a Cochrane systematic 
review found that the survival benefits in women with high-risk tu-
mors are based on low-quality evidence and there is still uncertainty 
for lower/intermediate-risk early-stage disease.5 Several efforts 
have been made to stratify patients based on different prognostic 
factors to achieve more personalized risk estimations.3,6,7 Stage I 
EOC is characterized by subtype-specific molecular alterations that 
affect tumor aggressiveness,8–10 so tumor molecular profiling is an 
option, but there is also a need for inexpensive, easy, and reproduc-
ible markers to help predict the long-term behavior of these tumors. 
In recent years, the prognostic role of several inflammatory markers 
from the patient's blood count before starting treatment has been 
evaluated in different cancers, including EOC.11 However, the prog-
nostic role of systemic inflammatory markers has not been clarified 
in the specific subgroup of Stage I EOC. Based on this background, 
this study aims to evaluate the potential prognostic role of systemic 
inflammatory markers for Stage I EOC.

2  |  MATERIAL S AND METHODS

We performed a retrospective study of all patients surgically treated 
for FIGO Stage I EOC at the Department of Surgical Sciences, S. 
Anna Hospital, University of Turin, from January 1993 to December 
2016.

We excluded patients with borderline tumors, non-epithelial 
ovarian cancer, age younger than 18 years, and incomplete clinical 
data and/or follow up. We also excluded patients with concurrent 
infection, immunosuppressive therapy, or hematologic disorders at 
the time of the surgery.

For the selected patients, we collected the following clinical and 
histopathologic data: (1) age at diagnosis; (2) histopathologic fea-
tures of ovarian cancer including tumor histotype, grade, and FIGO 
Stage; (3) type of surgical treatment, (4) preoperative total count of 
neutrophil, lymphocyte, platelets, and CA125 U/mL, and (5) date of 
death or last follow up.

All patients had preoperative complete physical and gynecologic 
examinations, gynecologic ultrasound examination, chest X-ray, 
computed tomography scan, and routine blood and urine analysis.

Surgical treatment consisted of total hysterectomy with bilateral 
salpingo-oophorectomy, careful abdominal and pelvic palpation and 
exploration, random peritoneal sampling biopsies, omentectomy, 
and peritoneal washing. Para-aortic and pelvic lymph node dissec-
tion were performed according to the patient and tumor character-
istics. Preservation of the uterus and of one ovary was performed in 
young patients who wanted to preserve fertility. Adjuvant treatment 
was platinum-based chemotherapy according to the tumor and pa-
tient's clinical characteristics.

All cases were revised by a dedicated pathologist (LB) accord-
ing to the WHO12 Classification of Tumors of Female Reproductive 

Organs, while the stage of the disease was determined with the 
FIGO staging system.13

We calculated inflammatory markers as follows: neutrophil-to-
lymphocyte ratio (NLR) by dividing the absolute neutrophil count by 
the absolute lymphocyte count, platelet-to-lymphocyte ratio (PLR) 
by dividing absolute platelet count by absolute lymphocyte count, 
and systemic immune inflammation index (SII) was estimated as 
(platelet count × neutrophil count)/ lymphocyte count.

We chose the following cut-off values for serum biomarkers 
based on the literature data: NLR: 3,14,15 PLR: 169,15 SII: 730,14,15 and 
CA125: 30 U/mL.16

The study was submitted to and approved by the Ethics 
Institutional Review Board for “Biobanking and use of human tissues 
for experimental studies” of the Department of Medical Sciences of 
the University of Turin, protocol n. DSM-ChBU no. 6/2020.

Due to the retrospective nature of this study, no written in-
formed consent from the patients was necessary, as stated by our 
Ethics Institutional Review Board. All the cases were recorded in a 
dedicated database and pseudonymized.

Time for OS was stopped at the time of death or the last follow 
up with a cut-off date in December 2021. We obtained disease sta-
tus or cause of death from clinical charts and/or cancer registry data 
of our region (Piedmont Cancer Registry, Centre for Epidemiology 
and Prevention in Oncology in Piedmont). For cancer-specific sur-
vival (CSS), we counted only cancer-associated deaths, whereas 
other deaths unrelated to Stage I EOC were noted. Disease-free 
survival (DFS) was defined as the time interval from the date of the 
Stage I EOC diagnosis to the date of first recurrence or last follow up.

Statistical analyses were performed using IBM SPSS version 25 (IBM, 
Armonk, NY, USA) software. Continuous variables were reported as 
mean and range, and categorical variables as frequency and percentage. 
Differences among different survival groups were tested using Pearson's 
χ2 test or Fisher exact test, as appropriate. For the variable “age”, the 
Shapiro–Wilk test was used to test the normality of distribution, and the 
Mann–Whitney U test was used for the comparison. Survival outcomes 
(CSS and DFS) were analyzed by the Kaplan Meier method and by uni-
variate and Cox proportional hazards models. Significant variables (P val-
ues less than 0.05) were included in the multivariate analysis. Analyses 
were conducted with a 95% confidence interval (CI), and a two-sided P 
value of 0.05 was considered statistically significant.

3  |  RESULTS

One hundred and seventy-six women treated for apparent Stage I 
EOC in our center met the inclusion criteria. The mean age of the 
whole cohort was 57 years (20–85 years). Most of the patients had 
an FIGO Stage IC EOC (n = 99, 56%).

The most common histotypes were endometrioid (n = 59, 33.5%) 
and mucinous (n = 43, 24%), and most cases a histologic grade 1 
(n = 72, 41%).

Abdominal laparotomy was performed in 150 women (85%), 
whereas laparoscopic surgery was used in 26 women (15%). 
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    |  3BORELLA et al.

Forty-five patients (25%) had a fertility-sparing procedure, and 
lymphadenectomy was performed in 110 patients (63%). Adjuvant 
chemotherapy was administered in 77 patients (43%).

The values of the analyzed serum biomarkers were elevated, ac-
cording to the chosen cut-offs, as follows: CA125 > 30 in 122 (69%) 

women, NLR ≥3 in 52 (30%) women, PLR ≥169 in 32 (18%) women, 
and SII ≥730, in 53 (30%) women.

The median follow-up duration was 126 months (6–
289 months). Disease recurrence occurred in 22 patients (12.5%), 
and the median time of recurrence was 54 months (8–63 months). 

TA B L E  1  Distribution of the clinical and pathologic features according to recurrence and cancer-specific death.

Clinical characteristics Total (N = 176)
No recurrence 
(N = 154)

Recurrence 
(N = 22) P value Alive (N = 159) DOD (N = 17) P value

Age, yeara 57 (20–85) 58 (24–85) 64 (20–77) 0.34 57 (24–85) 58 (20–77) 0.58

FIGO stage

IA 67 (38%) 65 (97%) 2 (3%) 0.011 66 (99%) 1 (1%) 0.013

IB 10 (6%) 8 (80%) 2 (20%) 8 (80%) 2 (20%)

IC 99 (56%) 81 (82%) 18 (18%) 85 (86%) 14 (14%)

Histology

LG-S 22 (13%) 21 (96%) 1 (4%) 0.097 21 (93%) 1 (7%) 0.37

HG-S 25 (14%) 18 (72%) 7 (28%) 20 (80%) 5 (20%)

Endometrioid 59 (34%) 51 (86%) 8 (14%) 53 (90%) 6 (10%)

Clear cell 27 (15%) 25 (93%) 2 (7%) 25 (93%) 2 (7%)

Mucinous 43 (24%) 39 (91%) 4 (9%) 40 (93%) 3 (7%)

Grade

1 72 (41%) 69 (96%) 3 (4%) 0.013 69 (96%) 3 (4%) 0.08

2 47 (27%) 40 (85%) 7 (15%) 42 (89%) 5 (11%)

3 57 (32%) 45 (79%) 12 (21%) 48 (84%) 9 (16%)

Surgical procedure

Hysterectomy + BSO 131 (75%) 115 (88%) 16 (12%) 0.844 118 (90%) 13 (10%) 0.839

Fertility sparing surgery 45 (25%) 39 (87%) 6 (13%) 41 (91%) 4 (9%)

Surgical approach

Laparotomy 150 (85%) 134 (89%) 16 (11%) 0.08 134 (89%) 16 (11%) 0.47

Laparoscopy 26 (15%) 20 (77%) 6 (23%) 25 (96%) 1 (4%)

Pelvic bilateral lymphadenectomy

Yes 110 (63%) 93 (84%) 17 (16%) 0.126 96 (87%) 14 (13%) 0.112

No 66 (37%) 61 (92%) 5 (8%) 63 (95%) 3 (5%)

Chemotherapy

Yes 77 (43%) 75 (97%) 2 (3%) <0.001 75 (97%) 2 (3%) 0.005

No 99 (57%) 79 (80%) 20 (20%) 84 (85%) 15 (15%)

CA125

≤30 54 (31%) 53 (98%) 1 (2%) 0.003 54 (100%) 0 (0%) 0.002

>30 122 (69%) 101 (82%) 21 (18%) 105 (86%) 17 (14%)

NLR

<3 124 (70%) 121 (98%) 3 (2%) <0.001 123 (99%) 1 (1%) <0.001

≥3 52 (30%) 33 (64%) 19 (36%) 36 (69%) 16 (31%)

PLR

<169 144 (82%) 138 (96%) 6 (4%) <0.001 142 (99%) 2 (1%) <0.001

≥169 32 (18%) 16 (50%) 16 (50%) 17 (53%) 15 (47%)

SII <0.001 <0.001

<730 123 (70%) 120 (98%) 3 (2%) 123 (100%) 0 (0%)

≥730 53 (30%) 34 (64%) 19 (36%) 36 (68%) 17 (32%)

Abbreviations: BSO, bilateral salpingo-oophorectomy; DOD, dead of disease; FIGO, International Federation of Gynecology & Obstetrics; HG-S, 
high-grade serous; LG-S, low-grade serous; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-lymphocyte ratio; SII, systemic inflammatory index.
aData are presented as median (range) or as number (percentage).
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4  |    BORELLA et al.

The OS was 68%, but only 17 patients died of disease (CSS 
90.4%).

Table 1 shows the characteristics of the whole cohort and the 
comparisons between patients who experienced recurrence and 

those who remained disease-free and between patients who died of 
disease and patients who did not.

The following variables had a significantly different distribu-
tion according to recurrence and CSS: FIGO Stage, tumor grade 

TA B L E  2  Univariate analysis of variables associated with DFS and CSS.

Variable related to survival

DFS CSS

HR 95% CI P value HR 95% CI P value

Age 1.021 0.987–1.056 0.238 1.015 0.977–1.055 0.44

FIGO stage

IA 1 1

IB 7.44 1.05–52.9 0.045 15.03 1.36–166 0.027

IC 6.51 1.51–28.1 0.012 10.1 1.33–77.1 0.025

Histology

LG-S 1 1

HG-S 2.96 1.21–5.99 0.015 1.455 0.29–7.22 0.64

Endometroid 1.31 0.61–2.85 0.49 2.85 0.55–14.7 0.21

Clear cell 0.58 0.20–2.29 0.54 0.66 0.06–7.12 0.72

Mucinous 0.44 0.09–2.25 0.33 1.01 0.17–6.08 0.99

Grade

1 1 1

2 3.59 0.92–13.9 0.06 2.59 0.62–10.8 0.19

3 5.08 1.43–18.01 0.012 3.80 1.02–14.0 0.045

Surgical procedure

Hysterectomy + BSO 1

Fertility sparing surgery 1.23 0.48–3.14 0.67 1.23 0.48–3.14 0.67

Surgical approach

Laparotomy 1 1

Laparoscopy 0.30 0.04–2.25 0.24 0.40 0.53–30.3 0.38

Pelvic bilateral 
lymphadenectomy

No 1 1

Yes 0.51 0.19–1.59 0.19 0.38 0.11–1.30 0.12

Chemotherapy

No 1 1

Yes 0.12 0.03–0.55 0.006 0.17 0.04–0.74 0.018

CA125

<30 1 1

≥30 10.01 1.35–74.6 0.001 37.5 0.52–2668 0.096

NLR

<3 1 1

≥3 22.1 6.46–75.5 <0.001 56.8 7.46–433 <0.001

PLR

<169 1 1 1

≥169 16.5 6.40–42.8 <0.001 49.1 11.1–217.8 <0.001

SII

<730 1 1

≥730 23.1 6.57–80.8 <0.001 576 1.9–1707 0.03

Abbreviations: BSO, bilateral salpingo-oophorectomy; CI, confidence interval; CSS, cancer-specific survival; DFS, disease-free survival; FIGO, 
International Federation of Gynecology & Obstetrics; HG-S, high-grade serous; HR, hazard ratio; LG-S, low-grade serous; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-lymphocyte ratio; SII, systemic inflammatory index.
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    |  5BORELLA et al.

(only for recurrence), adjuvant chemotherapy, CA125, NLR, PLR, 
and SII.

Table  2 shows the univariate Cox regression model comparing 
the DFS and CSS for each analyzed prognostic variable: FIGO Stages 
IB and IC, high-grade serous histology, tumor grade 3, adjuvant che-
motherapy, CA125, NLR, PLR, and SII were associated with DFS. All 
variables associated with DFS, except for high-grade serous histol-
ogy, also correlated with CSS.

The prognostic role of NLR, PLR, and SII was confirmed by 
Kaplan–Meier curves for DFS (Figure 1) and CSS (Figure 2).

By multivariate Cox analysis, adjuvant chemotherapy (hazard 
ratio [HR] 0.17, 95% confidence interval [CI] 0.04–0.71, P = 0.02) and 
SII ≥730 (HR 6.84, 95% CI 1.30–35.9, P = 0.023) were independent 
predictors of DFS, whereas FIGO Stage IB–IC (HR 7.91, 95% CI 1.04–
59.8, P = 0.04), NLR ≥730 (HR 56.8, 95% CI 7.46–433, P < 0.001), and 
PLR ≥169 (HR 49.1 95% CI 11.1–217.8, P = 0.005) were independent 
predictors of CSS (Table 3).

4  |  DISCUSSION

The aim of this study was to search for risk factors that affect recur-
rence and CSS in a large number of consecutive patients with Stage 

I EOC who received surgical treatment in a referral center. The main 
finding of our study was that serum biomarkers such as NLR, PLR, 
and SII are associated with survival outcomes in this setting. It is 
known that immune system cells can affect all stages of tumor de-
velopment by releasing pro inflammatory cytokines.17 In particular, 
neutrophils may promote genomic instability by releasing reactive 
oxygen species and favor extracellular matrix remodeling and can-
cer cell invasion by the production of proteases, growth factors, 
and oncostatins.18 Moreover, neutrophils may stimulate tumor an-
giogenesis and suppress anti-tumor adaptive immunity.18 Similarly, 
platelets may support cancer progression in different ways: se-
creting pro-inflammatory factors (CXCL1, CXCL4, CXCL5, CXCL7, 
CXCL12, and interleukin-8), contributing to thrombosis and vascu-
lar inflammation, and promoting the recruitment of neutrophils and 
monocytes.19 On the other hand, tumor-infiltrating T lymphocytes 
may have antitumor activities in immunogenic tumors, including 
EOC.20 Because of the role of inflammatory cells in cancer devel-
opment, the prognostic significance of these biomarkers has also 
been evaluated in EOC. Nie et al.21 investigated the role of several 
prognostic factors related to progression-free survival (PFS) and 
OS in a retrospective cohort of 553 EOC patients and found that 
preoperative high-values of NLR and SII were independent factors 
related to poor survival in both groups, whereas PLR did not show 

F I G U R E  1  Kaplan–Meier curves for DFS according to (a) NLR, (b) PLR, and (c) SSI. DFS, disease-free survival; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-lymphocyte ratio; SII, systemic inflammatory index.
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6  |    BORELLA et al.

prognostic value. Also, a multicenter, retrospective analysis by the 
MITO Group on 375 patients with FIGO Stage III–IV EOC showed a 
correlation between low inflammatory markers (NLR, PLR, SII) and 
better survival. Moreover, the authors observed that NLR could 
be a predictive factor of bevacizumab efficacy and bevacizumab 
seems to be detrimental in patients with a high SII.14 The same 
study group also showed that NLR ≥3 and SII ≥730 are significantly 
associated with worse OS in platinum-sensitive EOC.15 A high NLR 
value was related to worse survival in another retrospective analy-
sis on 397 EOC regardless of BRCA-mutation status.22 More re-
cently, the role of preoperative systemic inflammatory markers was 
investigated in early-stage EOC. In a study including 359 patients 
(248 Stage I, 69%; 81 Stage II, 22.5%, 30 Stage IIIA1, 8.5%) an NLR 
≥3 and an SII ≥1000 were associated with worse 3-year DFS, and 
an SII ≥1000 was associated with worse 3-year OS.23 The unfa-
vorable prognostic role in terms of PFS and OS for NLR and PLR 
has also been confirmed in a meta-analysis including 2919 patients 
with EOC.11

Our results agree with previous studies suggesting a significant 
prognostic role for neutrophils, lymphocytes, and platelet counts 
also for Stage I EOC: at multivariate analysis, SII was found to be 
associated with shorter PFS, while NLR and PLR were associated 

with CSS. Moreover, our study is the first to evaluate the association 
between systemic inflammatory markers and CSS instead of OS. CSS 
was analyzed because we considered it a more accurate outcome for 
evaluating a potential prognostic variable as it removes competing 
causes of death24 and this is especially important considering the 
long median follow up of our study and the low mortality of Stage 
I EOC. Therefore, analysis of OS in this specific setting could be af-
fected by significant biases preventing a correct assessment of the 
analyzed prognostic factors.

Systemic inflammatory markers may change in the presence of 
infections, hematologic disorders, or some immunosuppressive or 
immunomodulatory drugs, so they may not be reliable in these sit-
uations. Regarding other gynecologic inflammatory conditions such 
as endometriosis, one study measured the NLR in these patients and 
found it higher than in controls, but the patients were younger (mean 
age 33 years) and the NLR values were lower than in our study (mean 
2.66, range 2.43–2.89), so this condition should not affect the prog-
nostic role of these biomarkers in EOC.25

The main limitation of this study is related to its retrospective 
design and to the potential differences in terms of patient man-
agement over the years due to the time range used to collect the 
study cohort.

F I G U R E  2  Kaplan–Meier curves for CSS according to (a) NLR, (b) PLR, and (c) SSI. CSS, cancer-specific survival; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-lymphocyte ratio; SII, systemic inflammatory index.
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    |  7BORELLA et al.

The main strength of this study is that, as far as we know, this 
is the first study that evaluates the prognostic role of inflammatory 
markers in Stage I EOC.

Overall, Stage I EOC is characterized by a relatively good prog-
nosis, but as a subset of patients shows an unfavorable outcome, 
there is a strong need to define novel and effective prognos-
tic markers to promptly identify them and tailor their adjuvant 
treatments. Recently, a prognostic score based on the genome 
distribution of somatic copy number variations in a retrospec-
tive cohort of Stage I EOC was proposed;9 however, systemic 
inflammatory indices are easily obtainable from patients' routine 
blood samples and may represent an inexpensive and reproduc-
ible marker for prognostic stratification and treatment tailoring. 
For example, systemic inflammatory indices could help to identify 
patients who are more likely to benefit from adjuvant chemother-
apy or targeted therapies, such as bevacizumab or PARPi, also for 
high-risk Stage I EOC. Moreover, systemic inflammatory indices 
could be used to monitor the response to treatment and the risk 
of recurrence, as well as to guide the frequency and duration of 
follow up. Systemic inflammatory markers should be interpreted 

with caution in the presence of concurrent events that can alter 
the immune response, as they could lead to false results and 
hence invalidate their prognostic value. Even though increasing 
evidence is emerging on the prognostic role of these biomarkers 
in EOC, their validation in large prospective studies is needed for 
their implementation into clinical practice. These studies should 
also define the optimal cut-off values and time points for mea-
suring these biomarkers, as well as their interaction with other 
prognostic factors.
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TA B L E  3  Multivariate analysis of variables associated with DFS and CSS.

Variable related to survival

DFS CSS

HR 95% CI P value HR 95% CI P value

FIGO stage

IA NS 1

IB–IC 7.91 1.04–59.8 0.04

Histology

Other histotypes NS NS

HG-S

Grade

1–2 NS NS

3

Chemotherapy

No 1 NS

Yes 0.17 0.04–0.71 0.02

CA125

<35 NS Not included

≥35

NLR

<3 NS 1

≥3 56.8 7.46–433 <0.001

PLR

<169 NS 1

≥169 49.1 11.1–217.8 0.005

SII

<730 1 NS

≥730 6.84 1.30–35.9 0.023

Abbreviations: CI, confidence interval; CSS, cancer-specific survival; DFS, disease-free survival; HG-S, high grade serous; HR, hazard ratio; NLR, 
neutrophil-to-lymphocyte ratio; NS, not significant; PLR, platelet-lymphocyte ratio; SII, systemic inflammatory index.
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