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Background

Previous studies have suggested that the ratios of immune-inflammatory cells could serve as prognostic indicators in ovarian cancer. However, which of these is the superior prognostic indicator in ovarian cancer remains unknown. In addition, studies on the prognostic value of the platelet to neutrophil ratio (PNR) in ovarian cancer are still limited.





Methods

A cohort of 991 ovarian cancer patients was analyzed in the present study. Receiver operator characteristic (ROC) curves were utilized to choose the optimal cut-off values of inflammatory biomarkers such as neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR), platelet to lymphocyte ratio (PLR), systemic immune-inflammation index (SII), and PNR. The correlation of inflammatory biomarkers with overall survival (OS) and relapse-free survival (RFS) was investigated by Kaplan-Meier methods and log-rank test, followed by Cox regression analyses.





Results

Kaplan-Meier curves suggested that LMR<3.39, PLR≥181.46, and PNR≥49.20 had obvious associations with worse RFS (P<0.001, P=0.018, P<0.001). Multivariate analysis suggested that LMR (≥3.39 vs. <3.39) (P=0.042, HR=0.810, 95% CI=0.661-0.992) and PNR (≥49.20 vs. <49.20) (P=0.004, HR=1.351, 95% CI=1.103-1.656) were independent prognostic indicators of poor RFS. In addition, Kaplan-Meier curves indicated that PLR≥182.23 was significantly correlated with worse OS (P=0.039).





Conclusion

Taken together, PNR and LMR are superior prognostic indicators compared with NLR, PLR, and SII in patients with ovarian cancer.
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1 Introduction

Ovarian cancer is the most lethal gynecological malignancy, with an estimated 313,959 new cases and 207,252 deaths worldwide in 2020 (1). In early-stage ovarian cancer, complete surgical staging plays an important role in the selection of adjunctive therapies. Due to asymptomatic rapid progression, most ovarian cancer patients were newly diagnosed at advanced stages (2). The standard primary treatment for advanced stage ovarian cancer is cytoreductive surgery followed by platinum and taxane based chemotherapy (3). Ovarian cancer remains fatal due to its advanced stage at the time of diagnosis, resistance to chemotherapy and high relapse rate (4). According to the previous reports, the median OS and recurrence-free survival was 33.9 and 10.7 months in the surgery group, respectively (2). Therefore, there is an urgent need to evaluate potential prognostic indicators to guide therapeutic strategy, monitor treatment response, and identify patients at high risk of recurrence and death.

Accumulating studies suggest that circulating immune-inflammatory cells, including neutrophils (5), lymphocytes (6), monocytes (7), and platelets (8), play an important role in tumor progression. In addition, increasing numbers of reports have indicated that circulating immune-inflammatory cells in the peripheral blood may serve as novel prognostic indicators in various cancer, such as esophageal cancer, lung cancer, and hepatocellular cancer (9–13). Moreover, the ratios of immune-inflammatory cells such as NLR, LMR, PLR, and SII have been reported to be closely related to survival in ovarian cancer patients (14–17). However, which of these is the superior prognostic indicator in ovarian cancer remains unknown. Moreover, few studies have focused on the prognostic value of PNR in patients with ovarian cancer, although there was one study reported the association between PNR and the prognosis of ovarian cancer (18).

Therefore, we evaluated the prognostic values of NLR, LMR, PLR, SII, and PNR in ovarian cancer, and compared their capacity to predict survival in the present study.




2 Materials and methods



2.1 Patient selection

A cohort of ovarian cancer patients who received surgical treatment at Zhejiang Cancer Hospital from August 2006 to October 2018 was retrospectively analyzed. Patients who underwent neoadjuvant treatment, those without complete clinical data, and those with previous or concomitant other cancers were excluded. Finally, a total of 991 ovarian cancer patients were included in this retrospective study. Clinical data, including clinical features and laboratory data, were obtained from the electronic medical record system. The laboratory data, including CA125 levels and blood routines tests, were collected within one week before surgery. Platelet, neutrophil, lymphocyte, and monocyte counts were examined by a blood routine test. NLR was calculated as neutrophil count/lymphocyte count. LMR was calculated as lymphocyte count/monocyte count. PLR was calculated as platelet count/lymphocyte count. SII was calculated as (platelet count × neutrophil count)/lymphocyte count. PNR was calculated as platelet count/neutrophil count. Ovarian cancer stage was classified based on the International Federation of Gynecology and Obstetrics (FIGO).




2.2 Statistical analysis

Continuous variables, which do not conform to the normal distribution, were presented as median and interquartile range and compared using non-parametric tests. Categorical variables were shown as absolute values and analyzed by the chi-square test. Differences in OS and RFS were compared using the log-rank tests. The curves of OS and RFS were plotted by the Kaplan-Meier method using the GraphPad Prism 7 software. Univariate analysis was utilized to investigate the association between the prognostic indicators and survival. Cox regression analysis was used to evaluate whether prognostic indicators were significant independent factors. We chose the optimal cut-off values for NLR, LMR, PLR, SII, and PNR using the ROC curves. Statistical analysis was carried out using SPSS software version 19.0 (SPSS, Chicago, IL, USA). A P value less than 0.05 was considered statistically significant.





3 Results



3.1 Optimal cut-off value of inflammatory biomarkers

The ROC curves were utilized to choose the optimal cut-off values of NLR, LMR, PLR, SII, and PNR for predicting OS and RFS. Our results indicated that the optimal cut-off values of NLR, LMR, PLR, SII, and PNR for predicting OS were 2.87, 2.73, 182.23, 727.90, and 24.65 (Figure 1). In addition, the optimal cut-off values of NLR, LMR, PLR, SII, and PNR to indicate RFS were 2.87, 3.39, 181.46, 882.31, and 49.20, respectively (Figure 1). Due to differences between optimal cut-off values of OS and those of RFS, the cut-off values of OS and RFS were both utilized for further analysis. Patients were divided into two groups (NLR<2.87 vs. ≥2.87; LMR<2.73 vs. ≥2.73; PLR<182.23 vs. ≥182.23; SII<727.90 vs.≥727.90; PNR<24.65 vs. ≥24.65) for OS analysis. Moreover, we stratified patients into two groups (NLR<2.87 vs. ≥2.87; LMR<3.39 vs. ≥3.39; PLR<181.46 vs. ≥181.46; SII<882.31 vs.≥882.31; PNR<49.20 vs. ≥49.20) for RFS analysis.




Figure 1 | Comparison of the cut-off values for inflammatory biomarkers on overall survival (OS) and relapse-free survival (RFS) in patients with ovarian cancer.






3.2 Clinicopathological features and inflammatory biomarkers

The age ranged from 23 to 83 years, with a median age of 55 years among the 991 patients enrolled. 581 patients were menopause and 410 patients were non-menopause. There were 55 patients whose FIGO stage was I, 84 patients whose FIGO stage was II, 682 patients whose FIGO stage was III, and 170 patients whose FIGO stage was IV. 327 patients had a family history of cancer, 664 patients without family history of cancer. There were 859 patients had residual disease ≤ 1cm, 132 patients had residual disease >1cm. 829 patients were serous, 162 patients were other histology. There were 376 patients with well grade, 233 patients with moderate grade, 275 patients with poor grade, and 107 patients whose grade were unknown. 548 patients had lymph node metastasis, and 443 patients without lymph node metastasis. The median of CA125 at diagnosis was 846.45 and the range of CA125 was between 270.48 and 2062.10. There were only 51 patients within the reference range (0-35 U/ml), 940 patients beyond the reference range (>35 U/ml) (Table 1). The quartile interval of NLR, LMR, PLR, SII, and PNR were 2.15-4.43, 2.17-4.21, 128.67-267.04, 489.19-1419.68, and 30.61-64.44. The medians of NLR, LMR, PLR, SII, and PNR were 3.05, 3.00, 182.49, 797.29, and 43.61. Details of clinicopathological features and inflammatory biomarkers were shown in Table 1.


Table 1 | Baseline Characteristics of the ovarian cancer patients enrolled in the study.






3.3 Prognostic value of inflammatory biomarkers

Univariate analysis and kaplan-Meier survival analysis were carried out to investigate the prognostic value of inflammatory biomarkers. Our findings suggested that PLR was significantly correlated with the prognosis of OS (P=0.047, Table 2; Figure 2). Subsequently, these factors were further assessed by Cox multivariate analysis, and the findings indicated that FIGO stage and residual disease had a significant correlation with OS, suggesting that FIGO stage and residual disease are independent prognostic indicators of OS. However, no significant relationship between inflammatory biomarkers and prognosis was observed using COX multivariate analysis (Table 2). In addition, LMR, PLR, and PNR were significantly related to prognosis of RFS based on the univariate analysis and kaplan-Meier survival analysis (P<0.001, P=0.018, P<0.001, Table 3; Figure 3). Moreover, the univariate analysis suggested that FIGO stage, residual disease, histology, and lymph node metastasis were significantly related to prognosis (all P<0.05, Table 3). Cox multivariate analysis showed that LMR (P=0.042, HR=0.810, 95% CI=0.661-0.992) and PNR (P=0.004, HR=1.351, 95% CI=1.103-1.656) were independent prognostic indicators of poor RFS (Table 3).


Table 2 | Prognostic significance of inflammation parameters for the overall survival of surgically resectable ovarian cancer.






Figure 2 | Overall survival (OS) analysis in all 991 patients with ovarian cancer based on the NLR (A), LMR (B), PLR (C), SII (D), and PNR (E).




Table 3 | Prognostic significance of inflammation parameters for the relapse-free survival of surgically resectable ovarian cancer.






Figure 3 | Relapse-free survival (RFS) analysis in all 991 patients with ovarian cancer based on the NLR (A), LMR (B), PLR (C), SII (D), and PNR (E).






3.4 Correlation of PNR, LMR and patient characteristics

Due to the significant relationships between LMR, PNR, and prognosis, the clinical features of patients grouped by LMR and PNR were adopted and shown in Tables 4, 5. Our findings suggested that LMR had a significant close correlation with FIGO stage, histology, lymph node status, CA125 at diagnosis, platelet, neutrophil, lymphocyte, monocyte, NLR, LMR, PLR, SII, and PNR (all P<0.05, Table 4). PNR was significantly correlated with age, menopause, FIGO stage, grade, CA125 at diagnosis, platelet, neutrophil, lymphocyte, monocyte, NLR, LMR, PLR, SII, and PNR (all P<0.05, Table 5). Because of no obvious correlation between NLR, PLR, SII, and prognosis, the characteristics of patients divided by NLR, PLR, and SII were not presented.


Table 4 | Relationship between LMR and clinicopathological features in patients with ovarian cancer.




Table 5 | Relationship between PNR and clinicopathological features in patients with ovarian cancer.






3.5 Subgroup analysis based on other clinical features

To evaluate the subgroups of patients with ovarian cancer impacted by LMR and PNR, patients were divided based on age, menopause status, FIGO stage, a family history of cancer, residual disease, histology, lymph node status, and grade. RFS of age ≤ 55 patients (P=0.015), age>55 patients (P=0.002), patients without menopause (P=0.027), patients with menopause (P<0.001), patients with FIGO stage III (P=0.006), patients without a family history of cancer (P=0.002), patients with a family history of cancer (P=0.015), patients with residual disease ≤ 1 cm (P<0.001), patients with serous (P=0.003), patients without lymph node metastasis (P=0.003), patients with lymph node metastasis (P=0.041), patients with poor grade (P=0.045) were significantly worse for those with LMR<3.39, but RFS did not differ in patients whose FIGO stage was I, patients whose FIGO stage was II, patients whose FIGO stage was IV, patients with residual disease>1 cm, patients with other histology, patients with well grade, patients with moderate grade (Figure 4). Taken together, these findings suggest that LMR was significantly associated with clinical outcomes in ovarian cancer patients with FIGO stage III, with residual disease ≤ 1 cm, with serous, and with a poor grade. The status of age, menopause, a family history of cancer, and lymph node metastasis do not influence the significant relationship between LMR and survival in ovarian cancer patients.




Figure 4 | Correlation of LMR with relapse-free survival in all subtypes of ovarian cancer. RFS in patients with differential LMR level in patients with age ≤ 55 years (A), patients with age>55 years (B), patients with non-menopause (C), patients with menopause (D), patients with FIGO stage I (E), patients with FIGO stage II (F), patients with FIGO stage III (G), patients with FIGO stage IV (H), patients without family history of cancer (I), patients with family history of cancer (J), patients with residual disease ≤ 1cm (K), patients with residual disease >1cm (L), patients with histology serous (M), patients with histology other (N), patients without lymph node metastasis (O), patients with lymph node metastasis (P), patients with grade well (Q), patients with grade moderate (R), patients with grade poorly (S).



In addition, RFS of age ≤ 55 patients (P=0.011), age>55 patients (P=0.003), patients without menopause (P=0.008), patients with menopause (P=0.007), patients with FIGO stage III (P=0.002), patients without a family history of cancer (P=0.002), patients with a family history of cancer (P=0.025), patients with residual disease ≤ 1cm (P<0.001), patients with serous (P<0.001), patients without lymph node metastasis (P<0.001), patients with moderate grade (P=0.049), patients with poor grade (P=0.002) were significantly worse for those with PNR≥49.20, but RFS did not differ in patients whose FIGO stage was I, patients whose FIGO stage was II, patients whose FIGO stage was IV, patients with residual disease>1 cm, patients with other histology, patients with well grade, patients with moderate grade (Figure 5). Together, these results indicate that PNR was related to survival in ovarian cancer patients with FIGO stage III, with residual disease ≤ 1cm, with serous, without lymph node metastasis, with moderate grade, and with poor grade. The status of age, menopause, and a family history of cancer do not affect the correlation between PNR and clinical outcomes in ovarian cancer patients.




Figure 5 | Correlation of PNR with relapse-free survival in all subtypes of ovarian cancer. RFS in patients with differential PNR level in patients with age ≤ 55 years (A), patients with age>55 years (B), patients with non-menopause (C), patients with menopause (D), patients with FIGO stage I (E), patients with FIGO stage II (F), patients with FIGO stage III (G), patients with FIGO stage IV (H), patients without family history of cancer (I), patients with family history of cancer (J), patients with residual disease ≤ 1cm (K), patients with residual disease >1cm (L), patients with histology serous (M), patients with histology other (N), patients without lymph node metastasis (O), patients with lymph node metastasis (P), patients with grade well (Q), patients with grade moderate (R), patients with grade poorly (S).







4 Discussion

Numerous evidences have shown that inflammatory biomarkers have a close association with clinical features and survival in patients with ovarian cancer (10–15). Accordingly, our findings indicated that LMR was related to FIGO stage, histology, and lymph node status. In addition, PNR had a significant relationship with FIGO stage and grade. Kaplan-Meier curves and multivariate analysis both indicated that LMR and PNR were significantly correlated with recurrence free survival in patients with ovarian cancer.

However, the mechanisms of the relationship between inflammatory biomarkers and survival in patients with ovarian cancer remain unknown. There are several explanations. First, LMR is the calculated data between lymphocytes and monocytes. LMR that is associated with survival in patients with ovarian cancer is on behalf of lymphocytes and monocytes. Previous studies have shown that lymphocytes contribute to inhibiting tumor cell proliferation, migration, and invasion (19). Cytotoxic lymphocytes play an important role in eliminating residual tumor cells and being utilized in immunological therapy (20, 21). Monocytes have been proven to promote tumor development by differentiating to tumor-associated macrophages (TAMs). After receiving signals from tumor-derived chemokines, TAMs are recruited to the tumor site (22). Infiltration of TAMs has been reported to have a close correlation with the prognosis of various cancers (23, 24). Above all, this may partly explain why low LMR was related to worse recurrence free survival in patients with ovarian cancer. In addition, elevated PNR has a significant correlation with worse prognosis in patients with ovarian cancer. PNR is on behalf of platelets and neutrophils. Platelets have been proven to facilitate tumor development, while neutrophils have been shown to inhibit tumorigenesis (25, 26). Tumor-activated platelets play an important role in tumor progression by facilitating angiogenesis and metastasis (27). Moreover, platelets contribute to supervising tumor processes by regulating cancer cell recognition and effector functions that were mediated by the natural killer cells (27). Tumor associated neutrophils (TANs) play an important role in the tumor microenvironment by secreting chemokines and cytokines. N1 TANs, the subgroup of TANs, contribute to inhibiting the tumorigenesis through direct or indirect cytotoxicity (28). Tumor-entrained neutrophils (TENs) inhibit metastatic seeding in the lungs by generating H2O2. Thus, the inhibitory process mediated by neutrophils was induced at the metastatic site (29). This may partly explain why high PNR was related to poor recurrence free survival in patients with ovarian cancer. Second, low LMR and elevated PNR were significantly correlated with clinical features including FIGO stage, histology, stage, and lymph node status. Due to the association between these clinical features and the extent of tumor development, and consequently, affect the prognosis of patients with ovarian cancer. Third, systemic inflammatory response may affect the tolerance and compliance with active treatment (30), and thus influence prognosis in patients with ovarian cancer.

Clinical trials have shown that ovarian cancer patients receive little benefit from immunotherapy. The KEYNOTE-100 trial reported that an objective response rate (ORR) of 8% for the anti-programmed death 1 (PD-1) antibody pembrolizumab (31). In addition, another large immune therapy trial showed that the ORR for the anti-programmed death ligand 1 (PD-L1) antibody avelumab was 9.6% (32). Furthermore, the NINJA trial found that patients with platinum-resistant ovarian cancer who received nivolumab had no apparent improvement in OS and PFS compared to single-agent chemotherapy (33). These findings suggest that ovarian cancer patients receive little benefit from immunotherapy.

Up to now, there is no consistent conclusion about which inflammatory biomarker is the best prognostic indicator and the most clinically valuable in patients with ovarian cancer. A previous study has shown that PLR was superior to NLR as a predictor of OS and PFS in patients with ovarian cancer (34). A pilot study has indicated that PLR and monocyte-to-lymphocyte ratio (MLR) may serve as prognostic predictors compared with NLR (35). However, another study suggested that high NLR was related to survival in patients with ovarian cancer, while PLR and LMR were not associated with prognosis (36). In addition, few studies have focused on the prognostic value of SII and PNR in patients with ovarian cancer. A previous study has shown that high SII has a close relationship with poor prognosis in ovarian cancer patients (17). Elevated PNR was correlated with poor prognosis, in a cohort of 94 ovarian cancer patients in a pilot study (18). Our results indicated that LMR and PNR may serve as independent prognostic predictors in patients with ovarian cancer compared to other inflammatory biomarkers such as NLR, PLR, and SII. Although elevated PLR was associated with poor OS and RFS, PLR was not an independent prognostic indicator. NLR and SII were not significantly correlated with OS and RFS in the present study. These findings confirmed that LMR and PNR were superior compared with other inflammatory biomarkers for predicting survival among patients with ovarian cancer.

There is still controversy about which are the optimal cut-off values of these inflammatory biomarkers for predicting survival. Cut-off values were calculated by different methods in various studies (9, 15, 16, 35). To date, there is no standard method to establish a universal cut-off value. We used ROC curves to dichotomize the inflammatory biomarkers and chose the optimal cut-off value. Our results indicated that the optimal cut-off values of NLR, LMR, PLR, SII, and PNR for predicting OS were 2.87, 2.73, 182.23, 727.90, and 24.65. In addition, the optimal cut-off values of NLR, LMR, PLR, SII, and PNR for indicating RFS were 2.87, 3.39, 181.46, 882.31, and 49.20, respectively. However, the cut-off values identified in the present study may not be suitable for other studies. Therefore, these findings need to be verified in a multicenter.

Our study has some limitations: first, we did not explore the subgroup analysis based on the postoperative adjuvant treatments such as chemotherapy and targeted therapy, due to the lack of relevant data. Second, the present study was a retrospective design and single center. The prospective and multicenter study may reinforce the conclusion that PNR and LMR are superior prognostic indicators compared with NLR, PLR, and SII in patients with ovarian cancer.




5 Conclusion

Taken together, these findings indicate that PNR and LMR are superior prognostic indicators compared with NLR, PLR, and SII in patients with ovarian cancer. LMR<3.39 and PNR≥49.20 contributes to predicting relapse and assessing the patient risk stratification.
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