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Background: Naples prognostic score (NPS), a novel scoring system based on nutritional and inflammatory status, is associated with prognosis in several cancers. This study aimed to evaluate the prognostic significance of preoperative NPS in patients undergoing nephrectomy.



Patients and Methods: This study retrospectively analyzed patients with renal cell carcinoma (RCC) who underwent radical or partial nephrectomy between 2010 and 2013. The clinicopathological characteristics of patients stratified by preoperative NPS were compared. Survival analysis was performed using the Kaplan–Meier method and log-rank test. Univariate and multivariate Cox proportional hazards models were used to identify independent prognostic factors. Receiver operating characteristic curves were used to evaluate prediction efficiency.



Results: A total of 638 patients with operable RCC were included. The high-NPS group (NPS group 2) was significantly associated with older age (P < 0.001), larger tumor size (P < 0.001), worse pathological T stage (P < 0.001), positive lymph node pathology (P = 0.002), higher tumor grade (P < 0.001), and greater tumor necrosis (P < 0.001). Multivariable analysis demonstrated that the high-NPS subgroup had significantly worse overall survival (OS) [hazard ratio (HR): 2.25, 95% confidence interval (CI): 1.45–3.50, P < 0.001] and progression-free survival (PFS) (HR: 2.26, 95% CI: 1.48–3.44, P < 0.001). Among several preoperative scoring systems, NPS had the strongest discriminatory power for predicting OS and PFS.



Conclusion: Preoperative NPS can serve as a simple novel risk stratification tool to optimize the prognosis of patients with operable RCC. Further prospective and large-scale studies are needed to validate our findings.
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Introduction

The incidence of renal cell carcinoma (RCC) has increased recently, particularly in young populations (1, 2). In addition, it has been statistically reported that RCC caused 179,000 deaths globally in 2020, placing a heavy burden on social health (2). Currently, surgical nephrectomy has provided curative benefits for treating localized renal masses (3). Approximately 30% of patients, however, relapse or progress after surgery, and some may ultimately die (3–6). Therefore, it is beneficial to identify profitable prognostic indicators that guide patient risk stratification and surgical benefits.

Traditional prognostic systems mainly comprise the tumor–node–metastasis (TNM) stage and other histological evidence (3, 6). However, histological assessment often depends on the specimen after surgery; the TNM stage estimates the disease's tumor burden, ignoring information about host-related factors. Numerous studies have reported that host nutritional status and immune response are essential in the invasion and metastasis of most tumors (7, 8). Various peripheral blood markers, including neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and platelet-to-lymphocyte ratio, have been validated to be significantly associated with the survival outcome in several kinds of cancer (9–12). Previous studies have reported that many nutrition-immune score systems incorporating the markers mentioned above, including prognostic nutritional index (PNI) and controlling nutritional status (CONUT), predict the prognosis of tumor patients (13–15).

A novel scoring system, the Naples prognostic score (NPS), based on NLR, LMR, serum albumin (sALB) level, and total cholesterol (TC) level, was first proposed by Galizia et al. (16). Reportedly, preoperative NPS is an independent prognostic factor in metastatic colorectal, pancreatic, lung, and endometrial cancers (17–20). However, its prognostic value in RCC remains unclear. Therefore, this study aimed to assess whether NPS can predict the prognosis of patients with RCC after nephrectomy.



Patients and methods


Patient selection

A total of 731 patients diagnosed with RCC who underwent nephrectomy at Sichuan University West China Hospital between 2010 and 2013 were retrospectively assessed. Of these patients, those with multiple bilateral tumors (n = 7) and insufficient data (n = 48) were excluded. Furthermore, 38 patients with inflammatory diseases affecting their immunological status were excluded from the study. Finally, 638 patients were included for analysis (Figure 1). All patients underwent regular follow-ups and were examined for recurrence using laboratory tests, chest x-ray or computed tomography (CT) and ultrasound, or CT or magnetic resonance imaging of the abdomen, every 3 months for the first 2 years, every half a year for the next 3 years, and then once a year.
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FIGURE 1
Flow diagram of the selection process.




Data collection

The following clinicopathological characteristics were obtained from the electronic medical records of the hospital: age, sex, smoking and drinking habits, laboratory tests, operation approach and type, histology, tumor size, T/N stage, grade, tumor necrosis, and sarcomatoid differentiation feature. Moreover, the absolute neutrophil, lymphocyte, and monocyte count, as well as serum albumin and total cholesterol levels, were all retracted within 7 days postoperatively. Tumor size was considered the longest length based on the pathological records. The pathological T/N stage was based on the eight edition of the TNM classification (21). The pathological assessment was based on the 2016 World Health Organization classification (22).

As previously reported by Galizia et al. (16), NPS took the dichotomous NLR values (if NLR > 2.96, point 1; if not, point 0), LMR (if LMR > 4.44, point 0; if not, point 1), serum albumin concentration (if albumin concentration <4.0 or 40 g/L, point 1; if not, point 0), and total cholesterol concentration (if cholesterol level >180 mg/ml or 4.65 mmol/L, point 0; if not, point 1) into consideration. The final NPS was calculated by summing the points mentioned above. NPS group 0 represented patients with an NPS of 0; NPS group 1 included those with NPS of 1–2; NPS group 2 included those with NPS of 3–4.

The clinical endpoints were overall survival (OS) and progression-free survival (PFS). OS was defined as the time from the date of the patient's operation to the last follow-up or all-cause death. PFS was defined as the time between surgery and the last follow-up or progression of the disease, while progression was defined as occurrence of new tumor lesions or at least a 20% increase in the sum of diameters of target lesions by imaging examination regularly, or even death.



Statistical analysis

Student's t-test was employed to compare continuous variables [described as median with interquartile range (IQR)]; the chi-square and Fisher's exact tests were used to show the difference between categorized variables (presented as percentage frequency). Survival analyses of OS and PFS between the different subgroups were performed using Kaplan–Meier survival curves and the log-rank test. Time-dependent receiver operating characteristic (ROC) curves were used to show several parameters’ discriminatory power for predicting patient prognosis, including NPS, CONUT score, and PNI. Furthermore, the area under the curve (AUC) was calculated and compared.

Univariate and multivariate Cox proportional hazards regression models were used to determine independent prognostic factors of OS and PFS. Hazard ratios (HRs) with 95% confidence intervals (95% CIs) were used to demonstrate prognostic results. All statistical analyses were conducted using the R software version 4.0.3 (http://www.r-project.org/). A two-sided P-value <0.05 was regarded as a threshold for statistical significance.




Results


Clinicopathological characteristics of patients

A total of 638 patients with RCC were included in this study. The baseline patient clinicopathological characteristics are summarized in Table 1. The median age of the cohort was 55.5 years (IQR: 45.0–64.0). Of the patients, 394 were male (ratio = 61.8%) and 244 were female (ratio = 38.2%), with a median tumor size of 4.70 cm (IQR: 3.20–6.00). Concerning bad addiction, 175 (27.4%) and 127 (19.9%) patients were smokers and drinkers, respectively. Approximately two-third of the patients underwent open surgery (70.5%) and radical nephrectomy (RN) (68.8%). In addition, most (n = 539, 84.5%) patients had clear cell RCC. In addition, most patients had relatively better pathological T (T1–2, ratio = 87.9%) and N stages (N0, ratio = 98.0%). In contrast, a narrow patient had terrible tumor necrosis status (n = 77, ratio = 12.1%) and sarcomatoid differential features (n = 7, ratio = 1.10%). The median follow-up was 83.0 months (IQR: 74.0–92.8 months).


TABLE 1 Clinical characteristics of the patients between the NPS groups 0 and 1 and the NPS group 2.
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Based on the NPS system, the subgroups were as follows: NPS groups 0–1, 529 cases; NPS group 2, 109 patients. Statistical analysis showed that patients in NPS group 2 (high-NPS) were significantly associated with older age (P < 0.001), larger tumor size (P < 0.001), worse pathological T stage (P < 0.001), positive lymph node pathology (P = 0.002), higher tumor grade (P < 0.001), and greater tumor necrosis (P < 0.001) than those in the other subgroups.



Survival analysis based on NPS

Kaplan–Meier OS and PFS curves for the NPS subgroups are shown in Figure 2. A significant statistical difference in survival was observed between the NPS subgroups (OS: P < 0.001, Figure 2A; PFS: P < 0.001, Figure 2B). Lower NPS was significantly associated with higher OS and PFS benefits. In the low- and high-NPS subgroups, the 5-year OS rates were 92.63% and 57.80%, and the 5-year PFS rates were 89.04% and 49.54%, respectively.
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FIGURE 2
Kaplan–Meier curves of (A) overall survival and (B) progression-free survival for NPS groups 0 and 1 and group 2. NPS, Naples prognostic score.


Univariate and multivariate Cox regression analyses identified NPS as an independent prognostic factor for OS and PFS. The high-NPS subgroup showed significantly worse OS outcomes (HR: 2.25, 95% CI: 1.45–3.50, P < 0.001) and shorter PFS (HR: 2.26, 95% CI: 1.48–3.44, P < 0.001). The following factors were considered independent prognostic factors for OS: age, surgical approach, operation type, tumor size, pathological T and N stage, tumor grade, tumor necrosis, and sarcomatoid differentiation (Table 2).


TABLE 2 Univariate and multivariate analysis of prognostic factors for OS and PFS in the patients with RCC (n = 638).
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Discriminatory strength of three preoperative scoring system

Time-dependent ROC curves revealing the discriminatory power of the three scoring systems are shown in Figure 3. The AUC values of NPS for predicting 1-year OS and PFS were 0.821 and 0.748, respectively (Figures 3A,B). The NPS indicator had a significantly stronger AUC value than the CONUT and PNI indicators. Similarly, NPS had the largest AUC for predicting 3-year OS and PFS (OS: 0.753, Figure 3C; PFS: 0.725, Figure 3D) compared with CONUT and PNI. Therefore, NPS had the strongest discriminatory power for predicting OS and PFS among the three preoperative scoring systems.
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FIGURE 3
ROC curves revealing the discriminatory power of NPS, CONUT, and PNI indexes for predicting (A) 1-year OS, (B) 1-year PFS, (C) 3-year OS, and (D) 3-year PFS. OS, overall survival; PFS, progression-free survival; NPS, Naples prognostic score; CONUT, controlling nutritional status; PNI, prognostic nutritional index.





Discussion

In the present study, we assessed the prognostic value of NPS in patients with RCC. Correlated with acknowledged adverse factors, including older age, tumor size, pathological T/N stage, tumor grade, and tumor necrosis histological features, the high-NPS group predicted worse OS and PFS survival outcomes. Univariate and multivariate analyses showed that NPS was an independent prognostic factor for OS and PFS.

Interestingly, although the median tumor size was 4.70 cm, the majority of patients underwent RN and not partial nephrectomy (PN), which could be the reason that many research studies, such as EORTC (23), did not support a survival benefit to PN, making RN more between 2010 and 2013. However, it did not seem to affect our conclusion about prognostic significance of NPS after using proper statistical approaches to minimize the influence of operation types.

NPS, a novel inflammation-related prognostic score reported first in 2017 (16), comprehensively considers NLR, LMR, and serum albumin and total cholesterol levels. NLR and LMR include three types of inflammation-related cells: neutrophils, lymphocytes, and monocytes. Neutrophils can secrete substances, including vascular endothelial growth factor and several soluble neutrophil granules, inducing angiogenesis and tumor cell proliferation (24), remodeling the matrix, and interfering with T-cell-dependent antitumor immunity (25–27). The interaction between neutrophils and circulating tumor cells facilitates tumor cell binding to the endothelium during tumor metastasis (26). A low absolute neutrophil count in lung cancer indicates improved survival after immunotherapy (28). Lymphocytes play a fundamental role in adaptive immune responses, induce cytotoxic immune responses, and participate in the tumor microenvironment (TME). Tumor-infiltrating lymphocytes play a role in immunosurveillance (29) and regulate tumor progression and migration in many tumors, including melanoma, lung cancer, and RCC (30–32). Hence, a few lymphocytes showed mild antitumor immunological activity. Many studies have reported that lymphopenia accounts for poor survival in patients with gastric cancer and papillary RCC (33, 34). Monocytes are considered the initiators of innate immune responses. They also play a vital part in TME, namely, tumor-associated macrophages (TAMs). Currently, TAMs (divided into antitumor M1-like and pro-tumor M2-like TAMs) are regarded as essential drivers of tumor progression, metastasis, and drug resistance (35). M2-polarized TAMs have been reported to enhance angiogenesis and tumor growth by targeting many molecules, including interleukins (36, 37). Consequently, the prognostic mechanisms of NLR and LMR are easily understood, considering the above-mentioned theories. Therefore, higher NLR and lower LMR in NPS group 2 might indicate a greater tumor burden, resulting in higher pathological T and N stages, higher grades, and more significant tumor necrosis in NPS group 2.

In addition, two additional parameters, serum albumin and TC levels, were included in the NPS. Albumin, the most abundant protein in the human blood, plays a vital role in transporting compounds and stimulating tissue repair (38, 39). As a result, older people with poorer nutritional status were more likely to be categorized in the NPS group 2. Furthermore, cytokines and other proinflammatory substances reduced albumin concentration (40). Therefore, a decreased albumin level reflects malnutrition status and the intensity of the inflammatory response (41). Recently, many studies have found that sALB is associated with the prognosis of patients with RCC and worse OS, cancer-specific survival, recurrence-free survival, and PFS in the population with a lower preoperative sALB level (42–44). However, albumin concentration is influenced by many factors, including changes in body fluid volume. Therefore, the total cholesterol level was adopted to further evaluate the nutritional status. Cholesterol, a basic component of the cell membrane, mediates cell surface receptors’ mobility, interfering with the transmission of transmembrane signals (45). Consequently, many immunocompetent cells lose their immune clearance function owing to decreased cholesterol levels in their cytomembranes. In recent decades, evidence has shown that lipid metabolism and cancer onset are highly correlated (46). These observations could lead to tumor cell escape from the host immune system, accounting for increased proportion of circulating tumor cells and facilitating tumor invasion and metastasis. Based on these observations, NPS may be a credible prognostic predictor in patients with cancer.

Besides the underlying biochemical mechanisms mentioned above, clinical studies have confirmed NPS indicators’ values. Li et al. found that preoperative status was an independent prognostic predictor of OS and PFS in grade 2/3 endometrial cancer (multivariate analysis: OS: HR: 4.066, 95% CI: 1.076–15.37, P = 0.039; PFS: HR: 6.752, 95% CI: 1.537–29.671, P = 0.011) (17). Nakagawa et al. also showed NPS’s value for predicting OS independently in patients with resected pancreatic cancer (HR: 1.82, 95% CI: 1.15–2.84) (20). Kano et al. demonstrated that NPS can predict prognosis in patients with locally advanced esophageal squamous cell carcinoma and is more reliable and accurate than other systemic inflammatory and nutritional indices (47). Chen et al. retrospectively analyzed 173 patients with HER2-positive breast cancer and identified that increased NPSs correlated significantly with poor OS and disease-free survival (both P < 0.001) (48). The present results are consistent with those of previous studies. Moreover, our study is the first to identify NPS's prognostic value in an operable RCC population.

Preoperative NPS may be beneficial in clinical practice, evaluating the host's nutrition and immune status more comprehensively than only one type of inflammatory cell or one nutrition-related biomarker. Unlike pathological results, the numerous NPS items were easy to obtain because a series of laboratory tests, including complete blood count and serum albumin and total cholesterol level determination, was performed before surgery. In the existing literature, there are several kinds of scoring systems for malignant tumors, including the modified Glasgow prognostic score (mGPS), CONUT, and PNI. However, preoperative C-reactive protein (CRP) levels had to be determined to calculate GPS. CRP tests are not routinely performed in patients with RCC, limiting the use of the mGPS in actual clinical diagnosis and treatment. Concerning the CONUT score and PNI, NPS performed better in predicting the prognosis of patients with RCC than these two indices.

Our study has some limitations. First, as a retrospective cohort study, this study inevitably had potential selection bias. Second, the present study, which lacked external validation, was a single-center cohort study, and the moderate sample size might account for the attenuation of demonstrative power. Therefore, a multiple-center, large-scale, prospective validation study is required. Third, some other unknown elements might have disturbed the neutrophil, lymphocyte, and monocyte counts, as well as the sALB and TC levels, despite excluding patients with inflammatory diseases. Finally, the NPS value was determined preoperatively based on laboratory tests at some time points. We focused on the relationship between preoperative NPS and prognosis; however, dynamic changes in NPS are also valuable. Therefore, a prospective validation analysis of NPS's dynamic prognostic role is necessary.



Conclusion

NPS, a novel and simple scoring system, is an independent preoperative predictor of OS and PFS in patients with RCC who underwent surgery. The present research conclusions are similar to previous findings concerning metastatic colorectal cancer, pancreatic cancer, endometrial cancer, and early-stage non-small-cell lung cancer. This discovery highlights the significance of novel peripheral inflammatory biomarkers and outcomes in patients with RCC. Further large-scale prospective studies on NPS are essential to validate our findings.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of Sichuan University West China Hospital. The patients/participants provided their written informed consent to participate in this study.



Author contributions

YW, DZ, and XL contributed to the study design. YW, XH, and YS were responsible for collection and assembly of data. XL, YW, XH, and TL contributed to the analysis and interpretation of data. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Zheng T, Zhu C, Bassig BA, Liu S, Buka S, Zhang X, et al. The long-term rapid increase in incidence of adenocarcinoma of the kidney in the USA, especially among younger ages. Int J Epidemiol. (2019) 48(6):1886–96. doi: 10.1093/ije/dyz136

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71(3):209–49. doi: 10.3322/caac.21660

3. Chen Y, Jiang S, Lu Z, Xue D, Xia L, Lu J, et al. Development and verification of a nomogram for prediction of recurrence-free survival in clear cell renal cell carcinoma. J Cell Mol Med. (2020) 24(2):1245–55. doi: 10.1111/jcmm.14748

4. Williamson TJ, Pearson JR, Ischia J, Bolton DM, Lawrentschuk N. Guideline of guidelines: follow-up after nephrectomy for renal cell carcinoma. BJU Int. (2016) 117(4):555–62. doi: 10.1111/bju.13384

5. Jamil ML, Keeley J, Sood A, Dalela D, Arora S, Peabody JO, et al. Long-term risk of recurrence in surgically treated renal cell carcinoma: a post hoc analysis of the Eastern Cooperative Oncology Group—American College Of Radiology Imaging Network E2805 trial cohort. Eur Urol. (2020) 77(2):277–81. doi: 10.1016/j.eururo.2019.10.028

6. Klatte T, Rossi SH, Stewart GD. Prognostic factors and prognostic models for renal cell carcinoma: a literature review. World J Urol. (2018) 36(12):1943–52. doi: 10.1007/s00345-018-2309-4

7. Chrom P, Zolnierek J, Bodnar L, Stec R, Szczylik C. External validation of the systemic immune-inflammation index as a prognostic factor in metastatic renal cell carcinoma and its implementation within the international metastatic renal cell carcinoma database consortium model. Int J Clin Oncol. (2019) 24(5):526–32. doi: 10.1007/s10147-018-01390-x

8. Gao X, Pan Y, Zhou L, Li Y, Lin B, Zheng Y. The Fib-PNI-MLR score, an integrative model of coagulation cascades, nutrition status, and systemic inflammatory response, predicts urological outcomes after surgery in patients with non-metastatic renal cell carcinoma. Front Oncol. (2020) 10:555152. doi: 10.3389/fonc.2020.555152

9. Mano R, Flynn J, Blum KA, Silagy AW, DiNatale RG, Marcon J, et al. The predictive role of preoperative and postoperative neutrophil-lymphocyte ratio in sarcomatoid renal cell carcinoma. Urol Oncol. (2019) 37(12):916–23. doi: 10.1016/j.urolonc.2019.09.006

10. Hutterer GC, Stoeckigt C, Stojakovic T, Jesche J, Eberhard K, Pummer K, et al. Low preoperative lymphocyte-monocyte ratio (LMR) represents a potentially poor prognostic factor in nonmetastatic clear cell renal cell carcinoma. Urol Oncol. (2014) 32(7):1041–8. doi: 10.1016/j.urolonc.2014.04.001

11. Chang Y, An H, Xu L, Zhu Y, Yang Y, Lin Z, et al. Systemic inflammation score predicts postoperative prognosis of patients with clear-cell renal cell carcinoma. Br J Cancer. (2015) 113(4):626–33. doi: 10.1038/bjc.2015.241

12. Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja P, Ocaña A, et al. Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis. J Natl Cancer Inst. (2014) 106(6):dju124. doi: 10.1093/jnci/dju124

13. Okadome K, Baba Y, Yagi T, Kiyozumi Y, Ishimoto T, Iwatsuki M, et al. Prognostic nutritional index, tumor-infiltrating lymphocytes, and prognosis in patients with esophageal cancer. Ann Surg. (2020) 271(4):693–700. doi: 10.1097/sla.0000000000002985

14. Jeon HG, Choi DK, Sung HH, Jeong BC, Seo SI, Jeon SS, et al. Preoperative prognostic nutritional index is a significant predictor of survival in renal cell carcinoma patients undergoing nephrectomy. Ann Surg Oncol. (2016) 23(1):321–7. doi: 10.1245/s10434-015-4614-0

15. Ahiko Y, Shida D, Horie T, Tanabe T, Takamizawa Y, Sakamoto R, et al. Controlling nutritional status (CONUT) score as a preoperative risk assessment index for older patients with colorectal cancer. BMC Cancer. (2019) 19(1):946. doi: 10.1186/s12885-019-6218-8

16. Galizia G, Lieto E, Auricchio A, Cardella F, Mabilia A, Podzemny V, et al. Naples prognostic score, based on nutritional and inflammatory status, is an independent predictor of long-term outcome in patients undergoing surgery for colorectal cancer. Dis Colon Rectum. (2017) 60(12):1273–84. doi: 10.1097/dcr.0000000000000961

17. Li Q, Cong R, Wang Y, Kong F, Ma J, Wu Q, et al. Naples prognostic score is an independent prognostic factor in patients with operable endometrial cancer: results from a retrospective cohort study. Gynecol Oncol. (2021) 160(1):91–8. doi: 10.1016/j.ygyno.2020.10.013

18. Miyamoto Y, Hiyoshi Y, Daitoku N, Okadome K, Sakamoto Y, Yamashita K, et al. Naples prognostic score is a useful prognostic marker in patients with metastatic colorectal cancer. Dis Colon Rectum. (2019) 62(12):1485–93. doi: 10.1097/dcr.0000000000001484

19. Li S, Wang H, Yang Z, Zhao L, Lv W, Du H, et al. Naples prognostic score as a novel prognostic prediction tool in video-assisted thoracoscopic surgery for early-stage lung cancer: a propensity score matching study. Surg Endosc. (2021) 35(7):3679–97. doi: 10.1007/s00464-020-07851-7

20. Nakagawa N, Yamada S, Sonohara F, Takami H, Hayashi M, Kanda M, et al. Clinical implications of Naples prognostic score in patients with resected pancreatic cancer. Ann Surg Oncol. (2020) 27(3):887–95. doi: 10.1245/s10434-019-08047-7

21. Taneja K, Williamson SR. Updates in pathologic staging and histologic grading of renal cell carcinoma. Surg Pathol Clin. (2018) 11(4):797–812. doi: 10.1016/j.path.2018.07.004

22. Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM. The 2016 WHO classification of tumours of the urinary system and male genital organs—part A: renal, penile, and testicular tumours. Eur Urol. (2016) 70(1):93–105. doi: 10.1016/j.eururo.2016.02.029

23. Van Poppel H, Da Pozzo L, Albrecht W, Matveev V, Bono A, Borkowski A, et al. A prospective, randomised EORTC intergroup phase 3 study comparing the oncologic outcome of elective nephron-sparing surgery and radical nephrectomy for low-stage renal cell carcinoma. Eur Urol. (2011) 59(4):543–52. doi: 10.1016/j.eururo.2010.12.013

24. Schreiber RD, Old LJ, Smyth MJ. Cancer immunoediting: integrating immunity's roles in cancer suppression and promotion. Science. (2011) 331(6024):1565–70. doi: 10.1126/science.1203486

25. Rodriguez PC, Quiceno DG, Zabaleta J, Ortiz B, Zea AH, Piazuelo MB, et al. Arginase I production in the tumor microenvironment by mature myeloid cells inhibits T-cell receptor expression and antigen-specific T-cell responses. Cancer Res. (2004) 64(16):5839–49. doi: 10.1158/0008-5472.Can-04-0465

26. Mollinedo F. Neutrophil degranulation, plasticity, and cancer metastasis. Trends Immunol. (2019) 40(3):228–42. doi: 10.1016/j.it.2019.01.006

27. Pillay J, Kamp VM, van Hoffen E, Visser T, Tak T, Lammers JW, et al. A subset of neutrophils in human systemic inflammation inhibits T cell responses through Mac-1. J Clin Invest. (2012) 122(1):327–36. doi: 10.1172/jci57990

28. Tanizaki J, Haratani K, Hayashi H, Chiba Y, Nakamura Y, Yonesaka K, et al. Peripheral blood biomarkers associated with clinical outcome in non-small cell lung cancer patients treated with nivolumab. J Thorac Oncol. (2018) 13(1):97–105. doi: 10.1016/j.jtho.2017.10.030

29. Beckermann KE, Hongo R, Ye X, Young K, Carbonell K, Healey DCC, et al. CD28 costimulation drives tumor-infiltrating T cell glycolysis to promote inflammation. JCI Insight. (2020) 5(16):e138729. doi: 10.1172/jci.insight.138729

30. Zhang S, Zhang E, Long J, Hu Z, Peng J, Liu L, et al. Immune infiltration in renal cell carcinoma. Cancer Sci. (2019) 110(5):1564–72. doi: 10.1111/cas.13996

31. Maibach F, Sadozai H, Seyed Jafari SM, Hunger RE, Schenk M. Tumor-infiltrating lymphocytes and their prognostic value in cutaneous melanoma. Front Immunol. (2020) 11:2105. doi: 10.3389/fimmu.2020.02105

32. Bremnes RM, Busund LT, Kilvær TL, Andersen S, Richardsen E, Paulsen EE, et al. The role of tumor-infiltrating lymphocytes in development, progression, and prognosis of non-small cell lung cancer. J Thorac Oncol. (2016) 11(6):789–800. doi: 10.1016/j.jtho.2016.01.015

33. Tatara T, Suzuki S, Kanaji S, Yamamoto M, Matsuda Y, Hasegawa H, et al. Lymphopenia predicts poor prognosis in older gastric cancer patients after curative gastrectomy. Geriatr Gerontol Int. (2019) 19(12):1215–9. doi: 10.1111/ggi.13794

34. Mehrazin R, Uzzo RG, Kutikov A, Ruth K, Tomaszewski JJ, Dulaimi E, et al. Lymphopenia is an independent predictor of inferior outcome in papillary renal cell carcinoma. Urol Oncol. (2015) 33(9):388.e19–25. doi: 10.1016/j.urolonc.2014.06.004

35. Wu K, Lin K, Li X, Yuan X, Xu P, Ni P, et al. Redefining tumor-associated macrophage subpopulations and functions in the tumor microenvironment. Front Immunol. (2020) 11:1731. doi: 10.3389/fimmu.2020.01731

36. Chanmee T, Ontong P, Konno K, Itano N. Tumor-associated macrophages as major players in the tumor microenvironment. Cancers. (2014) 6(3):1670–90. doi: 10.3390/cancers6031670

37. Fu LQ, Du WL, Cai MH, Yao JY, Zhao YY, Mou XZ. The roles of tumor-associated macrophages in tumor angiogenesis and metastasis. Cell Immunol. (2020) 353:104119. doi: 10.1016/j.cellimm.2020.104119

38. Mazzaferro EM, Edwards T. Update on albumin therapy in critical illness. Vet Clin North Am Small Anim Pract. (2020) 50(6):1289–305. doi: 10.1016/j.cvsm.2020.07.005

39. Sleep D. Albumin and its application in drug delivery. Expert Opin Drug Deliv. (2015) 12(5):793–812. doi: 10.1517/17425247.2015.993313

40. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to inflammation. N Engl J Med. (1999) 340(6):448–54. doi: 10.1056/nejm199902113400607

41. Alwarawrah Y, Kiernan K, MacIver NJ. Changes in nutritional status impact immune cell metabolism and function. Front Immunol. (2018) 9:1055. doi: 10.3389/fimmu.2018.01055

42. Stenman M, Laurell A, Lindskog M. Prognostic significance of serum albumin in patients with metastatic renal cell carcinoma. Med Oncol. (2014) 31(3):841. doi: 10.1007/s12032-014-0841-7

43. Chung JW, Park DJ, Chun SY, Choi SH, Lee JN, Kim BS, et al. The prognostic role of preoperative serum albumin/globulin ratio in patients with non-metastatic renal cell carcinoma undergoing partial or radical nephrectomy. Sci Rep. (2020) 10(1):11999. doi: 10.1038/s41598-020-68975-3

44. Peng D, Zhang CJ, Tang Q, Zhang L, Yang KW, Yu XT, et al. Prognostic significance of the combination of preoperative hemoglobin and albumin levels and lymphocyte and platelet counts (HALP) in patients with renal cell carcinoma after nephrectomy. BMC Urol. (2018) 18(1):20. doi: 10.1186/s12894-018-0333-8

45. Zhang G, Zhang D, Wu J, Zhang F, Zhu Z, Chen K, et al. Low serum levels of pre-surgical total cholesterol are associated with unfavorable overall survival in patients with operable non-small cell lung cancer. Clin Lab. (2018) 64(3):321–7. doi: 10.7754/Clin.Lab.2017.170823

46. Huang B, Song BL, Xu C. Cholesterol metabolism in cancer: mechanisms and therapeutic opportunities. Nat Metab. (2020) 2(2):132–41. doi: 10.1038/s42255-020-0174-0

47. Kano K, Yamada T, Yamamoto K, Komori K, Watanabe H, Takahashi K, et al. The impact of pretherapeutic Naples prognostic score on survival in patients with locally advanced esophageal cancer. Ann Surg Oncol. (2021) 28(8):4530–9. doi: 10.1245/s10434-020-09549-5

48. Chen Y, Guan Z, Shen G. Naples prognostic score: a novel predictor of survival in patients with HER2-positive breast cancer. Future Oncol. (2022) 18(21): 2655–65. doi: 10.2217/fon-2022-0212



OPS/images/fsurg-09-969798-t002.jpg
05 PES
Univariate Multivariate Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age (per unit increase) 104(102-105) <0001 102 (101,104) 0007  102(1.01-1.04)  <0.001 102 (1.00,1.03)  0.068
Gender (male vs. female) 136 (090-206)  0.142 158 (L05-237) 0027 094 (061, 145) 0776
Smoking (+ vs. —) 116 (0.76-177) 0492 113(0.75-169) 0561

Drinking (+ vs. ) 089 (054-147)  0.661 096 (0.60-153) 0871

Operative approach (laparoscopic vs. open) 021 (011-0.41) <0001 0.24 (0.12,0.48)  <0.001 031 (0.18-054)  <0.001 052 (0.29,0.94)  0.030
Nephrectomy (partial vs. radical) 014 (007-031)  <0.001 035 (016,079) 0011  0.13(006-027) <0001 034 (0.15,0.76) 0008
Tumor size (per unit increase) 130(124-136) <0001 106 (101, 1.13) 0029  132(1.27-138)  <0.001 109 (103, 1.15)  0.004
Histology subtype (non-clear cell vs. clear cell) 101 (059-172) 097 090 (053-152) 0689

Pathological T stage (T3-4 vs. T1-2) 858 (58-1269)  <0.001 269 (171,422) <0001 962 (661-14) <0001 311 (2.02,479)  <0.001
Pathological N stage (N1 vs. N0) 163 (891-2982)  <0.001  7.08 (3.52, 1423) <0.001 183 (9.98-33.58) <0.001 7.90 (3.93,1591) <0001
Tumor grade (G3-4 vs. G1-2) 540 (334-872)  <0.001 236 (141,393)  0.001 7.2 (434-11.66) <0.001 330 (1.9, 5.56)  <0.001
Tumor necrosis (+ vs. =) 484 (323-728) <0001 165 (106,259) 0027 54 (3.67-7.96) <0001 177 (1.16,271) 0008
Sarcomatoid differentiations (+ vs. =) 542 (199-1475) <0001 381 (136,1071) 0011 499 (184-1356) 0002 364 (130,10.19) 0014
NPS group (NPS group 2 vs. NPS group 0-1) 566 (383-833) <0001 225 (145,350)  <0.001 568 (3.91-823)  <0.001 226 (148, 3.44)  <0.001

HR, hazard ratio: 95% Cl, 95% confidence interval: NPS, Naples prognostic score: OS, overall survival: PFS, progression-free survival: RCC, renal cell carcinoma.





OPS/images/fsurg-09-969798-t001.jpg
Total NPS group
0and 1 2 P-
value

No. patients 638 ) 109

Age, median (IQR) 555 540 610 <0001
(years) (450-640)  (450-630)  (49.0-680)

Gender 0.008
Male 394 (616%) 314 (94%) 80 (734%)

Female 24(382%) 215 (406%) 29 (266%)

Smoking 1000
+ 175 (27.4%) 145 (27.4%) 30 (275%)
= 463 (72.6%) 384 (726%) 79 (72.5%)

Drinking 0.635
+ 127 (199%) 103 (195%) 24 (220%)

- SIL(801%) 426 (805%) 85 (78.0%)

Operative approach 0.195
Open 450 (70.5%) 367 (69.4%) 83 (76.1%)
Laparoscopic 188 (295%) 162 (30.6%) 26 (239%)

Nephrectomy 0.005
Radial 499 (685%) 351 (664%) 88 (807%)

Partial 199 (312%) 178 (33.6%) 21 (193%)

Tumor size, median 470 450 600 <0001
(IQR) (am) (320-600)  (3.105.60)  (4.00-9.80)

Histological subtype 0200
Clear cell 59 (B45%) 42 (836%) 97 (890%)
Non-dear cell 9 (155%) 87 (164%) 12 (1.0%)

Pathological T stage <0001
T2 61 (87.9%) 485 (91.7%) 76 (69.7%)

T34 T(21%) 4 B2%) 33 (303%)

Pathological N stage 0.002
No 625 (98.0%) 523 (9B.9%) 102 (936%)

N1 130%)  6(L3%) 7 (642%)

Tumor grade <0001
G12 6 (42%) 315 (95%) 31 (284%)

G3-4 202 (456%) 214 (405%) 78 (7L6W)

Tumor necrosis <0001
+ TI21%) 45 (851%) 32 (29.4%)

- S61(57.9%) 434 (915%) 77 (70.6%)

Sarcomatoid 0302
differentiations
+ 7O00%  5095%)  2(183%)

- 631 (989%) 524 (9.1%) 107 (982%)
NLR, median (IQR) 34 347 <0001
(167-284) (3.07-437)
LMR, median (IQR) 515 313 <0001
(B74-664)  (4487.13)  (247-358)

SALB, median (IQR) 28 B2 390 <0001

(g/L) (403-450)  (412-453)  (36.1-419)





OPS/images/fsurg-09-969798-t001a.jpg
TG, median(IQR)
(mmol/L)

Naples prognsic score
0
1

2
3
4

439
(386-503)

144 (226%)
235 (36:8%)
150 (235%)
68 (10.7%)
41 (643%)

461
(4.02-520)

144 (27.2%)

235 (44.4%)

150 (28.4%)
0/(0.00%)
0/(0.00%)

336
(3:27-427)

0/(0.00%)
0/(0.00%)
0/(0.00%)
68 (624%)
41 (376%)

<0.001

<0.001

NPS, Naples prognostic score; IR, interquartile range: NLR. neutrophil-to-

lymphocyte ratio; LMR.

slbaamive TC ksl cholestesol.

Iymphocyte-to-monocyte ratio; SALB,  serum





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Prognostic significance of Naples prognostic score in operable renal cell carcinoma

		Introduction



		Patients and methods



		Patient selection



		Data collection



		Statistical analysis











		Results



		Clinicopathological characteristics of patients



		Survival analysis based on NPS



		Discriminatory strength of three preoperative scoring system











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Prognostic significance of Naples prognostic
score in operable renal cell carcinoma





OPS/images/fsurg-09-969798-g001.jpg
731 patients diagnosed with rena cell
carcinoma (2010-2013)
patients had
insuffcient data

676 patients had avaiable
ry

38 patients had
infectious dseases
638 patients were included

this study





OPS/images/fsurg-09-969798-g002.jpg
NPS group =& NPSgroup 0-1 <= NPS group 2

100
2
= o7
Qo
©
Qo
<]
5 050
£
2 i |
5” P <0.0001

o |

T v 3 5 4§ & 7 (]
survival time in year
& Number at risk
éNPSWWPO'V 529 525 513 505 500 489 479 272 122 1 ]
g eon2{100 95 80 74 68 63 61 34 13 0
¢ T3 LT A ]
survivl time in year

B NPSgroup = NPS ooup0-1 < NPSgrop2
2
Qo
©
E-1
2
Q
T
=
e

025
5 p <0.0001

o00]

1] T4 5§ 7 LI
survival time in year

s Number at risk
§,st »0-14 529 5(]5 496 484 477 471 463 265 121 1 0
g ol 108 61 st 5t 410 0
S I ] [

Sl S o






OPS/images/fsurg-09-969798-g003.jpg
1.0

0.8

06

True positive rate
0.4

0.2

0.0

—— NPS (AUC=0.821)
~—— CONUT (AUC=0.631)
—— PNI (AUC=0.652)

1.0

0.8

06

True positive rate
0.4

0.2

0.0

—— NPS (AUC=0.748)
~— CONUT (AUC=0.625)
—— PNI (AUC=0.696)

T
0.4 0.6 0.8 1.0

False positive rate

T T T T
0.4 0.6 0.8 1.0

False positive rate

1.0

0.8

06

True positive rate
0.4

0.2

0.0

—— NPS (AUC=0.753)
~—— CONUT (AUC=0.634)
—— PNI(AUC=0.677)

1.0

0.8

0.6

True positive rate
0.4

0.2

0.0

—— NPS (AUC=0.725)
~—— CONUT (AUC=0.609
—— PNI(AUC=0.642)

T T T

0.4 0.6 0.8 1.0

False positive rate

T T T
0.4 0v6 0.8 1.0

False positive rate








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





