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Abstract

:

The importance of blood cell markers in patients with malignant tumors has been studied, but there are few studies on the prognostic value of hemoglobin-to-red cell distribution width ratio (HRR) in cancer. This is the first study to investigate the effect of preoperative HRR on patients with upper tract urothelial carcinoma (UTUC). Our retrospective cohort study included 730 UTUC patients who underwent nephroureterectomy from 2000 to 2019. Clinicopathological parameters were compared according to HRR levels, and the relationship between blood cell markers (HRR, white blood cell [WBC] count, platelet count) and prognosis was evaluated using Kaplan–Meier method and Cox regression model. We found that patients with HRR ≤ 1.05 tended to have worse renal function, higher pathological stages, and more high-grade tumors. In univariate analysis, HRR ≤ 1.05, WBC > 8.65 × 103 cells/μL and platelets >309 × 103 cells/μL were associated with poor progression-free survival (PFS), cancer-specific survival (CSS), and overall survival (OS). Multivariate analysis demonstrated that HRR ≤ 1.05 and WBC > 8.65 × 103 cells/μL were independent prognostic factors for predicting deterioration of PFS, CSS, and OS. In conclusion, HRR and WBC are easy to obtain in clinical practice and are useful indicators to provide prognostic information before surgery for UTUC.
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1. Introduction


Although upper tract urothelial carcinoma (UTUC) is a rare cancer that accounts for no more than 10% of urothelial carcinomas [1], its incidence is gradually increasing [2]. In particular, according to the 2018 Annual Report of the Taiwan Cancer Registry, UTUC comprises up to 40% of all urothelial carcinomas, which is unique compared to other countries. Unlike Western populations [3], the gender distribution of UTUC patients in Taiwan is dominated by women. A multicenter cohort study of 1436 patients from 15 institutions in Taiwan showed that 58% were female [4]. Currently, radical nephroureterectomy with bladder cuff excision remains the gold standard for the treatment of high-risk UTUC [5]. Nevertheless, even after radical surgery, 28% of patients still relapse in a median follow-up of about 3 years, and 23% can die of the disease [6]. In addition, while there are several important prognostic factors based on the final pathology of surgical specimens, there is a lack of reliable preoperative biomarkers.



Therefore, researchers around the world have been searching for useful prognostic indicators to identify suitable candidates for adjunct therapy. Blood cell markers, including white blood cell (WBC) count, platelet count, hemoglobin and red blood cell distribution width (RDW), are routinely available before surgery, and their significance in UTUC has been widely discussed [7,8,9,10,11,12,13,14,15,16,17,18,19,20]. Both WBC count and platelet count are closely related to cancer outcomes. It has been reported that cancer-associated bone marrow proliferation leads to increased WBC count and immunosuppression, and platelets can help form a permissive microenvironment and expand metastasis routes [21,22].



Hemoglobin and RDW are markers derived from red blood cells. It is believed that they can reflect the oxidative stress [23,24] and inflammation [25,26] and, therefore, are correlated with the prognosis of cancer [9,10,11,12,13,14,15,16,17,18,19,20]. The hemoglobin-to-RDW ratio (HRR) is a novel prognostic marker, and Sun et al. conducted the first study linking HRR and cancer [27]. They discovered that in patients with esophageal cancer, HRR < 0.989 was a significant factor for poor overall survival (OS) with a hazard ratio (HR) of 1.416 by multivariate analysis. The prognostic value of HRR in UTUC has not been examined. In this study, we aim to investigate the significance of HRR and other blood cell markers in UTUC patients treated with nephroureterectomy.




2. Materials and Methods


This retrospective cohort study was approved by the institutional review board of Kaohsiung Medical University Hospital (KMUH-IRB-20180214), which waived the need for formal informed consent for this type of study. All procedures performed in research involving human participants were in compliance with the ethical standards of the institutional research committee and with the 1964 Helsinki declaration. Patients who lacked complete clinicopathological or laboratory data were excluded. Specifically, 182, 118, 3, and 2 cases were excluded due to lack of complete blood count, RDW, pathological stage, and tumor focality, respectively. A total of 730 Asian patients who received nephroureterectomy for UTUC from 2000 to 2019 were included for analysis. UTUC were diagnosed through ultrasound, urinary cytology, intravenous urography, computed tomography, magnetic resonance imaging, or ureteroscopy. Radical nephroureterectomy was performed openly or laparoscopically according to the patient’s choice and the surgeon’s preference.



Patient information was obtained from medical charts and pathology reports, including age, gender, smoking, history of bladder cancer, tumor location, surgery approach, pathological T and N stages, tumor grade, focality and laboratory data. Tumors were staged according to the 2010 TNM system, the AJCC (American Joint Committee on Cancer) Cancer Staging Manual (7th edition). All patients underwent routine laboratory tests before surgery, including renal function and complete blood count. The stage of chronic kidney disease was determined by the estimated glomerular filtration rate, which was calculated using the MDRD (Modification of Diet in Renal Disease) study equation: 186 × (serum creatinine)−1.154 × (Age)−0.203 × (0.742 if female) [28]. The details of blood cell count, such as WBC count, platelet count, hemoglobin, and RDW, were collected for analysis. HRR was defined as hemoglobin (g/dL) divided by RDW (%) [27]. We analyzed all possible values within the central 80% distribution of the continuous variable to acquire the cutoffs that best distinguished the survival rate of patients. Progression-free survival (PFS), cancer-specific survival (CSS), and OS were the time from the date of surgery to each endpoint, namely disease progression, cancer-specific death, all-cause mortality, or last visit.



Following the institutional guideline, urine cytology and cystoscopy were performed every three months for the first two years after surgery, every six months for the next two years, and once a year thereafter. Patients regularly received chest X-ray, abdominal ultrasound, and computed tomography during the follow-up. Progression was defined as recurrence at the local surgical site, lymph node involvement, and distant metastasis. Tumors that recurred in the contralateral upper urinary tract or bladder were not considered relapses.



In this study, all analyses were performed with SPSS statistical software version 22 (IBM, Armonk, New York, NY, USA). Continuous variables were presented as mean ± standard deviation, and categorical variables were presented as counts and percentages. Pearson chi-square test and Student’s t test were used to compare categorical variables and continuous variables, respectively. For all statistics, p < 0.05 was considered significant. Survival rates were analyzed by the Kaplan–Meier method, and survival curves were compared with the log-rank test. The Cox regression model was used to determine the significant predictors of PFS, CSS, and OS in univariate analysis, and these significant parameters were incorporated into multivariate analysis to identify independent prognostic factors. Specifically, we did not include hemoglobin or RDW in the multivariate model to prevent overadjustment and collinearity to HRR.




3. Results


3.1. Patient Characteristics


The study recruited 730 patients, including 407 females and 323 males. The clinical and pathological characteristics of the patients are summarized in Table 1. The mean age of this population was 67.36 ± 10.48 years. A total of 21% of patients smoked, and a history of bladder cancer was noticed in 111 patients (15.2%). Of all 730 cases, 319 (43.7%) had tumors in the renal pelvis, 270 (37.0%) had tumors in the ureter, and the remaining cases (19.3%) had tumors in both locations. The proportion of tumor stages was 17.8% for pTa/pTis, 23.7% for pT1, 21.6% for pT2, 30.3% for pT3, and 6.6% for pT4. Lymph node metastasis was found in 6.8% of patients. In terms of tumor grade, low grade and high grade were 129 cases (17.7%) and 601 cases (82.3%), respectively. Most patients (73.3%) only had solitary tumors in the upper urinary tract, while 195 patients (26.7%) had multiple tumors. In all, 10 (1.3%) and 126 (17.3%) patients received neoadjuvant and adjuvant chemotherapy, respectively.




3.2. Clinicopathological Features in High and Low HRR Groups


In Table 1, 730 patients were divided into two groups, 603 cases in the low HRR (≤1.05) group and 127 cases in the high HRR (>1.05) group. The analysis showed that there were no differences in the history of bladder cancer, tumor location, nodal status, focality, and WBC count between the two groups. However, patients in the high HRR group were significantly younger (63.58 ± 10.21 vs. 68.15 ± 10.37, p < 0.00001), predominantly male (p < 0.00001), and had higher hemoglobin levels (14.45 ± 0.91 vs. 11.11 ± 1.69, p < 0.00001), lower RDW (12.72 ± 0.59 vs. 14.17 ± 2.14, p < 0.00001), lower chronic kidney disease stage (p < 0.00001), more low-grade tumors (p = 0.028), a greater chance of receiving laparoscopic surgery (p = 0.016), milder pathological stage (p = 0.009), and lower platelet count (p = 0.002).




3.3. Kaplan–Meier Analysis


Figure 1 shows the Kaplan–Meier curve of PFS, CSS, and OS according to WBC count, platelet count, and HRR level. The mean follow-up was 41.74 months. We found that patients with elevated WBC or platelet counts had poor PFS (Figure 1a,d, both p < 0.00001), CSS (Figure 1b,e, both p < 0.0001) and OS (Figure 1c,f, both p < 0.0001). The 5-year PFS, CSS and OS of patients with low HRR were also significantly worse (Figure 1g: 67.1% vs. 75.4%, p = 0.043; Figure 1h: 80.8% vs. 90.2%, p = 0.042; Figure 1i: 68.9% vs. 85.8%, p = 0.0003, respectively).




3.4. Cox Regression Analysis


Table 2 lists the results of univariate analysis for PFS, CSS, and OS. Older age was associated with inferior OS (p = 0.001), but not related to PFS and CSS. In terms of gender, male patients had significantly worse PFS (p = 0.036) and CSS (p = 0.046). Patients with synchronous pelvicalyceal and ureteral tumors had poor prognosis (p = 0.0001, 0.006, and 0.001 for PFS, CSS, and OS, respectively). For pathological features, advanced pathological T stage (all p < 0.00001), positive lymph node involvement (all p < 0.00001), high tumor grade (p < 0.00001 for PFS, p = 0.0002 for CSS, and p = 0.00007 for OS), and multifocality (p = 0.00004 for PFS, p = 0.002 for CSS, and p = 0.007 for OS) were all strongly associated with poor disease outcomes. As for hemogram, high WBC count (>8.65 × 103 cells/μL) and high platelet count (>309 × 103 cells/μL) were related to worse PFS (both p < 0.00001), CSS (both p = 0.00003), and OS (p < 0.00001 and p = 0.00005, respectively). However, low hemoglobin (≤11.4 g/dL) was only associated with inferior OS (p = 0.006), and high RDW (>14.1%) was significantly related to poor PFS (p = 0.027) and OS (p < 0.00001) but not to CSS. Of note, low HRR (≤1.05) was significantly associated with dismal PFS (HR 1.529; 95% CI: 1.011–2.313), CSS (HR 1.853; 95% CI: 1.014–3.386), and OS (HR 2.493; 95% CI: 1.491–4.168).



Multivariate analyses of PFS, CSS, and OS are shown in Table 3. Older age was still associated with a significant decrease in OS (p = 0.015). Advanced pathological T stage (all p < 0.00001) and positive nodal status (p < 0.00001 for PFS, p = 0.00006 for CSS, and p < 0.00001 for OS) were both significant risk factors. Regarding blood cell markers, high WBC count was associated with poor prognosis (p < 0.00001 for PFS, p = 0.0001 for CSS, and p < 0.00001 for OS). In addition, low HRR was an independent prognostic factor for worse PFS (HR 1.873; 95% CI:1.191–2.944), CSS (HR 2.174; 95% CI:1.130–4.182), and OS (HR 2.515; 95% CI:1.460–4.331).





4. Discussion


HRR data are commonly available and can be widely used as a clinically applicable indicator. In our study, patients with low HRR have higher pathological stages, higher tumor grades, and worse PFS, CSS, and OS after adjusting for a variety of confounders, suggesting its correlation with advanced pathological characteristics and its value in predicting survival of UTUC patients. Therefore, it is promising to combine HRR with other important clinicopathological factors to help surgeons identify suitable candidates for multimodal treatment. However, the use of HRR in patients receiving red blood cell transfusions may be limited because transfusions can weaken its prognostic value by altering hemoglobin and RDW [29].



In multivariate analysis, we found that WBC count >8.65 × 103 cells/μL was significantly associated with poor prognosis, which was similar to previous reports on UTUC [5,8,14,16]. Although each report set a different threshold, ranging from 7.6 × 103 to 8.3 × 103 cells/μL, they still came to the same conclusion that elevated WBC count was related to poor UTUC survival. The prognostic potential of the WBC count can be explained by the mechanism of cancer-related inflammation, which has two pathways, namely extrinsic and intrinsic pathways. Both pathways can activate transcription factors, including nuclear factor-κB and signal transducer and activator of transcription 3 (STAT3). In turn, chemokines will be produced, including interleukin 8 and CC-chemokine ligand 2 (CCL2). The cascade may induce leukocyte recruitment and angiogenesis, ultimately leading to tumor progression [30].



The prognostic value of hemoglobin has been examined in UTUC, and its possible mechanism involves hypoxia-inducible factors (HIFs), which regulate the expression of genes that contribute to angiogenesis, motility, invasion, and metastasis [31]. However, there are some inconsistencies in different studies. Among the 11 reports we reviewed [9,11,12,13,14,15,16,17,19,20,32], five of them described the association between low hemoglobin level and worsening of PFS or recurrence-free survival [9,11,14,20,32], whereas the other three cohort studies failed to demonstrate its significance [12,13,15]. Six studies concluded that low hemoglobin levels were associated with poor CSS [9,11,12,14,20,32], while Sakano et al. [16], Takahara et al. [19] and Chung et al. [11] denied this finding. Two retrospective studies showed that patients with anemia had inferior OS [11,32], but Rink et al. [17] and Qin et al. [15] could not confirm this correlation. Taken together, hemoglobin may be a useful marker, but its prognostic effect in UTUC is not consistent. In our univariate analysis, hemoglobin ≤11.4 g/dL can predict OS but not PFS or CSS.



RDW is an index used to measure the size distribution of red blood cells, which helps distinguish different types of anemia. Recently, its prognostic potential in malignant tumors has been described. Although the exact mechanism is uncertain, various hypotheses have been proposed, such as impaired functional status [33] and malnutrition [34]. Six meta-analyses reported the relationship between RDW and cancer survival [35,36,37,38,39,40]. Five of them revealed that patients with high RDW tended to have lower OS and PFS [35,36,37,38,39]. Despite this, of the three articles which analyzed the association between RDW and CSS, only one systemic review showed a significant correlation [36,39,40]. For UTUC, it was also observed that high RDW (≥14.0%) could reflect the patient’s OS but not CSS [10]. Similar to most previous meta-analyses, our study found that RDW >14.1% was associated with PFS and OS, but not with CSS. In short, RDW is a prognostic factor for OS, but its role in predicting CSS may be limited.



Although many researchers have emphasized the individual impact of hemoglobin and RDW, few people understand the relationship between HRR and prognosis in cancer patients. In this study, HRR can retain the advantages of hemoglobin and RDW, and is significantly correlated with PFS, CSS, and OS of UTUC. It is known that both hemoglobin and RDW are affected by factors that lead to tumor development or poor prognosis, such as inflammation [25,26], oxidative stress [23,24], impaired functional status [33,41], aging [42,43], malnutrition [34,44], and decreased renal function [44,45]. Since these factors can cause anemia and increase RDW, dividing hemoglobin by RDW may provide a more powerful marker than using a single parameter alone.



The underlying mechanism between HRR and carcinogenesis is unclear, and we attempt to propose the potential hypotheses. Although anemia itself causes an increase in RDW [46], their interaction with cancer is much more complicated. Inflammatory cytokines secreted by tumors, such as IL-6 and TNF-α [47,48], can change the tumor and hematopoietic microenvironment, leading to worsening tumor oxygenation [49] and tumor-related anemia [50,51]. Subsequently, hypoxia [52] and TNF-α [53] further shorten the lifespan of erythrocytes and give rise to the release of a large number of immature red blood cells in the circulation, which leads to a rise in RDW. Oxidative stress [54] and inducible cytokines, caused by hypoxia-induced HIF-1α [55] and anemia of inflammation [53], respectively, can also reduce erythrocyte survival and increase RDW [26]. From another perspective, RDW is considered to be a marker of cancer-associated inflammation [25], which can result in a decrease in red blood cell production [56]. As a common poor prognostic factor in cancer, aging is related to both hemoglobin and RDW. With age, anemia becomes more prevalent due to poor hematopoietic function or weakened response to erythropoietin [42]. RDW is involved in the aging pathways [57], and elevated RDW is also a significant indicator of cell senescence, that is, telomere shortening [43]. In summary, compared with individual components, HRR enhances the impact on carcinogenesis and represents a more effective marker.



Limited articles have investigated the effect of HRR on cancers. A study of 85 gastric cancer cases showed that patients with high HRR (≥0.89) had better PFS and OS [58]. In a retrospective study of 205 patients with head and neck cancer, low HRR (≤1.019) had a negative impact on event-free survival [59]. Another study recruited 153 patients diagnosed with non-small cell lung cancer, and the results revealed that HRR <0.88 reduced PFS and OS [60]. With the HRR cutoff value of 0.985, a similar association was also found in a report of 146 small cell lung cancer patients [61]. Yilmaz et al. showed that HRR could predict PFS and OS in 152 patients with muscle-invasive bladder cancer, and that HRR <0.94 was associated with advanced tumor stage and grade and more lymphovascular invasion and perineural invasion [62]. Consistent with previous studies, our findings also support that UTUC patients with low HRR have adverse pathological features and poor outcomes.



Our study had limitations. First of all, this was a retrospective study of a medical center and two metropolitan hospitals. Second, all the included cases were Asians, so the results needed to be verified in other ethnicities. Third, we did not collect patient nutritional data, such as serum iron, ferritin, vitamin B12, and folic acid, so these potential confounding factors could not be corrected. Finally, this study did not investigate markers derived from WBC differentials. For one reason, there was no routine check of differential counts in our practice. More importantly, analyzing these markers (such as the neutrophil to lymphocyte ratio or platelet to lymphocyte ratio) along with WBC or platelet counts in the Cox regression model was very likely to cause statistical errors due to overadjustment and collinearity. For the same reason, hemoglobin and RDW were not included in multivariate analysis.




5. Conclusions


Our study found that low HRR and high WBC count were independent indicators for predicting UTUC patients with poor PFS, CSS, and OS. The mechanism between HRR and carcinogenesis is complex, and the intertwined relationship may stem from tumor-related anemia, hypoxia, oxidative stress, cancer-associated inflammation, or the involvement of aging pathways. These markers are characterized by low cost and high accessibility and can serve as useful prognostic factors for UTUC. With the help of blood cell markers obtained by preoperative examination, we expect to refine our treatment strategy and follow-up program to achieve ideal personalized management. Future prospective studies are warranted to validate their clinical significance.







Author Contributions


Conceptualization, H.-C.Y.; Data curation, Y.-C.S., C.-C.L., H.-C.S., H.-L.K., W.-M.L., H.-Y.L., C.-Y.L. and S.-F.Y.; Formal analysis, H.-P.T. and H.-C.Y.; Writing—original draft preparation, Y.-C.S. and H.-C.S.; Writing—review and editing, S.-C.W., W.-J.W. and H.-C.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Kaohsiung Medical University, grant number NCTUKMU108-BIO-01-2, Ministry of Science and Technology, grant number MOST 109-2314-B-037-095, Kaohsiung Medical University Hospital, grant number KMUH-DK-109007, Kaohsiung Medical University Regenerative Medicine and Cell Therapy Research Center, grant number KMU-TC108A02, and Kaohsiung Medical University Cohort Research Center, grant number KMU-TC108B07.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board of Kaohsiung Medical University Hospital (protocol code KMUH-IRB-20180214, approved on 3 July 2018).




Informed Consent Statement


Informed consent was waived due to the retrospective nature of the study, and anonymous clinical data was used for the analysis.




Data Availability Statement


The data presented in this study are available upon reasonable request from the corresponding author. The data are not publicly available due to patient privacy.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics. Ca Cancer J. Clin. 2021, 71, 7–33. [Google Scholar] [CrossRef] [PubMed]

	



Raman, J.D.; Messer, J.; Sielatycki, J.A.; Hollenbeak, C.S. Incidence and survival of patients with carcinoma of the ureter and renal pelvis in the USA, 1973–2005. Bju Int. 2011, 107, 1059–1064. [Google Scholar] [CrossRef]

	



Milojevic, B.; Dzamic, Z.; Grozdic Milojevic, I.; Bumbasirevic, U.; Santric, V.; Kajmakovic, B.; Janicic, A.; Durutovic, O.; Dragicevic, D.; Bojanic, N.; et al. Prognostic value of Balkan endemic nephropathy and gender on upper tract urothelial carcinoma outcomes after radical nephroureterectomy: A cohort study. Urol. Oncol. 2021. [Google Scholar] [CrossRef]

	



Yu, L.C.; Chang, C.H.; Huang, C.P.; Huang, C.Y.; Hong, J.H.; Tai, T.Y.; Weng, H.Y.; Lo, C.W.; Tsai, C.Y.; Lee, Y.K.; et al. Prognostic Significance of Primary Tumor Location in Upper Tract Urothelial Carcinoma Treated with Nephroureterectomy: A Retrospective, Multi-Center Cohort Study in Taiwan. J. Clin. Med. 2020, 9, 3866. [Google Scholar] [CrossRef]

	



Lughezzani, G.; Sun, M.; Perrotte, P.; Shariat, S.F.; Jeldres, C.; Budaus, L.; Alasker, A.; Duclos, A.; Widmer, H.; Latour, M. Should bladder cuff excision remain the standard of care at nephroureterectomy in patients with urothelial carcinoma of the renal pelvis? A population-based study. Eur. Urol. 2010, 57, 956–962. [Google Scholar] [CrossRef] [PubMed]

	



Margulis, V.; Shariat, S.F.; Matin, S.F.; Kamat, A.M.; Zigeuner, R.; Kikuchi, E.; Lotan, Y.; Weizer, A.; Raman, J.D.; Wood, C.G.; et al. Outcomes of radical nephroureterectomy: A series from the upper tract urothelial carcinoma collaboration. Cancer 2009, 115, 1224–1233. [Google Scholar] [CrossRef]

	



Lehmann, J.; Suttmann, H.; Kovač, I.; Hack, M.; Kamradt, J.; Siemer, S.; Wullich, B.; Zwergel, U.; Stöckle, M. Transitional cell carcinoma of the ureter: Prognostic factors influencing progression and survival. Eur. Urol. 2007, 51, 1281–1288. [Google Scholar] [CrossRef]

	



Foerster, B.; Moschini, M.; Abufaraj, M.; Soria, F.; Gust, K.M.; Rouprêt, M.; Karakiewicz, P.I.; Briganti, A.; Rink, M.; Kluth, L. Predictive and prognostic value of preoperative thrombocytosis in upper tract urothelial carcinoma. Clin. Genitourin. Cancer 2017, 15, e1039–e1045. [Google Scholar] [CrossRef]

	



Rink, M.; Sharifi, N.; Fritsche, H.-M.; Aziz, A.; Miller, F.; Kluth, L.A.; Ngamsri, T.; Dahlem, R.; Chun, F.K.; Shariat, S.F. Impact of preoperative anemia on oncologic outcomes of upper tract urothelial carcinoma treated with radical nephroureterectomy. J. Urol. 2014, 191, 316–322. [Google Scholar] [CrossRef]

	



Cheng, Y.C.; Huang, C.N.; Wu, W.J.; Li, C.C.; Ke, H.L.; Li, W.M.; Tu, H.P.; Li, C.F.; Chang, L.L.; Yeh, H.C. The prognostic significance of inflammation-associated blood cell markers in patients with upper tract urothelial carcinoma. Ann. Surg. Oncol. 2016, 23, 343–351. [Google Scholar] [CrossRef] [PubMed]

	



Chung, H.S.; Hwang, E.C.; Kim, M.S.; Yu, S.H.; Jung, S.I.; Kang, T.W.; Choi, C.; Choi, S.H.; Kwon, T.G.; Noh, J.H. Effects of Variant Histology on the Oncologic Outcomes of Patients with Upper Urinary Tract Carcinoma After Radical Nephroureterectomy: A Propensity Score–Matched Analysis. Clin. Genitourin. Cancer 2019, 17, e394–e407. [Google Scholar] [CrossRef]

	



Fujita, K.; Uemura, M.; Yamamoto, Y.; Tanigawa, G.; Nakata, W.; Sato, M.; Nagahara, A.; Kiuchi, H.; Nakai, Y.; Matsumiya, K. Preoperative risk stratification for cancer-specific survival of patients with upper urinary tract urothelial carcinoma treated by nephroureterectomy. Int. J. Clin. Oncol. 2015, 20, 156–163. [Google Scholar] [CrossRef]

	



Gunay, L.M.; Akdogan, B.; Koni, A.; Inci, K.; Bilen, C.Y.; Ozen, H. Upper urinary tract transitional cell carcinoma: Is there a best? Clin. Genitourin. Cancer 2013, 11, 39–44. [Google Scholar] [CrossRef]

	



Milojevic, B.; Dzamic, Z.; Kajmakovic, B.; Durutovic, O.; Bumbasirevic, U.; Grujicic, S.S. Prognostic impact of preoperative anemia on urothelial and extraurothelial recurrence in patients with upper tract urothelial carcinoma. Clin. Genitourin. Cancer 2015, 13, 485–491. [Google Scholar] [CrossRef]

	



Qin, C.; Liang, E.L.; Du, Z.Y.; Qiu, X.Y.; Tang, G.; Chen, F.R.; Zhang, B.; Tian, D.W.; Hu, H.L.; Wu, C.L. Prognostic significance of urothelial carcinoma with divergent differentiation in upper urinary tract after radical nephroureterectomy without metastatic diseases: A retrospective cohort study. Medicine 2017, 96. [Google Scholar] [CrossRef]

	



Sakano, S.; Matsuyama, H.; Kamiryo, Y.; Hayashida, S.; Yamamoto, N.; Kaneda, Y.; Nasu, T.; Hashimoto, O.; Joko, K.; Baba, Y. Risk group stratification based on preoperative factors to predict survival after nephroureterectomy in patients with upper urinary tract urothelial carcinoma. Ann. Surg. Oncol. 2013, 20, 4389–4396. [Google Scholar] [CrossRef]

	



Rink, M.; Soave, A.; Dahlem, R.; Aziz, A.; Al-Sayed, F.; Peine, S.; Engel, O.; Kluth, L.A.; Stenzl, A.; Burger, M. Impact of perioperative allogenic blood transfusion on survival after radical nephroureterectomy for upper tract urothelial carcinoma. Clin. Genitourin. Cancer 2016, 14, 96–104. [Google Scholar] [CrossRef]

	



Tan, P.; Chen, J.; Xie, N.; Xu, H.; Ai, J.; Xu, H.; Liu, L.; Yang, L.; Wei, Q. Is preoperative serum lactate dehydrogenase useful in predicting the outcomes of patients with upper tract urothelial carcinoma? Cancer Med. 2018, 7, 5096–5106. [Google Scholar] [CrossRef] [PubMed]

	



Takahara, K.; Inamoto, T.; Komura, K.; Watsuji, T.; Azuma, H. Post-operative urothelial recurrence in patients with upper urinary tract urothelial carcinoma managed by radical nephroureterectomy with an ipsilateral bladder cuff: Minimal prognostic impact in comparison with non-urothelial recurrence and other clinical indicators. Oncol. Lett. 2013, 6, 1015–1020. [Google Scholar] [CrossRef]

	



Yeh, H.C.; Chien, T.M.; Wu, W.J.; Li, C.C.; Li, W.M.; Ke, H.L.; Chou, Y.H.; Wang, C.J.; Huang, S.P.; Li, C.F.; et al. Is preoperative anemia a risk factor for upper tract urothelial carcinoma following radical nephroureterectomy? Urol. Oncol. 2016, 34, 337.e1–337.e9. [Google Scholar] [CrossRef] [PubMed]

	



Gabrilovich, D.I.; Nagaraj, S. Myeloid-derived suppressor cells as regulators of the immune system. Nat. Rev. Immunol. 2009, 9, 162–174. [Google Scholar] [CrossRef]

	



Schlesinger, M. Role of platelets and platelet receptors in cancer metastasis. J. Hematol. Oncol. 2018, 11, 125. [Google Scholar] [CrossRef] [PubMed]

	



Friedman, J.S.; Lopez, M.F.; Fleming, M.D.; Rivera, A.; Martin, F.M.; Welsh, M.L.; Boyd, A.; Doctrow, S.R.; Burakoff, S.J. FRSOD2-deficiency anemia: Protein oxidation and altered protein expression reveal targets of damage, stress response, and antioxidant responsiveness. Blood 2004, 104, 2565–2573. [Google Scholar] [CrossRef]

	



Patel, K.V.; Semba, R.D.; Ferrucci, L.; Newman, A.B.; Fried, L.P.; Wallace, R.B.; Bandinelli, S.; Phillips, C.S.; Yu, B.; Connelly, S.; et al. Red cell distribution width and mortality in older adults: A meta-analysis. J. Gerontol. A Biol. Sci. Med. Sci. 2010, 65, 258–265. [Google Scholar] [CrossRef]

	



Lippi, G.; Targher, G.; Montagnana, M.; Salvagno, G.L.; Zoppini, G.; Guidi, G.C. Relation between red blood cell distribution width and inflammatory biomarkers in a large cohort of unselected outpatients. Arch. Pathol. Lab. Med. 2009, 133, 628–632. [Google Scholar] [CrossRef]

	



Weiss, G.; Ganz, T.; Goodnough, L.T. Anemia of inflammation. Blood 2019, 133, 40–50. [Google Scholar] [CrossRef]

	



Sun, P.; Zhang, F.; Chen, C.; Bi, X.; Yang, H.; An, X.; Wang, F.; Jiang, W. The ratio of hemoglobin to red cell distribution width as a novel prognostic parameter in esophageal squamous cell carcinoma: A retrospective study from southern China. Oncotarget 2016, 7, 42650. [Google Scholar] [CrossRef]

	



Levey, A.S.; Bosch, J.P.; Lewis, J.B.; Greene, T.; Rogers, N.; Roth, D. A more accurate method to estimate glomerular filtration rate from serum creatinine: A new prediction equation. Modification of Diet in Renal Disease Study Group. Ann. Intern. Med. 1999, 130, 461–470. [Google Scholar] [CrossRef]

	



Spadaro, S.; Taccone, F.S.; Fogagnolo, A.; Franchi, F.; Scolletta, S.; Ragazzi, R.; Fanni, A.; Marangoni, E.; Govoni, M.; Reverberi, R.; et al. The effects of blood transfusion on red blood cell distribution width in critically ill patients: A pilot study. Transfusion 2018, 58, 1863–1869. [Google Scholar] [CrossRef]

	



Mantovani, A. Molecular pathways linking inflammation and cancer. Curr. Mol. Med. 2010, 10, 369–373. [Google Scholar] [CrossRef]

	



Schito, L.; Semenza, G.L. Hypoxia-inducible factors: Master regulators of cancer progression. Trends Cancer 2016, 2, 758–770. [Google Scholar] [CrossRef] [PubMed]

	



Tan, P.; Xie, N.; Ai, J.; Xu, H.; Xu, H.; Liu, L.; Yang, L.; Wei, Q. The prognostic significance of Albumin-to-Alkaline Phosphatase Ratio in upper tract urothelial carcinoma. Sci. Rep. 2018, 8, 1–8. [Google Scholar] [CrossRef] [PubMed]

	



de Gonzalo-Calvo, D.; de Luxán-Delgado, B.; Rodríguez-González, S.; García-Macia, M.; Suárez, F.M.; Solano, J.J.; Rodríguez-Colunga, M.J.; Coto-Montes, A. Interleukin 6, soluble tumor necrosis factor receptor I and red blood cell distribution width as biological markers of functional dependence in an elderly population: A translational approach. Cytokine 2012, 58, 193–198. [Google Scholar] [CrossRef]

	



Dugdale, A.E. Predicting iron and folate deficiency anaemias from standard blood testing: The mechanism and implications for clinical medicine and public health in developing countries. Biol. Med. Model. 2006, 3, 34. [Google Scholar] [CrossRef] [PubMed]

	



Ai, L.; Mu, S.; Hu, Y. Prognostic role of RDW in hematological malignancies: A systematic review and meta-analysis. Cancer Cell Int. 2018, 18, 61. [Google Scholar] [CrossRef] [PubMed]

	



Tham, T.; Bardash, Y.; Teegala, S.; Herman, W.S.; Costantino, P.D. The red cell distribution width as a prognostic indicator in upper aerodigestive tract (UADT) cancer: A systematic review and meta-analysis. Am. J. Otolaryngol. 2018, 39, 453–458. [Google Scholar] [CrossRef]

	



Wang, P.F.; Song, S.Y.; Guo, H.; Wang, T.J.; Liu, N.; Yan, C.X. Prognostic role of pretreatment red blood cell distribution width in patients with cancer: A meta-analysis of 49 studies. J. Cancer 2019, 10, 4305–4317. [Google Scholar] [CrossRef]

	



Zhou, Y.; Li, X.; Lu, Z.; Zhang, L.; Dai, T. Prognostic significance of red blood cell distribution width in gastrointestinal cancers: A meta-analysis. Medicine 2020, 99, e19588. [Google Scholar] [CrossRef]

	



Hu, L.; Li, M.; Ding, Y.; Pu, L.; Liu, J.; Xie, J.; Cabanero, M.; Li, J.; Xiang, R.; Xiong, S. Prognostic value of RDW in cancers: A systematic review and meta-analysis. Oncotarget 2017, 8, 16027–16035. [Google Scholar] [CrossRef]

	



Xu, W.Y.; Yang, X.B.; Wang, W.Q.; Bai, Y.; Long, J.Y.; Lin, J.Z.; Xiong, J.P.; Zheng, Y.C.; He, X.D.; Zhao, H.T.; et al. Prognostic impact of the red cell distribution width in esophageal cancer patients: A systematic review and meta-analysis. World J. Gastroenterol. 2018, 24, 2120–2129. [Google Scholar] [CrossRef]

	



Penninx, B.W.; Pahor, M.; Cesari, M.; Corsi, A.M.; Woodman, R.C.; Bandinelli, S.; Guralnik, J.M.; Ferrucci, L. Anemia is associated with disability and decreased physical performance and muscle strength in the elderly. J. Am. Geriatr. Soc. 2004, 52, 719–724. [Google Scholar] [CrossRef]

	



Groarke, E.M.; Young, N.S. Aging and hematopoiesis. Clin. Geriatr. Med. 2019, 35, 285–293. [Google Scholar] [CrossRef] [PubMed]

	



Kozlitina, J.; Garcia, C.K. Red blood cell size is inversely associated with leukocyte telomere length in a large multi-ethnic population. PLoS ONE 2012, 7, e51046. [Google Scholar] [CrossRef]

	



Broadway-Duren, J.B.; Klaassen, H. Anemias. Crit. Care Nurs. Clin. North Am. 2013, 25, 411–426. [Google Scholar] [CrossRef] [PubMed]

	



Salvagno, G.L.; Sanchis-Gomar, F.; Picanza, A.; Lippi, G. Red blood cell distribution width: A simple parameter with multiple clinical applications. Crit. Rev. Clin. Lab Sci. 2015, 52, 86–105. [Google Scholar] [CrossRef]

	



Patel, H.H.; Patel, H.R.; Higgins, J.M. Modulation of red blood cell population dynamics is a fundamental homeostatic response to disease. Am. J. Hematol. 2015, 90, 422–428. [Google Scholar] [CrossRef] [PubMed]

	



Stermer, E.; Levy, N. Ileus as a complication of colonoscopy. Am. J. Gastroenterol. 1990, 85, 333–334. [Google Scholar]

	



Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, F. Cancer-related inflammation. Nature 2008, 454, 436–444. [Google Scholar] [CrossRef]

	



Kelleher, D.K.; Mattheinsen, U.; Thews, O.; Vaupel, P. Blood flow, oxygenation, and bioenergetic status of tumors after erythropoietin treatment in normal and anemic rats. Cancer Res. 1996, 56, 4728–4734. [Google Scholar] [PubMed]

	



Banzet, S.; Sanchez, H.; Chapot, R.; Bigard, X.; Vaulont, S.; Koulmann, N. Interleukin-6 contributes to hepcidin mRNA increase in response to exercise. Cytokine 2012, 58, 158–161. [Google Scholar] [CrossRef] [PubMed]

	



Sun, C.C.; Vaja, V.; Babitt, J.L.; Lin, H.Y. Targeting the hepcidin-ferroportin axis to develop new treatment strategies for anemia of chronic disease and anemia of inflammation. Am. J. Hematol. 2012, 87, 392–400. [Google Scholar] [CrossRef] [PubMed]

	



Ycas, J.W.; Horrow, J.C.; Horne, B.D. Persistent increase in red cell size distribution width after acute diseases: A biomarker of hypoxemia? Clin. Chim. Acta 2015, 448, 107–117. [Google Scholar] [CrossRef]

	



Weiss, G.; Goodnough, L.T. Anemia of chronic disease. N. Engl. J. Med. 2005, 352, 1011–1023. [Google Scholar] [CrossRef]

	



Kiefer, C.R.; Snyder, L.M. Oxidation and erythrocyte senescence. Curr. Opin. Hematol. 2000, 7, 113–116. [Google Scholar] [CrossRef]

	



Pialoux, V.; Mounier, R.; Brown, A.D.; Steinback, C.D.; Rawling, J.M.; Poulin, M.J. Relationship between oxidative stress and HIF-1 alpha mRNA during sustained hypoxia in humans. Free Radic. Biol. Med. 2009, 46, 321–326. [Google Scholar] [CrossRef]

	



Forhecz, Z.; Gombos, T.; Borgulya, G.; Pozsonyi, Z.; Prohaszka, Z.; Janoskuti, L. Red cell distribution width in heart failure: Prediction of clinical events and relationship with markers of ineffective erythropoiesis, inflammation, renal function, and nutritional state. Am. Heart J. 2009, 158, 659–666. [Google Scholar] [CrossRef] [PubMed]

	



Pilling, L.C.; Atkins, J.L.; Duff, M.O.; Beaumont, R.N.; Jones, S.E.; Tyrrell, J.; Kuo, C.L.; Ruth, K.S.; Tuke, M.A.; Yaghootkar, H.; et al. Red blood cell distribution width: Genetic evidence for aging pathways in 116,666 volunteers. PLoS ONE 2017, 12, e0185083. [Google Scholar] [CrossRef] [PubMed]

	



Yılmaz, A.; Mirili, C.; Tekin, S.B.; Bilici, M. The ratio of hemoglobin to red cell distribution width predicts survival in patients with gastric cancer treated by neoadjuvant FLOT: A retrospective study. Irish J. Med. Sci. 2020, 189, 91–102. [Google Scholar] [CrossRef] [PubMed]

	



Tham, T.; Olson, C.; Wotman, M.; Teegala, S.; Khaymovich, J.; Coury, J.; Costantino, P. Evaluation of the prognostic utility of the hemoglobin-to-red cell distribution width ratio in head and neck cancer. Eur. Arch. Otorhinolaryngol. 2018, 275, 2869–2878. [Google Scholar] [CrossRef]

	



Bozkaya, Y.; Kurt, B.; Gurler, F. A prognostic parameter in advanced non-small cell lung cancer: The ratio of hemoglobin-to-red cell distribution width. Int. J. Clin. Oncol. 2019, 24, 798–806. [Google Scholar] [CrossRef]

	



Wu, F.; Yang, S.; Tang, X.; Liu, W.; Chen, H.; Gao, H. Prognostic value of baseline hemoglobin-to-red blood cell distribution width ratio in small cell lung cancer: A retrospective analysis. Thorac. Cancer 2020, 11, 888–897. [Google Scholar] [CrossRef] [PubMed]

	



Yılmaz, A.; Yılmaz, H.; Tekin, S.B.; Bilici, M. The prognostic significance of hemoglobin-to-red cell distribution width ratio in muscle-invasive bladder cancer. Biomark. Med. 2020, 14, 727–738. [Google Scholar] [CrossRef] [PubMed]








[image: Biomedicines 09 00672 g001 550] 





Figure 1. Kaplan–Meier analysis showing that progression-free survival, cancer-specific survival, and overall survival are significantly associated with white blood cell (WBC) count (a–c), platelet (PLT) count (d–f), and hemoglobin-to-red cell distribution width ratio (HRR) level (g–i). 
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Table 1. Demographic data of the patients.
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Variables

	
All Patients

	
HRR ≤ 1.05

	
HRR > 1.05

	
p Value




	
(N = 730)

	
(N = 603)

	
(N = 127)




	
N

	
%

	
N

	
%

	
N

	
%

	






	
Age (Mean ± SD), years

	
67.36 ± 10.48

	
68.15 ± 10.37

	
63.58 ± 10.21

	
<0.00001 **




	
Hemoglobin (g/dL)

	
11.69 ± 2.03

	
11.11 ± 1.69

	
14.45 ± 0.91

	
<0.00001 **




	
RDW (%)

	
13.92 ± 2.04

	
14.17 ± 2.14

	
12.72 ± 0.59

	
<0.00001 **




	
Gender

	

	

	

	

	

	

	
<0.00001 **




	
Female

	
407

	
55.8

	
370

	
61.4

	
37

	
29.1

	




	
Male

	
323

	
44.2

	
233

	
38.6

	
90

	
70.9

	




	
Smoking

	

	

	

	

	

	

	
<0.00001 **




	
No

	
577

	
79

	
499

	
82.8

	
78

	
61.4

	




	
Yes

	
153

	
21

	
104

	
17.2

	
49

	
38.6

	




	
Chronic kidney disease

	

	

	

	
<0.00001 **




	
Stage 1 (≥90 mL/min/1.73 m2)

	
61

	
8.4

	
44

	
7.3

	
17

	
13.4

	




	
Stage 2 (60–89 mL/min/1.73 m2)

	
195

	
26.7

	
135

	
22.4

	
60

	
47.2

	




	
Stage 3 (30–59 min/1.73 m2)

	
294

	
40.3

	
245

	
40.6

	
49

	
38.6

	




	
Stage 4 (15–30 mL/min/1.73 m2)

	
57

	
7.8

	
57

	
9.5

	
0

	
0

	




	
Stage 5 (<15 mL/min/1.73 m2)

	
123

	
16.8

	
122

	
20.2

	
1

	
0.8

	




	
History of bladder cancer

	

	

	

	
0.241




	
No

	
619

	
84.8

	
507

	
84.1

	
112

	
88.2

	




	
Yes

	
111

	
15.2

	
96

	
15.9

	
15

	
11.8

	




	
Tumor location

	

	

	

	

	

	

	
0.68




	
Renal pelvis

	
319

	
43.7

	
262

	
43.4

	
57

	
44.9

	




	
Ureter

	
270

	
37

	
221

	
36.7

	
49

	
38.6

	




	
Synchronous

	
141

	
19.3

	
120

	
19.9

	
21

	
16.5

	




	
Approach

	

	

	

	

	

	

	
0.016 *




	
Open

	
358

	
49

	
308

	
51.1

	
50

	
39.4

	




	
Laparoscopy

	
372

	
51

	
295

	
48.9

	
77

	
60.6

	




	
Pathological T stage

	

	

	

	

	

	

	
0.009 **




	
pTa/pTis

	
130

	
17.8

	
108

	
17.9

	
22

	
17.3

	




	
pT1

	
173

	
23.7

	
137

	
22.7

	
36

	
28.3

	




	
pT2

	
158

	
21.6

	
134

	
22.2

	
24

	
18.9

	




	
pT3

	
221

	
30.3

	
176

	
29.2

	
45

	
35.4

	




	
pT4

	
48

	
6.6

	
48

	
8

	
0

	
0

	




	
Nodal status

	

	

	

	

	

	

	
0.252




	
pN0

	
188

	
25.8

	
158

	
26.2

	
30

	
23.6

	




	
pNx

	
492

	
67.4

	
400

	
66.3

	
92

	
72.4

	




	
pN1/pN2

	
50

	
6.8

	
45

	
7.5

	
5

	
3.9

	




	
Grade

	

	

	

	

	

	

	
0.028 *




	
Low

	
129

	
17.7

	
98

	
16.3

	
31

	
24.4

	




	
High

	
601

	
82.3

	
505

	
83.7

	
96

	
75.6

	




	
Focality

	

	

	

	

	

	

	
0.519




	
Unifocal

	
535

	
73.3

	
439

	
72.8

	
96

	
75.6

	




	
Multifocal

	
195

	
26.7

	
164

	
27.2

	
31

	
24.4

	




	
WBC

	

	

	

	

	

	

	
0.662




	
≤8.65 × 103 cells/μL

	
564

	
77.3

	
464

	
76.9

	
100

	
78.7

	




	
>8.65 × 103 cells/μL

	
166

	
22.7

	
139

	
23.1

	
27

	
21.3

	




	
Platelet

	

	

	

	

	

	

	
0.002 **




	
≤309 × 103 cells/μL

	
634

	
86.8

	
513

	
85.1

	
121

	
95.3

	




	
>309 × 103 cells/μL

	
96

	
13.2

	
90

	
14.9

	
6

	
4.7

	








HRR hemoglobin-to-red cell distribution width ratio, RDW red blood cell distribution width, WBC white blood cell, SD standard deviation, * < 0.05, ** < 0.01.
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Table 2. Comparative univariate survival analyses of 730 patients with upper tract urothelial carcinoma (UTUC).
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Univariate Analysis

	
Progression-Free Survival

	
Cancer-Specific Survival

	
Overall Survival




	
HR (95% CI)

	
p Value

	
HR (95% CI)

	
p Value

	
HR (95% CI)

	
p Value






	
Age, years

	
1.009 (0.995, 1.023)

	
0.198

	
1.016 (0.996, 1.035)

	
0.112

	
1.026 (1.011, 1.041)

	
0.001 **




	
Gender

	

	
0.036 *

	

	
0.046 *

	

	
0.473




	
Female

	
1

	

	
1

	

	
1

	




	
Male

	
1.354 (1.019, 1.798)

	

	
1.484 (1.008, 2.187)

	

	
1.114 (0.830, 1.496)

	




	
Smoking

	

	
0.092

	

	
0.082

	

	
0.082




	
No

	
1

	

	
1

	

	
1

	




	
Yes

	
1.327 (0.955, 1.845)

	

	
1.478 (0.952, 2.294)

	

	
1.353 (0.962, 1.903)

	




	
Chronic kidney disease

	

	
0.015

	

	
0.149

	

	
0.325




	
Stage 1 (≥90 mL/min/1.73 m2)

	
1

	

	
1

	

	
1

	




	
Stage 2 (60–89 mL/min/1.73 m2)

	
2.128 (1.056, 4.288)

	
0.035

	
1.285 (0.561, 2.944)

	
0.552

	
0.730 (0.425, 1.253)

	
0.253




	
Stage 3 (30–59 mL/min/1.73 m2)

	
2.159 (1.088, 4.283)

	
0.028

	
1.556 (0.706, 3.428)

	
0.273

	
0.901 (0.546, 1.486)

	
0.682




	
Stage 4 (15–30 mL/min/1.73 m2)

	
1.629 (0.686, 3.867)

	
0.269

	
1.515 (0.549, 4.182)

	
0.422

	
1.003 (0.503, 2.003)

	
0.992




	
Stage 5 (<15 mL/min/1.73 m2)

	
1.091 (0.497, 2.396)

	
0.829

	
0.642 (0.239, 1.724)

	
0.379

	
0.607 (0.331, 1.115)

	
0.108




	
History of bladder cancer

	

	
0.4

	

	
0.136

	

	
0.568




	
No

	
1

	

	
1

	

	
1

	




	
Yes

	
1.177 (0.805, 1.721)

	

	
1.450 (0.890, 2.364)

	

	
1.125 (0.751, 1.684)

	




	
Tumor location

	

	
0.0002 **

	

	
0.015 *

	

	
0.005 **




	
Renal pelvis

	
1

	

	
1

	

	
1

	




	
Ureter

	
1.042 (0.745, 1.457)

	
0.812

	
1.118 (0.709, 1.764)

	
0.632

	
1.303 (0.927, 1.831)

	
0.128




	
Synchronous

	
1.993 (1.401, 2.834)

	
0.0001 **

	
1.975 (1.218, 3.203)

	
0.006 **

	
1.887 (1.290, 2.761)

	
0.001 *




	
Approach

	

	
0.164

	

	
0.013 *

	

	
0.020 *




	
Open

	
1

	

	
1

	

	
1

	




	
Laparoscopy

	
0.817 (0.614, 1.086)

	

	
0.605 (0.406, 0.900)

	

	
0.702 (0.522, 0.946)

	




	
Pathological T stage

	

	
<0.00001 **

	

	
<0.00001 **

	

	
<0.00001 **




	
pTa/pTis

	
1

	

	
1

	

	
1

	




	
pT1

	
3.277 (1.103, 9.739)

	
0.033 *

	
4.594 (0.553, 38.165)

	
0.158

	
1.089 (0.550, 2.156)

	
0.807




	
pT2

	
8.439 (3.008, 23.678)

	
0.00005 **

	
14.171 (1.879, 106.879)

	
0.010 **

	
2.149 (1.153, 4.006)

	
0.016 *




	
pT3-4

	
24.907 (9.205, 67.397)

	
<0.00001 **

	
56.131 (7.806, 403.618)

	
0.000006 **

	
5.596 (3.205, 9.768)

	
<0.00001 **




	
Nodal status

	

	
<0.00001 **

	

	
<0.00001 **

	

	
<0.00001 **




	
pN0

	
1

	

	
1

	

	
1

	




	
pNx

	
0.827 (0.590, 1.160)

	
0.271

	
0.814 (0.510, 1.298)

	
0.387

	
0.830 (0.586, 1.174)

	
0.292




	
pN1/pN2

	
5.197 (3.341, 8.086)

	
<0.00001 **

	
7.018 (3.934, 12.518)

	
<0.00001 **

	
5.714 (3.613, 9.036)

	
<0.00001 **




	
Grade

	

	
<0.00001 **

	

	
0.0002 **

	

	
0.00007 **




	
Low

	
1

	

	
1

	

	
1

	




	
High

	
4.431 (2.409, 8.149)

	

	
9.148 (2.898, 28.879)

	

	
2.833 (1.693, 4.740)

	




	
Focality

	

	
0.00004 **

	

	
0.002 **

	

	
0.007 **




	
Unifocal

	
1

	

	
1

	

	
1

	




	
Multifocal

	
1.855 (1.383, 2.489)

	

	
1.880 (1.265, 2.795)

	

	
1.530 (1.123, 2.084)

	




	
WBC

	

	
<0.00001 **

	

	
0.00003 **

	

	
<0.00001 **




	
≤8.65 × 103 cells/μL

	
1

	

	
1

	

	
1

	




	
>8.65 × 103 cells/μL

	
2.026 (1.489, 2.758)

	

	
2.400 (1.592, 3.618)

	

	
2.264 (1.652, 3.104)

	




	
Platelet

	

	
<0.00001 **

	

	
0.00003 **

	

	
0.00005 **




	
≤309 × 103 cells/μL

	
1

	

	
1

	

	
1

	




	
>309 × 103 cells/μL

	
2.230 (1.573, 3.161)

	

	
2.673 (1.690, 4.227)

	

	
2.154 (1.487, 3.120)

	




	
Hemoglobin

	

	
0.752

	

	
0.077

	

	
0.006 *




	
>11.4 g/dL

	
1

	

	
1

	

	
1

	




	
≤11.4 g/dL

	
1.047 (0.787, 1.394)

	

	
1.417 (0.963, 2.086)

	

	
1.506 (1.123, 2.019)

	




	
RDW

	

	
0.027 *

	

	
0.06

	

	
<0.00001 **




	
≤14.1%

	
1

	

	
1

	

	
1

	




	
>14.1%

	
1.401 (1.039, 1.888)

	

	
1.471 (0.983, 2.201)

	

	
1.988 (1.478, 2.673)

	




	
HRR

	

	
0.044 *

	

	
0.045 *

	

	
0.0005 **




	
>1.05

	
1

	

	
1

	

	
1

	




	
≤1.05

	
1.529 (1.011, 2.313)

	

	
1.853 (1.014, 3.386)

	

	
2.493 (1.491, 4.168)

	








WBC white blood cell, RDW red blood cell distribution width, HRR hemoglobin-to-red cell distribution width ratio, HR hazard ratio, CI confidence interval, * < 0.05, ** < 0.01.
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Table 3. Comparative multivariate survival analyses of 730 patients with upper tract urothelial carcinoma (UTUC).
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Multivariate Analysis

	
Progression-Free Survival

	
Cancer-Specific Survival

	
Overall Survival




	
HR (95% CI)

	
p Value

	
HR (95% CI)

	
p Value

	
HR (95% CI)

	
p Value






	
Age, years

	

	

	

	

	
1.019 (1.004, 1.034)

	
0.015 **




	
Gender

	

	
0.149

	

	
0.063

	

	




	
Female

	
1

	

	
1

	

	

	




	
Male

	
1.247 (0.924, 1.682)

	

	
1.472 (0.980, 2.213)

	

	

	




	
Chronic kidney disease

	

	
0.122

	

	

	

	




	
Stage 1 (≥90 mL/min/1.73 m2)

	
1

	

	

	

	

	




	
Stage 2 (60–89 mL/min/1.73 m2)

	
1.319 (0.643, 2.706)

	
0.45

	

	

	

	




	
Stage 3 (30–59 mL/min/1.73 m2)

	
1.086 (0.534, 2.210)

	
0.82

	

	

	

	




	
Stage 4 (15–30 mL/min/1.73 m2)

	
0.711 (0.292, 1.733)

	
0.453

	

	

	

	




	
Stage 5 (<15 mL/min/1.73 m2)

	
0.713 (0.320, 1.592)

	
0.41

	

	

	

	




	
Tumor location

	

	
0.223

	

	
0.657

	

	
0.094




	
Renal pelvis

	
1

	

	
1

	

	
1

	




	
Ureter

	
0.994 (0.695, 1.422)

	
0.975

	
1.047 (0.646, 1.699)

	
0.852

	
1.265 (0.888, 1.803)

	
0.193




	
Synchronous

	
1.553 (0.904, 2.666)

	
0.111

	
1.396 (0.673, 2.893)

	
0.37

	
1.823 (1.043, 3.187)

	
0.035*




	
Approach

	

	

	

	
0.324

	

	
0.559




	
Open

	

	

	
1

	

	
1

	




	
Laparoscopy

	

	

	
0.809 (0.531, 1.233)

	

	
0.911 (0.666, 1.246)

	




	
Pathological T stage

	

	
<0.00001 **

	

	
<0.00001 **

	

	
<0.00001 **




	
pTis/pTa

	
1

	

	
1

	

	
1

	




	
pT1

	
3.057 (1.007, 9.279)

	
0.049 *

	
4.031 (0.473, 34.334)

	
0.202

	
1.110 (0.549, 2.244)

	
0.772




	
pT2

	
7.761 (2.696, 22.339)

	
0.0001 **

	
10.930 (1.394, 85.669)

	
0.023 *

	
1.872 (0.959, 3.656)

	
0.066




	
pT3-4

	
16.961 (5.933, 48.486)

	
<0.0001 **

	
32.687 (4.274, 249.986)

	
0.0008 **

	
4.226 (2.227, 8.020)

	
0.00001 **




	
Nodal status

	

	
<0.00001 **

	

	
0.00006 *

	

	
<0.00001 **




	
pN0

	
1

	

	
1

	

	
1

	




	
pNx

	
0.958 (0.679, 1.352)

	
0.807

	
1.021 (0.631, 1.650)

	
0.934

	
0.974 (0.682, 1.391)

	
0.885




	
pN1/pN2

	
2.623 (1.664, 4.136)

	
0.00003 **

	
3.207 (1.777, 5.789)

	
0.0001 *

	
3.077 (1.918, 4.934)

	
<0.00001 **




	
Grade

	

	
0.27

	

	
0.216

	

	
0.418




	
Low

	
1

	

	
1

	

	
1

	




	
High

	
1.448 (0.750, 2.794)

	

	
2.145 (0.640, 7.187)

	

	
1.274 (0.708, 2.292)

	




	
Focality

	

	
0.262

	

	
0.501

	

	
0.709




	
Unifocal

	
1

	

	
1

	

	
1

	




	
Multifocal

	
1.310 (0.817, 2.099)

	

	
1.237 (0.666, 2.300)

	

	
0.913 (0.567, 1.471)

	




	
WBC

	

	
<0.00001 **

	

	
0.0001 **

	

	
<0.00001 **




	
≤8.65 × 103 cells/μL

	
1

	

	
1

	

	
1

	




	
>8.65 × 103 cells/μL

	
2.212 (1.568, 3.122)

	

	
2.387 (1.513, 3.768)

	

	
2.371 (1.674, 3.358)

	




	
Platelet

	

	
0.45

	

	
0.259

	

	
0.318




	
≤309 × 103 cells/μL

	
1

	

	
1

	

	
1

	




	
>309 × 103 cells/μL

	
1.166 (0.783, 1.739)

	

	
1.351 (0.801, 2.280)

	

	
1.237 (0.815, 1.878)

	




	
HRR

	

	
0.007 **

	

	
0.020 *

	

	
0.0009 **




	
>1.05

	
1

	

	
1

	

	
1

	




	
≤1.05

	
1.873 (1.191, 2.944)

	

	
2.174 (1.130, 4.182)

	

	
2.515 (1.460, 4.331)

	








WBC white blood cell, HRR hemoglobin-to-red cell distribution width ratio, HR hazard ratio, CI confidence interval, * < 0.05, ** < 0.01.
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