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Abstract

Purpose

We developed a novel inflammation-based model (NPS), which consisted of a neutrophil to

lymphocyte ratio (NLR) and platelet count (PC), for assessing the prognostic role in patients

with metastatic urothelial carcinoma (UC).

Materials and Methods

We performed a retrospective analysis of patients with metastatic UC who underwent sys-

temic chemotherapy between January 1997 and December 2014 in Kaohsiung Chang

Gung Memorial Hospital. The defined cutoff values for the NLR and PC were 3.0 and 400 ×
103/μL, respectively. Patients were scored 1 for either an elevated NLR or PC, and 0 other-

wise. The NPS was calculated by summing the scores, ranging from 0 to 2. The primary

endpoint was overall survival (OS) by using Kaplan–Meier analysis. Multivariate Cox regres-

sion analysis was used to identify the independent prognostic factors for OS.

Results

In total, 256 metastatic UC patients were enrolled. Univariate analysis revealed that patients

with either a high NLR or PC had a significantly shorter survival rate compared with those

with a low NLR (P = .001) or PC (P < .0001). The median OS in patients with NPS 0, 1, and

2 was 19.0, 12.8, and 9.3 months, respectively (P < .0001). Multivariate analysis revealed

that NPS, along with the histologic variant, liver metastasis, age, and white cell count, was

an independent factor facilitating OS prediction (hazard ratio 1.64, 95% confidence interval

1.20–2.24, P = .002).
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Conclusion

The NLR and PC are independent prognostic factors for OS in patients with metastatic UC.

The NPS model has excellent discriminant ability for OS.

Introduction

Metastatic urothelial carcinoma (UC) is a lethal disease, and no major improvement has been

achieved in the past 2 decades [1]. Cisplatin-based combination chemotherapy remains the

standard treatment of choice. Although UC responds effectively to the cisplatin-based chemo-

therapy initially, most patients experience disease progression later, and mortality is inevitable.

The median overall survival (OS) on cisplatin-based chemotherapy is 12–14 months [2]. Spe-

cifically, a small proportion of UC patients had a markedly effective response to chemotherapy.

In previous clinical trials with durable follow-up, the 5-year survival rate of metastatic UC

patients on cisplatin-based chemotherapy was approximately 10%–20% [3]. The diversity of

treatment outcomes was attributed to the biologic heterogeneity of the tumor, as well as the

spectrum of comorbidities of the patient, performance status, age, and disease burden. There-

fore, developing a prognostic model was crucial for predicting patient outcome in daily prac-

tice and for stratifying patients in clinical trials.

Several prognostic models had been developed for predicting patient outcome in UC.

Bajorin et al identified 2 independent factors associated with OS: Karnofsky performance

status (KPS) < 80% and the presence of visceral (liver, lung, and bone) metastasis [4]. Based

on this prognostic model, the estimated median survival time for patients with UC with 0,

1, or 2 factors was 33 months, 13.4 months, and 9.3 months, respectively. Galsky et al ana-

lyzed 384 patients on 7 prospective trials for developing a prognostic nomogram for pre-

dicting patient survival with cisplatin-based chemotherapy [5]. Five independent factors

were identified and weighted differently for the point-based nomogram: leukocytosis, the

number of visceral metastatic sites, the site of primary tumor, ECOG performance status,

and the presence of lymph node metastasis. Notably, this is the first study that recognized

and validated leukocytosis as an independent factor in advanced UC, although the underly-

ing mechanism remains uncertain.

The inflammation process affects each step in tumorigenesis, including tumor initiation,

invasion, and metastasis [6, 7]. Several serum characteristics such as the white blood cell

(WBC) count, C-reactive protein (CRP), albumin, platelet count (PC), and neutrophil to

lymphocyte ratio (NLR) have been investigated and validated as systemic inflammatory

indicators in various types of tumors, and these factors have been found to be negatively

associated with cancer survival [8–11]. Recent studies have indicated the prognostic role of

a high NLR (> 3.0) and reactive thrombocytosis (> 400 × 103/μL) on cancer-specific sur-

vival in preoperative UC [12, 13]; however, these have not been examined in either an

advanced or metastatic setting. In addition, Ishizuka et al had developed a novel inflamma-

tion-based prognostic score, which combined the platelet count and NLR, nicely predicted

postoperative survival outcome in patients with gastric cancer or colorectal cancer [14, 15].

However, this prognostic system had not been studied either in patients with UC or in those

treated with systemic chemotherapy.

For this study, we conducted a retrospective analysis to evaluate the prognostic role of the

combination of the platelet count and NLR in patients with advanced UC.

Prognostic Impact of NPS in Metastatic Urothelial Carcinoma
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Patients and Methods

Patients and data sources

We retrospectively analyzed 303 patients with unresectable and/or metastatic UC from Janu-

ary 1997 to December 2014 in Kaohsiung Chang Gung Memorial Hospital, Taiwan. All

patients were confirmed histopathologically. The demographic characteristics at the time of

metastatic diagnosis included age, sex, ECOG performance status, the site of primary tumor,

histopathologic variants, baseline renal function, the number and distribution of visceral

metastasis, and first-line chemotherapy regimen. Patients lacking complete blood cell (CBC)

and differentials for analysis (n = 10) or those treated with neoadjuvant (n = 6) or adjuvant

chemotherapy (n = 27) were excluded. In addition, patients either without definite pathologic

diagnosis (n = 3), or those with secondary non-urothelial carcinoma (n = 1) were excluded.

We collected all clinical data through an electronic hospital chart review. All personal informa-

tion was anonymized and de-identified prior to data analysis. This study was performed in

accordance with the approval of the ethical committee.

Treatment and study endpoint

All enrolled patients underwent systemic chemotherapy for at least one cycle of treatment.

The choice of chemotherapy regimen was at the discretion of the physician. The treatment

response was assessed by computed tomography (CT) and/or a bone scan according to the

Response Evaluation Criteria in Solid Tumors (RECIST version 1.1). The primary endpoint of

the study was OS, which was defined as the duration between metastatic disease diagnosis and

the date of death. Patients without disease progression or death were censored at the date of

their last follow-up for survival analysis.

Stratification of patients

We obtained pretreatment CBC and differentials within 1 week prior to first cycle of chemo-

therapy. To avoid concomitant bacterial or other infectious diseases that might interfere with

data accuracy, we excluded patients with either a febrile condition or any infection docu-

mented in medical charts. The NLR was determined by dividing the absolute neutrophil count

with the absolute lymphocyte count. In accordance with previous studies [12, 13], the cutoff

values of the NLR and PC were set to 3.0 and 400 × 103/μL, respectively. We designed a novel

inflammation-based score, named Neutrophil to lymphocyte ratio and Platelet count Score

(NPS), for stratifying the entire study cohort. Patients were scored 1 for an elevated NLR

(� 3.0) or PC> 400 × 103/μL, and 0 if NLR<3.0 and PC<400 × 103/μL. Patients were scored

2 if both NLR� 3.0 and PC > 400 × 103/μL. The NPS was calculated by adding the NLR and

PC scores (0, 1, or 2).

Statistical analysis

All statistical analyses were conducted using SPSS 21.0 software (SPSS Inc., Chicago, IL, USA)

and SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). The figures were generated using

GraphPad Prism version 6.04 (GraphPad Software, La Jolla California, USA). The differences

among the study groups were analyzed using the Pearson chi-squared (χ2) test or Fisher exact

test. The estimated OS was calculated using the Kaplan–Meier method, and the differences

between groups were assessed using the log rank test. Univariate and multivariate analyses of

the prognostic factors for survival were performed using the Cox proportional hazards model.

The hazard ratio (HR) with 95% confidence interval (CI) and P value were calculated to
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quantify the strength of the association between the prognostic parameters and survival. All

tests were two-sided, and P< .05 was considered statistically significant.

Results

In total, 256 patients diagnosed with unresectable and/or metastatic UC were enrolled from

January 1997 to December 2014 at Kaohsiung Chang Gung Memorial Hospital. The median

age was 64 years (interquartile range [IQR], 57–71 years), and the median follow-up time was

61.1 months (IQR, 26.8–150.2 months). Moreover, 172 (67.2%) patients were men, 146 (57.0%)

had UC of the upper urinary tract, 128 (50.0%) had visceral metastasis, and 202 (78.9%) under-

went first-line cisplatin-based chemotherapy. The median NLR at baseline was 3.83 (IQR, 2.30–

7.37), and the median platelet count was 238 × 103/μL (IQR, 185–305 × 103/μL). Ninety-three

patients (36.3%) were classified as NPS 0, 146 (57.0%) as NPS 1, and 17 (6.7%) as NPS 2.

Table 1 lists the distribution of the basic characteristics of patients in the 3 groups divided

according to the NPS. Most of the characteristics compared revealed no significant differences

among the 3 groups, except for visceral metastasis (yes vs no; P = .005), lung metastasis (yes vs

no; P = .006), bone metastasis (yes vs no; P = .003), WBC count (�10 vs<10 × 103/μL; P<
.0001), and level of hemoglobin (�10 vs<10 g/dL, P = .006).

At the time of analysis, 214 of 256 patients (83.6%) died. The median OS was 14.5 months

(IQR, 8.9–22.7 months). The median OS was 12.5 months in patients with NLR�3, and 19.0

months in those with NLR<3 (P = .001, Fig 1), whereas the median OS in PC�400 and<

400 × 103/μL was 11.0 months and 15.0 months, respectively (P< .0001. Fig 2). Combining

the NLR and PC as NPS, a high NPS demonstrated a significantly worse OS (HR 1.0, 1.59, and

3.34 for NPS 0, 1, and 2, respectively; P< .0001; Fig 3). The other predicting factors for OS in

univariate analysis were age, ECOG performance status, the presence of histologic variants,

visceral metastasis, liver metastasis, bone metastasis, WBC count, and the level of hemoglobin

(Table 2).

We selected 7 factors (age, performance status, histologic variants, liver metastasis, WBC

count, hemoglobin, and NPS) for multivariate analysis by using the Cox regression model. As

listed in Table 3, the best predictive factor for OS was NPS (HR 1.64, 95% CI 1.20–2.24, P = .002).

The other significant predictors for OS were liver metastasis (HR 1.58, 95% CI 1.09–2.28, P =

.016), poor performance status (HR 1.53, 95% CI 1.06–2.20, P = .023), age�65 years (HR 1.38,

95% CI 1.02–1.88, P = .04), and WBC�10 000 (HR 1.40, 95% CI 1.01–1.95, P = .046).

Discussion

Cancer-associated inflammation has been a well-known, poor prognostic phenomenon in

various type of cancers [6, 7]. Because the NLR and elevated PC were considered as inflamma-

tion markers, a new inflammation prognostic system (NPS) had been developed and studied

as a predictor of survival differences in gastric and colorectal cancer patients [14, 15]. This

study is the first to validate the prognostic impact of NPS on patients with advanced UC who

underwent systemic chemotherapy. Our results revealed a survival difference of 10.6 months

between NPS 2 and 0, indicating that a higher NPS results in a worse prognosis. In the multi-

variate model, the HR of NPS remained statistically significant after adjusting for confounding

factors.

In 1863, Rudolf Virchow discovered the relationship between cancer and chronic inflam-

mation [16]. Over the past few decades, cumulative evidence has revealed that inflammation

can induce tumorigenesis, including tumor initiation, malignant transformation, invasion,

and distant metastasis [6]. Certain systemic inflammation markers such as CRP, WBC, albu-

min, NLR, and platelet count have been confirmed to be poor prognostic factors in many

Prognostic Impact of NPS in Metastatic Urothelial Carcinoma
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Table 1. Clinical characteristics of advanced urothelial carcinoma patients grouped by NPS.

All (n, %) NPS (n, %) P value

0 1 2

N 256 93 146 17

Age (year) 0.82

< 65 133 (52.0) 47 (50.5) 76 (52.1) 10 (58.8)

� 65 123 (48.0) 46 (49.5) 70 (47.9) 7 (41.2)

Gender 0.082

Female 84 (32.8) 36 (38.7) 46 (31.5) 2 (11.8)

Male 172 (67.2) 57 (61.3) 100 (68.5) 15 (88.2)

ECOG 0.116

0–1 201 (78.5) 76 (81.7) 109 (74.7) 16 (94.1)

� 2 55 (21.5) 17 (18.3) 37 (25.3) 1 (5.9)

Renal function (mL/min) 0.686

CCr� 60 174 (68.0) 63 (67.7) 101 (69.2) 10 (58.8)

CCr < 60 82 (32.0) 30 (32.3) 45 (30.8) 7 (41.2)

Primary site 0.298

Bladder 101 (39.5) 29 (31.2) 65 (44.5) 7 (41.2)

Upper tract 146 (57.0) 60 (64.5) 76 (52.1) 10 (58.8)

Multifocal 9 (3.5) 4 (4.3) 5 (3.4) 0 (0)

Histopathologic variants 0.295

No 161 (62.9) 57 (61.3) 96 (65.8) 8 (47.1)

Yes 95 (37.1) 36 (38.7) 50 (34.2) 9 (52.9)

Visceral metastasis 0.005

No 128 (50.0) 59 (63.4) 62 (42.5) 7 (41.2)

Yes 128 (50.0) 34 (36.6) 84 (57.5) 10 (58.8)

Liver metastasis 0.11

No 215 (84.0) 84 (90.3) 117 (80.1) 14 (82.4)

Yes 41 (16.0) 9 (9.7) 29 (19.9) 3 (17.6)

Lung metastasis 0.006

No 198 (77.3) 80 (86.0) 109 (77.8) 9 (52.9)

Yes 58 (22.7) 13 (14.0) 37 (22.2) 8 (47.1)

Bone metastasis 0.003

No 207 (80.9) 85 (91.4) 111 (76.0) 11 (64.7)

Yes 49 (19.1) 8 (8.6) 35 (24.0) 6 (35.3)

WBC (× 103/μL) < 0.0001

< 10 188 (73.4) 88 (94.6) 94 (64.4) 6 (35.3)

� 10 68 (26.6) 5 (5.4) 52 (35.6) 11 (64.7)

Hemoglobin (g/dL) 0.006

� 10 202 (78.9) 83 (89.2) 108 (74.0) 11 (64.7)

< 10 54 (21.1) 10 (10.8) 38 (26.0) 6 (35.3)

First-line chemotherapy 0.576

Cisplatin-based 202 (78.9) 77 (82.8) 112 (76.7) 13 (76.5)

Carboplatin-based 44 (17.2) 13 (14.0) 27 (18.5) 4 (23.5)

Other 10 (3.9) 3 (3.2) 7 (4.8) 0

Abbreviation: CCr, clearance of creatinine; ECOG, Eastern Cooperative Oncology Group; NPS, neutrophil to lymphocyte and platelet count score; WBC,

white blood cell count.

doi:10.1371/journal.pone.0169657.t001
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cancer types [5, 10, 11, 17]. Recent studies have found that a high NLR was associated with

poor postoperative survival in patients with UC [18–20]. Luo et al reported that an NLR> 3

was independently associated with poor cancer-specific survival in T3 upper urinary tract

urothelial cancer (UUT-UC) [19]. In a similar manner, Gondo et al retrospectively analyzed

189 patients with bladder cancer who underwent radical cystectomy, and found that a high

Fig 1. Kaplan–Meier analysis for OS according to NLR� 3 or NLR < 3.

doi:10.1371/journal.pone.0169657.g001

Fig 2. Kaplan–Meier analysis for OS according to PC� 400 × 103/μL or < 400 × 103/μL.

doi:10.1371/journal.pone.0169657.g002
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NLR was significantly related to decreased disease-specific survival from multivariable analysis

[20]. However, the majority of studies addressing the prognostic role of the NLR have been

based on analyses of surgical series of bladder cancer or UUT-UC, and they had rarely focused

on patients with advanced or metastatic UC. Rossi et al recently reviewed 292 patients treated

with first-line chemotherapy for metastatic UC [18]. A high prechemotherapy NLR (cutoff

level = 3) independently predicted poor survival outcome (HR 1.53, P = .01). Moreover, the

dynamic change in NLR at the second or third chemotherapy cycle revealed an enhanced HR

for predicting OS (HR 3.15, P< .0001). Our results showed that patients having a high NLR

had an OS decline of 6.5 months compared with those having a low NLR. The results were

consistent with the mentioned studies.

The relationship between thrombocytosis and cancer has also been explored for decades. In

the previous century, Levin et al found that nearly 40% of patients with incidental thrombocy-

tosis (with a platelet count of>400 000 per cubic millimeter) had been diagnosed with an oc-

cult cancer [21]; gastrointestinal cancer was the most common type, followed by lung, breast,

and ovarian cancers. Numerous recent studies have shown that platelets actively promote

tumor progression and metastasis through various mechanisms, including evading NK cells-

mediated clearance, facilitating epithelial-to-mesenchymal transition, and enhancing angio-

genesis [22–24]. Moreover, paraneoplastic thrombocytosis has been crucial in predicting OS

in lung, colon, stomach, and ovarian cancers [9, 14, 15, 25]. Moschini et al recently found that

preoperative thrombocytosis was independently associated with a poor cancer-specific survival

and OS in patients with bladder cancer receiving radical cystectomy [26]. The present study is

the first to investigate the prognostic role of thrombocytosis on patients with advanced UC

receiving systemic chemotherapy. We discovered that patients with thrombocytosis had an

increased risk of death by 242% compared with those without thrombocytosis (P< .0001).

Therefore, paraneoplastic thrombocytosis should be considered an independent factor of the

predictive model for metastatic UC.

Fig 3. Kaplan–Meier analysis for OS according to NPS.

doi:10.1371/journal.pone.0169657.g003
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Table 2. Univariate analysis of clinical parameters for overall survival.

N Median OS (month) HR (95% CI) P

Age (year) 0.008

< 65 133 16.8 Reference

� 65 123 12.0 1.44 (1.10–1.89)

Gender 0.076

Female 84 16.5 Reference

Male 172 12.8 1.30 (0.97–1.73)

ECOG 0.001

0–1 201 15.9 Reference

� 2 55 10.0 1.72 (1.25–2.36)

Renal function (mL/min) 0.953

CCr� 60 174 14.6 Reference

CCr < 60 82 13.0 0.99 (0.74–1.33)

Primary site 0.434

Bladder 101 14.8 Reference

Upper tract 146 13.8 0.90 (0.68–1.18)

Histopathologic variants 0.009

No 161 15.9 Reference

Yes 95 11.0 1.45 (1.10–1.92)

Visceral metastasis 0.004

No 128 16.5 Reference

Yes 128 12.1 1.48 (1.13–1.94)

Liver metastasis 0.002

No 215 15.1 Reference

Yes 41 11.4 1.75 (1.23–2.51)

Lung metastasis 0.148

No 198 15.0 Reference

Yes 58 12.0 1.26 (0.92–1.73)

Bone metastasis 0.011

No 207 15.0 Reference

Yes 49 11.5 1.53 (1.10–2.14)

WBC (×103/μL) 0.001

< 10 188 16.0 Reference

� 10 68 9.3 1.68 (1.25–2.26)

NLR 0.001

< 3 98 19.0 Reference

� 3 158 12.5 1.60 (1.21–2.13)

Hemoglobin (g/dL) 0.035

� 10 202 15.1 Reference

< 10 54 9.6 1.41 (1.02–1.95)

Platelet count (× 103/μL) < 0.0001

< 400 234 15.0 Reference

� 400 22 11.0 2.42 (1.51–3.88)

First-line chemotherapy 0.722

Cisplatin-based 202 14.8 Reference

Carboplatin-based 44 11.0 0.94 (0.65–1.35)

Others 10

NPS < 0.0001

(Continued )
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Over the past few decades, Bajorin’s model has remained the most popular and useful prog-

nostic model for patients with metastatic UC receiving chemotherapy [4]. Thereafter, several

investigators have exerted considerable effort for exploring new prognostic factor and for

revising the model. The importance of serum inflammatory markers and histopathological

variants has been observed, which have been integrated into a predictive model [5, 27]. Galsky

et al initially reported that leukocytosis, a systemic inflammation marker, was 1 of 5 indepen-

dent factors in his predictive nomogram for metastatic UC [5]. In addition, certain authors

have combined serum inflammatory markers as an inflammation-based prognostic score for

predicting the survival of patients with cancer. The first score was the Glasgow prognostic

score (GPS), which comprised serum CRP and albumin [17]. The predictive role of the GPS

has been effectively established in several solid tumors, including lung, breast, and gastrointes-

tinal cancers [28–30]. Ishizuka et al have recently found that simple hemogram data could pre-

dict survival precisely in patients with gastric or colorectal cancer [14, 15]. The author selected

2 parameters, the NLR and platelet count, and named the prognostic model as COP-NLR.

From Kaplan–Meier analysis, patients with COP–NLR 0, 1, and 2 displayed a separate survival

curve with statistical significance in gastric (P< .001) and colorectal (P< .001) cohorts. Our

study is the first report to reveal the significance of the NPS on OS for patients with metastatic

UC. We predicted an 11.7 months survival difference between patients with NPS 0 and 2 by

Table 2. (Continued)

N Median OS (month) HR (95% CI) P

0 93 19.0 Reference

1 146 12.8 1.59 (1.18–2.13)

2 17 9.3 3.34 (1.92–5.82)

Abbreviation: CCr, clearance of creatinine; ECOG, Eastern Cooperative Oncology Group; NPS, neutrophil to lymphocyte and platelet count score; NLR,

neutrophil to lymphocyte ratio; WBC, white blood cell count.

doi:10.1371/journal.pone.0169657.t002

Table 3. Multivariable analysis of clinical parameters in relation to overall survival.

HR 95% CI P

Age (year)

� 65 vs. < 65 1.38 1.02–1.88 0.04

ECOG

� 2 vs. 0–1 1.53 1.06–2.20 0.023

Histopathologic variants

Yes vs. No 1.49 1.11–1.99 0.008

Liver metastasis

Yes vs. No 1.58 1.09–2.28 0.016

WBC (× 103/μL)

� 10 vs. < 10 1.40 1.01–1.95 0.046

Hemoglobin (g/dL)

< 10 vs.� 10 1.00 0.70–1.44 0.996

NPS

1–2 vs. 0 1.64 1.20–2.24 0.002

Abbreviation: CI, confidence interval; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group; WBC,

white blood cell count; NPS, neutrophil to lymphocyte and platelet count score.

doi:10.1371/journal.pone.0169657.t003
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using a common and simple blood test. Specifically, the platelet count cutoff value (400 × 103/

μL) in our study varied from that in Ishizuka’s model (300 × 103/μL), which used receiver

operating characteristic (ROC) curve analysis to determine the ideal cutoff level; however, we

selected the platelet count cutoff level> 400 × 103/μL according to the results obtained by

Gakis [5]. Although a minor difference existed, we observed a similar trend and powerful

results in both studies.

Our study has several limitations. First, the retrospective and nonrandomized study design

limits the generalizability of the results, the evaluation of the treatment response, and a detailed

analysis of adverse effects. In addition, we adjusted the intensity of chemotherapy individually

based on the performance status, age, and comorbidities of the patients. Consequently, our

experience reflects real-world practice, which is relevant to a similar population. Second, the

NLR and PC might be influenced by several external factors, such as infection, medication,

and lifestyle habits. The utility of a blood test for predicting survival should be assessed cau-

tiously. Third, our data were retrieved from a single tertiary medical center, and were not vali-

dated externally. Analyses of the multicentric data or prospective studies are required to

confirm our conclusions.

Conclusion

In summary, our study revealed that a high NLR and platelet count were the independent

prognostic factors of OS in patients with metastatic UC undergoing chemotherapy. Moreover,

the new inflammation-based prognostic score, NPS, demonstrated excellent discriminant

validity of OS. We recommend that the NPS be integrated into a predictive model of survival.

Further confirmatory studies are necessary to validate our results.

Supporting Information

S1 Dataset. Characteristics and outcomes of the study cohort.

(XLSX)

Acknowledgments

We thank the multidisciplinary team of genito–urology cancer at our cancer center for their

assistance in examining and formatting the patient records. This study was approved by the

Chang Gung Medical Foundation Institutional Review Board (No. 102-1425B).

Author Contributions

Conceptualization: YLS CCH.

Data curation: YLS MCH.

Formal analysis: HLL CHH.

Investigation: YLS MCH.

Methodology: KMR.

Project administration: KMR.

Resources: PHC MTS JL.

Software: YLS.

Supervision: KMR YT.

Prognostic Impact of NPS in Metastatic Urothelial Carcinoma

PLOS ONE | DOI:10.1371/journal.pone.0169657 January 11, 2017 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0169657.s001


Validation: KMR.

Visualization: YLS.

Writing – original draft: KMR.

Writing – review & editing: YLS KMR.

References
1. Witjes JA, Comperat E, Cowan NC, Santis MD, Gakis G, Lebret T, et al. EAU Guidelines on Muscle-

invasive and Metastatic Bladder Cancer: Summary of the 2013 Guidelines. Eur Urol 2014; 65:778–92

doi: 10.1016/j.eururo.2013.11.046 PMID: 24373477

2. von der Maase H, Hansen SW, Roberts JT, Dogliotti T, Oliver T, Moore MJ, et al. Gemcitabine and cis-

platin versus methotrexate, vinblastine, doxorubicin, and cisplatin in advanced or metastatic bladder

cancer: Results of a Large, Randomized, Multinational, Multicenter, Phase III Study. J Clin Oncol 2000;

17:3068–3077

3. von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L, Oliver T, et al. Long-term survival results

of a randomized trial comparing gemcitabine plus cisplatin, with methotrexate, vinblastine, doxorubicin,

plus cisplatin in patients with bladder cancer. J Clin Oncol 2005; 21: 4602–4608.

4. Bajorin DF, Dodd PM, Mazumdar M, Fazzari M, McCaffrey JA, Scher HI, et al. Long-term survival in

metastatic transitional-cell carcinoma and prognostic factors predicting outcome of therapy. J Clin

Oncol 1999; 17:3173–3181. doi: 10.1200/jco.1999.17.10.3173 PMID: 10506615

5. Galsky MD, Moshier E, Krege S, Lin CC, Hahn N, Ecke T, et al. Nomogram for predicting survival in

patients with unresectable and/or metastatic urothelial cancer who are treated with cisplatin-based che-

motherapy. Cancer 2013; 119:3012–3019. doi: 10.1002/cncr.28146 PMID: 23720216

6. Grivennikov SI, Greten FR, Karin M. Immunity, Inflammation, and Cancer. Cell 2010; 140:883–899.

doi: 10.1016/j.cell.2010.01.025 PMID: 20303878

7. Lu H. Ouyang W, Huang C. Inflammation, a key event in cancer development. Mol Cancer Res 2006;

4:221–33. doi: 10.1158/1541-7786.MCR-05-0261 PMID: 16603636

8. Guthrie GJK, Charles KA, Roxburgh CSD, Horgan PG, Mcmillan DC, Clarke SJ. The systemic inflam-

mation-based neutrophil–lymphocyte ratio: Experience in patients with cancer. Crit Rev Oncol Hematol

2013; 88:218–230. doi: 10.1016/j.critrevonc.2013.03.010 PMID: 23602134

9. Stone RL, Nick AM, Mcneish IA, Balkwill F, Han HD, Bottsfold-Miller J, et al. Paraneoplastic thrombocy-

tosis in ovarian cancer. N Engl J Med 2012; 366:610–618. doi: 10.1056/NEJMoa1110352 PMID:

22335738

10. Granger JM, Kontoyiannis DP. Etiology and outcome of extreme leukocytosis in 758 nonhematologic

cancer patients. Cancer 2009; 115:3919–23. doi: 10.1002/cncr.24480 PMID: 19551882

11. Hilmy M, Bartlett JMS, Underwood MA, McMillan DC. The relationship between the systemic inflamma-

tory response and survival in patients with transitional cell carcinoma of the urinary bladder. Br J Cancer

2005; 92:625–27. doi: 10.1038/sj.bjc.6602406 PMID: 15726119

12. Tanaka N, Kikuchi E, Kanao K, Matsumoto K, Shirotake S, Miyazaki Y, et al. A Multi-Institutional Valida-

tion of the Prognostic Value of the Neutrophil-to-Lymphocyte Ratio for Upper Tract Urothelial Carci-

noma Treated with Radical Nephroureterectomy. Ann Surg Oncol 2014; 21:4041–4048. doi: 10.1245/

s10434-014-3830-3 PMID: 24912614

13. Gakis G, Fritsche HM, Hassan F, Kluth L, Miller F, Soave A, et al. Prognostic relevance of postoperative

platelet count in upper tract urothelial carcinoma after radical nephroureterectomy. Eur J Cancer 2014;

50:2583–259. doi: 10.1016/j.ejca.2014.07.003 PMID: 25088206

14. Ishizuka M, Oyama Y, Abe A, Kubota K. Combination of platelet count and neutrophil to lymphocyte

ratio is a useful predictor of postoperative survival in patients undergoing surgery for gastric cancer. J

Surg Oncol 2014; 110:935–941. doi: 10.1002/jso.23753 PMID: 25146385

15. Ishizuka M, Nagata H, Takagi K, Iwasaki Y, Kubota K. Combination of platelet count and neutrophil to

lymphocyte ratio is a useful predictor of postoperative survival in patients with colorectal cancer. Br J

Cancer 2013; 109:401–407. doi: 10.1038/bjc.2013.350 PMID: 23820256

16. Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet 2001; 357:539–545. doi:

10.1016/S0140-6736(00)04046-0 PMID: 11229684

17. Proctor MJ, Talwar D, Balmar SM, O’Reilly DSJ, Foulis AK, Horgan PG, et al. The relationship between

the presence and site of cancer, an inflammation-based prognostic score and biochemical parameters.

Initial results of the Glasgow Inflammation Outcome Study. Br J Cancer 2010; 103:870–876. doi: 10.

1038/sj.bjc.6605855 PMID: 20717110

Prognostic Impact of NPS in Metastatic Urothelial Carcinoma

PLOS ONE | DOI:10.1371/journal.pone.0169657 January 11, 2017 11 / 12

http://dx.doi.org/10.1016/j.eururo.2013.11.046
http://www.ncbi.nlm.nih.gov/pubmed/24373477
http://dx.doi.org/10.1200/jco.1999.17.10.3173
http://www.ncbi.nlm.nih.gov/pubmed/10506615
http://dx.doi.org/10.1002/cncr.28146
http://www.ncbi.nlm.nih.gov/pubmed/23720216
http://dx.doi.org/10.1016/j.cell.2010.01.025
http://www.ncbi.nlm.nih.gov/pubmed/20303878
http://dx.doi.org/10.1158/1541-7786.MCR-05-0261
http://www.ncbi.nlm.nih.gov/pubmed/16603636
http://dx.doi.org/10.1016/j.critrevonc.2013.03.010
http://www.ncbi.nlm.nih.gov/pubmed/23602134
http://dx.doi.org/10.1056/NEJMoa1110352
http://www.ncbi.nlm.nih.gov/pubmed/22335738
http://dx.doi.org/10.1002/cncr.24480
http://www.ncbi.nlm.nih.gov/pubmed/19551882
http://dx.doi.org/10.1038/sj.bjc.6602406
http://www.ncbi.nlm.nih.gov/pubmed/15726119
http://dx.doi.org/10.1245/s10434-014-3830-3
http://dx.doi.org/10.1245/s10434-014-3830-3
http://www.ncbi.nlm.nih.gov/pubmed/24912614
http://dx.doi.org/10.1016/j.ejca.2014.07.003
http://www.ncbi.nlm.nih.gov/pubmed/25088206
http://dx.doi.org/10.1002/jso.23753
http://www.ncbi.nlm.nih.gov/pubmed/25146385
http://dx.doi.org/10.1038/bjc.2013.350
http://www.ncbi.nlm.nih.gov/pubmed/23820256
http://dx.doi.org/10.1016/S0140-6736(00)04046-0
http://www.ncbi.nlm.nih.gov/pubmed/11229684
http://dx.doi.org/10.1038/sj.bjc.6605855
http://dx.doi.org/10.1038/sj.bjc.6605855
http://www.ncbi.nlm.nih.gov/pubmed/20717110


18. Rossi L, Santoni M, Crabb SJ, Scarpi E, Burattini L, Chau C, et al. High neutrophil-to-lymphocyte ratio

persistent during first-line chemotherapy predicts poor clinical outcome in patients with advanced

urothelial cancer. Ann Surg Oncol 2015; 22: 1377–1384. doi: 10.1245/s10434-014-4097-4 PMID:

25234022

19. Luo HL, Chen YT, Chuang YC, Cheng YT, Lee WC, Kang CH, et al. Subclassification of upper urinary

tract urothelial carcinoma by the neutrophil-to-lymphocyte ratio (NLR) improves prediction of oncologi-

cal outcome. BJU int 2014; 113:E144–149. doi: 10.1111/bju.12582 PMID: 24274691

20. Gondo T, Nakashima J, Ohno Y, Choichiro O, Horiguchi Y, Namiki K, et al. Prognostic value of neutro-

phil-to-lymphocyte ratio and establishment of novel preoperative risk stratification model in bladder can-

cer patients treated with radical cystectomy. Urology 2012; 79:1085–1091. doi: 10.1016/j.urology.

2011.11.070 PMID: 22446338

21. Levin J, Conley CL. Thrombocytosis associated with malignant disease. Arch Intern Med 1964;

114:497–500. PMID: 14184638

22. Battinelli EM, Markens BA, Kulenthirarajan RA, Machlus KR, Flaumenhaft R, Italiano JE. Anticoagula-

tion inhibits tumor cell-mediated release of platelet angiogenic proteins and diminishes platelet angio-

genic response. Blood 2014; 123(1):101–112. doi: 10.1182/blood-2013-02-485011 PMID: 24065244

23. Labelle M, Begum S, Hynes RO. Direct signaling between platelets and cancer cells induces an epithe-

lial-mesenchymal-like transition and promotes metastasis. Cancer Cell 2011; 20:576–90. doi: 10.1016/

j.ccr.2011.09.009 PMID: 22094253

24. Nieswandt B, Hafner M, Echtenacher B, Männel DN. Lysis of tumor cells by natural killer cells in mice is

impeded by platelets. Cancer Res 1999; 59(6):1295–1300. PMID: 10096562

25. Møller Pedersen L, Milman N. Prognostic significance of thrombocytosis in patients with primary lung

cancer. Eur Respir J 1996; 9:1826–30. PMID: 8880098

26. Moschini M, Suardi N, Pellucchi F, La Croce G, Capitanio U, Briganti A, et al. Impact of preoperative

thrombocytosis on pathological outcomes and survival in patients treated with radical cystectomy for

bladder carcinoma. Anticancer Res 2014; 34:3225–30. PMID: 24922698

27. Hsieh MC, Sung MT, Chiang PH, Huang CH, Tang Y, Su YL. The prognostic impact of histopathological

variants in patients with advanced urothelial carcinoma. PLoS ONE 2015; 10(6): e0129268. doi: 10.

1371/journal.pone.0129268 PMID: 26114748

28. Murri AM, Bartlett JMS, Canney PA, Doughty JC, Wilson C, McMillan DC. Evaluation of an inflamma-

tion-based prognostic score (GPS) in patients with metastatic breast cancer. Br J Cancer 2006; 94:

227–230. doi: 10.1038/sj.bjc.6602922 PMID: 16404432

29. Crumley ABC, McMillan DC, McKernan M, McDonald AC, Stuart RC. Evaluation of an inflammation-

based prognostic score in patients with inoperable gastro-oesophageal cancer. Br J Cancer 2006;

94:637–641. doi: 10.1038/sj.bjc.6602998 PMID: 16479253

30. Forrest LM, McMillan DC, McArdle CS, Angerson WJ, Dunlop DJ. Comparison of an inflammation-

based prognostic score (GPS) with performance status (ECOG) in patients receiving platinum-based

chemotherapy for inoperable non-small-cell lung cancer. Br J Cancer 2004; 90:1704–1706. doi: 10.

1038/sj.bjc.6601789 PMID: 15150622

Prognostic Impact of NPS in Metastatic Urothelial Carcinoma

PLOS ONE | DOI:10.1371/journal.pone.0169657 January 11, 2017 12 / 12

http://dx.doi.org/10.1245/s10434-014-4097-4
http://www.ncbi.nlm.nih.gov/pubmed/25234022
http://dx.doi.org/10.1111/bju.12582
http://www.ncbi.nlm.nih.gov/pubmed/24274691
http://dx.doi.org/10.1016/j.urology.2011.11.070
http://dx.doi.org/10.1016/j.urology.2011.11.070
http://www.ncbi.nlm.nih.gov/pubmed/22446338
http://www.ncbi.nlm.nih.gov/pubmed/14184638
http://dx.doi.org/10.1182/blood-2013-02-485011
http://www.ncbi.nlm.nih.gov/pubmed/24065244
http://dx.doi.org/10.1016/j.ccr.2011.09.009
http://dx.doi.org/10.1016/j.ccr.2011.09.009
http://www.ncbi.nlm.nih.gov/pubmed/22094253
http://www.ncbi.nlm.nih.gov/pubmed/10096562
http://www.ncbi.nlm.nih.gov/pubmed/8880098
http://www.ncbi.nlm.nih.gov/pubmed/24922698
http://dx.doi.org/10.1371/journal.pone.0129268
http://dx.doi.org/10.1371/journal.pone.0129268
http://www.ncbi.nlm.nih.gov/pubmed/26114748
http://dx.doi.org/10.1038/sj.bjc.6602922
http://www.ncbi.nlm.nih.gov/pubmed/16404432
http://dx.doi.org/10.1038/sj.bjc.6602998
http://www.ncbi.nlm.nih.gov/pubmed/16479253
http://dx.doi.org/10.1038/sj.bjc.6601789
http://dx.doi.org/10.1038/sj.bjc.6601789
http://www.ncbi.nlm.nih.gov/pubmed/15150622

