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Abstract

Background
Evidence indicates that preoperative �brinogen/prealbumin (FPR), neutrophil lymphocyte ratio/prealbumin ratio (NLR/PA) and platelet distribution width-to-
platelet count ratio (PDW/PLT) possess prognostic potential in numerous malignancies. However, their roles in bladder cancer remain unclear. In this study,
we investigated the association between FPR, NLR/PA versus PDW/PLT and the prognosis in bladder cancer patients.

Methods
The clinical data of 147 patients with bladder cancer treated in Nantong cancer hospital from January 2009 to August 2014 were retrospectively analyzed.
According to ROC curve, the optimal critical value of FPR, NLR/PA and PDW/PLT were 0.1084, 0.1045 and 0.1210 respectively. The patients were followed
up for 5 years to observe the survival of the patients, and the clinicopathological data were statistically analyzed. Cox regression analysis was used for
univariate and multivariate analysis. Finally, on this basis, the nomogram is constructed for internal veri�cation.

Results
All patients were followed up for 5 years. A total of 102 patients survived with a survival rate of 69.4%, 45 patients died with a mortality rate of 30.6%.
Further strati�ed analysis showed that the group with low FPR, low NLR/PA and low PDW/PLT had the best prognosis, while the group with high FPR, high
NLR/PA and high PDW/PLT had the worst prognosis. Cox multivariate analysis showed that preoperative FPR, NLR/PA and PDW/PLT were independent risk
factors for tumor progression (p = 0.007, p = 0.013, p = 0.000). The decrease of FPR, NLR/PA and PDW/PLT can signi�cantly prolong OS and PFS in patients
with bladder cancer. In internal validation, the c-index of the nomogram was 0.8140 (95% CI: 0.7577–0.8703).

Conclusions
Preoperative FPR and NLR/PA versus PDW/PLT can be an independent prognostic factor in bladder cancer patients and are associated with
clinicopathological characteristics. They have a speci�c value in assessing the prognosis of bladder cancer patients.

Introduction
Bladder cancer is the most common malignant tumor of urinary system. According to the data of American Cancer Society, the number of new cases and
deaths of bladder cancer in 2019 are 80470 and 17670, respectively [1]. In recent years, the incidence rate and mortality rate of bladder cancer in China also
showed an upward trend [2]. In the management of bladder cancer patients, postoperative tumor recurrence and progression are important clinical
endpoints [3, 4]. Traditional TNM staging system can predict the prognosis of bladder cancer. However, in patients with similar TNM stages, the clinical
outcomes were signi�cantly different [5]. Although molecular diagnostic tests can be used in Europe and the United States to obtain more prognostic
information and help guide clinical treatment, they cannot be used in routine clinical practice due to their high cost. Therefore, it is very important to identify
low-cost biomarkers that can be easily obtained by routine blood cell count.

Nutrition and in�ammation play an important role in the progression and prognosis of cancer. At present, many studies have reported related in�ammatory
markers to predict the prognosis of bladder cancer patients, such as platelet lymphocyte ratio (PLR) [6], neutrophil lymphocyte ratio (NLR) [7, 8], lymphocyte
monocyte ratio (LMR) [9, 10]. Recent studies have shown that �brinogen and its derived peptides play a pro-in�ammatory role in solid cancer [11]. In
addition, emerging evidence suggests that elevated �brinogen is associated with poor OS and tumor free survival [12]. In addition to �brinogen, prealbumin
(PA) is a common nutritional indicator, and low preoperative PA level is an independent negative prognostic factor for cancer-speci�c survival [13]. Current
studies also have found that platelet related markers, such as the ratio of platelet to lymphocyte, are more signi�cant prognostic factors in patients with
bladder cancer [14].

Recently, it has been reported that three new predictive indexes, one called preoperative �brinogen ratio to prealbumin ratio (FPR), is related to the prognosis
of patients with liver cancer [15], one is neutrophil lymphocyte ratio to prealbumin ratio (NLR/PA), which is related to the prognosis of patients with
esophageal cancer [16]. Another one is that the platelet distribution width-to-platelet count ratio (PDW/PLT) has a signi�cant prognosis in breast cancer
patients [17]. However, up to now, there is no report on the relationship between FPR, NLR/PA and PDW/PLT and the prognosis of bladder cancer patients.
Most of the current studies predict the prognosis of tumor through a single predictive index, which has certain limitations in accuracy and effectiveness.
Therefore, the purpose of this study is to evaluate the prognosis of patients with bladder cancer by combining preoperative FPR, NLR/PA and PDW/PLT.

Methods
Clinical data

The clinical data of bladder cancer patients admitted to the urology department of Nantong tumor hospital from January 2009 to August 2014 were
selected. Inclusion criteria: (I) all patients were diagnosed as bladder cancer for the �rst time and operated on; (II) no upper respiratory tract infection,
urinary tract infection, fever and other factors affecting the results of blood routine examination within 1 month before operation; (III)the last blood routine
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examination before operation, calculated the ratio of �brinogen to prealbumin, the neutrophil lymphocyte ratio to prealbumin and platelet distribution width-
to-platelet count ratio; (IV)complete clinical, pathological and follow-up data. Exclusion criteria: (I) patients with positive pathological margin after
operation; (II) patients with history of blood system, autoimmune diseases and other malignant tumors; (III)patients with chronic obstructive pulmonary
disease, heart failure, coronary heart disease, high-risk hypertension and other factors affecting postoperative recovery; (IV)patients with long-term radiation
exposure before operation and neoadjuvant chemotherapy; (V)patients with serious complications during perioperative period; (VI)Non urothelial tumor;
( )antibiotics, anticoagulants, hormones and other factors have an impact on the blood test results in the near future. 147 patients were included in the
study, including 119 males and 28 females. The average age was (63.0 ± 11.5) years.

Research methods

Through the medical record management system of our hospital, we collected the last blood routine examination and the corresponding clinicopathological
data. Neutrophils, lymphocytes, �brinogen, prealbumin, platelet distribution width, and platelet count in blood routine were recorded, then FPR, NLR/PA and
PDW/PLT were calculated. The ROC curves of FPR, NLR/PA and PDW/PLT were established to calculate the Youden index. The FPR value, NLR/PA value
and PDW/PLT value corresponding to the maximum value were selected as the best cut-off point. The patients were divided into high FPR group, low FPR
group, high NLR/PA group, low NLR/PA group, high PDW/PLT group and low PDW/PLT group. Postoperative OS and PFS were used as survival analysis
indexes, and the clinicopathological data and survival differences between the two groups were compared. At the same time, univariate and multivariate
prognostic analysis was performed.

Follow-up

The follow-up methods were outpatient review, re-admission medical records and telephone follow-up. The patients were followed up once every three
months in the �rst year, once every six months in the second year, and once a year after two years. All patients were followed up to August 1, 2019. Follow
up items: Cystoscopy, abdominal and pelvic CT or color Doppler ultrasound, chest X-ray, tumor markers, urine routine, liver and kidney function and so on
(additional examination depending on the patient's condition). OUTCOME MEASURES: PFS was de�ned as the indication of disease progression from the
beginning of treatment to any follow-up items. The data of survival at the end of follow-up and loss of follow-up were used as the �nal cut-off time for
statistical analysis.

Statistical analysis
SPSS 22.0 statistical software was used to process the data. ROC curve was used to calculate the best cut-off value. The measurement data were
expressed by X ± s and compared by t test; the count data were expressed by % and compared by chi-square test or Fisher's exact probability test. Kaplan
Meier method and log rank test were used to test the effect on OS and PFS. Factors with statistical signi�cance in univariate analysis were included in
multivariate Cox proportional hazards regression model. Finally, on this basis, R language is used to draw the nomogram and build the prediction model.
The difference was statistically signi�cant (p < 0.05).

Results
Relationship between FPR, NLR/PA, PDW/PLT and tumor progression

The ROC curve of the relationship between FPR, NLR/PA, and PDW/PLT and tumor progression is shown in Fig. 1. The best cut-off value of FPR determined
by ROC curve was 0.1084. According to whether the preoperative FPR was greater than 0.1084, the patients were divided into low FPR group (n = 85) and
high FPR group (n = 62). The optimal cut-off value of NLR/PA was 0.1046. According to whether the preoperative NLR/PA was greater than 0.1046, the
patients were divided into low NLR/PA group (n = 82) and high NLR/PA group (n = 65). The optimal critical value of PDW/PLT was 0.1210. The patients
were divided into low PDW/PLT group (n = 123) and high PDW/PLT group (n = 24) according to whether the preoperative PDW/PLT was greater than 0.1210.

Comparison of OS and PFS between the two groups

The tumor progression rates of low FPR group and high FPR group were 30.6% (26/85) and 61.3% (38/62), and the median PFS was 67.0 months and 55.0
months. The OS and PFS of low FPR group were signi�cantly higher than that of high FPR group (p < 0.05), as shown in Fig. 2 and Fig. 3. The tumor
progression rates of low NLR/PA group and high NLR/PA group were 32.9% (27/82) and 47.7% (31/65), and the median PFS was 72.5 months and 55
months, respectively. The OS and PFS of low NLR/PA group were signi�cantly higher than that of high NLR/PA group (p < 0.05), as shown in Fig. 4 and
Fig. 5. The tumor progression rates of low PDW/PLT group and high PDW/PLT group were 29.2% (36/123) and 51.2% (13/24), and the median PFS were
69.8 months and 59 months, respectively, as shown in Fig. 6 and Fig. 7.

Comparison of OS and PFS of eight groups after strati�ed analysis

Further strati�ed analysis showed that the group with low FPR, low NLR/PA, low PDW/PLT had the best prognosis, while the group with high FPR, high
NLR/PA and high PDW/PLT had the worst prognosis, as shown in Fig. 8 and Fig. 9.

Patients and tumor characteristics

There were signi�cant differences in TNM stage, grade and history of hypertension between low FPR group and high FPR group (p < 0.05). The number of
patients with history of hypertension in low NLR/PA group was signi�cantly less than that in high NLR/PA group (p = 0.017). Low PDW/PLT group and high



Page 4/19

PDW/PLT group also had signi�cant difference in grade (p < 0.05), as shown in Table 1.

Table 1
The relationship between preoperative FPR, NLR/PA and PDW/PLT and clinicopathological data

Variable Total FPR ≤ 
0.1084

FPR 0.1084 p NLR/PA 
≤ 
0.1045

NLR/PA 0.1045 p PDW/PLT 
≤ 0.1210

PDW/PLT 0.1210 P

n(%) n(%) n(%) n(%) n(%) n(%) n(%)  

Age                    

≤ 65 74(50.3) 42(56.8) 32(43.2) 0.792 44(59.5) 30(40.5) 0.366 37(50.0) 37(50.0) 0.298

65 73(49.7) 43(58.9) 30(41.1)   38(52.1) 35(47.9)   45(61.6) 73(38.4)  

Gender                    

male 119(81.0) 71(59.7) 48(40.3) 0.352 67(56.3) 52(43.7) 0.793 52(43.7) 67(56.3) 0.513

female 28(19.0) 14(50.0) 14(50.0)   15(53.6) 13(46.4)   22(78.6) 6(21.4)  

TNM stage                    

T1 91(61.9) 62(68.1) 29(31.9) 0.001* 52(57.1) 39(42.9) 0.672 41(45.1) 50(54.9) 0.142

T2 + T3 56(38.1) 23(41.1) 33(58.9)   30(53.6) 26(46.4)   40(71.4) 16(28.6)  

Grade                    

G1 + G2 91(61.9) 63(69.2) 28(30.8) 0.000* 51(56.0) 40(44.0) 0.935 39(42.9) 52(57.1) 0.003*

G3 56(38.1) 22(39.3) 34(60.7)   31(55.4) 25(44.6)   27(48.2) 29(51.8)  

Lymph node
metastasis

                   

Yes 7(4.8) 2(28.6) 5(71.4) 0.108 2(28.6) 5(71.4) 0.137 5(71.4) 2(28.6) 0.098

No 140(95.2) 83(59.3) 57(40.7)   80(57.1) 60(42.9)   73(52.1) 67(47.9)  

Distant
metastasis

                   

Yes 2(1.4) 1(50.0) 1(50.0) 0.822 2(100.0) 0(0.0) 0.205 1(50.0) 1(50.0) 0.138

No 145(98.6) 84(57.9) 61(42.1)   80(55.2) 65(44.8)   91(62.8) 54(37.2)  

Operation
method

                   

Radical
resection

48(32.7) 26(54.2) 22(45.8) 0.532 24(50.0) 24(50.0) 0.326 25(52.1) 23(47.9) 0.472

Electrosurgical
resection

99(67.3) 59(59.6) 40(40.4)   58(58.6) 41(41.4)   51(51.5) 48(48.5)  

History of

hypertension

                   

Yes 26(17.7) 21(80.8) 5(19.2) 0.009* 20(76.9) 6(23.1) 0.017* 23(88.5) 3(11.5) 0.040*

No 121(82.3) 64(52.9) 57(47.1)   62(51.2) 59(48.8)   59(48.8) 62(51.2)  

History of

diabetes

                   

Yes 6(4.1) 2(33.3) 4(66.7) 0.215 2(33.3) 4(66.7) 0.258 3(50.0) 3(50.0) 0.256

no 141(95.9) 83(58.9) 58(41.1)   80(56.7) 61(43.3)   75(53.2) 66(46.8)  

Other
operation
history

                   

Yes 41(27.9) 24(58.5) 17(41.5) 0.913 19(46.3) 22(53.7) 0.152 29(70.7) 12(29.3) 0.141

No 106(72.1) 61(57.5) 45(42.5)   63(59.4) 43(40.6)   53(50.0) 53(50.0)  

*P < 0.05 was statistically signi�cant.
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Univariate analysis results

Univariate analysis showed that TNM stage, grade, FPR, NLR/PA, PDW/PLT were the in�uencing factors of OS (p < 0.05),as shown in Table 2.



Page 6/19

Table 2
Univariate analysis of clinical factors on OS

Variable HR (95%CI) p

Age      

≤ 65 1.183 (0.654–2.143) 0.578

65 1    

Gender      

male 0.719 (0.304–1.702) 0.453

female 1    

TNM stage      

T1 2.137 (1.183–3.861) 0.012*

T2 + T3 1    

Grade      

G1 + G2 3.457 (1.876–6.369) 0.000*

G3 1    

Lymph node metastasis      

Yes 0.475 (0.170–1.331) 0.157

No 1    

Distant metastasis      

Yes 20.612 (0.001-641741.404) 0.566

No 1    

Operation method      

Radical resection 0.708 (0.388–1.293) 0.261

Electrosurgical resection 1    

History of hypertension      

Yes 1.244 (0.554–2.792) 0.596

No 1    

History of diabetes      

Yes 0.481 (0.149–1.554) 0.221

no 1    

Other operation history      

Yes 0.797 (0.422–1.504) 0.483

No 1    

FPR      

≤ 0.1084 4.362 (2.283–8.335) 0.000*

0.1084 1    

NLR/PA      

≤ 0.1045 3.088 (1.660–5.744) 0.000*

0.1045 1    

PDW/PLT      

≤ 0.1210 5.439 (2.929–10.100) 0.000*

0.1210 1    

*P < 0.05 was statistically signi�cant.
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Multivariate analysis results

Cox multivariate analysis showed that preoperative FPR, NLR/PA and PDW/PLT were independent risk factors for tumor progression (p = 0.007, p = 0.013, p 
= 0.000), and tumor grade also had a certain impact on tumor progression (p = 0.005),as shown in Table 3.

Table 3
Cox regression analysis of prognostic factors in

147 patients
Variable HR (95%CI) p

Grade      

G1 + G2 0.399 (0.210–0.758) 0.005*

G3 1    

FPR      

≤ 0.1084 0.379 (0.187–0.770) 0.007*

0.1084 1    

NLR/PA      

≤ 0.1045 0.441 (0.230–0.844) 0.013*

0.1045 1    

PDW/PLT      

≤ 0.1210 0.169 (0.088–0.325) 0.000*

0.1210 1    

*P < 0.05 was statistically signi�cant.

R language to draw nomogram and build prediction model

Based on the results of Cox regression analysis, the nomogram could accurately predict the 3-year and 5-year survival rates of patients with different grade,
FPR, NLR/PA and PDW/PLT. Meanwhile, in the internal validation, the c-index of the nomogram is 0.8140(95%CI 0.7577–0.8703), so the prediction model
has good prediction accuracy, as shown in Fig. 10.

Discussion
This study found that FPR, NLR/PA, PDW/PLT are associated with the survival and prognosis of patients, and are independent risk factors for the prognosis
of bladder cancer. Our �ndings indicate the potential importance of combining clinicopathological features with FPR, NLR/PA and PDW/PLT to evaluate the
prognosis of bladder cancer.

Fibrinogen is a multifunctional protein that affects many cellular processes in tumorigenesis and metastasis. Fibrinogen is one of the most common
components of extracellular matrix, which connects to tumor cells. Fibrinogen generates proliferation signals by acting as a scaffold for binding growth
factors such as FGF-2 and VEGF. Growth factor binding promotes cell adhesion, proliferation and migration during angiogenesis and tumor cell growth [18].
In addition, cancer cells can synthesize and secrete additional endogenous �brinogen, high FIB can promote the synthesis of IL-6 and change the nature of
leukocyte in�ltration, and stimulate T cells and B cells to promote chronic in�ammatory response [19–21].

Immune cells play an important role in occurrence, development and metastasis of tumors. Neutrophils can interact with tumor cells and secrete cytokines
and chemokines, thus promoting tumor proliferation, angiogenesis and metastasis [22]. It has been reported that neutrophils can secrete vascular
endothelial growth factor (VEGF) into the circulation, and VEGF is essential for tumor angiogenesis, metastasis and drug resistance. On the other hand, the
role of lymphocytes is mainly to inhibit the occurrence and development of tumor through tumor immune monitoring and tumor cell clearance. At the same
time, neutrophils in the tumor microenvironment can also work with lymphocytes to reduce the anti-tumor effect of activated T cells [23, 24]. Therefore,
increased NLR can represent neutropenia and lymphopenia, which re�ects the imbalance of immune response.

Malnutrition often occurs in patients with malignant tumors. Serum prealbumin is a negative acute phase protein synthesized by the liver, which is often
used to evaluate the nutritional status of patients with malignant tumors [25, 26]. Serum prealbumin is a stable tetramer composed of four identical
subunits synthesized by liver. Each subunit contains 127 amino acid residues with a relative molecular weight of 61000. It is named after the migration
position before albumin in electrophoresis. The content of prealbumin in normal people's serum is very little, and its half-life in vivo is only 1.9D, which is
involved in the transport and regulation of vitamin A and thyroxine. At the same time, prealbumin also has thymic activity, which can enhance the body's
immunity by promoting lymphocyte maturation, and has potential anti-tumor effect [27–31].

Although there are many recent studies on the clinical signi�cance of activated platelets in cancer, the range of available data is still limited by the type of
malignant tumor and the clinical results studied. Platelets are rich in PDGF, transforming growth factor-β and platelet-derived endothelial growth factor.
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These platelet-derived growth factors are usually produced in large quantities by cancer cells and contribute to their development [32, 33]. Thrombocytosis
is associated with reduced survival in patients with a variety of tumor types, including rectal cancer, lung cancer, renal cancer, gastric cancer, ovarian cancer,
brain cancer, endometrial cancer, pancreatic cancer, and breast cancer. Elevated platelets promote cancer progression and metastasis by shielding
circulating tumor cells from immune surveillance and killing [34]. For bladder cancer, the increased expression of platelet-derived endothelial growth factor
is signi�cantly correlated with the tumor progression of bladder cancer [35].

PDW is a more speci�c marker of platelet activation, because it will not increase due to platelet swelling, and it is also a method to measure platelet
heterogeneity caused by megakaryocyte heterogeneity demarcation [36]. A high value of this index indicates the presence of both mature and immature
cells in the circulation. This means that the increase of PDW may be accompanied by abnormal thrombosis [35] and/or the result of heterogeneous
boundary of megakaryocytes [37]. The cause of poor prognosis in patients with high PDW/PLT is unclear. In�ammation may be the link between PDW/PLT
and survival. There is a strong link between in�ammation and cancer [37, 38]. Various pro-in�ammatory cytokines are up-regulated with the progress of
tumor, and promote the maturation of heterologous megakaryocytes, leading to the production and release of immature platelets with various
characteristics and sizes into the circulatory system to meet the growing demand of tumor [39]. However, further studies are needed to better understand
the causes of poor prognosis of bladder cancer patients with high PDW/PLT.

In this study, we combined these three indicators to evaluate the prognosis of patients with bladder cancer, and the relationship between preoperative FPR,
NLR/PA and PDW/PLT and the patients’ OS and PFS. We can �nd that the prognosis of low FPR group is better than that of high FPR group, the prognosis
of low NLR/PA group is better than that of high NLR/PA group, and the prognosis of low PDW/PLT group is better than that of high PDW/PLT group. Further
strati�ed analysis showed that the group with low FPR, low NLR/PA and low PDW/PLT had the best prognosis, while the group with high FPR, high NLR/PA
and high PDW/PLT had the worst prognosis. Cox regression analysis showed that TMN stage, grade, FPR, NLR/PA and PDW/PLT were statistically
signi�cant. At the same time, in order to avoid the in�uence of these factors, we included these �ve factors into the multivariate analysis. Finally, we found
that the grade, FPR, NLR/PA and PDW/PLT are independent factors affecting the prognosis of patients with bladder cancer. That is, for patients with
bladder cancer, the smaller the FPR value, the smaller the NLR/PA value, the smaller the PDW/PLT value, and the lower the grade, the longer the OS and
PFS. At the same time, we found that at least 20 patients had at least one relapse, and 52 patients with NMIBC �nally developed into MIBC. This is
consistent with the characteristics of multicentric growth, easy recurrence and progression of bladder cancer, and also re�ects the positive clinical
signi�cance of this study. Based on the results of Cox regression analysis, we drew a nomogram and carried out internal veri�cation, so as to have a more
accurate judgment on the prediction of 3-year and 5-year survival rate of bladder cancer patients, which also has a certain practical signi�cance for the
development of clinical treatment. In the internal validation, the c-index of the nomogram is 0.8140(95%CI 0.7577–0.8703), so the prediction model has
good accuracy.

This study also has some limitations, including single center design and relatively small sample size. At the same time, this is a retrospective study, which
may lead to bias in data selection and analysis. Despite these limitations, this study is still the �rst to reveal that elevated FPR, NLR/PA and PDW/PLT are
predictors of poor prognosis in patients with bladder cancer.

Conclusions
Although there are some limitations in this study, the data clearly show that the increase of preoperative FPR, NLR/PA and PDW/PLT is an unfavorable
prognostic factor for patients with bladder cancer. Further studies are needed to elucidate the exact mechanism of FPR, NLR/PA and PDW/PLT in bladder
cancer.
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Figures

Figure 1
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Relationship between FPR, NLR/PA, PDW/PLT and tumor progression

Figure 2

Comparison of OS between the two groups
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Figure 3

Comparison of PFS between the two groups
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Figure 4

Comparison of OS between the two groups
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Figure 5

Comparison of PFS between the two groups



Page 15/19

Figure 6

Comparison of OS between the two groups
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Figure 7

Comparison of PFS between the two groups
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Figure 8

Comparison of OS of eight groups after strati�ed analysis
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Figure 9

Comparison of PFS of eight groups after strati�ed analysis
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Figure 10

R language to draw nomogram and build prediction model


