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Background: An accurate and early diagnosis of bladder cancer (BC) is essential to offer patients the most 
appropriate treatment and the highest cure rate. For this reason, patients need to be best stratified by class 
and risk factors. We aimed to develop a score able to better predict cancer outcomes, using serum variables 
of inflammation.
Methods: A total of 1,510 high-risk non-muscle invasive bladder cancer (NMIBC) patients were included 
in this retrospective observational study. Patients with pathologically proven T1 HG/G3 at first TURBT 
were included. Systemic combined inflammatory score (SCIS) was calculated according to systemic 
inflammatory markers (SIM), modified Glasgow prognostic score (mGPS), and prognostic nutritional index 
(PNI) dichotomized (final score from 0 to 3).
Results: After 48 months of follow-up (IQR 40.0–73.0), 727 patients recurred (48.1%), 485 progressed 
(32.1%), 81 died for cancer (7.0%), and 163 died for overall causes (10.8%). Overall, 231 (15.3%) patients 
had concomitant Cis, 669 (44.3%) patients had multifocal pathology, 967 (64.1%) patients had tumor size  
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Introduction

Bladder cancer (BC) represents one of the most frequent 
tumor in Europe (1). Fortunately, most of them, about 
70%, are in the form of non-muscle invasive bladder cancer 
(NMIBC), but on the other hand a great part of this may 
relapse or progress (2). Therefore, an accurate and early 
diagnosis of NMIBC is essential to offer patients the most 
appropriate treatment and the highest cure rate. For the 
same reason, NMIBC patients need to be best stratified 
by class and risk factors. To this regard, some of them are 
represented by those from the European Organization for 
Research and Treatment of Cancer (EORTC) (3) or from 
the Spanish consortium CUETO (Club Urologico Español 
de Tratamiento Oncologico) (4). Both risk calculators 
tend to overestimate the risk of disease recurrence 
and progression in high-risk patients and present low 
discrimination for prognostic outcomes in external 
validation (5).

In a recent research article by Jobczyk et al. (6) it has 
been shown that EAU, EORTC, and CUETO risk groups 
appeared to demonstrate moderate performance in the 
prediction of recurrence and progression, with the one-year  
and five-year c-indices ranging from 0.55 to 0.66 for 
recurrence and from 0.72 to 0.82 for progression. 
Combined with recent advancements in treatment options, 
those results jointly highlight the urgent need for the 
development of new stratification tools.

Currently, NMIBC patients are stratified into three 
risk categories, low-, intermediate- and high-risk, based 
on the grade, T-stage, tumor size, focality of the tumor, 
concomitant carcinoma in situ and recurrence rate. 

Unfortunately, population-based data have shown that real-
life survival is below expectations from clinical trials (7). 
The need therefore arises to improve the predictive model, 
improving the stratification in real risk classes and therefore 
adequately treating the patient. Taking into account these, 
currently unmet needs and the shortcomings of previous 
risk stratifications, we aimed to develop a score able to 
better predict cancer outcomes, using serum variables of 
inflammation.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1272).

Methods

A total of 1,510 high-risk NMIBC (T1 high grade/G3) 
subjects from January 1, 2002 and December 31, 2012 were 
enrolled in this retrospective longitudinal study. All Patients 
underwent re-TURBT performed within 4–6 weeks and 
intravesical BCG intravesical therapy. All included patients 
completed at least 1-year of immunotherapy. Serum data 
including inflammatory markers were collected 1 month 
before surgery. Serum inflammatory markers (SIM) was 
calculated based on previous data (8). The modified 
Glasgow prognostic score (mGPS) was calculated as 
described previously (9). Briefly, patients with elevated CRP 
(>10 mg/dL) were assigned an mGPS of 1 or 2 depending on 
the absence or presence of hypoalbuminaemia (<35 g/dL),  
whereas patients showing no elevated level of CRP  
(<10 mg/dL) are al located an mGPS of 0,  even if 
hypoalbuminaemia is present. The prognostic nutritional 

>3 cm. Overall, 357 (23.6%) patients received immediate-intravesical therapy, 1,356 (89.8%) received 
adjuvant intravesical therapy, of which 1,382 (91.5%) received BCG, 266 (17.6%) patients received 
mitomycin C, 4 (0.5%) patients received others intravesical therapy. Higher SCIS was independently 
predictive of recurrence (hazard ratio HR 1.5, 1.3 and 2.2) and cancer specific mortality for SCIS 0 and 3 (HR: 
1.61 and 2.3), and overall mortality for SCIS 0 and 3 (HR: 2.4 and 3.2). Conversely, SCIS was not associated 
with a higher probability of progression.
Conclusions: The inclusion of the SCIS in clinical practice is simple to apply and can help improve the 
prediction of cancer outcomes. It can identify patients with high-grade BC who are more likely to experience 
disease mortality.
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index (PNI) was calculated as previously reported and 
dichotomized according the median, attributing a score of 1 
to patients with PNI <51.55 (10).

Systemic combined inflammatory score (SCIS) was 
calculated according to SIM, mGPS and PNI dichotomized 
cut-offs of the markers. We gave 1 point at SIM ≥2, mGPS 
≥1 and PNI (<51.55) (range from 0 to 3) based on previous 
literature data (8-10).

Patients with a urinary tract infection or inflammatory 
systemic diseases that could influence these parameters 
(chronic intestinal diseases, autoimmune diseases, 
leukaemia, lymphoma) were excluded from the study. The 
endpoints of this study were time to recurrent disease, time 
to progressive disease, overall- and cancer-specific survival 
(OS and CSS).

The authors are accountable for all aspects of the work in 
ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional ethics board of Policlinico 
Hospital Federico II of Naples (No.: 310/2018) and 
informed consent was taken from all the patients.

Statistical analysis

Continuous variables are presented as the median and 
interquartile range (IQR). Differences between groups were 
assessed using a Kruskal-Wallis or Mann-Whitney U test 
as appropriate. Categorical variables were tested using a X2 

test or Fisher’s exact test. Primary outcome of the study was 
to select variables able to identify recurrence. Secondary 
outcomes were considered progression, CSS, and OS. 
For internal validation, the analysis was subjected to 500 
bootstrap resamples.

Kaplan-Meier curves and log-rank test were applied. 
Competing-risks survival regression has been used for 
recurrence and progression in consideration of the high 
rate of overall death. ROC (receiver operating curve) was 
performed to identify accuracy of SCIS, SIM, mGPS and 
PNI in predicting recurrence.

To perform cross-validation of the models, using 
resampling techniques for evaluating predictive models, we 
applied the new command ‘cvauroc’ of Stata (11). This new 
command is a Stata rclass program that implements k-fold 
cross-validation for the AUC for a binary outcome after 
fitting a logit or probit regression model. Cvauroc averages 
the AUCs corresponding to each fold and applies the 

bootstrap procedure to the cross-validated AUC to obtain 
statistical inference and 95% bias corrected confidence 
intervals (CI). Furthermore, cvauroc optionally provides 
the cross-validated fitted probabilities for the dependent 
variable or outcome contained in a new variable named _
fit, the sensitivity and specificity, contained in two new 
variables named, _sen and _spe, and the plot for the mean 
cvAUC and k-fold ROC curves (11).

All statistical analyses were carried out using Stata 
v.14 (StataCorp, College Station, TX, USA). For all 
comparisons, the significance level was set to P<0.05 for 
differences between groups.

Results

Table 1 lists all variables of patients at enrollment. Table S1  
shows the relationship between mGPS and variables at 
enrollment.

After surgery, 375 subjects (24.8%) had residual high-
grade NMIBC and 1,135 (75.2%) were negative.

We found that subjects with lower mGPS score were 
more frequent never smoker (P<0.01), while patients with 
higher number of cigarettes smoked per day had higher 
mGPS score (P<0.01) and patients with longer duration of 
smoking had also higher mGPS score (P<0.01). Patients 
that never used statins had lower mGPS score (P<0.02). 
Patients with mGPS of 1 had greater rate of tumor size  
≥3 cm than patients with mGPS of 0 (70% vs. 62%; 
P=0.02). Patients with mGPS of 1 had greater rate of 
multifocal disease than patients with mGPS of 0 (51.4% vs. 
41.5%; P<0.01).

Tables S2 and S3 show the relationship between PNI and 
SIM and variables at enrollment.

Smoking status and duration were associated with higher 
SCIS. The median cigarettes for day (IQR) was 14 (0–25) in 
patients with SCIS 3 vs. 10 (0–20) in patients with SCIS 2.  
Patients with SCIS of 2 had greater rate of multifocal 
disease than patients with SCIS of 1 (51.5 vs. 41.5, P<0.01) 
(Table 2).

Oncologic outcomes according to SCIS

After 48 months of follow-up (IQR 40.0–73.0), 727 patients 
recurred (48.1%), 485 progressed (32.1%), 81 died for 
cancer (7.0%), and 163 died for overall causes (10.8%).

The median recurrence-free survival was 65 [95% 
confidence interval (CI): 38.8–91.2], 50 (95% CI: 
42.6–57.35), 36 (95% CI: 28.7–43.3), and 21 (95% CI: 

https://cdn.amegroups.cn/static/public/TAU-20-1272-supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1272-supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1272-supplementary.pdf
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Table 1 Characteristics of the population (N=1,510)

Characteristic Variable

Age (years), median (IQR) 71 (65.0–78.0)

Gender, n (%)

M 1,222 (80.1)

F 288 (18.9)

Smoking status, n (%)

No 673 (44.6)

Current 429 (28.4)

Former 408 (27)

Cigarettes for day, median (IQR) 10 (0–20)

Smoking (years), median (IQR) 20 (0–30)

BMI (kg/m2), median (IQR) 27 (24–29.64)

Statin use, n (%)

No 1,108 (73.4)

Yes 402 (26.6)

ESR (mm/h), median (IQR) 12 (8–22)

Albumin (g/dL), median (IQR) 4.18 (3.9–4.5)

Neutrophil (×103/µL), median (IQR) 5.7 (4–9.8)

Lymphocytes (×103/µL), median (IQR) 1.9 (1.5–2.5)

Monocytes (×103/µL), median (IQR) 0.55 (0.4–0.8)

Eosinophilic (×103/µL), median (IQR) 0.16 (0.1– 0.28)

Basophilic (×103/µL), median (IQR) 0.03 (0.01–0.05)

Platelets (×103/µL), median (IQR) 232.5 (192.75–282.25)

SIM, median (IQR) 1.0 (1.0–2.0)

SIM, n (%)

0 150 (10.0)

1 603 (40.1)

2 610 (40.6)

3 140 (9.3)

mGPS, median (IQR)

mGPS, n (%)

0 1,081 (71.6)

1 387 (25.6)

2 42 (2.8)

PNI, median (IQR) 51.55 (48–56.5)

PNI > 51.55, n (%) 755 (49.5)

ESR, erythrocyte sedimentation rate; mGPS, modified Glasgow 
prognostic score; PNI, prognostic nutritional index; SIM, 
systematic inflammatory marker.

17.1–24.9) months in subjects with SCIS scores of 0, 1, 
2, and 3, respectively (P<0.01, log-rank test). In multiple 
comparisons, between-group differences in recurrence-
free survival were statistically significant (all P<0.01). The 
median progression-free survival was 86.0 (95% CI: 59.1–
112.9), 78 (95% CI: 71.3–84.7), 92 (95% CI: 73.8–110.2), 
and 90 (95% CI: 62.8–117.2) months in subjects with SCIS 
of 0, 1, 2, and 3, respectively (P<0.01, log-rank test).

The median cancer specific survival was 117.8 (95% CI: 
114.5–118.9), 113.4 (95% CI 109.2–114.7), 115.2 (95% CI: 
111.2–116.5), and 115.5 (95% CI: 107.6–118.1), months in 
subjects with SCIS of 0, 1, 2, and 3, respectively (P<0.1). 
The median OS was 112.7, (95% CI: 107.5–114.3), 105.9 
(95% CI: 100.8–107.6), 108.6, 95% CI: 103.2–110.3), and 
104.6 (95% CI: 92.8–118.5), months in subjects with SCIS 
of 0, 1, 2, and 3, respectively (P<0.02) (Figures 1-4). Figure 
S1 shows Fine-Gray competing risk analysis of survival 
according to SCIS.

In bootstrap-adjusted multivariable Cox regression 
analyses, increase in SCIS was associated with a significantly 
higher hazard ratio (HR) for recurrence (HR 1.3, P<0.01; 
HR 1.55, P<0.01; and HR 2.2, P<0.01) and cancer specific 
mortality for SCIS 0 and 3 (HR 1.61, P<0.05; and HR 2.3, 
P<0.01), and overall mortality for SCIS 0 and 3 (HR 2.4, 
P<0.05; and HR 3.2, P<0.05). Conversely, SCIS was not 
predictive of progression (Table 3).

Validation of the predictive model

After applying the cross-validation (cv) of the models, 
using resampling techniques (10-fold), we found that for 
recurrence risk the cvMean AUC (cvStandard Deviation 
cvSD: 0.06) was 0.552 (95% CI: 0.49, 0.55) while for 
progression risk the cvMean AUC (cvSD AUC: 0.07) was 
0.54 (95% CI: 0.46, 0.55). As concerning survival variables, 
for cancer specific mortality the cvMean AUC (cvSD AUC: 
0.1415) was 0.5137 (95% CI: 0.36, 0.52) and for OS was 
cvMean (cvSD AUC: 0.07) AUC 0.52 (95% CI: 0.41, 0.52). 
Figure S2 shows the ROC for recurrence prediction.

Discussion

Herein, we showed that a single score based on previous 
inflammatory scores, denoted as mGPS, PNI and SIM, 
that we defined as SCIS, is useful in predicting oncological 
outcomes in patients with high-grade NMIBC.

To this regard, many previous risk tables have been 
used and are currently applied in these patients to predict 

https://cdn.amegroups.cn/static/public/TAU-20-1272-supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1272-supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-1272-supplementary.pdf


630 Ferro et al. Systemic inflammation and BC

  Transl Androl Urol 2021;10(2):626-635 | http://dx.doi.org/10.21037/tau-20-1272© Translational Andrology and Urology. All rights reserved.

Table 2 Association between baseline clinicopathologic characteristics and cumulative SCIS score in the total cohort

Variable
SCIS score

P value
0 1 2 3

Patients (n) 326 579 445 153

Age (years), median (IQR) 70 (64.0–77) 70 (64.0–77.25) 71 (65.0–78) 73 (66.0–79) 0.17

Gender, n (%) 0.032

Male 281 (86.2) 467 (80.7) 346 (77.8) 123 (80.4)

Female 45 (13.8) 112 (19.3) 99 (22.2) 30 (19.6)

Smoking status, n (%) <0.01

Never 120 (36.8) 248 (42.8) 215 (48.3) 84 (54.9)

Current 94 (28.8) 166 (28.7) 124 (27.9) 45 (29.4)

Former 112 (34.4) 165 (28.5) 106 (23.8) 24 (15.7)

Cigarettes per day, median (IQR) 10 (0–15) 10 (0–15) 10 (0–20) 14 (0–25) <0.01

Duration of smoking (years), median (IQR) 18 (0–30) 18 (0–30) 20 (0–30) 30 (0–40) <0.01

Statin use, n (%) 0.10

Never 248 (76.1) 436 (75.3) 309 (69.4) 109 (71.2)

Current 78 (23.9) 143 (24.7) 136 (30.6) 44 (28.8)

Multifocal disease, n (%) 120 (36.8) 240 (41.5) 229 (51.5) 76 (49.7) <0.01

Tumor size ≥3 cm, n (%) 200 (61.3) 360 (62.2) 300 (67.6) 101 (66.0) 0.20

Carcinoma in situ, n (%) 56 (17.2) 85 (14.7) 64 (14.4) 26 (17.0) 0.64

ESR (mm/h), median (IQR) 11 (6.0–17) 12 (7.0–19) 14 (9.0–24) 21 (12.5–27) <0.01

CRP (mg/L), median (IQR) 1.05 (0.40–2.46) 1.48 (0.5–5) 3 (0.91–12) 13.9 (12.0–16) <0.01

SCIS, systemic cumulative inflammation score; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

Figure 1 Recurrence survival estimates according to SCIS. SCIS, systemic combined inflammatory score.
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Figure 2 Progression free estimates according to SCIS. SCIS, systemic combined inflammatory score.

Figure 3 Cancer specific survival estimates according to SCIS. SCIS, systemic combined inflammatory score.

recurrence or progression, in order to establish the optimal 
follow-up and treatment strategies.

The EORTC risk tables are the most used tool for risk 
stratification and prognosis prediction in NMIBC patients. 
The EAU risk categories are a possible alternative to the 
EORTC risk tables and can be used for comparable risk 
stratification (12). The CUETO scoring model is more 
accurate than the EORTC risk tables, in a subgroup of 
NMIBC patients treated with BCG (4). Unfortunately, the 

biggest problem we find in the stratification of patients is 
the fact that they are treated differently from the current 
standard. Furthermore, evaluation of tumor size and other 
variables are subjective. For these reasons, risk stratification 
and prognosis estimation should be performed when 
NMIBC is diagnosed. The lack of standardization makes 
stratification difficult and imprecise and this has a short-
term impact on the patient’s treatment and follow-up, 
and in the long term on the patient’s quality of life and 
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Figure 4 Overall survival estimates according to SCIS. SCIS, systemic combined inflammatory score.

Table 3 Multivariable Cox-regression analysis for recurrence-free survival, progression-free survival, cancer-specific mortality, and overall mortality

SCIS
Recurrence Progression Cancer specific mortality Overall mortality

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

0 Ref. Ref. Ref. Ref.

1 1.31** 1.06–1.61 1.05 0.831–1.32 1.61* 1.04–2.51 2.445* 1.16–5.16

2 1.55** 1.24–1.93 0.86 0.665–1.11 1.38 0.86–2.22 2.030 0.92–4.50

3 2.22** 1.70–2.91 1.27 0.890–1.80 2.28** 1.25–4.15 3.159* 1.14–8.73

Adjusting for: gender, smoking status, statin use, focality, pathologic grade, pathologic stage, tumor size, concomitant Cis. *P<0.05; 
**P<0.01. SCIS, systemic combined inflammatory score; HR, hazard ratio; CI, confidence interval.
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oncological outcomes. All this can be overcome only if 
we are able to find clinical or even better molecular and 
genetic markers to predict oncological outcomes, before 
starting the treatment and the reorganization of the disease, 
which in any case alters its natural history (13,14). Different 
biomarkers have been used in the past with the aim of 
calculate response after therapy for BC (8,15,16) and several 
studies have also confirmed the potential role of flogosis 
markers in urothelial cancers (17,18).

Based on our results, cigarette smoking may affect 
systemic immune and inflammation marker levels. Previous 
data in fact have reported that systemic inflammatory 
response triggered by exposure to smoking is characterized 
by the stimulation of the hematopoietic system, specifically 
bone marrow, that determines the increase of leukocytes 
and platelets into the circulation, due to the relative increase 

in polymorphonuclear neutrophil counts in the circulation 
of smokers, and smoking also influences the proliferation 
and death pathways of lymphocytes (19,20).

For all these reasons, we hypothesize that marker of 
inflammation could serve as predictors of BC outcomes.

A study from Cantiello et al. has previously demonstrated 
that subjects with higher systemic inflammatory markers 
(SIM) were at more risk to recur and progress (8). In 
the same way the Glasgow prognostic score (GPS) and 
mGPS, an inflammation-based model, has been shown to 
be an accurate predictor of prognosis in colorectal cancer 
patients, non-small-cell lung cancer, pancreatic cancer, 
esophageal cancer, and hepatocellular carcinoma in several 
studies (21-24). Furthermore, it has been shown that the 
preoperative PNI is also associated with clinical outcomes 
in patients with malignant tumors. In fact, a higher PNI has 
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been proven to be associated with a favorable outcome in 
glioblastomas patients, while a low PNI has been associated 
with poor survival in lung cancer (25,26). Our data agree 
with current literature. In fact, according to our study, 
high PNI levels have a positive effect on the OS, unlike 
the mGPS and the SIM score which, if with a higher value, 
correlates negatively with the OS. By combining these 
3 biomarkers in the SCIS we can predict patients more 
accurately than might benefit of a more incisive treatment. 
In fact, according to our study, high SCIS correlates with a 
greater risk to recur or die for cancer or any disease.

As regards to NMIBC patients, Kimura et al. showed in 
a retrospective analysis of above one-thousand cases that 
patients with elevated mGPS were more likely to experience 
disease recurrence and progression (27). Furthermore, 
the addition of mGPS to a standard prognostic model 
for prediction of disease progression improved its 
discrimination by 2.2%. This was confirmed also in patients 
with muscle-invasive disease: in a retrospective study of 
one-thousand patients treated with radical cystectomy, 
the mGPS was independently associated with RFS (28). 
In another little case-report series, PNI was shown to be 
significantly associated with predicting tumour recurrence 
in NMIBC (29).

Indeed, to our knowledge, this is the first study that in a 
single score, namely the SCIS, are merged the mGPS, the 
SIM score, and the PNI.

However, this study is not devoid of limitations. First, 
this is a retrospective study, which may have led to a 
selection bias. Furthermore, we could not determine the 
experience of each surgeon, the eventual use of novel 
endoscopic visualization techniques. This study is also 
limited by the lack of standardization of the surgical 
procedures, adjuvant intravesical instillation therapy and 
follow-up scheduling. Finally, the model should need an 
external validation in a different cohort and outside Europe 
and corroborate the comparison with SIM and other 
scores.

Despite these limitations, we elucidated the relationship 
between the mGPS score, the SIM score and the PNI and 
the clinicopathological characteristics and between the 
SCIS and oncological outcomes in above 1,500 patients. 
This score can be easily calculated and requires routine 
blood examination before surgery. Indeed, the present study 
offers several opportunities for future research in this field: 
indeed, multicenter prospective studies should provide 
external validation of the SCIS in different clinical scenarios 
and integrate our model in a more comprehensive decision-

making tool to individualize adjuvant treatment after TURB 
and eventually select those patients who might benefit of 
an early radical treatment. Thus, predictive markers are 
essential in BC also in order to identify those patients in 
which an early cystectomy could be considered beneficial.

Conclusions

Risk stratification and prognostic models are fundamental 
because they allow for adaptation of treatment, follow-
up and future development. The turning point lies in 
the identification of precise biomarkers that measure the 
intrinsic biological potential of the tumor and the patient. 
In this regard, the inclusion of the predictive models 
of inflammation in clinical practice may help improve 
the prediction of cancer outcomes or experience disease 
mortality.
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