
Diagnostic Value of Chronic Inflammatory Factors in Non-
muscle Invasive Bladder Cancer  

Introduction
Bladder cancer (BC) is one of the most prevalent urinary 
malignancies and indicates about 90-95% of urothelial 
carcinoma (1). Urothelial BCs are divided into two 
clinically distinct categories of non-muscle and muscle 
invasive BCs (NMIBCs and MIBCs). Approximately 70% 
of newly diagnosed urothelial BCs are of NMIBC type at 
the time of diagnosis. Despite the high recurrence rate 
of NMIBCs after the standard endoscopic transurethral 
resection or transurethral resection standing, the survivor 
rate is more than 90% if treated timely. However, 15% 
to 25% of BCs are of MIBC type (i.e., T2-T4) upon 
diagnosis, and nearly 5-25% of NMIBCs are found to 
progress in invasion (2). It has been reported that chronic 
inflammation is one of the potential risks of BC (3).

Although inflammation is a host defense mechanism, its 
protraction can cause damages to the cells and thus lead 
to various diseases. Virchow assumed that inflammation 
could induce cancer by stimulating the proliferation of 

cells which is due to tissue damage and host response (3). 
In other words, cancer cells can stimulate the secretion of 
growth factors by inhibiting the function of the immune 
cells and thus promoting the proliferation of cancer cells 
(4,5). 

In 20% of cancers, carcinogenesis is associated with 
infection and chronic inflammation, and the presence 
of chronic inflammation is involved in tumor growth 
(6). It has been revealed that inflammation can recruit 
monocytes, macrophages, and neutrophils, and 
consequently, cause reactive oxygen generation which per 
se induces damages in proteins, lipids, and DNA structures 
(7). The accumulation of these damages can finally pave 
the way for tumor development and cancer (8), especially 
urothelial bladder carcinoma (9). 

Evidence indicates that cytokines including 
interleukin-6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α) play important roles in the pathogenesis of 
BC, and increased inflammatory factors have been 
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shown to induce malignant transformation and promote 
tumor, invasion, and angiogenesis (10,11). Further, the 
overexpression of TNF-α is thought to contribute to tumor 
invasion and metastasis by stimulating the secretion of 
matrix metalloproteinase-9 as has been observed in the 
recurrence of BC, in association with angiogenesis (12). 
Furthermore, IL-6 has been implicated in tumor growth 
and metastasis. The increased serum levels of IL-6 may be 
correlated with poor prognosis, metastasis of cancer types 
such as the ovary and bladder (13,14), higher clinical 
stages (T2-T4), post-treatment relapse, and the lower 
survival rates of patients (11).

The C-reactive protein (CRP) is an acute-phase protein, 
the circulating levels of which become elevated during 
inflammatory diseases and cancer (15). During the acute 
phase reaction, pro-inflammatory cytokines (e.g., IL-6 
and TNF-α) stimulate hepatocytes in order to produce 
large amounts of CRP (16). An increase in the CRP level 
generally corresponds to the degree of tissue damage. A 
common CRP measurement is useful for the diagnosis of 
inflammatory and infectious diseases. As a result, CRP 
levels >10 mg/L may indicate the presence of acute or 
chronic inflammatory illnesses or malignancies (17). 

In the present study, the serum samples of NMIBC 
patients with known pathological grades/stages of tumors 
were examined to find out the possible relationship 
between the serum inflammatory markers and the 
progression of the tumors. 

Materials and Methods
Patients and Blood Specimens 
In this cross-sectional study, 40 patients diagnosed as 
the new cases of primary NMIBC and 40 age/gender-
matched healthy subjects were selected within 14 months. 
The patients were recruited at Hasheminejad Kidney 
Center, Tehran, Iran. The diagnose of cancer and its 
possible metastasis to lymph nodes or other areas was 
initially determined based on bimanual examinations, 
imaging (e.g., computed tomography scan and magnetic 
resonance imaging), urine cytology, cystoscopy, and 
biochemical tests (clinical staging) and then, the review 
of TURBT, partial cystectomy, or radical cystectomy 
samples (pathologic staging) according to (18). Finally, 
the histopathological classification of the stage and grade 
were performed by an experienced uropathologist in 
accordance with the 2004 American Joint Committee on 
Cancer TNM staging system (19) and the 1973 World 
Health Organization/International Society of Urological 
Pathology classification system (20), respectively. All 
participants were informed about the aim of the study 
and then signed informed satisfaction forms before blood 
sampling. Next, a questionnaire was used to collect clinical, 
personal, and demographic information (e.g., gender, age, 
stage, and grade). However, patients who had a history 
of chronic diseases (e.g., renal or hepatic dysfunction, 
acute or chronic blood loss, infection, and immune 

system disorders) or other malignancies, immunotherapy, 
chemotherapy, drug therapy, or prior exposure to blood 
products were excluded from the study. None of the 
healthy individuals were suffering from known acute or 
chronic illnesses and any type of cancer.

To evaluate inflammatory factors, a 5 mL sample of 
the venous blood was drawn from a patient (before the 
surgery) and control individuals who had at least 8 hours 
of fasting. Blood samples were allowed to clot, and then 
the sera were separated by centrifuging at 1500 g for 15 
minutes, and finally, stored in a freezer at -70°C until for 
the measurement of inflammatory factor levels in the 
serum samples. 

Commercial sandwich enzyme-linked immunosorbent 
assay (ELISA) kits (Sigma-Aldrich, USA) were used for 
the evaluation of IL-6, TNF-α, and CRP in the serum. All 
procedures were done based on kit instructions. Finally, 
the intensity of the color reflecting the factor concentration 
was determined at 450 nm. For IL-6, the sensitivity of the 
kit was <2.0 pg/mL and its detection range was 6.25-200 
pg/mL. Moreover, the sensitivity of the TNF-α kit and 
the detection range were 4.4 pg/mL and 2.2-7000 pg/mL, 
respectively. Eventually, the CRP ELISA kit had a detection 
range of 31.2-2000 pg/mL and sensitivity of <2.0 pg/mL.

Statistical Analysis
All statistical analyses were done using the Statistical 
Package for the Social Sciences, version 20.0. Using 
the Shapiro-Wilk test, the normality of variables was 
investigated and the results showed that the distribution 
of the considered variables significantly deviated from 
normality (P<0.05). Therefore, non-parametric tests 
were used to analyze the data. Additionally, statistical 
comparisons were performed using Mann-Whitney and 
Kruskal-Wallis tests in order to compare two and more 
than two independent variables, respectively. Likewise, 
post hoc analysis for pairwise comparisons was used 
for further refinement of Kruskal-Wallis results. The 
odds ratios (OR) of circulating inflammatory factors for 
NMIBC were calculated using logistic regression analysis. 
A statistical significance level was considered at P<0.05.

Results 
Demographic and clinicopathological characteristics for 
all patients and the healthy group are provided in Table 1.

In addition, Table 2 presents the mean ± standard 
deviation levels of serum inflammatory factors in NMIBC 
patients and the normal group. The levels of inflammatory 
factors were significantly higher in NMIBC patients 
compared with the normal group (P < 0.001). In addition, 
the serum levels of all three factors were higher in patients 
with NMIBC in the T1 stage compared to those in the Ta 
stage (P < 0.001). 

Figure 1 displays the relationship between the serum 
levels of TNF-α, IL-6, and CRP with the grade of the tumor. 
As shown, there were positive associations between the 
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levels of inflammatory factors and the grade of the tumor 
(P < 0.05).

Further, a significant increase was found in the risk of 
NMIBC with elevated levels of IL-6 and TNF-α (P < 0.05). 
Similarly, the logistic regression analysis demonstrated 
that the high levels of IL-6/TNF-α could have a detrimental 
effect and increase the risk of NMIBC about 6 and 2.4 
folds, respectively (Table 3). In addition, the T1 stage of 
the tumor, compared to the Ta stage, showed the ORs of 
8.7 and 1.67 for IL-6 and TNF-α, respectively (P < 0.05). 
However, CRP was not a considerable risk factor for 
NMIBC and its stage (OR: 1.2, P > 0.05). 

Discussion
The present study was carried out on a group of patients 
with newly diagnosed and yet untreated NMIBC to find 
out if inflammatory factors are linked to the progression 
of newly diagnosed NMIBC as shown by the pathological 
grade/stage.

The obtained data showed the increased levels of serum 

inflammatory markers in patients further revealing that 
the levels of inflammatory factors were associated with 
different pathological stages/grades.

This finding was more evident in NMIBC cases who 
were diagnosed with T1 stage tumors. However, the 
association of serum inflammatory markers and the 
malignancy was relatively lower in cases having Ta stage 
tumors. This relationship was also indicated in terms of 
the pathological grades of the tumors.

Previous reports demonstrated that inflammatory 
diseases can predispose the tissues to cancers leading to 
the increased risk of the development of various types of 
cancers. Further, inflammatory cells and cytokines can 
interact with the micro-environment of all tumors at the 
early stages (6). Hence, chronic inflammatory reactions can 
potentiate the progression of the tumors. Furthermore, the 
two-way interaction of inflammatory factors and tumor 
progression implies that the growth and development 
of most tumors can induce inflammation in the tumor 
micro-environment. Under these circumstances, the 
production of tumor-associated cytokines can induce the 
production of acute-phase proteins (21). 

One possible mechanism explaining the prognostic 
values of inflammatory factors in cancer patients is such 
an increase in inflammatory factor levels associated 
with angiogenesis and DNA damage that, in turn, can 
lead to tumor growth (22). Therefore, the detection of 
inflammatory markers using sensitive assays is always 
anticipated to link inflammation and cancer (15). 

IL-6 is a multi-functional cytokine that can facilitate 
both carcinogenesis and tumor progression (23). It was 
assumed that changes in serum IL-6 could be implicated 
as a biochemical marker in the differential diagnosis of 
bladder tumors with major differences in the pathological 
grade/stage.

Moreover, an elevation in the levels of IL-6 in high 

Table 1. Characteristics of Patients With Newly Diagnosed Non-muscle 
Invasive Urothelial Bladder Carcinoma and the Healthy Group

Variables
Patient Group

(n = 40)
Healthy Group

(n = 40)

Age (y) 60.25 ± 15.61 51.12 ± 15.10

Gender, No. (%)

Male 36 (90) 36 (90)

Female 4 (10) 4 (10)

Stage, No. (%)

 Ta 24 (60)
-

 T1 16 (40)

Grade, No. (%) 

I 13 (32.5)

-II 17 (42.5)

III 10 (25)

Table 2. Serum Levels of Inflammatory Factors in Terms of the Tumor Stage in Newly Diagnosed Non-muscle Invasive Bladder Cancer Patients

Serum Factors
Healthy Group

(n=40)
Cancer Group

(n=40)
P-value

Stage Ta
(n=24)

Stage T1
(n=16)

P Value

IL-6 (pg/mL) 0.76±0.23 3.04 ± 1.32 <0.001* 2.19±0.62 4.32±1.08 <0.001*

TNF-α (pg/mL) 10.52±2.67 18.5 ± 5.24 <0.001* 15.30±0.78 23.29±5.60 <0.001*

CRP (pg/mL) 132.08±53.76 807.09±564.86 <0.001* 407.27±117.39 1406.80±436.27 <0.001*

Note. IL: Interleukin; TNF: Tumor necrosis factor; CRP: C-reactive protein; *A statistically significant level was defined in P<0.05.

Table 3. ORs and 95% CIs for the Association Between Inflammatory Factors and Pathological Stages (Ta/T1) and Non-muscle Invasive Bladder Cancer Risk

Serum Factors

Groups Stages

Control (n=40) Patient (n=40) Ta (n=24) T1 (n=16)

ORs (95% CI, Lower-Upper) P Value ORs (95% CI, Lower-Upper) P Value

IL-6 (pg/mL) 5.93 (2.61-13.52) *<0.001 8.72 (2.18-34.84) 0.002* 

TNF-α (pg/mL) 2.39 (1.63-3.51) *<0.001 1.67 (1.21-2.32) 0.002* 

CRP (pg/mL) 1.24 (0.85-1.80) 0.262 1.20 (0.00-45.81) 0.992

Note. IL: Interleukin; TNF: Tumor necrosis factor; CRP: C-reactive protein; OR: Odds ratio; CI: Confidence interval; *A statistically significant level was defined 
at P<0.05.
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grade (grade 3)/T1 stage compared to low-grade (grade 
1)/Ta stage patients indicates the importance of IL-6 as a 
surrogate marker for the diagnosis of the malignancy in 
this cancer. 

In most clinical studies, an increased level of IL-6 has 
been reported in patients with cancer. It seems that the 
serum level of IL-6 in cancer patients increases as a late-
stage event during tumor development (24). 

Andrews et al also reported a significant rise in the 
levels of IL-6 and its soluble receptor in patients with 
metastatic BC compared to the control group in a stage-
related status, suggesting that IL-6 is a strong/independent 
marker in BC recurrence/survival (13).

Similar results were also reported for other cancer types. 
In this regard, it was found that the IL-6 level was higher in 
patients with small cell lung cancer when compared to the 
controls. In addition, a good relationship was established 
between the serum levels of IL-6 and the stage of cancer 
which encouraged the researchers to introduce the high 
levels of IL-6 as an independent prognostic factor for 
small cell lung cancer (25). In another study, a significant 
association was found between IL-6 levels and the poor 
prognosis/short overall survival of cancer patients. These 
findings suggested that the high levels of IL-6 could act 
as an independent prognostic biomarker for the overall 
survival of patients with prostate, non-small cell lung, and 
gastrointestinal cancers (26-28). 

Moreover, a substantial association was observed 
between the increased levels of IL-6 and tumor metastasis 
in patients with colorectal/prostate cancers (29).

TNF-α, which is also known as an important 

inflammatory factor, plays a key role in the early stages 
of tumor growth and is considered as one of the main 
cancer-associated inflammatory factors (30). An increase 
in the levels of TNF-α was reported in patients with 
cancer, especially those at advanced stages and with poor 
prognosis (31).

Our results showing a significant increase in serum 
TNF-α levels in NMIBC patients compared to the controls 
is in agreement with other reports. Additionally, changes 
in TNF-α was variable in terms of the tumor stage and 
grade. 

It was reported that the TNF-α level increased in patients 
with BC. In addition, it was shown that patients at T3/T4 
advanced stages had higher TNF-α compared to those at 
early stages (T1/T2), suggesting that the TNF-α level might 
be involved in the progression of BC (32). In supporting 
this finding, Cai et al concluded that TNF-α could induce 
the development of breast cancer through the activation 
of TNFR1-mediated nuclear factor kappa B and/or 
p38/signal transducer and activator of transcription 3 
signaling pathways and thus the upregulation of hepatitis 
B X-interacting protein (HBXIP). Interestingly, HBXIP 
itself can trigger the expression of TNFR1 and thus lead to 
positive feedback for TNF-α-mediated cancer progression 
(33). The higher levels of TNF-α were also observed in 
patients with renal cell cancer and its levels were suggested 
as a biomarker for the recognition of cancer at the early 
stages (34). 

According to a recent report, the serum CRP 
significantly increased in upper tract urothelial cancer 
(UTUC) patients. Moreover, an association was found 

Figure 1. The Pathological Grades and the Levels of Inflammatory Factors in Newly Diagnosed Non-muscle Invasive Bladder Cancer Patients. (A) The pathological 
grades and the level of IL-6 in patients, (B) The pathological grades and the level of TNF-α in patients, and (C) The pathological grades and the level of CRP in 
patients. * Sign represents P<0.05 significant between the patient group and controls. Note. IL: Interleukin; TNF: Tumor necrosis factor; CRP: C-reactive protein.
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between the CRP elevation and the clinical symptoms of 
cancer, representing that the serum CRP can be considered 
as a complementary test for the detection of low-grade 
UTUC (35). Wu et al demonstrated that the higher level 
of CRP was associated with the significantly elevated risk 
of colorectal cancer among Chinese men and suggested 
that the CRP level could be a potential biomarker for 
disease occurrence/development (36). In another study, 
the elevated plasma level of CRP was introduced as a risk 
factor for ovarian/lung cancers due to the distinguished 
role of the chronic inflammation in carcinogenesis (37-
39). Furthermore, the results of a study showed that serum 
CRP levels in patients with T2-T4 stages were higher 
compared to patients with Ta-T1 stages and healthy 
controls. Thus, the researchers concluded that CRP is an 
indicative factor for tumor development and its diagnosis 
(40). In this regard, it was indicated that the elevated 
CRP level is an independent predictor for the survival of 
patients with kidney, lung, prostate, and BCs (41-44). 

In accordance with previous studies, the findings of 
the current study revealed that CRP levels increased in 
NMIBC patients and its level was associated with the 
tumor stage/grade. 

Due to the synthesis and release of CRP under the 
influence of IL-6, the obtained results were understandable. 
The increased serum level of CRP can be suggested as a 
promising diagnostic marker for the new cases of NMIBC 
(45). Hence, CRP changes should be monitored in 
combination with other inflammatory factors (35). 

Additionally, the results of our study indicated that 
inflammatory factors (i.e., IL-6 and TNF-α) were 
significantly associated with the increased ORs of NMIBC. 
Based on the finding of this study, the circulating levels of 
IL-6 and TNF-α were significantly associated with NMIBC 
risk although the association highly relied on the stage of 
cancer. Regarding IL-6, a stronger association was found 
with the risk of NMIBC compared to TNF-α. According 
to previous studies, it is known that pro-inflammatory 
cytokines such as IL-6 and TNF-α play an important role 
in tumor initiation and progression.

Evidence shows that using multiple biomarkers related 
to the inflammatory reaction is a correct approach for 
applying such markers in the diagnosis or prognosis of 
cancers.

Accordingly, it is of great importance to realize that 
chronic inflammation may not only be a host defense 
mechanism for BC progression but also can predispose to 
potential cancer-causing agents. Therefore, determining 
some inflammatory factors using non-invasive methods 
can be useful for understanding the contribution of 
inflammation to cancer development. 

However, more studies including a larger population 
are needed to confirm our results and determine the cut-
off levels for circulating cytokines regarding diagnosing 
cancer.

In conclusion, the results showed a good relationship 

between immuno-inflammatory biomarkers and the 
pathological stages/grades of developing bladder tumors. 
This may suggest that IL-6 and TNF-α are responsible 
for predisposing epithelial cells to genotoxic agents and 
cancer development. Thus, inflammatory factors could 
simultaneously be considered as risk factors and useful 
markers in the diagnosis of new BC cases.
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