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Abstract
Background: The new severe acute respiratory syndrome vi-
rus (SARS-CoV-2) outbreak is a huge health, social and eco-
nomic issue and has been declared a pandemic by the World 
Health Organization. Bladder cancer, on the contrary, is a 
well-known disease burdened by a high rate of affected  
patients and risk of recurrence, progression and death.  
Summary: The coronavirus disease (COVID-19 or 2019-
nCoV) often involves mild clinical symptoms but in some 
cases, it can lead to pneumonia with acute respiratory dis-
tress syndrome and multiorgan dysfunction. Factors associ-

ated with developing a more severe disease are increased 
age, obesity, smoking and chronic underlying comorbidities 
(including diabetes mellitus). High-risk non-muscle-invasive 
bladder cancer (NMIBC) progression and worse prognosis 
are also characterized by a higher incidence in patients with 
risk factors similar to COVID-19. Immune system response 
and inflammation have been found as a common hallmark 
of both diseases. Most severe cases of COVID-19 and high-
risk NMIBC patients at higher recurrence and progression 
risk are characterized by innate and adaptive immune activa-
tion followed by inflammation and cytokine/chemokine 
storm (interleukin [IL]-2, IL-6, IL-8). Alterations in neutrophils, 
lymphocytes and platelets accompany the systemic inflam-
matory response to cancer and infections. Neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio for exam-
ple have been recognized as factors related to poor progno-
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role has been found important even for the prognosis of 
SARS-CoV-2 infection. Key Messages: All these mechanisms 
should be further analyzed in order to find new therapeutic 
agents and new strategies to block infection and cancer pro-
gression. Further than commonly used therapies, control-
ling cytokine production and inflammatory response is a 
promising field. © 2020 S. Karger AG, Basel

Introduction

The new severe acute respiratory syndrome SARS-
CoV-2 outbreak in Italy, and in the rest of Europe, is a 
huge health, social and economic issue that is changing 
lives worldwide and was declared a pandemic by the 
World Health Organization. To date (May 15, 2020), 
more than 200,000 cases of coronavirus disease (COVID 
-19 or 2019-nCoV) have been registered in Italy with 
numbers increasing daily (Fig. 1). In this century global 
health has been already threatened by two severe corona-
virus acute respiratory infections: SARS-CoV in 2002 and 
MERS-CoV in 2012. Coronaviruses are single-strand 
positive RNA viruses that mainly attack the respiratory 
system. In the case of COVID-19, clinical symptoms are 
usually mild but in some cases it can lead to pneumonia 
with acute respiratory distress syndrome (ARDS) and 
multiorgan dysfunction requiring hospitalization and in-
tensive care unit (ICU) support [1]. In approximately 7% 
of cases it leads to death, although the case-fatality rate 
will not be accurately established until after the outbreak 
[1]. Virus proteins support a strong interaction with hu-
man angiotensin-converting enzyme 2 (ACE2) with acti-
vation of the immune system and inflammatory response 
followed in severe cases by degeneration (necrosis), infil-
tration and hyperplasia of pulmonary tissue, particularly 
in the interstitial arteriolar walls leading to reduced lung 
capacity and functional impairment [2]. Interestingly 
COVID-19 patients who develop ARDS, suffering from 
worse prognosis and more severe disease, are very often 
older persons and those affected by one or more underly-
ing chronic conditions like diabetes mellitus (DM), hy-
pertension and cardiovascular disease [3]. When com-
pared with COVID-19 patients without ARDS, patients 
with ARDS are generally older and have a higher propor-
tion of comorbidities, and there are more observations of 
neutrophilia associated with lymphocytopenia, neutro-
phil-to-lymphocyte ratio (NLR) increase, increase in sev-
eral inflammation indices (including interleukins, IL-2 

and IL-6, tumor necrosis factor α, C-reactive protein and 
many other cytokines), elevated coagulation function and 
alteration of other organ dysfunction indices (liver, kid-
ney, etc.) [4].

On the other side, bladder cancer is the 7th most fre-
quent cancer in men and 17th in women. The majority 
of patients develop a non-muscle-invasive bladder can-
cer (NMIBC), which involves a heterogeneous tumor as-
sociated with high recurrence (up to 70%) and progres-
sion rates (up to 30%) [5]. The clinical prognosis of high-
risk NMIBC is often difficult to predict, and even when 
it is treated with transurethral resection of the tumor 
(TURB) followed by maintenance bacillus Calmette-
Guérin (BCG) it can have a heterogeneous prognosis [6]. 
The best surveillance strategy should be performed with 
an accurate risk stratification and identification as indo-
lent from aggressive NMIBC. In the era of precision 
medicine, a model based on standard clinicopathological 
features (T stage, grade, focality, tumor size, lymphovas-
cular invasion, concomitant carcinoma in situ) should be 
overcome in favor of more reliable biomarkers able to 
better understand tumor behavior and to personalize 
treatment [7]. 

In particular, the role of inflammation and the im-
mune system are among the main research fields for bet-
ter understanding the association with tumor recurrences 
and progression to metastasis [8]. Among inflammation 
markers, the NLR has been described as promising for 
bladder cancer, and its increase has been associated with 
worse cancer specific survival and overall survival [7–9]. 
A recent systematic meta-analysis described the clinical 
relevance of NLR for better understanding the prognosis 
of bladder cancer [10].

Another interesting research area is the possible asso-
ciation of comorbidities with cancer evolution. In par-
ticular, there is a focus on understanding metabolic 
mechanisms that have been described for certain diseas-
es. One of the most studied is DM, and there are some 
reports that define it as a negative prognostic factor [11], 
a possibility due to a correlation with inflammation and 
immune system altered function [11]. Finally aging may 
increase or decrease the susceptibility of various tissues to 
carcinogenesis. In fact, unrestrained expression and pro-
duction of inflammatory mediators is a feature at the cel-
lular and organism level, and structural alteration of the 
immune system accompanies this process [12]. 

The aim of the current paper is to analyze two com-
pletely different diseases with their known biological and 
pathological characteristics to examine whether common 
features can be found. 
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Fig. 1. a, b COVID-19 pandemic worldwide situation (updated to May 15, 2020).
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Method

We searched Medline/PubMed, Web of Science, Google Schol-
ar and Cochrane library on March 19, 2020. Randomized con-
trolled trials, systematic reviews, meta-analyses and case series de-
scribing SARS-CoV-2 and bladder cancer were identified. In par-
ticular, we focused our research on epidemiology, risk factors, 
biological process and therapeutic options. The following terms 
were the most commonly used: SARS-CoV-2, COVID-19, bladder 
cancer, risk factors, diabetes, obesity, aging, inflammation, cyto-
kine, interleukin (IL), IL-6, smoking. There were no date or lan-
guage restrictions on the search. References of relevant papers 
were searched manually for relevant studies. If more than one pub-
lication was identified from the same group, the most recent or 
complete one was included.

Two reviewers independently conducted the search, reviewed 
full texts and extracted data. The quality of included studies was 
assessed subjectively and classified as anecdotal, low, medium or 
high. 

The search on Medline/PubMed, Web of Science, Google 
Scholar and Cochrane library identified 9,525 results in total. After 

screening the abstracts, 95 papers were selected. After reading the 
full text, a further 32 were excluded leaving 64 to be included. Stud-
ies have been divided between those concerning cancer (n = 44) 
and those concerning COVID-19 (n = 20).

Results

Aging, Senescence and Comorbidities
COVID-19
Early research suggests that advanced age is a risk fac-

tor for severe laboratory-confirmed COVID-19 disease 
[13–16] (Tables 1, 2). One report by Huang et al. [13] 
reports a median age of COVID-19-related hospital ad-
mission of 49 years. Another interesting analysis fo-
cused on 201 hospitalized COVID-19 patients and re-
ported that older age was associated with a higher risk 
of developing ARDS and that 52.4% of ARDS patients 

Table 1. Risk factors for patients affected by SARS-CoV-2 infection

Risk factors Reports Sample 
size

Ref.
No.

Aging and senescence Median age of hospitalized patients: 49 years 41 13
Median age of hospitalized patients: 51 years 201 4
Median age of hospitalized patients: 56 years
Median age of hospitalized patients in ICU: 66 years 138 15
Median age of hospitalized patients: 57 years 140 16

Smoking Patients in progression: 27.3% smokers vs. 3% nonsmokers 76 26

Obesity and BMI BMI of critical group 25.5 vs. 22.0 of noncritical group
Difference in lethality when BMI >25 112 33
Risk of hospitalization in comparison with normal weight patients: 
obese (OR 3.18), morbidly obese (OR 18.40) 4,778 36

DM Risk of ARDS: 19% for patients with DM vs. 5.1% for patients without DM 201 4
ICU/severe case with DM 11.7% vs. 4% without DM 1,527 41
Comorbidities present in 48% of hospitalized patients 
(most frequent hypertension followed by DM) 813 42

Inflammation and 
immune response

Blood parameters between severe and nonsevere cases
C-reactive protein: 57.9 vs. 33.2 mg/L
NLR: 5.5 vs. 3.2
Leukocytes: 5.6 vs. 4.9 × 109/L
Lymphocytes: 0.8 vs. 1.0 × 109/L

452 3

Blood parameters between discharged and dead patients
C-reactive protein: 34.1 vs. 126.6 mg/L
IL-6: 6.8 vs. 11.4 pg/mL
Platelet count: 222.1 vs. 173.6 × 109/L
White blood cells: 6.76 vs. 10.62 × 109/L
Lymphocytes: 1.42 vs. 0.60 × 109/L

150 50

Blood parameters between severe and nonsevere cases
Platelet peak: 392 vs. 301 × 109/L
PLR: 626 vs. 262

30 51
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died [4]. In this case the median age of hospitalized pa-
tients was 51 years. Bivariate Cox regression analysis 
confirmed that aging was a risk factor for ARDS and 
progression to death [4]. Wang et al. [14], on the other 
hand, described a higher median age of patients admit-
ted to hospital (56 years old), and patients transferred to 
an ICU were even older, with a median age of 66 years. 
This increased risk of hospitalization, ARDS and mor-
tality in older persons may be due in part to comorbidi-
ties. Comorbidities were reported to be more present in 

those treated in an ICU (72.2% of cases) and even in 
those who died (overall mortality 4.3%). Huang et al. 
[13] also reported that many hospitalized patients had 
underlying comorbidities. Older age was confirmed be-
tween worse prognosis risk factors in another group of 
140 hospitalized patients who were on average 57 years 
old, and 64.3% of cases had underlying comorbidities 
[15]. Further, data from Italy suggest that a large propor-
tion of COVID-19 patients who die have multiple pre-
existing chronic conditions [16].

Table 2. Risk factors for patients affected by high-risk non-muscle-invasive bladder cancer (NMIBC)

Risk factors Reports Sample 
size

Ref.
No.

Aging and 
senescence

Bladder cancer mortality 15 times greater in individuals aged ≥65 years – 17

Smoking Bladder cancer patients: 33.9% current smokers, 46.8% former smokers and 17.4% 
nonsmokers 
Smokers are at increased risk for high-risk NMIBC than former and nonsmokers and dose 
response for the risk of a more aggressive cancer

      1,859 30

Risk of bladder cancer: former smokers (119.8/100,000 person-years), current smokers 
(177.3/100,000 person-years) and never smokers (39.8/100,000 person-years) 4,518,941 32

Obesity and BMI Among NMIBC patients, 44.3% were obese with median BMI 29.2
Higher BMI associated with an increased risk of recurrences, progressions and mortality 
(all p ≤ 0.001)

        832 39

Overweight and obesity associated with recurrences and progressions
Addition of the BMI to a model that includes standard clinicopathological factors increases 
the C index by 9.9 for recurrences and 1.9 for progressions

      1,155 40

DM Among NMIBC patients, 37% had DM
DM associated with recurrence-free survival and progression-free survival in both 
univariate and multivariate analysis 

        251 44

Among NMIBC patients, 11.1% had DM
42.0% of patients had recurrence, 9.2% progression, 4.5% died; multivariable analysis 
reports that DM patients have a greater risk of recurrence and progression but when  
taking metformin the risk is lower

      1,117 45

Among NMIBC patients, 19.7% had DM
Recurrences: 89.7% in patients with DM vs. 62.1% of non-DM patients
Progressions: 38.1% in patients with DM vs. 28.2% of non-DM patients

      1,172 46

Inflammation 
and immune 
response

A systemic inflammatory marker score was calculated based on NLR, PLR and LMR
Recurrence-free survival 80.8, 47.35, 20.67 and 17.06% for patients with a systemic 
inflammatory marker score of 0, 1, 2 and 3 and progression free-survival 92.0, 75.67, 72.85 
and 63.1%, respectively

      1,155 57

NLR predicts worse recurrence-free survival and progression-free survival       2,298 7
Among NMIBC patients, 64.9% recurrences, 29.0% progressions and 14.3% deaths
Basophil count associated with a 30% increment in the hazard of recurrence per unit 
increase of logarithmic basophil count

      1,045 60

NLR: 3.65±1.16 in BCG nonresponders and 2.61 ± 0.77 in BCG responders; NLR optimal 
cutoff ≥3
NLR correlates with recurrence and progression risk scores 

        100 61

IL-6: 81±30.8 pg/mL in NMIBC patients vs 25.14±9.71 pg/mL in patients without NMIBC         85 56
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Numerous demographic studies have shown that blad-
der cancer mortality is 15 times greater in individuals 
aged ≥65 years [17]. Aging is a multifactorial process ob-
served in different organs that involves several cellular 
and molecular mechanisms. In particular, a structural al-
teration of the immune system can cause an inability to 
fight infections, decreased immune activation with vac-
cines and autoimmunity. Further, increased cancer pro-
gression may even be a consequence of a constitutive low-
grade inflammation state. These changes can occur at a 
cellular level with impaired innate and adaptive immune 
cells and at the stromal microenvironment mainly on 
lymphoid organs [18]. A previous study described aging 
as a complex biological process that connects develop-
ment and behavior of individual malignances with in-
flammation, immunosenescence, associated chronic dis-
eases, extrinsic environment and psychosocial factors 
[19].

Senescence acts on the cell cycle because it is character-
ized by an arrest of cell proliferation that is reported when 
cells are under a potentially oncogenic stress. This arrest is 
considered irreversible because of lack of stimuli allowing 
cells to re-enter inside the cycle [20]. On the other hand, 
there are two major tumor suppressor pathways (p53/p21 
and p16INK4a/pRB) against malignant evolution [21]. In ad-
dition, chromatin compaction and gene expression change 
inside the cells causing the senescence-associated secretory 
phenotype with secretion of proinflammatory cytokines, 
chemokines, growth factors and proteases [22]. The micro-
environment in which all these processes take place is per-
missive for initiation, development and progression of can-
cer. This evidence is in favor of degenerative pathology 
driving to hyperplasia, even evident in several xenograft 
studies [23]. The senescence-associated secretory pheno-
type in culture can also stimulate carcinogenesis that could 
evolve to epithelial-to-mesenchymal transition, a key point 
of the metastatic process [24]. Researchers from the He-
brew University of Israel described senescent cells as meta-
bolically and transcriptionally active that secrete molecules 
continuously and as capable of altering the microenviron-
ment through increased production of inflammatory me-
diators. It is a senescence-inflammatory effect that drives 
tumor proliferation feeding its progression mainly because 
their persistence promotes damage [25].

Smoking
COVID-19
Smoking has been described as a factor for poor  

COVID-19 disease evolution [26] (Tables 1, 2). As al-

ready reported, virus proteins support a strong interac-
tion with human ACE2 followed by activation of immune 
system and inflammatory responses [2]. Smoking is con-
sidered to increase the expression of ACE2, a basic recep-
tor leading to ARDS. It is possible that sex differences in 
hospitalization and mortality (more frequent in males) 
could partly be related to different smoking habits be-
tween males and females [27]. 

Liu et al. [26] divided 76 patients hospitalized for  
COVID-19 into an improved/stabilized group and a pro-
gression group. The progression group had a significant-
ly higher history of smoking in comparison with others 
(27.3 vs. 3%). Multivariate logistic analysis confirmed 
that history of smoking, together with age, is a risk factor 
for disease progression. However, there is a lack of con-
clusive data in the literature regarding smoking and  
COVID-19 progression.

Bladder Cancer
Tobacco smoking is considered a risk factor for blad-

der cancer recurrence and progression. Smoking pattern, 
intensity and duration are responsible for poorer bladder 
cancer tumor features, and smoking is associated with a 
higher incidence of recurrences [28]. A recent paper on 
1,859 patients affected by bladder cancer reported that 
33.9% were current smokers, 46.8% former smokers and 
17.4% nonsmokers. The authors found that smokers are 
at an increased risk of developing high-risk NMIBC than 
former and nonsmokers, and there is a statistically sig-
nificant dose response for the risk of a more aggressive 
cancer type. However, this evidence is not completely 
supported by specific gene mutations [29]. On the other 
side a retrospective review conducted on 623 patients 
treated with BCG for high-grade NMIBC confirms, in 
both univariate and multivariate analyses, that smoking 
status is not associated with BCG response [30]. The blad-
der function is to store urine, and there is much time for 
carcinogens in the urine to affect the bladder. The car-
cinogens associated with smoking remain in contact with 
the genitourinary system until eliminated, thus a high 
rate of bladder cancer recurrences and progressions are 
reported among smokers [31, 32].

Obesity and Body Mass Index

COVID-19
Coronaviruses can cause more severe symptoms and 

complications in people with obesity-related conditions 
[33–36] (Tables 1, 2). A Chinese group conducted a ret-
rospective analysis on 112 COVID-19 patients with car-
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group (admitted to the ICU) and a general group in ac-
cordance with the severity of the disease. Compared with 
the general group, the body mass index (BMI) of the crit-
ical group was significantly higher (average 22.0 vs. 25.5). 
After a further division into nonsurvivors and survivors, 
there was a statistically significant difference in survival 
between patients with a BMI > 25 and those with a BMI  
< 25 [33]. Several other studies found an association be-
tween obesity and worse viral influenza course, and be-
tween obesity and hospitalization due to influenza [34, 
35]. A large trial with 4,778 participants suffering from 
influenza-like illness concluded that adults were more 
likely to be hospitalized if they were obese or morbidly 
obese compared to normal-weight people. Focusing the 
analysis on subjects who had an influenza secondary to 
coronavirus, once again, normal-weight participants 
were less likely to be hospitalized. The authors concluded 
that there is an increased risk of being hospitalized in 
adults, regardless of the viral pathogen status, depending 
on their weight [36]. 

Bladder Cancer
There is much evidence that correlates cancer and obe-

sity. Weight, weight gain and obesity account for approx-
imately 20% of all cancer cases, and there is evidence that 
cancer prognosis and survival are worse between obese 
people [37].

Biological mechanisms underlying the association be-
tween cancer and obesity are complex and include sev-
eral different factors, such as increased secretion of ste-
roid hormones, chronic high insulin levels, insulin resis-
tance and a persistent inflammatory state [38].

Obesity is also recognized as a risk factor for poorer 
outcomes in bladder cancer as reported in a multicenter 
retrospective trial that included 892 patients with prima-
ry NMIBC treated with transurethral resection of the 
bladder with or without intravesical instillations. Univar-
iate analysis confirmed that higher BMI and age were as-
sociated with a significantly increased risk of recurrences, 
progressions and cancer specific mortality. Multivariate 
analysis, adjusted for sex, concomitant carcinoma in situ, 
tumor size, number of tumors and intravesical therapy, 
reported that higher BMI and age remained independent 
predictors of recurrence, progression and cancer specific 
mortality [39]. An important trial on 1,155 patients af-
fected by T1G3 NMIBC that underwent TURB followed 
by adjuvant instillation with BCG (induction and main-
tenance) found a statistically significant difference be-
tween obese and normal-weight patients in cancer recur-

rence and progression. Overweight and obesity were sig-
nificantly associated with an increased risk of recurrence 
and progression after adjustment for classical clinico-
pathological parameters. In a model that included stan-
dard clinicopathological factors in addition to BMI, obe-
sity increased the C index by 9.9 for recurrence and by 1.9 
for progression. The authors concluded that obesity could 
have a relevant role in the management of T1G3 NMIBC 
if associated with obesity and that BMI should be taken 
into consideration at the initial diagnosis and when plan-
ning a therapeutic strategy [40].

DM and Other Comorbidities
COVID-19
Pneumonia, ARDS, end-organ failure and death are 

the most common complications of COVID-19 infection 
(Tables 1, 2), and those with underlying chronic comor-
bidities could be at higher risk of developing these condi-
tions and having poorer outcomes [1]. One of the latest 
papers on the clinical characteristics of hospitalized pa-
tients affected by COVID-19 that included 201 subjects, 
ARDS was more frequent in those with comorbidities (es-
pecially hypertension and DM) [4]. An interesting meta-
analysis reported that the COVID-19 pandemic spread as 
a disease mainly involving adults with comorbidities such 
as hypertension, diabetes and cardiocerebrovascular dis-
ease [1]. In particular, these comorbidities were strongly 
associated with poor prognosis. The heterogeneity test 
found that DM accounted for 11.7% of ICU/severe cases, 
but 4% of non-ICU/severe cases, although results were 
not statistically significant, possibly due to the small sam-
ple size. Even hypertension and cardiocerebrovascular 
disease were strongly and significantly associated with 
ICU/severe cases [41]. Another paper, published at the 
beginning of the epidemic, reports data of 813 hospital-
ized patients with exclusion of 600 individuals because 
they were still hospitalized at the moment of publication. 
Comorbidities were found in 48% of patients, with hyper-
tension as the most common, followed by DM and coro-
nary heart disease. The univariate analysis found a cor-
relation between death and DM or coronary heart disease 
[42]. In a small case series, 64.7% of severe cases in pa-
tients developing pneumonia and ARDS showed one or 
more comorbidities, most commonly hypertension and 
DM [14, 15].

Bladder Cancer
In the literature there is much evidence suggesting a 

strong association between DM (mainly type 2) and can-
cer progression. One possible link is represented by hy-
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inflammation [11]. On the other side there is some re-
search suggesting an association between carcinogenesis 
and antidiabetic medications [43]. 

Hwang et al. [44] reported results from a trial of 251 
patients treated with TURB who were divided into two 
groups in accordance with being affected or unaffected by 
DM at the time of surgery. Univariate analysis showed 
that DM was associated with recurrence-free and pro-
gression-free survival. Multivariate analysis also con-
firmed DM as an independent factor for recurrence and 
progression. Another association was found between DM 
and tumor multifocality and grade. Patients with diabetes 
were at a higher risk for recurrence and progression but 
for those taking metformin the risk decreased [45]. An-
other trial with a total of 1,172 patients affected by T1 
high-grade NMIBC treated with TURB followed by main-
tenance BCG found that 19.7% of patients were affected 
by type 2 DM, and cancer recurrence was observed in 
89.7% of these patients compared to 62.1% of patients 
without type 2 DM. Progression was seen in 38.1% of DM 
patients and 28.2% of non-DM patients. Evidence sug-
gests that the hallmark of cancer evolution in DM patients 
is chronic inflammation caused by insulin, insulin-like 
growth factor-1, proinflammatory cytokines, oxidative 
stress and growth factor effects [46]. In particular, low-
grade systemic inflammation, characteristic of type 2 
DM, could favor initiation and progression of bladder 
cancer. At the moment the role of immune cells for blad-
der cancer pathogenesis is under evaluation. In particu-
lar, a protumor effect has been attributed to the innate 
immune system while the adaptive immune system seems 
to play an antitumor effect [5–47].

Inflammation and Immune System Response
COVID-19
Immune response together with inflammation is es-

sential to control and eliminate coronavirus infection 
(Tables 1, 2). Our role is to exactly understand the inter-
action between COVID-19 and the immune system, to 
clarify the course of inflammation, understand cytokine 
storm liberation and avoid the major damage occurring 
to our lungs and preserve health. The immune system de-
velops an innate response through detection of viral 
pathogen using pattern recognition receptors including 
Toll-like receptors, retinoic acid-inducible gene-I-like, 
nucleotide-binding oligomerization domain-like recep-
tor, C-type lectin-like receptor and free-molecule recep-
tors. Even interferons, dendritic cells and defensins play 
a role in the innate response. The adaptive immune re-

sponse is acted by T cells (mainly CD4+ and CD8+), hu-
moral and antibody response [2]. The typical presenta-
tion of severe cases of SARS-CoV-2-infected patients is 
with lymphopenia, neutrophilia, high neutrophil-to- 
lymphocyte ratio and lower monocytes, eosinophils and 
basophils [3]. Furthermore, high infection-related bio-
markers such as procalcitonin, erythrocyte sedimenta-
tion rate, serum ferritin and C-reactive protein are re-
ported [3]. The cytokine storm is another typical process 
related to inflammation and immune response; tumor 
necrosis factors, IL-2R, IL-6, IL-8 and IL-10 are delivered 
in the blood stream. Severe COVID-19 cases commonly 
have T lymphopenia (mainly CD4+) and increased neu-
trophils [3]. In these cases, NLR, an important item to 
evaluate systemic inflammation and infection, is reported 
to be very high and could be used as a marker to under-
stand disease course and to identify those patients who 
have a higher risk to evolve to ARDS or death [48]. Cyto-
kines and chemokines, on the other side, play an impor-
tant role for immunity and inflammation during infec-
tion and are, as well, related to adverse outcomes [49]. A 
retrospective multicenter study with 150 patients affected 
by COVID-19 found that elevated ferritin and IL-6 are 
predictors of mortality, suggesting that mortality might 
be due to virally driven hyperinflammation [50]. Another 
group of researchers screened 30 hospitalized patients for 
COVID-19 excluding those with chronic diseases and 
found that the average platelet peak during the treatment 
of severely affected patients was significantly higher than 
in non-severely affected ones, and the platelet-to-lym-
phocyte ratio (PLR) as well was on average triple in severe 
cases. Multivariate analysis confirms that platelet peak 
and PLR were influencing factors in severe cases. Mature 
megakaryocytes in the bone marrow produce platelets. 
Inflammation response with cytokine storm (thyroid per-
oxidase, IL-3, IL-6, IL-9, IL-11) and stem cell factor can 
promote the production of megakaryocytes. For this rea-
son, lymphocytes and platelet level, together with PLR, 
can be used as a marker reflecting body infections and 
inflammation. Once again inflammation, immune re-
sponse and cytokine storm are essential for understand-
ing COVID-19 patients with poor prognosis and higher 
death risk [51]. 

Bladder Cancer
The role of inflammation in cancer is increasingly 

studied to help understand mechanisms such carcino-
genesis, resistance, progression and metastasis. Neutro-
phils, part of the innate immune system, play a primary 
role in resistance against extracellular pathogens and in-
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tion of the immune system takes place; increases in host 
components, growing blood vessels and inflammatory in-
filtrates are reported [52]. In addition, cytokines released 
by the tumor microenvironment have a pivotal role in the 
development and progression of bladder cancer. Between 
inflammatory cytokines, IL-6 is proinflammatory and 
produced by various cells. There is evidence showing how 
IL-6 plays a crucial role in cancer development, progres-
sion and metastasis by regulating the tumor microenvi-
ronment and cancer stem cells [53]. For different cancers, 
including bladder cancer, the IL-6/Janus kinase (JAK)/
STAT3 pathway is hyperactivated, and this is generally a 
poor prognostic signal. In the tumor microenvironment, 
the IL-6/JAK/STAT3 axis acts suppressing the antitumor 
immune response and on the other side facilitating pro-
liferation, survival, invasiveness and metastasis of tumor 
cells [54]. IL-6 acts directly on tumor cells to induce the 
expression of STAT3 target genes, which encode proteins 
that drive tumor proliferation and/or survival [55]. A 
group of researchers measured mean IL-6 levels in urine 
samples from patients with NMIBC (81 ± 30.8 pg/mL), 
which were slightly higher than those without malignant 
disease (25.14 ± 9.71 pg/mL) [56].

Alterations in neutrophils, lymphocytes and platelets 
accompany the systemic inflammatory response to can-
cer, and the NLR has been recognized as a factor related 
to poor prognosis for many solid tumors, including blad-
der cancer [57]. Cantiello et al. [58] conducted a trial on 
1,155 patients with high-risk NMIBC, and they calculated 
a systemic inflammatory marker score based on cutoffs 
for the NLR, PLR and lymphocyte-monocyte ratio. Re-
sults showed that systemic inflammatory marker scores 
1, 2 and 3 were associated with higher recurrence and 
progression rates, and results confirm a relation with 
worse outcomes even when adjusted for pathological 
variables such as tumor size, carcinoma in situ and mul-
tifocality. A systematic meta-analysis on the role of the 
NLR in patients with NMIBC undergoing surgery with 
TURB has been conducted. Six studies and 2,298 patients 
included in the analysis showed that worse recurrence-
free survival and worse progression-free survival were as-
sociated with high NLR blood levels. Even considering 
patients treated with BCG immunotherapy, the NLR was 
an independent predictor of recurrence and progression 
[7]. The immune system plays an antagonist role in the 
pathogenesis of bladder cancer, considered a highly im-
munogenic malignancy with a strong mutagenic rate 
[47]. The adaptive immune system has an antitumor ef-
fect while the innate system has a protumor effect. When 

investigating the role of NLR in cancer development and 
aggression, the increased number of neutrophils that in-
teract with other cell populations responsible for the pro-
duction of cytokines and effector molecules should be 
noted [52]. Even the microenvironment plays an impor-
tant role for correct neutrophil function, considering 
their recruitment to mediate host defense through a vari-
ety of signals including chemokines, lipid mediators and 
pathogen signals [59]. On the other hand, protumor ac-
tivities include extracellular matrix remodeling, cell inva-
sion, metastasis, angiogenesis, cancer cell proliferation, 
lymphangiogenesis and inhibition of the antitumoral im-
mune surveillance [60]. A further trial reported an asso-
ciation between basophil count and time to recurrence in 
NMIBC patients treated with BCG. In fact, the multivar-
iate analysis on a total of 1,045 patients showed that loga-
rithmic transformation of basophil count was associated 
with a 30% increase in the risk of recurrence per unit in-
crease of logarithmic basophil count [61]. BCG response 
has been evaluated by Racioppi et al. [62] on 100 high-risk 
NMIBC patients. They reported an optimal cutoff for 
NLR ≥3 and a mean NLR value of 3.65 ± 1.16 for BCG 
nonresponders and 2.61 ± 0.77 for BCG responders. They 
concluded that the NLR correlated with recurrence and 
progression risk scores, and in multivariate analysis, the 
NLR was associated with bladder cancer evolution.

Cancer and Increased COVID-19 Prevalence 
Zhang et al. [63] retrospectively analyzed 28 patients 

affected by cancer who developed SARS-CoV-2 infection. 
They reported a mortality (28.6%) 10 times higher than 
all other COVID-19 patients in China and noted that re-
cent use of anticancer therapies was an independent pre-
dictor of death or severe complications. Interestingly, 
even patients already in the hospital for cancer treatment 
were at a higher risk of developing COVID-19. Patients 
with cancer could have a poorer prognosis and higher risk 
of SARS-CoV-2 infection compared with those without 
cancer because immunosuppression could be caused by 
the tumor and anticancer treatments [64]. Furthermore, 
the risk of severe events has been reported as higher for 
cancer patients and even higher for patients undergoing 
treatments like chemotherapy [65]. A recent paper re-
ports that overwhelming inflammation and cytokine-as-
sociated injury during cancer could be important in fa-
cilitating severe events in patients with COVID-19. On 
the other side, there is evidence showing how cancer de-
velopment is usually associated with a blunted immune 
status characterized by overexpression of immunosup-
pressive cytokines, suppressed induction of proinflam-



COVID-19 and Bladder Cancer 519Urol Int 2020;104:510–522
DOI: 10.1159/000509065

R
ev

ie
wmatory danger signals, impaired dendritic cell matura-

tion, and enhanced functional immunosuppressive leu-
kocyte populations. This cascade of events is in 
contradiction to what is believed to result in severe com-
plications in patients with COVID-19 [66]. 

In conclusion, reported data are not sufficient to con-
clude that patients with cancer have a higher risk of  
COVID-19. Currently only small case studies with sev-
eral heterogeneities (different cancer types, highly vari-
able disease courses and uncommon treatment strategies) 
are available; thus, it is difficult to draw final conclusions. 
More well-conducted analyses of the association between 
cancer and COVID-19 are expected in the upcoming 
months/years.

Other Urological Malignancies and COVID-19
ACE2 expression is organ-specific, and its distribution 

is mainly in the kidney, male testis, and cardiovascular 
and gastrointestinal systems. 

ACE2 expression is correlated with an increased sur-
vival rate in renal and liver cancer; thus, it could even be 
a prognostic marker. While ACE2 is a functional receptor 
for COVID-19, it has a potential antitumor role in cancer 
[67], especially in kidney cancer.

Prostate cancer is regulated by androgen receptors that 
are related to transcription of the transmembrane prote-
ase serine 2, which is required for SARS-CoV-2 because 
it primes the spike protein of the virus [68]. A group of 
researchers extracted data regarding 4,532 males with 
confirmed SARS-CoV-2 infection and found that pros-
tate cancer patients receiving androgen deprivation ther-
apy had a significantly lower risk of infection compared 
to patients who did not receive androgen deprivation 
therapy [69].

In conclusion, androgen sensitivity is a determinant 
for COVID-19 disease severity, and even gender inci-
dence of COVID-19 and cancer are probably related to 
androgens and ACE2 expression. Even if studies are still 
needed before making epidemiological conclusions, rec-
ognizing the importance of androgens may offer another 
targeted therapy for trials, with androgen suppression to 
reduce host vulnerability [70].

Conclusion

Worldwide we are facing a fast demographic shift to-
ward an increasingly aging population, which brings sev-
eral changes to the social, economic, political and, par-
ticularly, medical fields. COVID-19 is a pandemic, and all 

countries worldwide are fighting against it. Currently, 
Italy is one of the most affected countries, and the Italian 
population demographic characteristics (approx. 23% of 
people are aged 65 years or older) could partly explain the 
higher case-fatality rates [17]. This novel disease can af-
fect anyone, although people at higher risk of negative 
outcomes such as ARDS and death are often older per-
sons with comorbidities such as diabetes, hypertension or 
coronary artery disease. Even obesity and smoking have 
been suggested as risk factors for a worse prognosis. How-
ever, considering the fact that this is a novel problem, cur-
rent data need to be confirmed by further, larger studies 
on diverse populations to provide more concrete evi-
dence. Bladder cancer, on the other hand, is a well-known 
disease that has been studied for a longer period, and it 
shares some prognostic risk factors, including aging, obe-
sity, smoking and comorbidities (DM in particular). Evi-
dence in this case is stronger but still far from being fully 
confirmed.

Inflammation is considered to be one of the hallmarks 
of cancer, and approximately 20% of tumors progress be-
cause of chronic inflammation [26]. Immune system re-
sponse, as well, is a major player in carcinogenesis, cancer 
progression and metastasis processes. Innate and adap-
tive immune response are involved during bladder can-
cer. Prognosis and sensitivity to treatment of bladder can-
cer are related to tumor-infiltrating immune cells, and 
understanding the immune response could be the start-
ing point for the development of personalized therapy 
and precision medical treatments [71].

A similar interplay between inflammation and im-
mune response is reported during SARS-CoV-2 infec-
tion. The cytokine storm, including interleukins and tu-
mor necrosis factors, is part of the inflammation and im-
mune system activation reported in both diseases. There 
are several inflammatory mediators (e.g., tumor necrosis 
factor α, IL-6 and IL-17) facilitating chronic inflamma-
tion and leading to decreased antitumor immunity with 
faster tumor progression. This status could facilitate  
COVID-19 with respiratory distress and accelerate can-
cer progression, increasing the risk of mortality of pa-
tients affected by most common uro-oncological tumors 
like bladder cancer. The innate immune system is impor-
tant for the fight against bladder cancer but more impor-
tantly against viruses including SARS-CoV-2 [72].

All these prognostic risk factors are reported not only 
for bladder cancer and are common with several solid 
tumors (including breast, colorectal, prostate cancers, 
etc.). Cancer progression can be exacerbated by inflam-
mation and infections while the microenvironment is 
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esis. The link between them and the immune system is 
mediated by the cytokines produced from innate im-
mune cells that stimulate tumor growth and progression 
[73]. For this reason, it is important to understand all 
these mechanisms in order to find new therapies and 
strategies to block infection and cancer progression. 
Further than commonly used therapies, controlling cy-
tokine production and the inflammatory response is 
promising. 

Agents targeting IL-6, the IL-6 receptor or JAKs are 
already used for the treatment of inflammatory condi-
tions or myeloproliferative neoplasms. Elevated levels of 
IL-6 are observed in chronic inflammatory conditions, 
such as rheumatoid arthritis and inflammatory bowel dis-
ease and in a large number of patients with hematopoi-
etic malignancies or solid tumors [57]. Inhibition of tu-
mor cell growth and stimulation of antitumor immunity 
are promising treatments that target the IL-6/JAK/STAT3 
pathway in patients with cancer. Novel inhibitors of the 
IL-6/JAK/STAT3 pathway, including STAT3-selective 
inhibitors, are under analysis, and the combination of 
these inhibitors with currently approved therapeutic 
agents directed against immune-checkpoint inhibitors 
could offer other possibilities [54]. Different monoclonal 
antibodies for anti-IL-6/IL-6 receptor therapy, such as sil-
tuximab, have shown potential benefits toward cancers 
either as a single agent or in combination with other 
agents. Another anti-IL-6, tocilizumab, commonly used 
for rheumatoid arthritis, offers promising results for 
treating cancer, particularly when combined with con-
ventional drugs. Another association that may be helpful 
to improve immunotherapy of cancer is the link between 
IL-6-blocking agents and epidermal growth factor recep-
tor inhibitors or other targeted therapy [47, 52, 54–62, 
64]. Therefore, the IL-6-signaling pathway represents an 
attractive target for therapeutic or preventive interven-
tions, not only for cancer, but even for infectious diseases 
and chronic inflammatory diseases. Few multicenter ran-
domized controlled trials, still unpublished, are in prog-
ress for tocilizumab in patients with COVID-19 pneumo-
nia considering that elevated IL-6 and JAK inhibition 
could affect both inflammation and cellular viral entry of 
SARS-CoV-2.

Another possible common target could be IL-4 that 
inhibits SARS-CoV-2 replication partly through down-
regulation of ACE2, and this role could be speculated 
even for SARS-CoV-2 infection [74]. In contrast, IL-4 is 
overexpressed in bladder cancer and could have a role as 
prognostic biomarker and as therapeutic target [75].

BCG, which has long been used as an adjuvant therapy 
for high-risk NMIBC, has been proposed recently as an-
other possible strategy for COVID-19. Mandated BCG 
vaccination patients can have a different response against 
COVID-19 [76]. On a recent update, de Vrieze [77] re-
ports that researchers started testing whether a century-
old vaccine against tuberculosis can stimulate the human 
immune system in a broad way, allowing it to better fight 
SARS-CoV-2 and, perhaps, prevent infection. Compar-
ing COVID-19 daily incidence between countries with or 
without BCG vaccination there is a strong difference: 0.8 
versus 34.8 per million, respectively. This report hypoth-
esizes a potential expansion of memory T lymphocytes 
and B lymphocytes that can combat future exposures 
[78]. This also reaffirms the role of the innate immune 
system that can develop memory and could play a vital 
role against bladder cancer and viral infections. 

A universal vaccine may be the best solution to control 
the COVID-19 pandemic but unfortunately it will take a 
long time to be developed, so alternative therapeutic mea-
sures could be directed toward the innate immune re-
sponse and inflammation. Vaccines are promising even 
for some cancers, and those that have been developed of-
fer an optimal protection. 
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