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Abstract
Bacillus Calmette–Guerin (BCG) instillations are considered as a gold standard of therapy in high- and intermediate-risk 
non-muscle-invasive bladder cancer (NMIBC). Unfortunately, up to 40% of patients might experience treatment failure and 
even 15% of patients initially diagnosed with NMIBC will progress to muscle-invasive disease. Since patients, who fail to 
respond to BCG, are at particular risk of progression, immediate radical cystectomy (RC) is currently recommended to pro-
vide cancer control. However, immunotherapy in NMIBC management still evolves. Immune checkpoint inhibitors emerge 
as new immunotherapeutics, which in the future might be combined with BCG and may serve as an alternative to radical 
cystectomy in patients, who failed to respond to BCG alone or are at particular a priori risk of BCG failure, especially if RC 
is not a safe option. Therefore, there is an urgent need to identify NMIBC patients that will not benefit from BCG therapy 
and demand radical cystectomy. In the following review, we attempt to focus on several clinical and molecular factors and 
demonstrate the efforts directed to unravel their significance in BCG-failure risk assessment.
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Introduction

Bladder cancer is the eleventh most commonly diagnosed 
cancer worldwide. Up to 75% of patients with bladder cancer 
present with the tumour not invading the muscle layer. Non-
muscle-invasive bladder cancer (NMIBC) comprises can-
cer confined to mucosa (Ta and Tis) or to submucosa (T1). 
Transurethral resection of the bladder tumour (TURBT) and 
subsequent Bacillus Calmette–Guerin (BCG) instillations 
are considered as a gold standard of therapy in high- and 
intermediate-risk NMIBC (Fig. 1) [1, 2]. Unfortunately, clin-
ical utility and oncological outcomes of BCG are diminished 
by the fact that up to 40% of patients might experience treat-
ment failure and even 15% of patients initially diagnosed 
with NMIBC will progress to muscle-invasive disease [3, 
4]. Patients with BCG failure can be assigned to relapse, 
refractory, resistant or intolerant group that are not prognos-
tically equal [5]. BCG failure can be defined as progression 

to muscle-invasive disease (T2), recurrence of high-grade 
tumour, persistence of high-grade T1 tumour at 3 months or 
persistent presence of Tis or high-grade Ta in consecutive 
biopsies. Since patients, who fail to respond to BCG, are at 
particular risk of progression, immediate radical cystectomy 
(RC) is recommended to provide cancer control (Fig. 2). 
Radical cystectomy might be, however, associated with 
severe complications; thus, it can be considered as over-
treatment in some individuals. Multiple efforts have been 
undertaken to avoid RC after BCG failure; however, none 
of them provided long-term disease control [6–9]. Although 
intravesical gemcitabine, taxanes and thermo-chemotherapy 
and combination of mitomycin C (MMC) with gemcitabine 
yielded with some promising responses, RC should be still 
regarded as the treatment of choice providing durable remis-
sion [10]. Also, a novel simulation model using platform 
for a virtual randomized trial demonstrated RC superiority 
to intravesical MMC in BCG refractory patients. In such in 
silico trial, RC has been shown to be more cost-effective and 
improve survival when compared to MMC [11]. Neverthe-
less, trials to implement electromotive drug administration 
of mitomycin C in BCG-refractory individuals demonstrated 
promising results and in particular groups (TaG3, T1G3) 
disease-free rates at 3-year follow-up reached over 70% [12]. 
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Taking all of these into consideration, clinical decision on 
immediate RC must be patient-tailored. There is an urgent 
need to identify NMIBC patients that will not benefit from 
BCG therapy and demand radical cystectomy.

Immunotherapies under investigation in NMIBC

Importantly, immunotherapy in NMIBC management still 
evolves. Immune checkpoint inhibitors (ICI) emerge as 
new immunotherapeutics exhibiting efficacy in bladder 
cancer. Atezolizumab, durvalumab, avelumab, nivolumab 
and pembrolizumab have recently been FDA-approved for 
patients with metastatic and locally advanced bladder can-
cer. Aforementioned ICI are monoclonal antibodies, which 
block the interaction of PD-L1 with PD-1, which normally 
hampers anti-tumour T-cell response. Promising results 
of first clinical trials on checkpoint inhibitors in advanced 
bladder cancer delivered rationale to evaluate its efficacy 
in NMIBC. Multiple clinical trials are currently ongoing 
(Table 1). Atezolizumab, durvalumab, avelumab, nivolumab 
and pembrolizumab are investigated in the BCG-failure 
cohort (NCT03759496, NCT02625961, NCT02901548, 
NCT02792192,  NCT03519256,  NCT03892642, 
NCT02844816, NCT03711032). Noteworthy, atezolizumab 
and durvalumab are also evaluated in combination with 
BCG in the cohort of BCG-naïve patients (NCT03799835, 
NCT03528694). In the future, BCG combined with ICI may 
serve as an alternative to radical cystectomy in patients, who 
failed to respond to BCG alone or are at particular a priori 
risk of BCG failure, especially if RC is not a safe option. 
Therefore, clinical predictors, as well as easily available 

biomarkers of BCG failure, should be investigated to iden-
tify patients in whom intravesical BCG immunotherapy 
might not be sufficient in further cancer control.

Besides immune checkpoint inhibitors, a selection of vac-
cines, oncolytic viruses and exogenous cytokines have been 
recently investigated in NMIBC. PANVAC-VF is a cancer 
vaccine that contains virus producing carcinoembryonic 
antigen and mucin-1 (overexpressed in bladder cancer cells) 
and co-stimulatory molecules for T cells (NCT02015104). 
ALT-801 is an unique fusion protein that mediates inter-
leukin-2 activation of T cells to cells with aberrant p53 
(NCT01625260). Another emerging agent is a fusion protein 
known as ALT-803, which displays interleukin-15 super-
agonistic activity and leads to CD8+ T cells and effector 
NK cells activation (NCT03022825). Intravesical viral 
applications have also been introduced with CG0070 virus 
and adenovirus carrying interferon-α2b (rAd-IFN/Syn3) 
(NCT02365818, NCT02773849). The former one can enter 
tumour cell, induce its death and spread into adjacent cells, 
whereas the latter is responsible for IFNα-2b production, 
which in turn enhances immune response.

Current scoring systems in NMIBC outcome 
prediction

EORTC scoring system was developed to predict short- and 
long-term recurrence and progression of bladder cancer 
after analysis of 2596 patients data, who were diagnosed 
with superficial bladder cancer [13]. Since EORTC model 
was established on patients treated mostly with intravesi-
cal chemotherapy, it reveals inaccuracy of BCG-failure 

NMIBC diagnosis in 
TURBT Intermediate-risk tumour

Low-risk tumour

High-risk tumour

Single  ins�lli�on of chemotherapy

BCG for 1 year

Intraversical chemotherapy for up to 12 
months

BCG for 1-3 years

For highest risk tumour consider radical
cystectomy

Fig. 1   Decision tree for non-muscle-invasive bladder cancer treatment. Asterisk: low-risk TaLG, high-risk T1 or CIS or HG tumour or multiple, 
recurrent and > 3 cm TaLG, intermediate-risk not included into low- and high-risk groups
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prediction. Another tool used for NMIBC prognosis was 
established by CUETO, based on data from 1062 indi-
viduals treated with BCG [14]. Factors incorporated into 
EORTC and CUETO scoring models are summarized in 
Table 2. Not surprisingly, external validation of EORTC 
and CUETO models in BCG-treated cohort reveals notice-
able accuracy advantage of CUETO tables; however, both 
tools tend to overestimate the risk of recurrence and pro-
gression in high-risk patients [15–17]. In the retrospective 
multicenter analysis, it was also reported that both EORTC 

and CUETO models reveal poor discrimination power for 
both disease recurrence and progression [15]. It can be par-
tially explained by the different treatment guidelines at the 
time of both EORTC and CUETO studies when compared 
to current guidelines. Although CUETO was performed on 
patients managed with BCG instillations, the majority of 
patients received maximum 1-year maintenance. Thus, it is 
not created to predict response in high-risk patients treated 
with 3-year BCG maintenance, which is currently the treat-
ment of choice [15].
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Fig. 2   Treatment decision tree for BCG-failure NMIBC. HG high grade, MMC mitomycin C, BCG refractory: T1G3/HG, non-muscle-invasive 
papillary tumour presence at 3 months or CIS or TaG3/HG presence at both 3 and 6 months or high-grade tumour appearance during BCG
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Data of 1812 BCG-treated patients from two EORTC ran-
domized phase 3 trials revealed heterogeneity of high-risk 
NMIBC suggesting a need for an update of previous EORTC 
nomograms. Most crucial conclusion of the study is the fact 
that tumour stage and grade constitute strong progression 
and cancer-specific survival (CSS) predictors with T1HG 
representing most dangerous tumour type [18].

Histopathological factors serving as predictors 
of recurrence or progression have been extensively 

researched till date. What remains a challenge is further 
evaluation of clinical and molecular characteristics that 
can stratify risk in BCG-treated NMIBC. In the following 
review, we attempt to focus on the novel NMIBC prognos-
tic factors and demonstrate the efforts directed to unravel 
their significance in BCG-failure risk assessment.

Table 1   Ongoing clinical trials for high-risk NMIBC

a Ongoing trials in BCG failure; BMS-986205 IDO-1 inhibitor, MMC mitomycin C, NanoDoce submicron particle docetaxel, Nanoxel®M eth-
anol-free docetaxel, INSTILADRIN non-replicating adenovirus vector harbouring the human IFN alpha2b gene, PANVAC recombinant virus 
vector vaccine, ALT-803 interleukin-15 superagonist, ALT-801 recombinant humanized TCR-IL-2 fusion protein, HGRF high-grade relapse free, 
CRR​ complete response rate, DFS disease-free survival, RFS recurrence-free survival, PFS progression-free survival, DLT dose-limiting toxic-
ity, EFS event-free survival, HG high-grade, MIBC muscle-invasive bladder cancer

Trial name Description End point Status Study population

NCT03759496a Durvalumab intravesical Maximum tolerated dose
6-month HGFR

Phase 2 BCG refractory

NCT02625961a 
(MK-3475-
057/KEY-
NOTE-057)

Pembrolizumab 3-year CRR and DFS Phase 2 BCG-unresponsive

NCT03711032 
(MK-3475-
057/KEY-
NOTE-057)

Pembrolizumab + BCG vs BCG 3.5-year CRR​ Phase 3 High-risk NMIBC persistent or 
recurrent after BCG induction

NCT02901548a Durvalumab 6-month CRR​ Phase 2 BCG-refractory CIS
NCT03528694
POTOMAC

Durvalumab + BCG vs BCG 4-year DFS Phase 3 BCG-naïve
HG NMIBC

NCT03799835
ALBAN

Atezolizumab + BCG
vs BCG

2-year RFS Phase 3 BCG-naïve
HG NMIBC

NCT02792192a Atezolizumab + BCG
vs BCG

Tolerability
6-month CRR​

Phase 1 and 2 BCG-unresponsive

NCT03167151
PemBla

Pembrolizumab Safety and tolerability Phase 1 and 2 Recurrent intermediate-risk NMIBC

NCT03519256a

CheckMate 9UT
Nivolumab + BMS-986205 ± BCG vs 

Nivolumab + BCG vs Nivolumab
5-year CRR​ Phase 2 BCG-unresponsive

NCT03892642a Avelumab + BCG Freedom from DLT Phase 1 and 2 BCG-unresponsive
NCT02844816a Atezolizumab 18-month EFS Phase 2 BCG-unresponsive
NCT03274284a Cisplatin + conformal radiotherapy 55GY/20 

fractions
2-year follow-up Phase 4 BCG-failure T1HG NMIBC

NCT03636256 NanoDoce injection into tumour resection 
site + NanoDoce intravesical instillation

Safety and tolerability
6-month RFS

Phase 1 and 2 High-risk NMIBC and MIBC

NCT02982395a Nanoxel®M vs MMC 1-year RFS Phase 3 BCG refractory
NCT02009332a Albumin-bound rapamycin nanoparticles 

(Nab-rapamycin, ABI-009)
Safety and tolerability Phase 1 and 2 BCG- refractory or recurrent

NCT02773849a INSTILADRIN 12-month
CRR​

Phase 3 BCG -unresponsive

NCT03335059a Synergo®

Radiofrequency-induced thermo-chemother-
apy effect and MMC

3-month CRR​ Phase 3 BCG -unresponsive CIS

NCT02015104a BCG + PANVAC vs BCG alone 4–5-year DFS Phase 3 At least one BCG course failure
NCT03022825a BCG + ALT-803 2-year CRR, DFS Phase 2 BCG-unresponsive
NCT01625260a ALT-801 + gemcitabine Safety and tolerability Phase 1 and 2 BCG failure
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Clinical factors

Gender

After initial denial of sex impact on BCG outcomes, several 
studies revealed female gender as associated with higher risk 
of disease recurrence in BCG-treated patients with high-
grade T1 [19–21]. Female sex was confirmed as a signifi-
cant predictor of NMIBC recurrence in the CUETO model 
[14, 22]. It has been proposed that carcinogenesis in the 
bladder may depend on sexual hormone receptors [23, 24]. 
Impact of sex-dependent immunomodulatory patterns can-
not be ruled out since pathological specimens from NMIBC 
patients revealed higher T regulatory cells’ counts in females 
[25]. A meta-analysis of 15,215 patients with high-grade 
T1 bladder cancer demonstrated that female sex was associ-
ated with higher risk of progression, but not with the risk 
of recurrence and disease-specific survival [26]. Explana-
tion of gender disparity in bladder cancer epidemiology and 
response to treatment still remains elusive.

Age

It has been suggested that age over 70 years constitutes a 
negative prognostic factor of disease progression and overall 
survival in patients treated with BCG maintenance. It should 
be, however, noted that although diminished, BCG response 
remains still more effective than chemotherapy instillations 
in a subgroup of older patients [27]. Probably, older patients 
fail to respond to BCG due to attenuation of immune reac-
tions, which progresses with age [28]. Another study demon-
strated that despite similar initial response to BCG therapy 
in the cohort of patient over 70 years, late response on 5-year 
follow-up decreases with age [29]. At 2-year follow-up, the 
percentage of cancer-free patients was similar in different 
age groups; however, at 5-year follow-up, 27% of individuals 
over 70 years were cancer-free in comparison with 37% of 
younger than 70 years [29].

Overweight and obesity

It was retrospectively proven that overweight (HR 2.52) and 
obese (HR 2.52) patients with high-grade NMIBC (T1G3) 
are at higher risk of progression compared to patients with 
normal body mass [30]. Moreover, overweight (HR 4.00) 
and obesity (HR 5.33) were significantly associated with 
an increased risk of recurrence [30]. Such observations 
can be partially justified by higher levels of inflammatory 
cytokines (IL-6 and TNF-alfa) and lower level of adiponec-
tin in patients with abundant adipose tissue [31]. Addition of 
BMI to the model comprising standard clinicopathological 
features increased its accuracy by 9.9 and 1.9 for recurrence 
and progression prediction, respectively [30]. Previous stud-
ies yielded observations that in general, obese patients with 
high-grade T1 bladder cancer are at higher risk of a worse 
outcome than non-obese counterparts [32]. Meta-analysis 
including 7193 patients showed that elevation of BMI by 
1 kg/m2 is associated with a 1.3% increased risk of bladder 
cancer recurrence (HR 1.01; 95% CI 1.01–1.02) [33].

Neutrophil to lymphocyte ratio

Prospective study on the cohort of 113 patients reported 
that preoperative neutrophil to lymphocyte ratio (NLR) is 
related to recurrence, especially in BCG-treated patients. 
In univariate Cox regression, NLR over 2.5 was associated 
with increased risk of recurrence in BCG group (HR 3.7). 
Moreover, addition of NLR to the EORTC scoring model 
might improve its predictive accuracy [34]. It was found 
that NLR is associated with shorter recurrence-free sur-
vival in both pre-stratified cohort of NMIBC patients and in 
the subset of BCG-treated ones (HR for recurrence 2.0 vs. 
3.7, respectively). Interestingly, after stratification accord-
ing to the treatment type, high prognostic significance of 
NLR has been maintained only in the BCG group [34]. 
Such observations may indicate that higher level of lym-
phocytes is indispensable to respond to BCG course. Lack of 
lymphocytes might lead to lesser infiltration of the bladder 
mucosa and poor response to BCG antigens [35]. Neutro-
phils, on the other hand, produce cytokines and proangio-
genic factors (VEGF) which may support tumour growth 
[34]. NLR was also retrospectively evaluated in the cohort 
of patients with high-grade T1 bladder cancer. High preop-
erative NLR (> 3.0) was associated with female gender and 
residual T1HG/G3 on re-TURBT. NLR was independently 
associated with disease recurrence (HR 3.34), progression 
(HR 2.18) and cancer-specific survival (HR 1.65) [36]. The 
addition of NLR to a multivariable model that included age, 
gender, smoking status, tumour size, tumour multifocality, 
concomitant Tis and stage on re-TURBT improved its dis-
crimination for RFS, PFS and CSS (accuracy benefit 6.9%, 
1.8% and 1.7%, respectively) [36]. Another retrospective 

Table 2   Factors incorporated into EORTC and CUETO prediction 
model

EORTC scoring system CUETO scoring system

T category (Ta, T1) T category (Ta, T1)
Grade (G1, G2, G3) Grade (G1, G2, G3)
Number of tumours (single, 2–7, ≥ 8) Number of tumours (≤ 3, > 3)
Concomitant CIS (yes, no) Concomitant CIS (yes, no)
Prior recurrence rate (primary, ≤ 1/

year, > 1/year)
Recurrent tumour (yes, no)

Tumour size (< 3 cm, ≥ 3 cm) Age (< 60, 60–70, > 70)
Gender
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study evaluating markers of systemic inflammatory response 
demonstrated that in the NMIBC baseline cohort as well 
as in the BCG-treated subgroup, both NLR over 2.5 and 
CRP over 5 mg/L were significantly associated with disease 
progression [37]. In the meta-analysis, the data collected 
from four studies, encompassing 599 patients, indicated that 
high preoperative NLR constitutes independent predictor of 
recurrence (four studies, pooled HR 2.31) and progression 
(three studies, pooled HR 2.54) in patients with T1 high-
grade NMIBC [38].

Re‑TURBT performance

In large multicenter retrospective study, it was reported that 
re-TURBT in patients with T1 HG and muscle layer in the 
specimen from primary TURBT does not improve recur-
rence, progression rate or overall survival [39]. Conversely, 
in patients with high-grade tumour without muscular layer 
in the specimen, re-TURBT revealed benefit in RFS, PFS 
and OS prolongation [39]. Moreover, due to significant per-
centage of residual disease in second resection in high-risk 
tumours, re-TURBT facilitates accurate staging in selected 
cases [40, 41].

Smoking status

Smoking intensity of more than 60 pack-years increased 
the risk of recurrence in the retrospective evaluation of 80 
patients with NMIBC treated with BCG [42]. Moreover, 
continued smokers during the NMIBC treatment had 2.2 
greater risk of recurrences than ex-smokers, who ceased 
smoking not more than a year before and not later than 
3 month after diagnosis [43]. However, due to limited BCG-
treated subgroup size, the influence of smoking on BCG 
response remains unclear [43]. Another retrospective study 
based on data from 623 patients failed to show any associa-
tion between smoking status (current, ex-, never-smoker) 
and recurrence during BCG therapy. Ex-smokers were fur-
ther stratified to those that ceased smoking 10 years before 
diagnosis, 0.1–10 years before and at diagnosis, but the sub-
group analysis remained inconclusive concerning relation 
between smoking status and BCG outcome [44]. Another 
study indicated that risk of recurrence during BCG was 
higher in subgroup of current smokers (≥ 20 cigarettes per 
day) when compared to never and former smokers [45]. In 
the multivariable competing-risk analysis adjusted for major 
factors already proven to affect BCG response, such relation-
ship was confirmed for current smokers (HR 1.44; 95% CI 
1.01–2.04) [45]. It is suspected that immune responses are 
compromised by smoke, possibly due to reduced cytokine 
activity, impaired B-cell and T-cell responses [46]. Hypoth-
esis that BCG efficacy is limited due to smoking remains 

controversial; thus, none particular recommendations for 
BCG protocol modification in smokers can be suggested.

Statins and anticoagulants

Evaluation of concomitant use of medication has not been 
evidenced to confound anti-tumour response during BCG 
therapy. Statins use was the subject of a large debate yielding 
controversial results [47]. In final conclusion based on large 
cohort studies, statins do not impair response to BCG ther-
apy [48]. Another subject of discussion is the role of antico-
agulants, which affect not only fibrin clot formation, but also 
fibronectin/BCG interaction. Importantly, fibronectin/BCG 
binding is necessary for BCG endocytosis to bladder cancer 
cells. Subsequently, BCG is recognized by immune cells 
infiltrating the tumour. In contrary to experimental studies 
in in vitro setting, clinical retrospective studies reveal no 
significant impact of anticoagulants on BCG failure [49]. 
On the cohort of 343 high-risk NMIBC patients, it has been 
found that antihypertensive, but not antidiabetic therapy, was 
associated with increased risk of tumour recurrence on BCG 
therapy (HR 1.45; 95% CI 1.069–1.962) [50].

Molecular factors

Urinary and blood cytokines

Cytokines mediate intercellular communication and due to 
their pleiotropic functions may reflect immune responses, 
inflammation or tumour invasion. It has been shown that the 
change of inducible cytokines in urine after BCG instillation 
might be used in identifying individuals with suboptimal 
response to the therapy. Based on the cohort of 130 patients, 
the nomogram was constructed using urinary cytokine lev-
els (IL-2, IL-6, IL-8, IL-18, IL-1ra, TRAIL, IFN-γ, IL-12 
[p70] and TNF-alfa) [51]. Final model reached 85.5% accu-
racy in prediction of the recurrence likelihood. However, 
multiple factors can confound cytokine profile assessment. 
This comprises lower urinary infection, systemic disease 
and intake of medication (e.g. immunomodulators) [51]. A 
number of studies evaluated the role of interleukin-2 in BCG 
response prediction. Earliest indicated that IL-2 mRNA level 
in peripheral blood mononuclear cells yielded a predictive 
value of 97% for remission [52]. Further studies demon-
strated that patients with urinary IL-2 less than 27 pg/micro-
mole creatinine measured after 5 BCG instillations were at 
significantly higher risk of recurrence than those with higher 
values. Collected evidence from multiple studies suggests 
that among cytokines urinary IL-2 levels might have the 
highest potency to become a biomarker of BCG response 
[53]. Another study demonstrated that high baseline uri-
nary IL-8 predicts shorter time to tumour recurrence in 
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BCG-treated patients. Consequently, IL-8 level assessed in 
peripheral blood leukocytes can be associated with tumour 
recurrence in similar pattern [54]. The percentage change of 
IL-18 binding protein a, IL-23, IL-8 and CXCL10 measured 
after BCG initiation can be utilized in prediction of BCG 
failure [55]. Urinary IL-8 and IL-18 levels have shown asso-
ciation with disease-free survival (DFS) after BCG instilla-
tion [56].

In general, BCG therapy induces robust immunological 
response, which can be potentially assessed with the use 
of urinary cytokine levels. However, a pitfall may be the 
predictive value of cytokines’ level, which might be dimin-
ished by false positive results caused by other pathologies, 
for instance asymptomatic bacteriuria, which is frequent, 
but does not constitute a contraindication to BCG instil-
lation [57]. More efforts should be undertaken in order to 
optimize the time from BCG initiation (week of therapy) 
and last BCG instillation to urine collection and cytokine 
assessment. Studies often demonstrate own schedules of 
urinary cytokine measurement and divergent results due to 
the fact that cytokines’ level changes over time after BCG 
instillation. Unfortunately, creation of reasonable prediction 
model based on cytokine profiles will remain a challenge, 
until the detailed mechanism of immune response towards 
BCG becomes clear.

FISH from urine cytology

Fluorescent in situ hybridization (FISH) can be successfully 
utilized to detect chromosomal anomalies in tumour cells 
obtained from urine samples. UroVysion FISH positivity 
(4 or more cells with polysomy on at least 2 chromosomes 
(3, 7, or 17) and/or at least 12 cells with a homozygous 
deletion for 9p21) predicts recurrence and progression on 
BCG therapy which has already been suggested as decision-
aid in selection of individuals in whom alternative therapy 
should be considered [58]. The pre-BCG FISH test revealed 
a pooled sensitivity of 70%, specificity of 41% and area 
under the curve (AUC) of 0.60 for predicting recurrence 
[59]. Another multicenter prospective study demonstrated 
that FISH positivity at 3 months following BCG initiation is 
associated with 4.6 greater risk of recurrence. FISH sensitiv-
ity, specificity and accuracy in this series were 59, 84 and 
77%, respectively [60].

Lymphocyte subsets and immunohistochemical 
biomarkers

Involvement of certain types and classes of lymphocytes is 
of major significance in the immunotherapy response. In 
series of 70 BCG-treated patients, abundance of both T regu-
latory cells (Tregs) and tumour-associated macrophages in 
resection specimen correlated with recurrence-free survival 

[25]. Immunosuppressive properties of tumour microenvi-
ronment attenuate adaptive response towards BCG antigens 
presented by cancer cells [25, 61]. High density of CD4+ 
and GATA3+ T cells, which are major population respon-
sible for antigen recognition and stimulation of effector 
cells, has been demonstrated to associate with prolonged 
recurrence-free survival [62]. It has been also found that 
responders presented an increased productive Th1 immunity 
compared to non-responders [63]. Conversely, preexisting 
(before first BCG) Th2 intratumoural dominance predicted 
response to BCG as BCG intends to create Th1 response 
and therefore, only patients, who are yet to generate Th1 
response may benefit. Immunohistochemistry markers dem-
onstrated that the preexisting Th1 immunologic environment 
within the tumour was on the other hand associated with 
BCG failure [64]. Consequently, CD4+/CD8+ lymphocyte 
ratio in the primary specimen was suggested to predict BCG 
response [62]. Th1 and Th2 polarization can be reflected by 
the level of urinary cytokine levels. Namely, the former one 
associates with IL-2 excretion (its predictive value has been 
already summarized above) and the latter one with IL-10 
production. Consequently, the ratio between IL-2 and IL-10 
was found to have 83% sensitivity and 76% specificity in the 
recurrence prediction [65, 66].

Cell-cycle proteins including p53, RB and Ki-67 have 
also been suggested as potential immunohistochemical bio-
markers. Although p53 and Ki67 relevance in disease pro-
gression has been already evidenced in meta-analysis [67, 
68], their impact on recurrence and BCG response remains 
unclear [53]. RB expression was associated with decreased 
PFS and DFS, but the evidence is still limited [69]. In pT1 
NMIBC, cytokeratin 20 expression was significantly asso-
ciated with RFS in multivariate analysis (HR 5.89; 95% CI 
1.44–24.15), whereas Ki-67 correlated significantly with 
PFS (HR 2.80; 95% CI 1.45–5.43). Furthermore, both CK20 
and Ki-67 were significantly related to CSS in multivari-
ate analysis [70]. Another immunohistochemical candidate 
marker is NEDD9 protein presenting 84.1% sensitivity and 
80.9% specificity in predicting complete response to BCG 
[71]. Finally, PD-L1, which constitutes itself a therapeutic 
aim of targeted immunotherapy described before, can also 
be used in predicting BCG outcomes. In 334 pT1 NMIBC 
patients, PD-L1 mRNA levels have been associated with 
RFS (HR 0.48; 95% CI 0.31–0.72), PFS (HR 0.45; 95% CI 
0.24–0.80) and CSS (HR 0.31; 95% CI, 0.13–0.67) [72]. 
High PD-L1 mRNA expression (≥ 33.8) constitutes a 
favourable prognostic factor and might be utilized to stratify 
patients to treatment groups (RC or immunotherapy) [72].

Molecular subtypes

Based on urothelial differentiation signature expres-
sion, bladder cancer might be divided into classes with 
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luminal- and basal-like characteristics [73, 74]. Small 
number of relevant studies indicates that the majority of 
NMIBC is luminal-like [73, 75, 76]. Based on the cluster-
ing of gene expression values, classification distinguishing 
three molecular classes was obtained. (About 9074 genes 
were analysed.) Classes 1 and 2 tumours revealed lumi-
nal features, whereas class 3 resembled basal phenotype. 
Moreover, tumours of high grade and stage, concomitant 
CIS and progression to muscle-invasive disease were more 
frequently observed in classes 2 and 3 than in class 1 [73]. 
Importantly, no significant difference in response to BCG 
was noticed between classes suggesting that tumour’s tran-
scriptional profile does not determine BCG response [73]. 
It has been also evidenced that in course of CIS progress-
ing to muscle-invasive bladder cancer, expression of lumi-
nal markers decreased, whereas basal marker expression 
was enriched [77]. Prognostic value of molecular subtypes 
was initially evaluated in muscle-invasive bladder cancer, 
and its significance in NMIBC still remains uncertain and 
requires further investigation.

Conclusion

BCG failure in high-risk NMIBC remains enigmatic 
clinical phenomenon and significant therapeutic problem. 
Simultaneously, with advances in understanding of tumour 
microenvironment, emergence of novel therapies target-
ing immune response is observed. Early identification of 
individuals who are at particular risk of developing BCG 
resistance might aid selecting patients who could bene-
fit most from combined treatment. Potentiation of BCG 
instillations with immune checkpoint inhibition might 
contribute to reducing overtreatment with radical cystec-
tomy. Clinical trials evaluating such combination therapies 
are underway, but their exact clinical implementation in 
NMIBC remains unclear. Although histopathological fea-
tures are currently the best predictors of recurrence and 
progression, an urgent need for new predictors of response 
to BCG remains apparent. Better understanding of BCG 
resistance pathophysiology might bring development of 
novel predictive models that can be easily utilized in plan-
ning patient-adjusted therapy.
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