
Review Article

Predictive biomarkers of response to bacillus Calmette-Gu�erin
immunotherapy and bacillus Calmette-Gu�erin failure for non-muscle
invasive bladder cancer
Ziting Wang,1 Wei Zheng So,1 Kep Yong Loh,2 Yew Koon Lim,1 Ratha Mahendran,1 Qing Hui Wu1

and Edmund Chiong1

1Department of Urology, National University Hospital, and 2Department of Internal Medicine, Singapore General Hospital, Singapore

Abbreviations & Acronyms
AUC = area under the curve
BCG = bacillus Calmette-Gu�erin
CIS = carcinoma in situ
CNV = copy number variant
CUETO = Club Urol�ogico Espa~nol
de Tratamiento Oncol�ogico
EAU = European Association of
Urology
EORTC = European Organisation
for Research and Treatment of
Cancer
FISH = fluorescence in situ
hybridization
HR = hazard ratio
IL = interleukin
IQR = interquartile range
LMR = lymphocyte-to-monocyte
ratio
NAL = neoantigen load
NLR = neutrophil-to-lymphocyte
ratio
NMIBC = non-muscle invasive
bladder cancer
OR = odds ratio
PD-L1 = programmed death-
ligand 1
PLR = platelet-to-lymphocyte ratio
SNP = single-nucleotide
polymorphism
TMB = tumor mutation burden
TME = tumor microenvironment
TSG = tumor suppressor gene
TURBT = transurethral resection of
bladder tumor

Correspondence: Ziting Wang
M.B.B.S. (Singapore), M.C.I., M.R.C.S.
(Edinburgh), M.Med. (Surgery),
F.A.M.S. (Urology), Department of
Urology, National University Hospital,
1E Kent Ridge Road, Level 8,
Singapore 119228. Email:
ziting_wang@nuhs.edu.sg

This is an open access article under the
terms of the Creative Commons
Attribution License, which permits use,
distribution and reproduction in any
medium, provided the original work is
properly cited.

Received 17 December 2021; accepted
19 April 2022.
Online publication 22 May 2022

Abstract: Within the heterogeneous population of patients with bacillus Calmette-

Gu�erin failure, there are clear differences in prognosis and therapy with regard to the

timeline when bacillus Calmette-Gu�erin failure occurred. There are a variety of

classifications which include bacillus Calmette-Gu�erin refractory disease, relapsing,

unresponsive, and intolerant. Further profiling of these patients may help to shed light

on other forms of therapy that are less radical. We hereby summarize the different

biomarkers that predicts for response to bacillus Calmette-Gu�erin immunotherapy and

bacillus Calmette-Gu�erin failure for non-muscle invasive bladder cancer.
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Introduction

The definition of BCG failure has evolved over the years. The most recent definition in the
EAU guidelines broadly defined BCG failure as any high-grade disease occurring during or
after BCG therapy.1 Prior to labeling the patient as BCG failure, the exclusion of disease in
the upper urinary tracts and prostate should be established, along with ensuring that the
patient has had adequate BCG, which is defined as at least five of six doses of an initial
induction course plus at least two of six doses of a second induction course or two of three
doses of maintenance therapy.2 Within this heterogeneous population of patients with BCG
failure, there are clear differences in prognosis and therapy with regard to the timeline when
BCG failure occurred. There are a variety of classifications which include BCG refractory dis-
ease, relapsing, unresponsive, and intolerant.3 The next line of treatment is a cystectomy,
which some may deem as overtreatment for a non-muscle invasive disease. Further profiling
of these patients may help to shed light on other forms of therapy that are less radical. We
hereby summarize the different biomarkers that predicts for response to BCG immunotherapy
and BCG failure for NMIBC.

Predictors of BCG response and failure

Clinical-pathological scoring systems

When BCG therapy was initially officialized as a therapeutic option, clinical parameters were
highly anticipated to aid in deciding BCG provision for bladder cancer patients. Various clini-
cal trials and numerous observational studies were en route to report their preliminary findings
and declare significant predictors of poor oncological outcomes. Of note was the EORTC, as
well as the CUETO groups. First introduced in the 2008 EAU Guidelines on TaT1 bladder
cancer,4 the EORTC scoring system is based on a randomized cohort analysis of 2596
patients diagnosed with non-muscle invasive tumors,5 developed primarily to facilitate man-
agement options post-TURBT. This validated risk score has been consistently recommended
by the EAU Guidelines for use in routine clinical practice over the last decade,6–9 reaffirming
its reliability in determining recurrence and progression risk at 1 and 5 years posttreatment.
However, an important underlying drawback exists particular to this model – patients were
mainly managed with intravesical chemotherapy. This inadvertently undermines the accuracy
of predicting BCG failure when applied to a cohort that is treated with BCG, the current gold
standard for treatment.
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To circumvent this incongruity, the CUETO framework
was tailored specifically as a scoring model for patients trea-
ted with 12 doses of intravesical BCG therapy over a 5- to 6-
month period post-TURBT.10 Likewise, it aims to ascertain
the risk of recurrence and progression of cancer by assessing
seven significant factors: gender, age, prior recurrence status,
number of tumors, T category, associated CIS, and the World
Health Organization 1973 tumor grade. Patients are then cate-
gorized into four risk groups as governed by the aforemen-
tioned risk factors, with the risks of recurrence and
progression clearly delineated for each group.

Indeed, while the CUETO model has been aligned to focus
on the BCG-treated population, patients were not standard-
ized to undergo the standard treatment protocol of 1–3 years
of maintenance therapy, as defined by the Southwest Oncol-
ogy Group.3 Rather, they received six cycles of two-weekly
maintenance treatment across a 5- to 6-month period, with
the maximum period attained to be of a year’s duration.
Notably, this will naturally deviate from predicting a trustable
response in high-risk patients on a 3-year BCG maintenance
regime, which is in fact the current recommended treat-
ment.11 Moreover, the CUETO model was unexpectedly seen
to overestimate the risk of recurrence and likelihood of dis-
ease progression in high-risk patients in several cohort stud-
ies.12–14

In more recent times, the EAU 2021 Guidelines have
reclassified patients into four risk groups, with the additional
clinical risk factors of age, multiple papillary tumors, and
tumor diameter. Admittedly, all these models do appear to be
sufficiently consistent and reproducible. However, aside from
the limitations as mentioned above, the selected factors are
still unable to account for the wide confidence intervals for
recurrence and progression. Based on the new EAU risk
groups, a patient within the very high-risk group was cited as
having a 53% 10-year progression risk, with confidence inter-
vals that range from 36 to 73%.1 This suggests that there are
significant factors in play that are not captured within the risk
stratifications.

Clinical characteristics

Gender and age have been identified as potential markers of
responsiveness or failure to BCG therapy. In particular, the
female gender was previously validated as a significant poor
prognostic indicator of NMIBC recurrence in patients who
were enrolled within the CUETO model.13,15 It is hypothe-
sized that the pathophysiology involves the association of
bladder carcinogenesis with female hormonal receptors.16,17

Other hypothesized mechanisms include the gender-varying
immunomodulatory activity which was seen within patho-
logic samples of NMIBC patients. Within this Japanese
cohort, females demonstrated increased regulatory T-cell
counts within the TME, of which elevated levels indepen-
dently predicted disease recurrence.18

Advanced patient age has also been postulated as a poor
prognostic factor of BCG responsiveness in NMIBC. A study
of 805 patients with bladder CIS who were treated with BCG
therapy showed that at 5 years, the recurrence rate was sig-
nificantly higher in the age group more than 70 years old

(73% vs 63%; P = 0.005).19 In the EORTC trial 30 911, it
was reported that patients above the age of 70 years not only
demonstrated poorer long-term prognosis with regard to BCG
responsiveness, but also demonstrated worse progression-free
survival, overall survival, and NMIBC-specific survival.20 It
is hypothesized that this is due to the age-related attenuation
of the immune response, diminishing the therapeutic effects
of BCG treatment.21

Biochemical immune response markers

Methods to objectively quantify the extent of immune cell
response after the induction of BCG therapy have been pur-
ported to herald optimal outcomes of treatment,22 as seen in
Table 1. Hematological biomarkers include NLR, PLR, and
LMR.23–26 In a retrospective cohort study involving 100 high-
risk NMIBC patients, higher mean NLR values were seen in
the BCG non-responder group (3.65 � 1.16 vs 2.61 � 0.77;
P = 0.01). Moreover, increase in NLR correlated significantly
with disease recurrence and progression risk scores.27 In a
similar vein, another study also concluded that an optimal cut-
off of NLR >2.5 served as an independent predictor of disease
recurrence and prognosticated worse recurrence-free survival
in NMIBC patients, particularly within the subgroup treated
with BCG therapy.28 A meta-analysis of 15 studies comprising
5354 patients reported that elevated PLR exhibited poorer
progression-free survival and disease-free survival.29 Although
not limited to BCG therapy, it is also interesting to note that
high PLR correlated significantly with patient age >65 years
old. This finding postulates that bladder cancer prognosis
might be confounded by either that of an elevated PLR or
advanced age. Likewise, albeit not within the population of
patients receiving BCG therapy, LMR was reported to be a
potential prognostic marker for survival in bladder cancer
patients who underwent radical cystectomy.30

Adamkiewicz et al. contextualized NLR, PLR, and LMR
to identify the best marker of progression in bladder cancer
patients receiving BCG – all markers independently prognos-
ticated progression in multivariable analysis.23 However,
when compared alongside one another, LMR was superior to
NLR and PLR in terms of predicting disease progression, sur-
passing as the indicator with the strongest prognostic value.

Most of the studied biomarkers were serum in nature.
However, Kamat et al.31 did evaluate the role of FISH in
urine samples collected during BCG immunotherapy. FISH
was performed using the UroVysion Bladder Cancer Recur-
rence Kit on patients who received the induction and mainte-
nance course according to the Southwest Oncology Group
trial 8507 protocol.32,33 The study found that the presence of
positive FISH results correlated with recurrence and progres-
sion rates. The same center also derived a cytokine panel
based on nine urinary cytokines measured from before to just
after the sixth instillation of BCG which predicted for recur-
rence with an AUC of 0.855 (95% CI 0.779–0.931).34

Genomic pathway alterations

In particular, the research in p53, pRB, and PD-L1 expression
in bladder cancer has gained considerable traction in the last
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few years.35–40 Genomic pathway alterations can generally be
categorized into SNPs, CNV alterations, and epigenetic-
related modulation of genes,41 as seen in Figure 1. One of
the earlier established single-nucleotide variances was related
to the interleukin cytokine family, whereby Leibovici et al.
demonstrated that a particular variant genotype (C/C) of IL-6

correlated with an increased risk of disease recurrence (HR
4.60) in patients receiving maintenance BCG after TURBT.42

Other studies have also demonstrated that high urinary levels
of IL-2 after BCG instillation were associated with shorter
recurrence-free survival.43,44 While variances of tumour
necrosis factor a and IL-8 were associated with a lower risk

Table 1 Biochemical markers associated with the outcomes of intravesical BCG therapy in NMIBC

Predictors Author

Number

of

patients/

samples

Outcome

Recurrence

(P-value/

HR/OR/

correlation

coefficient [R])

Recurrence-free

survival

(P-value/HR/

OR/correlation

coefficient [R])

Progression

(P-value/

HR/OR/

correlation

coefficient

[R])

Progression-

free survival

(P-value/HR/

OR/correlation

coefficient [R])

Response

(P-value/HR/

OR/correlation

coefficient [R])

NLR Getzler

et al.28
113 HR 3.7 (95%

CI 1.2–11.9,

P = 0.023)

Lower RFS

(21.3 vs

34.1 months

in NLR ≥2.5

and <2.5,

respectively,

P = 0.013)

Racioppi

et al.27
100 NLR value correlated

significantly with

recurrence risk

score (R = 0.55,

P = 0.01)

NLR value correlated

significantly with

progression risk

score (R = 0.49,

P = 0.01)

LMR Adamkiewicz

et al.23
125 AUC 3.25, OR

0.54, P < 0.001

FISH Kamat

et al.31
126 Positive FISH

result vs

negative

FISH result: at

baseline

(38.3% vs 17.8%,

P = 0.020), at

6 weeks after

BCG initiation

(34.0% vs 13.5%

P = 0.008), at

3 months

after BCG

(58.3% vs 15.3%,

P < 0.001),

and at 6 months

after BCG (69.2% vs

16.9%, P < 0.001)

Positive FISH result

vs negative

FISH result: at

baseline

(19.8% vs 4.4%,

P < 0.032),

at 6 weeks

(P = 0.030), at

6 weeks after

BCG (28.0% vs

12.2%, P = 0.030),

at 3 months after BCG

(25.0% vs 6.8%,

P = 0.013), and at

6 months after BCG

(69.2% vs 16.9%,

P < 0.001)

IL-2 Watanabe

et al.43
20 Elevated IL-2

levels are an

independent

predictor of BCG

response (risk ratio

0.368, 95% CI 0.29–

0.895, P = 0.003)

de Reijke

et al.44
23 Low levels of

urinary IL-2

levels correlated

significantly with

tumor recurrence

within 6 months

after BCG initiation

(P = 0.003)
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of disease recurrence and longer recurrence-free survival in
BCG-treated TURBT patients,45 IL-2, IL-4, IL-17, and mono-
cyte chemoattractant protein 1 demonstrated significant corre-
lation with disease recurrence after BCG therapy.46

The Sonic Hedgehog Pathway (Shh) is another crucial cell
signaling pathway that controls tumor proliferation and differ-
entiation. Chen et al.47 comparatively evaluated 177 SNPs
found within 11 Shh pathways, reporting that nine SNPs
located on GLI3, GLI2, and HHIP were all significantly asso-
ciated with time to recurrence after BCG instillation
(P < 0.05). Furthermore, two variant genotypes rs6463089
and rs3801192 remained significantly associated with a 2.40
(95% CI 1.50–3.84) and 2.54-fold (95% CI 1.47–4.39) risk
in recurrence after BCG treatment, respectively.

Copy number variations have been extensively studied in
its relations to outcomes of bladder cancer, but there is a pau-
city of data on its role in predicting for BCG therapy success.
Cai et al. explored the impact of loss of heterozygosity on
the interferon-a gene locus and its relation to BCG treatment
outcomes.48 Survival curve analysis revealed a significant
association between the risk of recurrence and loss of
heterozygosity on interferon-a (P < 0.0001). On multivariate
analyses, loss of heterozygosity remained as an independent
predictor of BCG response (HR 4.09; 95% CI 2.59–6.28;
P = 0.002).

Agundez et al. assessed the role of 25 methylated TSGs
and their association with clinical outcomes of BCG-treated
T1G3 tumors.49 The study evaluated several TSGs, notably
PAX6, MSH6, RB1, THBS1, PYCARD, TP73, ESR1, and
GATA. Two TSGs – MSH6 and THBS1 – were noted to be
the predictors of disease progression after BCG on multivari-
ate analyses.

In particular, the research in PD-L1 expression in bladder
cancer has gained considerable traction in the last few years.

Of note, Pierconti et al.50 demonstrated a significant correla-
tion of PD-L1 with tumor recurrence (P = 0.035). BCG non-
responders also were observed to have elevated PD-L1 levels
compared to responders. The phase 2 study KEYNOTE-
05751 suggested that pembrolizumab was a possible nonsurgi-
cal option for patients with BCG unresponsive NMIBC who
were not keen for or candidates for radical cytectomies. A
complete response rate of 41% at 3 months and 23% for
2 years was achieved in BCG unresponsive bladder cancer
patients with CIS who declined or were ineligible for radical
cystectomy. Notably, complete response rates seemed to be
better in patients with PDL-1 negative status (combined posi-
tive score < 10%) patients. A summary of the genomic path-
way alterations associated with outcomes of intravesical BCG
therapy in NMIBC is outlined in Table 2.

Tumor mutation burden

Bladder cancer is one of the cancers with the highest muta-
tional burden, compared to other tumor types. TMB was first
studied by Meeks et al., who found a significantly lower
TMB in progressors compared to nonprogressors.52 This was
also correlated by the Brazilian group53 in 2020. Bastos et al.
performed whole exome sequencing from tumor samples
extracted from 35 patients with NMIBC who were treated
with TURBT, re-TUR, and six or more BCG instillations.
They also found that TMB load was higher in patients who
were BCG responsive compared to those who were BCG
relapsing or BCG refractory.

However, Meek’s cohort group had a much higher TMB,
ranging between 5 and 15 mutations/MB compared to the Bas-
tos’ group, which had a median TMB of 3 mutations/MB, with
a range of 2.6–5.5 mutations/MB. In multivariate analyses, a
high TMB was still an important biomarker of BCG response,
with an OR of 5.20 (95% CI 1.11–24.34).

Fig. 1 Epigenetic–genetic interactions in bladder cancer TME, providing differing mechanisms of control that regulates oncogene expression and silencing.
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Table 2 Genomic pathway alterations associated with the outcomes of intravesical BCG therapy in NMIBC

Predictors Author

Number

of

patients/

samples

Outcome

Recurrence (P-

value/HR/

OR/correlation

coefficient [R])

Recurrence-free survival

(P-value/HR/

OR/correlation

coefficient [R])

Progression (P-

value/HR/

OR/correlation

coefficient [R])

Progression-free

survival (P-value/HR/

OR/correlation

coefficient [R])

Response (P-

value/HR/

OR/correlation

coefficient [R])

IL-6 variant

genotype (C/

C)

Leibovici

et al.42
519 HR 4.60 (95% CI

1.24–17.09)

HR 1.88 (95% CI

0.80–4.11)

IL-2 receptor

alpha

rs2104286

Lima et al.46 204 aHR 2.007 (95% CI

1.207–3.335,

P = 0.007)

IL-17 (IL-17A

rs2275913)

Lima et al.46 204 aHR 2.097 (95% CI

1.118–3.993,

P = 0.021)

TNF-alpha T-

1031C (CC

genotype)

Ahirwar

et al.45
426 HR 0.38 (95% CI

0.14–0.98,

P = 0.024)

Improved RFS at 31

and 60 months

(P = 0.024)

TNF-alpha T-

1031C (CT

genotype)

Ahirwar

et al.45
426 HR 1.27 (95% CI

0.56–2.84)

TNF-alpha

rs1799964

Lima et al.46 204 aHR 2.427 (95% CI

1.144–5.149,

P = 0.021)

Intercellular

adhesion

molecule 1

(ICAM-1)

rs5498

Lima et al.46 204 aHR 1.759 (95% CI

1.050–2.949,

P = 0.032)

C-C chemokine

receptor type

2 (CCR2

rs391835)

Lima et al.46 204 aHR 2.197 (95% CI

1.120–4.312,

P = 0.022)

Sonic Hedgehog

(Shh) pathway

SNP genetic

variations

Chen et al.47 419 GLI3 rs6463089 HR

2.40 (95% CI

1.50–3.84)

rs3801192 HR 2.54

(95% CI 1.47–

4.39)

Interferon-alpha

(chromosome

9p21)

Cai et al.48 117 HR 5.002 (95% CI

2.459–10.17,

P < 0.0001)

HR 4.09 (95% CI

2.59–6.28,

P = 0.002)

p53 Esuvaranathan

et al.35
80 p53 positive vs

p53 negative

(36.8% vs 32.4%,

P = 0.741)

p53 positive vs

p53 negative

(15.8% vs 5.9%,

P = 0.336)

Park et al.36 61 5-year RFS: <10% p53-

positive cells vs ≥10%

p53-positive cells

(49.9% vs 59.3%,

P = 0.792)

5-year PFS: <10% p53-

positive cells vs ≥10%

p53-positive cells

(90.7% vs 78.7%,

P = 0.0495)

Lee et al.37 32 RR 3.8 (95% CI

1.3–11.4,

P = 0.0182)

Cormio et al.38 27 Altered p53

expression vs

normal p53

expression (38%

vs 36%,

P = 0.92)

Altered p53

expression vs

normal p53

expression (31%

vs 0%, P = 0.06)

Gaya et al.39 134 p53 positive vs

p53 negative

(44.4% vs 46.8%,

P = 0.83)
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DNA methylation

DNA methylation has played an central role in epigenetic-
related gene modulation and was potentially recognized as an
alternative molecular marker that could predict clinical out-
comes of NMIBC patients treated with BCG, initially pio-
neered by Alvarez-M�ugica et al.’s single gene analysis.54

Subsequently, another genome-wide methylation analysis was
performed on a cohort of high-risk NMIBC patients, conclud-
ing that the presence DNA methylation independently pre-
dicted 1-year clinical outcomes.55

Ilijazi et al.56 found that gene promoter GPR158, when
hypermethylated, was found to be the ideal predictor of BCG
failure with an AUC value of 0.809 (P < 0.001). However,
most of the methylation studies have modest sample sizes
and varied definitions of threshold methylation differences,
hence DNA methylation remains to be established as a reli-
able biomarker for BCG responsiveness.

Neoantigen load

Neoantigens are nonautologous, tumor-specific antigens pro-
duced as a result of tumor gene mutation.57 NMIBC speci-
mens from 35 patients who undergone BCG treatment were
analyzed using whole exome sequencing and then classified
as BCG responsive and unresponsive respectively.53 NAL
was found to be greater in BCG responders (NAL: 100;
IQR 75–145 vs NAL: 65; IQR 48.3–82.5; P = 0.032). Ele-
vated NAL levels also significantly correlated with higher
BCG response rates and lower recurrence rates, with a
recurrence-free survival of 76% vs 33% at 24 months. In

multivariate analyses, NAL remained an independent predic-
tor of BCG response with an OR of 6.57 (95% CI 1.32–
32.67).

Inflamed TME

A constitutively inflamed environment has been acknowl-
edged as an integral hallmark of bladder carcinogenesis.58

This prompted a study by Damrauer et al. to analyze untested
gene expression signatures and establish possible associations
with clinical and treatment endpoints.59 A RNA-based profil-
ing (NanoString nCounter) was conducted on samples of
NMIBC and reported the presence of a novel molecular
expression signature of an inflamed TME, which significantly
correlated with longer recurrence-free survival after BCG
therapy. Conversely, the study also identified an immunologi-
cally “cold” variant of TME of which if present signified
BCG unresponsiveness. Advanced transcriptomic and
sequencing also uncovered associations between the “cold”
TME and FGFR3 gene overexpression.

Molecular subtypes

The concept of molecular subtyping was extrapolated from
studies based on breast cancer. Sjodahl60 derived a Lund
classification system based on distinct gene expression signa-
tures specific for cell cycle, cytokeratins, cell adhesion, recep-
tor tyrosine kinases, and immune response. The original
urothelial carcinoma subtypes were defined as urobasal A,
genomically unstable, urobasal B, squamous cell carcinoma
like, and an infiltrated class of tumors.

Table 2 (Continued)

Predictors Author

Number

of

patients/

samples

Outcome

Recurrence (P-

value/HR/

OR/correlation

coefficient [R])

Recurrence-free survival

(P-value/HR/

OR/correlation

coefficient [R])

Progression (P-

value/HR/

OR/correlation

coefficient [R])

Progression-free

survival (P-value/HR/

OR/correlation

coefficient [R])

Response (P-

value/HR/

OR/correlation

coefficient [R])

Lopez-Beltran

et al.40
51 ≤2% p53-positive cells

vs >2% p53-positive

cells (60% vs 30.56%,

P = 0.0332)

≤6% p53-positive cells

vs >6% p53-positive

cells RR 1.037 (95% CI

1.002–1.074,

P = 0.039)

pRB Cormio et al.38 27 Altered pRB

expression vs

normal pRB

expression (57%

vs 15%,

P = 0.037)

Altered pRB

expression vs

normal pRB

expression (36%

vs 0%,

P = 0.018)

Park et al.36 61 5-year RFS: 1–50% pRB-

positive cells vs 0%/

>50% pRB-positive

cells (60.9% vs 53.6%,

P = 0.951)

5-year PFS: 1–50% pRB-

positive cells vs 0%/

>50% pRB-positive

cells (87.1% vs 83.0%,

P = 0.912)

PD-L1

expression

Pierconti

et al.50
65 OR 0.1204 (95% CI

0.0147–1.023,

P = 0.035)
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However, this classification was mostly based on whole
genome sequencing. The UROMOL multicenter collaboration
utilized total RNA sequencing and paired-end sequencing.
The transcriptome sequencing enabled them to reclassify the
tumors into three major classes, with basal- and luminal-like
features. The presence of stage Ta and T1 tumors with basal-
like characteristics (class 3) were hypothesized to represent a
Ta pathway of disease progression, while the luminal-like
tumors (class 2) were hypothesized to follow the CIS path-
way of progression. The authors were unable to detect any
statistical differences to BCG response among the three
groups, but it should be noted that a significant proportion of
the patients with CIS did not receive any BCG.

This work was subsequently elaborated on by Robertson
et al. who specifically evaluated the cohort of The Cancer
Genome Atlas patients with high-grade T1 NMIBC treated
with BCG, with a primary outcome of interest deemed as
recurrence after BCG instillation.61 The Bladder Cancer
Molecular Taxonomy Group developed a five-cluster solution
with objectively delineated clinical endpoints and biological
features for each subtype: T1-LumGU, T1-Inflam, T1-Myc,
T1-TLum, and T1-Early. T1-Myc and T1-Early molecular
subtypes experienced the highest rate of recurrence after
BCG (14/30 with 24 months) and collectively had signifi-
cantly poorer recurrence-free survival in comparison to the
other three subtypes. They found that these prognostic sub-
types corresponded with established subtype methods – T1-
LumGU demonstrated comparable findings to LumU subtype
in MIBC,62 while T1-Inflam demonstrated similarity to the
class 2b subtype in the UROMOL classification system63 as
well as the basal and mesenchymal-like subtypes in the Lund
classification. Kim et al. also suggested another subtyping
system to predict response to BCG therapy. Within their
cohort of 948 NMIBC patients, they reported a prognostic
signature-based subtype after transcriptional profiling64 and
found that MSP888 was able to independently predict both
NMIBC progression and recurrence after BCG and was

largely on-par with the Lund taxonomy and UROMOL system
in terms of subtype homogeneity across all classifications. The
other predictors associated with the outcomes of intravesical
BCG therapy in NMIBC are delineated in Table 3.

Conclusion

The group of patients who are BCG unresponsive remains a
heterogeneous cohort. The above studies have laid the initial
foundation to permit stratification on many factors but are lar-
gely still hypothesis generating in nature. Future translational
studies should be performed in more ethnically diverse popu-
lations to elucidate the functional significance of the biomark-
ers in the management of BCG unresponsive bladder cancer
and access potential therapeutic options.
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