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Abstract

Purpose Patients with localized muscle-invasive bladder cancer (MIBC) can choose to undergo either neoadjuvant chemo-
therapy followed by radical cystectomy or radiation therapy-based bladder preservation treatment modality with subsequent
close cystoscopic surveillance with salvage cystectomy reserved for patients with evidence of local disease recurrence. At the
present time, the decision regarding bladder-directed local therapy for MIBC is based on physicians’ and patients’ preferences,
and does not take into account tumor biology. Predictive biomarkers, once validated, could offer a more patient-centered and
biology-driven selection of bladder-directed therapies.

Methods We provide a narrative review of clinical data pertaining to the biomarkers in bladder preservation management
of MIBC.

Results There are currently no validated and clinically used biological markers used for stratification of radical bladder treat-
ment and selection of bladder-preserving therapies. This article summarizes biomarkers that could have a potential clinical
utility—PD-L1, molecular subtypes, Ki-67, MRE-11 and markers of hypoxia—and offers a hypothetical pathway model for
a marker-driven precision management of medically operable patients with a newly diagnosed MIBC.

Conclusion When selecting the optimal cancer treatment, both patient and tumor factors need to be considered. Once vali-
dated, biological markers will help clinicians tailor the management of MIBC to individual patients.

Keywords Bladder cancer - Muscle-invasive bladder cancer - Radiation oncology - Biomarkers - Bladder preservation -
Precision oncology

Introduction muscle-invasive bladder cancer (MIBC) [1], the difficulty in

bringing these markers to routine use in clinics is in provid-

Identification and validation of a biomarker that would help
patients and physicians understand the chances of curing
cancer (prognostic marker) and/or offering the most effective
treatment algorithm (predictive marker) is a holy grail of
translational oncology. Despite a number of potential bio-
markers identified by various groups studying patients with
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ing levels of evidence high enough to justify their routine
use. In addition, determination and reproducibility of an
immunohistochemistry protocol for some of these biomark-
ers have been difficult across institutions and clinical set-
tings. Predictive biomarker validation requires a randomized
clinical trial in order to ensure the patient groups are com-
parable. The only randomized trial of bladder preservation
with RT vs surgery in MIBC—*“SPARE” [2]—was stopped
early due to poor accrual and patients’ non-adherence to
allocated treatment arms [3]. Despite numerous retrospec-
tive institutional series [4, 5] and meta-analysis [6] showing
that bladder preservation with concurrent chemoradiation
therapy (CRT) is comparable to upfront cystectomy, neither
physicians nor patients are yet prepared for a randomized
clinical trial in this field. Therefore, the integration of bio-
markers into the upfront treatment decision algorithm is at
this point hypothetical and difficult to validate.
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Management of MIBC patients with a bladder preserva-
tion approach is also not fully embraced by most practi-
tioners in North America, with National Cancer Data Base
analysis in 2012 revealing only 8% of US patients receiving
definitive CRT or radiation therapy in the setting of non-
metastatic MIBC [7]. Most of these patients are deemed
poor surgical candidates by urological oncologists. These
patients are much less likely to elect participation in clini-
cal trials investigating prognostic or predictive biomarkers.

In other solid tumors, such as breast cancer, organ preser-
vation—with limited surgery and a combination of radiation
and systemic therapy—has been established to be equivalent
to radical surgical approaches through randomized clini-
cal trials [8]. In breast cancer, for example, there has been
ample opportunity for researchers to identify and validate
biomarkers that now form the basis for routine clinical dis-
cussion of proper treatment selection: the extent of surgery,
the need and sequencing of systemic chemotherapy and tar-
geted agents, and the need and extent of adjuvant radiation
therapy, based on genetic and molecular markers.

Bladder preservation treatment modality in North Amer-
ica has been developed through a series of consecutive
cooperative group clinical trials conducted by the Radiation
Therapy Oncology Group (RTOG) since 1974 [9] as well as
meticulous analysis of long-term outcomes among patients
treated at Massachusetts General Hospital [10]. In United
Kingdom, where popularity of bladder preservation is sig-
nificantly higher in comparison to North America, with up
to 50% of MIBC patients undergoing bladder preservation,
radiation therapy in MIBC has been shaped dramatically by
two randomized clinical trials—BC2001 [11] and BCON
[12]. The BC2001 study randomized patients to RT alone
vs RT with systemic chemotherapy (MMC/5FU), whereas
BCON study randomized patients to RT alone vs RT with
hypoxia modifiers carbogen and nicotinamide (CON). These
studies have already provided several biomarkers (such as
markers of hypoxia and molecular subtypes, discussed
further in this manuscript) and will continue to establish
biomarkers that can determine which concurrent therapy, if
any, would benefit patients with MIBC undergoing radical
radiotherapy.

The biomarkers discussed in this work are not presently
used for stratification of radical bladder treatment. Could
clinical response to treatment be considered a biomarker in
MIBC and used to guide patients in their decision regarding
radical cystectomy or bladder preservation approach? The
role of neoadjuvant chemotherapy prior to planned bladder
preservation is still debated with many experts not recom-
mending routine use of neoadjuvant chemotherapy prior
to planned chemoradiotherapy [13]. Neoadjuvant chemo-
therapy (2 cycles of MCV) prior to concurrent CRT did not
improve the outcomes in patients on RTOG 8903, while
caused excess toxicity [14]. At the same time, 3 cycles of
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MCYV improved the outcomes prior to radical RT or cys-
tectomy in a randomized clinical trial BAO6 30894 [15],
the SPARE trial mandated clinical response to neoadjuvant
chemotherapy prior to randomization to bladder preservation
arm, and 33% of patients enrolled on BC2001 study received
neoadjuvant chemotherapy prior to randomization to either
radiation therapy alone or concurrent chemoradiation ther-
apy. Delivery of radical curative treatment with RT or CRT
was not compromised in patients enrolled on BC2001 due
to toxicity or intolerance of neoadjuvant chemotherapy [16].
Some institutions already follow clinical response to neo-
adjuvant systemic chemotherapy to determine whether to
proceed with radical cystectomy in case of poor response, or
continue with chemoradiation therapy in case of complete or
near-complete response [17]. However, many view response
to neoadjuvant chemotherapy as prognostic [18] rather than
predictive and do not recommend cystoscopic assessment
after completion of neoadjuvant chemotherapy before pro-
ceeding with bladder-directed radical therapy.

As clinical data pertaining to the biomarkers in MIBC
are extremely limited, our objective is to provide a narrative
review of these limited data and suggest how future prospec-
tive and precision oncology clinical trials could incorporate
these biomarkers into treatment decision algorithms.

Potential biomarkers
PD-L1

Immunotherapy has a well-established role in management
of many metastatic solid tumor malignancies and clinical
research is underway to determine its role in localized dis-
ease—with multiple trials investigating the combination of
check-point inhibitors with standard of care treatments—
which in MIBC is cystectomy and chemoradiation therapy.
A recent small analysis of 72 patients with MIBC revealed
a strong association with improved progression-free (60%
vs 32%) and overall survivals (75% vs 55%) with negative
PD-L1 status among patients with MIBC treated with chem-
oradiation therapy [19]. This analysis requires large-scale
validation, but suggests a potential mechanism-based selec-
tion strategy, in which patients with high PD-L1 express-
ing MIBC tumors are treated with primary immunotherapy,
with local therapies—surgery and radiation therapy, cou-
pled with systemic chemotherapy, reserved for patients with
poor response to check-point inhibitors. An earlier published
report of significantly decreased overall survival in MIBC
patients with clinical lymphocytopenia, in comparison to
patients without lymphocytopenia (HR 3.9, p =0.0028) [20]
suggests a possible interaction between MIBC and immune
system, where depletion of lymphocytes by systemic chem-
otherapy and/or pelvic irradiation may be of a significant
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disadvantage in patients otherwise primed for immune-
mediated control and eradication of MIBC. Ongoing clini-
cal trials combining check-point inhibitors with either sur-
gery (NCTO03472274, NCT03520491, NCT03387761) or
chemoradiation therapy (NCT02621151, NCT03419130)
will provide critical knowledge on response of both PD-L1
expressing and non-expressing MIBC to these local modali-
ties and appropriate integration of PD-L1 biomarker in the
clinical decision algorithm. A large phase IIIl SWOG/NRG
1806 trial studying concurrent chemoradiotherapy with or
without atezolizumab is scheduled to open in the next few
months and has a robust biomarker validation component.
Determination of what constitutes high and low levels of
PD-L1 expression for clinical practice—for different immu-
notherapy agents and with different clinical grade essays—is
also imperative prior to integration of immunotherapy bio-
markers into clinical care decision.

Molecular subtypes

Prognostication and treatment decisions based on molecular
subtypes are by now routine in breast cancer, but are only
starting to emerge in the field of bladder cancer. A land-
mark study [21] has established a clear difference between
basal and luminal MIBC in terms of prognosis, whereas a
subsequent study [22] revealed that basal tumors are more
sensitive to neoadjuvant systemic chemotherapy. While both
basal and luminal MIBC responded similarly to radiation
monotherapy in BCON randomized trial, addition of con-
current carbogen and nicotinamide (CON)—with intent to
mitigate tumor hypoxia—was associated with better survival
in patients with basal, but not luminal MIBC [23]. There-
fore, pending validation of this treatment strategy in larger
clinical studies, basal tumors may be better managed with
neoadjuvant chemotherapy followed by concurrent radiation
therapy with hypoxia modification (RT + CON).

Ki-67

Proliferation marker Ki-67 is a standard marker used in rou-
tine clinical pathology practice, having been shown in vari-
ous solid malignancies to associate with tumor aggressive-
ness and propensity to metastasize. High Ki-67 expression
was associated with worse bladder cancer-specific mortal-
ity among MIBC patients undergoing radical cystectomy
in several small single-center studies [24, 25], and subse-
quently a larger multi-institutional validation study of 713
patients [26]. At the same time, Tanabe et al. [27] reported
on dramatic association between high Ki-67 expression and
improved cancer-specific survival among MIBC treated with
chemoradiation therapy, especially in patients with ¢T3 and
cT4 tumors. One retrospective analysis showed no associa-
tion between Ki-67 and disease-specific survival in patients

treated with either surgery or chemoradiation therapy [28];
therefore, further validation is greatly needed. If validated,
this marker could be independently, or as part of the marker
panel, used in biological personalization of local therapy
strategies, in which patients with high Ki-67 MIBC are rec-
ommended bladder preservation option whereas patients
with low Ki-67 MIBC are offered upfront cystectomy.

MRE-11

The only validated, but not routinely used, biomarker in
MIBC is a DNA damage response-related protein MRE-11,
which acts as a sensor of double-strands breaks. Choudhury
et al. [29] studied the expression of MRE-11 in two cohorts
of MIBC patients treated with radiation therapy and one
cohort of MIBC patients treated with cystectomy. Patients
in both RT cohorts with high MRE-11 expression levels
showed a better cause-specific survival at 3 years in com-
parison to low MRE-11 expressors (70% vs 43%, p <0.05),
whereas CSS was identical among MRE-11 high and low
patients who underwent cystectomy. These results were rep-
licated by an independent group of researchers [28]. Among
patients treated with concurrent CRT, those with high MRE-
11 expression had longer disease-specific survival, whereas
among patients who underwent cystectomy this relationship
was not seen. Teo et al. [30] used next generation sequenc-
ing to analyze the impact of germline variants of MRE-11
encoding gene. The presence of at least one of six rare vari-
ants, or of a single nucleotide polymorphism (SNP), was
associated with lower 5-year cancer-specific survival in
patients with MIBC who were treated with radiation therapy.
The analysis of nuclear to cytoplasmic ratio of MRE11 and
outcomes in MIBC patients treated on six bladder-sparing
North American protocols revealed significant association
between low ratio and higher disease-specific survival [31].
It appears that MRE-11 could already be used in clinical
practice to help patients and physicians select the most
appropriate local therapy—bladder preservation with CRT
or radical cystectomy, with prospectively collected outcomes
forming the basis for a greatly needed large-scale validation
of this biomarker.

Markers of hypoxia

A large randomized clinical trial of RT alone vs RT + CON
[12] serves as a great platform for analysis of biomarkers
of improved outcomes with addition of hypoxia modifiers.
Several independent markers have been retrospectively
identified, in addition to the previously discussed molecular
subtyping. Eustace et al. [32] showed that the presence of
necrosis is predicted for improved survival with the addi-
tion of CON to RT, whereas the survival between the two
study arms was identical among patients with no necrosis
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Fig.1 HYPOTHETICAL and non-validated potential pathway model
for a marker-driven precision MIBC multi-disciplinary discussion
of treatment strategies for a medically operable patient with a newly

identified in the tumor specimens. Necrosis was independ-
ent of molecular subtype. Similarly, individual hypoxia
biomarkers, such as Glut 1 and CAIX [33] and HIFlalpha
and LDHS [34, 35], have also been shown to predict for bet-
ter outcomes with addition of CON to RT. A recently built
24-gene bladder signature was shown to be both prognostic
and predictive of benefit from hypoxia modification with
the addition of CON to RT [36]. Analysis of clinical out-
comes in patients enrolled on BC2001 trial by the presence
or absence of tumor necrosis revealed no significant asso-
ciation for necrosis as a predictive or prognostic factor for
overall survival, and the benefit of addition of MMC-5FU
chemotherapy to radiation therapy was similar in patients
with (HR 0.46, p=0.05) and without (HR 0.55, p=0.04)
tumor necrosis [37].

Conclusion

The challenge in defining predictive biomarkers is the
lack of randomized clinical trials or their inefficiency in
delivering answers when conducted. Innovative method-
ology is slowly changing the clinical research paradigm
with precision oncology pathways and real-time analysis
of validated early end-points [38] soon replacing phase
III trials that take years to accrue and even more years to
produce practice-changing or practice-supporting results.
These pathways must start with a best data-driven model
that undergoes frequent modifications as real-time out-
come and toxicity data are analyzed. With AUA publicly
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supporting multi-disciplinary evaluation and manage-
ment of patients with MIBC [39], more patients will face
the decision on the best treatment algorithm and will
demand personalized molecularly driven recommenda-
tions, rather than personal biased suggestions from care
providers. Figure 1 provides a hypothetical pathway model
for a precision oncology multi-disciplinary MIBC tumor
board, with explicit understanding of the need for path-
ways validation and integration into patients’ preferences
and clinics’ expertise. Nevertheless, this is a starting point
for further research, debate and evidence-based modifica-
tions. Molecularly stratified randomized clinical trials are
already being launched in other disease sites—such as the
FOCUS4 trial platform in UK designed to identify and
register eligible patients with colorectal cancer and enroll
them into specific treatment algorithms [40]. Increasingly
tumor factors are as important as patient factors when
deciding optimal cancer treatment. With concerted efforts
among clinicians, patients and patient advocates, MIBC
should soon cease to exist in textbooks and guidelines as
a single diagnosis, while treatments will become tailored
to individual patients based on molecular subtypes and
predictive markers, and—of course—personal preferences.

Author’s contribution TM Project development, Manuscript writing
and editing. AC Project development, Manuscript writing and editing.

Compliance with ethical standards

Conflict of interest T Mitin and A Choudhury have no conflicts of in-
terest to disclose.



World Journal of Urology (2019) 37:1767-1772

1771

Human and animals rights This publication did not involve research
involving human participants and/or animals and no informed consent
was required.

References

10.

11.

12.

14.

D’Costa JJ, Goldsmith JC, Wilson JS, Bryan RT, Ward DG (2016)
A systematic review of the diagnostic and prognostic value of
urinary protein biomarkers in urothelial bladder cancer. Bladder
Cancer 2(3):301-317

Huddart R, Birtle A, Lewis R, Bahl A, Falconer A, Maynard L,
et al (2012) Results of the SPARE feasibility study: selective blad-
der preservation against radical excision in muscle invasive T2/
T3 transitional cell carcinoma of the bladder (CRUK/07/011).
American Society for Radiation Oncology (ASTRO) 54th Annual
Meeting; Boston, Massachusetts. Int J Radiat Oncol Biol Phys
S119

Huddart RA, Hall E, Lewis R, Birtle A (2010) Life and death
of spare (selective bladder preservation against radical excision):
reflections on why the spare trial closed. BJU Int 106(6):753-755
Gofrit ON, Nof R, Meirovitz A, Pode D, Frank S, Katz R et al
(2015) Radical cystectomy vs. chemoradiation in T2-4aNOMO
bladder cancer: a case-control study. Urol Oncol 33(1):19¢1-19e5
Kulkarni GS, Hermanns T, Wei Y, Bhindi B, Satkunasivam R,
Athanasopoulos P et al (2017) propensity score analysis of radical
cystectomy versus bladder-sparing trimodal therapy in the set-
ting of a multidisciplinary bladder cancer clinic. J Clin Oncol
35(20):2299-2305

Arcangeli G, Strigari L, Arcangeli S (2015) Radical cystectomy
versus organ-sparing trimodality treatment in muscle-invasive
bladder cancer: a systematic review of clinical trials. Crit Rev
Oncol Hematol 95(3):387-396

Gray PJ, Fedewa SA, Shipley WU, Efstathiou JA, Lin CC, Zietman
AL et al (2013) Use of potentially curative therapies for muscle-
invasive bladder cancer in the United States: results from the
National Cancer Data Base. Eur Urol 63(5):823-829

Fisher B, Anderson S, Redmond CK, Wolmark N, Wickerham
DL, Cronin WM (1995) Reanalysis and results after 12 years of
follow-up in a randomized clinical trial comparing total mastec-
tomy with lumpectomy with or without irradiation in the treatment
of breast cancer. N Engl J Med 333(22):1456-1461

Shipley WU, Kaufman DS, Tester W], Pilepich MV, Sandler HM
(2003) Overview of bladder cancer trials in the Radiation Therapy
Oncology Group. Cancer 97(8 Suppl):2115-2119

Giacalone NJ, Shipley WU, Clayman RH, Niemierko A, Drumm
M, Heney NM et al (2017) Long-term outcomes after bladder-
preserving tri-modality therapy for patients with muscle-invasive
bladder cancer: an updated analysis of the Massachusetts General
Hospital experience. Eur Urol 71(6):952-960

James ND, Hussain SA, Hall E, Jenkins P, Tremlett J, Rawlings C
et al (2012) Radiotherapy with or without chemotherapy in mus-
cle-invasive bladder cancer. N Engl J Med 366(16):1477-1488
Hoskin PJ, Rojas AM, Saunders MI, Bentzen SM, Motohashi
KJ, Investigators B (2009) Carbogen and nicotinamide in locally
advanced bladder cancer: early results of a phase-III randomized
trial. Radiother Oncol J Eur Soc Ther Radiol Oncol 91(1):120-125

. Joseph N, Choudhury A (2016) Adjuvant chemotherapy is more

suitable than neoadjuvant chemotherapy for muscle invasive blad-
der cancer patients treated with radical chemoradiotherapy. Int J
Radiat Oncol Biol Phys 96(3):614-616

Shipley WU, Winter KA, Kaufman DS, Lee WR, Heney NM,
Tester WR et al (1998) Phase III trial of neoadjuvant chemo-
therapy in patients with invasive bladder cancer treated with

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

selective bladder preservation by combined radiation therapy
and chemotherapy: initial results of Radiation Therapy Oncol-
ogy Group 89-03. J Clin Oncol 16(11):3576-3583
International Collaboration of Trialists on behalf of the Medi-
cal Research Council Advanced Bladder Cancer Working Party
tEOfR, Treatment of Cancer Genito-Urinary Tract Cancer
Group tABCSG, the National Cancer Institute of Canada Clini-
cal Trials Group, Finnbladder, Norwegian Bladder Cancer Study
Group, Group CUEdTO (2011) International phase III trial
assessing neoadjuvant cisplatin, methotrexate, and vinblastine
chemotherapy for muscle-invasive bladder cancer: long-term
results of the BA06 30894 trial. J Clin Oncol 29(16):2171-2177
Hussain SA, Hall E, Porta N, Crundwell M, Jenkins P, Rawlings
CL et al (2017) Outcome of BC2001 patients (CRUK/01/004)
who received neoadjuvant chemotherapy prior to randomization
to chemo-radiotherapy (cRT) versus radiotherapy (RT). J Clin
Oncol 35(6_suppl):298

Sridhar SS, Bashir S, Chung P, Zlotta AR, Fleshner NE, Bristow
R, et al (2016) Are we systemically under treating cisplatin-eli-
gible patients with muscle invasive bladder cancer (MIBC) who
are undergoing bladder preservation by chemoradiotherapy?
2016 Genitourinary Cancers Symposium 2016; San Francisco,
California: J Clin Oncol

Petrelli F, Coinu A, Cabiddu M, Ghilardi M, Vavassori I, Barni
S (2014) Correlation of pathologic complete response with sur-
vival after neoadjuvant chemotherapy in bladder cancer treated
with cystectomy: a meta-analysis. Eur Urol 65(2):350-357
Wu CT, Chen WC, Chang YH, Lin WY, Chen MF (2016) The
role of PD-L1 in the radiation response and clinical outcome
for bladder cancer. Sci Rep 6:19740

Joseph N, Dovedi SJ, Thompson C, Lyons J, Kennedy J, Elliott
T et al (2016) Pre-treatment lymphocytopaenia is an adverse
prognostic biomarker in muscle-invasive and advanced bladder
cancer. Ann Oncol 27(2):294-299

Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-
Censits J et al (2014) Identification of distinct basal and luminal
subtypes of muscle-invasive bladder cancer with different sen-
sitivities to frontline chemotherapy. Cancer Cell 25(2):152-165
Seiler R, Ashab HAD, Erho N, van Rhijn BWG, Winters B,
Douglas J et al (2017) Impact of molecular subtypes in muscle-
invasive bladder cancer on predicting response and survival
after neoadjuvant chemotherapy. Eur Urol 72(4):544-554
Hoskin PJ editor (2018) Use of molecular markers in bladder-
preservation therapy. 2018 GU ASCO; 2018 February 9, 2018;
San Francisco, California

Margulis V, Shariat SF, Ashfaq R, Sagalowsky Al, Lotan Y
(2006) Ki-67 is an independent predictor of bladder cancer
outcome in patients treated with radical cystectomy for organ-
confined disease. Clin Cancer Res 12(24):7369-7373

Suwa Y, Takano Y, Iki M, Asakura T, Noguchi S, Masuda M
(1997) Prognostic significance of Ki-67 expression in transi-
tional cell bladder carcinoma after radical cystectomy. Pathol
Res Pract 193(8):551-556

Margulis V, Lotan Y, Karakiewicz PI, Fradet Y, Ashfaq R,
Capitanio U et al (2009) Multi-institutional validation of the
predictive value of Ki-67 labeling index in patients with urinary
bladder cancer. J Natl Cancer Inst 101(2):114-119

Tanabe K, Yoshida S, Koga F, Inoue M, Kobayashi S, Ishioka
J et al (2015) High Ki-67 expression predicts favorable sur-
vival in muscle-invasive bladder cancer patients treated with
chemoradiation-based bladder-sparing protocol. Clin Genitourin
Cancer 13(4):e243—251

Laurberg JR, Brems-Eskildsen AS, Nordentoft I, Fristrup N,
Schepeler T, Ulhoi BP et al (2012) Expression of TIP60 (tat-
interactive protein) and MRE11 (meiotic recombination 11

@ Springer



1772

World Journal of Urology (2019) 37:1767-1772

29.

30.

31.

32.

33.

34.

homolog) predict treatment-specific outcome of localised inva-
sive bladder cancer. BJU Int 110(11):1228-1236

Choudhury A, Nelson LD, Teo MT, Chilka S, Bhattarai S, John-
ston CF et al (2010) MRE11 expression is predictive of cause-spe-
cific survival following radical radiotherapy for muscle-invasive
bladder cancer. Cancer Res 70(18):7017-7026

Teo MT, Dyrskjot L, Nsengimana J, Buchwald C, Snowden H,
Morgan J et al (2014) Next-generation sequencing identifies ger-
mline MRE11A variants as markers of radiotherapy outcomes in
muscle-invasive bladder cancer. Ann Oncol 25(4):877-883
Magliocco AM, Moughan J, Simko J, Efstathiou JA, Gray PJ,
Hagan MP et al (2017) The impact of MRE11 in nuclear to cyto-
plasmic ratio on outcomes in muscle invasive bladder cancer an
analysis of NRG/RTOG 8802, 8903, 9506, 9706, 9906, and 0233.
J Clin Oncol 35(6_suppl):343

Eustace A, Irlam JJ, Taylor J, Denley H, Agrawal S, Choudhury
A et al (2013) Necrosis predicts benefit from hypoxia-modifying
therapy in patients with high risk bladder cancer enrolled in a
phase III randomised trial. Radiother Oncol J Eur Soc Ther Radiol
Oncol 108(1):40-47

Hoskin PJ, Sibtain A, Daley FM, Wilson GD (2003) GLUT1 and
CAIX as intrinsic markers of hypoxia in bladder cancer: relation-
ship with vascularity and proliferation as predictors of outcome
of ARCON. Brit J Cancer 89(7):1290-1297

Koukourakis MI, Kakouratos C, Kalamida D, Bampali Z, Mav-
ropoulou S, Sivridis E et al (2016) Hypoxia-inducible proteins

@ Springer

35.

36.

37.

38.

39.

40.

HIFlalpha and lactate dehydrogenase LDHS, key markers of
anaerobic metabolism, relate with stem cell markers and poor
post-radiotherapy outcome in bladder cancer. Int J Radiat Biol
92(7):353-363

Hunter BA, Eustace A, Irlam JJ, Valentine HR, Denley H, Ogue-
jiofor KK et al (2014) Expression of hypoxia-inducible factor-
lalpha predicts benefit from hypoxia modification in invasive
bladder cancer. Brit J Cancer 111(3):437-443

Yang L, Taylor J, Eustace A, Irlam JJ, Denley H, Hoskin PJ et al
(2017) A gene signature for selecting benefit from hypoxia modi-
fication of radiotherapy for high-risk bladder cancer patients. Clin
Cancer Res 23(16):4761-4768

Choudhury A, West CM, Porta N, Hall E, Denley H, Hendron
C et al (2017) The predictive and prognostic value of tumour
necrosis in muscle invasive bladder cancer patients receiving
radiotherapy with or without chemotherapy in the BC2001 trial
(CRUK/01/004). Brit J Cancer 116:649

Bhatt DL, Mehta C (2016) Adaptive designs for clinical trials. N
Engl J Med 375(1):65-74

Chang S, Bochner BH, Chou R, Dreicer R, Kamat AM, Lerner SP
et al (2017) Treatment of non-metastatic muscle-invasive bladder
cancer: AUA/ASCO/ASTRO/SUO guideline. J Urol 198:552
Kaplan R (2015) The FOCUS4 design for biomarker stratified
trials. Chin Clin Oncol 4(3):35



	The role of biomarkers in bladder preservation management of muscle-invasive bladder cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Potential biomarkers
	PD-L1
	Molecular subtypes
	Ki-67
	MRE-11
	Markers of hypoxia

	Conclusion
	References




