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Bacillus Calmette-Guérin immunotherapy—increasing dose as a

means of improving therapy?
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Abstract: Bladder cancer is not life threatening but it is characterized by frequent recurrences which
may progress to muscle invasive disease. The standard therapy for intermediate and high grade non muscle
invasive bladder cancer is tumor removal followed by Mycobacterium bovis, Bacillus Calmette-Guérin (BCG)
immunotherapy. This consists of weekly intravesical instillations of BCG that are divided into induction and
maintenance phases. BCG immunotherapy stimulates the immune system and this leads to tumor removal.
While BCG immunotherapy is regarded as the most successful immunotherapy, it is associated with side-
effects that can in some cases be so severe that patients cannot complete this therapy. Those who fail to
complete therapy are more likely to have a recurrence. Some 30-50% of patients will have a recurrence
despite therapy. Thus most clinical and laboratory analyses are aimed at improving the response to BCG
immunotherapy and trying to identify those will respond to therapy from non-responders. These are not
trivial problems as clinical studies on BCG immunotherapy are not all similar. These studies are conducted
in different countries and use different BCG strains, doses and schedules of therapy such as frequency of
induction and maintenance instillations. Patient genetic polymorphisms and tumor characteristics are also
known to impact response to therapy. These differences do make improving BCG therapy challenging. A
recent study has proposed a novel strategy of dose increase to improve BCG induced cytotoxicity. The study

is discussed in the context of our current knowledge of the response to BCG immunotherapy.
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Bladder cancer

According to Globocan 2012, bladder cancer is the eleventh
most common cancer worldwide. It occurs more commonly
in Europe, North America, North Africa and Western
Asia (1) with a greater occurrence in males rather than
females and in older people. The majority (75-85%)
of bladder cancers are confined to the mucosa (Ta or
carcinoma in situ) or submucosa (T1). Though the
incidence rate of bladder cancer is decreasing worldwide (1),
it still poses a significant problem as patients who have
bladder cancer are prone to frequent recurrences. These
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may eventually progress to muscle invasive disease. The
cause of recurrence has been attributed to either remnant
tumor cells missed at surgery or precancerous lesions that
later develop into cancer. Without therapy the majority
(88%) of patients with bladder cancer are likely to have a
recurrence (2).

The gold standard treatment for intermediate and
high grade non-muscle invasive bladder cancer is surgical
removal of the tumor followed by Mycobacterium bovis,
Bacillus Calmette-Guérin (BCG) immunotherapy. It is the
most successful immunotherapy in clinical practice and
reduces the incidence of recurrence (2,3).
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BCG immunotherapy

The first use of BCG immunotherapy for the therapy
of bladder cancer was by Morales in 1976 (4). Morales
developed this trial based on the studies of several
researchers who showed in animals that BCG instilled
in the bladder could induce immune activation (5,6).
Since then many clinical trials have been performed. The
therapy consists of weekly intravesical instillations of
BCG. It is believed that the instilled BCG induces a non-
specific immune response in the bladder (7) in an attempt
to remove the bacteria which inadvertently removes the
remnant tumor cells and/or precancerous cells that give
rise to recurrent tumors. Almost every type of immune cell
has been shown to play a role in the immune response to
BCG therapy and this is well presented in the review by
Redelman-Sidi ez a/. (8). However there are still a significant
number of patients (30-50%) who do not respond to
therapy and why this is so is not known. The dose of BCG,
frequency of BCG instillations, BCG strain and patient
genetics are all important variables that impact patient
response to therapy.

Frequency of BCG instillations

The South West Oncology Group (SWOG) recommends
six weekly instillations of BCG (induction phase) followed
by three instillations BCG (maintenance therapy) every
3 months for 3 years (9). The latest meta analyses show
that better recurrence and progression free survival are
associated with maintenance therapy (10). But the long
therapeutic schedule can be burdensome for patients.

There is evidence that prior BCG vaccination and the
presence of pre-existing immunity results in improved
recurrence free survival (11). Zlotta et 4l. assayed lympho-
proliferation against mycobacterial antigens in patients
receiving BCG immunotherapy pre therapy and weekly post
BCG therapy (12). They found that subjects with reactivity
to mycobacterial antigens pre BCG immunotherapy had
maximal lympho-proliferation after the 3™ or 4™ week
of BCG instillations. For those without any reactivity
pre-BCG therapy maximal proliferation was observed at
6 weeks. This was confirmed in mice where prior
vaccination with BCG and confirmation of the generation
of BCG T cells correlated with improved response to BCG
immunotherapy (11).

The impact of the frequency of BCG dosing was
evaluated by de Boer et #/. who showed in mice that
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reducing the number of BCG instillations from 6 to 2 (13)
did not reduce efficacy in terms of cytokine gene expression.
Normal mice instilled with BCG at the 1" and 6™ week
resulted in similar cytokine gene expression as mice given
a weekly dose of BCG for 6 weeks. However, they did not
evaluate this therapeutic schedule in tumor bearing mice.

BCG strains

The original Mycobacterium bovis vaccine strain was
generated by Calmette and Guérin, in the early 20"
century, by maintaining the bacteria in continuous culture
(230 passages) over a period of 13 years from 1908-1921.
This resulted in attenuation of the strain. By 1924 BCG
was distributed to several countries. But as the technical
ability to lyophilize BCG and/or store samples at -80 °C
were not available until the 1960s, BCG was maintained
in continuous culture leading to further attenuation and
differences between the strains in terms of antigenic
potential (14) and loss of T cell epitopes (15). These are
probably a cause of the variability of the efficacy of the
vaccine strains. For bladder cancer therapy several different
BCG strains have been utilized but very few comparative
studies have been performed on their efficacy.

In a randomized Phase III trial conducted in Switzerland
the efficacy of BCG Connaught and TICE was evaluated on
142 patients. There was a median follow-up of 25 months
and the 5 years recurrence free survival was 74% for
Connaught and 48% for TICE (P=0.0108) (16). The poorer
performance of TICE may be attributed to its lower survival
in cells (17). Another trial compared BCG Tokyo (BCG
Japan) and Connaught in patients with carcinoma-in-situ
(CIS), but due to the lack of the Connaught strain this trial
did not achieve significance (18). The 2-year recurrence-free
survival was 73.2% and 68.8%, for Tokyo and Connaught,
respectively. BCG Japan has better survival in macrophages
being a strain that produces methoxymycolate (14).
BCG ]Japan, is the most attenuated BCG strain and is
associated with the least complications; strongest tuberculin
reactivity and the best viability after lyophilisation (11,16).
Trials with other BCG strains are small and underpowered
to determine efficacy differences. BCG sub-strains used
in clinical therapy include BCG Pasteur, Glaxo, Moscow,
Moreau, A Frappier, S African, Copenhagen, Romanian,
RIVM/1 (19). Good outcomes have been obtained with
BCG Moreau (19) and BCG Pasteur Danish strain 1331
for patients with TIS (19). BCG RIVM was as effective as
mitomycin C for patients with pTa, pT'1 and CIS (20).
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BCG interaction with cancer cell lines

A comparison of eight BCG sub-strains (Japan, Moreau,
Russia, Connaught, Danish, Glaxo, Phipps and Tice)
for their ability to kill bladder cancer cells and induce
cytokine production revealed that Russia (an early strain)
and Connaught (a late strain) were the most effective at
killing tumor cells and inducing cytokine production (17).
A comparison of Moreau, Tice and RIVM for direct anti-
proliferative effects on T24 cells and indirect effects via
activation of dendritic cells (DC) and peripheral blood
mononuclear cell (PBMCs) showed that these three strains
had similar indirect effects on the bladder cancer cells but
little direct effects (21).

It is known that BCG interacts with the fibronectin
receptor (05P1 integrins) (22). Binding to a5B1 integrins
triggers p21 dependant cell arrest and reduces apoptosis (23).
BCG increased HMGBI secretion (24) in bladder cancer
cell lines and BCG internalization modulated cellular redox
levels (25). The viability of BCG modulates the amount of
reactive oxygen species generated (26,27) and this is related
to BCG induced cell death.

The relevance of BGC effects on human bladder cancer
cell lines is questionable because BCG therapy commences
after removal of the tumor mass. Thus there should be only
a few cancer cells present except in the case of TIS.

Immune cells modulate response to BCG

Analysis of patient tissue has shown the importance of
immune cells in the bladder environment. Increased
CD4" and GATA3" T-cells in the tumor environment
was associated with increased recurrence free survival
post-BCG immunotherapy (28) while Tissue associated
macrophages (TAMs), T regulatory cells (Tregs) and T-bet”
T-cells are associated with poor outcomes (28,29). The
importance of the Tregs was confirmed in a clinical study
using anti-CTLA4 blockade which resulted in increased
CD41COS" IFNy expressing T cells over Treg cells in
the bladder and peripheral blood (30). But after CTLA4
blockade more of the CD4TCOS" T cells could recognize
tumor antigens (31).

Dose of BCG

The normal dose of BCG used, termed standard dose
contains between 1x10’~1x10" colony forming units (CFU)
of lyophilized BCG depending on the strain used. But the
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viability of BCG in lyophilized preparations for different
strains also varies. Some patients are unable to tolerate
standard dose BCG and thus 1/3 (32) and 1/6 (33) doses
of BCG have been evaluated for immunotherapy as well as
1/3 dose BCG and IFNa (34). The lowering of BCG dose
reduces side-effects and adverse events. In clinical trials,
standard dose and 1/3 dose BCG seem to have similar
outcomes (35).

Shah et al’s study takes a different view of the dosage
of BCG rather than decreasing the dose of BCG, they
considered the effect of increasing the dose of BCG (36).
They report that increasing the ratio of BCG to bladder
cancer cells resulted in increased adherence; NF«B function
and cytokine production with a plateau around 200:1.
When they examined cell death by necrosis the amount of
necrosis started to decrease at higher doses. But a higher
ratio of BCG to cells resulted in better outcomes in mice
with bladder tumors. They evaluated three instillations
of BCG given at a 3—4 days intervals. The short duration
of the animal studies performed by Shah ez 4/. means it
is difficult to determine the efficacy of this strategy. The
authors do acknowledge that the use of a higher dose of
BCG has to be considered in the context of likelihood of
adverse events. In a Phase III trial evaluating TICE some
20% of patients had to stop therapy due to side-effects (37)
during the maintenance phase. In this trial patients received
2x10°~5x10° CFU of TICE. Increasing the amount of BCG
used in intravesical therapy will increase side-effects.

This work also disregards the impact of immune cells
which are known to be major players in the modulation of
the response to BCG. The dose of bacteria and timing of
the exposure are known to differentially modulate immune
cells. For Lactobacillus species exposure of DC to a higher
dose of Lactobacilli results in tolerance rather than immune
activation (38).

Genetic control of BCG survival in macrophages
and patient response to therapy

A further complication is that genetic differences could
influence response to BCG as well. Skamene ez al. were the
first to show that the ability of host macrophages to respond
to BCG was controlled by the BCG gene later identified
as the natural resistance associated macrophage protein 1
(Nrampl) gene (39,40). Kadhim ez 2/. demonstrated that the
Nrampl gene controlled response to BCG immunotherapy
in a murine orthotopic model of bladder cancer (41) using
BCG sensitive and resistant mice strains. The BCG sensitive
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mice respond to BCG immunotherapy. BCG survival in
macrophages from BCG sensitive and BCG resistant mice
is related to the production of nitric oxide (NO) (38). The
BCG resistant cells produce more NO. How this is linked
to the NRAMP gene is not known?

As a consequence of these results, single nucleotide
polymorphisms (SNPs) in the NRAMP1 gene have been
evaluated in patients with respect to the response to BCG
therapy. The NRAMP1, SNP analyses have produced
contradictory results (42-44) in bladder cancer patients.
This is likely due to differences in genotype expression
at polymorphic sites in different human populations.
Polymorphisms in a variety of cytokine genes (45,46); DNA
repair enzymes (47), FASL (48) oxidative stress response
genes (49,50) have been evaluated as well.

A recent study has shown that besides germline
mutations somatic cell differences such as E2F4 expression
in tumor versus normal tissue was predictive of the response
to BCG (51). Predictive signatures have been found in T1
tumors that correlated with response to BCG therapy (52).

Conclusions

Shah et a/. have introduced an interesting concept that
an increased BCG dose would improve response to
BCG immunotherapy. However more work needs to be
performed taking into account the importance of immune
cells, BCG strain differences and patient genetic factors
before it can be determined if this would be of clinical
benefit. If a higher dose of BCG is to be evaluated it may be
a better strategy to reduce the dosing schedule as suggested
by de Boer er al. (13). Forty years since the introduction of
BCG immunotherapy we are still trying to understand how
it works. Because without understanding, it is not possible
to improve or optimise this therapy. The quest is on-going
to determine the optimal dose; dosing schedule; BCG strain
and adjuvant therapy.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Peng Zhang
(Department of Urology, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology,

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

S171
Wuhan, China).

Conflicts of Interest: The author has completed the ICMJE
uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2017.01.25). The author has no conflicts
of interest to declare.

Ethical Statement: The author is accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Antoni S, Ferlay J, Soerjomataram I, et al. Bladder Cancer
Incidence and Mortality: A Global Overview and Recent
Trends. Eur Urol 2017;71:96-108.

2. Lamm DL. Efficacy and safety of bacille Calmette-Guérin
immunotherapy in superficial bladder cancer. Clin Infect
Dis 2000;31 Suppl 3:586-90.

3. Herr HW, Morales A. History of bacillus Calmette-
Guerin and bladder cancer: an immunotherapy success
story. ] Urol 2008;179:53-6.

4. Morales A, Eidinger D, Bruce AW. Intracavitary Bacillus
Calmette-Guerin in the treatment of superficial bladder
tumors. ] Urol 1976;116:180-3.

5. CoeJE, Feldman JD. Extracutaneous delayed
hypersensitivity, particularly in the guinea-pig bladder.
Immunology 1966;10:127-36.

6. Zbar B, Bernstein ID, Rapp H]J. Suppression of tumor
growth at the site of infection with living Bacillus
Calmette-Guérin. ] Natl Cancer Inst 1971;46:831-9.

7. Bohle A, Brandau S. Immune mechanisms in bacillus
Calmette-Guerin immunotherapy for superficial bladder
cancer. ] Urol 2003;170:964-9.

8. Redelman-Sidi G, Glickman MS, Bochner BH. The
mechanism of action of BCG therapy for bladder cancer-
-a current perspective. Nat Rev Urol 2014;11:153-62.

Transi Cancer Res 2017;6(Suppl 1):S168-S173


http://dx.doi.org/10.21037/tcr.2017.01.25
http://dx.doi.org/10.21037/tcr.2017.01.25

S$172

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

© Translational Cancer Research. All rights reserved.

Lamm DL, Blumenstein BA, Crissman JD, et al.
Maintenance bacillus Calmette-Guerin immunotherapy
for recurrent TA, T'1 and carcinoma in situ transitional
cell carcinoma of the bladder: a randomized Southwest
Oncology Group Study. J Urol 2000;163:1124-9.

Zhu S, Tang Y, Li K, et al. Optimal schedule of bacillus
calmette-guerin for non-muscle-invasive bladder cancer:
a meta-analysis of comparative studies. BMC Cancer
2013;13:332.

Biot C, Rentsch CA, Gsponer JR, et al. Preexisting BCG-
specific T cells improve intravesical immunotherapy for
bladder cancer. Sci Transl Med 2012;4:137ra72.

Zlotta AR, van Vooren JP, Huygen K, et al. What is the
optimal regimen for BCG intravesical therapy? Are six
weekly instillations necessary? Eur Urol 2000;37:470-7.
de Boer EC, Rooyakkers SJ, Schamhart DH, et al. BCG
dose reduction by decreasing the instillation frequency:
effects on local Th1/Th2 cytokine responses in a mouse
model. Eur Urol 2005;48:333-8.

Milstien JB, Gibson JJ. Quality control of BCG vaccine
by WHO: a review of factors that may influence vaccine
effectiveness and safety. Bull World Health Organ
1990;68:93-108.

Zhang W, Zhang Y, Zheng H, et al. Genome sequencing
and analysis of BCG vaccine strains. PLoS One
2013;8:e71243.

Rentsch CA, Birkhiuser FD, Biot C, et al. Bacillus
Calmette-Guérin strain differences have an impact on
clinical outcome in bladder cancer immunotherapy. Eur
Urol 2014;66:677-88.

Secanella-Fandos S, Luquin M, Julidn E. Connaught and
Russian strains showed the highest direct antitumor effects
of different Bacillus Calmette-Guérin substrains. J Urol
2013;189:711-8.

Sengiku A, Ito M, Miyazaki Y, et al. A prospective
comparative study of intravesical bacillus Calmette-
Guérin therapy with the Tokyo or Connaught strain for
nonmuscle invasive bladder cancer. J Urol 2013;190:50-4.
Gan C, Mostafid H, Khan MS, et al. BCG immunotherapy
for bladder cancer--the effects of substrain differences. Nat
Rev Urol 2013;10:580-8.

Witjes JA, v d Meijden AP, Collette L, et al. Long-term
follow-up of an EORT'C randomized prospective trial
comparing intravesical bacille Calmette-Guérin-RIVM
and mitomycin C in superficial bladder cancer. EORTC
GU Group and the Dutch South East Cooperative
Urological Group. European Organisation for Research
and Treatment of Cancer Genito-Urinary Tract Cancer

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

tcr.amegroups.com

Mahendran. BCG dose in immunotherapy

Collaborative Group. Urology 1998;52:403-10.
Janaszek-Seydlitz W, Prygiel M, Bucholc B, et al. Effect of
different Bacillus Calmette-Guerin substrains on growth
inhibition of T24 bladder cancer cells and cytokines
secretion by BCG activated peripheral blood mononuclear
cells of PBMCs. Adv Clin Exp Med 2014;23:877-84.
Ratliff TL, Kavoussi LR, Catalona WJ. Role of fibronectin
in intravesical BCG therapy for superficial bladder cancer.
J Urol 1988;139:410-4.

See WA, Zhang G, Chen F, et al. p21 Expression

by human urothelial carcinoma cells modulates the
phenotypic response to BCG. Urol Oncol 2010;28:526-33.
Zhang G, Chen F, Cao Y, et al. HMGBI release by
urothelial carcinoma cells in response to Bacillus Calmette-
Guérin functions as a paracrine factor to potentiate the
direct cellular effects of Bacillus Calmette-Guérin. J Urol
2013;190:1076-82.

Pook SH, Esuvaranathan K, Mahendran R.
N-acetylcysteine augments the cellular redox changes and
cytotoxic activity of internalized mycobacterium bovis in
human bladder cancer cells. ] Urol 2002;168:780-5.

Shah G, Zielonka J, Chen F, et al. H2O2 generation by
bacillus Calmette-Guérin induces the cellular oxidative
stress response required for bacillus Calmette-Guérin
direct effects on urothelial carcinoma biology. ] Urol
2014;192:1238-48.

Shah G, Zhang G, Chen F, et al. iNOS expression

and NO production contribute to the direct effects of
BCG on urothelial carcinoma cell biology. Urol Oncol
2014;32:45.e1-9.

Pichler R, Fritz J, Zavadil C, et al. Tumor-infiltrating
immune cell subpopulations influence the oncologic
outcome after intravesical Bacillus Calmette-Guérin
therapy in bladder cancer. Oncotarget 2016;7:39916-30.
Ajili F, Kourda N, Darouiche A, et al. Prognostic value

of tumor-associated macrophages count in human
non-muscle-invasive bladder cancer treated by BCG
immunotherapy. Ultrastruct Pathol 2013;37:56-61.
Carthon BC, Wolchok JD, Yuan J, et al. Preoperative
CTLA-4 blockade: tolerability and immune monitoring in
the setting of a presurgical clinical trial. Clin Cancer Res
2010;16:2861-71.

Liakou CI, Kamat A, Tang DN, et al. CTLA-4 blockade
increases IFNgamma-producing CD4+ICOShi cells to
shift the ratio of effector to regulatory T cells in cancer
patients. Proc Natl Acad Sci U S A 2008;105:14987-92.
Martinez-Pifieiro JA, Martinez-Pifieiro L, Solsona E, et al.
Has a 3-fold decreased dose of bacillus Calmette-Guerin

Transi Cancer Res 2017;6(Suppl 1):S168-S173



Translational Cancer Research, Vol 6, Suppl 1 February 2017

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

© Translational Cancer Research. All rights reserved.

the same efficacy against recurrences and progression

of T1G3 and Tis bladder tumors than the standard

dose? Results of a prospective randomized trial. ] Urol
2005;174:1242-7.

Ojea A, Nogueira JL, Solsona E, et al. A multicentre,
randomised prospective trial comparing three intravesical
adjuvant therapies for intermediate-risk superficial bladder
cancer: low-dose bacillus Calmette-Guerin (27 mg) versus
very low-dose bacillus Calmette-Guerin (13.5 mg) versus
mitomycin C. Eur Urol 2007;52:1398-406.

Lam JS, Benson MC, O'Donnell MA, et al. Bacillus
Calmete-Guérin plus interferon-alpha2B intravesical
therapy maintains an extended treatment plan for
superficial bladder cancer with minimal toxicity. Urol
Oncol 2003;21:354-60.

Martinez-Pifieiro JA, Flores N, Isorna S, et al. Long-term
follow-up of a randomized prospective trial comparing

a standard 81 mg dose of intravesical bacille Calmette-
Guérin with a reduced dose of 27 mg in superficial bladder
cancer. BJU Int 2002;89:671-80.

Shah G, Zhang G, Chen F, et al. The Dose-Response
Relationship of bacillus Calmette-Guérin and Urothelial
Carcinoma Cell Biology. ] Urol 2016;195:1903-10.

van der Meijden AP, Sylvester RJ, Oosterlinck W, et

al. Maintenance Bacillus Calmette-Guerin for Ta T'1
bladder tumors is not associated with increased toxicity:
results from a European Organisation for Research and
Treatment of Cancer Genito-Urinary Group Phase I1I
Trial. Eur Urol 2003;44:429-34.

Baba N, Samson S, Bourdet-Sicard R, et al. Commensal
bacteria trigger a full dendritic cell maturation program
that promotes the expansion of non-Tr1 suppressor T
cells. J Leukoc Biol 2008;84:468-76.

Skamene E, Gros P, Forget A, et al. Genetic regulation
of resistance to intracellular pathogens. Nature
1982;297:506-9.

Vidal S, Tremblay ML, Govoni G, et al. The Ity/Lsh/
Bceg locus: natural resistance to infection with intracellular
parasites is abrogated by disruption of the Nramp1 gene. ]
Exp Med 1995;182:655-66.

Kadhim SA, Chin JL, Batislam E, et al. Genetically
regulated response to intravesical bacillus Calmette Guerin
immunotherapy of orthotopic murine bladder tumor. J
Urol 1997;158:646-52.

Chiong E, Kesavan A, Mahendran R, et al. NRAMP1

and hGPX1 gene polymorphism and response to bacillus
Calmette-Guérin therapy for bladder cancer. Eur Urol
2011;59:430-7.

S$173

43. Decobert M, Larue H, Bergeron A, et al. Polymorphisms
of the human NRAMPI gene are associated with response
to bacillus Calmette-Guerin immunotherapy for superficial
bladder cancer. ] Urol 2006;175:1506-11.

44. Lenormand C, Couteau J, Nouhaud FX, et al. Predictive
Value of NRAMP1 and HGPX1 Gene Polymorphism
for Maintenance BCG Response in Non-muscle-invasive
Bladder Cancer. Anticancer Res 2016;36:1737-43.

45. Ahirwar DK, Agrahari A, Mandhani A, et al. Cytokine
gene polymorphisms are associated with risk of urinary
bladder cancer and recurrence after BCG immunotherapy.
Biomarkers 2009;14:213-8.

46. Ahirwar DK, Mandhani A, Dharaskar A, et al. Association
of tumour necrosis factor-alpha gene (T-1031C, C-863A,
and C-857T) polymorphisms with bladder cancer
susceptibility and outcome after bacille Calmette-Guérin
immunotherapy. BJU Int 2009;104:867-73.

47. Gangawar R, Ahirwar D, Mandhani A, et al. Impact of
nucleotide excision repair ERCC2 and base excision
repair APEX1 genes polymorphism and its association
with recurrence after adjuvant BCG immunotherapy
in bladder cancer patients of North India. Med Oncol
2010;27:159-66.

48. Lima L, Ferreira JA, Tavares A, et al. FASL polymorphism
is associated with response to bacillus Calmette-Guérin
immunotherapy in bladder cancer. Urol Oncol 2014;32:44.
el-7.

49. Wei H, Kamat A, Chen M, et al. Association of
polymorphisms in oxidative stress genes with clinical
outcomes for bladder cancer treated with Bacillus
Calmette-Guérin. PLoS One 2012;7:¢38533.

50. Kang HW, Tchey DU, Yan C, et al. The predictive value
of GSTT1 polymorphisms in predicting the early response
to induction BCG therapy in patients with non-muscle
invasive bladder cancer. Urol Oncol 2014;32:458-65.

51. Cheng C, Varn FS, Marsit CJ. E2F4 Program Is Predictive
of Progression and Intravesical Inmunotherapy Efficacy in
Bladder Cancer. Mol Cancer Res 2015;13:1316-24.

52. Kim YJ, Ha YS, Kim SK, et al. Gene signatures for the
prediction of response to Bacillus Calmette-Guerin
immunotherapy in primary pT'1 bladder cancers. Clin
Cancer Res 2010;16:2131-7.

Cite this article as: Mahendran R. Bacillus Calmette-Guérin
immunotherapy—increasing dose as a means of improving
therapy? Transl Cancer Res 2017;6(Suppl 1):S168-S173. doi:
10.21037/tcr.2017.01.25

tcr.amegroups.com Transi Cancer Res 2017;6(Suppl 1):S168-S173



