Unravelling mechanisms and identifying therapies to relive BCG-immunotherapy induced bladder side effects
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Introduction: Non-muscle invasive bladder cancer (NMIBC) is typically treated by intravesical (bladder instillation) Bacillus Calmette-Guerin (BCG) immunotherapy. While effective in preventing cancer progression and recurrence, up to 70% of patients experience lower urinary tract symptoms (LUTS) including bladder pain, that significantly reduce quality of life during treatment. In 7-20% of patients these side effects are so severe that they must stop their therapy. Despite this, there is no standard-of-care therapy to ease NMIBC patient suffering and improve treatment adherence.
Aims: To determine the key mechanisms underlying the development of BCG-induced LUTS, and test the potential for phenazopyridine (PAP), a urinary tract analgesic, to alleviate BCG-induced LUTS without impacting efficacy.
Methods: We developed a mouse model of BCG-treatment with once weekly intravesical BCG (1x107CFU) for 6 weeks. One day after the final infusion, bladders were assessed for inflammation via RNAseq and flow cytometry. Changes in bladder sensory signalling were assessed by ex-vivo bladder afferent nerve recordings in the absence and presence of PAP (100(M). Pelvic pain was measured via pelvic von-Frey hair (VFH) stimulation. BCG efficacy was assessed in urothelial cancer cell lines (MB49, T24 and UMUC3) exposed to BCG for 2hrs (MOI 3) in the absence and presence of PAP (10-300(M). Changes in BCG induced apoptosis (Annexin V/PI) and cytotoxicity (Sytox Green) were assessed by flow cytometry. Changes in BCG internalisation were quantified via qPCR and immunohistochemistry (IHC).
Results: Mice treated with BCG developed significant inflammation, characterised by upregulation of key Hallmark inflammatory pathways identified by RNAseq, and infiltration of CD45+ immune cells (P<0.01, N=10/group). BCG-treatment induced pelvic pain as indicated by a significant decrease in the withdrawal threshold to pelvic VFH stimulation (P<0.01, N=10/group), accompanied by bladder afferent hypersensitivity to distension (P<0.0001, N=5/group). PAP inhibited BCG-induced bladder afferent hypersensitivity (P<0.01, N=5/group), but had no effect on BCG induced cytotoxicity, apoptosis, or internalisation in MB49, T24 or UMUC3 urothelial cancer cell lines.

Discussion: Bladder afferent hypersensitivity is a common feature underlying the development of bladder pain disorders, and the results of our study indicate afferent hypersensitivity may represent a key mechanism underlying the development of BCG-induced LUTS. PAP alleviated afferent hypersensitivity without impacting the hallmarks of  BCG-efficacy and thus may represent a safe and effective adjunct therapeutic for the relief of BCG-induced LUTS.
