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Abstract: An emerging theory regarding the potentially autoimmune nature of painful bladder syndrome/interstitial cystitis
(PBS/IC) had led to several studies being conducted to assess the possible therapeutic effect of immunotherapeutic options for
PBS/IC. This review presents the available evidence regarding the potential autoimmunity-based pathogenesis of PBS/IC and
focuses on a main representative of the immunotherapeutic modalities for PBS/IC, aiming to summarize, evaluate, and present
available data regarding the potential therapeutic role of monoclonal antibodies for PBS/IC patients. A non-systematic narrative
and interpretative literature review was performed. The monoclonal antibodies included in the review were the anti-tumor
necrosis factor-α (anti-TNF-α) agents adalimumab, which showed no difference compared to placebo, and certolizumab pegol,
which showed statistically important differences in all outcome measures compared to placebo at the 18-week follow-up visit.
Anti-nerve growth factor (anti-NGF) agents were also reviewed, including tanezumab, which showed both positive and negative
efficacy results compared to placebo, and fulranumab, the study of which was discontinued owing to adverse events. In summary,
monoclonal antibody therapy remains to be further researched in order for it to be proposed as a promising future treatment
option for PBS/IC.
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Introduction
Painful bladder syndrome/interstitial cystitis (PBS/IC) is an enigmatic clinical condition, predominant in females, with
a reported heterogeneous and debilitating symptomatology.1 The most common clinical phenotype is characterized by
suprapubic or pelvic pain, usually accompanied by urinary urgency, frequency, and/ or nocturia, in the absence of
infection or other pathological causes.2 Despite its previously reported negative medical and socio-economic impacts,
PBS/IC remains the Achilles’ heel for many urologists as it is characterized by a lack of unanimously accepted
nomenclature, pathophysiological pathways, and diagnostic and therapeutic algorithms.3–5

Thus, it was absolutely expected that the controversies surrounding the definition, etiopathogenic mechanisms,
and diagnostic protocol would finally lead to a variety of available PBS/IC treatment options.6–8 Unfortunately,
the existing PBS/IC treatment armamentarium, covering a broad spectrum from lifestyle changes to oral medica-
tions, intravesical instillations, and surgical procedures, is not supported by robust scientific evidence regarding its
safety or efficacy, highlighting the necessity for further high-quality research projects in this direction.9

In this scope, an emerging theory regarding the potentially autoimmune nature of PBS/IC, expressed as either the
emergence of non-specific or bladder-specific antibodies, and/or cell-mediated autoimmune disease, had led to several
studies being conducted to assess the possible therapeutic effects of immunotherapeutic options for PBS/IC.10 This
review focuses on a main representative of the immunotherapeutic modalities for PBS/IC, aiming to summarize,
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evaluate, and present the available data regarding the potential therapeutic role of monoclonal antibodies in the currently
unsolved puzzle of a valuable treatment option for PBS/IC patients.

Methods
A non-systematic narrative and interpretative literature review was performed. An extensive search using PubMed,
Cochrane Library, and Scopus databases was conducted, retrieving English-language articles from inception to
30 December 2021, for studies exploring the effects of monoclonal antibodies on PBS/IC. The search terms included:
“interstitial cystitis” OR (“painful bladder syndrome” OR “PBS/IC” OR “BPS/IC”) AND (“monoclonal antibodies” OR
“immunotherapy” OR “adalimumab” OR “certolizumab” OR “tanezumab” OR “fulranumab”). The reference lists of all
eligible studies, relevant reviews, and PBS/IC guidelines were also hand-searched. We included original RCTs and
single-arm studies that investigated the clinical application of monoclonal antibodies for PBS/IC treatment in human
adults. Original research articles investigating the use of monoclonal antibodies for other either related or unrelated
medical conditions, such as chronic pelvic pain syndrome and prostatitis, were excluded.

Autoimmunity: A Primary Suspect for PBS/IC?
Several theories have been proposed, so far, to explain the underlying pathophysiological mechanisms of PBS/IC, with
the autoimmunity-based hypothesis being one of the trending ones.11,12

Τhe trigger for the initial formulation of this theory was the epidemiological observation of existing similarities
regarding the sex and age distribution of patients with PBS/IC compared to patients with other known autoimmune
diseases.11,13 The autoimmunity-based pathophysiological mechanism of PBS/IC was further supported by the clinical
concordance found between PBS/IC and various autoimmune syndromes, and also by the fact that PBS/IC is considered
as a manifestation of some systemic disorders, such as irritable bowel syndrome, migraine, anxiety, and depression.14–16

In addition, the autoimmunity-based theory around PBS/IC pathophysiology was fueled by the fact that autoimmune-
originating characteristics, including episodic symptom flare and a relapsing and/or treatment-refractory nature, are
frequently present in PBS/IC patients.10

Moreover, from a histopathological point of view, the common finding of urinary bladder infiltration by CD4+

T lymphocytes, mast cells, and eosinophilic leukocytes suggests an immune-mediated pathophysiological pathway for
PBS/IC.17 Mast cell activation and proliferation has been considered a crucial effector for the immune response in the
pathogenesis of PBS/IC.18 High numbers of mast cells are found in the suburothelial space of PBS/IC patients.19 The
activated mast cells secrete vasoactive neurotrophins and cytokines, which could lead to neuronal sensitization and
secretion of neurotransmitters or neuropeptides, resulting in further mast cell stimulation. Because of this endless and
vicious cycle, it is believed that PBS/IC is a pain syndrome with visceral and neuropathic characteristics.20

In addition, Peters et al21 proposed that an imbalance of type 1/type 2 helper T cells, as a result of immune system
dysregulation, could represent a potential pathophysiological pathway of PBS/IC. A potential pathogenesis theory is also
supported by the study of Ochs et al,22 in which the presence of a common autoantigen in the serum of both PBS/IC
patients and patients with atopic dermatitis, a well-known type 2 T-helper cell-mediated skin disease, was highlighted.
Moreover, the presence of higher urine concentrations (five-fold increase) of interleukin-6, a cytokine which enhances the
type 2 T-helper cell response, in PBS/IC patients could also support a potential link between PBS/IC and autoimmunity.23

The hypothesis that there is a autoimmunity-based pathophysiological mechanism, expressed by a possible role of
antimuscarinic M3 receptor (M3R) antibodies, leading to PBS/IC was reported by Van De Merwe and Arendsen.11 The
theory was supported by the fact that the presence of immunoglobulin G (IgG) autoantibodies to M3Rs is implicated in
both Sjögren’s syndrome and PBS/IC and, moreover, by the presence of IgG autoantibodies against epithelium and
muscle fibers reported in PBS/IC patients.24,25

On the other hand, there are data proposing that the aforementioned immune reactivity is a response to bladder tissue
damage and not the prominent cause of the inflammatory status observed in PBS/IC patients, and thus is not sufficient to
classify the syndrome in the category of autoimmune diseases.26,27 In addition, the reported normal values of urinary
bladder and blood lymphocytes, along with the absence of urinary interleukin-1β, are proposed as strong arguments
against the autoimmune nature of PBS/IC.26
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The bottom line is that no data exist, so far, to clearly support a solid etiopathogenic relationship between PBS/IC and
a specific pathophysiological mechanism. Therefore, the immunological hypothesis cannot be rejected and, moreover,
owing to the specific characteristics of the syndrome, holds an important role in the ongoing debate around PBS/IC
pathogenesis. Nevertheless, further high-quality studies assessing the potential autoimmunity-based mechanism of PBS/
IC are necessary to confirm or refute this theory.

TNF-α Antagonism: Anti-TNF-α Agents
Tumor necrosis factor-alpha (TNF-α) is a proinflammatory cytokine released by immune cells. It is suggested to play
a key role in the inflammatory process of PBS/IC. TNF-α is highly expressed in the bladder urothelium of patients with
ulcerative PBS/IC and is found in significantly higher levels in the serum of PBS/IC patients than in controls. The
increased expression of TNF-α and other proinflammatory cytokines in the serum of PBS/IC patients implies that
besides mast cell activation, they may play an important role as inflammatory mediators in the pathogenesis of PBS/IC.28

Moreover, increased levels of TNF-α were reported in urine and bladder wash fluid samples of patients who were
diagnosed with PBS/IC.29 According to previously published animal studies on autoimmune cystitis models, TNF-α
inhibitors effectively decreased experimental PBS/IC bladder inflammation through the interruption of mast cell
activation.30–32 In this scope, anti-TNF-α agents, such as adalimumab and certolizumab pegol, may decrease PBS/IC
bladder inflammation and reduce symptoms by the inhibition of TNF-α and reduction of mast cell activation.

Adalimumab
Adalimumab belongs to a category of biological agents that are known as anti-TNF-α agents or TNF-α-blocking agents.
Adalimumab is fully human, recombinant, monoclonal antibody acting through the neutralization of human TNF-α, and
is indistinguishable from IgG1. It is currently approved by the FDA for the treatment of several autoimmune diseases,
including psoriatic arthritis, Crohn’s disease, rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing spondylitis,
plaque psoriasis, and, more recently, ulcerative colitis.33

Bosch et al34 evaluated the efficacy of adalimumab in the treatment of PBS/IC patients. A phase III, randomized,
double-blind, placebo-controlled proof-of-concept study took place between March 2011 and March 2013. Men and
women between the ages of 18 and 65 years, previously diagnosed with moderate or severe PBS/IC, were recruited.
Patients in the active group (N=21) were given a loading dose of adalimumab 80 mg subcutaneously followed by 40 mg
every 2 weeks for 12 weeks, while patients in the placebo group (N=22) received subcutaneous placebo for 12 weeks.
Patients with moderate to severe PBS/IC treated with adalimumab demonstrated a significant clinical improvement in
outcome measures compared to baseline. This improvement was clearly demonstrated in the O’Leary–Sant IC Symptom
and Problem Indexes (p=0.0002), Pelvic Pain, Urgency, Frequency Symptom Scale (p=0.0017), and Global Response
Assessment (GRA) (p≤0.0001) at 12 weeks compared to baseline scores. Specifically, 53% (11/21) of patients in the
adalimumab group had a 50% or greater improvement in the GRA at the 12-week follow-up visit. No serious adverse
events were reported during the study period.

Nevertheless, adalimumab failed to demonstrate positive proof of concept for the treatment of PBS/IC compared to
placebo owing to a significant placebo effect. This placebo effect has been repeatedly observed in PBS/IC trials.35 In
particular, previous PBS/IC studies with a placebo RCT design had difficulty proving statistical significance.36–38 This
reported higher placebo effect may represent the benefits of giving advice and support to the study participants. Future
multi-center high-quality RCTs assessing the efficacy and safety of adalimumab are needed in order to further evaluate its
potential role in the treatment algorithm of PBS/IC.

Certolizumab Pegol
Certolizumab pegol is a novel anti-TNF-α agent that has been used for treating autoimmune diseases. Theoretically,
certolizumab pegol is considered to have advantages over other TNF-α antagonists as a potential treatment choice for
PBS/IC. Certolizumab pegol is a recombinant, PEGylated, antibody Fab′ fragment with specificity for human TNF-α. As
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a result of the conjugated polyethylene glycol its plasma half-life is increased, resulting in the inhibition of mast cell
degranulation.39 It is characterized by a unique structure with different molecular properties. Thus, it is reported in the
relevant literature that certolizumab pegol did not mediate apoptosis, it led to the inhibition of cytokine production, its
distribution in inflamed tissue was higher, and the levels of neutralizing autoantibodies that developed were low.40–42

Certolizumab pegol resulted in a significant amelioration of the clinical signs and symptoms of autoimmune diseases,
demonstrating at the same time a positive risk–benefit ratio.43,44

In a double-blind RCT, the efficacy and safety of certolizumab pegol in the treatment of moderate PBS/IC
symptoms were compared to placebo. The active group (N=28) received 400 mg of certolizumab pegol subcuta-
neously at weeks 0, 2, 4, and 8, while the placebo group (N=14) received the placebo treatment subcutaneously at
the same timepoints. This study’s primary endpoint in GRA did not reach statistical significance at the 2-week
follow-up visit. However, there were significant differences in GRA pain (p=0.002), GRA urgency (p=0.02), and
GRA overall symptoms (p=0.006) by week 18. At week 18, certolizumab pegol demonstrated statistically important
differences of –3.6 (p=0.03) for the Interstitial Cystitis Symptom Index, –3.0 (p=0.042) for the Interstitial Cystitis
Problem Index, –2.0 (p=0.02) for the Pain scale, and –1.7 (p=0.03) for the Urgency scale, as well as a >30%
reduction in pain (p=0.02).45 Taking these changes into account, certolizumab pegol appears to have clinical and
statistical significance in the reduction of PBS/IC symptoms. This was also reported in a network meta-analysis
assessing the efficacy and safety of pharmacotherapies for PBS/IC.8 According to this meta-analysis, certolizumab
pegol was one of three treatment modalities, along with cyclosporine A and amitriptyline, that showed superior
benefit compared to placebo. Moreover, apart from its effectiveness in PBS/IC, certolizumab pegol has been
demonstrated to have an acceptable safety profile. Urinary infection was the most common reported adverse
event, but all cases were resolved with the use of appropriate antibiotics based on urine cultures.

The previous study by the same author failed to prove the efficacy of adalimumab, probably owing to the significant
placebo effect.34 In this scope, the present study included a treatment washout period of 1 month, which led to a decrease
in the placebo effect on overall GRA from 50% in the previous study to an average of 14%.45 Moreover, the timepoint at
which the primary endpoint was evaluated was a crucial factor. The period of 2 weeks were chosen based on the observed
positive results of certolizumab pegol on rheumatoid arthritis by this time.46 However, the time period needed for a PBS/
IC treatment modality to show significant improvement in women with moderate to severe symptomatology seems to be
longer (up to 18 weeks), as PBS/IC represents a long-standing syndrome.1

Thus, further investigation is needed by conducting larger, longer, multicenter, randomized, placebo-controlled trials
with phenotypic categorization of participants in order to accurately assess the efficacy of certolizumab pegol for the
treatment of PBS/IC.

Anti-NGF Agents
Nerve growth factor (NGF) is one of the basic contributors to the survival of sensory and sympathetic neurons
during development, and there is evidence that it acts as a peripheral mediator of various inflammatory painful
conditions.47 It is produced by bladder smooth muscle and the urothelium in the urinary tract, and increased levels
have been reported in the urine and bladder tissue of PBS/IC patients, indicating a predominance of specific
pathophysiological pathways, especially sensitization of peripheral and central nerve endings.48–50 It regulates
pain perception and, moreover, participates in the generation and maintenance of painful states, and specifically
in bladder pain, based on animal model studies.51,52 In addition, NGF promotes bladder hyperactivity through the
sensitization of peripheral and central nerve endings.53 Thus, in the search for alternative analgesics, NGF
antagonism is gaining attention in research and development, with anti-NGF agents such as tanezumab and
fulranumab being in the spotlight.54

Tanezumab
Tanezumab is a humanized anti-NGF monoclonal antibody that binds with high affinity and specificity to NGF,
preventing it from interacting with receptors on nociceptive neurons. Tanezumab acts by blocking the interaction of
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NGF with its receptors, tropomyosin-related kinase A (high-affinity receptor) and p75 (low-affinity receptor).55 In
a clinical trial setting, tanezumab improved pain scores, while also ameliorating function and patient global assessments
in chronic painful conditions other than PBS/IC.56–58

Evans et al59 evaluated the use of a single dose of tanezumab (200 µg/kg iv) or placebo for the treatment of
moderate to severe PBS/IC pain. In total, 64 patients were enrolled in the study (tanezumab N=34, placebo N=30).
The tanezumab group reported promising results regarding the improvement of pain symptoms, urgency episode
frequency, and GRA compared to placebo at 6 weeks of administration. On the other hand, tanezumab showed no
significant effect on the Interstitial Cystitis Symptom Index score, micturition frequency, or mean voided volume per
micturition. The most common adverse events were headache (tanezumab 20.6%, placebo 16.7%) and paresthesia
(tanezumab 17.6%, placebo 3.3%).

Nickel et al49 performed pooled analyses deriving data from three small clinical trials, including two already
published studies59,60 and one previously unpublished study (ClinicalTrials.gov identifier: NCT00999518), including
208 patients with chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS) and PBS/IC, to identify the best
responders who are more likely to benefit from a tanezumab treatment scheme. Statistical analysis showed
a statistically significant difference only in the reduction of pain in the group of women with PBS/IC, and patients
with symptoms suggesting the concomitant presence of non-urological associated somatic syndromes compared to
placebo, but no efficacy for the CP/CPPS patients. Taken together, these findings suggest that women with PBS/IC
plus a non-urological syndrome could represent the target patient group that will most likely benefit from tanezumab
treatment.

It seems that tanezumab may have limited capacity to induce an improvement in pain if NGF has limited to no
involvement despite similar clinical presentations. This may explain why the benefits of tanezumab have been more
apparent in women with PBS/IC. The use of combined data using a meta-analytical approach and performing
subgroup analyses led to the conclusion that tanezumab represents a promising therapy for PBS/IC, although
additional studies are required. This evidence could trigger more investigation into the role of NGF in the
development of PBS/IC. The possible confirmation of this activity could promote tanezumab as an effective
medication against pain in patients with PBS/IC.

Abnormal peripheral sensation was reported across the studies as an adverse event. The side-effect began within 2
weeks of initial tanezumab administration and resolved within 6–12 weeks. In clinical trials for other types of chronic
pain using tanezumab, peripheral sensation has also been reported.56,57,61 This evidence does not match the expected
pattern for a neurotoxic compound and does not suggest significant tanezumab neurotoxicity.62 However, the mechanism
responsible for these adverse events of abnormal peripheral sensation has not been established.

Fulranumab
Fulranumab, a fully human recombinant monoclonal antibody (IgG), is a potent inhibitor of human NGF. Reviewing
its efficacy in painful conditions other than PBS/IC, fulranumab showed a positive dose response in diabetic peripheral
neuropathic pain, mixed efficacy results versus placebo, and statistically significant improvement versus an opioid in
the pain of osteoarthritis, and did not show any benefit compared to placebo for low back pain.63–65

A phase IIa study was conducted by Wang et al66 to explore the efficacy and safety profile of fulranumab, compared
to placebo, in 31 patients with moderate to severe PBS/IC. However, this study was prematurely discontinued in 2010,
owing to the fact that fulranumab studies were placed on clinical hold by the FDA because of a concern that the entire
class of anti-NGF antibodies may be associated with a condition representing either rapidly progressing osteoarthritis or
osteonecrosis. A single dose of 9 mg of fulranumab failed to promote analgesic activity, but these results are limited by
the early termination and heterogeneity in the baseline study characteristics.

Table 1 summarizes the basic characteristics of the available human studies assessing the efficacy and safety of
monoclonal antibodies for the treatment of PBS/IC.
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Table 1 Basic Characteristics of the Available Human Studies Assessing the Efficacy and Safety of Monoclonal Antibodies for the Treatment of PBS/IC

Study Monoclonal
Antibody

No of
Patients
(Mean Age)

Application
Method

Assessment Tools Efficacy Follow-
up
Duration

Limitations

Bosch34 Adalimumab Active=21
(45.2 years)

Placebo=22

(46.5 years)

Subcutaneous ● O’Leary–Sant ICSPI
● GRA

● Pelvic Pain, Urgency, Frequency

Symptom Scale

No difference compared to placebo 12 weeks ● Heterogeneous population
● Small sample size

● No Hunner’s lesion-based

categorization

Bosch45 Certolizumab

pegol

Active=28

(50 years)
Placebo=14

(54 years)

Subcutaneous ● O’Leary–Sant ICSPI

● GRA
● Pelvic Pain, Urgency, Frequency

Symptom Scale

Statistically important difference in all

outcome measures compared to placebo
(week 18)

18 weeks ● Heterogeneous population

● Small sample size
● No Hunner’s lesion-based

categorization

Evans

et al59
Tanezumab Active=34

Placebo=30

Intravenous ● O’Leary–Sant ICSPI

● GRA

● Pelvic Pain, Urgency, Frequency
Symptom Scale

No difference compared to placebo

regarding ICSPI

Statistically important difference regarding
GRA compared to placebo

6 weeks ● Heterogeneous population

● Short follow-up

● No Hunner’s lesion-based
categorization

Wang
et al66

Fulranumab Active=34
(50.6 years)

Placebo=30

(46.2 years)

Subcutaneous ● O’Leary–Sant ICSPI
● GRA

● Pelvic Pain, Urgency, Frequency

Symptom Scale

A single dose of 9 mg of fulranumab failed
to show analgesic activity

12 weeks ● Heterogeneous population
● Discontinued

● No Hunner’s lesion-based

categorization
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Conclusion
With the exception of the encouraging results regarding the role anti-TNF-α human monoclonal antibodies for the
management of PBS/IC, based only on the results of a single study, the rest of the evidence regarding the efficacy of
monoclonal antibody therapy failed to report superiority compared to placebo treatment. In summary, the efficacy and
safety of monoclonal antibody therapy remain to be further researched in order for it to be included in the potentially
promising future treatment options for PBS/IC. Moreover, high-quality studies assessing the potential autoimmunity-
based pathophysiological mechanism of PBS/IC, as well as studies providing answers regarding the ideal PBS/IC patient
for receiving monoclonal antibody therapy, will certainly be needed.
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