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Abstract

IMPORTANCE Interstitial cystitis (IC) is a debilitating condition. Although viral infection is a potential
etiological cause, few studies have detected the effect of antiviral treatment.

OBJECTIVE To determine the efficacy and safety of intravesical interferon instillation compared
with hyaluronic acid in female patients with IC.

DESIGN, SETTING, AND PARTICIPANTS This double-masked, randomized phase 2/3 clinical trial
with parallel group design was implemented from October 2022 to April 2023 and had a 6-month
follow-up period. The study was conducted at a single center. Eligible participants were female
patients aged 18 to 70 years with a diagnosis of IC for more than 6 months. The last visit took place
in October 2023. Data were analyzed between October and November 2023.

INTERVENTION Patients were randomized 1:1 to receive either intravesical instillation of interferon
or hyaluronic acid.

MAIN OUTCOMES AND MEASURES The primary end point was change in visual analog scale pain
score. Secondary end points included changes in voiding frequency, functional bladder capacity,
symptom index, and global response assessment. Adverse events were closely monitored.

RESULTS Among the 52 patients, the mean (SD) age was 50.0 (14.1) years and they were
randomized to either the interferon group (26 [50%]) or hyaluronic acid (26 [50%]). The visual
analog pain score showed the interferon group decreased more significantly than hyaluronic acid
(-1.3; 95% Cl, -2.3 to -0.3; P = .02) at month 6, with 20 patients (77%) exhibiting a 30% or higher
reduction in pain compared with baseline. Secondary end points of voiding frequency, functional
bladder capacity, and nocturia episodes showed no significant difference between 2 therapies.
However, interferon showed a significantly higher reduction in the Interstitial Cystitis Symptom Index
(-3.0; 95% Cl, -5.3 to -0.7; P = .01) and the Problem Index (-2.5; 95% Cl, -4.5 to -0.4; P = .02) at
month 6, with 22 patients (85%) presenting as moderately or markedly improved. The frequencies of
adverse events were similar between 2 groups. Only 1 patient discontinued hyaluronic acid because
of poor effectiveness.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, female patients with IC could
benefit from intravesical interferon therapy, without serious adverse events. These results offered
hope for antiviral approaches in IC, but larger-scale, multicenter trials and long-term follow-up should
be considered.

(continued)
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Introduction

Interstitial cystitis (IC) is a chronic and debilitating condition that can significantly diminish a patient’s
quality of life, with increased urinary frequency, urgency, and pelvic discomfort or pain, particularly
during bladder filling, without any other identifiable pathological findings.! The prevalence of IC in
the general population varies from 2% to 17.3%, with rates typically higher in female patients.?
Despite extensive research, the precise pathogenesis and underlying mechanisms of IC remain
elusive, leading to challenges in diagnosis and treatment." In some cases, approximately 10% of
diagnosed patients resort to invasive surgical procedures, with a 23% risk of failure to improve
symptoms,* emphasizing the urgent need for a deeper understanding of the molecular mechanisms.

The possible pathogenesis includes postinfection autoimmune responses, mast cell activation,
urothelial dysfunction, neurogenic inflammation, and metabolic disorders.>® Increasing evidence
suggests that Hunner-type IC (HIC) and non-Hunner-type IC (NHIC) are distinct conditions with
varying etiologies and pathophysiological mechanism.” Urothelial denudation within IC bladders
results in reduced production of crucial cell surface protectants.®® While intravesical hyaluronic acid
(HA) instillation could help improve the defective bladder glycosaminoglycan layer, relapse often
occurs upon discontinuation, as most retrieved studies were nonrandomized and had scarce
numbers,®" and the long-term follow-up outcomes are limited.>'°

It raises the question of whether external factors continue to damage the urinary epithelium,
resulting in barrier disruption. Current research suggests that a virus may be the original pathogen
leading to the development of IC. Studies have detected a remarkably high positivity rate of BK
polyomavirus (BK virus) and JC virus in the urine of patients with IC using single-cell sequencing.'™
Meanwhile, it has been reported that intravesical cidofovir treatment was effective in decreasing
viral loads of JC virus and BK virus and reducing symptoms.™

Numerous studies have reported that interferon, which is involved in the antiviral response, can
negatively regulate JC virus and BK virus infection.'"® Studies have demonstrated that interferons
could effectively inhibit both early and late transcription as well as viral replication of JC virus.'®
Additionally, treatment with interferons could negatively regulate the expression of BK virus viral
protein, limit viral replication, and regulate the host immune system.' Therefore, interferon may be
a potential specific drug for the treatment of IC, with the potential mechanism may involve the
inhibition of BK virus and JC virus replication, and the modulation of immune response. We
performed a randomized clinical trial to evaluate the benefits of intravesical interferon therapy
compared with HA in the treatment of IC in female patients. We hypothesized that intravesical
interferon instillation would demonstrate a significant improvement in bladder pain, urinary
symptoms, and overall quality of life compared with HA.

Method

Study Design and Patient Selection

This randomized clinical trial was a double-masked, 1:1 controlled phase 2/3 trial with parallel group
design, which conducted in our center from October 2022 to April 2023. The procedures used in this
study were in accordance with the principles of the Declaration of Helsinki of the World Medical
Association on human experimentation. Local ethics committee approval was obtained from the
Ethics Committee on Biomedical Research at West China Hospital of Sichuan University. An
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independent data and safety monitoring board oversaw the study's progress and safety data. This
trial follows the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline. The
patients in this article gave written informed consent to the publication of their case details. The full
trial protocol is provided in Supplement 1.

Study participants were female patients aged 18 to 70 years who were diagnosed with IC in the
absence of infection or tumor according to the Canadian Urological Association and American
Urological Association Guidelines.®'® The inclusion criteria were (1) having symptoms for more than
6 months, (2) having an O’Leary-Sant Interstitial Cystitis Symptom Index (ICSI) and O'Leary-Sant
Interstitial Cystitis Problem Index (ICPI) score 18 or higher, (3) consenting to bladder perfusion
therapy, and (4) actively cooperating with the follow-up of researchers. Exclusion criteria included (1)
previous history of allergy to interferon or HA drugs; (2) having comorbid conditions, such as serious
heart, lung, liver, kidney or blood diseases, liver function abnormalities, kidney insufficiency; (3)
female patients who were pregnant or lactating; (4) having urinary tract infection within 2 months;
(5) a history of hepatitis B, hepatitis C, or human immunodeficiency disease; (6) a history of bladder
hydrodistension, transurethral resection of bladder, and sacral neuromodulation within 3 months;
and (7) treatment with oral medications or intravesical instillation within 3 months.

Randomization and Interventions

The predefined sequence was generated by a statistician who was uninvolved in study enroliment,
assessment, or data collection, using computer-generated numbers in a 1:1 ratio. A random
assignment number was allocated to each patient and provided to the investigator via telephone to
maintain blinding. The investigator responsible for preparing the study medication was not involved
in study enrollment, assessment, or data collection. The bladder instillations were indistinguishable,
with only the participant number differing on the syringe label. The investigators involved in
participant recruitment, treatment, and assessment remained unaware of the participant’s
randomization. Throughout the study, participants were kept unaware of their treatment
assignment. Bladder instillations were administered using a standardized technique by a physician
who was blinded to the treatment details. The interferon group received installation of 1 mL of 300
international units recombinant human interferon alpha-2b injection with 40 mL sterile saline. The
HA group received instillation of 40 mg per 50 mL of HA solution. The treatment plan was weekly
instillations over a 4-week period, followed by monthly interferon instillations for the subsequent 4
months. Patients were instructed to avoid urinating for at least 30 minutes after each instillation to
enhance its bladder retention.

Outcome Evaluation
Baseline demographics, clinical characteristics, and a voiding diary were collected. Follow-up visits
were conducted at 1 month, 3 months, and 6 months after the first instillation at the outpatient
department. The primary end point was the change in the visual analog scale (VAS) between the 2
groups at the 1-month, 3-month, and 6-month follow-up assessments compared with the baseline.
VAS is a pain intensity numerical rating scale from O indicating no pain to 10 indicating worst ever
pain, and a clinically important pain relief was a reduction in pain of approximately 30% from baseline.”
Secondary end points were changes in 3-day voiding diary that including 24-hour urinary frequency,
times of nocturia, and functional bladder capacity (the maximum voiding volume on a 3-day voiding
diary),"® ICSI and ICPI questionnaires (included 4 questions assessing the severity of urgency, frequency
of urination, nocturia, and level of pelvic pain),' and a symmetric 7-point global response assessment
(GRA) scale (included markedly worse, moderately worse, slightly worse, no change, slightly improved,
moderately improved and markedly improved) between the 2 groups at the 1-month, 3-month, and
6-month follow-up assessments compared with the baseline. Moderately improved or markedly im-
proved were defined as treatment responder, which is at least a 2-point improvement in GRA.2° Ad-
verse events were closely monitored from the time of first infusion through 1 month post last instilla-
tion. Urine analysis, blood chemistry, and blood routine were recorded at patient visits.
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Statistical Analysis

The prespecified statistical analysis plan is provided in study protocol. All analyses were performed
on the intention-to-treat (ITT) population, and all available participant data at each time point were
included in the analyses regardless of treatment adherence. Clinical data with continuous variables
are presented as the mean (SD) and categorical variables are presented as No. (%). The baseline
characteristics of the treatment groups were compared with the x test for discrete variables and the
Mann-Whitney test for continuous variables. Categorical variables were analyzed with 2 or Fisher
exact tests. The normality of the outcome variables was assessed using the Shapiro-Wilk normality
test. For variables that followed a normal distribution, 2-way repeated measures analysis of variance
was applied with change from baseline as the dependent variable. Treatment, time, and the
treatment x time interaction were independent variables. Otherwise, we used the Scheirer-Ray Hare
test as an alternative statistical analysis method. All analyses were performed by SPSS version 24.0
for Windows (IBM), and P < .05 was considered statistically significant. Data were analyzed between
October and November 2023.

In this study, we used a superiority trial design. We conducted the power and sample size
calculation using the PASS calculator.2"?2 The probability of the VAS score reduction in the interferon
group population was approximately 4.5, while the HA group was 2.9 to 3.6. As such, a minimum of
13 patients was required for each group to achieve 90% power at the 2.5% level to detect a 0.7
difference. Based on a 20% dropout rate, a final sample size of 17 participants for each group was
required. Additional information is listed in study protocol in Supplement 1.

Results

Patient Demographics

Among the 52 patients screened from a total of 67, 26 patients (50%) were assigned to the
intravesical interferon alpha-2b group and 26 patients (50%) were assigned to the HA group. There
were no statistically significant differences in baseline characteristics and assessment scores
between the groups (Table 1). The mean (SD) age of all patients was 50.0 (14.1) years, and the
duration of IC and PBS symptoms was 4.1 (2.5) years. A history of intravesical instillation was found in
both the interferon alpha-2b and HA groups (11 [42%] vs 15 [58%]), as well the history of oral
medication (21[81%] vs 20 [77%]) in the past (before 3 months). Hunner ulcers were present in both
the interferon alpha-2b and HA groups (10 [38%] vs 9 [35%]). In both the interferon alpha-2b and
HA groups, the mean (SD) baseline 24-hour voiding frequency (20.0 [5.5] vs 19.7 [4.5]), nocturia
episodes (4.1[2.2] vs 5.0 [3.11 mL), and functional bladder capacity (132.7 [60.3] vs 118.2 [46.2]) were
comparable. Additionally, in both the interferon alpha-2b and HA groups, the mean (SD) scores of
ICSI (13.9 [1.0] vs 14.9 [1.2]), ICPI (13.5 [1.0] vs 14.0 [1.3]). and VAS (7.8 [1.4] vs 8.2 [1.1]) were generally
similar (Table 1).

A total of 51 patients (98%) completed the 8-session of intravesical interferon alpha-2b and HA
instillation therapies. One patient discontinued the intravesical HA therapy because of poor
effectiveness but remained engaged in all follow-up assessments, and was excluded from the per
protocol analysis. Nobody withdrew from follow-up. The randomization and study populations are
presented in Figure 1.

Outcomes

The primary end point VAS score decreased significantly cvcompared with baseline in both the
interferon alpha-2b and HA groups, but did not show a statistically significant difference between 2
groups at month 1(-0.2; 95% Cl, -1.4 to 1.1; P = .76) and month 3 (-0.8; 95% Cl, -1.9to 0.3; P = .15).
However, by month 6, there was a statistically significant difference in the VAS score compared with
baseline between both the interferon alpha-2b and HA groups (-1.3; 95% Cl, -2.3t0 -0.3, P = .02). In
the first month, only 12 patients in the interferon alpha-2b group (46%) and 9 patients in the HA
group (35%) exhibited a 30% or more reduction in pain compared with baseline. However, as time
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progressed, the effectiveness increased to 20 patients in the interferon alpha-2b group (77%) and 12
patients in the HA group (46%) at month 6, with a significant difference (relative risk [RR], 1.7; 95%
Cl, 1.1t0 2.7; P = .045) (Table 2 and Figure 2). From the current results of VAS score, the effectiveness

Table 1. Baseline Characteristics in the Intention-to-Treat Population

Patients, No. (%)

Interferon alpha-2b Hyaluronic acid Total
Characteristics (n =26) (n =26) (n=52)
Age, y
<40 5(19) 7Q27) NA
>40 21(81) 19 (73) NA
Mean (SD) 50.7 (12.9) 49.2 (15.8) 50.0 (14.1)
BMI, mean (SD) 23.8(4.8) 22.2(1.2) 23.0(3.5)
Duration, mean (SD), y 4.0(2.7) 4.3(2.4) 4.1(2.5)
Menopause
Yes 19 (73) 17 (65) 36 (69)
No 7(27) 9(35) 16 (31)
History of oral medication
Yes 21(81) 20(77) 41(79)
No 5(19) 6(23) 11 (21)
Previous intravesical instillation
Yes 11 (42) 15 (58) 26 (50)
No 15 (58) 11 (42) 26 (50)
Hunner ulcers
Yes 10 (38) 9(35) 19 (37)
No 16 (62) 17 (65) 33(63)
No. of times voiding frequency in 24 hours,  20.0 (5.5) 19.7 (4.5) 19.9 (4.9)
mean (SD)
Functional bladder capacity, mean (SD), mL  132.7 (60.3) 118.2 (46.2) 125.5 (53.0)
No. of nocturia episodes, mean (SD) 4.1(2.2) 5.0(3.1) 4.6 (2.7) Abbreviations: BMI, body mass index, calculated as
ICSI score, mean (SD) 13.9(1.0) 14.9(1.2) 14.4(1.2) weight in kilograms divided by height in meters
ICPI score, mean (SD) 13.5 (1.0) 14.0 (1.3) 13.7 (1.2) squared; ICPI, interstitial cystitis problem index; ICSI,
VAS score, mean (SD) 7.8(1.4) 8.2 (1.1) 8.0(1.2) interstitial cystitis symptom index; NA, not available;

VAS, visual analog scale.

Figure 1. Randomization and Study Population
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of interferon therapy appeared to increase with prolonged duration; however, support for longer-
term follow-up results would be required.

There was no statistically significant difference in secondary end points compared with baseline
between the interferon alpha-2b and HA groups at month 6 in 24-hour voiding frequency, functional
bladder capacity, and nocturia episodes. However, there was a statistically significant difference in
ICSI compared with baseline between the interferon alpha-2b and HA groups, with -1.6 (95% Cl, -3.0
to-0.3; P =.02) at month 1,-2.2 (95% Cl, -4.2 to -0.2; P = .04) at month 3, and -3.0 (95% Cl, -5.3
to -0.7; P = .01) at month 6. Meanwhile, there was a statistically significant difference in ICPI
compared with baseline between the 2 groups at month 6, with a difference of -2.5 (95% Cl, -4.5 to
-0.4; P = .021). In the first month, only 8 patients in the interferon alpha-2b group (31%) and 6
patients in HA group (23%) rated GRA as moderately improved or markedly improved (RR, 1.3; 95%
Cl, 0.5t0 3.3; P = .76). However, as time progressed, the number of patients experiencing
improvement increased to 13 (50%) in the interferon alpha-2b and 12 (46%) in the HA group at
month 3 (RR, 1.1; 95% Cl, 0.6 to 1.9; P > .99), and it showed a significant difference at month 6, with
22 (85%) in the interferon alpha-2b and 14 (54%) in the HA group showed at least a 2-point

Table 2. Changes in Efficacy Variables From Baseline to 1-Month, 3-Month, and 6-Month Follow-Up
in the Interferon Group Compared With the Hyaluronic Acid Group

Patient, mean (SE)

Interferon alpha-2b Hyaluronic acid
Outcomes (n =26) (n =26) Difference (95% Cl) Pvalue
24-hour Voiding frequency
1 mo -2.0(0.4) -2.2(0.4) 0.5 (-4.1t05.0) .84
3 mo -3.7(0.6) -3.1(0.6) -0.4(-5.2t04.5) .88
6 mo -6.5(0.7) -4.4(0.7) -1.8(-6.5t02.9) 44
Functional bladder capacity, mL
1mo 43.6 (19.9) 26.4(19.9) 31.8(-51.7to 115.3) 44
3 mo 66.4 (20.8) 33.6(20.8) 47.3(-33.9t0128.4) 24
6 mo 81.0(23.5) 40.9 (23.5) 54.5(-26.8t0135.9) .18
Nocturia episodes
1 mo -0.9(0.3) -0.4(0.3) -1.5(-3.8t00.7) 17
3 mo -1.4(0.4) -1.2(0.4) -1.2(-3.5t01.1) .30
6 mo -1.8(0.4) -1.4(0.4) -1.5(-3.7t00.8) .20
ICSl score
1 mo -2.3(0.3) -1.6(0.3) -1.6(-3.0t0 -0.3) .02
3 mo -3.9(0.5) -2.7(0.5) -2.2(-4.2t0-0.2) .04
6 mo -5.5(0.6) -3.5(0.6) -3.0(-5.3t0-0.7) .01
ICPI score
1 mo -2.0(0.3) -1.1(0.3) -1.5(-2.4t00.8) .15
3 mo -3.5(0.5) -2.9(0.5) -1.1(-2.8t00.6) 20
6 mo -5.5(0.6) -3.5(0.6) -2.5(-4.5t0-0.4) .02
VAS score
1 mo -1.5(0.4) -1.7 (0.4) -0.2(-1.4t01.1) .76
3 mo -2.5(0.4) -2.1(0.4) -0.8(-1.9t00.3) .15
6 mo -4.5(0.5) -3.6(0.5) -1.3(-2.3t0-0.3) .02
230% VAS reduction from baseline, No. (%)
1 mo 12 (46) 9(35) 1.3 (0.7 to 2.6)* .57
3 mo 16 (61) 11 (42) 1.5 (0.8 t0 2.5)° 27
6 mo 20 (77) 12 (46) 1.7 (1.1t02.7) .05
GRA responders, No. (%)
o 3(31) 6(23) 13(0.5t03.3)° 76 Abbreviations: GRA, global response assessment; ICPI,
e 13 (50) 12 46) 11(0.6t01.9)° 5 inters'titial cystitis.problem indfax; ICSI, interstitial
cystitis symptom index; VAS, visual analog scale.
6 mo 22 (85) 14 (54) 1.6 (1.1t02.3)° .03 > Relative risk (95% Cl).
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improvement in GRA (RR, 1.6; 95% Cl, 1.1t0 2.3; P = .03). (Table 2, Figure 3, and eFigure in
Supplement 2).

Safety
The study therapy was well tolerated with no serious adverse events. Adverse event rates were
similar between groups (eTable in Supplement 2). The most common adverse event reported was

Figure 2. Change From Baseline in Primary Outcome Measures Comparing Interferon With Hyaluronic Acid at Each Visit
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Figure 3. Change From Baseline in Secondary Outcome Measures Comparing Interferon With Hyaluronic Acid
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bladder irritation, which occurred in 4 patients in the interferon group (15%) and 2 patients in the HA
group (8%) (RR, 2.0; 95% Cl, 0.4 t0 10.0; P = .67). Bladder irritation occurred immediately after
interferon infusion, and typically self-resolved within 1 week without the need for medication. The
second most common complication was a microbiologically documented urinary infection, which
occurred in 3 patients in the interferon group (12%) and 2 patients in the HA group (8%) (RR, 1.5;
95% Cl, 0.3 to 8.2; P >.99). All urinary infections were resolved with appropriate antibiotics.

Discussion

In this randomized clinical trial, the intravesical instillation of interferon in patients with ICimproved
patient-reported outcomes (eg, bladder pain, ICSI, and ICPI scores) and objective outcomes (eg, GRA
scores) compared with HA. The treatment was also well tolerated.

Intravesical HA instillation is considered as a third-line treatment option for IC.'® HA does not
appear to be integrated into cell membrane proteoglycans but binds to a number of receptors
expressed by urothelial cells. Although previous results demonstrated a wide range of symptomatic
improvement rates, from 30% to 87% after intravesical instillations of HA,® there are still
uncertainties regarding the long-term effectiveness of HA therapy. Most retrieved studies are
nonrandomized and had scarce numbers.>'°

The rationale for exploring intravesical interferon therapy lies in the growing body of evidence
suggesting a viral etiology or viral involvement in IC, particularly the potential role of BK virus and JC
virus. A previous study' has reported that intravesical cidofovir treatment was effective in
decreasing viral loads of JC virus and BK virus, with no observed adverse effects. Another recent
study?* evaluated the efficacy and safety of certolizumab pegol compared with placebo in female
patients with refractory IC, and the results suggested that certolizumab pegol was effective in female
patients with moderate to severe refractory IC. In a recent unpublished clinical trial, oral valacyclovir
treatment was given to 4 HIC and 24 NHIC patients with EBV infections coexisting in urine sample.
This regimen significantly improved VAS scores, and EBV became undetectable in urine samples
postvalacyclovir treatment. Based on the results of these pilot studies, it appears that antiviral drug
treatment holds promise as a therapeutic option for patients with IC. Our study addresses the
efficacy and safety of intravesical interferon instillation therapy in patients with IC. Classifying
patients with IC into BK virus positive or BK virus negative groups may prove useful for future
research about markers of disease prognosis and the subtypes of IC.

Phenotyping based on specific patient characteristics, including subtype and potential viral
involvement, can guide treatment decisions. HIC and NHIC subtypes were differentiated by
cystoscopy according to the Japanese Guideline,?® and researchers reported they are clinically and
pathologically distinct.?62” Thus, conducting a comparative study between the HIC and NHIC
subtypes to assess therapy efficacy would be a valuable direction for future research, potentially
leading to more personalized and effective therapeutic strategies for patients with IC.

In recent studies, bladder instillations using dimethyl sulfoxide were reported with increased
bladder discomfort (8.2%), irritation (10.2%), and pain (30.6%), leading to participants withdrawing
from the treatment.?® Interestingly, in our study, 4 patients treated with intravesical interferon
experienced bladder irritation, but none of them withdrew due to the discomfort during and after the
instillations. Bladder irritation typically self-resolved within 1 week without the need for medication.
These data showed that majority of patients could be able to tolerate interferon instillations. In fact,
our results showed intravesical interferon therapy was more effective in decreasing VAS scores than
HA. While there were statistically significant differences in VAS and ICSI scores at specific time points,
assessing their clinical relevance was equally crucial. First, the observed improvement in symptoms
suggested a substantial alleviation in pain, frequency, and other symptomatic aspects, thereby
enhancing patients’ overall quality of life. Second, the introduction of interferon provided a novel
therapeutic option particularly for those previously unresponsive to or intolerant of conventional
treatments. Moreover, this study represented the first randomized clinical trial to demonstrate the
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efficacy of antiviral therapy, particularly against the BK virus and JC virus. Compared with previous
treatments, this new strategy offered patients a cost-effective option without serious adverse
events. Importantly, this study introduced a novel therapeutic mechanism for patients with IC and
presented an effective and potentially cost-effective treatment approach.

Limitations

This study has limitations, including the sample size and follow-up time. Future work should include
larger-scale randomized clinical trials with long-term follow-up and the absence of subgroup analyses
based on factors such as patient age and severity of symptoms. Additionally, the study’s sample size
calculation was based on detecting a difference in the primary outcome. In the future, long-term
follow-up and well-designed large-scale randomized clinical trials are needed to assess the lasting
effectiveness and safety of the procedure. Additionally, further research may explore the most
effective dose and treatment duration of interferon to treat IC.

Conclusions

This study supports the hypothesis that intravesical interferon may be a potential effective treatment
option for patients with IC. This research underscores the potential benefits of antiviral approaches
in IC management, which may improve patient care and quality of life. Further prospective
multicenter evaluation is necessary to validate these findings.

ARTICLE INFORMATION
Accepted for Publication: February 6, 2024.

Published: April 8, 2024. doi:10.1001/jamanetworkopen.2024.4880

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Shen SH
et al. JAMA Network Open.

Correction: This article was corrected on April 30, 2024, to fix numerical errors in the Results section and Tables.

Corresponding Author: De-yi Luo, MD, PhD, Institute of Urology, Department of Urology, West China Hospital,
Sichuan University, No. 37 Guo Xue Xiang, Chengdu 610041, Sichuan, China (luodeyi1985@163.com).

Author Affiliations: Institute of Urology, Department of Urology, West China Hospital, Sichuan University,
Chengdu, Sichuan, China (S.-h. Shen, Peng, Zeng, Zhang, H. Shen, Luo); Pelvic Floor Diseases Center, West China
Tianfu Hospital, Sichuan University, Chengdu, Sichuan, China (S.-h. Shen, Peng, Zeng, Zhang, H. Shen, Luo).

Author Contributions: Dr Luo and Ms S. Shen had full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. Ms S. Shen and Dr Peng contributed equally to
this work.

Concept and design: S.-h. Shen, Peng, H. Shen, Luo.

Acquisition, analysis, or interpretation of data: S.-h. Shen, Peng, Zeng, Zhang, Luo.

Drafting of the manuscript: S.-h. Shen, Peng, Luo.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: S.-h. Shen, Peng.

Obtained funding: H. Shen, Luo.

Administrative, technical, or material support: Zeng, Zhang.

Supervision: H. Shen, Luo.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was funded by grant 82270720 from the National Natural Science Fund of China.

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 3.

[5 JAMA Network Open. 2024,7(4):e244880. doi:10.1001/jamanetworkopen.2024.4880 April 8,2024 9m

Downloaded from jamanetwork.com by guest on 11/22/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.4880&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4880
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4880
mailto:luodeyi1985@163.com
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.4880&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.4880

JAMA Network Open | Urology Intravesical Interferon Therapy for Pain Among Female Individuals With Interstitial Cystitis

Additional Contributions: We thank Zi-yuan Xia (MM, Biotechnology Research Center, College of Architecture
and Environment, Sichuan University) for her help with English editing and data analysis. No compensation was
made. Written permission to include the name was obtained.

REFERENCES

1. van de Merwe JP, Nordling J, Bouchelouche P, et al. Diagnostic criteria, classification, and nomenclature for
painful bladder syndrome/interstitial cystitis: an ESSIC proposal. Eur Urol. 2008;53(1):60-67. doi:10.1016/j.eururo.
2007.09.019

2. Davis NF, Brady CM, Creagh T. Interstitial cystitis/painful bladder syndrome: epidemiology, pathophysiology and
evidence-based treatment options. Eur J Obstet Gynecol Reprod Biol. 2014;175:30-37. doi:10.1016/j.ejogrb.2013.
12.041

3. Andersen AV, Granlund P, Schultz A, Talseth T, Hedlund H, Frich L. Long-term experience with surgical
treatment of selected patients with bladder pain syndrome/interstitial cystitis. Scand J Urol Nephrol. 2012;46(4):
284-289. doi:10.3109/00365599.2012.669789

4. Osman NI, Bratt DG, Downey AP, Esperto F, Inman RD, Chapple CR. A systematic review of surgical
interventions for the treatment of bladder pain syndrome/interstitial cystitis. Eur Urol Focus. 2021;7(4):877-885.
doi:10.1016/j.euf.2020.02.014

5. Jhang JF, Jiang YH, Kuo HC. Current understanding of the pathophysiology and novel treatments of interstitial
cystitis/bladder pain syndrome. Biomedicines. 2022;10(10):2380. doi:10.3390/biomedicines10102380

6. Jhang JF, Jiang YH, Hsu YH, et al. Improved urothelial cell proliferation, cytoskeleton and barrier function
protein expression in the patients with interstitial cystitis/bladder pain syndrome after intravesical platelet-rich
plasma injection. Int Neurourol J. 2022;26(suppl 1):557-S67. doi:10.5213/inj.2142100.050

7. Neuhaus J, Berndt-Paetz M, Gonsior A. Biomarkers in the light of the etiopathology of IC/BPS. Diagnostics
(Basel). 2021;11(12):2231. doi:10.3390/diagnostics11122231

8. Lee YK, Jhang JF, Jiang YH, Hsu YH, Ho HC, Kuo HC. Difference in electron microscopic findings among
interstitial cystitis/bladder pain syndrome with distinct clinical and cystoscopic characteristics. Sci Rep. 2021;11
(1):17258. d0i:10.1038/541598-021-96810-w

9. Cox A, Golda N, Nadeau G, et al. CUA guideline: Diagnosis and treatment of interstitial cystitis/bladder pain
syndrome. Can Urol Assoc J. 2016;10(5-6):E136-E155. doi:10.5489/cuaj.3786

10. Hanno PM, Erickson D, Moldwin R, Faraday MM; American Urological Association. Diagnosis and treatment of
interstitial cystitis/bladder pain syndrome: AUA guideline amendment. J Urol. 2015;193(5):1545-1553. doi:10.
1016/j.juro.2015.01.086

11. Wyndaele JJJ, RiedI C, Taneja R, Lovész S, Ueda T, Cervigni M. GAG replenishment therapy for bladder pain
syndrome/interstitial cystitis. Neurourol Urodyn. 2019;38(2):535-544. doi:10.1002/nau.23900

12. PengL, Jin X, Li BY, et al. Integrating single-cell RNA sequencing with spatial transcriptomics reveals immune
landscape for interstitial cystitis. Signal Transduct Target Ther. 2022;7(1):161. doi:10.1038/s41392-022-00962-8

13. Eisen DP, Fraser IR, Sung LM, Finlay M, Bowden S, O'Connell H. Decreased viral load and symptoms of
polyomavirus-associated chronic interstitial cystitis after intravesical cidofovir treatment. Clin Infect Dis. 2009;48
(9):e86-e88. doi:10.1086/597827

14. Robles MTS, Cantalupo PG, Duray AM, et al. Analysis of viruses present in urine from patients with interstitial
cystitis. Virus Genes. 2020;56(4):430-438. doi:10.1007/511262-020-01767-z

15. Fiore T, Martin E, Descamps V, et al. Indoleamine 2,3-Dioxygenase is involved in interferon gamma's anti-
BKPyV activity in renal cells. Viruses. 2020;12(8):865. doi:10.3390/v12080865

16. May D, Bellizzi A, Kassa W, Cipriaso JM, Caocci M, Wollebo HS. IFNa and 8 mediated JCPyV suppression
through C/EBPB-LIP isoform. Viruses. 2021;13(10):1937. doi:10.3390/v13101937

17. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole MR. Clinical importance of changes in chronic pain
intensity measured on an 11-point numerical pain rating scale. Pain. 2001;94(2):149-158. doi:10.1016/S0304-3959
(01)00349-9

18. Liang CC, Chang SD, Lin SJ, Lin YJ. Lower urinary tract symptoms in primiparous women before and during
pregnancy. Arch Gynecol Obstet. 2012;285(5):1205-1210. doi:10.1007/s00404-011-2124-2

19. Propert KJ, Mayer RD, Wang Y, et al; Interstitial Cystitis Clinical Trials Group. Responsiveness of symptom scales
for interstitial cystitis. Urology. 2006;67(1):55-59. doi:10.1016/j.urology.2005.07.014

20. Sant GR, Propert KJ, Hanno PM, et al; Interstitial Cystitis Clinical Trials Group. A pilot clinical trial of oral
pentosan polysulfate and oral hydroxyzine in patients with interstitial cystitis. J Urol. 2003;170(3):810-815. doi:10.
1097/01.ju.0000083020.06212.3d

[5 JAMA Network Open. 2024,7(4):e244880. doi:10.1001/jamanetworkopen.2024.4880 April 8,2024 10/1

Downloaded from jamanetwork.com by guest on 11/22/2024


https://dx.doi.org/10.1016/j.eururo.2007.09.019
https://dx.doi.org/10.1016/j.eururo.2007.09.019
https://dx.doi.org/10.1016/j.ejogrb.2013.12.041
https://dx.doi.org/10.1016/j.ejogrb.2013.12.041
https://dx.doi.org/10.3109/00365599.2012.669789
https://dx.doi.org/10.1016/j.euf.2020.02.014
https://dx.doi.org/10.3390/biomedicines10102380
https://dx.doi.org/10.5213/inj.2142100.050
https://dx.doi.org/10.3390/diagnostics11122231
https://dx.doi.org/10.1038/s41598-021-96810-w
https://dx.doi.org/10.5489/cuaj.3786
https://dx.doi.org/10.1016/j.juro.2015.01.086
https://dx.doi.org/10.1016/j.juro.2015.01.086
https://dx.doi.org/10.1002/nau.23900
https://dx.doi.org/10.1038/s41392-022-00962-8
https://dx.doi.org/10.1086/597827
https://dx.doi.org/10.1007/s11262-020-01767-z
https://dx.doi.org/10.3390/v12080865
https://dx.doi.org/10.3390/v13101937
https://dx.doi.org/10.1016/S0304-3959(01)00349-9
https://dx.doi.org/10.1016/S0304-3959(01)00349-9
https://dx.doi.org/10.1007/s00404-011-2124-2
https://dx.doi.org/10.1016/j.urology.2005.07.014
https://dx.doi.org/10.1097/01.ju.0000083020.06212.3d
https://dx.doi.org/10.1097/01.ju.0000083020.06212.3d

JAMA Network Open | Urology Intravesical Interferon Therapy for Pain Among Female Individuals With Interstitial Cystitis

21. PASS 2021 power analysis and sample size software. Accessed February 28, 2024. https://www.ncss.com/
software/pass/

22. Ouyang, LiF, Preisser JS, Taljaard M. Sample size calculators for planning stepped-wedge cluster randomized
trials: a review and comparison. Int J Epidemiol. 2022;51(6):2000-2013. doi:10.1093/ije/dyac123

23. Pyo JS, Cho WJ. Systematic review and meta-analysis of intravesical hyaluronic acid and hyaluronic acid/
chondroitin sulfate instillation for interstitial cystitis/painful bladder syndrome. Cell Physiol Biochem. 2016;39(4):
1618-1625. doi:10.1159/000447863

24. Bosch PCA. A randomized, double-blind, placebo-controlled trial of certolizumab pegol in women with
refractory interstitial cystitis/bladder pain syndrome. Eur Urol. 2018;74(5):623-630. doi:10.1016/j.eururo.2018.
07.026

25. HommaY, Ueda T, Ito T, Takei M, Tomoe H. Japanese guideline for diagnosis and treatment of interstitial
cystitis. Int J Urol. 2009;16(1):4-16. doi:10.1111/j.1442-2042.2008.02208.x

26. Akiyama Y, Hanno P. Phenotyping of interstitial cystitis/bladder pain syndrome. Int J Urol. 2019;26(suppl
1):17-19. doi:10.1111/iju.13969

27. Whitmore KE, Fall M, Sengiku A, Tomoe H, Logadottir Y, Kim YH. Hunner lesion versus non-Hunner lesion
interstitial cystitis/bladder pain syndrome. Int J Urol. 2019;26(suppl 1):26-34. doi:10.1111/iju.13971

28. Yoshimura N, Homma Y, Tomoe H, et al. Efficacy and safety of intravesical instillation of KRP-116D (50%
dimethyl sulfoxide solution) for interstitial cystitis/bladder pain syndrome in Japanese patients: a multicenter,
randomized, double-blind, placebo-controlled, clinical study. Int J Urol. 2021;28(5):545-553. doi:10.1111/iju.14505

SUPPLEMENT 1.
Trial Protocol

SUPPLEMENT 2.
eTable. Adverse Events Between Treatment Groups
eFigure. Change From Baseline in Secondary Outcome Measures Comparing Interferon With Hyaluronic Acid

SUPPLEMENT 3.
Data Sharing Statement

[5 JAMA Network Open. 2024,7(4):e244880. doi:10.1001/jamanetworkopen.2024.4880 April 8,2024 nm

Downloaded from jamanetwork.com by guest on 11/22/2024


https://www.ncss.com/software/pass/
https://www.ncss.com/software/pass/
https://dx.doi.org/10.1093/ije/dyac123
https://dx.doi.org/10.1159/000447863
https://dx.doi.org/10.1016/j.eururo.2018.07.026
https://dx.doi.org/10.1016/j.eururo.2018.07.026
https://dx.doi.org/10.1111/j.1442-2042.2008.02208.x
https://dx.doi.org/10.1111/iju.13969
https://dx.doi.org/10.1111/iju.13971
https://dx.doi.org/10.1111/iju.14505

