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1. INTRODUCTION: Narrative that briefly (one paragraph) describes the subject, purpose and scope of the
research.

Using blood samples and catheterized samples of urine from both healthy controls and IC/BPS patients, we
studied the relationship of changes in the fungal and bacterial communities (urotypes) in the bladder to
dysbiosis. We have developed symptom-based classifications of bladder and pelvic pain that correspond to
significant associations with characteristic microbial communities to aid diagnosis and treatment. In addition,
we examined changes in protein expression patterns in subjects’ blood that may serve as biomarkers of
disease. This work identifies promising pathways for further research into the mechanisms underlying
IC/BPS.

2. KEYWORDS: Provide a brief list of keywords (limit to 20 words).

Interstitial Cystitis, Pelvic Pain, Microbiome, Mycobiome, Genomics, Proteomics, Biomarkers

3. ACCOMPLISHMENTS: The PI is reminded that the recipient organization is required to obtain prior
written approval from the awarding agency grants official whenever there are significant changes in the project
or its direction.

What were the major goals of the project?

List the major goals of the project as stated in the approved SOW. If the application listed milestones/target
dates for important activities or phases of the project, identify these dates and show actual completion dates or
the percentage of completion.

The overall hypothesis of the original project was that uncultivated commensal microbial communities and
their interactions with the host are associated with the development of IC/BPS and that the resultant
inflammatory host responses, assessed in the urine and blood, create a diagnostic signature specific to
IC/BPS. We additionally proposed that the perturbations in microbial communities associated with IC/BPS
would only become evident by careful, objective clinical phenotyping. The original Aims of our PRMRP
Discovery Award used two complementary approaches to test this hypothesis: (1) state-of-the-art next-
generation sequencing (NGS) resources in microbial community profiling to define fungal and bacterial
microbiota of IC/BPS patients in comparison to normal subjects, and (2) proteomic analysis of urine and
blood from IC/BPS subjects to identify a specific signature correlating with disease phenotype and severity.

What was accomplished under these goals?

For this reporting period describe: 1) major activities; 2) specific objectives; 3) significant results or key
outcomes, including major findings, developments, or conclusions (both positive and negative); and/or 4) other
achievements. Include a discussion of stated goals not met. Description shall include pertinent data and graphs
in sufficient detail to explain any significant results achieved. A succinct description of the methodology used
shall be provided. As the project progresses to completion, the emphasis in reporting in this section should shift
from reporting activities to reporting accomplishments.

Using a novel approach to pelvic and bladder pain assessment based on objective, symptomatic measures,
we have identified clinically relevant microbial biomarkers that 1) correlate with IC/BPS, 2) distinguish
bladder pain from alternate patterns of pelvic pain refractory to interstitial cystitis treatments (Appendix
Figure 1) and 3) associate with specific inflammatory profiles. We have defined distinctive microbial
profiles that define microbial communities associated with specific subtypes of bladder and pelvic pain;
unique urotypes are associated with each pain subtype (Appendix Figure 2). This work identifies particular
species, Lactobacillus iners and Escherichia coli, that are significantly associated with distinctive
patient/symptomatic groups and types of pain (Appendix Figure 3). Our proteomic analysis of urine and
serum markers in cases and controls found clear differences in the patterns of inflammatory markers




associated with individual bacterial species. E.coli exhibited large elevations in urinary pro-inflammatory
cytokines classically found in bacterial infections. In contrast, Lactobacillus iners had minimal urinary
inflammation, instead exhibiting elevations in specific plasma cytokines. The distinctive inflammatory
profiles for each urotype suggest unique patho-physiologies for the pain manifesting in each patient
subgroup. We developed and validated a rapid and inexpensive gPCR method using these bacterial
associations that can be developed to aid physicians in diagnosis and treatment of IC/BPS.

What opportunities for training and professional development has the project provided?
If the project was not intended to provide training and professional development opportunities or there is
nothing significant to report during this reporting period, state ““Nothing to Report.”

Describe opportunities for training and professional development provided to anyone who worked on the
project or anyone who was involved in the activities supported by the project. “Training” activities are those
in which individuals with advanced professional skills and experience assist others in attaining greater
proficiency. Training activities may include, for example, courses or one-on-one work with a mentor.
“Professional development” activities result in increased knowledge or skill in one’s area of expertise and may
include workshops, conferences, seminars, study groups, and individual study. Include participation in
conferences, workshops, and seminars not listed under major activities.

The Principal Investigator continues to participate in regular, professional conferences of the American
Urology Association (AUA) and the Society of Urodynamics, Female Pelvic Medicine and Urogenital
Reconstruction (SUFU). In addition, she has attended the meetings of the Western Section of the AUA. She
completed an intensive course in Biostatistical Analysis of Microbial Populations at the Marine Biology
Laboratory (Woods Hole, MA) in the summer of 2018. The P1 is developing knowledge of statistical
analyses and has gained proficiency with analytical software for microbial analysis, such as the R Studio
integrated development environment and QIIME. The PI has also completed the Introduction to Data Science
course at UCLA extension and is using her knowledge of several programming language, such as PYTHON,
shell scripting, and SQL in data analysis for this study. The P1 has also continued to develop these skills
independently through the online learning platform, DataCamp, to expand familiarity and flexibility with
these programming languages for health science statistical applications. The PI has continued to meet
regularly with the mentors, Drs. Freeman and Anger, one-on-one on a regular bi-weekly schedule throughout
the award period, to discuss project progress, future directions, study design, career support and progression
and laboratory management. The Pl also regularly participates in weekly immunology and urology
conferences and seminars, including the research-in-progress series, journal clubs, microbiome club, urology
grand rounds, Female Pelvic Medicine and Reconstructive Surgery rounds and didactics, and women’s health
center seminars.

How were the results disseminated to communities of interest?
If there is nothing significant to report during this reporting period, state ““Nothing to Report.”

Describe how the results were disseminated to communities of interest. Include any outreach activities that
were undertaken to reach members of communities who are not usually aware of these project activities, for the
purpose of enhancing public understanding and increasing interest in learning and careers in science,
technology, and the humanities.

Components of this work have been presented at the Annual Meetings of the American Urological
Association (AUA), Society of Urodynamics, Female Pelvic Medicine and Reconstructive Surgery (SUFU),
Association of Clinical and Translational Science (ACTS), Mediterranean Incontinence and Pelvic Floor
Society (MIPS), Urobiome Annual Meeting, and AUA Western Section as well as in invited lectures at
Duke University, University of California-Los Angeles, Beth Israel Deaconess Medical Center, Yale
University, Virginia Commonwealth University, University of California-San Diego, and Cedars-Sinai
Medical Center.




What do you plan to do during the next reporting period to accomplish the goals?
If this is the final report, state “Nothing to Report.”

Describe briefly what you plan to do during the next reporting period to accomplish the goals and objectives.

Nothing to Report.

IMPACT: Describe distinctive contributions, major accomplishments, innovations, successes, or any change in
practice or behavior that has come about as a result of the project relative to:

What was the impact on the development of the principal discipline(s) of the project?
If there is nothing significant to report during this reporting period, state ““Nothing to Report.”

Describe how findings, results, techniques that were developed or extended, or other products from the project
made an impact or are likely to make an impact on the base of knowledge, theory, and research in the principal
disciplinary field(s) of the project. Summarize using language that an intelligent lay audience can understand
(Scientific American style).

We have developed testing for a useful, non-invasive biomarker that could revolutionize diagnosis and
management of patients with pelvic pain, which can be an elusive and debilitating condition. The process
potentially provides a rapid, inexpensive and, most importantly, definitive indicator that appears to correlate
with disease, which will require further validation in a multi-institutional clinical population. As
preliminary data indicates that the phenotypes identified by biomarker classification can also predict
treatment responses, future studies will explore the utility of this biomarker in determining the optimal
individual treatments for each patient population. The novel approach to pelvic and bladder pain assessment
based on objective, symptomatic measures in combination with microbial biomarkers has the capability to
separate patients into distinct sub-groups that will assist both physicians and researchers and has the
potential to reduce the confounders often limiting research into IC/BPS.

What was the impact on other disciplines?
If there is nothing significant to report during this reporting period, state ““Nothing to Report.”

Describe how the findings, results, or techniques that were developed or improved, or other products from the
project made an impact or are likely to make an impact on other disciplines.

The development of this technique dispels significant confusion in the diagnosis of patients with pelvic
pain symptoms which will strongly impact a wide range of specialists and general practitioners. Patients
with pelvic pain often seek multiple consultations from a wide range of specialists including urology,
neurology, gynecology, and gastroenterology, because the nature of the pain is vague and frequently
misattributed to a variety of pelvic origins. This work develops a test to identify subsets within the pelvic
pain population that can more easily be directed to the appropriate specialist for care. For one group of
these patients with significant gynecological symptoms, we can now direct patients into a more effective
pathway for treatment, while patients with bladder-centric pain will be able to find appropriate care within
urologic offices offering bladder-directed therapies.

What was the impact on technology transfer?
If there is nothing significant to report during this reporting period, state ““Nothing to Report.”

Describe ways in which the project made an impact, or is likely to make an impact, on commercial technology
or public use, including:
o transfer of results to entities in government or industry;
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. instances where the research has led to the initiation of a start-up company; or
. adoption of new practices.

This research opens a path to a simple, point-of-care assay to guide the treatment of pelvic pain. We hope
that future research will help to develop this moving forward to allow for clinical use and the
incorporation of this assay into clinical evaluation of pelvic pain to better guide treatment decisions.

What was the impact on society beyond science and technology?
If there is nothing significant to report during this reporting period, state ““Nothing to Report.”

Describe how results from the project made an impact, or are likely to make an impact, beyond the bounds of
science, engineering, and the academic world on areas such as:

. improving public knowledge, attitudes, skills, and abilities;

o changing behavior, practices, decision making, policies (including regulatory policies), or social
actions; or

. improving social, economic, civic, or environmental conditions.

The identification of a biologic foundation for a condition that has been considered a diagnosis of
exclusion that many MD’s consider a functional or even psychiatric, not physiologic, disease provides
validation to a distressed population which has been historically marginalized.

Having a better understanding of the physiology behind this condition will help both prevention and care
by non-specialty physicians, providing them with a tool to direct treatment, and will help researchers
narrow study parameters to more homogeneous populations, facilitating a better understanding of the
underlying etiologies of pelvic pain that could lead to new treatments or even prevent its development in
the first place.

CHANGES/PROBLEMS: The PD/PI is reminded that the recipient organization is required to obtain prior
written approval from the awarding agency grants official whenever there are significant changes in the project
or its direction. If not previously reported in writing, provide the following additional information or state,
“Nothing to Report,” if applicable:

Changes in approach and reasons for change
Describe any changes in approach during the reporting period and reasons for these changes. Remember that
significant changes in objectives and scope require prior approval of the agency.

We have noted previously issues connected to the reliability of species level identification by next-
generation sequencing (NGS). We therefore decided to confirm the accuracy of NGS data by external
deep sequencing of an independent ribosomal locus. It was also necessary to overcome the potential
variations resulting from any particular analytic pipeline variations to NGS. Dr. Ackerman’s additional
training in microbial bioinformatics and data science obtained with the assistance of this grant allowed
her to understand these limitations and develop a more sophisticated and reliable microbial analysis. For
example, we have replaced the use of Operational Taxonomic Units (OTUs) with Amplicon Sequence
Variants (ASVs) to resolve variations in sequences that have allowed more reliable and specific
microbial assignments. We also developed quantitative PCR approaches to identify and confirm species
that could not be well defined by NGS analysis. This method was used alongside the next-generation
sequencing (NGS) analysis originally proposed. In the last six months, we have confirmed the reliability
of these techniques to duplicate/confirm the NGS findings and provide a greater specificity confirming
the species-level identities of critical microbes altered in pelvic pain.




We had not originally anticipated the divergent microbiota between pre- and post-menopausal women,
which has necessitated their analysis as separate populations. We have responded by focusing on the
recruitment of pre-menopausal women, who are more homogeneous and have fewer confounding health
conditions. We hope that future studies will be able to examine the applicability of this study’s findings to
other populations, such as post-menopausal women and men. Determination of the appropriate power to
determine differences in this more narrow population indicated that 160 subjects would adequately power
this study to identify changes of approximately 20% abundance between cases and controls. Therefore, we
revised our recruitment goal to 200.

Our strict exclusion criteria excluding antibiotic usage prior to study enrollment, while necessary,
initially disqualified a substantial proportion of eligible patients. We have engaged in a health system-
wide didactic program for referring providers to encourage more selective use of antibiotics in patients
with chronic pelvic symptoms. In addition, with the addition of two new specialty providers to our
practice, we have further increased our patient volume, which has allowed us to establish a specialized
pelvic pain clinic streamlined for the standardized care and research recruitment of IC/BPS patients. As
a result, patient recruitment has increased substantially. We recruited 200 patients for our original study;
since completing that analysis, we have recruited 65 additional patients, which is a dramatic
improvement in recruitment rate.

Changes that had a significant impact on expenditures

Describe changes during the reporting period that may have had a significant impact on expenditures, for
example, delays in hiring staff or favorable developments that enable meeting objectives at less cost than
anticipated.

Nothing to Report

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents
Describe significant deviations, unexpected outcomes, or changes in approved protocols for the use or care of
human subjects, vertebrate animals, biohazards, and/or select agents during the reporting period. If required,
were these changes approved by the applicable institution committee (or equivalent) and reported to the
agency? Also specify the applicable Institutional Review Board/Institutional Animal Care and Use Committee
approval dates.

Significant changes in use or care of human subjects

Nothing to Report

Significant changes in use or care of vertebrate animals

Not Applicable

Significant changes in use of biohazards and/or select agents

Nothing to Report

6. PRODUCTS: List any products resulting from the project during the reporting period. If there is nothing
to report under a particular item, state ““Nothing to Report.”



Publications, conference papers, and presentations
Report only the major publication(s) resulting from the work under this award.

Journal publications. List peer-reviewed articles or papers appearing in scientific, technical, or
professional journals. Identify for each publication: Author(s); title; journal; volume: year; page
numbers; status of publication (published; accepted, awaiting publication; submitted, under review;
other); acknowledgement of federal support (yes/no).

1.
Interstitial Cystitis/Painful Bladder Syndrome - development of a new algorithm. BJU Int. 2019
Apr;123(4):682-693

2. Ackerman AL, Anger JT, Khalique MU, et al. Optimization of DNA extraction from human
urinary samples for mycobiome community profiling. PLoS One. 2019 Apr 25;14(4).

3. Ackerman AL, Underhill DM. The mycobiome of the human urinary tract: potential roles for
fungi in urology. Ann Transl Med. 2017 Jan;5(2):31.

4, Ackerman AL and TC Chai. The Bladder is Not Sterile: an Update on the Urinary Microbiome.
Curr Bladder Dysfunct Rep. 2019 Nov; 14(2):1-11.

5. Ackerman AL, Khaliqgue MU, Caron AT, et al. Microbiological phenotyping in bladder and pelvic

pain reveals distinct clinical profiles with implications for prognosis and treatment. Manuscript in
preparation.

6.
tract of females that is altered in interstitial cystitis/bladder pain syndrome. Manuscript in preparation.

Ackerman AL, Lai HH, Parameshwar PS, et al. Symptomatic Overlap in Overactive Bladder and

Ackerman AL, Cheng Z, Lagree K, et al. Identification of a diverse mycobiome within the urinary

Books or other non-periodical, one-time publications. Report any book, monograph, dissertation,
abstract, or the like published as or in a separate publication, rather than a periodical or series.
Include any significant publication in the proceedings of a one-time conference or in the report of a one-
time study, commission, or the like. Identify for each one-time publication: author(s); title; editor; title
of collection, if applicable; bibliographic information; year; type of publication (e.g., book, thesis or
dissertation); status of publication (published; accepted, awaiting publication; submitted, under review;
other); acknowledgement of federal support (yes/no).

Nothing to Report

Other publications, conference papers and presentations. Identify any other publications,
conference papers and/or presentations not reported above. Specify the status of the publication as
noted above. List presentations made during the last year (international, national, local societies,
military meetings, etc.). Use an asterisk (*) if presentation produced a manuscript.

Kuhlmann PK, Ackerman JE, Khaliqgue MU, Caron AS, Kanji F, Anger JT, Eilber KS, Underhill DM,
Ackerman AL. Urinary Aerococcus Defines a Severe, Treatment-refractory Phenotype of Urge
Incontinence in Older Women. American Urological Association Annual Meeting, May 2020.
Dallas K, Caron AS, Anger JT, Eilber KS, Ackerman AL. Application of Machine Learning
Algorithms to Classify Storage Lower Urinary Tract Symptoms. American Urological Association
Annual Meeting, May 2020.

Ackerman AL, Khalique MU, Ackerman JE, Cheng Z, Eilber KS, Anger JT, Underhill DM.
Microbial Composition Defines Pelvic Pain Phenotypes in Reproductive-age Women. American
Urological Association Annual Meeting, May 2020.

Ackerman AL, Khalique M, Ackerman J, Cheng Z, Eilber K, Anger J, Underhill D. Microbial
Composition Defines Pelvic Pain Phenotypes in Reproductive-Age Women. SUFU Annual Meeting;
2020 February; Scottsdale, AZ, USA.

Dallas K, Anger J, Caron A, Eilber K, Ackerman AL. Validation of the Diagnostic Accuracy of
Diagnostic Groupings of Patients with Storage Lower Urinary Tract Symptoms Generated by
Machine Learning Algorithms. SUFU Annual Meeting; 2020 February; Scottsdale, AZ, USA.
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Website(s) or other Internet site(s)
List the URL for any Internet site(s) that disseminates the results of the research activities. A short
description of each site should be provided. It is not necessary to include the publications already

specified above in this section.

Nothing to Report

Technologies or techniques

Identify technologies or techniques that resulted from the research activities. Describe the technologies

or techniques were shared.

We described an improved method for the purification of microbial DNA from clinical urine samples for

deep sequencing analysis/microbial profiling of communities. This was published in a peer-reviewed article

(Ackerman AL, Anger JT, Khalique MU, et al. Optimization of DNA extraction from human urinary

samples for mycobiome community profiling. PLoS One. 2019 Apr 25;14(4)) as well as on the open access

website, protocols.io (https://www.protocols.io/view/protocol-for-dna-extraction-from-urine-wgsfbwe).

Inventions, patent applications, and/or licenses

Identify inventions, patent applications with date, and/or licenses that have resulted from the research.
Submission of this information as part of an interim research performance progress report is not a
substitute for any other invention reporting required under the terms and conditions of an award.

We are currently preparing a patent application for the rapid gPCR-based assay for urinary microbial
profiling. (Patent application in preparation).

Other Products

Identify any other reportable outcomes that were developed under this project. Reportable outcomes
are defined as a research result that is or relates to a product, scientific advance, or research tool that
makes a meaningful contribution toward the understanding, prevention, diagnosis, prognosis, treatment
and /or rehabilitation of a disease, injury or condition, or to improve the quality of life. Examples
include:

data or databases;

physical collections;

audio or video products;

software;

models;

educational aids or curricula;

instruments or equipment;

research material (e.g., Germplasm; cell lines, DNA probes, animal models);

clinical interventions;

new business creation; and

o other.

Nothing to Report
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7.

PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

What individuals have worked on the project?
Provide the following information for: (1) PDs/Pls; and (2) each person who has worked at least one person
month per year on the project during the reporting period, regardless of the source of compensation (a person
month equals approximately 160 hours of effort). If information is unchanged from a previous submission,
provide the name only and indicate ““no change”.

Example:
Name: Mary Smith
Project Role: Graduate Student
Researcher Identifier (e.g. ORCID ID): 1234567
Nearest person month worked: 5
Contribution to Project: Ms. Smith has performed work in the area of combined error-
control and constrained coding.
Funding Support: The Ford Foundation (Complete only if the funding
support is provided from other than this award.)
Dr. A. Lenore Ackerman no change
Dr. Michael Freeman no change
Dr. Jennifer Anger no change
Dr. Wei Yang no change

Has there been a change in the active other support of the PD/PI(s) or senior/key personnel since the last
reporting period?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

If the active support has changed for the PD/PI(s) or senior/key personnel, then describe what the change has
been. Changes may occur, for example, if a previously active grant has closed and/or if a previously pending
grant is now active. Annotate this information so it is clear what has changed from the previous submission.
Submission of other support information is not necessary for pending changes or for changes in the level of
effort for active support reported previously. The awarding agency may require prior written approval if a
change in active other support significantly impacts the effort on the project that is the subject of the project
report.

The PI was recently awarded a Mentored Clinical Scientist Research Award from the NIH NIDDK
(1KO8DK118176-01A1).

What other organizations were involved as partners?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe partner organizations — academic institutions, other nonprofits, industrial or commercial firms, state
or local governments, schools or school systems, or other organizations (foreign or domestic) — that were
involved with the project. Partner organizations may have provided financial or in-kind support, supplied
facilities or equipment, collaborated in the research, exchanged personnel, or otherwise contributed.
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Provide the following information for each partnership:
Organization Name:

Location of Organization: (if foreign location list country)
Partner’s contribution to the project (identify one or more)

o Financial support;

o In-kind support (e.g., partner makes software, computers, equipment, etc.,
available to project staff);

o Facilities (e.g., project staff use the partner’s facilities for project activities);

o Collaboration (e.g., partner’s staff work with project staff on the project);

o Personnel exchanges (e.g., project staff and/or partner’s staff use each other’s facilities, work at each
other’s site); and

o Other.

Nothing to Report

SPECIAL REPORTING REQUIREMENTS

COLLABORATIVE AWARDS: For collaborative awards, independent reports are required from BOTH the
Initiating Principal Investigator (PI) and the Collaborating/Partnering PI. A duplicative report is acceptable;
however, tasks shall be clearly marked with the responsible Pl and research site. A report shall be submitted to

https://ers.amedd.army.mil for each unique award.

QUAD CHARTS: If applicable, the Quad Chart (available on https://www.usamraa.army.mil) should be
updated and submitted with attachments.

Not Applicable

. APPENDICES: Attach all appendices that contain information that supplements, clarifies or supports the text.
Examples include original copies of journal articles, reprints of manuscripts and abstracts, a curriculum vitae,
patent applications, study questionnaires, and surveys, etc.
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Appendix A: Figures (manuscript in preparation)

A

. ®
o - [
° °® o

o~ .jL.
(= °
2o
e ®
Q.
2 ™
(@]
o

= @

o © o
s ™
® ®
@ ¥ e
S ®
™
| | I | | |
22 24 26 28 30 32

Component 1

B C

Hierarchical Clustering (Ward)

1l
w
50 60
L1

30 40

\

20

\

o.
ODDOCGDOOGOOU o
& - ©:0:0'0:0:0.00'00:0-000 o
- N "‘hr’) ©, -
. ‘ ; ‘ . ﬂ.,, NG
0 o0

5 10 15 20 25 30

Within group sum of squares
20
1
Height

w
;‘3‘2393 vnngg; &mmu ochnr\.rvrvmw,\ Nt
Number of clusters

Figure 1. K means clustering to categorize bacterial communities in the validation subset of pre-menopausal female subjects. To
classify bacterial communities into categories, with each category containing similar community patterns or “states” which differ from
the individuals in other categories, we utilized a k-means algorithm of unsupervised clustering for an independent group of subjects.
No demographics or clinical information was included in the clustering. (A) Centroid plot for the three-cluster solution demonstrating
clear clustering of bacterial communities into three groups, corresponding to the L. iners-containing (purple), other Lactobacilli
(orange) and Escherichia-containing (blue) groups. (B) The value of the number of clusters, k, was determined through successive
solutions that increment the value of k by 1, with the chosen solution being the minimum number of groups that yields the most

meaningful cluster profiles, indicated by the red arrow for k=3. (C) Dendrogram visualizing the order and distances of subjects for
merges during the hierarchical clustering by Ward’s method.
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Figure 2. Correlation of microbial patterns with pain phenotypes. Individual urinary bacterial compositions of 49 pre-menopausal
subjects with pelvic pain are shown as stacked box plots and classified into three unique “urotypes” (see color bar). Lactobacillus
iners (in purple) was present in patients with bladder-specific pain and Enterobacteriaceae (blue) in subjects with non-urologic pelvic
pain. In the heat bars below the plot, increasing red indicates higher pain levels. The remaining group, displaying predominantly
mixed Lactobacilli (orange), lacked either clinical feature. The pie charts below indicate the median microbial composition for each

phenotype.
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Figure 3. Clinical features of pelvic pain patients by bacterial profiling. Individual clinical features for presumptive IC/BPS patients
are plotted as box and whisker plots. While patients were indistinguishable by pain scores on the Genitourinary Pain Index (A),
subjects with different urinary bacterial profiles exhibited distinct pain patterns. The L. iners group (BPS; purple) was homogenously
high for isolated bladder pain (A), while the Escherichia group (NUPP; blue) demonstrated pelvic pain unrelated to urination (B). The
other Lactobacilli group (MFP; orange) had features of myofascial pain, recognized only on exam. None of these groups exhibited
clinically relevant urgency incontinence (C). NS: not significant.
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analysis (LDA) assesses the potential of specific taxa as biomarkers for bladder/pelvic pain. Differential bacterial features are ranked
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respectively. (B) The LDA is alternatively represented on a phylogenetic tree as a cladogram. (C) Multivariate Association with
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demonstrate the difference in Lactobacillus iners abundance in controls and the bloadder pain subgroup after controlling for age, BMI,
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Figure 6. Quantitative PCR provides rapid, scalable testing with objective thresholds to facilitate patient diagnosis and sub-
classification. Using the female Genitourinary Pain Index (fGUPI) as an indicator of patients presenting with and without pain,
guantitative PCR detecting Lactobacillus iners and Escherichia coli can accurately separate patients with genitourinary pain
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bladder pain and non-urologic pelvic pain groups with diagnostically useful thresholds. As shown in the scatter plots (bottom),
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Figure 7. Principle component analysis by Unifrac Distance for the entire population. Bacterial communities in bladder pain (purple
and asymptomatic controls (orange) are similar overall, differing primarily at the species level. Both of these groups, however,
differed substantially from communities in patients with non-urologic pelvic pain (blue). This difference suggest pelvic pain may
occur in the context of a local environmental shift that results in this bacterial divergence.
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Objectives

Toaddress challengesin the diagnosis and classification of
storage lower urinary tract symptoms (LUTS), we sought to
define the fundamental features of overactive bladder (OAB)
and interstitial cystitis /bladder pain syndrome (IC/BPS), two
conditions with considerable symptomatic overlap. Through
retrospective comparison of self-reported symptoms in
women with arange of clinical presentations and symptom
severities, we have attempted to refine the diagnostic features
of OAB and IC/BPS and to develop a novel clinical
nomogram to improve patient screening and classification.

Materials and Methods

We performed a univariate analysis comparing responses to
the female Genitourinary Pain Index (fGUPI), the OAB
Questionnaire and O’Leary-Sant Indices (the Interstitial
Cystitis Symptom Index and Interstitial Cystitis Problem
Index) in an initial cohort of 50 patients with OAB, patients
with IC/BPS and control subjects. Only eight questions
differed significantly between the IC/BPS and OAB groups;
we used five unique questions and three measuring bother to
generate anovel composite scoring system and nomogram
that included urgency incontinence, bladder pain and
symptomatic bother domains to differentiate these
populations, which was validated in a second cohort of 150
patients. The addition of a self-reported bother index resulted
in the creation of a diagnostic algorithm to identify and
classify LUTS clusters across the total population.

Results

While all validated questionnaires could distinguish between
controls and patients with storage LUTS, no combined
symptom scores differed significantly between the IC/BPS and
OAB groups. These results are reflective of the prevalence of
significant bladder pain (35%) in patients with OAB and the
presence of urge incontinence (25%) in patients with IC/BPS.
Only the f{GUPI pain domain scores differed between patients
in the OAB and IC/BPS groups, but it was not accurate
enough for diagnostic evaluation (68% accuracy). Our
composite scores and nomogram gave a much-improved
diagnostic accuracy (94%) and demonstrated utility as a
screening tool to identify storage LUTS in patients presenting
for unrelated complaints, e.g. microhaematuria.

Conclusions

There is significant overlap of urinary tract symptoms
between OAB and IC/BPS. We present a novel algorithm
that provides a binary output capable of guiding clinical
diagnosis. Future studies aimed at assessing the diagnostic
value of novel classification schemes that address symptoms
rather than specific diagnoses may improve patient
prognosis.

Keywords

interstitial cystitis, overactive bladder, diagnosis,
questionnaires, bladder hypersensitivity, #InterstitialCystitis,
#OAB

Introduction

Storage LUTS, which include urinaryurgency, frequency,
nocturia and bladder pressure/discomfort, refer to patient
experiences when the bladder is unable to function normally
asaurinereservoir. More than 50% of people experience at
least one of these symptoms [1], which tend to be chronic
and debilitating, and degrade physical and social activity and
quality of life [2]. These symptoms are responsible for an

BJU Int 2019;123: 682—693
wileyonlinelibrary.com

economicburden of >$80 bn/yearin the USAalone [3].
Appropriate treatment continues to be limited by challenges
in identifying and classifying these conditions [4].

Interstitial cystitis/bladder pain syndrome (IC/BPS) and
overactive bladder (OAB) are two prevalent conditions
presenting with storage LUTS. These two syndromes lack any
definitive diagnostic tests or markers and are defined by the
collection of symptoms experienced and reported by patients

© 2018 The Authors
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[5,6], making diagnosis subjective and clinician-dependent.
IC/BPS is characterized predominantly by bladder pain,
including the subjective sensations of ‘pressure’ and
‘discomfort’, whereas the hallmark symptom of OAB is
urinary urgency [5]. The presence of bladder pain in OAB or
urinary urgency/urgency incontinence in IC/BPS had been
considered rare [7], but recent evidence suggests considerable
symptom overlap between IC/BPS and OAB [8]. Patients with
IC/BPS commonly present with urgency, frequency, and
nocturia in addition to pain [5,9], and many will also
describe urgency incontinence. In fact, patients with IC/BPS
can initially present with urgency or frequency symptoms
alone, and may not develop pain for years [10]. Some
investigators suggest that clinicians should suspect IC/BPS in
patients diagnosed with OAB who are refractory to treatment
with anticholinergics [11,12]. Patients with OAB are also
heterogeneousinnature, with some exhibitingurgency and
frequency only (OAB-dry) and others displaying urgency and
frequency with urgency incontinence (OAB-wet) [13,14]. A
third of patients with OAB complain of some pain with
bladder filling, complicating simplistic divisions between the
two conditions [8].

Conventional theory is that these two symptom clusters
representdifferentdisease pathologies. OABisadisorder of
detrusor and/or urothelial function, in which urgency is the
result of abnormal muscular contractions and/or an afferent
sensorydisorder, whileinIC/BPS, urgencyresults fromvisceral
allodynia,inwhich lowered pain thresholdslead tobladder
hypersensitivity [5,7,15-17]. The ways in which patients with
IC/BPSor OABdescribe urgency, however, donot seem to
differ significantly between the two populations [15]. Urgency
symptoms in particular have been a confounding feature
becauseoftheirincidencein both conditions[5,18] and the
variety of words patients use to describe bladder sensations.
The terms bladder pain, urgency and frequency are language of
the urologist, and are poorly understood by the average patient.
Unprompted, patients tend not touse the term ‘urgency’ to
describe a need to void, but describe a variety of other feelings,
such as tingling or pressure [19].

Thissubjective terminology, substantial symptom overlap, and
lackofobjective diagnostic testingmake differentiatingIC/BPS
from OAB challenging in some patients. Hence, some patients
are under-treated or misdiagnosed [20], which is problematic
astreatment strategies differ between the conditions|[5,6].
While several validated questionnaires are routinely used to
assess symptom severityin both IC/BPS and OAB, few studies
have evaluated the extent to which these questionnaires can
differentiate between patients exhibiting similar symptoms.
These tools have limited utility, therefore, for the screening or
categorization of patients with storage LUTS.

To address these limitations, we sought to quantitate the
overlap between conditions to define the fundamental and

An algorithm to distinguish OAB and IC/BPS

unique features of each syndrome through aretrospective
comparison of self-reported symptoms in women with a
range of clinical presentations and symptom severities. We
then used these distinctions to define a novel diagnostic
nomogram for classification of storage LUTS and to provide a
perspective on how these results may lead to innovative
clinical approaches to patients with these symptoms.

Materials and Methods
Participants and Procedures

Under Cedars-Sinai IRBPro00040261, 200 consecutive
women, including patients diagnosed with IC/BPS and OAB
aswell as asymptomatic controls, seen in a tertiary Female
Pelvic Medicine and Reconstructive Surgery (FPMRS) practice
between June 2015 and June 2016 were retrospectively
enrolled in the study. Patients with IC/BPS and OAB were
diagnosed by a board-certified FPMRS specialist based on the
AUA and ICS definitions, respectively. Patients with
diagnoses of both OAB and IC/BPS, only two of which were
identified, were excluded to avoid confounding. Control
subjects included those evaluated for conditions without
urinary symptoms, such as microscopic haematuria. Patients
with UTI, prior third-line therapies (e.g. onabotulinum
injection or sacral neuromodulation), an active smoking
habit, current pregnancy, cyclic pain at menses, diabetes, and
neurogenic bladder were excluded from the study. Patients
with other comorbid functional pain syndromes, such as
irritable bowel syndrome or fibromyalgia, were included. The
200 patients were divided into an experimental cohort of the
first 50 patients and avalidation cohort of the remaining 150
patients. Posthocconfirmatory chart review excluded five
additional patients, leaving a total of48 and 147 patientsin
the experimental and validation cohorts, respectively (Fig. 1).

The patients included in the study completed three validated,
written questionnaires, the female Genitourinary Pain Index
(fGUPI) [21], the OAB Questionnaire (OAB-q) [22], and
O’Leary-Sant Indices, which include the Interstitial Cystitis
Symptom Index (ICSI) and Interstitial Cystitis Problem Index
(ICPI) [23]. The f{GUPI measures severity of genitourinary
pain, containing subscales assessing pain, urinary symptoms,
and quality oflife [21]. The OAB-q measures both continent
andincontinent OAB symptoms, containing subscales for
symptom bother, coping behaviours, concern/worry, social
interaction, sleep, and health-related quality oflife [22]. The
ICSI and ICPI are commonly used together to measure the
severity of and bother associated with urinary frequency,
urgency, nocturia, and bladder pain [23].

After a complete history, physical and diagnostic evaluation,
patients were categorized as controls, IC/BPS, or OAB
according to physicians board-certified in both Urologyand
FPMRS. Retrospective chart review also identified
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Fig. 1 Flow diagram of patients enrolled in this study. The first 50 of 200
consecutive patients with overactive bladder (OAB) and interstitial
cystitis/bladder pain syndrome ( IC/BPS) as well as asymptomatic
controlswere designated asthe experimental cohort, the remaining 150
became the validation cohort. Post hoc chartreview revealed exclusion
criteria in five of the total patient population.

Enrolled
200 Subjects

Randomized to
Validation Cohort
150 Subjects

Randomized to
Experimental Cohort
50 Subjects

Posthocexclusion (n=5)
Recurrent UTI(2)
Diabetes (2)
Multiple Sclerosis (1)

| 4

Experimental Cohort (n=48)
15 control
17 OAB
16 IC/BPS

Nomogram Development

Y

Validation Cohort (n=147)
54 control
42 OAB
51 IC/BPS

Nomogram Validation

demographic data, including age, parity, menopausal status,
self-described race, body mass index (BMI), and
comorbidities.

Derivation of Novel Composite Symptom Indices
and Nomogram

Statistical analysis was performed using spss version 22. Initial
evaluation of the experimental group was performed using
anova and Student’s t-test with Bonferroni correction for
multiple comparisons. Of the eight questions identified as
differing significantly between the IC/BPS and OAB groups,
numerical responses to these questions were classified into
either the bladder pain (n = 5) or urgency categories (1 = 3).

Fisher’s exact test was used to determine the interdependency
of the responses to questions related to pain. From these
values, we chose the two questions (ICSI 4 and f{GUPI 2C;

© 2018 The Authors
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Fig. 2) that demonstrated the least interdependency to
generate the Bladder Pain Composite Index (BPCI). All three
urgency questions were used to generate the Urgency
Incontinence Composite Index (UICI). Combinations of these
variables were tested in both their native format and with a
variety of weightingin aniterative fashion, usingareaunder
the receiver-operating characteristic curve to quantify the
predictiveaccuracyofeachindexindependently. To confirm
the validity of exclusion of the three interdependent
questions, we subjected the optimally weighted BPCI to a
second set ofiterations including all five questions, without
any improvement in predictive accuracy performance. We
then identified the most informative thresholds for each index
using the P value approach [24].

Using the two novel composite indices, backward selection of
an appropriate model relied on the Akaike Information
Criterion [25] to identify the most accurate multivariate
predictor for both conditions concurrently. The most
informative model was depicted in a nomogram format to
illustrate the distribution of patient phenotypes relative to the
bladder pain and urgency incontinence symptom domains
(Fig. 3). For internal validation, we determined the positive
and negative predictive values and predictive accuracy for
each patient group as well as the overall population within
the validation cohort. This model, however, provided poor
discrimination of the asymptomatic controls from the OAB
cases, requiring addition of a third variable assessing
symptomatic bother, the f{GUPI quality-of-life subdomain,
whichis the sum of {GUPI questions 7-9. Beginning with the
experimental cohort and after determination of the most
informative threshold for this variable using the P value
approach, the nomogram was combined with the binary
output from this quality-of-life variable to create a final
algorithm to classify patients as asymptomatic, as having
OAB, or as having IC/BPS (Fig. S1). Finally, internal
validation was repeated. Calibration plots were used to
explore graphically the correlation between predicted and
observed diagnoses.

An a value of 5% was considered as the threshold for
significance. Data are typically presented in box and whisker

plots to visualize the median (line inside the box), mean (X),
interquartile range (box) and outliers (whiskers).

Results

An experimental cohort of 48 patients served as a pilot
population to determine potential features distinguishing
OAB and IC/BPS, while the validation cohort of 147 patients
facilitated confirmation of the findings seen with the
experimental group.

Patient demographics of the final cohorts (Table 1)
demonstrated significant differences in these aggregate
populationsin terms of age and BMI. The OAB population
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Fig. 2 Urge incontinence and bladder pain composite scores describe the unique features of overactive bladder (OAB) and interstitial cystitis/bladder

pain syndrome ( IC/BPS). We compared the results of 56 individual questions and nine subtotal and total scores on the OAB Questionnaire (OAB-q),
Interstitial Cystitis Symptom Index (ICSI), Interstitial Cystitis Problem Index (ICPI) and female Genitourinary Pain Index (fGUPI) questionnaires for patients
with IC/BPS and OAB. Only eight questions differed significantly between these populations after adjustment for multiple corrections (left), generally
assessing two unique symptoms, urge incontinence and bladder pain, which we formulated into a novel composite scoring system. The three urge
incontinence questions (yellow arrows) formed the Urgency Incontinence Composite Index ( UICI), which exhibited elevated scores for the OAB patients
alone, while two of the non-redundant questions addressing bladder pain (red arrows) were formulated into the Bladder Pain Composite Index ( BPCI)
that demonstrated elevated values in the IC/BPS patients. Box and whisker plots (right) demonstrate the means, medians, and ranges of each index
for control patients, and patients with OAB and IC/BPS in the total population, demonstrating good differentiation of the patient groups. *P = 0.00027,

**p=19 1078,
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was significantly older and the IC/BPS group had a
significantly lower BMI. Self-described ethnic identity
distributions were similar between groups except for fewer
Hispanic patients in the IC/BPS group. Review of prevalent
comorbid conditions indicated that our study populations
reflected the profiles for controls and cases with these
symptomatic complexes that were seen in previous studies
[26,27]. There were no significant differences in several
common unrelated comorbidities, such as headaches,
hyperlipidaemia, degenerative disc disease or glaucoma.
Consistent with its older age, the OAB group had a
significantly higher prevalence of arthritis and a trend toward
greater hypertension. Consistent with previous reports [26,28-
30], there was a significantly increased prevalence of multiple
allergies and anxiety and a trend toward thyroid disease in
patients with IC/BPS. Overall, the present study populations
reflected the profiles for controls and cases with these
symptomatic complexes seen previously[26,27].

Qualitative comparison of the scores for the f{GUPI, OAB-q,
ICSI and ICPI subdomains and totals revealed good
distinction of controls from cases, but a high degree of
overlap between scores on all questionnaires for OAB and IC/
BPS populations (Fig. 4A). If IC/BPS were purely pain-
predominant and OAB urgency-predominant, plots of
individual patient scores on pain-focused instruments as
opposed to those focused on urinary symptoms would be

Controls IC/BPS OAB

expected to separate these populations into unique quadrants.
In our cohort, regardless of the scores used, patient
populations demonstrated significant overlap, with increasing
symptom severity on one measure correlating directly with all
other measures (Fig. 4B). Thus, current validated tools do
little to distinguish conditions associated with storage LUTS
and serve primarily as measures of severity only.

Only the fGUPI pain subdomain identified a significant
difference between the OAB and IC/BPS groups (P=0.005).
Attempts touse this subscore as a diagnostic classification
measure, however, were unsuccessful; the optimal threshold
for this subdomain provided an overall accuracy of 68% for
symptomatic patients (sensitivity 60%, specificity 53% for IC/
BPS). This inability to distinguish these conditions reflects the
prevalence of significant bladder pain (35%) in patients with
OAB and of urgency with fear of incontinence (25%) in
patients with IC/BPS.

As all utilized questionnaires address the aggregate of
multiple urinary/pelvic symptoms, we sought to determine
which symptomatic features were associated with specific
diagnoses. Out of 56 total questions across four
questionnaires, only eight questions differed significantly
between patients with OAB and IC/BPS when adjusted for
multiple comparisons (Fig. 2). These questions were
redundant, covering two symptom features: bladder pain and
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Fig. 3 Nomogram flow chart. Beginning with the determination of the patient's symptomatic bother, sequential calculations using eight symptomatic

questions allow the categorization of patients into three symptomatic groups, overactive bladder, interstitial cystitis, and asymptomatic controls. BPCI,
Bladder Pain Composite Index; UICI, Urge Incontinence Composite Index; NI, Nomogram Index; GUPI, Genitourinary Pain Index; ICSI, Interstitial Cystitis

Symptom Index; OAB-q, OAB Questionnaire.
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