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Abstract

Aims: The Multidisciplinary Approach to the Study of Chronic Pelvic Pain (MAPP) Research
Network initiated a second observational cohort study - the Symptom Patterns Study (SPS) - to
further investigate the underlying pathophysiology of Urologic Chronic Pelvic Pain Syndrome
(UCPPS) and to discover factors associated with longitudinal symptom changes and responses to
treatments.

Methods: This multi-site cohort study of males and females with UCPPS features a run-in period
of four weekly web-based symptom assessments prior to a baseline visit, followed by quarterly
assessments up to 36-months. Controls were also recruited and assessed at baseline and 6-months.
Extensive clinical data assessing urological symptoms, non-urological pain, chronic overlapping
pain syndromes, and psychosocial factors were collected. Diverse biospecimens for biomarker and
microbiome studies, quantitative sensory testing (QST) data under multiple stimuli, and structural
and functional neuroimaging scans were obtained under a standardized protocol.

Results: Recruitment was initiated (July 2015) and completed (February 2019) at 6 Discovery
Sites. A total of 620 males and females with UCPPS and 73 Controls were enrolled, including 83
UCPPS participants who re-enrolled from the first MAPP Network cohort study (2009-2012).
Baseline neuroimaging scans, QST measures and biospecimens were obtained on 578 UCPPS
participants. Longitudinal follow-up of the cohort is ongoing.

Conclusions: This comprehensive characterization of a large UCPPS cohort with extended
follow-up greatly expands upon earlier MAPP Network studies and provides unprecedented
opportunities to increase our understanding of UCPPS pathophysiology, factors associated with
symptom change, clinically relevant patient phenotypes, and novel targets for future interventions.

Introduction

Urologic chronic pelvic pain syndrome (UCPPS) encompasses two highly prevalent, non-
malignant urologic disorders, interstitial cystitis/bladder pain syndrome (IC/BPS) and
chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS), primarily characterized by
chronic and often debilitating pain in the pelvic region and/or genitalia, and typically a
spectrum of bladder and lower urinary tract symptoms.12 As with many chronic pain
disorders, UCPPS is poorly understood, and treatment is mostly empirical and
unsatisfactory. To better understand the etiology and treated natural history of UCPPS, and
to identify clinical and biological factors and research measurements that define clinically
relevant patient sub-groups and sex-based differences, the NIDDK established the
Multidisciplinary Approach to the Study of Chronic Pelvic Pain (MAPP) Research
Network3 (http://www.mappnetwork.org/). During MAPP | (2008-2014), a prospective
cohort study, the Trans-MAPP Epidemiology/ Phenotyping Study (EPS)#, enrolled 1,039
males and females, including participants with UCPPS (n=424); participants with chronic
overlapping pain conditions (COPCs), including fibromyalgia, irritable bowel syndrome,
and/or chronic fatigue syndrome (n=200); and healthy controls (h=415). All participants
were extensively characterized at baseline, and UCPPS participants were followed for 48
weeks using a web-based data capture system to obtain questionnaire responses on a bi-
weekly schedule. Biospecimens were collected on all participants at baseline and follow-up
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visits to identify plasma and urine biomarkers and potential infectious agents. In addition,
baseline neuroimaging and quantitative sensory testing (QST) studies were performed in a
subset of participants.

Key MAPP I findings include observations that: 1) urologic pain and urinary symptoms co-
vary, with only moderate correlation (r=0.5), and thus should be evaluated separately®; 2)
UCPPS participants who report pain beyond the pelvis have more severe UCPPS symptoms
and more symptom flares than those with pelvic pain only®”; 3) UCPPS participants report
more psychosocial difficulties than pain-free controls, and poor psychosocial functioning is
associated with a lower likelihood of longitudinal symptom improvement®-10; 4) UCPPS is
associated with changes in structure and function of pain-related neural networks, as well as
brain-level sensorimotor systems regulating urine storagel-13: 5) UCPPS symptom profiles
can be distinguished by biological correlates (e.g., immune factors)!4; 6) QST assessment
reveals that UCPPS participants have significantly increased pressure pain sensitivity
compared to healthy controls, and higher sensitivity was associated with less likelihood of
UCPPS symptom improvement.1® These primary findings were generally consistent in both
males and females, although some sex-specific differences were observed1.

For MAPP 11 (2014-2019), the Trans-MAPP Symptom Patterns Study (SPS) enrolled 620
males and females with UCPPS into the second MAPP longitudinal cohort study that
included a significantly longer follow-up (36 months) and a highly integrated and more
comprehensive cross-modality assessment of clinical, biological, brain imaging and pain
sensitivity measures to further investigate factors associated with longitudinal symptom
change profiles. Detailed information about targeted usual-care therapy and treatment
response is also being collected to identify UCPPS participants with potential to
preferentially respond to different therapies.

These SPS phenotyping studies were motivated by the following Primary Aims:

1. To characterize longitudinal urological and non-urological symptom patterns in a
cohort of UCPPS participants enriched for pain restricted to the pelvis (i.e.,
regional pain) at baseline.

2. To identify associations between baseline clinical factors and urinary and non-
urinary symptom progression in a cohort of UCPPS participants enriched for
pain restricted to the pelvis (i.e., regional pain) at study entry (baseline).

3. To characterize transitions between regional pain (pelvic pain only) and systemic
pain (pelvic pain and beyond) for UCPPS over time, and the corresponding
association with symptom improvement or worsening and selected chronic
overlapping pain conditions (e.g., fiboromyalgia, irritable bowel syndrome,
chronic fatigue syndrome).

4, To identify associations between baseline objective quantitative pain sensitivity
measures and symptom progression in a cohort of UCPPS participants enriched
for pain restricted to the pelvis at baseline.

5. To create accurate, non-invasive diagnostic and prognostic tests, based on
specific, definable and validated levels of biomarker(s) that will objectively
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identify and stratify UCPPS participants and guide the diagnosis, treatment, and
long-term management of patients with UCPPS.

6. To identify brain signatures that remain stable, while other brain signatures are
correlated with symptom change over time.

7. To compare the relative effectiveness of UCPPS therapies administered to MAPP
participants with peripheral vs. central patient phenotypes.

Materials and Methods/Design

MAPP Network Organization

The MAPP Il Research Network consists of six recruiting Discovery Sites (Los Angeles,
CA,; Chicago, IL; St. Louis, MO; lowa City, IA, Seattle, WA, and Ann Arbor, MI); three
research project-based Discovery Sites (Palo Alto, CA; Boston MA; Ontario, CN); a Data
Coordinating Core (DCC; Philadelphia, PA); a Tissue Analysis and Technology Core
(TATC; Aurora, CO); and a Neuro-imaging scan repository and Reading Center (UCLA/
USC; Los Angeles, CA) (Appendix 1). Additional integrated work is supported via ancillary
studies and sub-contracts. An External Experts Panel (EEP) appointed by the NIDDK
provides comments/recommendations on study design and progress.

Overview of the MAPP Il Symptom Patterns Study (SPS)

As illustrated (Figure 1), the SPS design includes in-clinic screening and enrollment of
eligible UCPPS participants (week 0) who continue weekly follow-up via web-based data
capture (weeks 1,2,3). These four repeated measures provide a unique opportunity to
quantify the variability and propensity of symptom classifiers prior to the “deep-
phenotyping” of baseline symptoms (week 4) and to adjust for “regression-to-the-mean”
phenomenal’.

Following baseline assessments (week 4), longitudinal follow-up includes web-based
monthly medication updates, quarterly symptom assessments, and in-clinic “deep
phenotyping” assessments (6, 18, 36 months). Enrolled UCPPS participants were also
invited to optional “in-clinic” semi-annual visits for additional biospecimen collections. The
overall target sample size for enrollment was 600 UCPPS participants, aiming for a 1:1 ratio
of females:males and 50% reporting pain in the pelvic region only (using body map
assessments). In addition, 72 Controls without UCPPS were recruited and completed
baseline and 6-month in-clinic “deep phenotyping” assessments.

Eligibility Criteria

Eligibility criteria for the SPS protocol are nearly identical to those for the MAPP | EPS?,
Inclusion criteria for UCPPS participants include: 1) UCPPS symptoms present for a
majority of the time during most recent 3 months; 2) age >18 years; and 3) response =1 on
the bladder/prostate or pelvic pain/pressure/discomfort scale during past 2 weeks. However,
re-enrolling MAPP | participants with a pain/pressure/discomfort score of 0 were eligible, in
order to provide insight into factors influencing UCPPS symptom resolution. Exclusion
criteria include symptomatic urethral stricture, neurological disease or disorder affecting the
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bladder, bladder fistula, a history of cystitis caused by tuberculosis, radiation therapy or
chemotherapy, prior augmentation cystoplasty or cystectomy, active autoimmune or
infectious disorder, history of pelvic cancer, current major psychiatric disorder, severe
cardiac, pulmonary, renal, or hepatic disease, unilateral orchalgia (without pelvic
symptoms), and prior prostate procedures (transurethral microwave thermotherapy (TUMT),
transurethral needle ablation (TUNA), balloon dilation, prostate cryo-surgery, or laser
procedure).

Risk Factors and Outcome Measures

Extensive risk factor and outcome data were collected during the screening/run-in period
(weeks 0,1,2,3), as well as ‘deep phenotyping’ in-clinic visits (week 4; months 6,18,36), and
web-based quarterly and semi-annual follow-up contacts (Table 1). These data include
demographics, comprehensive measures of urologic symptoms, non-urologic symptoms, and
psychosocial variables (https://www.mappnetwork.org/assets/documents/MAPP-
Phase | & Il _CRF_Lists 20150326.pdf).

Sociodemographics, Pelvic Examination, Medical and Family History—
Demographics, physical measures, a standardized pelvic examination (including assessment
of pelvic floor musculature tenderness) and a detailed personal and family medical history
were obtained. A monthly, web-based module (“MyMeds™) was used to capture prescription,
over-the-counter and non-medication therapies.

UCPPS Symptom Measures—Multiple urologic symptom measures, previously
included in the MAPP | EPS protocol4, were retained in the SPS (Table 1). From these
items, the two primary UCPPS severity scales (urologic pain, urinary frequency/urgency)
were derived!8. Additional urologic measures, as well as self-esteem/relationship, and
sexual function were assessed during “deep phenotyping” visits.

Non-urologic Pain and Psychosocial Measures—An extensive array of non-urologic
pain measures, previously included in the MAPP | EPS#, were also included in the SPS
(Table 1), including a modified CHOIR body map??, together with a pain severity level for
each checked site http://choir.stanford.edu. In addition, ‘fibromyalgia-ness’ is assessed using
the fibromyalgia diagnostic criteria2® and a widespreadness pain index derived from the
CHOIR body map; pain severity and interference is assessed using the Body Pain Index
(BP1)2L; and neuropathic-like pain symptoms are assessed by the PAIN Detect
questionnaire?2,

Assessment of Flares—*“Flares” of UCPPS symptoms, defined as “symptoms much
worse than usual”, were assessed at each quarterly contact. At the Screening visit, each
participant provided the details of a flare management plan, if they had one. If a participant
reported a current flare at any in-clinic visit, an additional “flare” urine sample was
requested.
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ATLAS Module

The SPS includes an embedded module, termed “Analysis of Therapies during the
Longitudinal Assessment of Symptoms (ATLAS)” (Figure 1), designed to capture “deep-
phenotyping” measures at the initiation of a select therapy and following 12 weeks of
therapy, in order to correlate therapy response with specific phenotypic profiles. Eligibility
for an ATLAS module began immediately following the 6-month visit, triggered by a
UCPPS participant’s treating physician recommending initiation of one of seven targeted
therapeutic interventions.

The seven ATLAS treatments selected for study were categorized as “central(C)’ or
“peripheral(P)”, based on mechanism of action, as follows: i) oral opioids (C), ii) tricyclic
antidepressants (C), iii) pelvic floor physical therapy (P), iv) cystoscopy with
hydrodistention (P), v) alpha-adrenergic antagonists (men only) (P), vi) pentosan polysulfate
(P), and vii) neuropathic pain agents (gabapentin, pregabalin) (C).

Daily Assessments via Mobile Phone App

To capture daily symptom fluctuations, minimizing recall bias in reporting, a novel mobile
phone app (the “(M)APP”) was developed to monitor urologic and non-urologic pain
symptoms, sleep, mood and activities 4 times per day for 14 consecutive days. These data
will be evaluated for feasibility, validity, and utility of the (M)APP as a new clinical tool for
patient assessment.

Biomarker and Microbiome Assessments

A comprehensive set of biological specimens (Table 1) was collected at screening/baseline
and during longitudinal in-clinic and ATLAS visits. The collection of blood, urine, and
saliva (cortisol) specimens, as well as vaginal and rectal swabs, together with their
derivatives (genomic, bacterial, and fungal DNA) at the same time points allows for
integrated comparison of biological and microbial profiles with clinical factors cross-
sectionally and longitudinally. Biomarker and microbiome studies conducted in the MAPP II
SPS were designed to validate and extend ongoing findings from MAPP 1.

Neuroimaging
The SPS neuroimaging assessment includes two resting-state (RS) functional MRI scans,
one following standardized bladder filling and another following voiding, as well as a T1-
weighted structural MRI (T1), and a diffusion tensor imaging (DTI) scan. Assessments of
pain and urgency are made throughout the scanning session. In contrast with MAPP 1, in
which scanning was only collected at baseline and without any provocation, SPS
neuroimaging data are collected at multiple time-points to examine longitudinal changes in
brain function and include a bladder filling procedure designed to identify brain networks
mediating the sensation of bladder filling.

Quantitative Sensory Testing (QST)

The SPS QST study includes four testing methods that assess generalized and segmental
pain sensitivity and endogenous pain modulation. As in MAPP |, Generalized (g/obal)
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Mechanical Sensitivity is evaluated using the computer-controlled MAST system?3.15 As in
MAPP |, generalized pain sensitivity is measured using the MAST system which delivers a
series of increasing discrete pressures to the thumbnail bed®23, and is terminated when
participants reach their maximum tolerable pain level.

Additional MAPP Il tests include Segmental Mechanical Sensitivity using a flat rubber
probe to deliver quantifiable pressure stimuli to the suprapubic area and to a control site on
the forearm?4. Temporal Summation (increased perception of pain to repetitive painful
stimuli), is evaluated by applying a series of pinprick stimuli to the skin in the suprapubic
area and to a control site on the forearm?>-27,

Additional MAPP II tests include pressure algometry at the suprapubic area and the forearm
and trapezius (control sites) to assess segmental pain sensitivity?4. Temporal summation
(increased perception of pain to repetitive painful stimuli) and pain aftersensations are
evaluated by applying a series of pinprick stimuli (256 mN) to the skin at the suprapubic
area and at a control site on the forearm2>26, Conditioned pain modulation assesses
responses to a painful test stimulus during painful conditioning stimulation vs. neutral (hon-
painful) conditioning stimulation. Moderately painful pressure stimuli delivered via the
MAST system to the dominant thumbnail serves as test stimulus28. Immersion of the
contralateral foot into a circulating water bath with either body temperature water (32.0—
33.0°C) or moderately painful hot water (44.0-46.5°C)?° serves as a neutral and painful
conditioning stimulus, respectively.

Statistical Considerations and Operations

Run-in Period Measures—In order to incorporate week-to-week variability of symptoms
into estimates of baseline associations and predictions of longitudinal change, alternate
measures of symptom classifiers are being compared, including the propensity to be reported
present during each week prior to baseline (week 4) (Figure 1).

Study Outcomes and Approach to Data Analysis—The SPS provides a rich array of
biological and clinical outcomes within urologic, non-urologic and psychosocial data
domains, including quality of life, healthcare seeking, and detailed factors reported at the
time of urologic symptom flares. In particular, the severity scales (urologic pain, urinary
symptoms) provide standard benchmarks to compare SPS and EPS participants.1®

A variety of statistical approaches will be used to test hypotheses specific to each modality
of data (e.g. neuroimaging, biomarkers, etc.) and to test associations across modalities and
across time. Unsupervised consensus clustering (CC) methods3%-34 will be utilized to derive
reproducible clinical subgroups using baseline symptom data. Modeling multivariate
symptom patterns will also be conducted to correlate baseline clinical phenotyping data,
neuroimaging, QST, and biomarker data with longitudinal symptom patterns. Examples
include investigating imaging-based cluster membership for potential mediation of reported
treatment and symptom change, adjusted for cross-modality clinical phenotypes. Patient-
specific variability measures derived from the run-in period will be evaluated as predictors
of symptom change, and responsiveness to therapy change will be investigated to gain
further insights into UCPPS subtypes.
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Recruitment, Screening and Enrollment

Participant recruitment was conducted at 6 Discovery Sites from July 1, 2015 through
February 28, 2019. As summarized in the CONSORT Diagram (Figure 2), prescreening of
3,157 potentially eligible participants yielded 620 males and females meeting the UCPPS
eligibility criteria at the screening visit (week 0), with 579 individuals progressing through
the run-in period to complete the baseline visit (week 4). Of these 620 UCPPS participants,
83 were re-enrollees from the MAPP | EPS. In addition, 73 Control participants were
enrolled into the SPS and followed through the 6-month visit.

Collection of Study Data

The same screening/baseline measures were assessed for UCPPS and Control participants.
Additionally, UCPPS participants reported weekly on a subset of measures during a run-in
period. During the ‘deep phenotyping’ visits (week 4, months 6, 18, 36), neuroimaging
scans, QST measures, and biomarker and microbiome specimens were obtained. Data from
these 3 domains were obtained from 578 UCPPS participants, with complete overlap of
results available for 374 (Figure 3, left panel). Furthermore, for 498 UCPPS participants,
data from all 3 domains were obtained at both baseline (week 4) and 6-months, with a
unique opportunity for paired comparisons (1 vs 6 months) of results from all 3 domains for
235 UCPPS participants (Figure 3, right panel).

UCPPS Participant Composition

The UCPPS participants enrolled into the MAPP 11 SPS (n=620) were compared to those in
the MAPP | EPS (n=424) (Table 2). On average, MAPP |l SPS participants were 1-year
older (p<0.0001) with 3-years longer UCPPS symptom duration (p<0.0001), in large part
attributable to the 83 participants from MAPP | EPS who re-enrolled into the MAPP 1l SPS
(Table 2). Fewer males were recruited into the MAPP Il SPS (34%) than into the MAPP |
EPS (45%), but otherwise the SPS and EPS were not significantly different (p > 0.01) for
any of the other demographic variables. For each of the primary urological symptoms, the
SPS and EPS participants were not significantly different (p > 0.01), except for urological
pain severity (SYM-Q1), reflecting the relaxed inclusion criteria for re-enroliment of MAPP
| EPS participants into SPS. Otherwise, UCPPS participants in the MAPP | EPS and MAPP
I1 SPS were not significantly different (p > 0.01) across a wide range of non-urological pain,
psychosocial or quality of life measures.

Discussion

The MAPP SPS protocol represents a unique and highly integrated study design permitting a
comprehensive evaluation of UCPPS biological and clinical characteristics over 3 years. The
SPS incorporates diverse urologic and non-urologic symptom measures, as well as
evaluations of the relationship between UCPPS and commonly associated COPCs and sex-
related differences. This design with broad inclusion criteria affords an opportunity to define
clinically relevant UCPPS sub-groups and correlate those phenotypes with differing
symptom patterns and associated risk factors. The SPS incorporates many of the most
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promising methods in pain research (e.g., functional and structural neuroimaging,
quantitative sensory testing, correlations with biological measures) to characterize pelvic
and systemic pain in UCPPS. Furthermore, the novel 4-week run-in period captures week-
to-week symptom variability to help establish the degree of stability of baseline symptoms.
The extended follow-up period offers unprecedented opportunities to characterize UCPPS
symptom change over 36 months. Furthermore, this longitudinal phenotyping allows for the
discovery of factors that may underly or predict symptom improving or worsening, as well
as test hypotheses on transition of UCPPS manifestations over extended time (e.g., potential
changes from peripheral to centralized disease). The unique approach to collection of
ATLAS treatment data permits correlations of UCPPS phenotypic characteristics with
response to selected therapies, thus offering important insights for future clinical trial
designs.

Conclusions

The MAPP Research Network has successfully designed and implemented a novel
longitudinal observational study of UCPPS with a primary focus on discovery of factors that
may define pathophysiology and clinical phenotypes and correlate with symptom changes
over time. This unique study design extends the MAPP | EPS cohort study, including
expanded longitudinal measures, a run-in period, and a 36-month longitudinal follow-up
period. The MAPP Network continues to serve as a model for the integrated and
comprehensive characterization of syndromic disorders of unknown etiology. The MAPP 11
SPS is expected to further the MAPP Network’s central goals of informing future clinical
studies and ultimately improving clinical management of UCPPS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. MAPP |1 Symptom Patterns Study (SPS) and Embedded ATLAS Module
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Figure 2. MAPP Il Symptom Patterns Study (SPS) CONSORT Diagram
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ALL 3:

PPT+Urine: Imaging+Urine:
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3+ 3- ml tubes:
N=530

Figure 3. VENN Diagrams
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MAPRP Il Baseline + 6-Month Follow-up Visit
489 Total UCPPS Participants

MAST/PPT: PP T+Imaging: Neuroimaging
N=384 N=282 RS2 Scan:
N=359
ALL 3:
N=235
PPT+Urine: Imaging+Urine:
N=308 N=299

Biomarker Urine
3+ 3- ml tubes:
N=397

QST quantitative sensory testing] Measures of generalized and segmental pain sensitivity

and endogenous pain modulation

Neuroimaging: RS2 fMRI scan results with a QC rating of “Pass” or “Pass (Issues)”
Biomarker Urine: At least 3 3-ml tubes available

*RS2 Scan — Empty Bladder Scan
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