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ABSTRACT
Introduction  Treatment for abdominal pain in patients 
with chronic pancreatitis (CP) remains challenging in 
the setting of central nervous system sensitisation, a 
phenomenon of remodelling and neuronal hyperexcitability 
resulting from persistent pain stimuli. This is suspected 
to render affected individuals less likely to respond 
to conventional therapies. Endotherapy or surgical 
decompression is offered to patients with pancreatic 
duct obstruction. However, the response to treatment is 
unpredictable. Pancreatic quantitative sensory testing 
(P-QST), an investigative technique of standardised 
stimulations to test the pain system in CP, has been used 
for phenotyping patients into three mutually exclusive 
groups: no central sensitisation, segmental sensitisation 
(pancreatic viscerotome) and widespread hyperalgesia 
suggestive of supraspinal central sensitisation. We will 
test the predictive capability of the pretreatment P-QST 
phenotype to predict the likelihood of pain improvement 
following invasive treatment for painful CP.
Methods and analysis  This observational clinical trial 
will enrol 150 patients from the University of Pittsburgh, 
Johns Hopkins and Indiana University. Participants will 
undergo pretreatment phenotyping with P-QST. Treatment 
will be pancreatic endotherapy or surgery for clearance 
of painful pancreatic duct obstruction. Primary outcome: 
average pain score over the preceding 7 days measured 
by Numeric Rating Scale at 6 months postintervention. 
Secondary outcomes will include changes in opioid use 
during follow-up, and patient-reported outcomes in 
pain and quality of life at 3, 6 and 12 months after the 
intervention. Exploratory outcomes will include creation 
of a model for individualised prediction of response to 
invasive treatment.
Ethics and dissemination  The trial will evaluate 
the ability of P-QST to predict response to invasive 
treatment for painful CP and develop a predictive model 
for individualised prediction of treatment response for 

widespread use. This trial was approved by the University 
of Pittsburgh Institutional Review Board. Data and results 
will be reported and disseminated in conjunction with 
National Institutes of Health policies.
Trial registration number  NCT04996628.

INTRODUCTION
Chronic pancreatitis (CP) is a debilitating 
fibroinflammatory disease of the pancreas that 
manifests with abdominal pain in over 80% of 
patients during the course of their disease.1 
There is no cure for CP, and therefore, treat-
ment options remain limited to symptom 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This is a multicentre observational clinical trial that 
will evaluate the predictive capability of pretreat-
ment pancreatic quantitative sensory testing (P-
QST) for pain improvement in patients with painful 
chronic pancreatitis undergoing invasive treatments 
to relieve pancreatic duct obstruction.

	⇒ All participants will undergo P-QST prior to invasive 
therapy to determine pain phenotype.

	⇒ Pain phenotype in combination with demographic 
and clinical variables and neuroinflammatory mark-
ers will be used to develop a prediction model to 
determine the probability of individual response to 
treatment.

	⇒ Response to treatment will be determined by 
Numeric Rating Scale at 6 months following initial 
invasive treatment compared with baseline result.

	⇒ This study will be performed at three US tertiary 
care centres, a limitation that can be addressed in 
the future by international dissemination and valida-
tion of these results.
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control primarily for pain. Pancreatic ductal obstruc-
tion due to stones and/or strictures is believed to be one 
important determinant of pain, and therefore, patients 
with evidence of ductal obstruction on imaging may be 
offered invasive treatment (endotherapy or decompres-
sive surgery) to relieve intraductal hypertension thought 
to be the source of pain.2 3 Successful decompression of 
the pancreatic duct results in improvement of pain for 
some patients; however, in clinical practice, it is difficult 
to know which patients who are undergoing invasive treat-
ment will benefit from the procedure.4 The variable and 
unpredictable nature of improvement after successful 
ductal decompression suggests the role of previously 
unaccounted factors.5 6 Pain in CP is multifactorial and 
includes neuropathic and inflammatory components as 
well as central sensitisation, a phenomenon of increased 
responsiveness of nociceptive neurons in the central 
nervous system to their normal or subthreshold afferent 
input, ultimately resulting in altered pain processing.7 To 
date, there has been no diagnostic test capable of identi-
fying this phenomenon for evaluation in clinical settings, 
although it has been a suspected contributor in those 
cases where successful ductal decompression results in 
incomplete pain relief. Pancreatic quantitative sensory 
testing (P-QST) is a minimally invasive technique of stan-
dardised stimulations that can be used to characterise 
nociception in the setting of CP and has the potential to 
be used as a predictive tool to stratify treatment response 
for painful CP by identifying characteristics of segmental 
and widespread central nervous system hyperalgesia as a 
proxy for central sensitisation.8 9

Though this is its first use in a large, appropriately 
powered predictive study, P-QST has previously been used 
to phenotype CP patients with pain in cross-sectional 
studies, and the presence of widespread hyperalgesia has 
been shown to associate with pain severity and frequency.9 
Published pilot data in 48 subjects who underwent P-QST 
phenotyping prior to endoscopic or surgical therapy for 
painful CP showed an increased density of widespread 
hyperalgesia in those patients who had limited improve-
ment or worsening of pain at 6 months after interven-
tion.10 The study outlined here is designed to provide 
more definitive evidence for the predictive capability of 
P-QST. The presence of widespread hyperalgesia alone 
is, however, unlikely to be the sole predictor of pain 
response to pancreatic ductal decompression. Other 
known and suspected biological, demographic, and 
psychological factors also impact pain outcomes in CP 
patients. Previous studies have even identified biomarker 
signatures of pain severity and response to pharmaco-
logical interventions and have been used as predictors 
for surgical/invasive outcomes.10–13 The assessment of 
P-QST phenotype for evidence of central sensitisation 
has the potential to identify those patients for whom this 
phenomenon plays a significant role in their pain experi-
ence. On its own or combined with other clinical factors, 
P-QST phenotype has the potential to change patient 
selection processes for invasive therapies if it can serve 

as a predictor of likelihood of reducing pain. However, a 
lack of standardised definitions of pain response in prior 
studies, variable patient selection and interventions have 
made it difficult to identify reliable predictors of outcome 
to therapy. No model—even in the absence of assessment 
for central sensitisation—is currently available clinically 
to predict pain response for individual patients.

METHODS
The study protocol is reported in accordance with the 
Transparent Reporting of a Multiariable Prediction 
Model for Individual Prognosis or Diagnosis guidelines 
(figure 1).14

Study hypothesis and aim
The hypothesis of the study is that patients with painful CP 
who have evidence of widespread hyperalgesia suggestive 
of supraspinal central sensitisation are less likely to expe-
rience pain relief following technically successful invasive 
treatments to alleviate ductal obstruction than those who 
do not. Building on this, we hypothesise that the pretreat-
ment P-QST phenotype can be used to predict the likeli-
hood of alleviating pain following invasive treatment for 
painful CP at 6 months after achieving successful inter-
vention. As the P-QST phenotype is unlikely to be the sole 
predictor of the outcome to therapy, we further hypothe-
sise that the combination of P-QST phenotype with rele-
vant patient, disease and treatment-related covariates, as 
well as biochemical inflammatory marker data will allow 
us to create a model for likelihood of individual response 
to invasive treatment for relief of pain from ductal 
obstruction.

Study design and setting
This is a multicentre observational clinical trial that will 
evaluate the predictive capability of pretreatment P-QST 
for pain improvement in patients with painful CP who are 
undergoing invasive treatments (endoscopic therapy or 
surgical drainage procedure) to relieve pancreatic duct 
obstruction. P-QST phenotype, demographic and clinical 
variables and neuroinflammatory markers will be used to 
develop a prediction model to determine the probability 
of an individuals’ response to treatment. The study will be 
conducted across three tertiary care centres: The Univer-
sity of Pittsburgh Medical Center in Pittsburgh, Pennsyl-
vania, Johns Hopkins University in Baltimore, Maryland 
and Indiana University Medical Center in Indianapolis, 
Indiana, all in the USA.

Patient and public involvement
This trial directly responds to named patient priorities 
about treatment for pain in CP.15 Although design of this 
trial was performed by the scientific authorship team, 
patients will be directly involved in the execution of this 
trial as research study subjects and in dissemination of the 
results through advocacy. Patients and the public were 
not involved in the design of this study.
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Figure 1  TRIPOD checklist: prediction model development. Completed for the Pancreatic Quantitative Sensory Testing (P-
QST) Study. N/A, not available; TRIPOD, Transparent Reporting of a Multiariable Prediction Model for Individual Prognosis or 
Diagnosis.
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Inclusion criteria
	► Definite evidence of CP on cross-sectional imaging 

(meets Cambridge III or IV criteria)16 with evidence 
of ductal obstruction and upstream dilation of the 
main pancreatic duct.

	► Age ≥18 years.
	► Abdominal pain (constant or intermittent) secondary 

to pancreatic pathology as determined by their 
treating pancreatologist.

	► Patients who are undergoing decompressive invasive 
treatments (endotherapy or surgery) to relieve main 
pancreatic duct obstruction due to stones and/or 
strictures for management of pancreatic pain.

	► Participants must be able to read, understand and 
personally sign the informed consent form and partic-
ipate in the informed consent process.

	► Participants should be willing to comply with all 
scheduled visits and study procedures as laid out in 
the study protocol.

Exclusion criteria
	► Endoscopic therapy successfully accessing the pancre-

atic duct upstream of an obstruction within the 
preceding 12 months.

	► Any prior pancreatic surgery.
	► Plan for undergoing resective surgery (ie, Whipple 

procedure or pancreatectomy) as opposed to drainage 
surgery for pain management.

	► Participants <18 years of age.
	► Patients with abdominal pain that cannot be discerned 

as different from pancreatic pain.
	► Suspected or established pancreatic malignancy.
	► Peripheral sensory deficits from stroke or other cause.
	► Known pregnancy.

Intervention
In this observational clinical trial, all participants will 
undergo P-QST testing and pain assessment at time 
of enrolment before they undergo clinically indicated 
invasive intervention with either endoscopic therapy or 
surgery (figures 1 and 2).

Baseline data collection
Assessment of pain at baseline will be performed using the 
following question accompanied by a Numerical Rating 
Scale (NRS): ‘Please describe on a scale of 0–10 how 

intense your abdominal pain has been on average over 
the past 7 days (range 0–10 with 0=no pain, 10=worst pain 
Imaginable).’ Patients with 7 or more days between enrol-
ment and planned intervention will also complete a 7-day 
diary of average score on each day (0–10 NRS for abdom-
inal pain). Information on opioid use (medication type, 
mean daily dose in milligrams of morphine equivalent 
(MME) calculated using conversion from the Centers for 
Disease Control and Prevention) will be assessed in the 
week prior to the intervention as able. Additional data 
collected at the time of enrolment will include demo-
graphics, CP characteristics including aetiology of disease, 
ongoing alcohol, tobacco or marijuana use, pain charac-
teristics (duration, temporal nature, severity), duration 
and dose range of opioids, other analgesic use including 
neuromodulating agents, psychiatric and other comor-
bidities, details of invasive treatment (eg, endotherapy, 
surgery) and validated patient-reported outcome tools 
(Patient Reported Outcomes Measurement Information 
System [PROMIS]—Global Health, Nociceptive Pain, 
Neuropathic Pain), Pain Interference,17 Hospital Anxiety 
and Depression Scale,18 Pain Catastrophising Scale19 
and Comprehensive Pain Assessment Tool for Chronic 
Pancreatitis Short Form.20

P-QST phenotyping and scheduled intervention
Patients will undergo preprocedure P-QST testing 
using our published protocol.8 Based on the previously 
published nomogram and phenotyping algorithm,9 
patients will be stratified into the following groups: wide-
spread hyperalgesia (suggestive of spinal and supraspinal 
central sensitisation), segmental hyperalgesia (sugges-
tive of sensitisation in the pancreatic viscerotome but 
not yet involving the supraspinal area) and no hyperal-
gesia (suggestive of normal pain processing). Patients 
will undergo scheduled invasive treatment as directed by 
their treating gastroenterologist after P-QST. The date 
of the first endoscopic therapy or surgery will be used to 
calculate the dates and timing of each follow-up window.

Sample collection
All patients will undergo blood and urine sample collec-
tion at baseline and at 6 months after intervention for 
evaluation of inflammatory cytokines. Expression of 
neuroinflammatory analytes will be assessed in serum 

Figure 2  Flowsheet of overall study design. P-QST, Pancreatic Quantitative Sensory Testing; PRO, Patient-Reported Outcome 
Questionnaire.
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samples via multiplex Meso Scale Discovery platform 
and validated ELISA kits to assess correlation with pain 
improvement after therapy. The intention is that if the 
analysis with serum is shown to have predictive capability 
of treatment response, the biorepository can be used 
to perform exploratory analyses with urine samples for 
minimally invasive testing that can be incorporated into a 
typical clinic visit. The multiplex assay includes standards 
to develop a calibration curve. Positive (known concen-
tration of targets) and negative controls (diluent only) 
will also be included.

Clinically indicated invasive intervention
All enrolled patients will have definite CP and be 
scheduled to undergo decompressive invasive treat-
ments (endoscopic therapy or surgery) to relieve main 
pancreatic duct obstruction due to stones and/or stric-
ture for the management of pain. Endoscopic therapy 
will include endoscopic retrograde cholangiopancrea-
tography (ERCP) with pancreatic duct stone removal, 
stent placement and/or stricture dilation. ERCP may 
be performed with or without intraductal lithotripsy or 
extracorporeal shockwave lithotripsy. A course of endo-
therapy may consist of several sessions lasting up to 1 
year to achieve ductal clearance or stricture dilation. At 
every endoscopic session, an assessment will be made by 
the therapeutic endoscopist regarding degree of success 
of the procedure. Complete endoscopic success will be 
defined as no further evidence of stricture at the end 
of the intervention, or return of the pancreatic duct to 
a normal calibre at that location, or complete removal 
of obstructing stones. Partial endoscopic success will be 
defined as a decrease in the duct diameter from baseline 
(but not return to normal parameters as above) or partial 
removal of stones. The third option is ‘none’ which is 
defined as neither decrease in duct diameter from base-
line nor any successful removal of stones. Surgery will 
include drainage procedures, such as Frey and Puestow 
operations.21 22 Each surgical operator will be asked to 
report on the success of their attempt at relief of obstruc-
tion at the close of their procedure (yes/no/unknown). 
Technical success of all interventions will be recorded for 
all participants throughout the study and analysed as a 
covariate at end of the study. Although limits will not be 
placed on enrolment of patients undergoing either type 
of procedure, based on practice patterns at the enrolling 
institutions, we anticipate 80% of enrolled patients 
to undergo endotherapy and 20% surgery (either as 
primary form of treatment or after failed endotherapy). 
All pancreatic interventions undergone by study partici-
pants will be tracked within the study period.

Follow-up
The follow-up timeclock will begin at the time of first 
attempted treatment (either endotherapy or surgery as 
primary treatment), and patients will be followed up at 3, 
6 and 12 months. At each follow-up time point, patients 
will complete 7 days of average daily pain NRS scores, 

an assessment of opioid use, patient-reported outcome 
tools and the Patient Global Impression of Change. 
Data on follow-up interventions (additional sessions of 
endotherapy or surgical procedures) will be collected 
throughout the follow-up period. Follow-up windows will 
be scheduled continuously in order to optimise retention 
rates throughout the study (3 months: ≥1 to <4 months, 
6 months: ≥4 to <9 months, 12 months: ≥9 to 18 months).

Primary endpoint
The primary outcome of the study is the difference 
between average pain score at 6 months postprocedure 
in the group with widespread hyperalgesia and those 
without based on single-question NRS scale (average 
pain in the preceding 7 days prior to assessment (range 
0–10)). As there is no standardised definition to assess 
pain response after medical or invasive treatment in 
patients with CP, and prior studies have used varying defi-
nitions,4 5 23 24 we have elected to use follow-up pain score 
with covariate adjustment for baseline pain score rather 
than the ‘change’ in an outcome variable as it will provide 
better statistical power and specifically address the esti-
mated difference in follow-up pain scores between the 
patients with and without widespread hyperalgesia. We 
will measure pain response at 6 months as the primary 
outcome to allow time for patients with more than one 
endotherapy sessions prior to 6-month assessment and 
for postsurgical pain (from incisions and inflammation) 
to improve prior to 6-month assessment.

Secondary endpoints
Secondary endpoints will include:

	► Differences between P-QST phenotypes in mean 
scores from the 7 day pain diary at 3, 6 and 12 months 
after intervention (widespread vs other, and compar-
ison across all groups; anticipate lower completion 
rate than single-question NRS).

	► Differences between P-QST phenotypes in pain meas-
urements with single-question NRS at 3 months (to 
assess for short-term pain relief) and 12 months (for 
more durable pain relief).

	► Differences between groups in patterns of opioid use 
(assessed as both a binary variable (yes, no) and a 
continuous variable (measured in MMEs per day)) at 
enrolment 3, 6 and 12 months.

	► Differences between groups in percentage of patients 
with ≥30% and ≥50% pain relief from baseline.

	► Differences between groups in quality of life, anxiety, 
depression and pain interference (patient-reported 
outcomes (eg, PROMIS).

	► Differences between groups in Patient Global Impres-
sion of Change scores.

Experimental endpoints
The additional experimental endpoints will be assessed 
following the completion of the study:

	► Creation of a model for the likelihood of indi-
vidual response to therapy based on demographic, 
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patient-centred, treatment-related and P-QST pheno-
type factors.

	► Identification of neuroinflammatory biomarkers that 
associated with P-QST phenotype.

	► Creation of an augmented model for likelihood of 
individual response to therapy based on demographic, 
patient-centred, treatment-related, P-QST phenotype 
and neuroinflammatory biomarker factors.

Sample size determination
Sample size calculations were performed by simula-
tion in R (V.3.4.0). Assuming 30% prevalence of wide-
spread hyperalgesia in the study population, an overall 
mean baseline NRS of 6 points and an SD in NRS of 2 
points (based on our preliminary data), a sample size of 
120 patients will have at least 91.7% power to detect a 
difference of 1 point on the primary endpoint of NRS at 
6 months after intervention between patients with wide-
spread hyperalgesia compared with those with segmental 
hyperalgesia or normal pain processing, with the adjust-
ment for baseline NRS in the models. The previously 
published distribution of phenotypes in patients with 
painful CP were as follows: widespread hyperalgesia 24%, 
segmental hyperalgesia 30%, no hyperalgesia 46%. A 
larger difference between groups (eg, 2-point difference 
in response for patients with widespread hyperalgesia vs 
patients without widespread hyperalgesia) will result in 
an increase in power (to >99% in this instance). For our 
secondary endpoints, the sample size of 120 will have at 
least 88% power assuming that opioid use at follow-up is 
approximately 20% in patients without widespread hyper-
algesia vs 50% in patients with hyperalgesia. To ensure 
that we have at least 120 patients with complete outcome 
data, we will recruit 150 patients to allow for up to 20% 
attrition.

Statistical analysis
The research question asked by this study is whether 
there is a significant difference in pain response for 
patients with widespread hyperalgesia versus without. 
The primary outcome variable of interest is average pain 
score on single question NRS pain score at 6 months 
postprocedure. The primary independent variable will 
be the presence of widespread hyperalgesia (yes/no) 
according to P-QST. Patients with segmental hyperal-
gesia or normal pain processing will be combined into 
the ‘no’ widespread hyperalgesia group. This question 
is appropriately answered by using a multivariable linear 
regression that allows estimation of the difference in pain 
response between these two groups with covariate adjust-
ment including the baseline pain scores, centre, type of 
intervention (endoscopic or surgical) and ductal clear-
ance achieved (yes/no) at 6 months—a linear regression 
is able to accommodate dichotomous variables as inde-
pendent variables.

All secondary outcome measures will be evaluated 
by either linear (continuous) or logistic (categorical) 
regression in a similar manner. Sensitivity analyses for 

the primary and secondary outcomes will be performed 
using methods appropriate for different missing data 
mechanisms.

The analysis will serve as a foundation for creation of 
an individual model for prediction to therapy that will 
confirm what patient, disease and treatment-specific 
variables are independently likely to predict the primary 
outcome (NRS pain score at 6 months postprocedure), 
and what combination of variables provides the best 
predictive capability of response for an individual patient. 
To complete this analysis, standard and lasso regression 
models will be used to identify variables that are signifi-
cantly correlated to the 6-month NRS pain score, and 
additional machine learning models including probabi-
listic graphical models will be incorporated to analyse this 
data.25–29 The models resulting from this procedure will 
be compared with regression, support vector machine and 
random forest models. Analysis of secondary endpoints 
for pain will be similar.

Neuroinflammatory biomarker data will be assessed 
for each substance as both a continuous (level) and 
categorical (present, yes/no) data point for association 
with the primary outcome. In addition, logistic regres-
sion models will be developed for response to invasive 
therapy using all available clinical data from the model 
described above as well as the cytokine data collected 
from biological samples. Statistical analysis similar to the 
above-described model will be performed with the incor-
porated biomarker data for a more complete model. Data 
will be assessed from both baseline samples and 6-month 
follow-up samples. In the absence of a second (external) 
cohort, an assessment of accuracy of all models will be 
done using a nested cross-validation procedure.

Monitoring and safety
This is an observational study with minimal risk to its 
participants given the low risk of the study intervention 
and follow-up activities. Slight erythema at the sites of pres-
sure stimulation where P-QST has been performed has 
been noted. Rarely can patients experience vagal symp-
toms when placing their hands into cold water. Patients 
are invited to participate and can decline participation 
without changing their clinical care. There is US$50 
compensation offered to the patient at each study time 
point for their time and effort in completing study activ-
ities (total US$200 for all time points completed during 
the study). Overall safety and confidentiality of research 
participants will be continuously monitored by the prin-
cipal investigator, study investigators and research staff. 
All suspected adverse events (including breaches in data 
security) will be reported immediately to the principal 
investigator at each site, and to the principal investigator 
of the overall study as soon as possible. Overall safety 
and study-wide adverse events will be reviewed by the PI, 
study coordinators and study staff at each institution on a 
monthly basis at each site. In addition, data safety moni-
toring will be added to the monthly phone call meetings 
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between all sites to ensure that these events are raised in 
a timely manner.

All P-QST testers will complete an in-person training 
session with study leadership and perform supervised 
testing on 20 patients prior to testing independently. An 
instructional video for intermittent refresher courses and 
technical consultation will be used for reinforcement 
and standardisation of testing techniques across centres. 
All testers will meet minimum standards for performing 
testing independently before their data will be included 
in the study. Data quality surveys for all sites will also be 
conducted. Centre effects were evaluated in our prelim-
inary data, and no significant differences were seen 
between sites.8 Repeatability results for pressure testing in 
similar QST protocols have previously been published.30 
The multicentre aspect of this work will facilitate enrol-
ment from diverse minority groups and account for varia-
tions between geographic populations.

DISCUSSION
Abdominal pain is the main symptom of CP and is the 
major motivator for patients to seek high-risk, invasive 
procedures with unpredictable outcomes. The response 
is often suboptimal for patients, and many continue to 
require analgesic therapy—opioid and non-opioid—
after treatment even when there is technical success at 
relieving ductal obstruction.4 The P-QST trial introduces 
the opportunity to assess the effect of central sensitisation 
and associated cofactors in the pain experience of CP 
patients and importantly to evaluate the ability of P-QST 
phenotyping to predict the likelihood of response to inva-
sive therapy.

Although the presence of central sensitisation alone is 
unlikely to predict the outcome to invasive therapy, this 
trial offers the potential to incorporate P-QST pheno-
type with other patient-related, treatment-related and 
biochemical factors to optimise the likelihood of using all 
of this information to predict response to therapy. Both 
endoscopic therapies and surgical therapies for ductal 
decompression are included in this trial, and importantly, 
the efficacy of achieving ductal decompression will be 
adjusted for in the final analyses.

This trial will bring several important innovations to the 
field to further advance the individualised approach to 
treatments for painful CP. This includes the novel appli-
cation of sensory testing to predict treatment response to 
ductal decompression in this patient population, the use 
of machine learning tools to develop a predictive model 
for the likelihood of individual response to treatment and 
the generation of a biorepository combined with system-
atic phenotyping of patients with painful CP. Together, 
these efforts will also set the stage for future multicentre 
studies for the prediction of treatment response in painful 
CP.

In conclusion, the P-QST trial is an observational clin-
ical trial investigating the ability of P-QST phenotyping to 

predict treatment response to invasive therapy for ductal 
decompression in painful CP.
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