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Abstract

Objectives—Irritable bowel syndrome is a multi-symptom construct with abdominal pain (AP)
acting as the driving symptom of patient reported severity. The FDA considers a greater than 30%
decrease in AP as satisfactory improvement, but this has not been validated in children. We
investigated the correspondence of two measures for AP assessment, =30% improvement in AP
and global assessment of improvement.

Methods—Secondary analysis of data from 72 children who completed a randomized clinical
trial for abdominal pain-associated functional gastrointestinal disorders. Children completed: 1-
daily assessment of AP intensity, 2-Functional Disability Inventory (FDI), 3-questions regarding
pain’s interference with activities and 4-two global assessment questions. We measured the extent
to which =30% improvement of AP and global assessment questions correlated with each other
and with disability.

Results—The global questions correlated with each other (r=0.74; p<0.0001) and with a =30%
improvement in AP (p<0.01). Global outcomes: Satisfaction with treatment was inversely related
to the child’s report of interference with activities (p<0.01) and symptom relief was positively
associated with =30% improvement in FDI scores (p<0.009). Thirty percent change in FDI scores
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was associated with global questions of symptom relief and (p=0.009) but not with satisfaction
with treatment (p=0.07). The association of AP improvement with interference with activities
(p=0.14) or change in FDI scores (p=0.27) did not reach significance.

Conclusions—Currently used global assessments are significantly associated with decreased
pain intensity, decreased interference with daily activities, and a >30% change in FDI scores
whereas recommended 30% improvement in pain intensity is not as comprehensive.
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Introduction

Abdominal pain (AP) associated-functional gastrointestinal disorders (FGIDs) including
Irritable Bowel Syndrome (IBS), represent a group of multi-symptom constructs with AP
acting as their driving symptom[1]. The diagnosis of AP associated-FGIDs is based on
patient report of clinical symptoms. Physicians rely on patient’s reports to establish disease
severity, develop treatment plans and assess outcomes. Patient reported outcomes (PROSs)
are also essential to establish the efficacy of new drugs to be introduced to the market.
Selection of PROs in the adult population has been hampered by the paucity of data to
support their reliability and validity and there is no agreement on which PRO’s are best.
Selection of an outcome measure in pediatrics is even more complicated as developmental
issues may limit the understanding of outcome measures used in adults. The Pediatric
Initiative on Methods, Measurement and Pain Assessment in Clinical Trials
(PedIMMPACT), consensus statement by academic researchers, representatives of
government funding and regulatory agencies, and the pharmaceutical industry recommended
the assessment of eight core domains in clinical trials of pediatric chronic pain including
pain intensity, global judgment of satisfaction with treatment, sleep, physical and role
function, and functional disability[2]. Although, this consensus does not exclusively address
the study of children with gastrointestinal symptoms the study of these domains may also
apply to children with FGIDs. Sleep problems and school absenteeism are common in
children with functional AP[3]. Altered sleep has been shown to be associated with
functional disability and factors other than severity of gastrointestinal symptoms determine
school absenteeism in children with FGIDs. [4]. Landmark studies leading to the approval of
medications for IBS have used “relief of symptoms” and “overall improvement” as PROs [5,
6]. Similar PROs have also been used in randomized clinical trials in children[7]. In 2010,
the Food and Drug Administration (FDA) published a guidance document on the clinical
evaluation of products for the treatment of IBS[8]. In these guidelines, the FDA criticizes
some of the previously used PRO measures for the absence of sufficient qualitative research
to support their validity ““in a well-defined and reliable way’” and made its own
recommendations on optimal PRO’s. These guidelines no longer support the use of global
changes in a patient’s IBS symptoms as PRO’s. The FDA also questioned the reliability of
overall assessment of change as it relies on recall of the patients’ previous state, the inability
to quantify intensity of current symptoms, and the presumed variability of interpretation
among patients of the concept of “adequate” and “satisfactory” relief. Based on these
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limitations, the FDA recommended the development of multi-item PRO instruments that
assess all the clinically relevant signs and symptoms of IBS. Additionally, they
recommended the quantitative assessment of two interim co-primary endpoints for IBS —
one for pain (=30% improvement) and the other for altered bowel habits[8]. The
particularities of conducting clinical trials in children may limit the application of these
guidelines. There are no widely accepted validated tools to assess stool form in children [9]
and the child’s ability to recall pain episodes is limited[10]. Although =30% improvement in
pain intensity scores has been already used in one pediatric clinical trial [11], this endpoint
has never been formally studied in children and there is no research to substantiate that
changes in pain intensity should substitute the global outcomes measures.

Thus, our goal was to investigate the performance of the global PROs as recommended by
the Rome Il Committee and the FDA recommendations of improvement in pain intensity.
We conducted a secondary analysis of an existing large database from the largest drug
clinical trial in FGIDs in children [7]. The trial had a low attrition rate and was considered to
be well designed and to have a low risk of bias[12]. The primary outcomes of this
multicenter randomized clinical trial followed the recommendations of the Rome II
Committee (patients’ overall assessment of satisfactory symptom relief and satisfaction with
treatment).

Changes in pain intensity were calculated based on children’s daily report of symptoms.
Daily diaries are considered the gold standard in pediatric clinical trials because frequent
assessment of symptoms minimizes recall bias. These data thus allow us to compare results
from global outcomes with a more specific PRO on AP.

We specifically aimed to measure the relation between the global questions and =230%
improvement in AP with clinically meaningful outcomes.. We compared our results with a
validated measure of disability in children the Functional Disability Index (FDI). A change
of =30% change in FDI scores was used as a positive outcome measure based on studies
demonstrating >30% change in numerical rating scores as a clinically important difference
in adults with chronic pain [13]. The selection of the FDI [14] as measure of physical
functioning in children was based on the PedIMMPACT recommendations[2].

Materials and Methods

This study is a sub analysis of the database of a multicenter randomized placebo controlled
trial designed to assess the efficacy of amitriptyline in children with AP associated-FGID.
(Rome Il criteria) This included 50.7% with IBS, 42.4% with functional abdominal pain and
6.9% diagnosed with functional dyspepsia. For the purpose of this study we analyzed the
available data of all children who returned all the daily diaries, responded to the global
outcome measures at the end of the study and completed the FDI and disability
questionnaires. The methods, study questionnaires and results of the study have been
described in detail previously [7].
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Data collection

Briefly, children completed diaries each night throughout the 4 weeks of the trial Daily
diaries included information on AP and disability and a weekly average of the pain was
calculated by dividing the sum of AP intensity by the number of days reported. Pain was
assessed using a 100 mm Visual Analog/Likert scale with 5 anchors at 0 mm (no pain),
25mm (little pain), 50 mm (medium pain), 75 mm (large pain) and 100 mm (worst possible
pain). Patients missing more than 5 of 7 days were not considered for calculation and were
excluded (n=2) At the end of the trial, the children completed validated age appropriate
psychological and disability questionnaires, questions on the extent to which pain interfered
with their activities (Did pain interfere with daily activities such as going to school, playing
or sleeping? Yes/No) and two global questions to assess the primary outcomes of the study.
Global assessment questions followed the Rome 11 group recommendations on the design of
clinical trials [15], and were based on clinical trials of two drugs that were originally
approved by the FDA for the treatment of adults with IBS[5, 6]. Global assessment
questions were: ‘How well did the medication relieve your pain? Excellent, Good, Fair,
Poor, Failed” (satisfaction with treatment) and “Overall how do you feel your problem is?
Worse, Same or Better” (symptom relief). Disability was assessed through a validated, well-
established commonly used pediatric questionnaire, the FDI. The FDI is a measure of the
degree to which children experience difficulty in physical and psychosocial functioning due
to their physical health status that includes ratings on ability to complete the school day,
gym class, playing sports, and falling and maintaining sleep[14, 16-18]. Respondents are
asked to rate on a 5-point Likert scale how much physical difficulty was perceived for a
variety of everyday activities. The lower the score, the better is the patients’ function. All
children in the study had no other sources of physical disability other than those related to
the AP-FGIDs.

Data Analysis

For the purpose of the current study, we have analyzed available data of self-report daily
dairies and end of study questionnaires of children who completed the clinical trial.
Improvement in pain intensity was calculated by establishing the difference in the mean of
reported AP intensity (mm) between the initial week and last week of daily diaries. The
responses to both global assessment questions were analyzed as binary outcomes.
Satisfaction with treatment (excellent or good vs. fair, poor or fail) and satisfactory symptom
relief (better vs. same or worse), We analyzed the correlation between the data from daily
pain diaries, end of study disability questionnaires and changes in FDI scores with the
responses to the global assessment questions, the FDA recommended clinical endpoint: >
30% improvement in pain intensity and our own experimental endpoint: > 50%
improvement in pain intensity. The = 50% change in pain intensity was chosen in an attempt
to increase the sensitivity of this measure and the results are provided in Tables 1,3 and 4.
Strength of positive correlation was defined as: negligible 0.01-0.19; weak 0.20-0.29;
moderate 0.30-0.39; strong 0.40-0.49; very strong 0.70 and higher.[19]

We used the Students t-test to compare the patients included in this study with the original
cohort. The Chi-square test was used to compare categorical variables of interest which
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included satisfaction with treatment (excellent or good vs. fair, poor or fail) and satisfactory
symptom relief (better vs. same or worse), changes in pain intensity (=30% and =50%
improvement vs. <30% and <50% improvement) and interference with daily activities (yes
or no) and changes in FDI scores 230% improvement vs. <30% improvement). Bivariate
correlation was used to measure the association between mean pain intensity and global
assessment questions. Statistical level of significance was set at 0.05. All statistical tests
were performed using SPSS version 12. (SPSS Chicago, IL)

Results

Eighty-two out of 90 children completed the clinical trial and responded to the global
questions that measured the primary outcome at the end of the study. As the results of the
clinical trial showed no significant difference in efficacy between drug and placebo we
combined the available data from children in both treatment arms for this analysis. Seventy-
two out of 82 children had all the required data points of AP intensity to be included in the
current study. Seven patients who had not completed the FDI questionnaire were excluded
from the FDI analysis. The age and gender distribution and AP intensity of children included
in the current study (12.6+2.8 years, 72% female, mean AP intensity 47.9+16.3 mm] were
similar to those in the original study [12.5£2.9 years, 71% female, mean AP intensity
48.1+£16.4 mm] (Student’s t-test NS). We analyzed the relationship between change in pain
intensity(mean AP intensity of the first week minus mean AP intensity of the last week) with
the children’s response to both global questions. The majority of children who had positive
outcomes using both global outcome measures had ameliorated their pain throughout the
clinical trial. We found a significant association between >30% decrease in pain intensity
during the four weeks of the trial and in those who were considered to have a satisfactory
outcome through global assessments of satisfaction with treatment and symptom relief
(p<0.05). (Table 1) Both global questions very strongly correlated positively with each other
(r=0.79; p<0.0001) and had a moderate (Satisfaction with treatment) to strong correlation
(symptom relief) with a 230% improvement in AP (r=0.37, and 0.42; p<0.01).

We were interested in investigating whether the primary outcome of the clinical trial would
differ if the global questions were substituted by the FDA newly proposed outcome (=30%
improvement in AP). We found that the percentage of patients considered as having a
positive outcome varied significantly if we use the children’s response to the global
questions or = 30% improvement in AP (Table 2). Using the data obtained in the
amitriptyline clinical trial, more children would have been considered as positive outcome
through the global questions (45/72 62.5%) (positive response to one or both questions) than
through the utilization of 30% improvement of AP intensity (37/72, 51.4%) (p=0.04).
Children with positive response to the global outcome measures and those who had = 30%
improvement were not always the same (Figure 1). Fifteen out of 45 (33%) children who
had a positive outcome using the global outcome questions (good/excellent satisfaction with
treatment or reported feeling better to the relief question) would have failed treatment if >
30% improvement in AP intensity would be considered as a positive outcome. Conversely,
7/37 (18.9%) children who would be considered as having a positive outcome using 30%
improvement of pain would have failed the trial using any of the global outcome measures.
(Figure 1) When the subset of children who had = 30% reduction in pain intensity is
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analyzed by their response to each individual global question, 27% of children who had >
30% reduction in pain intensity would have failed the clinical trial using the symptom relief
global question and 24% of children would have failed using satisfaction with treatment as
outcome measure.

In order to analyze the relation between the global questions and = 30% improvement in AP
with a clinically meaningful outcome, we assessed the behavior of both outcome measures
with children’s reported difficulties to complete tasks during the 4 weeks of the study (sleep,
play, school attendance) and changes in FDI scores during the study period. The association
with changes in FDI scores was analyzed in relation to: positive or negative outcome
through response to global questions; and = 30% improvement or < 30% improvement.
Satisfaction with treatment was significantly associated with (p<0.01) with lack of
interference with common activities by child report at the exit of the study while satisfactory
symptom relief approached significance (p=0.07). Thirty percent improvement in AP
intensity was not associated with interference with common daily activities (p=0.14)(Table
3) Thirty percent improvement in FDI scores was associated with satisfactory symptom
relief (p=0.009) but not with satisfaction with treatment (p=0.1) or with = 30% improvement
in AP (p=0.27)(Table 4).

Discussion

Our study demonstrates that the commonly used outcome measures and the measures of pain
improvement proposed by the FDA behave differently. There was a statistically significant
association between lack of pain interference with daily activities (p<0.01) and overall
satisfaction with treatment. Satisfactory relief was associated with = 30% improvement in
FDI scores, a widely used measure of disability in children with AP associated-FGIDs.
There was no association between the FDA proposed clinical endpoint and pain interference
with activities or = 30% improvement in FDI scores. These results may not be surprising as
a global assessment question should correlate with general measures of functioning.
However, they do suggest that the use of pain outcomes as an exclusive measure is of
limited use in children. Global and pain oriented measures seem to assess different
biopsychosocial factors, an important concept to be further investigated before changes in
pediatric outcomes are to be recommended. Global endpoints may not only reflect the
children’s perception of daily pain. Global endpoints may assess additional constructs
providing a more comprehensive assessment of the child’s illness experience than a measure
exclusively based on pain intensity. Although intuitively logical, to the best of our
knowledge this has not been previously investigated in children with AP. The fact that
improvement in somatization, depression and anxiety scores paralleled the improvement of
global measures in the original clinical trial may indicate that global measures also reflect
changes on these psychological variables.

Changes in pain intensity are probably more difficult to conceptualize by children.
Children’s inability to accurately recall pain episodes within days of their occurrence [10,
20, 21] and the lack of correlation between the intensity of those episodes with their recall
suggests that accurate assessment of AP intensity may be a difficult task for children. The
inability to attend school, play and sleep may be more important and meaningful to children
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than pain levels that are more variable and difficult to measure. Difficulties completing daily
activities may represent a more vivid experience for the children than an abstract
conceptualization of pain. It is possible that although children may not accurately recall each
of the episodes of pain, they may be able to adequately conceptualize their pain experience
and the negative connotations of pain reflected by their limitations in carrying out common
activities. Inability to complete activities is also important to parents. School absenteeism is
associated with medical consultation. Parents are usually more concerned by the child
inability to complete activities due to pain than by subjective reports of pain. [3].

The results of our study suggest that the substitution of global outcomes by changes in pain
intensity should not be recommended. Global outcomes have been widely used for several
years and seem to reflect domains that may not be assessed by more focused pain measures.
However, the results of our study do not allow us to conclude that the exclusive use of
global outcome measures should be recommended either. Global assessments may be too
broad and may fail to capture more subtle changes in AP. They are also subject to
unconscious manipulation by patients who may choose a socially desirable answer to avoid
disappointing a physician they have a close relationship with. Although we have found that
most children who had a positive outcome using =30% improvement in pain intensity would
be accounted for using both global measures, there is a subgroup of children that would be
missed if only global measures were to be used (Figure 1). The use of a combination of
global and pain measures in a clinical trial would limit these shortcomings and increase the
sensitivity of our outcome measures. The use of a combination of global and pain outcomes
should not change the conclusion of the trial as it would affect both arms (drug and placebo)
equally. It would help individualize treatment choices as children likely have differences in
the measures that are relevant to them.

Our recommendation of using multiple outcomes is in line with the consensus statement by
the Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) group that
recommends not only assessing outcomes of pain intensity but also sleep, physical and
emotional functioning as well as global judgment of satisfaction with treatment among
others[22]. Along the same lines, another consensus statement recommended the global
judgment of satisfaction with treatment and the FDI as outcome measures for clinical trials
on AP in children[2].

Limitations of our study include its retrospective nature, the limited sample size and the
assessment of only one of the proposed FDA co-primary endpoints. However, the other co-
primary endpoint, stool character, is difficult to assess in children as there are no widely
accepted validated measures for this population. An important variable that we were unable
to evaluate was sleep disturbances. Previous studies have shown that sleep is frequently
affected in children with FGIDs.[23] This is an important variable and we cannot exclude
that sleeping disturbances may weigh heavily in the overall global experience. No studies
have been published on whether sleeping difficulties improve with pain relief, and if so,
what degree of pain relief is needed to solve these problems.

In conclusion our study has shown that both global measures correlated strongly with each
other and moderately with the FDA recommended measure of = 30% improvement in AP.
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Overall satisfaction with treatment was significantly associated with child’s report of
interference with activities while overall satisfactory symptom relief was associated with
improvement in FDI scores. The association between the FDA recommended measure of >
30% improvement in AP did not reach significance with interference with activities or
changes in FDI scores. The results of this and previous studies leads us to hypothesize that,
as expected, global measures are more comprehensive measures that may not only reflect
pain improvement but interference with daily activities and could also reflect changes in
anxiety, depression and somatization. The newly proposed FDA outcome measures are more
restrictive and may fail to identify patients who continue to suffer from the effects of AP
such as interference with activities, a relevant construct associated with child’s quality of
life. Future prospective studies should further analyze each of the variables involved in
improvement in child’s life and their relation with the specific features that characterize
FGIDs. Studies evaluating a combination of outcome measures in children with AP are
recommended.
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Figure 1.
Venn diagram describing relationship between patients with positive outcomes by global

assessments and by = 30% change in pain intensity.
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Table 2

Percentage of children with positive outcomes by outcome measure

Treatment Satisfaction (Good or Excellent) | go 204™
Symptom Relief (Better) 48.2%™

Pain Intensity (= 30 % improvement) 51.4%
FDIT (= 30 % improvement) 56.9%

*
p<0.05 compared to =230% improvement in Pain intensity

ﬂ—FunctionaI Disability Inventory

Analysis conducted with binary outcomes. Positive clinical endpoints are depicted below each outcome measure.
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