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Background: We evaluated the psychometric performance of the
Pediatric Ulcerative Colitis Activity Index (PUCAI) in a real-life
cohort from the Pediatric IBD Collaborative Research Group.

Methods: Two consecutive visits of 215 children with ulcerative
colitis (UC) were included (mean age 11.2 * 3.6 years; 112 (52%)
males; 63 (29%) newly diagnosed and the others after disease
duration of 24 = 15.6 months). Validity was assessed using several
constructs of disease activity. Distributional and anchor-based strat-
egies were used to assess the responsiveness of the PUCAI to
change over time following treatment.

Results: Reflecting feasibility, 97.6% of 770 eligible registry visits
had a completed PUCALI score versus only 47.6% for a contempo-
raneously collected Pediatric Crohn’s Disease Activity Index (odds
ratio = 45.8, 95% confidence interval [CI] 28.6-73.5) obtained for
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children with Crohn’s disease accessioned into the same database.
The PUCALI score was significantly higher in patients requiring
escalation of medical therapy (45 points [interquartile range, IQR,
30-60]) versus those who did not, (0 points [IQR 0-10]; P
< 0.001), and was highly correlated with physician’s global assess-
ment of disease activity (r = 0.9, P < 0.001). The best cutoff to
differentiate remission from active disease was 10 points (area under
receiver operating characteristic curve [AUC] 0.94; 95% CI 0.90—
0.97). Test-retest reliability was excellent (intraclass correlation
coefficient = 0.89; 95% CI 0.84-0.92, P < 0.001) as well as
responsiveness to change (AUC 0.96 [0.92-0.99]; standardized re-
sponse mean 2.66).

Conclusion: This study on real-life, prospectively obtained data
confirms that the PUCALI is highly feasible by virtue of the nonin-
vasiveness, valid, and responsive index. The PUCAI can be used as
a primary outcome measure to reflect disease activity in pediatric
UC.

(Inflamm Bowel Dis 2009;15:1218—-1223)

Key Words: PUCALI, pediatrics, ulcerative colitis, validity, respon-
siveness, feasibility

I t is mandated that the rapidly emerging novel therapies for
inflammatory bowel diseases (IBDs) be evaluated in the
clinical trial setting. Robust outcome measures are of utmost
importance in determining the outcome of these trials. No
single clinical or biochemical parameter consistently reflects
activity of intestinal inflammation and, thus, multi-attribute
measures of disease activity have been developed. Although
other Crohn’s disease (CD) activity indices have been used,!
the Crohn’s Disease Activity Index (CDAI) is generally ac-
cepted as the standard clinical outcome measure in adult CD
trials.> The Pediatric Crohn’s Disease Activity Index (PC-
DAI) has become the accepted disease activity measure in
childhood CD.3 In contrast to CD and until recently, no single
multi-attribute measure has been consistently employed in
either adult or pediatric ulcerative colitis (UC).*

In 2007 a Pediatric UC Activity Index (the PUCAI) was
developed and validated using prospectively enrolled cohorts
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of children with UC (see Appendix).> The PUCAI, lacking
invasive items, is suitable for longitudinal use in clinical trials
and for determining timely introduction of second-line ther-
apy in severe acute UC.° Recently, the FDA endorsed the
PUCALI as a substitute to endoscopic evaluation for the pri-
mary outcome measure in a pediatric clinical trial evaluating
a 5-aminosalicylate (5-ASA) regimen.

Despite the encouraging initial results, the original re-
port of an outcome measure often presents an optimistic
reflection of its performance,” and thus, duplication of the
results in independent populations is necessary. Moreover,
validity is not a property of the instrument but a property of
how it is used, so it is important to reassess validity in
different populations and setups.® We aimed to use a pro-
spective multicenter pediatric IBD registry to determine the
feasibility of the PUCALI in real life and to assess its validity
and responsiveness for measuring disease activity in pediatric
UC.

MATERIALS AND METHODS

Patients

Data generated from the database of the Pediatric In-
flammatory Bowel Disease Collaborative Research Group
Registry were used. This registry was initiated in January
2002 by 18 pediatric gastroenterology centers in North Amer-
ica as a method of describing the natural history of IBD in
newly diagnosed children. Data are recorded at the time of
initial diagnosis, 30 days after diagnosis, and quarterly there-
after on standardized forms and transmitted to a central data
repository. Patients are managed according to the discretion
of their physicians. Approval for the registry has been re-
ceived from the research ethics committee at each participat-
ing institution and informed consent was obtained from all
families.

Recorded data include basic and demographic charac-
teristics, physician global assessment (PGA) of disease ac-
tivity (inactive, mild, moderate, and severe), blood test re-
sults, therapies, the need for change in therapy, and
admissions. Since November 2006 the attending physician
was asked to score the items of the PUCAI on all UC patients.
The PUCALI is a 6-item disease activity index intended for use
in pediatric UC clinical trials with a score range of 0—85 (see
Appendix). Development, weighting, and validation were
performed using combined judgmental and mathematical
strategies utilizing a Delphi group and prospective cohort of
205 children.> For this study, data of children (0—18 years of
age) with a confirmed diagnosis of UC collected at first visit
after November 2006 were included. Responsiveness was
assessed using data collected at the subsequent visit.

Analytic Approach and Statistics
To assess the feasibility of the PUCAI we calculated
the rate of complete PUCALI assessments of all eligible visits

recorded by the registry from January 1, 2007 to February 29,
2008. This was compared with the corresponding completion
rate of the PCDAI in contemporaneously evaluated children
with CD accessioned into the same pediatric IBD database
(total of 770 eligible UC visits and 1961 CD visits, including
repeated measures).

Validity is the degree to which the instrument measures
the concept that it purports to measure and includes construct,
predictive, and criterion validity.® In this study we used
construct validation based on association between the PUCAI
score and PGA and the need for change in medical therapy.
Correlation of the PUCAI with erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), hemoglobin, and albumin
was expected to be only fair since laboratory tests do not
reflect well disease activity in UC.!° Spearman’s or Pearson’s
correlations were used as appropriate for the distribution
normality.

Agreement between baseline and follow-up PUCAI
values of patients who remained unchanged (test-retest reli-
ability) was assessed using the intraclass correlation coeffi-
cient (ICC, using Shrout and Fleiss’s 2-way random analysis
of variance [ANOVA] model = 95% confidence interval
[CI]'! reporting the “average measures” value in the SPSS
[Chicago, IL] output).

Responsiveness is the ability of an instrument to accu-
rately detect change in disease activity over time, when it
occurs. The short-term responsiveness of the PUCAI was
assessed by comparing the PUCAI scores at the baseline visit
and the subsequent one (1-3 months apart). A change in the
PUCALI scores was determined by subtracting the follow-up
score from the initial score (labeled APUCAI). Patients were
classified as those having an important change in disease
activity or being stable in 2 different ways: 1) Anchor-based
approach: patients who changed by 1 category on the PGA
(e.g., from “moderate disease activity” at the first visit to
“mild” at the second visit) were considered as experiencing
small change, whereas a change in 2 categories as a moderate
change, and at least 3 categories as a large change; 2) Data-
driven approach: all patients commenced on therapy of
proven efficacy (i.e., new or increased dose of steroids, anti-
TNF therapy, or oral 5-ASA) were considered as changed and
those with unchanged medical therapy were considered un-
changed, regardless of the actual change judged by the PGA
score.

Responsiveness was assessed using distributional, cor-
relational, and anchor-based approaches using several differ-
ent statistical methods.!?

(1) Distributional-based approach: Effect size statis-
tics represent the magnitude of change in the evaluated index
(ratio of signal [i.e., observed change] to noise [i.e., some
measure of variance]). A higher effect size statistic indicates
a greater change effect, and as a general rule >0.8 is consid-
ered a large effect, 0.5-0.8 moderate, and 0.2—0.5 small (13).
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The following statistical tests were used (Table 2): i) stan-
dardized response mean (SRM)!4; ii) standardized effect size
(SES)'3; and iii) Guyatt et al’s responsiveness statistic!® sub-
stituting 20 for the minimal important difference (MID).>

(2) Anchor-based approach: To differentiate patients
who experienced at least moderate change from those who
remained unchanged, receiver operating characteristic (ROC)
curves, sensitivity, and specificity were used.!?

(3) Correlational: Correlation between the APUCAI
with APGA.

The minimal important difference (MID) is the smallest
change in a health-related outcome measure that, in associa-
tion with minimal toxicity and cost, is large enough to trigger
a change in management.'”!®8 The MID determines the
change required to define improvement in clinical trials.
Following the anchor-based approach,!® the MID was set as
the APUCALI associated with the highest sensitivity and spec-
ificity to differentiate changed versus unchanged patients,
using the ROC curve approach.!3.2021

Serial ROC curves were used to define cutoff scores for
categorical disease activity (none, mild, moderate, and se-
vere). Area under the ROC curve (£95% CI) of over 0.7 was
considered fair, 0.8 good, and at least 0.9 excellent discrim-
inative ability.

The minimal detectable change (MDC), sometimes also
termed “smallest detectable difference,” is the smallest
change in score that can be detected beyond random er-
ror?2-24; anything lower than that could be the same that
one would observe in stable patients. To ascertain the
MDC, Jacobson’s Reliable Change Index was used (RCI
= 1.96*SDy celine F(SQRT[2*(1-1r)]) where r is the test-retest
reliability coefficient).?>2¢ As previously found, RCI is the
preferred way to ascertain the MDC for a clinimetric index
such as the PUCAL.!%27 The RCI has the same units as the
instrument under study and it is based on the standard error of
measurement.?82° To supplement approximation of the
MDC, we also reported Norman et al’s 0.5 standard deviation
of the total change score.3°

Data are presented as means * standard deviation, or
medians (interquartile range, IQR). Comparisons between
PUCALI subgroups were made using the nonparametric Wil-
coxon rank sum test or Kruskal-Wallis on ranks. Proportions
were compared using the x? or Fisher’s exact as appropriate.
All comparisons were made using 2-sided significance levels
of P < 0.05 and performed using SPSS v.15.0.

RESULTS
A total of 215 children with UC were included in this
study, of which 63 (29%) were enrolled at the time of
diagnosis and the others after disease duration of 24 * 15.6
months (Table 1).
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TABLE 1. Patient’s Characteristics at First Included Visit

Entire Cohort

(N=215)
Males 112 (52%)
Age (years) 11.2 = 3.6
Range (years) 1.4-16.2
Race
White 183 (85%)
Black 14 (7%)
Asian 3 (1%)
Hispanic 6 (3%)
Others 9 (4%)
Disease duration (years) 1 (0-2.5)
At disease onset 64 (30%)
Exacerbation 151 (70%)
Disease extent
Proctitis 2 (1%)
Left-sided 40 (19%)
Extensive® 173 (80%)
Disease activity®
Remission 100 (46%)
Mild 57 (27%)
Moderate 45 (21%)
Severe 13 (6%)
Concurrent medications®
Oral 5-ASA preparation 157 (73%)
Thiopurines 80 (37%)
Anti-TNFa 17 (8%)

Medians (interquartile range) or mean (£ SD) are presented as appropriate
for the data distribution.

“Beyond the splenic flexure according to the Montreal classification (Ref.
38).

PAs per physicians’ global assessment.

“Started prior to or at visit date.

Feasibility

Of the 770 eligible UC visits included in this analysis,
752 (97.6%) provided complete data on all items of the
PUCALI with a valid total score. In comparison, only 935 of
1961 CD visits (47.6%) had complete PCDAI data, mainly
due to lack of blood tests and/or height velocity data (odds
ratio [OR] = 45.8; 95% CI 28.6-73.5).

Validity

The PUCAI was highly correlated with PGA (r = 0.90;
P < 0.001). The correlation did not differ between left-sided
and extensive colitis (» = 0.88 and 0.91; P > 0.05) and
between different age groups (r = 0.9 and 0.92 for those over
and under 8 years of age, respectively; P > 0.05). As ex-
pected, the PUCAI was only fairly correlated with common
blood tests including ESR (r = 0.39, P < 0.001), CRP (r
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TABLE 2. Responsiveness Analysis of the PUCAI

PUCAI
Median change (IQR)
Improved® 55 (45-65)
Stable 0 (0-10)
Worsened® —42.5 (—=75-10)
Deemed to have improved 32.5 (5-50)

SESP [change/SD

basel ine]

Changed 2.60

Stable 0.36

Deemed to have changed 1.45
SRMP [change/SD ,,ngedl

Changed 2.66

Stable 0.46

Deemed to have changed 1.20
Responsiveness statistics® 1.32

[MID/ SDunchanged]
Correlation with change in PGA

AUC of ROC between changed
and unchanged (95% CI)

SES, standardized effect size; SD, standard deviation; SRM, standardized
response mean; MID, minimal important difference; PGA, physician global
assessment; AUC, area under the curve; ROC, receiver operating character-
1stic

“Defined as at least moderately changed.

PEffect size statistics (SES, SRM, and RS) should be interpreted as follows:
0.2-0.5 small effect, 0.5-0.8 moderate effect, >0.8 large effect.

0.84 (P<0.001)
0.96 (0.92-0.99)

= 0.37, P = 0.001), hemoglobin (r = —0.22; P = 0.007),
and albumin (r = —0.57; P < 0.001).

Median PUCALI scores were significantly higher in pa-
tients whose therapy escalated during that visit than those
whose medical therapy decreased or remained unchanged (0
[TQR 0-10] versus 45 [30-60]; Wilcoxon Rank Sum Test, P
< 0.001). In fact, only 4% of patients with PUCAI <10 (i.e.,
remission) had any escalation of therapy during that visit
versus 50% of patients with mild disease (PUCAI 10-34),
and 89% of patients with moderate or severe disease (PUCAI
=35, P < 0.001). Overall, the PUCAI score highly predicted
the need for escalating medical therapy (area under the ROC
curve 0.94; 95% CI 0.90-0.98).

Cutoffs of Disease Activity

The PUCALI differentiated very well the different cate-
gories of disease activity captured by the PGA (Fig. 1;
Kruskal-Wallis; P < 0.001; Spearman r = 0.87, P < 0.001).
The best cutoff to differentiate remission from active disease
was <10 points (sensitivity 89%, specificity 89%, area under
ROC curve 0.94; 95% CI 0.90-0.97), to differentiate mild
from moderate disease activity at least 30 points (sensitivity
95%, specificity 95%, AUC 0.98; 95% CI 0.97-1), and mod-

0 r=0.87, P<0.001
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Physicians’ global assessment of disease activity

FIGURE 1. Distribution of the PUCAI according to disease ac-
tivity as measured by physicians’ global assessment (PGA). The
numbers on the right denote the best cutoff scores to differen-
tiate disease activity, obtained by serial ROC curves.

erate disease activity from severe at least 65 points (sensitiv-
ity 92%, specificity 94%, AUC 0.99; 95% CI 0.97-1).

Test-Retest Reliability

Median PUCALI values at baseline and follow-up of 121
children who remained unchanged (judged by PGA of disease
activity) were 0 points (IQR 0-10) at both times. Accordingly,
ICC analysis of these patients showed excellent test—rest
reliability (ICC = 0.89 [95% CI 0.84-0.92], P < 0.001).
Subgroup analysis of 2 age groups did not differ substantially
(ICC = 0.89 [95% CI 0.83—0.92] for <8 years versus 0.85
[95% CI 0.67-0.83] for >8 years of age).

Responsiveness, MDC, and the MID

A total of 213 children (99%) had a follow-up visit
recorded and thus contributed to the responsiveness analysis.
The APUCALI differentiated well the different groups of im-
provement, unchanged and deterioration, as judged by the
change in PGA (Fig. 2; r = 0.87; Kruskal-Wallis,; P
< 0.001). The 3 conceptual methods to evaluate responsive-
ness (i.e., distributional, anchor-based, and correlational) in-
dicated high responsiveness of the PUCALI across all statisti-
cal methods (Table 2).

The MID of small change in PUCAI (worsening or
improvement) was 10 points (for improvement: sensitivity
81% specificity 86%, area under the ROC curve 0.92 [95% CI
0.88-0.96]; for deterioration: sensitivity 91%, specificity
80% and AUC 0.93 [95% CI 0.88-0.98]). The MID for
moderate improvement was at least 30 points (sensitivity
92%, specificity 90%; area under the ROC curve 0.96 [95%
CI 0.92-0.99]). It was impossible to calculate the MID for
moderate worsening since there were only 2 patients in this
subgroup.
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FIGURE 2. Distribution of the APUCAl according to the change in
physicians’ global assessment (PGA). The minimal important dif-
ference (MID) was determined by ROC curve, finding the best cut-
off on the PUCAI to differentiate change: small change denotes a
change of 1 category on the PGA, moderate change denotes a
change in 2 categories, and large change, 3 categories.

The reliable change index, reflecting the MDC, was
12.2 points (4.4%1.96*[13.2*SQRT((2*1-0.89))]). In agree-
ment, 0.5 standard deviation of APUCAI was 11.9 points.
These data imply that the PUCALI unit to be considered real
beyond interrater variability is 12 points, similar to the MID
found for small change.

DISCUSSION

This study provided novel data indicating the high
feasibility of the PUCAI and the good correlation with treat-
ment decision-making. This study also replicated the cutoff
score that defines remission (PUCAI < 10 points), and severe
disease (at least 65 points). The cutoff for moderate disease
was at least 30 points, similar to the 35 point value found in
the original study.> Small variations such as this one are
anticipated from inherent interpopulation variability.

It is difficult to compare the MID obtained here (10
points for small change and 30 for moderate change) with
those obtained previously (10 and 20 points, respectively),
since the 2 studies utilized different anchors to reflect change.
In the previous study a 7-point global rating of change was
used (—3 to +3 where 0 means no change), whereas here we
calculated the difference of a 4-point PGA of disease activity.
Global rating of change has several limitations.3'-34 Recall
biases exist in comparing the current state with a previous one
and retrospective estimates of change are highly correlated
with the present state.3? The rater may be influenced by recent
good or bad events that falsely alter the judgment of change
for the entire period. The current study used a combined
estimate of both timepoints, avoiding the need for retrospec-
tive evaluation. The higher value obtained here for moderate
improvement is interesting and will facilitate a final MID of
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APPENDIX. Pediatric Ulcerative Colitis Activity Index (PUCAI)

Item Points

1. Abdominal pain:

No pain 0

Pain can be ignored 5

Pain cannot be ignored 10
2. Rectal bleeding

None 0

Small amount only, in less than 50% of stools 10

Small amount with most stools 20

Large amount (>50% of the stool content) 30
3. Stool consistency of most stools

Formed 0

Partially formed 5

Completely unformed 10
4. Number of stools per 24 hours

0-2 0

3-5 5

6-8 10

>8 15
5. Nocturnal stools (any episode causing wakening)

No 0

Yes 10
6. Activity level

No limitation of activity 0

Occasional limitation of activity 5

Severe restricted activity 10

Sum of PUCAI (0-85)

For User’s Guide and cutoff of disease activity, refer to the original study
(Ref. 5).

the PUCAI based on more required data. In the interim we
suggest leaving the current recommendation of the MID for
the PUCALI at 20 points as previously described.”
Psychologically, patients admit to deterioration only when
a substantial worsening occurs and are often looking for the
smallest difference to reassure themselves of improvement. In-
deed, asymmetry in MID for improvement and deterioration
have been previously reported.? The data presented here on
worsening are novel, as we did not have enough patients who
deteriorated in previous studies. It seems that, for the PUCAL,
MID of worsening patients mirrors the one of improvement.
This is important to determine what increment in the PUCAI
score reflects treatment failure and to guide, for instance, an
increase in standardized steroid dose in clinical trials.
Although the data were prospectively collected, it was
not collected specifically for this study. Therefore, some of
the limitations inherent to a retrospective design apply also
here. Only 1 physician scored the PGA and it was the same
1 who also decided on therapy. This may have biased the
correlation with therapy escalation. Colonoscopic evaluation



Inflamm Bowel Dis ® Volume 15, Number 8, August 2009

Evaluation of the PUCAI

is a very important variable to reflect disease activity, but it
cannot be considered a gold standard. Some clinical symp-
toms are not directly related to the mucosal inflammation,
and, on the other hand, macroscopic assessment of the degree
of inflammation is subjective and endoscopic healing tends to
lag behind symptom improvement.3%-37 The registry does not
record colonoscopic data and, thus, this was not included
here. This study emphasizes, yet again, the rarity of disease
limited to the rectum in children; it is still unknown how well
the PUCAI performs in patients with proctitis. Nonetheless,
the results here were consistent across different statistical
strategies and various constructs, using data obtained during
routine clinical practice, thus reflecting “real life.” Most
important, this study supplements the original prospective
evaluation that presented colonoscopic data.> Future research
may include the feasibility of using the PUCAI as a routine
clinical tool in a community-based setting.

The results of this study are consistent with those
previously presented.> Replication of the psychometric prop-
erties of the PUCALI on real-life data is of utmost importance
for using the PUCAI with confidence as the sole outcome
measure in pediatric UC without the need for endoscopy.
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