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Background: Patients with Crohn's disease (CD) are at risk of complications. Performance characteristics of a decision support tool assessing

the risk of CD complications were evaluated.

Methods: CDPATH (formerly called the Personalized Risk and Outcome Prediction Tool [PROSPECT]) was calibrated and validated in 2 cohorts.
Tool prediction of disease characteristics was assessed using Cox regression and Harrell's C-statistic.

Results: All associations of CD complications and CDPATH components were significant except perianal location. There was a significant asso-
ciation between individualized risk assessment scores and CD complications in both cohorts.

Conclusion: CDPATH is validated as a clinical decision support tool for assessing the risk of CD complications.

Lay Summary

CDPATH risk assessment tool (formerly called the Personalized Risk and Outcome Prediction Tool [PROSPECT]) was developed to assess indi-
vidual risk of Crohn's disease (CD) complications. We validated this decision support tool that may aid gastroenterologists in facilitating optimal

management of CD.
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Introduction

Crohn’s disease (CD) presents anywhere in the gastrointes-
tinal tract and in a variety of phenotypes.! The goals of treat-
ment for this complex disease are remission and prevention
of complications and surgery.! Management that is tailored
to patients’ disease characteristics and risks of complica-
tions is needed to achieve these goals.>3 CDPATH (formerly
called the Personalized Risk and Outcome Prediction Tool
[PROSPECT]) was developed to assess individual risk of CD
complications by modeling clinical, genetic, and serologic fac-
tors to identify dependent variables for the time from diag-
nosis to occurrence of the first complication of CD (defined as
a bowel stricture, internal penetrating disease, or nonperianal
surgery |[bowel resection or strictureplasty]).? For this in-
vestigation, we evaluated the performance characteristics of
the CDPATH risk assessment tool in the clinical laboratory
setting.

Methods

The risk assessment score (risk of a CD complication at
3 years) of the CDPATH algorithm was developed with
a Cox proportional hazards model and univariable and
multivariable analyses to model the association of clinical,
serologic, and genetic biomarkers with risk of CD compli-
cations.> Performance characteristics of the CDPATH tool
were assessed with available data from a calibration cohort
(Cedars-Sinai Medical Center, Los Angeles, CA; n = 106)
and a validation cohort (Mount Sinai Hospital, University of
Toronto, Toronto, ON, Canada; 7 = 32). All patients included
in the study population were without CD complications at
the time of entry into the cohort. Protocols were approved by
institutional review boards at the enrolling institutions, and
all participants provided informed consent.?

Individual risk scores were calculated as previously de-
scribed.? A Cox model was used to determine the hazard ratio
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(HR) for any patient in combination with the Breslow esti-
mate of the cumulative hazard, which yields a predicted time-
to-event curve. The risk of an individual patient is calculated
according to the HR of each variable. The overall unit hazard
function is the risk of a complication at any given time and is
shown in the equation below:

h (t ‘ x) = 1II HR,’Value,'

The calculated risk of a complication at any given time is the
product of the baseline function and the expression derived
from the calculated HR of each variable (HR) for the value of
the variable. Variables included disease location (small bowel,
left colon, perianal), serologic markers (anti—-Saccharomyces
cerevisiae antibodies [ASCA] immunoglobulin [Ig]A/IgG
isotypes, anti-CBirl IgG, perinuclear antineutrophil cyto-
plasmic antibodies [pANCA]), and a genetic marker (the
NOD2 1007 frameshift mutation [NOD2 fs]). Risk was
categorized as low (0%-19.9%), medium (20%-59.9%),
and high (60%-100%). These risk cutoffs were developed
in qualitative focus groups and cognitive interviews with pa-
tients with CD.? Using think-aloud protocols, patients were
asked what low, medium, and high risk of a complication
meant to them and then were asked to quantify the per-
centage risk for each category. In subsequent focus groups,
patients who have shown the cutoffs for low (0%-19.9%),
medium (20%-59.9%), and high (60%-100%) risk agreed
that they represented clinically meaningful decision points.
One-on-one cognitive interviews were performed with 20
patients that indicated agreement and comprehension by pa-
tients. Finally, gastroenterologists were consulted to confirm
face validity of these risk groupings, with universal agreement
from participants.
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Performance characteristics were assessed using Cox re-
gression and Harrell’s C-statistic, which test the goodness
of fit. CDPATH outputs were built with system dynamics
analysis for real-time prediction of each patient’s disease
characteristics.

Results

For the calibration and validation cohorts, respectively,
mean age (standard error of the mean) was 36 (Cohort 1)
years and 29 (Cohort 2) years (Table 1). Associations of
CD complications within 3 years and disease location or
serologic or genetic components of CDPATH were exam-
ined. All associations were significant (C-statistic > 0.533;
P < .03) except for perianal location (C-statistic = 0.501;
P = .95; Table 2). The highest C-statistic was for the risk
assessment composite score, combining all components.
Within 3 years, there was a significant association between
individualized risk assessment scores and CD complications
in the calibration cohort (C-statistic = 0.73; P < .001) and
the validation cohort (C-statistic = 0.70; P = .015), respect-
ively. The C-statistic for the combined cohorts was 0.713
= 0.037.

Among the 106 patients in the calibration cohort, 21.7%,
37.7%, and 40.6%, respectively, were categorized as low,
medium, and high risk. Among the 32 patients in the valid-
ation cohort, 9.4%, 34.4%, and 56.2% were low, medium,
and high risk, respectively. The performance characteristics
of risk assessment scores were plotted by risk category in
both cohorts (Figure 1). In the calibration cohort, the inci-
dence of CD complications was 0%, 28%, and 58% among
patients receiving the low-, medium-, and high-risk scores,

Table 1. Performance characteristics of a clinical decision support tool for disease complications in Crohn's disease.

Cohort 1 (Calibration) Cohort 2 (Validation)

N
Age, years, mean = SEM
Sex, female, 7 (%)
Ethnicity, 7 (%)

White

African American

Hispanic
Time from diagnosis to specimen collection, years, mean + SEM
Time from specimen collection to complication, years, mean + SEM
Time from diagnosis to complication, years, mean + SEM
Disease location, 7 (%)

Small bowel

Left colon

Perianal
Laboratory markers

PANCA status positive, 7 (%)

ASCA IgA, EU/mL, mean = SEM

ASCA IgG, EU/mL, mean + SEM

Anti-CBirl, EU/mL, mean + SEM

NOD2 SNP13 (1007fs), 1 (%)

106 32

36 +1 29 £2

40 (38) 2

107 (95)

22)

4(3)

2.4 +0.3 a
2.7+0.5 !
3.9+0.6 1.2+04
82 (77) 28 (88)
63 (59) 26 (81)
12 (11) 11 (34)
20 (19) 8 (25)
21.6 £2.9 26.6 £ 6.2
17.9£2.5 23.2 5.1
26.8 £2.5 33.1 4.7
8(7) 3(9)

Abbreviations: Anti-CBir1, antibodies to CBir1 flagellin; ASCA, anti-Saccharomyces cerevisiae antibodies; EU, ELISA units; Ig, immunoglobulin; NOD2
SNP13 (1007fs), frameshift mutation in the NOD2 gene; pANCA, perinuclear antineutrophil cytoplasmic antibodies; SEM, standard error of the mean.

“Data are not available, but not required for model validation.
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Table 2. Characteristics for the combined cohorts overall and by risk category.

Combined Low-risk score Medium- High-risk score HR estimate C-stat (P value)
cohorts (0%-19.9%) risk score (60.0%-100%)  (95% CI)
(20%-59.9%)

Disease location
Small bowel, % (n/N) 80 (110/138) 30.7 (8/26) 80.4 (41/51) 100 (61/61) 6.78 (1.65-27.94) 0.588 = 0.023 (<.01)
Left colon, % (#/N) 64 (89/138) 92.3 (24/26) 68.6 (35/51) 49.1 (30/61) 0.38 (0.22-0.65)  0.619 = 0.037(<.01)
Perianal, % (n/N) 17 (23/138) 0 (0/26) 15.7 (8/51) 24.5 (15/61) 0.98 (0.50-1.91) 0.501 = 0.031 (.95)
Laboratory markers
pANCA status positive, 20 (28/138) 50 (13/26) 27.4 (14/51) 1.6 (1/61) 0.32 (0.13-0.81)  0.587 = 0.023 (.02)
% (n/N)
ASCA IgA/lgG, EU/mL, 2.40 (1.39-3.47) 1.25 (0.1-1.73) 2.02 (1.34-2.66) 3.46 (2.82-4.26) 1.49 (1.20-1.84) 0.643 = 0.043 (< .01)
In, median (IQR)
Anti-CBirl, EU/mL, In, 2.88 (2.29-3.59) 2.37 (1.85-2.81) 2.66 (2.08-3.48) 3.40 (2.71-4.12) 1.91 (1.37-2.65) 0.645 = 0.039 (< .01)
median (IQR)
NOD2 SNP13 8 (11/138) 0 (0/26) 0 (0/51) 18.3 (11/61) 2.60 (1.09-6.21)  0.533 = 0.021 (.03)

(1007fs), % (n/N)

Abbreviations: Anti-CBir1, antibodies to CBir1 flagellin; ASCA, anti-Saccharomyces cerevisiae antibodies; C-stat, C-statistic; EU, ELISA units; HR, hazard
ratio; Ig, immunoglobulin; IQR, interquartile ratio; In, natural log; NOD2 SNP13 (1007fs), frameshift mutation in the NOD2 gene; pANCA, perinuclear

antineutrophil cytoplasmic antibodies.

respectively. Similarly, the incidence of CD complications was
0%, 36%, and 61%, respectively, for patients with low, me-
dium, and high risk within the validation cohort.

Discussion

We have verified the analytical and clinical validity and estab-
lished the performance characteristics of this decision support
tool for CD complications in the reference clinical laboratory
setting. Running the model using all components, including
clinical disease location and serologic and genetic factors,
provided greater predictive accuracy for complications within
3 years compared with using each component separately. A
limitation of this study is the lack of ethnic diversity in the
calibration and validation cohorts, which may be an im-
portant factor to consider in the global applicability of this
decision support tool. Although a genetic marker (the NOD2
gene frameshift variant) was included as a variable, exploring
the performance of this tool according to the ethnicity of pa-
tients will require further analyses in a future study, such as
the COMPASS CD registry (NCT04809363). However, these
results demonstrate consistent and reproducible performance

Patients Developing Complications at 3 Years
Based on Initial Risk Stratification of the Calibration Cohort
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as shown by the individual risk assessment scores across the
cohorts. Risk assessment scores from the CDPATH tool may
facilitate a shared understanding of optimal management of
CD between patients and physicians.
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Figure 1. Performance characteristics of risk assessment scores plotted for patients with low, medium, and high levels of risk (defined as 0%-19.9%,

20.0%-59.9%, and >60%, respectively).
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