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P ROBLEM
Crohn’s Disease(CD) is an inflammatory disease of
the intestines, which has no known pharmaceutical or surgical cure. In addition, geographical variations of CD incidence have been reported worldwide reflecting putative variations in the distribution of environmental factors. In Northern France
we were able to detect spatial heterogeneity in
standardized incidence ratio (SIR) of CD (Declercq
2010). Between 1990 and 2006, 6 472 CD cases
were recorded by the EPIMAD Registry of Northern France distributed in 273 cantons of Departments of Nord, Pas-de-Calais, Somme and SeineMaritime (5 790 526 inhabitants).

S PATIAL SCAN STATISTICS MODEL
The spatial scan statistics method (Kulldorff 1995, 1997) was used to test for the
presence of CD clusters and identify their approximate location. The following
assumption is made: the number of CD cases in each canton is Poisson distributed. The method tests the null hypothesis that the risk of being affected by
CD is constant throughout all cantons. It uses a circular window of flexible size
(varying form 0 up to a maximum radius so that the window never contains
more than 50% of the population-at-risk), which moves across the area, using
as center the centroid of the cantons. In total, we get a large number of circular
windows which can candidate for being a cluster of CD cases, each containing a
set of neighboring cantons.
Under the alternative hypothesis, there is at least one region for which the underlying risk is higher inside the region as compared to outside. For each circle,
the likelihood to observe the number of CD cases within and outside is computed and the circle, which maximizes the likelihood, is defined as the most likely
cluster (MLC). Under a Poisson model, the likelihood of a zone Z is given by:
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is the likelihood under the null hypothesis. The p-value, P(ν > νobs ), associated
to the MLC is obtained based on Monte-Carlo random replications (R = 9 999)
R
under the null hypothesis. The calculations were performed using SaTScan .
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where d1 , d2 , . . . , dn are the sites locations (centroid), µ(di ) is the population at
risk in the location di and nZ , µ(Z), nG , µ(G) are the number of CD cases and
the population at risk inside the circular zone Z and in the whole region G.

A LTERNATIVE APPROACH FOR THE M ONTE C ARLO STEP
We observe that the spatial scan statistics method can be divided into
two phases. The first phase, the detection, consists in finding the cluster that maximize the likelihood ratio (MLC) and the second phase, the
inference, permits to test the significance of MLC based on Monte Carlo
simulations. Depending on the problem, the last step, usually requires
excessive computational time. To overcome this difficulty, an alternative to this phase is proposed.
We can model the population as a sequence X1 , X2 , . . . , Xµ(G) of i.i.d.
Bernoulli trials, P(X1 = 1) = p = 1 − P(X1 = 0), where 1 represents
the presence of disease and 0 the absence. Assume that the sequence is
scanned with a window of size 1 ≤ µ(Z) ≤ µ(G) and define the one
dimensional scan statistic as
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ting the tail probability P Sµ(Z) (µ(G)) > nZ .

(2) Haiman 2007, based on extreme value theory, shows that
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with a relative error of about 3.3L(1 − q1 )2 and where




q1 = P Sµ(Z) (2µ(Z)) ≤ nZ , q2 = P Sµ(Z) (3µ(Z)) ≤ nZ .
Several approximations have been proposed for the distribution of the
one dimensional scan statistics. Taking L = [µ(G)/µ(Z)] we have the
The main advantage of the Bernoulli model consists in the fact that the
following estimates:
probabilities q1 and q2 can be evaluated by exact formulas (Naus 1982).
(1) Naus 1982, using Markov like approximation, proposes the proFor the comparison of the two approaches, a simulation study was conduct type formula
ducted. This study showed that the two methods provided consistent
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probabilities, the second approach presenting a superior power and a
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lower calculation time.
The significance of the most likely cluster can then be tested by evaluaq1
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The study showed significant spatial heterogeneity of CD incidence in northern France during the period from 1990 to 2006, both confirming and extending
previous data (Declercq et al. 2010). Using spatial ( and space-time) scan statistics, 14 spatial time constant clusters were identified. Among these clusters, 5
clusters of high incidence (total: 726 patients) and 9 clusters of low incidence (total:521) were detected. The existence of such clusters suggests that risk factors of
CD are still at work in the studied region.
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