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A flexible spatial scan statistic with a
restricted likelihood ratio for detecting
disease clusters

Toshiro Tango®*' and Kunihiko Takahashi®

Spatial scan statistics are widely used tools for detection of disease clusters. Especially, the circular spatial scan
statistic proposed by Kulldorff (1997) has been utilized in a wide variety of epidemiological studies and disease
surveillance. However, as it cannot detect noncircular, irregularly shaped clusters, many authors have proposed
different spatial scan statistics, including the elliptic version of Kulldorff’s scan statistic. The flexible spatial scan
statistic proposed by Tango and Takahashi (2005) has also been used for detecting irregularly shaped clusters.
However, this method sets a feasible limitation of a maximum of 30 nearest neighbors for searching candidate
clusters because of heavy computational load. In this paper, we show a flexible spatial scan statistic implemented
with a restricted likelihood ratio proposed by Tango (2008) to (1) eliminate the limitation of 30 nearest neighbors
and (2) to have surprisingly much less computational time than the original flexible spatial scan statistic. As a
side effect, it is shown to be able to detect clusters with any shape reasonably well as the relative risk of the
cluster becomes large via Monte Carlo simulation. We illustrate the proposed spatial scan statistic with data on
mortality from cerebrovascular disease in the Tokyo Metropolitan area, Japan. Copyright © 2012 John Wiley &
Sons, Ltd.

Keywords: cluster detection; hotspot cluster; likelihood ratio statistic; Monte Carlo testing; spatial
epidemiology

1. Introduction

Many authors have proposed and introduced in several textbooks many different statistical methods for
detecting disease clustering and disease clusters [1—4]. Especially, the spatial scan statistic proposed by
Kulldorff and Nagarwalla [5] and Kulldorff [6] along with SaTScan software [7] has been applied in a
wide variety of epidemiological studies and also in disease surveillance for detection of disease clusters.
The spatial scan statistic tries to identify the most likely cluster (MLC), which is defined as the set of
connected regions that attains the maximum likelihood ratio. However, because it uses a circular
window to scan the potential cluster areas, it has difficulty in correctly detecting actual noncircular
clusters. To detect arbitrarily shaped clusters that cannot be detected by the circular spatial scan statistic,
many authors [8—11] have proposed different spatial scan statistics. Kulldorff ez al. [12] also proposed an
elliptic version of spatial scan statistic. Above all, the flexible spatial scan statistic proposed by Tango and
Takahashi [10] along with FleXScan software [13] has also been used for detecting irregularly shaped
clusters. However, this method allows only a maximum of 30 nearest neighbors for searching candidate
clusters because of heavy computational load. Several authors who conducted comparison of tests for
disease clusters pointed out this limitation (e.g., [14]).

On the other hand, Tango [15] and Tango and Takahashi [10] have shown that these spatial scan
statistics based on maximizing the ordinary likelihood ratio tend to detect an MLC that is much larger
than the true cluster by absorbing neighboring regions with nonelevated risk of disease occurrence. To
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avoid such an undesirable property, Tango [16] proposed a new spatial scan statistic by restricting the
likelihood ratio so that it scans only the regions with elevated risk. Tango [16] compared the performance
of detecting circular clusters by the two methods, that is, the original Kulldorff’s circular spatial scan
statistic and the circular spatial scan statistic implemented with the proposed restricted likelihood ratio,
via a Monte Carlo simulation study. The results indicated that the latter procedure had the ability to
identify the whole, or a part, of the true cluster assumed in the simulation more often than the former.

In this paper, we shall propose a flexible spatial scan statistic implemented with the restricted like-
lihood ratio. The performance of the proposed spatial scan statistic with the restricted likelihood ratio
is compared with those of Tango and Takahashi’s original flexible spatial scan statistic and Kulldorff’s
circular spatial scan statistic via a Monte Carlo simulation study. We illustrate the proposed procedure
with data on mortality from cerebrovascular disease in the areas of Tokyo Metropolis and Kanagawa
prefecture in Japan.

2. Spatial scan statistics

Consider the situation where the entire study area is divided into m regions (e.g., counties and
enumeration districts). The number of cases in region i is denoted by the random variable N; with
observed value n; (i =1,...,m) and n = ny+---+n,. Under the null hypothesis Hy of no clustering,
the N; are independent Poisson variables such that

Hy: E(N;) =¢&;, Ni ~Poisson(§;), i=1,...,m, (1)

where Poisson(§) denotes the Poisson distribution with mean £ and the &; are the expected number of
cases in region i under the null hypothesis. For calculation of the expected number of cases adjusted
for potential confounders such as age, we can use indirect standardization or a Poisson mixed-effects
regression model [7]. If we ignore the confounders, we can calculate £; as

Wi

=N =,
Z;cn=1 Wk

where w; denotes the population size in region 7. To specify the geographical position of each region,
we will use the coordinates of the administrative population centroid.

£ i=1,...,m, ()

2.1. Windows to be scanned

In the aforementioned situation, Kulldorff’s circular spatial scan statistic imposes a circular window Z
on each centroid of regions. For any of those centroids, the radius of the circle varies continuously from
zero up until 50% of the population at risk is covered, which is the standard option in SaTScan. If the
window contains the centroid of a region, then that whole region is included in the window. In total, a
very large number of different but overlapping circular windows are created, each with a different loca-
tion and size, and each being a potential cluster. Let Z;x (k =1, ..., K;) denote the window composed
of the (k—1)-nearest neighbors to region i . Then, all of the windows to be scanned by the circular spatial
scan statistic are included in the set

Z=Z1={Zix|1<i<m, 1<k <K;}.

Tango and Takahashi’s flexible spatial scan statistic, on the other hand, imposes a flexibly shaped
window Z on each centroid of region by connecting its adjacent regions. For any given region i, we
create the set of flexibly shaped windows with length k consisting of k connected regions including i
and let £ move from 1 to the prespecified maximum length K of nearest neighbors. To avoid detecting a
cluster of unlikely peculiar shape, the connected regions are restricted to the subsets of the set of regions
i and K-nearest neighbors to the region i. In total, as in the circular spatial scan statistic, a very large
number of different but overlapping arbitrarily shaped windows are created. Let Z;x(;). 7 = 1,.... jix
denote the jth window, which is a set of k regions connected starting from the region 7, where j;x is the
number of j satisfying Z;x(;) € Z;; for k = 1,..., K; = K. Then, all of the windows to be scanned
are included in the set

Z=2Z={Zup|1<i<m, 1<k<K 1<j<ju}.

Copyright © 2012 John Wiley & Sons, Ltd. Statist. Med. 2012, 31 4207-4218



