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Flexible and Circular ILI Clusters by NYC ZIP Code Area, 4/26 - 4/28

'::7",:4 x
4/26 4/27 4/28
High Scheol A
Flexible Primary Cluster (p < .001)
N Flexible Secondary Cluster {p<.001)

R | !
A 0 5 10 Miles Circular Primary Cluster (p < .001)

Circular Secondary Cluster (p < .001)

1 :20094 4 A 20 H~28 HOZ o —3I— 7 HBMBEIC BT 51 > 7V T PHER (LD %
Y —RA T AT —F Lo THRHESNEZEEZERT T N TV A% FleXScan (flexible %) &
SaTScan (circular k) OZNZTNTHRIL SNz (p<0.001) Ml (ZIP 0— Ri) 2R, W
FHEEH4A26H, 27H, 28 HIKERRT U N T LA 7 Z&Hmit. BENEZ 2 —3— 7 i CRY
DA ZTINITYA (HIND) OT7T NT LA 7 PHERINZ ABKERT .

K1 :4H26~28 HIZB I 22 —3— e TOA > 7T AHINDEE BEE &
FleXScan, SaTScan O & F{E TRE S N/ HENIZHIT 2T BEE

‘Date | HIN{ = CasesFound |

~ ZIP Codes Used

' Fle

- 426
427 22 0(0%) | 0(0%) o 0 | 7 0

.
|
1
3
i
|

|
3

XScan | SaTScan | Total | FleXScan = SaTScan

]

2 (%) s(e%) iz | 13 13

428 20 4(14%) | 4(14%) 8 | 13 3

* On 422, the FlsXScan cluster includad 2l 3 confirmead HiN{ cases found in the SaTScan clustsr,
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Introduction

The FleXScan software has been developed to analyze spatial count data using the
flexible spatial scan statistic developed by Tango and Takahashi (2005) and Kulldorff’s
circular spatial scan statistic (1997). The current version includes a spatial scan statis-
tic with a restricted likelihood ratio proposed by Tango (2008). 1t is similar to the
SaTScan software (2008) developed by Kulldorff together with Information Manage-
ment System Inc., but the current version of FleXScan is still restricted to spatial ana-

lyses.

Kulldorff's circular spatial scan statistic uses a “circular window” with variable size to
define the potential cluster area and so it is difficult to correctly detect noncircular
clusters, such as those along a river. In real applications, most geographical areas are
noncircular. Tango and Takahashi’s flexible spatial scan statistic, therefore, is designed
so that the detected cluster is allowed to be flexible in shape, while at the same time the
cluster is confined within relatively small neighborhoods of each region. It should be
noted that both of these scan statistics are based on maximizing the likelihood ratio.
Tango (2000) showed an interesting example in which Kulldorff's circular spatial scan
statistic detected an unrealistically large most¢ likely cluster (MLC) consisting of 70 re-
gions. This was much larger than expected from an observed disease map, and was due
to absorption of neighboring regions with a non-elevated risk of disease occurrence in
his simulated data. Furthermore, Tango and Takahashi have shown examples in which
Duczmal and Assuncéio’s non-circular scan statistic (2004) detected quite large and pe-
culiar shaped MLC that had the largest likelihood ratio among the MLCs identified by
the three different spatial scan statistics: Kulldorff's, Duczmal and Assuncio’s, and
Tango and Takahashi's. These results cast doubt on the validity of model selection
based on maximizing the likelihood ratio. Tango (2008) proposed a new spatial scan
statistic free from this undesirable property by modifying the likelihood ratio so that it
scans only the regions with elevated risk at the “region’s significance level of alpha,”

specified by the user.

The FleXScan software is a free software program designed for any of the following in-
terrelated purposes:
1) To evaluate reported spatial disease clusters, to see if they are statistically signif-
icant.

2) To test whether a disease is randomly distributed over space.

214 -



3) To perform geographical surveillance of disease, to detect areas of significantly
high rates.
FleXScan uses the Poisson model, where the number of events in an area is Poisson
distributed according to a known underlying population at risk. This version can also
analyze data under the Binomial model. The data may be either aggregated at the
census tract, zip-code, county or other geographical level. FleXScan can adjust for the
underlying inhomogeneity of a background population and for any number of categori-

cal covariates provided by user.

References
e Tango T and Takahashi K. (2005). A flexibly shaped spatial scan statistic for de-
tecting clusters. International Journal of Health Geographics 2005, 4:11. [Open

Access] http://www.ij-healthgeographics.com/

o  Kulldorff M. (1997). A spatial scan statistic. Communications in Statistics: Theory
and Methods, 26:1481-1496.

e Tango T. (2008). A spatial scan statistic with a restricted likelihood ratio. Japanese
Journal of Biometrics 29:75-95.

e  Kulldorff M and Information Management Services, Inc (2008). SaTScan™ v7.0:

Software for the spatial and space-time scan statistics. http:/www.satscan.org/

¢ Duczmal L and Assuncfio R. (2004). A simulated annealing strategy for the detec-
tion of arbitrarily shaped spatial clusters. Computational Statistics & Data Analy-
sis, 45, 269-286.

e Tango T. (2000). A test for spatial disease clustering adjusted for multiple testing.
Statistics in Medicine, 19, 191-204.
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Downloading and Installation

To install FleXScan, go to the Department of Technology Assessment and Biostatistics,

National Institute of Public Health Web site at :
http://www.niph.go.jp/soshiki/gijutsu/index_e.html

and select the download link. After downloading the FleXScan installation executable to

your PC, click on its icon and install the software by following the step-wise instruc-

tions.

System requirements:
¢ Intel® Pentium® processor III or higher
e Microsoft® Windows® 2000, Windows XP or Windows VISTA
e 256MB of RAM (recommended)

gresan e |
Fila (F) Session {8) Tool (T) Help (H)
DR %

’I Analysis ]

iInput -
i

i Coordinate File:

! — Coordinates: | & Latitude/Longitude  Cartasian | Radius of Eanth: |§37T“ km

Iatrix Definition File:
J o T T .| Edt]

Case File { observed # and expected # / population £ }:

Cutput o e e - * o= e A
Results Fila: Sst default name I
’, S . ; A i _ 1 Vi
- Comment| ' I T - '
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Test Run

Before using your own data, we recommend trying the sample data set provided with

the software. To perform a test run:

1. Click on the FleXScan application icon.

2. Select the following files in the sample folder (C:/Program Files/FleXScan/sample,

default) as input data.
@ Coordinate File: “saitama-e.coo”
@ Check latitude/Longitude’ in the Coordinates
@ Matrix Definition File: “saitama-e.mtr”
@ Case File: “heart-M.cas”

3. Click on ‘Set default name’ or input any file name to output the results.

73 FleXScan (= 2=
File (F) Session (S) Tool (T) Help (H)

Dl #%

Filas ]Analysis]

[Input- - SRl == -

é Coordinate File: |

! ]G:¥P}6gr;am Files¥F I'sXScan\;éJr'¥samﬁfe¥éa‘it;rﬁa-e.cnrom T ... | Edit i
) --- Coordinates: , @ Latitude/Longitude Cartesian . Radius of Earth: 1133770'— km !

Matrix Definition File:

fBi¥F‘r6g ram Files¥F| eXScanV3) ¥sanple¥saitama-e.ntr

Case File { observad # and expacted # / population £ .

1]
|
§ ic':¥Pr'og‘n;m'F'i les¥F leXScany3j¥sanple¥heart-N.cas
i
1
~Outgut
Rasults File:

]C: ¥Prrogramv Files¥FI eXScanVSJ ¥sampl eYheart-M.out

] eal

- Commant -

217 -



4. Next, click on ‘Analysis’ tab
@ Select “Poisson” in the ‘Statistical model.’
@ Select ‘Original LLR’ or ‘LLR with Restriction’ in the Statistic type, and ‘Flexi-

ble’ or ‘Circular’ in the ‘Scanning method’, respectively.

#8 Flaxscan (all®x
D & ¢
Files  Analysis 1

| Statistical model: | ** Poisson " Binomial

" LLR with Restriction ‘ - i‘f' 2

Statistic type: ? Original LLR )

| 1 e 205 S ——"
| Scanning method: | % Flexible " Circular !

I The Maximum Spatial Cluster Size: 15 o census areas (default=15, recommended<=20)

: Random number: * @® Multinomial " Poisson

| Monte Carlo replications (default=998): 093 -- Sead of Random Number: ,4586111

|

5. Click on ‘Run’ button ( ,’{31) or select ‘Session’ - 'Run’.

6. After a while, the results file and the results map will appear.

Results:
‘MOST LIKELY CLUSTER’

Census areas included. : kawaguchi, souka, koshigaya,...

are regions detected as the most likely cluster, and its significance is also given

Regardless of the p-value, the most likely cluster is shown in red on the map.

: 18-



6

" {heart-M.out - XEE BN
I7OMF) EEE) SRO) FRV) ALTH)

Scanning method: Flexible spatial scan. b

<STATISTICS>
Original log likelihood ratio.

Program run on: Wed Mar 11 14:44:28 2009

Purely Spatial analysis
scanning for clusters with
high rates using the Poisson nodel.

SUMMARY OF DATA

Linit length of cluster: 15
Number of census areas.: 92
Total cases -..........: 16462
(expected nunber is adjusted by Total cases as *Total expects* = ¥Total cases¥)

MOST LIKELY CLUSTER

| .Census areas Included .: kawaguchi, souka, koshigaya, warabi, hatogaya, voshikawa, sugito
Wax i mun djs@ance.......: 24.2393 kmr(arg§§i kgwagﬂghi to sugito) -

=28 [ I ) i T t

#3 Ci¥Program FilasyFla¥Scanv3j¥samplesheart-M.las f=irai=

I
TPt ) copy savehs |

-19.-



Sample Data Sets and Data Input Form

To analyze your own data using FleXScan, you need to prepare at least three data files:
1) Coordinate File, 2) Matrix Definition File, and 8) Case File. The detailed structure of
each file is explained in the following section showing sample data files for Saitama

prefecture in Japan (automatically installed in your ‘sample’ folder).

@ Coordinate File (coo)
The coordinate file provides the geographic coordinates for each area. Coordinates
may be specified either using the standard ‘Cartesian coordinates’ system or in ‘la-
titude and longitude.’ ‘Cartesian’ is the regular planar x,y-coordinate system. Each

line of the file represents an area name (or code) and its geographical location.

For the Cartesian coordinates system

» Format: <Areaname or code> <X-coordinate> <Y-coordinate>

For the Latitude and Longitude coordinates system

> Format: <Areaname or code> <Latitude> <Longitude>

Latitudes and longitudes should be entered as decimal numbers of degrees. You can
convert latitudes and longitudes expressed in degrees, minutes, and seconds to de-
cimal number of degrees by the following formula:

xx (degrees) yy (minutes) zz (seconds) — xx + yy/60 + z2/3600 (degrees).
When coordinates are specified in latitudes and longitudes, FleXScan calculates the

distance between two points on the surface of the spherical earth with a radius

given in the ‘Radius of Earth.’
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ama-ecoo
File () Edit (©)
No. Area nahé Latitude -Lnnsitudf; : ) ] _:_’
T Kanwagoe  135.02104444 1304501667
2 |kumagays 3614416667 135.3919444
3 kawaguchi 3580472222 1397272222
4 urawa 3565533333 1396486111
5 comiya 3580277773 1396319444
3 gyouda 3613555556 1394580880
7 chichibu 3598861111 1390886111
] tokorozawa 35.79638989 1394710444
g harnou 858525 1393311111
10 kazo 3612832333 1306052773
1 |honjyo 3524055556 1391936111
12 |higashimats1 3603888889 130.4033333
18 |iwatsuki 3504777778 1307027778
T4 |kasuksbe 3597194444 1307558333
15 |sayama 3584072222 1394155556
16 [|hanyu 3616944444 1395519444
17 kounosu 3606277773 1395255556
18 fukaya 9619444444 1392847222
19 "~ agzo 3597416667 1395966667
20 yono 3536055556 1396291667
21 souka 36:32222222 1398086111
22 koshigaya 3688777778 139.7941667
23 warabi 368295 1396827778
24 toda 3581444444 1306811111
% |iuma 35:83277778 1393944444
%6 |hatogaya 3582361111 1307444444
27 asaka 3579416667 1305969444
28 |ski 3583333333 1395836111
29 wakou 3577833333 139.6088880
2N i DR INNDIITO 1INRAOATIA —Y]
Labell
79 FleXScan =D ==
File (F) Session (S) Tool (T) Help (H) 1
DA % |
Filas ]Analysis | [
i : - i‘
Coordinats Fila: {
| ]C#Prog}"ani FiIes¥FleXS\;lénVéjgaﬁpIél‘séihma—e.co& B T o & _I ﬂl j
--- Coordinates: | r? ,L?F?!'ﬂef_kﬂ_ngﬂ?‘?f ‘ Caﬁe,lan . Radius of Earth: 163?0 xm f
Iilatrix Definition File: _
| [G:¥Prozren Files¥FIeKScany3] ¥sanpla¥saitana-e.ntr i | ]
Case File { obserad # and sxpscted 2/ populetion £ : ‘
iC:¥Progrsm Files¥F |eXScan¥3 j¥sample¥heart-i.cas __I EL] g !
CQUGHE < e e ik

Results Fila:
\G YProgram Fi lss¥F |eXScanV3 i ‘¥sé|;x§‘| e¥heart-M.oul

- Commant:|
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@ Matrix Definition File (mtr)

» Format: <Areaname orcode> <Area 1> <Area 2> ..

The first column of each line is the area name, which must be identical to that in
Coordinate File. The following columns specify the area name(s) that are adjacent to
(1.e., border on) the area described in the first column. For example, kawagoe, sayama,
iruma, niiza, and miyoshi areas are adjacent to tokorozawa (see row No.8 of the figure
below).
When Areal is adjacent to Area3 and Area5, the mtr file should be:

Areal Area3 Areab

Area2

Area3 Areal ...

Note that “Areal” also appears in the line of “Area3” in this case (and vice versa), and

>

the matrix must be symmetrical, otherwise an error occurs. The ‘Check symmetry

tool in the File menu is available to check the symmetry of the matrix.

f;,‘ ¥FleXScan¥sample¥saitama-e mit
File (£} Edit (B
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1 kawagos  ioomiva tokorozawa sayama  ageo fujimi kamifukuoke sakado
s kumagaya eyouda higashimatsi fukaya fukiage namekawa oosoto kounan

3 kawaguchi urawa imatsuki  souka koshigaya warabi toda hatogaya
4 urawa kawaguchi oomiya iwatsuki yoho warabi toda asaka

5 oomiva kawazgoe  urawa iwatsuki 3gE0 yoho fu]imi hasuda
FamE eyouda kumaeaya kazo hanyu kounozu fukiage menuma kisai

?W i chichibu  naguri tokigawa  yokose minano yoshida okano arakawa
g ~ |tokorozawa kawagoe  sayama iruma hiiza miyoshi

s hannou sayama iruma hidaka moroyata 0gose naguri tokigawa
10 - kazo eyouda hanyu kuli kisai kitakawabe ootone kurihashi
11 honjyo fukaya migato-macl kodama kamicato  okabe

12 higashimatsrkumagaya sakado namekawa arashivama kawachima vyoshimi hatoyama
13 i iwatsuki kawaguchi urawa oomiya kasukabs  koshieaya hasuda shiraoka
1'4 : 2 kasukabe  iwatsuki koshigaya miyashiro  shiraoka  sugito matsubushi syoumwa
G sayama kawagoe  tokorozawa hannou iruma hidaka

16 2 hanyu eyouda kaza

72 ; kounosu  gyouda ckegawa  kitamoto  fukisee yoshimi kisai kawazato
13 T fukaya kumagaya honjyo menuma okabe kawamoto  hanazono  yorii

12 3ge0 kawagoe  oomiya okegawa  hasuda ina kawashima

20 yono urawa comiya

21 - souka kawaguchi koshieava vashio mizato-shi yozhikawa

22 7 = koshieaya kawaguchi iwatsuki  kasukabe  zouka yoshikawa matsubushi

23 i : warabi kawaeuchi  urawa toda &
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