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Response of a Cancer Registry to Reports of 
Disease Clusters 

Will D. King, Gerarda A. Darlington, Nancy Kreiger and Gordon Fehringer 

A protocol has been developed to investigate and report perceived clusters of cancer using a population-based 
cancer registry. The protocol comprises a series of steps which lead to assessment of the cluster’s importance on 
the basis of three criteria: (1) statistical evidence of clustering; (2) documentation of the existence of exposure to 
a carcinogen; and (3) biological plausibility of the relationship between the exposure and the cancer of interest. 
The evaluation of these criteria results in one of three recommendations: further study, surveillance only, or no 
action. The protocol provides a systematic approach for investigation, makes efficient use of available cancer 
registry data, and responds to public concerns. The protocol is demonstrated by its application to an inquiry 
concerning an apparent excess of lung cancer in a small Ontario town and the possible role of radon gas exposure. 
The public health importance and limitations of addressing perceived disease clusters are discussed. 
EurJ Cancer, Vol. 29A, No. 10, pp. 141C1418,1993. 

INTRODUCTION 
IN 1990, THE ONTARIO Cancer Treatment and Research Foun- 
dation (OCTRF) received over 150 inquiries concerning the 
occurrence of cancer. Most of these were addressed with existing 
cancer statistics derived from the Ontario Cancer Registry 
(OCR); anumber, however, concerned potential cancer clusters, 
a type of inquiry for which no formal response guidelines existed. 
As a result, a protocol was developed to investigate reports of 
perceived cancer clusters using registry data. The investigation 
of such reports provides an important public service and has the 
potential to identify environmental risk factors for cancer. This 
paper describes the protocol which has been developed and 
discusses its application to a recent citizen concern. 
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The development of the cancer cluster protocol was based on 
SURJRCTS AND MIXHODS 

existing informal procedures of the OCTRF, a review of proto- 
cols used by other disease control agencies [ 141, and consider- 
ation of available resources. This protocol is distinguished from 
others by its use of incidence data derived from a cancer 
registry rather than the informant. The OCR contains records 
on residents of Ontario diagnosed as having cancer since 1964. 
This resource permits us to carry out temporal and geographical 
investigations of cancer incidence in an expeditious and non- 
invasive manner. 

Protocol 
The cluster protocol is applied to those inquiries which 

concern associations among cancer cases characterised by: (i) a 
defined geographical area and/or time period, (ii) a localised 
environmental exposure, (iii) an institutional exposure (e.g. 
hospital, school), or (iv) an occupation. The protocol comprises 
six steps, as follows. 
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Step 1: preliminary assessment and communication 
The inquiry is assessed in terms of the specificity of cancer 

type, the sufficiency of the number of cases, and the plausibility 
of the association with a suspected exposure; it is continued if 
any of these conditions are met. To satisfy specificity of cancer 
type, all cases should be of one type or body system. Many 
reported clusters are a heterogenous collection of malignant 
tumours for which a common cause is unlikely. Small numbers 
are often a problem in cluster investigations. Typically, a 
meaningful analysis of cancer rates according to available geo- 
graphical units cannot be performed with less than 5 cases [5], 
unless the site or histological type of cancer is extremely rare. 
The plausibility of the suspected exposure is evaluated as to 
its merit for further consideration in the investigation. Often 
exposures suggested by the informant can be ruled out based on 
the temporal relationship between exposure and case diagnosis. 

Informants are notified of the decision to continue, the specific 
issues which may arise in the particular investigation, and 
the possible outcomes. When an investigation is discontinued, 
informants are provided with an explanation of this decision, an 
informational brochure discussing cancer clusters, and specific 
information on cancer rates and known risk factors which may 
help them to understand what they have observed. 

Step 2: problem identi~ation and ver$cation of cases 
Complete problem identification takes place as an investi- 

gation continues. Spatial, temporal or other relevant boundaries 
are determined through communication with informants and 
consultation with an epidemiologist. Incident cases are identified 
in the OCR. Recently diagnosed cases or other valid cases 
identified by the informant and not identified in the OCR, may 
be verified by hospital and pathology records. Verification of 
diagnosis and residence classification, by means of a review of all 
records for the cases of interest, are undertaken to minimise 
reporting bias. 

Step 3: analysis 
Statistical analysis is used to describe the reported cluster and 

to determine statistical significance. Geographical analysis is 
based on census subdivisions, or on more specific designations 
if required. 

Firstly, age- and sex-standardised incidence rates (SIR) for 
the cancer sites and geographical areas of concern are compared 
with those of Ontario and census divisions of Ontario. Next, 
statistical methods designed for the study of spatial, temporal 
or space-time disease clusters are applied. Overall statistical 
importance is indicated by the amount of evidence for a disease 
cluster, provided by one or more of the appropriate statistical 
tests. Because of the Post hoc nature of the analysis, the cluster 
statistics employed are not intended to test a scientific hypoth- 
esis. These tests should be used in a descriptive manner to 
evaluate the importance of the reported cluster. 

When investigating cancer clusters, the identification of spa- 
tial clusters is usually of most concern [6]. However, in some 
circumstances it may be appropriate to consider temporal or 
spacf+time clusters. It is recognised that a large body of literature 
exists regarding tests for clusters of events. Several specific tests 
were selected based on the type of data commonly available for 
these investigations and based on issues of computational and 
statistical efficiency. In the OCTRF protocol, methods com- 
monly used for detecting spatial clusters include the Whittemore 
statistic [6], the Ohno statistic [7] and the Gear-y ratio [8]. The 
methods used for detecting temporal clusters are the SCAN 

statistic 19, lo] and the approach of Ederer, Myers and Mantel 
[ll]. For detecting space&me clusters, the method of Knox 
[12] and the approach of Barton and David [13] are applied. 
More complex graphical procedures exist for identifying clusters 
[ 14-161. These methods are appropriate if more detailed study 
is required, but are not used within the framework of this cluster 
protocol. 

Step 4: assessment of biological plausibility and documentation of 
suspected exposure 

Determination of biological plausibility of the hypothesis is 
based on aetiological similarities among the types of cancer 
involved, plausibility of the association with the suspected 
exposure, and sufficiency of the latent period between exposure 
and onset of cancer. Previous epidemiological, experimental and 
animal studies can be used to evaluate the biological plausibility 
by indicating mechanisms of disease or by corroborating the 
basic association between exposure and disease. This criterion 
should be used cautiously since it could obstruct the investigation 
of previously undetected causes of cancer. Documentation of 
the existence and location of potential exposures is done through 
contact with the Ontario Ministries of Health, Labour and the 
Environment, as well as other agencies. 

Step 5 : detetmination of cluster immnce 
The importance of the cluster and subsequent action to be 

taken are determined by the statistical importance, biological 
plausibility and documentation of exposure. Statistical import- 
ance is satisfied if a statisticahy sign&ant association is observed 
for any of the appropriate tests. Biological plausibility is subjec- 
tively assessed by reviewing the information gathered in step 4 
and through consultation with appropriate experts. Likewise, 
an objective evaluation of the exposure may not be possible and 
a subjective assessment may have to be made based on the 
available data. 

One of the following recommendations is made: (i) no further 
action, (ii) future surveillance, or (iii) detailed study. If only 
one of the three criteria is met, then no further action is 
recommended. If both biological plausibility and statistical 
importance are established, further study is necessary. Other- 
wise, monitoring of rates is recommended. 

Step 6: pteparntion offnal report 
A final report, containing the recommendations, is sent to the 

informants, with copies possibly sent to the local Medical Officer 
of Health and the OCTRF tiles. 

RESULTS 
The following example demonstrates the application of the 

protocol to a recent inquiry. A citizen contacted the OCTRF 
with a concern over the number of lung cancers he had observed 
in his town in the last 5 years. 

Step 1: preliminary assessment and communication 
Seventy-four incident cases of lung cancer were diagnosed 

between 1984 and 1988 in town residents. Radon gas in this area 
was identified as a possible cause; a plausible association between 
domestic radon exposure and lung cancer has been hypothesised 
[17-191. 

Step 2: problem identifiation and verifiation of cases 
Two definitions of the study area were created to explore 

clustering of different spatial magnitudes. The first (the Town) 
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was the census subdivision, representing the town of interest 
which had a population of about 9000 in 1986. This designation 
was used to make comparisons with Ontario rates and rates in 
other similar towns, and to explore clustering of lung cancer 
cases within the town. 

The second study area (the Area), comprising the 33 census 
subdivisions within 75 km of the town, was used to investigate 
clustering according to larger spatial boundaries. The Area 
included five towns, four villages, and 24 townships. In 1986, 
the total population for the area was 95 000 and the largest town 
had a population of 15 000. 

From the OCR, 334 cases were identified in the Area and 74 
cases within the Town, for the years 1984 to 1988. Because of 
the nature of OCR source records, there existed the potential for 
reporting error regarding usual residence. In particular, there is 
a tendency for cases in rural settings to report the nearest 
population centre as their residence. Such bias would result in 
the appearance of elevated incidence rates in census subdivisions 
defining population centres. In order to rule out this possibility, 
residence verification was performed. As a result, 2 cases were 
removed from, and 20 cases changed census subdivisions within 
the Area. Of the 74 cases initially identified in the Town, 
15 cases were resolved to residences outside the Town. The 
residences of 3 cases from the Area were changed to the Town, 
for a total of 62 cases in the Town. 

Residence verification was not performed for lung cancer cases 
with residence codes outside of the Area. Thus, there is a 
potential for incidence rates of census subdivisions at the borders 
of the Area to be biased according to the pattern of residence 
misclassification described above. 

Step 3: analysis 
A significant excess in lung cancer incidence in the Town was 

observed for both males and females as compared to Ontario 
rates, prior to residence verification. SIR estimates in compari- 
son with the Ontario population were changed somewhat follow- 
ing residence verification (see Table 1). While the two-fold 
excess in lung cancer was still observed for males, the residence- 
corrected SIR for females indicated no excess. 

A comparison with similar Ontario towns was performed in 
order to discern whether the elevation in rates could be explained 
by the comparison population used. Rates prior to residence 
verification were employed to make the groups similar with 
respect to residence misclassification. Eleven towns were selec- 
ted to form a comparison population according to population 

Table 1. Standardised incidence ratio (SZR) estimates ana’ 95% 
confidence intervals (Cl) for incidence rates in the Town 

Comparison population Sex SIR (95% CI) 

All Ontario 
Prior to residence verification 

After residence verification 

Similar Ontario towns* 
Prior to residence verification 

Male 2.4 (1.8, 3.1) 
Female 1.7 (1.0,2.5) 
Male 2.2 (1.6,2.9) 
Female 1.1 (0.6, 1.8) 

Male 1.7 (1.2, 2.2) 
Female 1.2 (0.7, 1.8) 

*Eleven towns similar in terms of population, rural setting and census 
characteristics of age, land area, ethnicity, education, household income, 
and industry. 

Low 0 
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High = 

scale (km)_ 
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Fig. 1. Map of approximate incidence rates (both sexes combined) 
for subregions of tbe Town. The distribution of rates was divided into 

thirds to form tow, middle and hi subregions. 

and rural setting and census characteristics of age, land area, 
ethnicity, education, household income and industry [20, 211. 
Lung cancer rates in the Town were significantly elevated for 
males [SIR = 1.7,95% confidence interval (CI) = 1.2-2.21 and 
were not significantly elevated for females (SIR = 1.2,95% CI 
= 0.7-1.8) in this comparison. The estimates of excess for both 
sexes were smaller than observed in the comparison with Ontario 
rates, suggesting that some of the observed excess may be due to 
risk factor characteristics or reporting biases common to this 
type of town. 

Spatial cluster methods were used here, as there was no 
suggestion of a temporal effect. The Whittemore test statistic [6] 
is based on the mean distance between all pairs of cases, where 
each case is assumed to reside in the centre of a subregion. The 
Geary statistic [8] examines variation in cancer rates between 
subregions and integrates that with information on the spatial 
structure of the area. The Ohno test [7] is similar to Geary using 
rate categories instead of interval data. 

In order to compute the spatial statistics, the Town was 
divided into 12 subregions. For each subregion, the frequency 
of lung cancer and an approximate population figure were 
obtained. To approximate population, the number of residences 
was counted and assumed to be proportional to the population. 
Figure 1 contains a plot of the approximated incidence rates for 
each of the subregions. The Whittemore method resulted in a 
test statistic of marginal significance (P value = 0.07), the Ohno 
test had a higher P value (0.15), and the Geary ratio, for which 
values close to 0 indicate clustering and values close to 1 indicate 
no clustering, revealed no evidence of clustering (see Table 2). 

Table 2. Application of cluster statistics to th Town of interest and 
to the Area 

Test statistic 

Whittemore (Z) 

Ohno (~a~+ I) 
Geaty ratio (GR) 

Town 
statistic (P value) 

- 1.80 (0.07) 
1.78 (0.15) 
0.93 (0.31) 

Area 
statistic (P value) 

-0.66 (0.26) 
1.13 (0.24) 
0.99 (0.47) 
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Fig. 2. Map of age-adjusted incidence rates (both sexes combined) 
for subregions of the Area. The distribution of rates was divided into 

thiis to form low, middle and high subregions. 

The Area was divided into 16 subregions, one of which was 
the Town (Fig. 2). No obvious clustering of rates was observed 
on visual inspection. The results of performing the statistical 
tests are presented in Table 2; no evidence of clustering in the 
Area was observed using any of the three methods. 

Step 4: assessment of biological plausibility and documentation of 
exposure 

Radon, the exposure of concern, is a by-product of uranium 
decay and a naturally occurring radioactive gas. There is epide- 
miological evidence that exposure to high doses of radon is 
associated with lung cancer, although the risk associated with 
lower domestic doses is unclear [17-191. 

While no organised survey of radon levels had been conducted 
in the Area, the available evidence indicated that high levels are 
plausible. High levels (5-10 pCi/l) were reported in a survey 
50-75 km from the Town [22] and measurements available for 
homes in the Town [23] were above the Canadian average, with 
the highest being at the Canadian action level. 

Step 5: determination of cluster importance 
The established association between lung cancer and radon 

gas makes the cluster biologically plausible, although elevation 
in risk associated with exposure in homes is not established. 
There is incomplete but indicative evidence of the existence of 
high levels of radon. Finally, overall there was no statistical 
evidence of clustering. However, SIR for the Town remained 
statistically significant after adjustment for residence misclassi- 
fication and in comparisons with other similar towns. The 
decision was made, therefore, to monitor lung cancer rates in 
the Area over the next 3 years. 

Step 6: preparation offinal report 
The final recommendation for future surveillance was 

described to the informant, and a procedure for monitoring the 
rates was established. 

DISCUSSION 
Several agencies have reported their methods for the investi- 

gation of reported cancer clusters [l-Q]. The OCTRF protocol 

has incorporated many of the strategies common to these proto- 
cols, such as early communication with the informant, methods 
of case ascertainment, statistical analysis, prioritising reports for 
in-depth study, and the reporting of results. The uniqueness of 
this protocol is its utilisation of, and reliance on, the resources 
available in a population-based cancer registry. All cancer infor- 
mation is obtained from the registry, rather than the informant; 
this ensures uniformity of diagnosis, completeness of ascertain- 
ment, and ease of calculation of expected frequencies. 

The example presented illustrates the actions taken in 
response to a specific cluster inquiry. Reports of apparent cancer 
clusters received by cancer registries may vary immensely in the 
scale of the problem and nature of the suspected risk factor. 
However, we suggest applying the same general steps to 
employing registry resources in the investigation of each inquiry. 

The protocol provides an essential response to inquiries 
concerning cancer clusters using the resources of a cancer 
registry; there are, however, several limitations to this registry- 
based approach which should be acknowledged. 

Analyses of clusters are often restricted to census subdivisions, 
for which disease frequencies are sufficient for meaningful 
analysis, and for which the populations at risk are available. Of 
interest in this investigation was the cancer distribution within 
the Town. To this end, ad hoc estimates of the population 
distribution were made but could not include the underlying age 
and sex distribution. 

The cluster protocol relies to a large extent on the OCR, which 
has an acknowledged degree of error with respect to reporting 
completeness, diagnostic accuracy, and residence coding [24]. 
These could affect cluster analysis if there is a differential error 
according to any of the units (e.g. time, space, disease) under 
study. Verification of diagnosis and residence, as was performed 
here, is not always possible. 

The protocol is also limited in its capacity to identify or confirm 
environmental contaminants and exposures. The investigation 

presented relied on incomplete geological evidence of environ- 
mental exposure. 

In general, the statistical analysis of data from perceived 
disease clusters has been cautioned on several grounds, including 
the concealed presence of multiple comparisons and post hoc 
hypothesis generation [3, 5, 251. It is acknowledged that this 
type of criticism is valid and that results must be interpreted 
carefully. 

Several benefits arise, however, with the use of this cluster 
protocol. First is the provision of a systematic approach, facilitat- 
ing an efficient investigation without a major commitment of 
resources. Second is the potential for generating hypotheses 
concerning environmental causes of cancer. Third is extending 
the utility of a population-based cancer registry. Finally, and 
most importantly, the protocol fulfils a public service, by 
facilitating a response to community concerns and by educating 
the public on the occurrence of cancer. 
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Cancer Risks Among European Migrants in SBo 
Paulo, Brazil 

Christine Bouchardy, Myriam Khlat, Antonio Pedro Mirra 
and Donald Maxwell Parkin 

Using both mortality and incidence data, cancer risk in Italian, Spanish and Portuguese migrants to Sbo Paul0 
were compared with those in the Brazil-born population, and with those in their countries of origin. Italian and 
Spanish migrants show changes in cancer risks which are rather similar to those observed in migrants of the same 
origin in other parts of South America: they increase their rates of oropharyngeal, oesophageal, cervical and 
breast cancers and they decrease their rates of lung cancers. However, for cancer of the oesophagus, the changes 
are greater in Sao Paulo, where migrants acquire rates similar to those of the natives. For colon cancer, rates in 
Italian migrants decrease in the low risk area of Sao Paulo and increase in the high risk area of Argentina. Changes 
in Portuguese migrants are less evident: their rates of colorectal cancer remain high, and, as found for Japanese 
migrants in Sao Paulo, they also retain their higher risks of stomach cancer. 
EurJCancer, Vol. 29A, No. 10, pp. 1418-1423,1993. 

INTRODUCTION 
STUDIES OF cancer risk in European populations migrating to 
South America are scarce. Death rates from cancer among 
migrants in Uruguay and Argentina have recently been pub- 
lished, and show interesting patterns, especially for digestive 
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cancers [ 1,2]. The only published studies of migrants to Braxil 
concern Japanese in Sb Paul0 [3-51, although the cancer pattern 
in migrants to Brazil is of particular interest, as there are 
unusually high local rates of oral cavity, oesophageal, stomach 
and cervix uteri cancers. 

The European migration to Brazil dates back to the beginning 
of the nineteenth century, due in part to the development of 
extensive agriculture, mainly coffee and cotton, and to the 
existence of large unpopulated areas in the southern part of the 
country. This movement was slowed down by the Braxilian 
government at the time of the coffee crisis in 1930, and the only 
county which had enough financial resources to maintain the 
immigration level was that of Sb Paulo. In Sb Paulo, the main 


