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Cancer clustering,
a challenge for laymen and scientists

Tom K Grimsrud
Cancer Registry of Norway, Department for research

Abstract

The public concern following a clustering of cancer cases represents a challenge for health workers, media, and
politicians. There is no easy way to sort random clustering from an effect of carcinogenic exposure. Historically,
some cancer clusters have provided clues that later led to the identification of cancer causes. Most perceived
cancer clusters, however, are assumed to be a result of random variation. Still, the worry and questions caused
by a perceived cluster need to be handled carefully, with epidemiological skills, and public health experience.
The paper describes why scientific expectations from present-day cluster investigations in general should be low.

1 Introduction

Most people correctly interpret a high frequency of
disease or death as a possible sign of a health hazard.
Everyone is familiar with the synchronous attacks

of chickenpox, or the common fate shared by guests
after food poisoning. This type of insight has been
used as a guide for prevention of death and disease
since ancient times. In modern western societies,
monitoring of disease, accidents, and mortality—
based on reporting of diseased individuals or ag-
gregated data—is an important tool for protection of
health and maintaining of security in the population.

Through the ages, the societal responsibility for cor-
rect handling of health threats has been transferred
from religious authorities, to sovereigns assisted by
astrologers, to health professionals, and ultimately
to politicians. During recent decades, we have seen
a growing public awareness of health issues, and

the media involvement has increased. The necessary
action against a health threat may be obvious in some

situations, but often a fundamental uncertainty remains.

2 Whatis a cluster?

A confirmed disease cluster may be defined as “the
occurrence of more than the expected number of
people diagnosed with a certain disease within a
specific group, a geographic area or a period of time”

(California DPH, 2012). The “expected” number
is often derived from disease rates in the general
population or another comparable group, usually
adjusted for age distribution and sex.

Some illnesses, such as contagious diseases, may
present a short time after exposure, which, combined
with a usual large number of cases, easily will produce
clusters. But even rare diseases with no common
cause may be found to have a clustered distribution.
In fact, it can be shown statistically that random and
rare events—characteristic of many diseases—tend to
occur irregularly, meaning that cases are not evenly
distributed in time and space. The cases rather tend
both to aggregate and to leave open spaces between
them. A clustering of disease may therefore be
observed even in the total absence of any common
cause. This inherent link between randomness and
irregular distribution is often perceived as counterintuitive.

Rothman defined a cluster as an aggregation of

cases by season, year, time of day, sex, age, race,
occupation, diet, or any environmental or genetic
circumstance (Rothman, 1990). The approach alludes
to a general discussion of contrast and variation,
which is fundamental for all epidemiological research.
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2.1 Cancer clusters

Chronic diseases may develop over time (years or
decades) and they may have a complex set of causes.
For some cancer forms, there is no known cause at
all, and in a population, most cancers are explained
only in part by known or suspected carcinogenic
exposures. In the situation where a group of people
are exposed to a common carcinogen, there may be
different timing and degree of exposure, the disease
may need additional exposures or the occurrence of
random cell events to develop, and, ultimately, there
may be differences in growth rate between tumours
of the same type of cancer. Such a variation in timing
and disease development will easily result in an ap-
parent pattern of randomness, with cases occurring
at different times and at different ages, despite the
existence of a common cause.

Cancer may be seen as common and rare at the same
time depending on the definition. All cancer diseases
carry some common features such as uncontrolled
growth of cells, and the tendencies to destroy adjacent
tissue and spread to other organs or parts of the body.
Still, a cancer can belong to one out of many rare
types and subgroups according to its origin (organ,
or part of the body), its appearance in the microscope,
or the functional or genetic makeup. These quite dif-
ferent types of cancer usually have their own sets of
risk factors.

Most cancers occur late in life (after 50), which

leads to the fact that people over time normally

face a marked increase in cancer incidence among
their peers. About half of the cancer cases in a
western population belong to the most frequent
types, including cancers of the colon, rectum, lung,
prostate, and female breast. The regular statistical
reports from the Cancer Registry

(Cancer in Norway, 2010) provide data for some 40
different types or subgroups of cancer. The cumulative
risk for most cancer forms is less than 10 percent before
age 75, and the occurrence of a single type of cancer
therefore represents a quite rare event.

In total, cancer constitutes one of the most common
causes of death. A potentially severe illness is more
easily recalled by family, neighbours, and colleagues,
and the dramatic aspect of losing a friend or family
member may induce fear and increase the aware-
ness of any sign of clustering. It may also stimulate
the interest in avoidable exposures and prevention,
which is often shared by media and the scientific
audience. Norwegian doctors were engaged in these
questions in the early 1900s, see Figure 1. Given

the mechanisms for cancer development described

above, it is, however, fairly unlikely that a common
cause should lead to synchronous outbreaks, even if
the timing of the causal exposure is the same.
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Figure 1. Mapping of cancer cases in the valley of Etnedalen
1890-1910. A hundred years ago, Norwegian doctors reported
perceived cancer clusters in the Journal of the Norwegian Medi-
cal Association (Lunde, 1910)

The more remarkable it will appear when several
cases of the same rare cancer are seen within a small
geographical area or a short time interval, and even
more so if the patients are young. A closer look into
clusters of this kind would therefore be reasonable,
even if we know that clustering commonly is a result
of random events.

A cancer may spread (metastasise) to other parts

of the body, such as lung, liver, brain, and skeleton,
making it difficult to ascertain what type of cancer it
is. Medical skills are therefore indispensable in the
evaluation of a perceived cancer cluster, already from
the descriptive stage.

2.2 (lustering of exposure

When health-care workers detect a cluster, often
called a medical cluster, the apparent link to a com-
mon and localised exposure may be more striking
than the aggregation of the disease itself. Typical
examples are cases of food poisoning from a single
party or restaurant, or traffic accidents occurring
along a perilous stretch of a road.

Acute or short-term effects of a chemical or nuclear
disaster will occur more closely in time than chronic
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diseases. Health consequences in terms of cancer
may develop over years or decades, and they can

be difficult to detect, both among workers, rescue
personnel, and local residents. In 1976, an unfor-
tunate episode produced a cloud with very toxic
chlorinated organic compounds (among them
tetrachlorodioxins, TCDD) contaminating the local
surroundings of a chemical factory in Seveso, Italy.
Local inhabitants were highly exposed, but it was
necessary with some 20 years of observation until an
increased risk of cancer could be identified (Bertazzi
&al, 2001).

Still, there are a number of historical examples of
medical cancer clusters that have proven to be very
useful for the understanding of cancer causes. In
fact, a potential clustering of exposure may appear as
the most interesting part of a cluster inquiry, both
for the scientific community and for the public, as
the underlying concern often includes idea that the
disease incidents have a common origin.

2.3 Induction time and latency

The length of induction time (from exposure to onset
of disease) or latency period (from start of disease to
diagnosis) may vary according to the disease itself
and the individual characteristics of the patient.
Possibly, it may also vary according to the intensity
and duration of the exposure. Some cancers may
reach their peak occurrence within 2-15 years after
exposure (leukaemia caused by radiation or benzene),
while other cancers may develop up to 6 decades
later (mesothelioma caused by asbestos). A long
delay between exposure and disease may hamper the
identification of an association.

3 (lusters pointing at causes

The frequency of illness has been commented on
since Hippocrates (400 BC) (Merrill, 2010). Equally
a long, high number of fatal or disabling diseases has
generated fright, and increasingly so during times
when there was no knowledge of what we would call
a cause or a risk factor.

Through the last centuries, some observations of
cancer clustering have prompted the search for an
explanation. A few clusters eventually led to the
identification of specific carcinogenic exposures,
or a general description of conditions or activities
associated with elevated risk.

136 - DE MORBIS

hunc inter mammas & uterum admittere ne<
ceffum eft, experientia fatis atteftante , in
mulierum mammis,, ob uteri exorbitan-
tias, generari perfzpe cancrofos tumores,
quales in-Monialibus magis, quam in czteris
Malieribus , obfervantur, non ob menitruo-
rum defe€tum, fed potius, ut reor, ob cce-
libem vitam ; mihi enim {zpius obfervare con-
tigit, Veftales Virgines bene coloratas, men-
“ftruis purgationibus rite fluentibus, {ed falaci
natura pradisas , ex horrendis mammarum
cancris mifere obiifie; & quoniam in Izalia
quelibet Civitas complures habet Religiofos
Virginum Ceetus, perraro fit, ut Monafte-
rium aliquod extet, quod tam diram peftem
intus non alat. Cur ergo proprer uteri deli-
ria pleGtuntur mamma, non fic, neque tam
frequenter, aliz partes? Certe ob confenfum
adhuc occultum , & ProfeCtorum indagini
impervium, quem forfan dies aliqua aperiet;
cum nondum {it occupata veritas,

Figure 2. Bernardino Ramazzini (Ramazzini, 1703) wrote in his
second edition of ”"Diseases of workers” about nuns (Monialibus,
Vestales Virgines) suffering from dreadful breast cancers
(horrendis mammarum cancris) assumed to be caused by a life
in celibate (caelibem vitam), and commonly seen in convents in
Italian cities. Courtesy of Internet Archive

The striking occurrence of breast cancer in Italian
nunneries was noted by Ramazzini in the early 1700s
(Ramazzini, 1703), see Figure 2. The identification of
a “cause” in the sense of modern evidence-seeking
medicine was, of course, far out of Ramazzini’s reach,
but in retrospect, he was probably facing a twin

effect from bearing no children: The avoidance of
childbirth eliminated a hazardous situation in most
womenss life (pregnancy and birth), and thereby led
to a longer life and a higher risk of contracting any
cancer. Later, bearing no child has been found to
increase the risk of breast cancer, and the contrast
between nuns and moms probably was more striking
in earlier centuries when most women delivered a high
number of children. Ramazzini’s observation has proven
to be in line with later findings (Fraumeni & al, 1969).
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3.1 Important occupational cancer clusters

A number of other cancer causes have been detected
as a result of occupational cancer clusters. Scrotal
skin cancer in chimney sweeps appeared to be quite
well understood by Pott when he published his
observations in 1775 (Pott, 1775), although the sug-
gested chemical origin of the disease was confirmed
some 140 years later by the first successful experiment
demonstrating an animal carcinogen by painting tar
on the ears of rabbits (Yamagiwa & Ishikawa 1915).

In the nineteenth century, the deadly Schneeberg
lung disease occurred with extreme frequency among
miners in the small town Schneeberg in Saxony,
Germany (Figure 3). It caused 50-75 percent of the
deaths of local miners. Some victims were autopsied,
and the disease was found to be a form of cancer

in the lung (Harting & Hesse, 1879). A general
understanding of the true cause of this highly evident
occupational and neighbourhood cancer cluster did
not emerge until several decades later (Greenberg

& Selikoft, 1993): The lung cancers were caused by
extremely high levels of radon gas in the mines,
emerging from uranium-containing ore.

Figure 3. The small town of Schneeberg in the Ore mountains
(Erzgebirge), Saxony, Germany. Photo: André Karwath (Aka)

In 1895, three cases of cancer in the urinary bladder
were reported in men younger than 50 years among
45 workers at a German plant producing fuchsine,
also known as rosaniline hydrochloride, or magenta,
an organic dye. The occurrence was taken to represent
an occupational disease (Rehn, 1895). Additional
epidemiological evidence came from UK in the
1950s, and later from Italy; and the manufacture of
magenta is now considered carcinogenic for humans
although the exact chemical to blame is not known
(IARC, 1987; IARC, 2012).

A cluster of two cancers of the interior cavities of
the nose was seen among nickel-refinery workers
in South Wales in the 1920s (Doll, 1984). Soon after,
more cases were reported in this quite obvious
occupational cluster, but it took more than 60 years
before nickel compounds were identified as the
chemical cause of lung cancer and nasal cancer

(IARC, 1990). An investigation at a nickel refinery in
Norway by the Cancer Registry was also prompted by a
perceived cluster, and it offered important contributions
to the evidence (Pedersen & al, 1973).

Women who painted watches and other equipment
with a luminescent radium-containing material in
the 1920s suffered a subsequent highly increased
risk of bone sarcoma and cancer of the nasal sinuses
(Brues & Kirsh, 1977). The carcinogenic effect of
ionising radiation was already recognised, but the
link between these cancer types and oral exposure
had not been observed earlier.

3.2 Important non-occupational clusters

In the 1960s, a medical cluster of eight girls at the age of
15-22 were diagnosed with vaginal cancer, and a tiny
case-control study revealed that the mothers had used
hormone tablets (diethylstilbestrol) in order to protect
against bleeding during pregnancy (Herbst & al, 1971).

In the early 1980s, a cluster of the rare cancer Kaposi’s
sarcoma appeared among young homosexual men
with immune deficiency. Investigation of the cluster
(Marmor & al, 1982) represented an important step
towards identification of the AIDS syndrome, and
Kaposi’s sarcoma was later proven to be caused by
human herpesvirus infection.

Investigation of clustering of cancer in families- pref-
erably the same kind of cancer or combinations of
certain types- has resulted in important knowledge

of hereditary genetic conditions. During the 1990s,
several genes responsible for inherited cancer risk
were identified. The most common are the mismatch
repair genes associated with Lynch syndrome
(hereditary non-polyposis colorectal cancer, HN-
PCC) and the breast cancer and ovarian cancer genes
BRCA1 and BRCA2 (Lynch & al, 2004). Familial
clustering of cancer can probably be caused by other
genetic risk factors than those identified to date, and
by a combination of unknown genetic factors and
environmental or lifestyle factors. Genetic mutation
testing as a part of the health care system is available
in Norway for persons with clustering of relevant
cancers in their family.

The lifetime risk may be substantial in carriers of
mutations in genes linked to hereditary risk of breast
and ovarian cancer, some 10 times higher than that
of the general population. On the population level,
however, these conditions are rare, and estimated to
explain less than 5-10% of the cases. Geographical
clustering of mutation carriers has been reported by
Norwegian geneticists (Moller & al, 2007).
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We can conclude that historical examples from three
centuries illustrate the role of cancer clustering for
the advancement of human knowledge of cancer
causes. For most cases, a long time elapsed between
the initial suspicion and the recognition of a
carcinogen. More precise characterisation of the causal
associations has emerged with modern epidemiological
methods developed after World War II, with increasing
availability of high-quality animal experiments, or more
recently, with biomolecular techniques.

3.3 What was special with the “useful”
historical cancer clusters?

Three features were common for many of the
informative historical cancer clusters. The absolute
or relative risks were high, the exposures were rare
and high, and some of the cancers (although not all)
were rare. These qualities may all suggest an unusual
hazard. The relative risk of a rare disease may reach
higher levels than that of a more common disease,
which can be helpful for the investigation. Among
the Welsh nickel-refinery workers, the overall risk of
the rare cancer of the nose and nasal sinuses was 200
times higher among exposed workers than expected
from national rates (74 deaths observed against

less than 1 expected) (Doll & al, 1990). Even higher
relative risk estimates were reported in workers with
extensive exposure.

A deviating age pattern among the cancer patients may
also suggest an unusual hazard. Low age at diagnosis
can be seen for hereditary cancers or diseases follow-
ing exposures early in life. Normally, vaginal cancer
affects women above 50, but rarely women in the age
group typical for the diethylstilbestrol cases (Herbst
&al, 1971).

Through the last decades, improved knowledge

of cancer causes and an increasing interest in
environmental issues may have escalated public
awareness and lowered the threshold for reporting
perceived clusters.

4 |dentification of human
carcinogens

Typically, a cluster investigation will be a single study
within a small population. As such it has limited
statistical power and restricted scientific impact.

In recent years, most advances in the knowledge

of human carcinogenesis have come from multiple
large studies with good data on exposure, and results
from laboratory analyses of chemical and biological
samples. Some expert evaluations of potential human

carcinogens have relied heavily on mechanistic data
and animal experiments. The WHO International
Agency for Research on Cancer (IARC) has defined a
set of criteria for classification of human carcinogens,
found in the Preamble to its monographs (IARC,
2006) (see also Figure 4).

Figure 4. The International Agency for Research on Cancer
(TARC) seeks to identify the causes of human cancer, and
publishes authoritative monographs with evaluations conducted
by international working groups (IARC, 2006).

In 1975, Doll reviewed known occupational cancer
risks and concluded tentatively that only 4 out of
more than 20 known carcinogenic exposures had
been discovered in the course of initial evidence
from laboratory experiments (Doll, 1975). In fact,
observed clustering of cancer cases (or cancer deaths)
in occupational groups continued to offer important
clues and incentives for cancer research through

the 1970s. For the role of asbestos in mesothelioma
patients, the first described clustering included
residents who had lived near open asbestos mines in
childhood (Wagner & al, 1960).

Similarly, Neutra reviewed an updated list of
recognised human carcinogens published by IARC in
1987. He found 26 out of 47 exposures or exposure
situations to be discovered by medical or occupational
clusters (Neutra & al, 1992). Only a single exposure
was detected on the basis of a residential cluster alone
(mesothelioma from erionite, a fibrous mineral used
in house-building).

In line with these notions, the association between
exposure to vinyl chloride monomer and
angiosarcoma of the liver has been claimed to be
detected as a cluster observation (Rothman, 1990).
Strictly speaking, though, there were animal
experiments that prompted the first evaluation of
cancer risk among exposed workers (Doll, 1975;
Maltoni & Lefemine, 1975). Still, it is fair to give the
epidemiological results attention, as the relevance to
humans always can be questioned for animal experiments.
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4.1 Active search for cancer causes

A prerequisite for cluster evaluations, and a great help
for aetiological cancer research, is the availability of
background disease rates. An active search for cancer
causes started in Norway in the last decades of the
nineteenth century in the form of descriptive studies

of the frequency of cancer deaths. The first attempt
of establishing a national registration of cancer cases
came in 1908 from a committee under the Norwegian
Medical Association, led by the pathologist Fredrik
Georg Gade. Cancer of the stomach was reported to
be the dominating type of cancer in women and men
combined, while breast cancer and gynaecological
cancer were the second most frequent cancers in
women (Gade, 1916).

A Norwegian national Cancer Registry was founded

in 1952, with mandatory reporting of cancer from
pathology laboratories and physicians. Valuable data
on trends in incidence, on regional differences, and on
survival have been produced during the subsequent six
decades based on virtually complete data with increasing
diagnostic ascertainment (Larsen & al, 2009).

Important contributions to the identification of
cancer causes have been produced by Norwegian
epidemiologists based on data from large population-
based surveys and health examinations, data on oc-
cupational exposures from industrial plants, workers’
unions, official statistics, and census data, all with
subsequent linkage to the Cancer Registry data base.

5 (Challenges and limitations
in cluster inquiries

The reactive character of a cluster inquiry is not a
good starting point for a scientific evaluation. Good
epidemiological science should ideally start with

a hypothesis—such as a suggested carcinogen or a
risk factor—and proceed with the choice of the best
population to test the hypothesis. Subsequently,

one should choose a reliable way to identify cases

in the study group and in the reference population,
find means to avoid selection and misclassification,
and collect data to obtain control for potential
confounders that may disturb the statistical analysis.

A cluster inquiry, on the other hand, is often driven
by a local request for an explanation of a perceived
local excess of cancer. The expectations may create an
unfavourable situation in a number of respects.

5.1 Study size

The problem with undersized studies has already
been commented on. Typically, a cancer cluster is
based on low numbers, often fewer than 10 cases,
and the study population would not be selected
after an independent evaluation, but rather sug-
gested by the occurrence of the cases in time and
space. Additionally, it is often difficult to decide the
exact outline of the source population—or study
population—considered to be relevant or “at risk”

If the area or period defined by the perceived cluster
is small a clustering of cases produced by random
will give a falsely inflated (artificially high, not
representative) relative risk. On the other hand,

a comprehensive population or longer period of
observation may dilute the risk estimate, and these
issues may be highly controversial if a strong local
cause is suspected by the public. Additionally, some
of the common statistical tools meant for testing of
hypotheses are not appropriate and remain less useful
when there is an a priori knowledge or suspicion of
a cluster. One should therefore bear in mind that
clustering of cases also can be an indication of a
generally increased risk in a larger area or a larger
population group, and that it can be appropriate to
widen the scope.

Epidemiological studies rely heavily on comparisons
of groups of people. In most situations it is impossible
to determine the cause of disease for a single individual
or even a small group, unless there is a highly specific
exposure with a strong effect, such as the biological
agent for an infectious disease. The number of cases
included in a study is the main factor restricting
statistical power, and important comparisons between
subgroups according to different levels of exposure
may be impossible when too few cases are included.
A small study of weak carcinogens is bound to be
uninformative.

Interestingly, Norwegian geneticists have shown that
restricting genetic testing to families with observed
clustering of breast and ovarian cancer limits the
detection rate to less than 50% of all BRCA mutation
carriers in the population (Meller & al, 2007). Their
findings illustrate the fact that a quite high relative
risk in small groups (families) may materialise as
clusters, but the identification and distribution of the
clusters are an unreliable measure of the size of the
problem at the population level. The parallel to other
cluster inquiries is evident: Although a small cluster
may need attention, it can be important and rewarding
to allocate resources to well-designed large studies.



5.2 Diagnostic considerations

The knowledge of cancer causes is not equally
distributed between the different types of cancer.
For many of the common cancers—or groups of
cancer—such as female breast, large bowel, prostate,
and lympho-hematopoietic cancers, the proportion
explained by known external or environmental
exposures is low. Prostate cancer and large bowel
cancer suffer from a striking paucity of recognised
causes. A well-known exception is lung cancer, for
which smoking tends to overshadow other potentially
important causes such as occupational exposures,
indoor radon exposure, and air pollution.

Some carcinogens may increase the risk of two or
more different cancer forms. This is seen for tobacco
(smoking and smokeless tobacco, snus), ionising
radiation, arsenic, asbestos, alcohol, dioxins, and
nickel compounds. Still, the size of the risk may vary
between the cancer types. When facing a perceived
cancer cluster, it is often useful to discuss the cancer
pattern along with known explanatory factors.

Historically, the clusters that proved to be
scientifically rewarding, were often picked up by
health professionals with knowledge of background
rates, either general practitioners, hospital doctors,
researchers, or public health officers. We should also
be aware the historical examples of serious delays in
the identification of carcinogens and unreasonable
rejection of new hypotheses. This has been seen both
from the medical establishment (tobacco smoking
and lung cancer) (Wynder, 1986) and from industry
with strong economical interests (Michaels, 2008).

In advanced stages, a cancer disease may change its
appearance. Tumour cells may spread to other organs
or parts of the body, leaving it difficult to decide

in what organ the cancer originally developed. In
some cluster situations, local people may have col-
lected individual information on disease and death,
while the determination of exact diagnoses and
identity remains a demanding task with erroneous
and incomplete data. Additionally, ascertainment of
cancer diseases by means of registry data may require
permission from ethical boards for research, which
may be reluctant to licence a public health activity
with only questionable scientific value.

5.3 Scarce exposure information
Sometimes a cluster inquiry comes from an area

where a potential health hazard from pollution has
been debated for years. A cluster may also emerge

where no cause has been suspected. In the latter
situation, a long list of proposed causes may exist.

It is often useful to discuss exposure and disease at

a general level, but an in-depth evaluation requires
good exposure data of candidate causes and potential
confounders. The quality of the exposure information
is often a limiting factor in an epidemiological study,
both for the validity and for the possibility to explore
dose-response relationships.

Some of the most frequent non-occupational
environmental carcinogens are ultra-violet radiation,
some virus infections, in-door radon from the soil,
and ambient air pollution. Potential confounding
from exposures linked to lifestyle may be difficult to
control, the most important ones being use of tobacco,
alcohol consumption, excessive sunbathing, sexual
activity, and handling of carcinogens associated with
house-building materials. Some lifestyle habits are
known to be unevenly distributed, sometimes according
to socio-economic status, and they may vary with time,
fashion, social norms, and with place of residence.

5.4 Bias

If a potential hazard or health problem has received
much attention it can be difficult to collect unbiased
information from the population. The situation may
be particularly challenging if no independent data are
available neither for the health outcome nor for the
relevant exposures.

Sometimes outcome and exposure data have been
collected from the same individuals by interview or
questionnaire. This approach gives ample room for
selection bias in participation, for recall bias, reporting
bias, and attribution that can mimic or mask any true
association. Claims and expectations of compensa-
tion might further compromise the validity of survey
data, and can easily introduce distrust in the process.
News media have an interest of their own to keep up
the drama, discussion, and conflict of interest, and by
these mechanisms, a suggested causal relationship in
a perceived cluster may remain almost inaccessible
for research—unless independent sources exist for
exposure and health outcome.

Other expectations—in terms of a specific wanted
explanation, a request for clean-up of local sources
of pollution, or even improved house prices—can
also make it hard for health professionals to establish
a climate with enough trust from local inhabitants,
enough empathy towards patients and relatives, and
a satisfactory distance for an independent evaluation.
When a question of clustering is linked to a political
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agenda transparency and good communication skills
are mandatory. The process may be time-consuming,
but time and attention are important remedies that
may help to save resources in the long run.

5.5 Science or social mission?

A successful handling of a perceived cluster would—
as seen from the health care system—communicate a
balanced picture of potential health threats, meaning
that unreasonable fright is reduced, and focus is
directed towards the most important determinants
for health and disease. Skills and experience, available
data sources, appropriate timing, and an empathetic
approach can improve the process. Hurt feelings and
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Can we draw causal conclusions
from unexpected clusters of disease?
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Abstract

Clusters of disease are often brought to the attention of health authorities. Some of these cases appear in the
media, and create quite a stir. How do we interpret disease clusters in an epidemiological and statistical setting?
Many disease clusters are due to random variation and we demonstrate the ability of randomness to produce
clustering. When evaluating a cluster, Bonferroni type corrections can be made, but the degree of correction is
often arbitrary and can only give a rough idea about whether the cluster in question could emerge by chance.
A specific and localized cause could lead to clustering if the development of the disease has a short duration.
Whether one should expect clustering in time depends on the length of the latency period of the disease,

but also on variation in the latency period between individuals. For cancer, latency time is typically long,
and usually one would not expect clustering of cases in time even in the presence of a common cause. When
evaluating clusters there is a strong tendency to look for causal agents in the local environment. However, it
may be more likely that the cluster points to a smaller increase of risk in a larger part of the population.

1 Introduction

Clusters of disease cases are a common phenomenon.
These clusters may be found in neighbourhoods, at
the work place or in the local community. It is often
tempting to interpret a disease cluster as caused by
an increased risk for a sub-population, due to specific
chemicals, radiation or other exposures, affecting this
sub-population. Still, in many of the supposed cluster
situations it is more or less impossible to find a com-
mon cause. A critical review of clusters was given by
Rothman (1990). A recent assessment was given in
an editorial in The Lancet Oncology (2009), where
they point out the fact that most cancer clusters will
be random occurrences, but that one still has to be
on the lookout for the rare cases where there could

be some substance behind the findings. Also, there
is a responsibility to the public to make a thorough
evaluation when an apparent cluster causes great
attention. We would like to point out that there is
a further aspect, namely that a cluster, although a
random occurrence, may still signal a moderate
underlying increase in incidence.

The issue of cancer clusters often occurs in the
news media and popular literature, and a somewhat
sophisticated discussion was given in The New Yor-
ker (Gawande, 1999). A Norwegian disease cluster
that has been given much attention over several
years was the occurrence of congenital anomalies in
the offspring of personnel serving aboard a missile
torpedo boat (Mageroy & al, 2006).
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In the present paper we consider clusters that are
unexpected. Clusters that arise around a focus point
where there exists a prior suspicion of increased risk
are not the subject of this study. An example of the
latter type might be clustering of leukaemia cases
close to an atomic processing plant, like Sellafield
(Draper, 1993).

An unexpected cluster will typically be informally
detected by individuals in a local environment and
then occasionally be reported to the health authorities,
for example a cancer registry. These clusters are usually
not well documented by the observer, and different
interests, motives and limited knowledge about the
disease might be the reason for the claim.

Most events within such clusters would not only

be geographically close, but also close in time. In
fact, the closeness in both place and time is often a
prerequisite for the cluster to become an object of
attention because the observer needs a reasonable
overview of the population where the cluster is observed.

An evaluation of a cluster situation will therefore
include several steps: 1. Are the observed number of
cases more than expected in a comparative reference
population? 2. What could be the reason for a
changed disease incidence rate? 3. Is the suggested
reason plausible? 4. Do other observations exist that
support the explanation of the cluster occurrence?

For most disease clusters one would imagine a
chemical, physical or biological cause, if there is any
common cause present at all. Speculations often
comprise effects of human activity such as radiation.
It should be noted, in passing, that also clusters of

a different nature exist. Internationally there are
several known cases where clusters of deaths in
nursery homes or hospitals have led to suspicions of
criminal acts, and indeed nurses, in particular, have
been charged with murder, see the Nature paper by
Buchanan (2007). The considerations in these cases
have similarities with evaluations of ordinary disease
clusters, for example cancer clusters, but they also
clearly have their own aspects. In particular, one
would need far stronger evidence to conclude that
there is a real cluster.

In the present paper we shall discuss the concept of
cause in clustering and the possibilities and power to
detect anomalies.

2 The concept of cause in
disease clustering

The fundamental issue in assessing disease clusters is
to judge whether there could be some common cause
behind the cases that constitute the cluster. But it is
not immediately obvious what is meant by cause in
this context and we shall discuss certain aspects of this.

The situation is closely connected to epidemiological
association studies where we attempt to decide
whether an observed association between exposure
and disease is causal. A set of criteria is usually
considered (Hill, 1965) and a couple of them might
be informative in the discussion of causality in the
cluster context.

2.1 Hills criteria

One of the criteria is biological plausibility. This
might be more important in the causality discussion
of clusters than in epidemiological association studies.
This is because the typical epidemiological studies are
carried out by researchers who have considerable
knowledge about the disease in question, and the
biological plausibility is a part of the hypotheses that
form the basis of the study. Disease clusters, which
are often claimed by people without professional
medical knowledge, may include different sub-
diagnoses which are connected to different known

risk patterns. Cancer is an example: The outcome
variable(s) in an epidemiological study is usually
one or a few specific types of cancer while in many
reported unexpected clusters all types of cancer
could be included. Therefore, a discussion of the
plausibility of a cluster will also include whether the
cluster situation is in conflict with what is known
about risk factors for the involved types of cancer
and what is known about the cancer disease process
-especially the length of the process and the variation
between individuals (this is part of the coherence
criterion). Biological plausibility is also related to the
concept of mechanistic understanding. Do we have any
sense of the mechanisms that might lead to a cluster?

Another of Hill’s criteria is temporality. In a discussion
of causality, it is obvious that the cause shall precede
the effect in time. The same necessary temporality exists
for clusters, but the time frame is not always clear.
Development of cancer, for instance, is a long process
and it may not be clear when in the disease process
the exposure has an effect. The authors” experience

is that the general public tend to look for exposure



taking place in a rather short time before the cluster
is claimed, and hence the suggested cause may not be
realistic in the sense of temporality.

2.2 Counterfactual causality

The modern literature of causal inference is largely
based on a counterfactual causality concept. This
means that there is one factor that can be changed,
keeping everything else equal, and such that one sees
a clear difference in effect. When disease clusters are
observed there is often a strong suspicion of a specific
culprit. An example is given by Gavin and Catney
(2006) where local concern over a cancer cluster in
Northern Ireland lead to the unauthorized felling of
a telecommunications mast. The authors show that in
actual fact the incidence and mortality of cancer were
within or lower than expected and so the suspicion
harboured by members of the community was not justified.

Cancer clusters only rarely lead to the discovery of

a specific counterfactual cause. One example is the
cluster of 25 cases of mesothelioma in the Turkish
village Karain, which turned out to be due to a mineral
(erionite) and possibly asbestos as well (Honjo & al, 1982).

Even if there is a real increase in incidence, there may
not be any clear counterfactual cause of this. The

fact is that for a number of reasons the incidence of
disease such as cancer varies between geographical
areas, communities, professions and other groups.
We shall show below that this could produce clusters,
but there would be no one specific cause of this, but
rather a complex web of causal elements combined
with randomness.

There is a distinction in the causal literature between
necessary and sufficient causes (Rothman & al, 2008).
As regards clustering, does one imagine that a specific
necessary cause exists in the local community, that is,
a condition or an event, without which none of the
cases would have arisen? This could for instance be a
strong source of pollution, such as radiation or asbestos.
Or does one mean a factor that increases the risk
without being a necessary cause, such that the disease
cases could have arisen anyway but that the factor in
question increases the risk of this happening? Such a
factor could be a part of a multifactorial set of causal
influences where it might be impossible to say which
factor is the major cause in a given case.

This is also related to the issue of insurance or
compensation which would sometimes be an aspect

of the investigation. In order to give compensation,

it is not a necessary requirement that one can prove
that one specific cause is the guilty one. Rather one
would make statistical requirements, for instance that
the risk of disease is at least twice as large as it would
have been without the putative cause, see for example
Palmer & al (2007).

3 The impact of randomness

3.1 Random clustering

It is important to understand the power of random-
ness to induce clustering between events that are
independent of one another, see also Aalen (1986).
Independent events do not occur in a regular man-
ner; rather the natural irregularity of randomness
produces, so to speak, accidental clusters. This can
be demonstrated by mathematical calculations or by

simulation.

Figure 1. Simulation of a Poisson process with a constant rate.
The horizontal line is the time axis, divided into three parts.
The vertical line pieces indicate occurrence of events.

The Poisson process is the mathematical description
of events occurring randomly and completely inde-
pendent of one another. A simulation of a Poisson
process with a fixed rate is demonstrated in Figure
1. The bottom line indicates time, divided into three
panels, and the bars indicate the occurrence of
events. One clearly sees the clustering. Indeed, the
second bar in the top panel consists of two or three
events that are almost simultaneous, and also in the
rest of the figure there is considerable clustering and
long and empty intervals in between. Figures 2 to 4
give similar demonstrations with a Poisson process
over the plane. Again one sees the clustering and
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the empty spaces in between. In Figure 4 the plane

is divided in 25 grids with an expected rate of two
events per grid. The observed occurrences in the
grids vary from 0 to 6 occurrences. These simulations
demonstrate that a considerable degree of clustering
would be a natural phenomenon due to pure
randomness, and that an understanding of this issue
is a prerequisite for analyzing disease clusters.

Figure 2. Simulation of a Poisson process over a plane with 20
points
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Figure 3. Simulation of a Poisson process over a plane with 50 points
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Figure 4. Simulation of a Poisson process over a plane with a grid

3.2 On the maximum of a set of observations

The observations that will cause special attention and
give a basis for further investigations will be those
that deviate strongly from what is expected. Usually
the maximal number will be of greatest interest. We
imagine that we observe occurrences of a rare condition
over numerous small areas, and will consider the
maximum number of occurrences in any single area.
As a matter of simplicity we shall imagine that all
areas are of the same size. The expected number, or
rate, for each area is denoted A. If the numbers of oc-
currences in different areas are independent, then the
occurrences will form a Poisson process.

For those interested in the mathematics, the relevant
formulas are as follows (standard probability theory):
The point probability of a Poisson distribution (that
is the probability of observing exactly x occurrences
within a specific area) is given by A*e~*/x! with
cumulative distribution function

X
/1_3’6_/1 :F(x+ 1,4
0y! x!
y:

where 7'(x + 1,1) is the incomplete gamma function.

Consider n independent areas, each with a Poisson
distributed number of occurrences with rate 1. Let U
be the observed maximum number of occurrences
(cases) in a single area. The cumulative distribution
function of U follows from the Poisson distribution
formula, and is given by

n
u

Ay
Fw,An)=PU <u) = —e™4
ACES W
e ( ul )

where u is a fixed value of the random variable U, 1 is
the rate, and # is the number of disjoint areas.
The point probability is

PU=u)= Fuin)—F(u—-1,1n)
and the expectation is

@

EU) = 2(1 — F(u,A,n)).

u=0
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Figure 5 presents the expectation of the maximum
number of occurrences (cases), U, for various values
of n and A. The figure shows that the expected
maximum is large compared to the expected number
per area. For instance, the latter may equal 1, and still
the expected maximum is almost 6 for 1000 areas. So,
in a mathematical way, this shows that the maximum
number of occurences (cases), which is likely to get
attention, may by pure chance be much higher than
the average number.

8 1000 areas

6 100 areas
10 areas

4

2 / Lo

0.0 0.5 1.0 1.5 2.0

A —rate per area

Figure 5. The expectation of the maximum number of occurences
(cases) over n disjoint areas, with n equal to 10, 100 and 1000.

4 Analysis of clusters
to assess for randomness

4.1 Cluster of stillbirths

This example is inspired by a real occurrence, but
modified somewhat. Although it is not about cancer,
it illustrates important principles. During a five year
period ten employees in a kindergarten became
pregnant. Three of them had a stillborn child.

This was a striking occurrence in a small group of
colleagues and was reported to the authorities. A
question was whether this could be due to something
in the environment. There was no particular theory
for how this could come about and statistical advice
was sought in order to evaluate the likelihood that

it could be a random occurrence. We shall do some
calculations for this example.

We assume the probability of stillbirth to be 1%
(which was a realistic value in the 1980s when this
cluster was observed). We can then compute the

probability that 3 out of the 10 pregnancies give a
stillborn child:

10 3 ;
3 x0.01°x0.99" =0.00011=0.011%

4 out of 10 cases are even much less likely and when
added to the above does not change the result and it
turns out that the p-value equals 0.011 % for the
occurrence of 3 or more stillborn.

Here we have computed a p-value for a hypothesis
that was suggested by the data. One way to handle
such post hoc hypotheses is to use a Bonferroni type
correction. The idea is that such a cluster will be
brought to attention if it is observed in one out of a
large number of kindergartens or other small offices
or working places of about same size and where the
employers knew each other well enough to have the
information that a college has received a diagnosis.
The big question is how many units (kindergartens
and possibly other work places) that one should
reasonably consider within a time period and a
geographic defined area. We rather arbitrarily choose
1000. The probability that at least 3 stillbirths occur
one or more times among 10 employees would then be

1-(1-0.00011)'° = 0.10 = 10%

However, it could easily be argued that 1000 could be
increased to 5000 and then the probability would be
about 42%. A look into the post hoc situation often
changes the view that the unexpected cluster is very
striking. It is, however, not so easy to communicate
this view to the general population, and it typically
remains uncertain how many “similar units” one
should correct for.

4.2 Cancer cluster

A cancer cluster was observed among women working
in a Norwegian library. During a period from 1980
to 1997 five cases of breast cancer were diagnosed
in female employees. The total number of person
years under risk was 818, and from Norwegian
general population cancer data, considering the
ages of the employees, the expected number of cases
among employees at the library was 0.73. Hence,
the observed to expected ratio was 5/0.73 = 6.85.
The p-value, that is the probability of observing 5 or
more cases when the expected number is 0.73, may
be calculated from a Poisson distribution yielding
0.00094 = 0.094%. Considering 1000 similar units
gives Bonferroni adjusted p-value of 61%, hence

the cluster would not be unreasonable as a chance
occurrence. In this case, no common risk factor or
other reasonable explanation was found in spite of
extensive investigation.
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5  The aspect of time

Clusters of disease cases are often expected to be close
in time as well as in space. This may be reasonable when
the development of the disease or condition from
exposure to the observed effect has a short duration,
as would be expected for the cases of stillbirth or

a contagious disease, for instance. However, in the
case of cancer there may be a long delay, from several
years up to several decades, between initiating cause
and effect, and therefore one would not expect cases
to cluster in time. In fact, in the cancer cluster dis-
cussed above, the cases stretched in time of diagnosis
from 1980 to 1997, but still this cluster got attention
because it was in a library in a small town, and with
many long-term employees.

Expecting a cluster of cancer cases to be close in
time is therefore generally unrealistic. If the cause
that creates the cluster has an impact at an early
stage of the cancer process, then there would be a
large variation in time before a clinical cancer would
arise. So closeness in time at initiation would not
translate into closeness in time at the diagnosis of
cancer. The only exception from this would be if the
cause in question affected the cancer process at a very
late stage. This would require a sufficient number of
individuals in the community with latent tumours at
such a late stage. In this case, it is disputable whether
the putative cause can be said to cause the cancer,
since latent tumours have to exist. But, conceivably,
the cause may speed up the development of cancer.
Even in this situation it might be difficult to observe
a cluster effect because of variation in cancer growth
rate between individual tumours.

Hence, a cluster of cancer cases that are close in time
are not likely to have a common cause. This shows
that the whole notion of cancer cluster as something
that is also close in time is an unrealistic concept.
This clearly points to the need for great caution in
interpreting cancer clusters.

6  Variation in risk:
Clustering as a signal

Although cancer cases with a common specific cause
would not be expected to cluster in time, as explained
above, there is another aspect to this. Often there is

a variation in risk between communities; some have
a higher risk than others. The simple fact which we
shall explain is that the high risk communities have a
higher probability of producing random clusters than

a low risk community. Hence, although the cluster
will give a far too high incidence, it might still signal
an actual increased risk. This is also a question of
how sensitive the probability of clustering is to the
underlying assumptions in the calculation.

A
0.081 Bonferroni factor 100
Adjusted p-value
0.06T
0.04+
0.02+
0.005 0.01 0.015 0.02
B
0.5+ Bonferroni factor 1000
Adjusted p-value
044 J p
03+
024+
0.1+

0.005 0.01 0.015 0.02

Figure 6 A and B. Kindergarten stillbirth example: Adjusted
p-value of cluster as a function of background probability of
stillbirth for two Bonferroni factors, 100 (A) and 1000 (B).

6.1 Stillbirth example

This is true not only for cancer but for any condition,
and we shall demonstrate it for the kindergarten still-
birth example. We then make the same calculations
as above (probability of 3 or more stillborn in 10
pregnancies), but for different values of the underly-
ing probability of stillbirth. We also use two differ-
ent values for the numbers of “similar units” to be
corrected for, namely 1000 (as used previously) and
100. The results are given in Figure 6 where one sees
that the adjusted p-value is strongly dependent on
the underlying risk of stillbirth. Clusters of stillbirth
are much more likely when the risk of stillbirth
increases. This means that a cluster would be a much
more probable event in a subgroup of the population
with a generally higher risk. Hence one would think
that a cluster could be seen as a signal of a generally
increased risk.
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6.2 Cancer cluster

Here we could also allow for the possibility of an
increased risk. Possibly, the librarians as a group
could have somewhat higher risk than the general
population (this is here just used as a computational
example with no implied suggestion of a general effect
for this profession). Assume, for instance that they
have twice the risk such that the expected number
of cases rises from 0.73 to 1.46. Using the latter
number as the expectation of a Poisson distribution
yields a p-value (probability of 5 or more cases) of
0.0168 which is about 18 times the value computed
previously in Section 4.2.

0.008
0.006
0.004

0.002

0.5 1.0 1.5 2.0

A—rate per area

Figure 7. Probability of observing 11 cases or more in at least one
out of 1000 units when expectation per unit, A, varies from 0 to 2

If a cluster consists of more events (than the present
five) the effect of increasing the underlying risk could
be much stronger. Figure 7 shows an example where,
using a Poisson distribution, we look at the probability of
observing 11 cases or more in at least one out of 1000
units when expectation per unit, A, varies from 0 to
2. There is a very strong increase after A passes 1 and
goes towards 2, in fact, the value at 2 is 823 times the
value at 1. The reason for this can be seen from the
Poisson formula A*e™*/x!. When x is (reasonably)
large and A is small, then the power A* implies a
large effect of increasing A.

Varying risk in populations is very common, and
certainly a doubling in risk in some parts of the
population compared to other parts is by no means
extreme; see for example Sweeney & al (2008) regarding
variation in breast cancer risk. We see here that such
an increase can to a very large extent influence the
likelihood of random clustering. Hence, although
the cluster may be a random event and should not be
interpreted as indicating a large local risk, it can still
be a signal of a moderately increased general risk in
parts of the population.

Notice that the cluster may itself be a very unlikely
event, still it may contain important information.
Using Bayes’ law we may write

P(DP(C|I)

PUIO =55

where I denotes a raised general incidence and C
denotes a cluster. Hence, the probability of a raised
incidence given a cluster may be great even though
the cluster may be an unlikely event because P(C|I)
is measured against P(C).

7 Power to detect anomalies

We have so far focused on the interpretation of an
observed apparent cluster. A closely related issue is to
which extent an increased risk in a subgroup would
be expected to result in a recognizable cluster. This

is a question of statistical power. This calculation is
only relevant for effects that arise over a short time,
consider the discussion of time effects above.

Consider now the same Poisson process as in Section
3.2, but with the difference that one of the areas has a
higher expectation aA where a>1. Then the probability
that the one with the higher expectation shall exhibit
the largest number of occurrences can be derived
from the previous formulas as:

X —ai n-1
=3 G

To illustrate this we shall consider the following
example: Assume that one area out of 10, or a 100,
has a larger risk than the other areas. What is the
probability that this shall stand out, that is being the
one with the maximal number of cases? Consider
two situations: (i) special area has twice the expected
rate of the others; (ii) special area has five times the
rate of others. The probability (power) that this area
stands out from the others is demonstrated in Figures
8 and 9. In the case of merely a doubling of the risk
the power is low, while it is relatively higher when
the rate is multiplied by five in the special area. The
figures also demonstrate the natural fact that correct
discovery of the area with increased risk is easier
when just a few areas are considered as compared to
many (in the figures 10 and 100 areas are compared).
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Expected normal incidence per area

Figure 8. The probability for one area out of 10 or 100 to have the
maximum number of cases, when the rate of this area is twice
that of the others.
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Figure 9. The probability for one area out of 10 or 100 to have
the maximum number of cases, when the rate of this area is five
times that of the others.

8  Final comments

Clusters of disease would often be expected to
represent merely random variation. Whether they
can be indicative of a real increase in disease risk,
depends on whether the disease would develop fast
(in which case they can), or slowly (in which case
clustering in time is much less likely). In any case, a
disease cluster could be a signal, not of a true cluster
but of a generally increased risk level in a population.
Clearly, clusters should be interpreted with caution.
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Cluster inquiries, quidelines and lessons to learn

Tom K Grimsrud, Steinar Tretli, Tor Haldorsen
Cancer Registry of Norway, Department for research

Abstract

The attitude and approach towards perceived cancer clusters, and the scientific expectations from cluster
investigation have changed materially during the last hundred years. In this article we refer some of the
aggregated experience from the USA through recent decades, and we present selected examples of cluster
inquiries addressed by the Cancer Registry of Norway. We also briefly refer to guidelines and factsheets
provided by health authorities in the UK and the USA. Finally, we discuss the more general issue of
resources, and we give a short presentation of emergency facilities for cluster investigation as they exist in
the UK and Finland.

1 Intr Od uction cancers be caused by contagious agents (Hvoslef,
1903), see figure 1. The approach of these doctors is
not unlike those we see from the public today, when

During recent decades—in parallel with an
people are faced with a perceived cluster.

increasing life expectancy and improvements in the

health care system—we have seen a growing public - Had
awareness of health issues and environmental issues. s
Every month, the Cancer Registry of Norway re- Kudberg o

ceives questions from residents, health personnel,
and media about local aggregation of cancer and
potential environmental causes. Sometimes it is s >
difficult to distinguish what comes first, the worry IR  Androns Yoske 11
of a cluster, or an independent concern related to A
environmental exposure, such as electric high-voltage
power lines, industrial pollution, radon, or garbage
dumps. Common for these inquiries is the need for

a qualified answer, and the opportunity it provides _
for health care workers to share their knowledge and MY e
become familiar with public concern.

One hundred years ago, doctors had virtually -0ddevald
no knowledge of cancer causes. Encouraged by a b Skole-kredse
. . . i
Norwegian national committee for cancer research Maalestok
(Den norske komité for kraeftforskning) general RN
practitioners aCtlveIY regIStered and reported cases Figure 1. Investigation of a local “cancer epidemic”, printed 1903

in what they perceived as duStering of cancer (Gade’ in the Journal of the Norwegian Medical Association (Hvoslef,
1916). They discussed the pOSSibility that some of the 1903). Note display of names and residences

—contrasting present-day standards of personal secrecy.
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The scientific and public health challenges linked to
clustering of disease has been extensively discussed
through the last three decades. In this paper, we will
relate recent experience from handling of perceived
cancer clusters, specifically from the USA, and we
will refer to available guidelines and factsheets in
the USA and the UK. Further, we will present some
selected cluster inquiries that have been addressed
by the Cancer Registry of Norway. Finally, from our
neighbouring countries Finland and UK, we briefly de-
scribe systems for emergency handling of geographical
clusters established during the 1980s and 1990s.

2 Reported experience from
cluster inquiries in the USA

Towards the end of the 1980s, handling of cluster
inquiries was recognised as a challenge needing
operating procedures, and the US Centers for
Disease Control and Prevention (CDC) arranged a
national conference on clustering of health events
with an international group of delegates in 1989. The
proceedings from the meeting were published as a
supplement to the American Journal of Epidemiology
(Editorial Am ] Epidemiol, 1990). A description of
the CDC experience from 1961-1982, showed that
the expectations by the public were largely shared by
the health community, in the belief that investigation of
cancer clusters would offer a clue towards unknown
cancer causes (Caldwell, 1990). Initially, as referred
from Norway (above), there was an anticipation

of finding infectious causes to cancer clustering,
which gradually were replaced by a suspicion of
environmental contamination. However, the CDC
experience from 108 cancer cluster investigations
1961-1982 did not provide a clear-cut explanation to
any of the cancer clusters.

The CDC experience was in line with the provocative
keynote presentation at the cluster meeting provided
by the renowned epidemiologist K] Rothman. He
called it “a sobering start for the cluster busters’
conference” (Rothman, 1990), and his main point
was to lower the scientific expectations to cluster
investigations. Still, public concern can neither

be denied nor rejected, and some of the less cited
responses to Rothman’s “sobering start” may deserve
attention. Neutra’s insightful “counterpoint” (Neutra,
1990) demonstrated that some cluster investigations
indeed have been rewarding, although some re-
searchers run the risk of ending up like Cervantes’s
“Don Quichote” or Ibsen’s “An enemy of the peo-
ple” (Norwegian: “En folkefiende”). The discussion

shows that a cluster inquiry can be discussed with
two different approaches, the scientific one, and

the public health approach. Obviously, the latter
challenge cannot be met with advanced statistics alone.

Recently, another review was published of 567 per-
ceived residential cancer cluster addressed by US fed-
eral and state agencies during the period 1990-2011
(Goodman & al, 2012). There was enough data to
evaluate 428 of the reports, but for only 73 of the 428
(17%), the number of cancers exceeded the expected
one and thus proved to be a confirmed cluster. For
three of the clusters, there was some evidence of as-
sociation with a suspected exposure, and for a single
cluster, a clear cause was identified. Five of the inves-
tigations had been published in peer-reviewed literature.

The latter review by Goodman & al (2012) was
funded by the Chlorine Chemistry Division of the
American Chemistry Council—which remind us that
industrial interests are not always compatible with
those of the scientific community, nor with those of
public health. Still, the described problems are in line
with what should be expected from a scientific point
of view: a mediocre scientific yield. For the sake of
science, the advice may therefore be well-founded
when the authors suggest (as did Rothman , two
decades earlier (Rothman, 1990)) to give priority to
larger studies with good exposure data to test more
specific hypotheses. Nevertheless it may be necessary
to address the question of perceived clusters.

3 QGuidelines and information
on cancer clusters

The US CDC provide useful general information
about cancer clustering on the website of the
National Center for Environmental Health (NCEH)
(Centers for Disease Control and Prevention, 2012).
The website provides definitions, advice on the inter-
pretation of clusters, and information on the nature
of cancer. Furthermore, the website offers link to the
US Agency for Toxic Substances and Disease Registry
(ATSDR) for guidelines in evaluation of perceived
clusters. A stepwise approach is advised: case defini-
tion, case confirmation, population denominator,
review of literature, exposure assessment, plausible
hypotheses, and risk communication) (Agency for
Toxic Substances and Disease Registry, 2000). A
cluster inquiry may stop at any of these steps, for
instance when an apparent cluster is not confirmed.
The alleged cluster may often be based on a mix of
different and non-related diagnoses, or enough in-
formation may be provided to show that the number
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of observed cancers is not outside the range of the
expected one.

Brief and well-written advice and descriptions of the
cancer cluster issue are provided from several health
authorities and textbooks. We would like to point at
those of the US National Cancer Institute (National
Cancer Institute, 2006), and the South West Public
Health Observatory (SWPHO) in UK (South West
Public Health Observatory, 2007). The latter is a
National Health Service (NHS) organisation
dedicated to help people access information about
public health and improve the understanding of
factors which influence health.

Mortensnes, Tromsg O

O Rana
Semna O

¢ Rosenborg, Trondheim

o O Vestfold
Sola (teachers and breast cancer)

Figure 2. Map showing the localisation of some perceived clus-
ters addressed by the Cancer Registry of Norway and briefly
described in this article. Underlying map: Kartverket, Norwegian
Mapping Authority, Norway

4 Perceived clusters
addressed by the
Cancer Registry of Norway

A cancer registry would be expected to provide useful
data to the public and to a health worker facing a
suspected or confirmed cancer cluster. Through the
decades, a number of questions have reached the
Cancer Registry from residents, health care workers,
journalists, employees, and employers, see Figure 2
for the geographical distribution of selected inquiries
presented in this article. In some cases, there is an
underlying worry of a more or less poorly defined
cancer hazard, and even other motives may be present,
such as those of making a good story, economical
interests in compensation, or a need to respond to an
accusation of causing harm.

4.1  The Sgmna story

An inquiry that really put clustering on the agenda
was a suspected clustering of brain cancer in the
municipality of Semna in northern Norway. The
story has been described (in Norwegian) by the
former director of the Cancer Registry, Dr Froydis
Langmark (Langmark, 1994), and we shall refer only
the main points here.

The Chernobyl disaster in April 1986 spread
radioactive downfall in several directions, and some
municipalities in northern Norway were among
those perceived as more than average exposed. There
was a marked public awareness, and countermeasures
involved restrictions on intake of fish and meat from
affected areas. In Semna, cancer data were collected
locally by a lay person, and the information was
interpreted and disseminated as a dramatic cancer
situation—even broadcasted on national television
news on a Saturday evening (January 1993). No
central expertise had been given the chance or time
to evaluate the situation adequately.

There proved to be no increase in the total cancer
incidence, but an update of the incidence at the
Cancer Registry confirmed the suspected cluster,
with six cases of cancer in the central nervous system
against 1.6 expected from the background rates
(standardised incidence ratio (SIR) =6/ 1.6 = 3.8;
95% confidence interval (CI) 1.4-8.3) for the six
years combined following the Chernobyl disaster).
However, the probability of observing one cluster

of this size would be around 26 percent among 50
municipalities of the same size, a situation taken to
be close to the real-life situation as 43 municipalities
had been found to have a relatively high exposure.
Three of the greatest challenges in the Semna story
were the delay in the production of quality-secured
cancer data, the signs of media and population
distrust in the health authorities, and the low interest
among journalists in relating correct data to the public.
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4.2 The oil refinery at Sola

Figure 3. Emissions from oil refineries have caused concern. A
slight excess of total cancer was found among residents of Sola
municipality, mainly involving cancers with no expected link
to oil-refinery exposures. Picture from Mongstad, Hordaland
county. Photo: Nina Aldin Thune

Between 1967 and 2000, an oil refinery was in
operation in the municipality of Sola, situated
between Stavanger and the North Sea, in south-western
Norway. Former employees and local residents in

the rural surroundings reported concern about the
cancer incidence, and suspected that local pollution
(smell, gas, and smoke) might have caused the
cancers (figure 3). An epidemiological report was
commissioned by the owner of the oil refinery, and
the Cancer Registry studied the cancer incidence
among employees, as well as the incidence among
present and former residents in Sola. Estimates

of residential exposure were provided by the
Norwegian Institute for Air Research (NILU), and
lists of residents and addresses in the municipality
on the first of January for each year 1967-2000 were
provided by the National Population Registry. Follow-
up for cancer was obtained by linkage to national data
in the Cancer Registry of Norway(Skog & al, 2009).

The oil refinery cohort counted only 450 individuals
available for follow-up. A 10 percent excess was
found for all cancers compared with the national
population (SIR = 1.1; 95% CI 0.9-1.4; based on 67
cases), and no evidence emerged for an increase of
cancers of the bone marrow, lymphomas, skin cancer,
lung cancer, or cancer of the urinary bladder; cancers
that might be of relevance in the oil industry.

The number of residents in Sola municipality rose
from 8 000 to 19 000 during the period when the
refinery was operated, and a total of nearly 44 000
people were available for a national follow-up after a
minimum of 1 year’s residence in the municipality.
The entire resident cohort also showed a slight excess
of total cancer (SIR = 1.08; 95% CI 1.0-1.1; based on
3018 cases), but the excess mainly involved cancers

with no expected link to oil-refinery exposures,
such as breast cancer and ovarian cancer in women,
prostate cancer in men, and skin cancers and bowel
cancers in both sexes.

The estimated exposures from ambient air were

quite low, and comparisons of groups with different
cumulative exposure to benzene, polycyclic aromatic
hydrocarbons (PAHs), or particles from the refinery
displayed no clear pattern of dose-related incidence
of relevant cancer forms. Separate analyses were con-
ducted for women, and for children and adolescents
in order to avoid confounding from occupational
exposures. No specific data on potential confounding
variables were available.

It should be underscored that the Sola oil refinery
study was planned with 2.3 full-time equivalents
(FTE) for skilled personnel over a period of two
years, so the project was demanding and expensive.

4.3 Lung cancer in a municipality with iron
and coke works

L N -+ Te— - ]

Fyrheter i Statens

Figure 4. “Stoker in the State’s inferno; Now Gunnar is a cancer
victim”. The presence of carcinogens may lead to speculations
when colleagues or neighbours are diagnosed with cancer, ideas
that are often amplified in the media. Printed with permission
from Verdens gang, VG

During the 1950s through the 1980s there was a
marked increase in the national lung cancer rate
among Norwegian men. In the municipality of
Rana—known for its coke works and iron smelter,
both established after World War II—the rates for
lung cancer and urinary bladder cancer among men
surpassed the national rates in the 1980s showing
no sign of levelling oft. A reasonable question could
be whether occupational exposures in the local
industry could have contributed to the aberrant
trends (figure 4). The two main employers were both
run by the government, which secured funding for an
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examination through a population-based case-control
study. Cases of lung and unrinary bladder cancer

were identified in the Cancer Registry and controls
were drawn among local residents according to the
National Population Register.

Occupational history and smoking habits were col-
lected by interviews with participants or next-of-kin,
and work histories were supplied with personnel
data from the coke works and iron smelter. The study
identified an increased risk of lung cancer among pig
iron smelter workers, possibly related to exposure to
PAHs and asbestos. The investigation was published
as a report and in a peer-reviewed journal (Grimsrud
& al, 1998). Ironically, the local rate returned to the
national level some years after the study was finished
(figure 5), illustrating the problems of evaluating a
recent shift in trends in a small area or small population.

50
40+

Norway

30 "~ Rana

ASR /100 000

Before study After study

20 -

10

1963- 1968- 1973- 1978- 1983- 1988- 1993- 1998-
1967 1972 1977 1982 1987 1992 1997 2003

Period of observation

Figure 5. Age-adjusted rates (ASR, World standard) for lung can-
cer among men in Norway and in Rana municipality 1963-2003.
The alarming rise until 1992 prompted a case-control study

(Grimsrud & al, 1998), but later, the rates became non-excessive.

4.4 Breast cancer among teachers at a
school

Several times, the Cancer Registry has been ap-
proached by teachers questioning the existence of
an increased risk of breast cancer among their col-
leagues. Typically, they observe between 5 and 10
cases in the workforce consisting of 20 to 60 women
through a decade or two. Below, we will refer some
of the deliberations that have proved valuable in ad-
dressing these and similar cluster inquiries.

Breast cancer is the most common cancer among
women, and some 8 percent of women are expected
to have a diagnosis of breast cancer before age 75.
Among, say, 50 female teachers employed at a school
through 15 years, of whom half have attained the age

of 75, we assume that about 2 cases of breast cancer
would be reasonable to expect.

If we broaden our scope and assume that 2

breast cancers would be expected in each of 1000
schools during the same period, it can be shown
mathematically that we should expect—by random,
in line with a Poisson distribution—to observe a
maximum of 8 cases in one school (see figure 5 in ref
(Aalen & Tretli, 2012)). With another mathematical
approach, it can be shown that the probability of ob-
serving 11 cases or more in one out of 1000 schools,
given that 2 is the expected number, is approximately
0.008 (see figure 7 in ref (Aalen & Tretli, 2012)),

that is, a quite unlikely situation. In Norway, there
are nearly 3000 schools for children and/or adoles-
cents (school year 1-10) (Statistics Norway, 2011),
suggesting that the observation of 4 to 5 times the
expected number of 2 cases would be likely to occur
at a few schools.

The most important risk factors of breast cancer are
being female, increasing age, not breastfeeding long
term, current use of hormone replacement therapy;,
having no children or having no child before age 30,
obesity (for post-menopausal women only), and a
high consumption of alcohol. These risk factors may
be more or less relevant for a group of teachers, but
indeed, a large study of cancer risk by occupation
(as noted in national censuses) demonstrated a 16
percent higher incidence of breast cancer among
Norwegian female teachers (SIR = 1.16) compared to
the general population (Pukkala & al, 2009). For the
large group of economically inactive women, among
them housewives, the breast cancer risk was in line
with the population average (SIR = 0.99).

4.5 Increased cancer incidence in an area of
a town (Mortensnes, Tromsg)

The Cancer Registry was contacted by the chief
municipal medical officer in Tromsg, a town with
63 000 citizens in 2005, on the basis of repeated
inquiries about a perceived increased cancer risk in a
residential area (Mortensnes) of the town (figure 6).
As routine data at the Cancer Registry are only
reported at the municipality level, a simplified

and coarse approach was explored in an attempt

to give some idea of the size of the alleged cancer
problem. Approximate numbers of person-years
were derived from data on year of birth and sex for
present-day citizens within the actual area postcode,
and also from individuals who had died during the
preceding 15 years with the same postcode as their last
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address. Numbers of cancer cases diagnosed in the
same period and carrying the area postcodes were
provided from the Cancer Registry data base.

Figure 6. No evidence was found to suspect any strong cancer
hazard in the Mortensnes area of Tromse. Panoramic view of
Tromse from Floya. Photo: Ragnilius

By this approach, we lost data for individuals moving
out of the area in the observation period. The
evaluation involved less than 3000 men and women,
but it had some interest for a coarse evaluation of
cancer incidence. The proportion of people above

60 years of age was higher than that of the national
population, and the observed to expected number

of all cancers taken together was slightly above 1,
which is often seen in Norwegian urban populations.
Cancer in the airways and digestive system was 30
percent above the national level, but within the limits
of what could be expected by random variation. The
evaluation gave no evidence to suspect any strong
cancer hazard, and it had insufficient statistical power
to identify weak effects (Grimsrud & Martinsen, 2006).

4.6 The Rosenborg laboratories

An indication of a cancer cluster emerged from the
mid-1990s onwards among former students and col-
leagues at the governmental Norwegian University
of Science and Technology (NTNU), Trondheim.
Lymphohaematopoietic cancers were ascribed to
work at the now demolished Rosenborg laboratories,
and some patients were compensated by the Attorney
General of Civil Affairs (Regjeringsadvokaten),
despite substantial uncertainty whether there had
been relevant exposures, or whether an increased
risk did exist. No funding was obtained for an
epidemiological investigation. The emergence of ad-
ditional cases caused national media to roar in 2006,
and an audit committee and a medical expert group
were appointed by the government. The audit report
was published as a Norwegian Official Report (NOU,
2007) and contained criticism against the university,
and harsh criticism against the ministry.

Figure 7. Example of laboratory work (not the Rosenborg labora-
tories). Photo: Walkerma

In parallel, an epidemiological study was conducted
by a team from the National Institute of Occupa-
tional Health, Trondheim University Hospital (St.
Olavs Hospital), and the Cancer Registry of Norway.
For the study, lists of students, fellows, and employees
amounting to 7000 people were linked to data from
the Cancer Registry. The risk of lymphohaemat-
opoietic cancers in the entire group was close to that
expected. However, the standardised incidence ratios
in the subgroups of PhD students and participants in
organic chemistry courses were increased, although
based on small numbers (figure 7). The findings

were in line with the assumption that PhD students
and employees would experience higher laboratory
exposures than undergraduate students. The study
was published as a report (in Norwegian) and as a peer-
reviewed artide (Kristensen & al, 2007a; Kristensen & al, 2008).

A second investigation of students and personnel at
the laboratories during the preceding 17 years (1960-
1976, 900 individuals) confirmed the findings from
the first report (Kristensen & al, 2007b). Despite the
lack of good exposure data, the two reports left the
impression of a causal link between long-term work
at the Rosenborg laboratories and increased risk of
lymphohaematopoietic cancers.
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5 Cancer cluster resources

Mass media have the power to influence what is ac-
ceptable in society. Media pressure can be substantial
and call for immediate action even in a question of
chronic diseases. Some countries have established
systems to address such situations.

5.1 Small area emergency units

In the UK, a Small Area Health Statistics Unit (SAHSU)
was established 25 years ago, in 1987, in the wake of
a cluster of leukaemia in children and young adults
neighbouring the Sellafield nuclear plant (Small Area
Health Statistics Unit, homepage). The SAHSU pro-
ject started at London School of Hygiene and Tropi-
cal Medicine, and was later transferred to Imperial
College (1995). An important purpose of the SAHSU
unit is to serve health authorities and public with
rapid evaluation of health risk in relation to environ-
mental exposure based on routine statistics.

The SAHSU takes advantage of UK’s mostly small-area
postcodes combined with statistics on environment,
health, and social characteristics. The data are used for
research on potential associations between environ-
ment, socio-economic factors, and health, in the form
of in-house or collaborative projects. The SAHSU has
the advantage of serving a population of 60 million
people living in a quite densely populated country.

Finland has another emergency system for small area
analyses: Small Area Statistics on Health (SMASH).
Data are organised according to a grid with 500 m
times 500 m units, inclusive of population data on
cancer incidence, residence, sex, age, and socio-economic
status. Individual geographical information is
provided at 2 points in time, and additionally, at time
of a cancer diagnosis (Kokki & al, 2001). Different
reference populations can be chosen according to
the available parameters. The system does not reflect
all dynamics linked to change of residence, and it
has limited data on individual exposures, but it has
been a useful tool for risk assessment and provides
data for research. SMASH is involved in a number of
international cooperative studies and networks.

5.2 Norwegian resources

There is no formalised system for the handling of
cancer clusters in Norway, and no emergency unit
exists. The Cancer Registry activity reported in this
article represents only a fraction of the inquiries made

to the Registry every year, and additional numbers
are probably handled by municipality health officers,
health authorities, and other research institutions.
The need for an emergency unit is, of course, greater for
more acute forms of disease and death, such as those
caused by contagious, infectious, or poisonous agents.

The Cancer Registry of Norway has been a central
institution for aetiological cancer research in Norway.
This experience has been useful in the evaluations of
suspected cancer hazards. Traditionally, the Cancer
Registry would prefer to link an investigation-
prompted by a cluster or not-to an external health
officer, public or occupational, that may be involved
in long-term follow-up of residents or workers.

The Registry publishes routine statistics of cancer
incidence and survival every year, with recent and
historical data on counties and the nation as a

whole. More rarely, statistical reports have addressed
regional or municipal rates, but the Registry regularly
serves health officers and authorities with cancer
data for a variety of purposes, among them for the
evaluation of perceived cancer clusters. Personal
secrecy can limit the degree of detail that can be
provided when the number of cases is below 5 within
a group. These challenges can often be overcome by
merging of groups.

Strict rules for personal secrecy require licenses

to be applied for, and regional committees for
medical research must evaluate the project when
sensitive data from different sources are to be

linked and analysed. This procedure is time-
consuming, and subject to application deadlines,
committee deliberations and collection of additional
information, and formal reporting. It is our
experience that the generally low scientific value
expected from small cluster investigations has the
potential to hamper the approval by the ethical

and legal boards, and to restrict the possibilities of
quality control of a study. Countries with established
emergency systems for cluster evaluations may have
the advantage of a running license that allows for
rapid investigations within defined guidelines.

Evaluation and communication of observational data
on rates of rare diseases in small areas is a challenging
task, but clearly an important public health issue.
This activity has an educational side, and some skills
in statistics, epidemiology, aetiological research, and
public health issues are mandatory. The Norwegian
population is well described, followed as it is by a
National Population Register (identity, birth date,
details on residence), and by Statistics Norway for a
number of parameters (occupation, income, education).
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In Norway, important health parameters at the county
level, as well as general information on health issues
are provided by authorities and non-governmental
organisations. Information on cancer, cancer causes,
and cancer occurrence may also be collected on the
internet from foreign health authorities and cancer
societies, such as those in the UK and the USA.

An epidemiological study with a unique design
should be expected to last 2 years as a minimum after
funding is granted, as it may include application and
evaluation of licenses; appointing of qualified person-
nel; collection of background information, research
data, and consent; linkage to existing registry files;
quality control; statistical analyses; interpretation;
and reporting. Qualified personnel is obviously
needed, but not always readily available, and the price
for a study is often linked to the quality of the work.

In a discussion of what would be a reasonable level of
emergency preparedness to address a cancer cluster
inquiry, one will have to weigh the costs against
other funding of medical research. Furthermore,

one has to evaluate potential consequences from
lack of timeliness when there is an urgent question
of a suspected health hazards. Politicians are often
faced with the choice between a higher degree of
certainty resulting from properly conducted research
with good design and appropriate dimensioning—a
time and money-consuming task—and less certainty
resulting from quick cluster assessments, which often
remain inconclusive and much less penetrating. The
educational sides of cancer clusters may be equally
challenging for politicians, for the judicial system,
and for media, as they are for the general public.

Abbreviations

SIR: Standardised incidence ratio; the observed
number of cases divided by the expected number of
cases, usually expected on the basis of age-, sex-, and
period-specific rates in the national population

CI: Confidence interval, a range calculated to give
a measure of how accurate your answer is, or of the
uncertainty of the result.
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