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Evidence of spatio-temporal "clustering" has
frequently been sought as a clue to an
environmental, and especially an infectious
aetiology for haematologic and lymphoreticular
malignancies (Vianna et al., 1971; Smith, 1978).
Reports of such cancer "outbreaks", i.e., episodes of
an unusual number of cancer cases occurring in a
small geographical area within a short time period,
have led to the development of several statistical
methods for interpreting their significance (Knox,
1964; Mantel, 1967; Pike & Smith, 1974).
The occurrence of lymphoreticular and

haematologic malignancies in multiple members of
the same household represents a somewhat different
and less well studied type of "clustering". We report
here a method of detecting and interpreting such
clusters using a population-based cancer registry.
The Cancer Surveillance Program (CSP) is a

population-based cancer registry that identifies all
newly diagnosed cancer cases among the more than
7 million residents of Los Angeles County. Since
1972, well over 95% of the incident cancer cases in
Los Angeles County have been registered. A
detailed description of the methodology,
organization and administration of the CSP has
been published (Hisserich et al., 1975). The 176,777
incident cases diagnosed over the 8-year period
1972-1979 provide the basis for this report.

Initially, we screened all incident cases by
computer in order to identify 2 or more cancer
cases which occurred among residents with a
common surname, living at a common address, but
with different given names. Then we used a
computer programme generated by the U.S. Bureau
of the Census (Zipstan), to standardize addresses so
that we could identify cases sharing a common
surname and who were likely to share a common
address, but for whom there were slight
discrepancies in the recorded details of the address
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(Bureau of the Census, 1978). After combining them
with the others, we were able to identify 3,177 pairs
of persons at the same address with cancer
diagnosed during the period.
The expected number of pairs with common

surname and address for a given single cancer
site/histology or combination of sites/histologies (in
this case lymphoreticular and haematologic
malignancies) under the null hypothesis was
determined after several steps. First we calculated,
for each sex, age and race-ethnicity category, the
proportion of all possible cancer (all sites) patient
pairs who fell into the group of 3,177 having a
common surname and address. We then multiplied
the proportions in each cell by the number of
all possible such pairs concordant for
lymphoreticular/haematological morphology in that
cell. Finally, these products were summed across all
cells of the matrix to give the expected number of
concordant pairs with a common surname and
address. The ratio of the observed number of pairs
to the expected number is an index which is a
variation on the Proportional Incidence Ratio
(Lilienfeld & Lilienfeld, 1980); it can be interpreted
as a measure of the degree to which a particular
cancer clusters within households, relative to the
clustering expected on the basis of factors common
to all cancers. Note that this method of computing
the expected incorporates many adjustments for
ascertainment bias. The probability of detecting
such a household cluster is clearly a function of the
number of household residents, their demographic
characteristics, the degree of their residential
stability and access to medical care, both a priori
and after the first diagnosis, and the reproducibility
with which their address is given to the hospital.
Each of these biases operates more or less
independently of site and therefore is taken into
consideration in the expectation. The only residual
bias is the increased likelihood of diagnosis and
reporting that can be attributed to the appearance
in a second household member of a cancer of the
same rather than a different morphology. The
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magnitude and credibility of that potential bias
must be considered when interpreting any observed
clustering of disease.

Statistical significance for these ratios was
determined using the Poisson distribution (Pearson
& Hartley, 1970).
A second series of expected values was calculated

using, instead of all possible cancer pairs, only those
pairs concordant for any of 49 classifications of
cancer site/histology. These expected values are
adjusted for the tendency of particular cancers to
cluster non-randomly among households because
of common exposure to known environmental
causes of cancer, such as cigarette smoking.

Table I gives the number of observed pairs with
lymphoreticular and/or. haematological cancers
having a common surname and address, together
with the number of pairs expected using both all
possible pairs and only those pairs with cancers
which were site concordant. We examined chronic
lymphocytic leukaemia, multiple myeloma, and
non-Hodgkin's lymphoma as a single entity since
these three are thought generally to represent
malignancies of B lymphocytes and may, therefore,
share a common aetiology. Although the numbers
are small, especially within groups homogeneous for
histological type, there was no excess either for
individual lymphoreticular and haematological

malignancies or when all such cancers were
combined, no matter which measure of expectation
was used. In fact, there is some evidence of a deficit
in the number of observed household pairs of
leukaemia using site concordant pairs as the basis
for expectation.
The histological diagnosis, age at diagnosis, date

of diagnosis, and sex of each member of the 21
pairs identified by this method are shown in Table
II. Among the 4 site "concordant" pairs, the pair
with acute lymphocytic leukaemia is a twin pair in
which the two diagnoses occurred within hours of
one another. Based on the age and sex of each
member of the 21 pairs, 12 are likely to represent
conjugal pairs, 8 to represent parent-child pairs, and
1 to represent a sibling pair.
Our series of 12 probable spouse pairs increases

the total number of such spouse pairs in the
medical literature to about 40 (Street & Allen, 1950;
Mazur & Strauss, 1951; Devore & Doan, 1957;
Milham, 1964; Amos et al., 1967; Kyle et al., 1971;
Berliner & Dristenfeld, 1972; Dworsky &
Henderson, 1974; Pietruszk et al., 1976; Hazen &
Michel, 1977; Ly et al., 1978; Kardinal, 1978; Wray
et al., 1979; Brugiatelli et al., 1980; Kefford et al.,
1980; Dougan et al., 1980). Previously, the largest
reported series of such malignancies occurring in
spouse pairs was 7, as reported by Milham (1964).

Table I Number of observed and expected pairs of lymphoreticular and
haematological malignancies with a common surname and address in Los Angeles

County, 1972-1979

No. ofpairs

No. of
Site Cases Expected' Expected2 Observed

All leukaemia 5,093 2.7 5.3 1
Acute myelogenous leukaemia
(AML) 1,636 0.3 0.3 0

Acute lymphocytic leukaemia
(ALL) 699 0.2 1.3 1

Chronic myelogenous leukaemia
(CML) 893 0.1 0.1 0

Chronic lymphocytic leukaemia
(CLL) 1,249 0.2 0.2 0

Hodgkin's disease (HD) 1,492 0.2 0.9 0
Non-Hodgkin's lymphomas (NHL) 5,106 2.8 2.9 3
Multiple myeloma (MM) 1,903 0.5 0.4 0
CLL, NHL or MM 8,2163 7.7 7.2 9
All of above (AML, ALL, CML,
CLL, HD, NHL, or MM) 13,4583 18.2 26.2 21

'Without site concordancy.
2With site concordancy.
3Total does not equal the sum of the individual components because some

individuals had multiple diagnoses.
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Table II Histologic diagnosis, age at diagnosis, date of diagnosis, and sex
of each member of the 21 "household" pairs of lymphoreticular and

hematological cancer

First Diagnosis Second Diagnosis
Probable

Histology Age Date Sex Histology Age Date Sex Relationshipt

CLL 66 1972 F NHL 68 1977 M S
NHL 67 1972 F NHL 65 1974 M S
CML 69 1972 M MM 66 1975 F S
HD 72 1972 M NHL 69 1974 F S
AML 83 1972 M NHL 79 1973 F S
MM 50 1972 M ALL 19 1973 M PC
CML 57 1972 M MM 62 1977 F S
NHL 4 1972 F HD 25 1972 F PC
NHL 57 1972 M MM 55 1977 F S
HD 13 1973 F NHL 55 1973 M PC
AML 80 1973 F NHL 83 1976 M S
CML 26 1973 M NHL 76 1975 M PC
NHL 61 1974 F MM 88 1978 F PC
NHL 63 1975 F CML 28 1978 F PC
NHL 52 1977 M MM 49 1978 F S
ALL 1 1977 M ALL 1 1977 M SI
NHL 48 1977 M NHL 8 1978 F PC
NHL 59 1977 M MM 62 1977 F S
NHL 93 1977 F CML 68 1977 M PC
NHL 54 1978 F NHL 52 1979 M S
NHL 64 1978 F MM 78 1978 M S

tS = spouse; SI = sibling; PC = parent-child.

Milham identified his seven pairs among death
certificates of 876 spouses of persons who had died
of leukaemia, using data from the New York State
Department of Health. As in our study, Milham
found this number not to be significantly greater
than that expected, which in his study was based on
the distribution of deaths by cause of matched
controls of the spouses.

This study provides a new method for identifying
and evaluating the occurrence of multiple cancer
cases in a single household and also provides

another important piece of evidence against a
contagious aetiology for the majority of
lymphoreticular and haematological malignancies
and mitigates against any household environmental
exposure with a relatively short latent period
measured in years or even a few decades.
We shall apply the same methodology to the

study of other site/morphology categories, and we
hope to modify the method in order to accomodate
the specification of multiple time-space cluster
criteria.
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