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ABSTRACT

AN EPIDEMIOLOGICAL CRITIQUE OF TWO CHILDHOOD LEUKEMIA
CLUSTER STUDIES: WOBURN, MASSACHUSETTS AND WEST CENTRAL
PHOENIX, ARIZONA

By

Allen William Stout

This paper was undertaken to critically review and analyze the childhood
leukemia studies conducted in West Central Phoenix, AZ and Woburn, MA in
light of Leo Kinlen and Melvin Greaves' infectious etiology hypotheses, and to
provide a general epidemiologic critique of the studies. The focus is on Acute
Lymphocytic Leukemia (ALL) (ICD-9 code 204.00 and 204.01), as the infectious
etiology hypothesis pertains to this type of leukemia. The studies are critiqued
according to an epidemiologic investigation checklist (e.g. potential biases,
confounders, descriptive and analytic methods, validity of statistical
interpretation, etc.) to determine if the ALL cases fit a model that is consistent
with an infectious disease etiology. The findings of this paper indicate that there
is some evidence to support the infectious etiology hypothesis for ALL and study

methodology recommendations are made for future research in this area.
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INTRODUCTION

Cancer is a major concern in the United States and many other regions of
the world. This concern is heightened when cancer occurs among children. A
notable form of childhood cancer that has received much attention in the past is
childhood leukemia. Childhood leukemia is still a fairly rare occurrence. Acute
lymphocytic leukemia (ALL) is the most common leukemia in young people (0-
19), and it has an incidence rate of only 3.1 per 100,000. The next most
common childhood leukemia is acute myelogenous leukemia (AML), and it only
has an incidence rate of 0.6 per 100,000 (Wang & Haines, 1995). In spite of the
small numbers of childhood leukemia cases and the improvements in treatment,
childhood leukemia is still viewed as a serious problem. Concerns about
childhood leukemia are heightened even more when a cluster of cases is
observed.

Cancer clusters are the occurrence of a greater than expected number of
cases of a particular type of cancer within a group of people, a geographic area,
or a period of time. Cancer clusters capture public attention and therefore must
be investigated, however they are extremely difficult to evaluate and to
conclusively link to a putative agent. In fact, from 1961 to 1982, the Centers for
Disease Control (CDC) investigated 108 reported cancer clusters in 29 states
and 5 foreign countries and all had negative results. The types of cancer clusters
studied were leukemia (38%), leukemia and lymphoma (30%), leukemia and
other cancer combinations (13%), and all other cancer or combinations (19%).

Although 14 different categories of associations were reported, no clear cause



was found for any cluster. (Caldwell, 1990) Also, Freda Alexander recently noted
that "no causal factor has been identified which can explain a single cluster of
childhood leukemia" (Alexander, 1999).

Childhood leukemia clusters in Woburn, Massachusetts and West Central
Phoenix (WCP), Arizona are prime examples of the difficult nature of cluster
analysis. After careful consideration, the studies of these two clusters were
chosen for critique in this paper. The clusters at Woburn and WCP were
identified as key clusters in the United States, and they also demonstrated stark
contrasts in their features and the way in which they were studied. Woburn, a
small community in existence for over 300 years, is located in the Northeastern
United States and has a long industrial history. West Central Phoenix is a much
newer Southwestern United States community inside the larger City of Phoenix.
These two communities also differ widely environmentally, climatically, and on
residential, commuting, and migration patterns. Additionally, Woburn
experienced its most significant population growth between 1940 and 1960, while
WCP grew more substantially in the 1970's and 1980's.

Woburn is the largest childhood leukemia cluster that has been
investigated by the CDC. The leukemia cluster led to thirteen environmental and
environmental health studies being conducted in Woburn from 1979 to 1997 by
the CDC, the Massachusetts Department of Public Health (MDPH) and
Department of Environmental Quality Engineering (DEQE). After nearly two
decades of cluster investigation, the Woburn researchers were only able to

provide a weak association between the excess of leukemia and the suspected



putative agent, contaminated well water exposure. The childhood leukemia
cluster in WCP, one of the largest in the western United States, was also
exhaustively studied over the period 1983 to 1997. Unlike Woburn, the most
significant excess of childhood leukemia was of the acute myelogenous type
rather than the acute lymphocytic type. The lengthy and costly effort by the
Arizona Department of Health Services (ADHS), in investigating this excess of
leukemia, yielded only weak associations between childhood leukemia and
several potential putative agents out of the dozens that were evaluated.
However the final conclusion of the ADHS was that no specific putative agent
was ever identified that accounted for the cluster of childhood leukemia.

In Woburn, researchers quickly focused on environmental exposures from
contaminated water supplies, largely because of a publicly perceived connection
between the water and leukemia. Conversely, investigators in WCP explored
virtually every possible risk factor for childhood leukemia, largely because of the
public expectation for the identification of a putative agent. Both the Woburn and
WCP clusters were highly publicized, with the Woburn story being made into a
book and feature film, "A Civil Action", and the WCP story being made into a
televised documentary. Thus, these studies demonstrate both the sociological
factors and political pressures that can influence the investigation of a cluster of
childhood leukemia and drive methodological decision making.

Due to the significance and contrasts of these clusters, the numerous
studies of these two large and notable childhood leukemia clusters were chosen

for careful review in this paper. My intention is to demonstrate the flaws in the



science and epidemiology of the cluster investigation efforts in Woburn and
WCP, and to advance potential solutions to the inherent problems of childhood
leukemia cluster analysis. | will also evaluate the studies for evidence that
supports an infectious etiology. And in this context, | will make recommendations
on how to advance research in the elucidation of an infectious etiology of
childhood leukemia.

Before examining the nature of the infectious etiology hypothesis one
must first understand the basic background of childhood leukemia. The
identification of the malignant hematopoietic disorders, collectively referred to as
leukemia, occurred in the early nineteenth century. The earliest observations of
patients who had marked elevation of their white blood celis was by European
pathologists who assigned the term “Weisses blut” or “white blood” as a
designation for the disorder. The pathologist Velpeau was likely the first to
clinically describe leukemia in 1827, but Virchow was the individual who assigned
the disease name in 1847. The term “leukemia,” which is derived from the Greek
words “leukos” meaning “white” and “haima” meaning “blood,” was used to
indicate the disease. Leukemia was differentiated into two subgroups, acute and
chronic, as early as 1889. Naegeli subdivided acute leukemia into the myelocytic
and lymphocytic categories, subsequent to his description of the myeloblast cell
in 1900. The chronic subgroup was later differentiated in the same fashion as
acute leukemia. (Linet, 1985)

The modern classification for leukemia has changed little since the initial

discoveries. The major forms of leukemia are divided into four categories. The



terms myelogenous or lymphocytic denote the cell type involved. Myelogenous
(also called nonlymphocytic, granuleocytic, myelomonocytic, myelosclerotic,
myelosis, myeloid, myelocytic, or myeloblastic) and lymphocytic (also called
lymphoid, lymphatic, lymphogenous or lymphoblastic) leukemia have an acute or
chronic form. Thus, the four major types of leukemia are as follows: acute
lymphocytic leukemia (ALL), ICD-9 codes 204.00 and 204.01; chronic
lymphocytic leukemia (CLL), ICD-9 codes 204.10 and 204.11; acute
myelogenous leukemia (AML), ICD-9 codes 205.00 and 205.01; and chronic
myelogenous leukemia (CML) ICD-9 codes 205.10 and 205.11. (Note: ICD-9
code extensions .00 & .01 indicate no mention of remission and .01 & .11
indicate leukemia in remission) The differentiation of the types of leukemia has
been a problem in the past with regards to epidemiological research. Many
epidemiologic studies have failed in this differentiation either because of lack of
recognition of epidemiologic differences or because of the rarity of leukemia.
The fact that leukemia is not very prevalent has made it difficult to obtain
adequate sample sizes for studies. For this reason, sampling is problematic
when all types of leukemia are combined and even more so when separated.
(Linet, 1985)

In spite of the difficulties in obtaining samples for leukemia research, it is
critical that studies focus on individual types. Each of these main types of
leukemia has unique features, and more importantly, unique etiologies. The
basic pathophysiology and epidemiology of the four categories of leukemia will

be further discussed, but the emphasis will be placed upon those types most



commonly experienced by children, and specifically on ALL. The term childhood
leukemia is a general term encompassing the leukemias which afflict children,
and the acute leukemias are those most likely to be found in child populations,
while the chronic forms are rarely, if ever, observed in children. Therefore,
studies on childhood leukemia typically involve ALL and AML, but ALL is more
common and is responsible for the majority of childhood leukemia morbidity.
Additionally, due to potentially age-dependent causal pathways, cases of ALL in
people age 0 to 19 likely have a distinct etiological pathway as compared to adult
cases of ALL (Gilman, McNally and Cartwright, 1999). Therefore childhood ALL
(age 0 to 19) must be examined separately from other leukemias.

It is childhood leukemia of the ALL type to which the infectious etiology
hypothesis applies. The infectious etiology hypothesis has taken more than one
form, and the first was advanced by Leo Kinlen in 1988. Kinlen stated that in the
United Kingdom massive migration into previously remote and unpopulated
areas led to clusters of childhood leukemia. Kinlen asserted that:

1) The influx of individuals into an isolated community produces conditions in
which leukemia is more likely to occur.

2) Isolated communities (susceptible individuals) newly exposed to migrants
(infected individuals) from elsewhere could experience an unusual exposure to
some hypothetical infectious agent or to otherwise common infections for which
no immunity happens to exist.

3) This exposure, in turn, increases the risk of childhood leukemia.



4) Consequently, isolated communities may experience “mini-epidemics”
because they are too small to maintain common infections in endemic form,
which could lead to a cluster of ALL (Kinlen, 1988).

Melvin Greaves' infectious etiology hypothesis takes a slightly different
form. Greaves hypothesized that ALL, which is almost exclusively responsible
for the childhood peak (3-5 years of age), may be due to two separate genetic
events:

1) spontaneous mutation of a pre-B-cell in utero

2) proliferation of the mutated pre-B-cell when exposed to a later antigenic
challenge (i.e. an infectious agent)

Greaves stated that the early in utero and later childhood (age 2-3 being the
crucial period of cell promotion) mutagenic events lead to acute lymphocytic
leukemia. Older children who have delayed exposures to specific agents may
experience more vigorous B-cell proliferation, resulting in the second genetic
event leading to leukemia. (Greaves, 1988)

Freda Alexander provides an Aberrant Response Model (ARM) that
unifies the Kinlen and Greaves models. The ARM states that a substantial
portion of ALL cases arise as a rare host response to certain patterns of
exposure to common infectious agents. This is at the core of the various
infectious etiology hypotheses. (Alexander, 1993) Therefore the infectious
etiology hypothesis could possibly follow either the Kinlen or Greaves model or
some combination thereof. There also is the possibility that Kinlen's model may

occur in the reverse order with susceptible individuals moving from rural areas



and mixing with infected individuals in more urban areas. This could very well be
the case in most industrialized countries, such as the United States. Also
Greaves' model could possibly be varied to state that an in utero antigenic
challenge is the event which causes mutated pre-B cell proliferation. Thus, this
paper will explore the evidence in the literature and the studies at Woburn and
WCP to identify evidence that would support some facet of the infectious etiology
hypotheses.

Objectives:

1) To critically review and analyze the childhood leukemia studies conducted in
West Central Phoenix, Arizona and Woburn, Massachusetts and identify the
flaws in the scientific and epidemiological methods and study results. The
studies will be critiqued according to an epidemiologic investigation checklist
(e.g. potential biases, confounders, descriptive and analytic methods, validity of
statistical interpretation, etc.).

2) To examine the literature and the studies in West Central Phoenix, Arizona
and Woburmn, Massachusetts to elucidate evidence for the Leo Kinlen and Melvin
Greaves infectious etiology hypotheses (Kinlen, 1988) (Greaves, 1988). This will
be done to determine if the studies’' childhood leukemia cases fit a model (see
objectives below) that is consistent with an infectious disease etiology.

2.1) Evaluate if Woburn and West Central Phoenix were relatively isolated from
newcomers and did not experience a great deal of population mixing prior to the

ALL epidemic.



2.2) Evaluate if Woburn and West Central Phoenix experienced (a) an influx of
newcomers and (b) increased incidence of ALL in children (age 0 to 19) following
an influx of newcomers.

2.3) Evaluate if Woburn and West Central Phoenix experienced significant
mixing of newcomer and indigenous populations prior to and during the elevated
incidence of ALL in children (age 0 to 19).

2.4) Evaluate if the cases of ALL occurred primarily in children (age 0 to 19) born
in Woburn and West Central Phoenix and whose parents were indigenous to the
community (susceptibles) or vice versa in the case of susceptibles moving into
an infected population (urban to rural or rural to urban).

2.5) Evaluate if the increased incidence of ALL in children (age 0 to 19) Woburn
and West Central Phoenix was a result of an aberrant response to an infectious
agent(s) (in utero or in vivo) introduced by the newcomers.

2.6) Evaluate if susceptible indigenous children exposed to the infectious
agent(s) at the ages of 3-4 were more likely to develop ALL according to the
typical peak in ALL incidence at that age.

3) To advance recommendations on how to better evaluate childhood leukemia

clusters and how to better study the childhood ALL infectious etiology hypothesis.



Chapter 1

BIOLOGICAL ASPECTS OF LEUKEMIA

Human leukemia is a heterogeneous group of disorders characterized by
disruption of normal blood cell production. The normal process of blood cell
development, called hematopoiesis, occurs in the spongy bone marrow. A small
group of cells, the pluripotent bone marrow stem cells, are responsible for
making all the blood cells in the marrow. The stem cells eventually transform into
the specific blood cells by a process of differentiation and proliferation. The
process begins with the differentiation of the self-renewable pluripotent stem cells
into multipotent stem cells, myeloid or lymphoid, followed by differentiation into
the committed stem cells. The proliferating and differentiating cell process then
continues until functioning blood cells are produced. The cells produced include:
erythrocytes, platelets, neutrophils, eosinophils, basophils, monocytes, and T and
B lymphocytes. When these cells are fully formed and able to function, they
leave the marrow and enter the bloodstream.

The leukemia disorders cause blood cell dysfunction through malignant
expansion of aberrant blood cells. The malignant transformation can occur at
any level of the proliferating stem cell process. The subsequent representation
of transformed cells depends entirely on which level of precursor cell is involved
in the malignant transformation. Thus, depending on which stem cell is involved,
different blood cells will be effected and rendered dysfunctional. This variability

accounts for the different categories of leukemia, which are identifiable by the
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presence of specific transformed blood cells. If the pluripotent stem cells are the
source of the malignancy, a mixed lineage form of leukemia will be observed.
The rapid production of the abnormal blood cells causes the pluripotent stem
cells to limit their expression of differentiation to the particular cell lineage. Thus,
abnormal cells proliferate and few healthy cells are produced. This reduction of
normmal circulating blood cells precipitates the clinical consequences of the
various types of leukemia. Acute leukemia is a rapidly progressing disease that
affects mostly cells that are not yet fully developed or differentiated. These
immature cells cannot carry out their normal functions, which readily debilitates
an individual. Chronic leukemia progresses slowly and permits the growth of
greater numbers of more developed cells than does acute leukemia. These
more mature cells can carry out some of their normal functions, lessening the
impact on the leukemia patient (Mauer, 1990).

The acute leukemias are characterized by the presence of malignant blast
cells. The term “blasts” refers to the earliest marrow cells identified by the light
microscope. Blasts represent approximately 1 percent of normally developing
bone marrow cells. The majority of blast cells are myeloblasts, which are cells
that develop into neutrophils. The remaining blast cells are lymphoblasts, which
are cells that are part of lymphocyte development. In the acute leukemias,
malignant blast cells, similar in appearance to normal blast cells, accumulate in
huge quantities of as much as 80 percent of all marrow cells. Abnormal
myeloblasts accumulate in AML, and abnormal lymphoblasts accumulate in ALL.

The leukemic blast cells fail to function as normal blood cells and act as a

11



blockade to the production of normal marrow cells, leading to a deficiency of
erythrocytes (anemia), platelets (thrombocytopenia), and normal white cells
(especially neutrophils, i.e., neutropenia) in the blood.

Within the individual acute leukemia categories, there exist several
subtypes. The size and appearance of the leukemia cells are the criteria utilized
in the subtype differentiation. Additionally, the leukemic cells are classified by
their morphological similarity to normal B or T lymphocytes. There are three
principal subtypes of ALL which can be distinguished microscopically, and they
have been labeled L1 (small), L2 (large), or L3 (large with other phenotypic
features). Approximately 85% of the ALL cases in children present small
malignant cells that are related to the B lymphocytes and are of the L1 subtype.
In adult cases of ALL the B lymphocyte cells are typically of the L2 subtype. The
L3 type is very rare and accounts for only 3% or less of ALL cases in both
children and adults. ALL cases of T cell lineage are more commonly found in
adolescent and adult populations. There are seven principal sub-classifications
of AML, which include the following: M1 (myeloblastic, without maturation), M2
(myeloblastic with maturation), M3 (promyelocytic), M4 (myelomonocytic), M5
(monocytic), M6 (erythroleukemic), and M7 (megakaryocytic). This sub-
classification system is based upon the dominant leukemic cells in the marrow at
the time of diagnosis of the leukemia. These sub-classifications of ALL and AML
are not necessarily a major concern from an epidemiologic perspective, but they

do bear noting as they have unique diagnostic and prognostic implications.
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Distinguishing between ALL and AML is quite obviously a necessity. Not
only do ALL and AML have distinctive etiologies, but they also present different
clinical features, as do their subtypes. ALL is frequently associated with central
nervous system degradation and dysfunction while AML is not. Also, ALL has a
higher recovery, and consequently lower mortality, than that of AML. The
individual sub-classifications are significant as well. The L1 morphologic type of
ALL has a better outcome than the cases involving the L2 subtype. The
subtypes of AML also demonstrate different prognostic and clinical features. The
M3 cell type has been associated with the longest duration of remission among
the AML subtypes. The M4 morphologic type is associated with a higher
incidence of central nervous system leukemia, presenting with isolated tumors.
Hyperplasia and skin nodules are more common in the M5 subtype of AML, and
simultaneous or subsequent development of meningeal leukemia is more likely to
occur with this cell type. The white blood cell counts in AML patients have been
found to be higher in both the M4 and M5 cell types than in M2 or M3. There is
also evidence to indicate that there is a higher incidence of the M6 subtype in
secondary leukemias associated with radiation or chemotherapy exposure. The
M7 cell type appears to have the poorest prognosis as it has a low rate of
remission followed by rapid relapse and typically a fatal outcome (Mauer, 1990).
The variations in clinical presentation and prognosis among the various sub-
classifications of ALL and AML may provide clues to subtle etiological
differences, but achieving any significant results from epidemiological research in

this area is very difficult. The rarity of ALL and AML collectively makes research
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problematic, but the successful study of subtype etiologies can be affected
through large population-based case-control studies that look at large regions or

nations rather than focusing on small clusters of disease.
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Chapter 2

ETIOLOGY OF ACUTE LYMPHOCYTIC LEUKEMIA

A. Descriptive Epidemiology of Acute Childhood Leukemia

The acute leukemias, ALL and AML, are not only pathophysiologically
distinctive diseases, but they are also distinctive in their epidemiology. This fact
is demonstrated by a population study conducted in the Province of
Saskatchewan in Canada. The objective was to describe and analyze the
incidence and survival data, on the childhood and adolescent leukemias,
available from the Cancer Registry of the Saskatchewan Cancer Foundation.
The provincial population is small, but the findings of the study are among the
most reliable estimates of childhood leukemia time, cohort, and survival trends
that were available at the time. The Cancer Registry utilized is believed to be the
oldest, continuously collected cancer data source for a geographically defined
population. The data utilized included all incident leukemia cases, ages 0-19,
which occurred over a sixty year period from 1932-1991. Through review of
incidence trends and univariate and multivariate survival analysis, it was
observed that age-adjusted incidence of ALL is 3.1 per 100,000 while for AML
(ANLL) it is only 0.6 per 100,000. The findings of the study also revealed that the
incidence of ALL had been steadily rising over the sixty-year period, but it was
acknowledged that previous studies did not necessarily support this conclusion.

Hence a certain amount of controversy exists on the issue.

15



The demographic features of the Saskatchewan leukemia study
population are congruent with previous research. The occurrence of ALL in
these children was very significant with 46% of the cases occurring in children
before age five and 74% occurring before age nine. Additionally, incidence of
ALL has remained consistently higher in male children, and this is evidenced
among varied racial and geographic boundaries. The results of the AML data
analysis identified two key differences between ALL and AML. First of all, the
AML data did not demonstrate any statistically significant increasing time trends,
and the risk by age was considerably different. Compared with the ALL figures,
AML risk was as high or higher for ages 10-19 as for ages 0-4. Also, ages 5-9
had the lowest risk of all the age groups. Considering that the risk rates for ALL
decrease from age 0-19, AML and ALL are certainly unique. Another
observation in the data seems to indicate that while AML incidence in male
children is still higher than in females, the slightly increasing incidence in females
appears to be converging with the steadily decreasing incidence in males. A
dramatic increase in survival rates was also observed, especially in ALL. Period
effects likely account for the higher mortality in the earlier portion of the sixty year
interval, due to less efficacious therapeutic interventions being available. It was
also determined that, in ALL cases, children under five have a much better
survival outlook than do older children and adolescents. The inverse of this is
true for AML. (Wang and Haines, 1995)

The incidence, incidence trends, mortality and survival rates provided in

the Saskatchewan study are further supported by the statistics provided from the
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Surveillance, Epidemiology, and End Results (SEER) nine standard cancer
registries in the United States. The data collected from SEER is representative
of the child population of the United States (ages 0-14), and is inclusive from
1973 to 1995. The SEER incidence information on ALL (see Table 1) indicates
that the annual incidence rate of males has been consistently higher, with few
exceptions, than females in each of the three age brackets, over the 23 year
period. The average annual incidence from 1991 to 1995 (see Table 2) also
shows the higher burden of ALL in male children versus female children. The
stark gender differences with ALL are not nearly so pronounced in AML. The
SEER data (see Table 3-4) indicate a quite different trend in AML. It appears
that AML annual incidence is actually higher in females age 0-4 and slightly lower
in the age 5-9 and age 10-14 categories. Overall, it appears that gender

differences are gradually disappearing in AML incidence rates.
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Table 1:

Annual Incidence of ALL in the U.S. based on 9 Standard SEER Registries

Table 2:

Average Annual Incidence of ALL in the United States from 1991 to 1995

Male Female

Year | Age | Age | Age | Age | Age | Age

04 | 59 | 10-14 | 04 | 59 | 10-14
1995 | 6.79 | 369 | 1.76 [ 65.01 | 217 | 1.39
1994 | 598 | 222 | 144 | 484 | 209 | 1.40
1993 | 449 | 225 | 179 | 515 | 3.656 | 1.17
1992 [ 579 | 3.17 | 205 | 419 | 1.66 | 1.92
1991 | 7.34 | 294 | 163 | 546 | 273 | 1.47
1990 | 506 | 409 | 144 | 653 | 298 | 1.51
1989 | 6.28 | 3564 | 297 [ 654 | 395 | 1.43
1988 | 652 | 415 | 101 [ 589 | 193 | 0.53
1987 | 579 | 257 | 244 | 535 | 233 | 2.02
1986 | 650 | 3.81 | 154 | 490 | 1.87 | 1.21
1985 | 6.07 | 3.29 | 211 | 539 | 242 | 1.69
1984 | 414 | 349 | 254 | 6.87 | 235 | 1.77
1983 | 474 | 3.06 | 235 | 496 | 214 | 0.61
1982 | 564 | 2.07 | 231 | 3.81 | 270 | 1.69
1981 | 454 | 245 | 170 | 575 | 3.90 | 1.30
1980 | 651 | 225 | 159 | 463 | 2.75 | 0.83
1979 | 468 | 269 | 168 | 463 | 1.79 | 1.17
1978 | 479 | 299 | 186 | 5.70 | 224 | 0.80
1977 | 579 | 259 | 180 | 495 | 221 | 1.21
1976 | 553 | 325 | 082 | 426 | 254 | 1.60
1975 | 511 | 198 | 099 | 3.34 | 1.33 | 0.72
1974 | 6.08 | 3.23 | 233 | 395 | 232 | 1.43
1973 | 5.05 | 233 | 143 | 4.02 | 1.28 | 0.74

Note: The crude/age-specific incidence rates are based on a standard

Sex Age 0-4 Iﬁ;e 5-9 Age 10-14
Male 6.07 2.84 1.73
Female 493 2.46 1.47

population of 100,000.
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Table 3:

Annual Incidence of AML in the U.S. based on 9 Standard SEER Registries

Male Female

Year | Age | Age | Age | Age | Age | Age
04 (| 59 | 1014 | 04 | 59 | 10-14
1995 | 064 | 0.00 | 066 | 0.78 | 0.11 | 0.46
1994 | 052 | 0.22 | 033 | 044 | 023 | 0.35
1993 | 0.73 | 067 | 045 | 121 [ 0.35 [ 0.12
1992 | 0.21 | 0.57 | 080 | 066 | 0.36 | 0.36
1991 | 0.32 | 068 | 023 | 1.34 | 047 | 061
1990 | 0.75 | 045 | 0.12 | 068 | 0.36 | 0.63
1989 | 044 | 023 | 0.37 | 069 | 060 | 0.39
1988 | 0.22 | 0.23 | 0.38 | 0.59 | 0.36 | 0.13
1987 | 045 | 0.23 | 039 | 036 [ 0.73 | 0.27 |
1986 | 068 | 024 | 051 | 0.24 | 0.25 | 0.27
1985 | 057 | 085 | 087 | 0.36 [ 0.26 | 0.78
1984 | 023 | 012 | 0.12 | 060 | 0.13 | 0.63
1983 | 058 | 0.13 | 0.35 [ 0.73 [ 0.67 | 0.12
1982 | 0.12 | 0.00 | 0.81 | 049 | 0.27 | 0.48
1981 | 0.36 | 0.26 | 0.57 | 0.37 | 0.00 | 0.36
1980 | 049 | 0.25 | 091 | 064 | 0.39 | 0.47
1979 | 0.38 | 061 | 056 | 0.53 | 0.77 | 0.70
1978 | 065 | 0.36 | 0.33 | 0.81 | 0.12 | 0.23
1977 | 0.39 | 0.35 | 0.21 | 041 | 049 | 0.33
1976 | 0.13 | 046 | 051 | 055 | 0.36 | 0.53
1975 | 0.89 | 0.35 | 040 | 067 | 0.24 | 0.52
1974 | 0.81 | 0.75 | 064 | 0.56 | 0.90 | 0.55
1973 | 059 | 0.55 | 048 | 1.39 | 0.28 | 0.87

Table 4:

Average Annual Incidence of AML in the United States from 1991 to 1995

Sex Age 04 Age 59 Aﬁge 10-14
Male 0.48 0.42 0.50
Female 0.88 0.30 0.3