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HIGHLIGHTS

Incidence
♦ For the years from 1990-95, the leukemias represented 31% of all cancer cases

occurring among children younger than 15 years of age and 25% of cancer cases
occurring among those younger than 20 years of age.  In the US there are approxi-
mately 3,250  children diagnosed each year with leukemia and 2,400 with acute
lymphoblastic leukemia (ALL).

♦ The relative contribution of leukemia to the total childhood cancer burden varies
markedly with age, being 17% in the first year of life, increasing to 46% for 2 and 3
year olds, and then decreasing to only 9% for 19 year olds  (Figure I.1).

♦ The two major types of leukemia were ALL comprising nearly three-fourths and
acute non-lymphocytic comprising 19%.

♦ There was a sharp peak in ALL incidence among 2-3 year olds (> 80 per million)
which decreases to a rate of 20 per million for 8-10 year olds.  The incidence of ALL
among 2-3 year olds is approximately 4-fold greater than that for infants and is
nearly 10-fold greater than that for 19 year olds (Figure I.2a).

♦ Leukemia rates are substantially higher for white children than for black children,
with rates of 45.6 versus 27.8 per million for the period from 1986-95 for children
0-14 years old (Table I.4).  This difference between white and black children is
most apparent when examining rates of leukemia by single year of age (Figure
I.3), with a nearly 3-fold higher incidence at 2-3 years of age for white children
compared to black children.

♦ The incidence of leukemia among children younger than 15 years of age has
shown a moderate increase in the past 20 years (Figure I.4) with the trend prima-
rily reflecting an increase in ALL incidence during this period.  The rates of leuke-
mias other than ALL did not appear to increase from 1977 to 1995 (Figure I.5)

Survival
♦ Survival for children with ALL has markedly improved since the early 1970s, and

overall survival for all children with ALL is now approximately 80% (Figure I.8).
A number of improvements in treatment during this period have undoubtedly
contributed to the improved survival.

♦ Survival for children with ALL is very dependent upon age at diagnosis, with the
most favorable outcome observed for children older than 1 year of age and younger
than 10 years of age.

Risk factors
♦ With the exception of prenatal exposure to x-rays and specific genetic syndromes,

little is known about the causes of childhood ALL (Table I.5).
♦ Different risk factors are emerging for childhood AML that distinguish the disease

from ALL, and this may provide avenues for future epidemiological studies (Table
I.6).
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INTRODUCTION

The leukemias of childhood are cancers
of the hematopoietic system, involving in
most cases, malignant transformation of
lymphoid progenitor cells [1] and less
commonly transformation of myeloid pro-
genitor cells [2].  The leukemias account for
the largest number of cases of childhood
cancer and are the primary cause of cancer
related mortality of children in the United
States.  Approximately 3,250 children and
adolescents younger than 20 years of age
are diagnosed with leukemia each year in
the US, of which 2,400 are acute lympho-
blastic leukemia.  For the years from 1986-
94, the leukemias represented 32% of all
cancer cases occurring among children
younger than 15 years of age and 26% of
cancer cases occurring among those
younger than 20 years of age.   However,
the relative contribution of leukemia to the
total childhood cancer burden varied mark-
edly with age, being 17% in the first year of
life, increasing to 46% for 2 and 3 year olds,
and then decreasing to only 9% for 19 year
olds.  To further illustrate the contribution

Figure I.1 gives the incidence rates for both
leukemia and total cancer (the sum of
leukemia and non-leukemia) by single year
of age.1

This chapter focuses on the following
topics related to the incidence of leukemia
among children in the United States:  (1)
the relative frequencies of the leukemia
subtypes that occur among children; (2)
variation in the incidence of the specific
types of leukemia by age; (3) differences in
incidence between males and females; (4)
differences in incidence between white and
black children; and (5) variation in leuke-
mia incidence over time.  In terms of sur-
vival for children with leukemia, the chap-
ter focuses on three primary topics:  (1)
comparison of survival rates for children
with ALL and AML; (2) the impact of age at
diagnosis on survival; and (3) the remark-

Figure I.1:  Total childhood cancer age-specific incidence rates
by leukemia versus non-leukemia, all races, both sexes, SEER, 1986-94
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Enumeration of the population at risk by single years of age was
available only for the census years 1980 and 1990.  The US Bureau
of the Census provides intercensal population estimates by 5-year
age groups, but not by single years of age.  Therefore, the
population estimates for 1980 were used in rate calculations for
cases diagnosed from 1976-84 and the 1990 estimates were used for
cases diagnosed from 1986-94.
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Table I.1: Percent distribution within ICCC subcategories for leukemia and age-adjusted* 
incidence rates for specific ICD-O codes, age <20, all races, both sexes, SEER, 1975-95

Diagnostic Group Specific Diagnosis: Rate per million % of Cases
Ia:  Lymphoid leukemia 29.2 100.0%

9820: Lymphoid leukemia, NOS 0.2%
9821: Acute lymphoblastic 99.2%
9822: Subacute lymphoid 0.0%
9823: Chronic lymphocytic 0.1%
9824: Aleukemic lymphoid 0.2%
9825: Prolymphocytic leukemia 0.1%
9826: Burkitt's cell leukemia 0.5%
9827: Adult T-cell 0.0%
9850: Lymphosarcoma cell 0.0%

Ib:  Acute non-lymphocytic 7.6 100.0%
9840: Erythroleukemia 0.4%
9841: Acute erythremia 0.2%
9861: Acute myeloid leukemia 68.7%
9864: Aleukemic myeloid 0.0%
9866: Acute promyelocytic 7.1%
9867: Acute myelomonocytic 9.3%
9891: Acute monocytic leukemia 9.1%
9894: Aleukemic monocytic 0.0%
9910: Acute megakaryoblastic 5.1%

Ic:  Chronic myeloid leukemia 1.3 100.0%
9863: Chronic myeloid leukemia 98.6%
9868: Chronic myelomonocytic 1.4%

Id:  Other specified leukemias 0.2 100.0%
9830: Plasma cell leukemia 0.0%
9842: Chronic erythremia 0.0%
9860: Myeloid leukemia, NOS 33.3%
9862: Subacute myeloid 0.0%
9870: Basophilic leukemia 0.0%
9880: Eosinophilic leukemia 0.0%
9890: Monocytic leukemia, NOS 8.3%
9892: Subacute monocytic 0.0%
9893: Chronic monocytic 0.0%
9900: Mast cell leukemia 0.0%
9930: Myeloid sarcoma 58.3%
9931: Acute panmyelosis 0.0%
9932: Acute myelofibrosis 0.0%
9940: Hairy cell leukemia 0.0%
9941: Leukemia 0.0%

Ie:  Unspecified leukemias 1.2 100.0%
9800: Leukemia, NOS 20.5%
9801: Acute leukemia, NOS 79.5%
9802: Subacute leukemia, NOS 0.0%
9803: Chronic leukemia, NOS 0.0%
9804: Aleukemia leukemia, NOS 0.0%

*Adjusted to the 1970 US standard population
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able improvements in survival rates for
children with ALL during the past 20
years.

Classification system

Before discussing topics related to
childhood leukemia incidence and outcome,
it is necessary to describe the specific
diagnoses that are included among the
Diagnostic Groups for leukemia of the
International Classification of Childhood
Cancer (ICCC).  Table I.1 illustrates that
acute lymphoblastic leukemia (ALL) ac-
counted for approximately 99% of cases
among the lymphoid leukemia (Ia) diagnos-
tic group, so that this ICCC diagnostic
group is essentially synonymous with ALL.
The “acute non-lymphocytic leukemia”
diagnostic category Ib is henceforth re-
ferred to as the acute myeloid leukemia
(AML) category since this is the preferred
terminology [3], and it encompasses the
various subtypes of AML that occur in
children. The other three ICCC diagnostic
categories combined accounted for only 6-
7% of total leukemia cases in children.  The
chronic myeloid leukemias diagnostic group
(Ic) included approximately 3% of leukemia
cases occurring in the younger than 20
years of age group during the period from
1990-95, while the “other specified leuke-
mia” diagnostic group (Id) included fewer
than 1% of the leukemia cases.  Approxi-

mately 3% of leukemia cases were included
in the unspecified leukemia category (Ie)
for the period from 1990-95.

INCIDENCE

Age-specific incidence

Table I.2 shows the incidence and
relative proportion of specific diagnostic
categories by 5-year age groups.  For the
younger than 15 years of age, ALL repre-
sented 78% of leukemia cases, while the
AML subgroup (Ib) represented 16% of
cases.  The relative frequency of AML
increased in the second decade of life as
that of ALL decreased.   While AML repre-
sented only 13-14% of leukemia cases in
the first 10 years of life, it accounted for
36% of leukemia cases among 15-19 year
olds.  The incidence and relative contribu-
tion of the chronic myeloid leukemias also
increased with age, representing about 9%
of cases among 15-19 year olds.

As is apparent from Table I.2, the
incidence of leukemia among children
varied considerably with age.  Figure I.2a
illustrates that this variation was the
result of a sharp peak in ALL incidence
among 2-3 year old children (incidence over
80 per million), which returned to a rate of
20 per million for 8-10 year old children.
The incidence of ALL among 2-3 year old

Table I.2: Age-adjusted incidence rates per million for specific leukemia by age groups
all races, both sexes, SEER, 1990-95

Age (in years) at diagnosis <5 5-9 10-14 15-19 <15*
Total leukemia 72.4

(100%)
38.0

(100%)
25.9

(100%)
26.0

(100%)
43.8

(100%)
ALL 58.1

(80%)
30.6

(81%)
17.4

(67%)
13.0

(50%)
34.0

(78%)
AML (Ib) 10.3

(14%)
5.0

(13%)
6.2

(24%)
9.3

(36%)
7.0

(16%)
CML (Ic) 1.1

(2%)
0.7

(2%)
1.1

(4%)
2.2

(9%)
1.0

(2%)
Other specified leukemias
(Id)

0.3
(-)

0.3
(1%)

0.1
(-)

0.1
(-)

0.2
(1%)

Unspecified leukemias (Ie) 2.2
(3%)

1.0
(3%)

0.6
(2%)

1.1
(4%)

1.2
(3%)

* Rates are adjusted to the 1970 US standard population.  Numbers in parentheses represent the 
percentage of the total cases for the specific age group.
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children was approximately 4-fold greater
than that for infants and was nearly 10-
fold greater than that for 19 year olds. The
distinctive shape of the age-incidence curve
for ALL can be well-described by a math-
ematical model which assumes that child-
hood ALL results from two events required
for full malignant transformation with the
first of these events occurring in utero [4].
Experimental confirmation has been ob-
tained for the initiation of childhood ALL in
utero [5,6].

The incidence of AML in children also
varied with age (Figure I.2b), but with a
different pattern than that for ALL.  AML
rates were highest in the first 2 years of
life, but subsequently decreased with a
nadir at approximately 9 years of age,
followed by slowly increasing rates during
the adolescent years.   The incidence of
leukemia cases in the “chronic myeloid
leukemia” category (Ic) likewise showed
substantial variation with age.  As shown
in Figure I.2c, there was a peak in inci-

Figure I.2a:  ALL (Ia): 1986-94, and AML (Ib): 1976-84
and 1986-94 age-specific incidence rates, all races

both sexes, SEER
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Figure I.2b:  AML (Ib) age-specific incidence rates, all races
both sexes, SEER, 1976-84 and 1986-94 combined
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dence for males in the first year of life, with
subsequent lower rates for both males and
females until the late teen years.  The
increase in CML incidence in the later teen
years appeared to represent the early
portion of the increasing incidence curve for
adult-type CML [7].  On the other hand, the
cases coded as “chronic myeloid leukemia”
in the first few years of life almost certainly
reflect cases of juvenile myelomonocytic
leukemia (previously termed juvenile
chronic myeloid leukemia), a diagnosis
associated primarily with young males
[8,9].

Sex-specific incidence

Table I.3 illustrates the incidence of
the various leukemia types separately for
males and females for the years 1990-95.
The incidence of ALL among children
younger than 15 years of age was consis-
tently higher among males (approximately
20%) relative to females.  For the 15-19
year olds, however, the male preponderance
was greater, with males having a 2-fold
higher ALL incidence than females. The
incidence of AML was similar for males and
females for all age groups.  For the CML
category, there was a 4-fold higher rate for
males than females for the younger than 5-

year age group, a difference that was not
present for older age groups.  As noted
above, these cases likely represent juvenile
myelomonocytic leukemia, which has a
known male predominance [9].

Table I.3: Male to female ratios of age-adjusted leukemia incidence rates per million by 
type and age group, all races, SEER, 1990-95

<5 Yrs
Rate

M/F Ratio

5-9 Yrs
Rate

M/F Ratio

10-14 Yrs
Rate

M/F Ratio

15-19 Yrs
Rate

M/F Ratio

<15 Yrs
Rate*

M/F Ratio

<20 Yrs
Rate*

M/F Ratio
 Total leukemia M = 78.5

F = 65.9
M/F = 1.2

M = 40.3
F = 35.7

M/F = 1.1

M = 28.4
F = 23.1

M/F = 1.2

M = 28.4
F = 23.4

M/F = 1.2

M = 47.4
F = 40.1

M/F = 1.2

M = 42.7
F = 36.0

M/F = 1.2
ALL M = 63.7

F = 52.3
M/F = 1.2

M = 32.2
F = 29.0

M/F = 1.1

M = 18.8
F = 16.0

M/F = 1.2

M = 17.2
F = 8.6

M/F = 2.0

M = 36.7
F = 31.2

M/F = 1.2

M = 31.9
F = 25.6

M/F = 1.2
AML (Ib) M = 10.0

F = 10.6
M/F = 0.9

M = 5.8
F = 4.3

M/F = 1.3

M = 6.7
F = 5.7

M/F = 1.2

M = 8.3
F = 10.4

M/F = 0.8

M = 7.4
F = 6.7

M/F = 1.1

M = 7.6
F = 7.6

M/F = 1.0
Chronic myeloid
leukemia  (Ic)

M = 1.7
F = 0.4

M/F = 4.3

M = 0.4
F = 1.0

M/F = 0.4

M = 1.4
F = 0.9

M/F = 1.6

M = 1.6
F = 2.9

M/F = 0.6

M = 1.1
F = 0.8

M/F = 1.4

M = 1.3
F = 1.3

M/F = 1.0
*Adjusted to the 1970 US standard population

Figure I.2c:  Chronic myeloid leukemia age-specific
incidence rates, all races, both sexes
SEER, 1976-84 and 1986-94 combined
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Figure I.3:  Leukemia age-specific incidence rates for white (1986-94)
and black (1976-84 and 1986-94) children, SEER
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Black-white differences in incidence

Leukemia rates were substantially
higher for white children younger than 15
years of age compared to black children,
with rates of 45.6 versus 27.8 per million
for the period from 1986-95 (Table I.4).
This difference between white children and
black children was most apparent when
examining rates of leukemia by single year
of age (Figure I.3), with a nearly 3-fold
higher incidence at 2-3 years of age for
white children compared to black children.

The difference in leukemia incidence was
primarily the result of lower ALL rates
among black children (Table I.4), with ALL
incidence for white children younger than 5
years of age being more than twice that for
black children (63.2 versus 26.9 per mil-
lion).  A lower ALL incidence for black
children was observed for each 5-year age
group up to 20 years of age.  The incidence
of AML, unlike that for ALL, was similar
for white and black children for all age
groups (Table I.4).

Table I.4: White to black ratios of age-adjusted leukemia incidence rates per million by 
type and age group, both sexes, SEER, 1986-95

<5 Yrs
Rate*

W/B Ratio

5-9 Yrs
Rate

W/B Ratio

10-14 Yrs
Rate

W/B Ratio

15-19 Yrs
Rate

W/B Ratio

<15 Yrs
Rate*

W/B Ratio

<20 Yrs
Rate*

W/B Ratio
Total
Leukemia

W = 77.2
B = 38.4

W/B = 2.0

W = 37.5
B = 28.6

W/B = 1.3

W = 27.4
B = 18.4

W/B = 1.5

W = 26.5
B = 15.2

W/B = 1.7

W = 45.6
B = 27.8

W/B = 1.6

W = 40.9
B = 24.7

W/B = 1.7
ALL W = 63.2

B = 26.9
W/B = 2.4

W = 31.8
B = 1.8

W/B = 1.8

W = 19.8
B = 11.6

W/B = 1.7

W = 14.3
B = 6.4

W/B = 2.2

W = 36.8
B = 18.3

W/B = 2.0

W = 31.2
B = 15.4

W/B = 2.0
AML (Ib) W = 10

B = 7.7
W/B = 1.3

W = 3.8
B = 6.1

W/B = 0.6

W = 5.3
B = 5.1

W/B = 1.0

W = 8.3
B = 7.1

W/B = 1.2

W = 6.2
B = 6.2

W/B = 1.0

W = 6.7
B = 6.4

W/B = 1.1
*Adjusted to the 1970 U.S. standard population
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TRENDS

The incidence of leukemia among
children younger than 15 years of age
increased in the past 20 years, as shown in
Figure I.4a.  The estimated annual percent-
age change (EAPC) for total leukemia for
the period from 1977 to 1995 was 0.9% per
year, with the trend primarily reflecting an
increase in ALL incidence during this
period (EAPC for ALL, 0.9%).  The rates of
leukemias, other than ALL, did not in-
crease significantly from 1977 to 1995
(Figure I.5), although the small number of
cases diagnosed each year for the less
common leukemia types results in consider-
able scatter in year to year rates, which
makes interpretations of trends difficult.
The higher rate of nonspecific classification
of leukemia cases (ICCC Category Ie) in the
years prior to 1977 (greater than 5 per
million in 1973 and 1974, but 1-2 per
million after 1977), is the reason for re-

stricting examinations of trends over time
for specific leukemia diagnoses to the
period from 1977 to 1995 [10].

While a model based on a constantly
increasing rate can be applied to the ALL
and the leukemia incidence data to esti-
mate an EAPC, visual inspection of the
incidence of ALL and total leukemia from
1977 to 1995 suggests that reality is more
complicated (Figure I.4a).  For example,
ALL incidence for the 9 SEER areas and
the Los Angeles area combined peaked in
1989, and rates have been 5-10% below this
peak value in subsequent years.  The
situation is further complicated by different
time trend patterns for ALL for the 9 SEER
areas compared with the Los Angeles area.
For the 9 SEER areas, ALL incidence has
been more or less stable since 1984.  On the
other hand, ALL incidence for the Los
Angeles area showed more variability,
being higher in the late 1970s and early

Figure I.4b:  Trends in ALL and non-ALL 
age-adjusted* incidence rates, age <15 

all races, both sexes, SEER, 1977-95
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Figure I.4a:   Trends in leukemia and ALL
age-adjusted* incidence rates, age <15

all races, both sexes, SEER, 1977-95
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1980s, then decreasing to a nadir in 1984-
85, and subsequently increasing to rates
higher than those for the 9 SEER areas
(Figure I.4b).  For 1990 to 1995, ALL rates
can be calculated for Hispanic and non-
Hispanic children.  For non-Hispanic chil-
dren, the ALL rates were similar between
Los Angeles (LA) and the 9 SEER areas.
However, the ALL rates for Hispanic chil-
dren were higher than those for non-His-
panic children.  Since over one-half of the
children younger than 15 residing in Los
Angeles were Hispanic, a much higher
proportion than for the 9 SEER areas, the
overall higher ALL rates in Los Angeles can
be explained by the higher proportion of
Hispanic children living in LA.  In addition,
between 1990 and 1995, there were in-
creases in the population of Hispanic chil-
dren under 15 and decreases in the popula-
tion of non-Hispanic children under 15 in
LA.  This change in population characteris-
tics would tend to produce increased rates

of ALL due to the higher rates of ALL
among Hispanic children.  Therefore, the
higher ALL rates in LA can be explained by
the higher proportion of Hispanic children
in LA, and the increase in ALL rates for LA
can be at least partially explained by
increases in the percentage of Hispanic
children in LA.  Ongoing monitoring of
childhood leukemia trends, as well as
epidemiologic and basic laboratory studies,
are needed to develop a better understand-
ing of the pathogenesis of childhood leuke-
mia and an enhanced ability to explain
changes in leukemia incidence over time.

Figure I.6 illustrates the incidence of
ALL for white and black children for the
period from 1977 to 1995.  While the inci-
dence of ALL for white children increased
at an overall rate of approximately 1% per
year since 1977, there was no apparent
increase in ALL rates for black children
during this same period.

Figure I.5:  Trends in non-ALL leukemia age-adjusted* incidence rates
age <15, all races, both sexes, SEER, 1977-95

&

&

&

&

&

&
&

&

&

&
& &

&

&

&

&

&

&

&

%

%

%

%

%

%

%

%

%

%

%

%

%

% %

+

+

+

+

+ +

+

+

+

+

+

+ +
+ +

+
+ +

+

$

$
$

$
$ $ $ $ $

$

$
$

$ $

$ $
$ $

$

1977 1982 1987 1992

Year of diagnosis

0.01

0.1

1

10
Average annual rate per million (log scale)

IB (ANLL)

IC (CML)

ID (Other)
IE (Unspecified)

$

+

%

&

*Adjusted to the 1970 US standard population



ICCC I

26National Cancer Institute SEER Pediatric Monograph

LEUKEMIA

Figure I.7 illustrates the variation in
ALL incidence for white children for specific
5-year age groups.  Incidence rates for
white children 0-4, 5-9, 10-14, and 15-19
years of age demonstrated modest increases
when the entire time period was considered.
Because the incidence of ALL was greater
for those younger than 5 years of age than
for the older age groups, the increasing
rates for those younger than 5 years of age
accounted for the largest proportion of the
overall increase in ALL rates for white
children.

SURVIVAL

Survival for children with ALL mark-
edly improved from 1975-84 to 1985-94,
with 5-year survival rates for children
younger than 20 years of age increasing
from 61% to 77% (Figure I.8).  A number of

improvements in treatment during this
period have undoubtedly contributed to the
improved survival rate, including:  a) identi-
fication of increasingly effective methods of
central nervous system prophylaxis [1];  b)
identification of the contribution of treat-
ment intensification to improved outcome
for selected groups of patients [27-29].
Examples of effective methods of treatment
intensification include use of post-induction
consolidation with high-dose methotrexate
[28, 29] and use of post-remission re-induc-
tion/re-consolidation regimens (“delayed
intensification”) [27].

Survival for children with ALL is very
dependent upon age at diagnosis.  For the
years 1985-94, 5-year survival rates were
highest for the 1-4 year age group and the
5-9 year age group (85% and 80%, respec-
tively) (Figure I.8).  Infants had the poorest
outcome (37% 5-year survival rate), fol-

Figure I.7:  Trends in ALL age-specific incidence
rates by year of diagnosis, white children

both sexes, SEER, 1977-95
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lowed by the 15-19 year age group (51% 5-
year survival rate).  The favorable progno-
sis of 1-9 year old children is likely related
to the relatively high proportion of cases in
this age range with favorable biological
subtypes (e.g., cases with hyperdiploid DNA
content or with the TEL-AML1 gene rear-
rangement) [30-32].  The poor prognosis for
infants with ALL reflects the high fre-
quency of cases with rearrangements of the
MLL gene on chromosome band 11q23
[33,34].  The less favorable outcome for
adolescents and young adults is likely due
in part to the increased relative frequency
of higher risk ALL subtypes (e.g., Philadel-
phia chromosome positive ALL and T-cell
ALL).

For the younger than 20 year old
population, 5-year survival rates were
slightly higher for females than for males
(79% versus 75%) (Figure I.8).  Five-year
survival rates for black children younger
than 20 years of age with ALL were lower

than for white children (64% versus 78%).
While the poorer outcome for black children
with ALL could represent differences
between black and white children in the
pharmacokinetics or pharmacodynamics of
the drugs used for ALL treatment or differ-
ences in access to health care, the relative
paucity among black children of the most
curable ALL subtypes that occur at higher
incidence among white children younger
than 10 years of age may also contribute to
the poorer outcome observed for black
children.

Survival for children with AML was
substantially lower than that for children
with ALL (Figure I.9).   While outcome for
children with AML improved significantly
from 1975-84 to 1985-94, 5-year survival
rates were only 41% for the period 1985-94
for the younger than 20 year old age group.
In contrast to ALL, older children and
adolescents with AML had outcome that
was similar to that observed for the

Figure I.8:  ALL 5-year relative survival rates by sex, race, age and
time period, SEER (9 areas), 1975-84 and 1985-94
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younger than 5-year age group, with the
younger than 5-year age group having
somewhat lower outcome than for the older
age groups.  As was the case for ALL,
outcome for females with AML was some-
what better than outcome for males.  In
contrast to the poorer outcome for black
children with ALL, for AML outcome was
similar for white and for black children
younger than 20 years of age.

RISK FACTORS

Tables I.5 and I.6 summarize current
knowledge of the causes of childhood ALL
and AML.  With the exception of prenatal
exposure to x-rays and specific genetic
syndromes, little is known about the causes
of and risk factors for childhood ALL [13].
It is important to note that ALL is a hetero-
geneous grouping of biological subtypes of
leukemia, and smaller studies of the past
may have lacked sufficient statistical power
to examine potential risk factors.  Thus, one

emerging theme concerning the etiology of
childhood ALL is the need to separately
study different biological groups of ALL.
For example, the cases of ALL that arise in
infants and that have rearrangements of
the MLL gene on chromosome 11 appear to
have different epidemiological associations
than cases that arise in young children that
typically have B-precursor ALL
immunophenotype and hyperdiploid DNA
content [14-16].   Recognition of the need to
study these different ALL subtypes inde-
pendently has been one impetus for larger
studies of the etiology of ALL.  In these
larger studies some intriguing associations
have emerged that can be followed up
further in more focused investigations.  For
example, high birth weight and maternal
history of fetal loss have been associated
primarily with ALL occurring in children
younger than 2 years of age [17-19].

From a global perspective, childhood
ALL appears to be much more common in

Figure I.9:  AML 5-year relative survival rates by sex, race, age and
time period, SEER (9 areas), 1975-84 and 1985-94
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countries of the developed world than in
those of the developing world, a difference
that has been attributed to different pat-
terns of exposure of children in these popu-
lations to infectious agents [20,21].  A
delayed pattern of infections, as found in
countries such as the United States, is
hypothesized to somehow cause (or allow)

ALL to occasionally develop, possibly
through alterations in immune function.
However, in the absence of an understand-
ing of specific infectious agents or specific
immune perturbations associated with the
pathogenesis of ALL, it is not possible to
apply these theories to explain the trends
in incidence for childhood ALL observed in
the United States since the 1970s.

Table I.5: Current knowledge on causes of acute lymphoblastic leukemia (ALL)

Exposure or Characteristic Comments References

Sex Overall, there is about a 30% higher incidence in males
compared to females.

16,22,36

Age There is a peak in the incidence between the ages of about
2 and 5.

16,22,36

Race There is an approximate 2-fold higher risk in white
children compared to black children.

16,22,36

Higher socioeconomic status Increased risk has been fairly consistently associated with
the most common ALL (diagnosed at ages 2 - 5 years).  It
is unknown what aspect of higher SES is relevant but
higher age of exposure to infectious agents has been
hypothesized.

16,22,36,37

Ionizing radiation (in utero) In past studies, there was a consistent, increased risk
(about 1.5 fold) of leukemia associated with prenatal
diagnostic x-ray exposure. However, this is unlikely to be
an important risk factor for childhood leukemia today due
to fewer x-rays, increased shielding, and lower radiation
levels.

16,22,36,38,39

Ionizing radiation postnatal
(therapeutic)

Therapeutic radiation for such conditions as tinea capitis
and thymus enlargement has been associated with an
increased risk.

16,22,36,40

Down syndrome,
neurofibromatosis, Shwachman
syndrome, Bloom syndrome,
ataxia telangiectasia,
Langerhans cell histiocytosis, and
Klinefelter syndrome

Increased occurrence is associated with these genetic
conditions and is particularly apparent in children with
Down syndrome for whom there is a reported 20-fold
increased risk of leukemia.

16,22,26,36

High birth weight (> 4000 grams) Several studies have reported an elevated risk
(approximately 2-fold) in larger babies, particularly for
children diagnosed younger than two years of age.

16,22,36,41

Maternal history of fetal loss
prior to the birth of the index
child

Approximately 2-5 fold increased risk of leukemia has
been noted in a few studies; particularly in children
diagnosed younger than two years of age.

16,18,22,36,42

Maternal age > 35 at pregnancy A slight increased risk has been somewhat inconsistently
associated with older maternal age.

16,22,36

First born or only child Slight increased risk reported but birth order may be
surrogate marker for exposure to infectious agent.

16,22,36

Known risk factors

Factors for which evidence is
suggestive but not conclusive
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Table I.5 (cont’d): Current knowledge on causes of acute lymphoblastic leukemia (ALL)

Smoking prior to and during
pregnancy

Some studies have reported an increased risk associated
with maternal smoking during pregnancy but others have
not.  A few recent studies have suggested a modest
increased risk (about 1.5 fold) associated with paternal
smoking prior to pregnancy.

16,22,36,43-48

Parental occupations and
occupational exposures

Isolated reports associated with parental exposure to
motor vehicle exhaust, hydrocarbons, and paints. This is
the subject of several current epidemiologic studies.

16,22,36

Postnatal infections Evidence is very inconsistent. 16,22

Diet A few reports have suggested that meat consumption
(particularly, cured meats) is associated with an increased
risk. Maternal diet and childhood leukemia has not been
explored in any detail and further study is warranted.

49,50

Electromagnetic fields A few studies have reported a slight increased risk for
children living near high voltage power lines; others have
reported no association.  A recent large study of U.S.
children with ALL found little or no association between
risk of ALL and electromagnetic field exposure.  Other
large epidemiologic studies evaluating this exposure are
ongoing.

16,22,51-54

Vitamin K prophylaxis in
newborns

Although an increased risk of ALL was first reported in
the early 1990's, several large studies since then have
found no association.

16,22,55-60

Maternal alcohol consumption
during pregnancy

Unlikely to be an important risk factor for ALL (but see
AML).

16,22

Postnatal use of chloramphenicol One study reported quite substantial increased risks
(approximately 10-fold) with postnatal use of this broad-
spectrum antibiotic.

61

Ultrasound 16,22

*Note that the majority of these risk factors have been reviewed recently in references 16,22,36; only
  selected references are presented for additional reading.

Factors for which evidence is
inconsistent or limited

Factors unrelated to risk

Different risk factors are emerging for
childhood AML that distinguish the disease
from ALL, and this may provide avenues
for future epidemiological studies.  For
example, exposure to specific chemotherapy
agents has been associated with an in-
creased risk of childhood AML, in contrast
to the rarity of treatment-related ALL [22-
24].  With this information, it may be
possible to design epidemiological studies to
examine exposures to environmental
agents that have a biologic nature that is
similar to these chemotherapy agents [14].
Further, associations with factors such as
benzene and pesticides that have emerged

in a few studies suggest that childhood
AML may share risk factors with adult
AML, and this is being investigated in
several large epidemiological studies [25].
Finally, as for ALL, the associations of AML
with genetic syndromes are compelling, as
illustrated by the magnitude of risk of AML
in Down syndrome [26].

SUMMARY

ALL is by far the most common type of
leukemia occurring in children and shows a
distinctive age-distribution pattern, with a
marked incidence peak at 2-3 years of age.
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Known risk factors

Factors for which evidence is
suggestive but not conclusive

Factors for which evidence is
inconsistent or limited

Table I.6: Current knowledge on causes of acute myeloid leukemia (AML)

Exposure or Characteristic Comments References

Race The highest incidence rates are reported in the
Hispanic children.

16,22,36

Chemotherapeutic agents Increased risk is associated with prior exposure to
alkylating agents or epipodophyllotoxins.

16,22,36,62,63

Ionizing radiation (in utero) In past studies, there was a consistent, increased risk
(about 1.5 fold) of leukemia associated with prenatal
diagnostic x-ray exposure.  However, this is unlikely
to be an important risk factor for childhood leukemia
today due to fewer x-rays, increased shielding, and
lower radiation levels.

16,22,36

Down syndrome, neurofibromatosis,
Shwachman syndrome, Bloom
syndrome, familial monosomy 7,
Kostmann granulocytopenia, Fanconi
anemia

Increased occurrence associated with these genetic
conditions, particularly with Down syndrome. One
report suggests as high as a 500-fold increased risk of
a specific type of AML in Down syndrome.

16,22,26,36

Maternal alcohol consumption during
pregnancy

Three studies have reported an increased risk
(approximately 1.5-2 fold) in mothers who drank
alcoholic beverages during pregnancy. These
associations have been particularly apparent in
children diagnosed younger than three years of age.

16,22,36,64

Parental and child exposure to
pesticides

Increased risk has been noted in a few studies and in
adult AML data; subject of several current
investigations.

16,22,25,36,45

Parental exposure to benzene Exposure has been associated with an increased risk
in several studies; again follows adult AML data; also
subject of several current investigations.

16,22,36,45

Maternal use of recreational drugs
during pregnancy

One report suggested that maternal marijuana use
during pregnancy was associated with increased risk.

65

Radon A few correlational studies have suggested an
increased risk of childhood and adult AML in areas
with high radon concentrations; this is a subject of
several current epidemiologic studies of AML.

16,22,36

Postnatal use of chloramphenicol As in ALL, one study found quite substantial
increased risks of AML (approximately 10-fold) with
postnatal use of this broad-spectrum antibiotic.

61

*Note that the majority of these risk factors have been reviewed recently in references [16,22,36]; only
elected references are presented for additional reading.



ICCC I

32National Cancer Institute SEER Pediatric Monograph

LEUKEMIA

The peak at 2-3 years of age is much less
apparent for black children than for white
children, with this difference accounting for
the substantially lower incidence of ALL
observed for black children.  By contrast
with ALL, the age-distribution pattern for
AML shows highest rates in the first two
years of life, with decreasing incidence until
10 years of age followed by increasing rates
thereafter.  Again in contrast to ALL, the
incidence of AML in black children and
white children is similar.

The improvement in survival for chil-
dren with ALL over the past 35 years is one
of the great success stories of clinical oncol-
ogy.  Survival rates for childhood ALL were
below 5% in the early 1960s, but are now
approaching 80% [35].  Outcome for chil-
dren with AML has also improved, but 5-
year survival rates have increased to only
the 40% range.  Black children with ALL
have poorer outcome than do white chil-
dren, but for AML there is similar outcome
for black children and white children.  Since
the peak in ALL incidence at 2-3 years of
age is much lower for black children than
for white children and since these ALL
cases in young children are known to have
the most favorable prognosis, the poorer
outcome for black children may reflect in
part a different distribution of biological
subtypes of ALL in black children compared
to white children.

Reference List

1. Margolin J, Poplack D: Acute lymphoblastic
leukemia. In Principles and Practice of Pediat-
ric Oncology (Pizzo P, Poplack D, eds). Philadel-
phia: Lippincott-Raven, 1997, pp 409-462.

2. Golub T, Weinstein H, Grier H: Acute myelog-
enous leukemia. In Principles and Practice of
Pediatric Oncology (Pizzo P, Poplack D, eds).
Philadelphia: Lippincott-Raven, 1997, pp 463-
482.

3. Cheson BD, Cassileth PA, Head DR, et al:
Report of the National Cancer Institute-
sponsored workshop on definitions of diagnosis
and response in acute myeloid leukemia. J
Clin Oncol 8:813-9, 1990.

4. Smith M, Chen T, Simon R: Age-specific
incidence of acute lymphoblastic leukemia in
U.S. children: in utero initiation model. J Natl
Cancer Inst 89:1542-1544, 1997.

5. Gale KB, Ford AM, Repp R, et al: Backtracking
leukemia to birth: identification of clonotypic
gene fusion sequences in neonatal blood spots.
Proc Natl Acad Sci U S A 94:13950-4, 1997.

6. Ford AM, Bennett CA, Price CM, et al: Fetal
origins of the TEL-AML1 fusion gene in
identical twins with leukemia. Proc Natl Acad
Sci U S A 95:4584-8, 1998.

7. Ries L, Kosary C, Hankey B, et al: SEER
Cancer Statistics Review, 1973-1994. Bethesda,
MD: National Cancer Institute, 1997.

8. Hess JL, Zutter MM, Castleberry RP, et al:
Juvenile chronic myelogenous leukemia. Am J
Clin Pathol 105:238-48, 1996.

9. Arico M, Biondi A, Pui CH: Juvenile
myelomonocytic leukemia [see comments].
Blood 90:479-88, 1997.

10. Gurney JG, Davis S, Severson RK, et al: Trends
in cancer incidence among children in the U.S.
Cancer 78:532-41, 1996.

11. Bunin GR, Feuer EJ, Witman PA, et al: Increas-
ing incidence of childhood cancer: report of 20
years experience from the greater Delaware
Valley Pediatric Tumor Registry. Paediatr
Perinat Epidemiol 10:319-38, 1996.

12. Linet MS, Devesa SS: Descriptive epidemiology
of childhood leukaemia. Br J Cancer 63:424-9,
1991.

13. Chow W-H, Linet M, Liff J, et al: Cancers in
children. In Cancer Epidemiology and Preven-
tion (Schottenfeld D, Frameni Jr. J, eds). New
York: Oxford, 1996, pp 1331-69.

14. Ross J, Potter J, Robison L: Infant leukemia,
topoisomerase II inhibitors, and the MLL gene.
J Natl Cancer Inst 86:1678-1680, 1994.

15. Ross JA, Potter JD, Reaman GH, et al: Mater-
nal exposure to potential inhibitors of DNA
topoisomerase II and infant leukemia (United
States): a report from the Children’s Cancer
Group. Cancer Causes Control 7:581-90, 1996.

16. Ross JA, Davies SM, Potter JD, et al: Epidemi-
ology of childhood leukemia, with a focus on
infants. Epidemiol Rev 16:243-72, 1994.

17. Ross JA, Potter JD, Shu XO, et al: Evaluating
the relationships among maternal reproductive
history, birth characteristics, and infant
leukemia: a report from the Children’s Cancer
Group. Ann Epidemiol 7:172-9, 1997.

18. Yeazel MW, Buckley JD, Woods WG, et al:
History of maternal fetal loss and increased
risk of childhood acute leukemia at an early
age. A report from the Childrens Cancer
Group. Cancer 75:1718-27, 1995.



  ICCC ILEUKEMIA

33National Cancer Institute SEER Pediatric Monograph

19. Yeazel MW, Ross JA, Buckley JD, et al: High
birth weight and risk of specific childhood
cancers: a report from the Children’s Cancer
Group. J Pediatr 131:671-7, 1997.

20. Greaves M: Aetiology of acute leukemia. Lancet
349:344-349, 1997.

21. Smith MA, Simon R, Strickler HD, et al:
Evidence that childhood acute lymphoblastic
leukemia is associated with an infectious agent
linked to hygiene conditions. Cancer Causes
Control 9:285-98, 1998.

22. Robison L, Ross J: Epidemiology of leukaemias
and lymphomas in childhood. In Bailliere’s
Clinical Paediatrics (Chessells J, Hann I, eds).
London: WB Saunders Co., 1995, pp pp. 639-
657.

23. Smith M, Rubinstein L, Ungerleider R:
Therapy-related acute myeloid leukemia
following treatment with epipodophyllotoxins:
Estimating the risks. Med Pediatr Oncol 23:86-
98, 1994.

24. Hunger S, Sklar J, Link M: Acute lymphoblas-
tic leukemia occurring as a second malignant
neoplasm in childhood: Report of three cases
and review of the literature. J Clin Oncol
10:156-163, 1992.

25. Buckley JD, Robison LL, Swotinsky R, et al:
Occupational exposures of parents of children
with acute nonlymphocytic leukemia: a report
from the Childrens Cancer Study Group.
Cancer Res 49:4030-7, 1989.

26. Zipursky A, Brown E, Christensen H, et al:
Leukemia and/or myeloproliferative syndrome
in neonates with Down syndrome. Semin
Perinatol 21:97-101, 1997.

27. Tubergen D, Gilchrist G, O’Brien R, et al:
Improved outcome with delayed intensification
for children with acute lymphoblastic leukemia
and intermediate presenting features: A
Childrens Cancer Group Phase III Trial. J Clin
Oncol 11:527-537, 1993.

28. Land VJ, Shuster JJ, Crist WM, et al: Compari-
son of two schedules of intermediate-dose
methotrexate and cytarabine consolidation
therapy for childhood B-precursor cell acute
lymphoblastic leukemia: a Pediatric Oncology
Group study. J Clin Oncol 12:1939-45, 1994.

29. Mahoney DH, Jr., Shuster J, Nitschke R, et al:
Intermediate-dose intravenous methotrexate
with intravenous mercaptopurine is superior to
repetitive low-dose oral methotrexate with
intravenous mercaptopurine for children with
lower-risk B-lineage acute lymphoblastic
leukemia: a Pediatric Oncology Group phase
III trial. J Clin Oncol 16:246-54, 1998.

30. Trueworthy R, Shuster J, Look T, et al: Ploidy
of lymphoblasts is the strongest predictor of
treatment outcome in B-progenitor cell acute
lymphoblastic leukemia of childhood: A Pediat-

ric Oncology Group Study. J Clin Oncol 10:606-
613, 1992.

31. Rubnitz JE, Shuster JJ, Land VJ, et al: Case-
control study suggests a favorable impact of
TEL rearrangement in patients with B-lineage
acute lymphoblastic leukemia treated with
antimetabolite-based therapy: a Pediatric
Oncology Group study. Blood 89:1143-6, 1997.

32. Rubnitz JE, Downing JR, Pui CH, et al: TEL
gene rearrangement in acute lymphoblastic
leukemia: a new genetic marker with prognos-
tic significance. J Clin Oncol 15:1150-7, 1997.

33. Rubnitz JE, Link MP, Shuster JJ, et al: Fre-
quency and prognostic significance of HRX
rearrangements in infant acute lymphoblastic
leukemia: a Pediatric Oncology Group study.
Blood 84:570-3, 1994.

34. Hilden JM, Frestedt JL, Moore RO, et al:
Molecular analysis of infant acute lymphoblas-
tic leukemia: MLL gene rearrangement and
reverse transcriptase-polymerase chain
reaction for t(4; 11)(q21; q23). Blood 86:3876-82,
1995.

35. Harras A: Cancer: Rates and Risks. In National
Institutes of Health publication No. 96-691.
Bethesda, MD: National Cancer Institute, 1996.

36. Sandler DP, Ross JA: Epidemiology of acute
leukemia in children and adults. Semin Oncol
24:3-16, 1997.

37. McWhirter W: The relationship of incidence of
incidence of childhood lymphoblastic leukaemia
to social class. Br J Cancer 46:640-645, 1982.

38. MacMahon B, Newill V: Birth characteristics of
children dying of malignant neoplasms. J Natl
Cancer Inst 37:687-698, 1962.

39. Ford D, Paterson J, Treuting W: Fetal exposure
to diagnostic x-rays, and leukemia and other
malignant disease of childhood. J Natl Cancer
Inst 22:1093-1104, 1959.

40. Ron E, Modan B: Thyroid and other neoplasms
following childhood scalp irradiation. In
Radiation Carcinogenesis, Epidemiology and
Biological Significance (Boice J, Fraumeni J,
eds). New York, NY: Raven Press, 1984, pp 139.

41. Ross JA, Perentesis JP, Robison LL, et al: Big
babies and infant leukemia: a role for insulin-
like growth factor-1? Cancer Causes Control
7:553-9, 1996.

42. Kaye SA, Robison LL, Smithson WA, et al:
Maternal reproductive history and birth
characteristics in childhood acute lymphoblas-
tic leukemia. Cancer 68:1351-5, 1991.

43. Neutel CI, Buck C: Effect of smoking during
pregnancy on the risk of cancer in children. J
Natl Cancer Inst 47:59-63, 1971.

44. van Steensel-Moll HA, Valkenburg HA,
Vandenbroucke JP, et al: Are maternal fertility
problems related to childhood leukaemia? Int J
Epidemiol 14:555-9, 1985.



ICCC I

34National Cancer Institute SEER Pediatric Monograph

LEUKEMIA

45. Shu XO, Gao YT, Brinton LA, et al: A popula-
tion-based case-control study of childhood
leukemia in Shanghai. Cancer 62:635-44, 1988.

46. Ji BT, Shu XO, Linet MS, et al: Paternal
cigarette smoking and the risk of childhood
cancer among offspring of nonsmoking mothers.
J Natl Cancer Inst 89:238-44, 1997.

47. Sorahan T, Prior P, Lancashire RJ, et al:
Childhood cancer and parental use of tobacco:
deaths from 1971 to 1976. Br J Cancer 76:1525-
31, 1997.

48. Sorahan T, Lancashire RJ, Hulten MA, et al:
Childhood cancer and parental use of tobacco:
deaths from 1953 to 1955. Br J Cancer 75:134-
8, 1997.

49. Peters JM, Preston-Martin S, London SJ, et al:
Processed meats and risk of childhood leuke-
mia (California, USA). Cancer Causes Control
5:195-202, 1994.

50. Sarasua S, Savitz DA: Cured and broiled meat
consumption in relation to childhood cancer:
Denver, Colorado (United States) [see com-
ments]. Cancer Causes Control 5:141-8, 1994.

51. Wertheimer N, Leeper E: Electrical wiring
configurations and childhood cancer. Am J
Epidemiol 109:273-84, 1979.

52. Savitz DA, Wachtel H, Barnes FA, et al: Case-
control study of childhood cancer and exposure
to 60-Hz magnetic fields [see comments]. Am J
Epidemiol 128:21-38, 1988.

53. Verkasalo PK, Pukkala E, Hongisto MY, et al:
Risk of cancer in Finnish children living close
to power lines [see comments]. BMJ 307:895-9,
1993.

54. Linet MS, Hatch EE, Kleinerman RA, et al:
Residential exposure to magnetic fields and
acute lymphoblastic leukemia in children [see
comments]. N Engl J Med 337:1-7, 1997.

55. Golding J, Greenwood R, Birmingham K, et al:
Childhood cancer, intramuscular vitamin K,
and pethidine given during labour [see com-
ments]. BMJ 305:341-6, 1992.

56. Klebanoff MA, Read JS, Mills JL, et al: The
risk of childhood cancer after neonatal expo-
sure to vitamin K [see comments]. N Engl J
Med 329:905-8, 1993.

57. Ekelund H, Finnstrom O, Gunnarskog J, et al:
Administration of vitamin K to newborn
infants and childhood cancer. BMJ 307:89-91,
1993.

58. McKinney PA, Juszczak E, Findlay E, et al:
Case-control study of childhood leukaemia and
cancer in Scotland: findings for neonatal
intramuscular vitamin K [see comments]. BMJ
316:173-7, 1998.

59. Parker L, Cole M, Craft AW, et al: Neonatal
vitamin K administration and childhood cancer
in the north of England: retrospective case-
control study [see comments]. BMJ 316:189-93,
1998.

60. Passmore SJ, Draper G, Brownbill P, et al:
Case-control studies of relation between
childhood cancer and neonatal vitamin K
administration [see comments]. BMJ
316:178-84, 1998.

61. Shu XO, Gao YT, Linet MS, et al: Chloram-
phenicol use and childhood leukaemia in
Shanghai. Lancet 2:934-7, 1987.

62. Pui CH, Behm FG, Raimondi SC, et al:
Secondary acute myeloid leukemia in chil-
dren treated for acute lymphoid leukemia
[see comments]. N Engl J Med 321:136-42,
1989.

63. Smith M, McCaffrey R, Karp J: The secondary
leukemias: Challenges and research direc-
tions. J Natl Cancer Inst 88:407-418, 1996.

64. Shu XO, Ross JA, Pendergrass TW, et al:
Parental alcohol consumption, cigarette
smoking, and risk of infant leukemia: a
Childrens Cancer Group study. J Natl Cancer
Inst 88:24-31, 1996.

65. Robison LL, Buckley JD, Daigle AE, et al:
Maternal drug use and risk of childhood
nonlymphoblastic leukemia among offspring.
An epidemiologic investigation implicating
marijuana (a report from the Childrens
Cancer Study Group). Cancer 63:1904-11,
1989.


