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O
ur stories explore how

 m
any aspects of 

our lives, and w
hat w

e are exposed to in 
our environm

ents, influence health across 
the lifespan—

from
 the beginning of fetal 

developm
ent to elder years—

and how
 they 

can prom
ote health and resilience, or disease 

and disability. 
Im

portant determ
inants of health  

com
e from

 the natural, built, 
chem

ical, food, econom
ic, and  

social environm
ents. 

T
hese environm

ents are further 
expressed through such things  
as education, housing, nutrition,  
access to health care, social supports  
and m

ore. 
M

any of them
 interact to create the 

conditions for health and w
ellness, or 

vulnerability to disease. 

n
u

tritio
n

access to
 

h
ealth

care

stresso
rs

fin
an

ces

b
u

ilt an
d

 n
atu

ral  
 en

viro
n

m
en

ts

ch
em

ical  
 exp

o
su

reed
u

catio
n

o
ccu

p
atio

n

so
cial  

 su
p

p
o

rt

W
atch

: Ped
iatrician

 
Larry R

o
sen

 
ad

d
resses th

e
en

viro
n

m
en

t an
d

 
fam

ily h
ealth

.
(2 m

in
.)

Law
ren

ce D
. R

o
sen

 M
D

  
is an

 in
teg

rative 
p

ed
iatrician

 an
d

 
fo

u
n

d
er o

f th
e W

h
o

le 
C

h
ild

 C
en

ter.

INTRODUCTION 

C
om

plex interactions occur am
ong m

any 
variables and across individual, com

m
unity, 

and societal levels. 
R

arely is one particular thing responsible  
for health or disease, so w

e refer to this as  
a m

ultifactorial (or ecological) approach,  
the best w

ay to prom
ote health and  

prevent disease.

A
 S

to
ry

 o
f H

e
a

lth
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T
he ecological fram

ew
ork can include 

m
ultiple levels from

 sub-cellular to 
societal.
It is not hierarchical in the sense that 
one level is m

ore im
portant than 

another, but rather in the sense that 
individual biology is progressively 
nested w

ithin the person, fam
ily, 

com
m

unity, society and ecosystem
. 

T
he interactions and feedback loops 

w
ithin, across, and am

ong these levels 
are com

plex and variable. T
hey exert 

their influences on health across tim
e.

tim
in

g
 o

f  
e

x
p
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f m
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v
e
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v
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b
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sp
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 tim
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h
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INTRODUCTION  Focus on Six Diseases

Follow
ing are stories of people like you and 

m
e, our partners, fam

ilies and friends, our 
m

others and fathers, sisters and brothers, 
children, grandparents, cousins, and aunts 
and uncles. 
T

he personal health stories w
e w

ill explore 
include som

e of the m
ost com

m
on and 

troubling diseases and disorders of our tim
e. 

T
hey include: 

• A
sthm

a 
• C

ancer (childhood leukem
ia)

• D
iabetes 

• Infertility 
• Learning and developm

ental disabilities 
• C

ognitive decline

A
 S

to
ry
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T
hese stories are not m

eant to  
be an exhaustive accounting of 
every variation of a disease or 
every possible cause.
R

ather, w
e present current, 

authoritative scientific evidence to 
enable you to better understand 
environm

ental contributors and 
m

ake m
ore inform

ed decisions 
and take action to help im

prove 
your health, and the health of 
your fam

ily, friends, com
m

unity, 
and patients.

INTRODUCTION Our Stories
A

 S
to
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 o
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e
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lth
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A FAMILY REUNION Six Stories
T

his page is your portal to 
six stories of health.  
It is recom

m
ended that 

you read through the 
introduction first and  
then choose stories in  
the order you w

ish.

A
 S

to
ry

 o
f H

e
a

lth

Choose stories in the order you wish. 
Select a disease term to highlight 
the affected person. Click the arrow 
button to read his or her fictional 
story of health. 

H
ealth

 p
ro

fessio
n

als can
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 Ed
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(C
E) fo
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p
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g
 A

 Sto
ry 

o
f H
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. C

lick h
ere fo

r  
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o
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etails.
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b
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 Ed
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r N

u
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n
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u
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 Ed

u
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n
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(C
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) fo
r o
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fessio

n
als

•  C
o

n
tin

u
in

g
 Ed

u
catio

n
 C

o
n

tact 
H

o
u

rs (C
EC

H
) fo

r C
ertifi

ed
 H

ealth
 

Ed
u

catio
n

 Sp
ecialists (C

H
ES)

Information on free Continuing Education 
offered from the Centers for Disease 
Control and Prevention/Agency for 
Toxic Substances and Disease Registry
E

ach of the fictional stories in  
A

 Story of H
ealth offers free 

C
ontinuing E

ducation (C
E

). O
n 

the “Final T
houghts” page of the 

last story of the entire eB
ook, or of 

each story (if you dow
nload them

 
separately), you w

ill be prom
pted to 

register for C
E through a hyperlink.  

T
his hyperlink links to the C

D
C

/
A

T
SD

R
 C

E
 page w

here you can 
register and take the test for C

E
 for 

each story. B
efore you begin each 

story, please review
 the learning 

objectives at right. T
hese w

ill help 
you focus as you read each story,  
and prepare you for each C

E
 test.

INTRODUCTION Free Continuing Education
A

 S
to

ry
 o

f H
e

a
lth

R
eview

 th
ese 

learn
in

g
 o
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jectives  
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r each

 sto
ry:
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

Stephen is a 3-year-old boy 
w

ho lives w
ith his parents 

D
avid and Tricia in a suburb in 

C
onnecticut. 

H
e is an only child, and his parents 

spend as m
uch tim

e as they can w
ith 

him
 even though they m

anage a  
successful plant nursery and  
garden center.
H

e spends four days a w
eek at child 

care and is w
ith his parents the other 

three days, som
etim

es at their house 
and som

etim
es at the garden center.

Stephen had been an active toddler, 
but during the past m

onth, Tricia  
noticed that Stephen w

as not as live-
ly and energetic as usual. H

is child 
care providers also m

entioned this.
W

hen he becam
e listless and  

started to run a fever, Tricia becam
e 

concerned. She took Stephen to  
see his pediatrician, D

r. Jones.

*

(* a fictional case)
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

A
fter talking w

ith T
ricia and 

exam
ining Stephen, D

r. Jones w
as 

also concerned. She confirm
ed that 

Stephen appeared ill, w
as very 

pale, and that the cause could be 
a num

ber of things. She said she 
needed laboratory tests to m

ake an 
accurate diagnosis. 
D

r. Jones ordered blood tests that 
could be done at the local hospital 
and called to m

ake an appointm
ent 

for Stephen to get his blood draw
n 

that sam
e day.  

Tricia w
as upset and called her  

husband D
avid w

ith the new
s. She 

started to ask a lot of questions. D
r. 

Jones tried to calm
 her and said she 

w
ould call her as soon as she had  

the results.
Tricia brought Stephen to the 
hospital laboratory for the tests  
and w

ent hom
e very w

orried. 
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

W
hen D

r. Jones received the test 
results she called Tricia and D

avid 
back into her office. She told them

 
that the test results show

ed a very 
high w

hite blood count and very  
low

 platelet count.
D

r. Jones said that Stephen w
ould 

need to see a pediatric oncologist, 
D

r. B
aker. She said she w

ould ar-
range the appointm

ent for Stephen at 
D

r. B
aker’s office next to the hospital 

and that he should go right over.
Tricia and D

avid w
ere shocked.  

T
hey knew

 that oncologists dealt 
w

ith cancer. D
r. Jones tried to reas-

sure them
 and said they should w

ait 
to speak w

ith D
r. B

aker before  
draw

ing any conclusions. 
T

hey left D
r. Jones office still very 

w
orried. 

See th
is p

ag
e fo

r m
o

re in
fo
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o
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

T
he pediatric oncologist, D

r. B
aker, 

looked at Stephen’s blood tests to 
confirm

 the findings from
 the  

laboratory.
A

fter considering the differential 
diagnosis, D

r. B
aker told Tricia and 

D
avid that he w

as concerned that 
Stephen m

ay have leukem
ia and 

needed to run m
ore tests to confirm

 
the diagnosis.
Since Stephen had a fever and 
suppressed im

m
une system

, D
r. 

B
aker adm

itted Stephen to the 
hospital to start antibiotics and 
hydration therapy im

m
ediately. 

D
r. B

aker explained to Tricia and 
D

avid that he w
ould return in 

the m
orning to perform

 a bone 
m

arrow
 aspirate. 
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w

 sm
eared

 o
n

to
 

g
lass slid

es an
d

 th
en

 stain
ed

 to
 assess 

th
e d

eg
ree o

f m
arro

w
 in

fi
ltratio

n
 b

y 
leu

kaem
ic cells. Th

e ap
p

earan
ce d

o
w

n
 th

e 
m

icro
sco

p
e o

f a b
o

n
e m

arro
w

 in
fi

ltrated
 

b
y acu

te lym
p

h
o

b
lastic leu

kaem
ia, 

w
ith

 th
e leu

kaem
ic cells stain

ed
 b

lu
e, is 

sh
o

w
n

 in
 th

e p
ain

tin
g

 at th
ree d

ifferen
t 

m
ag

n
ifi

catio
n

s; lo
w

 p
o

w
er to

p
 left, m

id
d

le 
p

o
w

er b
o

tto
m

 rig
h

t an
d

 h
ig

h
 p

o
w

er in
 

th
e cen

tre. O
n

e o
f th

e cells at 8 o
’clo

ck 
in

 th
e latter g

ro
u

p
 is d

ivid
in

g
, kn

o
w

n
 

as m
ito

sis. Th
e o

th
er m

em
b

er o
f th

e 
lab

o
rato

ry staff in
 th

e p
ain

tin
g

 u
ses a fl

o
w

 
cyto

m
eter w

h
ich

 so
rts th

e leu
kaem

ic cells 
acco

rd
in

g
 to

 an
y su

rface ‘m
arkers’ p

resen
t. 

Th
e leu

kaem
ic cells h

ave p
revio

u
sly b

een
 

reacted
 w

ith
 a larg

e series o
f fl

u
o

rescen
t 

‘m
arker’ p

ro
tein

s, o
r an

tib
o

d
ies, w

h
ich

 
b

in
d

 to
 an

y sp
ecifi

c ‘m
arkers’ p

resen
t o

n
 

th
e su

rface o
f th

e leu
kaem

ic cells. It is 
th

e id
en

tifi
catio

n
 o

f th
e sp

ecifi
c ‘m

arkers’ 
o

n
 th

e leu
kaem

ic cells w
h

ich
 allo

w
s th

e 
leu

kaem
ia to

 b
e accu

rately typ
ed

.
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se w
in

d
o

w
 • x
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

T
he next day w

hen D
r. B

aker cam
e 

to visit, Stephen looked w
ell. H

e no 
longer had a fever and w

as playing. 
D

r. B
aker explained the bone m

ar-
row

 procedure to Tricia and D
avid 

and then perform
ed the aspirate in a 

special room
 for procedures.

W
hen he returned to discuss the 

bone m
arrow

 test results, D
r. B

aker 
tried to calm

 Tricia and D
avid, but 

they w
ere upset and im

agined the 
w

orst. 
U

nfortunately, their fears w
ere real-

ized w
hen D

r. B
aker told them

 that 
Stephen’s test results confirm

ed that 
he had leukem

ia. H
e said that fur-

ther tests w
ere being done to find out 

m
ore about w

hat type of leukem
ia he 

had. H
e said they should know

 the 
type of leukem

ia the follow
ing day, 

and then they can begin treatm
ent.

T
hey w

ere devastated.
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Leu
kem

ias (can
cers o

f th
e w

h
ite 

b
lo

o
d

 cells) are th
e m

o
st co

m
m

o
n

 
typ

e o
f ch

ild
h

o
o

d
 can

cer. A
lth

o
u

g
h

 
m

alig
n

an
cies in

 ch
ild

h
o

o
d

 are rare 
co

m
p

ared
 to

 ad
u

lts, th
ey acco

u
n

t  
fo

r m
o

re d
eath

s th
an

 an
y o

th
er  

facto
r, b

esid
es in

ju
ry, b

etw
een

  
b

irth
 an

d
 ag

e 14.  
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W
hat is Leukem

ia? 
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

D
r. B

aker discussed w
ith them

 w
hat 

the course of treatm
ent should be, 

including intravenous (IV
) hydration 

(liquids), and initiating a course of 
chem

otherapy. 
Stephen w

ould need to be in the  
hospital for this, since the initial 
treatm

ent is the riskiest tim
e period. 

D
r. B

aker arranged for Stephen to 
continue his hospital stay and begin 
treatm

ent im
m

ediately.
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

L
ater D

r. B
aker explained that the 

type of leukem
ia Stephen had w

as 
called acute lym

phoblastic leukem
ia 

(A
L

L
). D

r. B
aker told Stephen that 

he w
as sick, and that he w

ould have 
to be in the hospital for a w

hile so 
that the doctors can give him

  
m

edicines to m
ake him

 better.
D

r. B
aker also explained to Tricia 

and D
avid how

 the cure rate for  
children has im

proved dram
atically 

over the past few
 decades. 

W
atch

: D
r. G

ary D
ah

l  
d

iscu
sses typ

es o
f 

leu
kem

ia (4:13 m
in

s.)

G
ary D

ah
l M

D
, Pro

fesso
r 

o
f Ped

iatrics (H
em

ato
lo

g
y/

O
n

co
lo

g
y) at th

e Lu
cile 

Salter Packard
 C

h
ild

ren
’s 

H
o

sp
ital, Stan

fo
rd

 Sch
o

o
l 

o
f M

ed
icin

e
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In
 th

e 1960s, ab
o

u
t 1 in

 10 ch
ild

ren
 

w
ith

 acu
te lym

p
h

o
b

lastic leu
kem

ia 
lived

 fo
r m

o
re th

an
 5 years. Fo

r 
ch

ild
ren

 d
iag

n
o

sed
 b

etw
een

 2003 an
d

 
2009, n

early 9 o
u

t o
f 10 lived

 fo
r m

o
re 

th
an

 5 years. (W
ard

 et al., 2014)  
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A
cute leukem

ias in childhood com
prise a 

group of related but different diseases. In 
the U

nited States they represent 31%
 of 

m
alignancies occurring am

ong children 
under the age of 15. 
E

ighty percent of acute childhood 
leukem

ias, including Stephen’s, 
are acute lym

phoblastic leukem
ia 

(A
L

L
). A

pproxim
ately 17%

 are acute 
m

yeloblastic leukem
ia (A

M
L

). 
It is im

portant to identify characteristics  
of the leukem

ia at its presentation since  
this inform

ation helps to determ
ine the  

course of treatm
ent as w

ell as prognosis. 
T

he types of cells involved in the leukem
ia 

(im
m

unophenotype) are used to 
determ

ine w
hether a person has  

A
L

L
 or A

M
L

. 
Factors such as age, initial w

hite blood 
count at diagnosis, and cytogenetics  
(the specific differences or changes  
in D

N
A

) of the leukem
ic cells at 

diagnosis are utilized to identify the  
m

ost appropriate course of treatm
ent. 

CHILDHOOD LEUKEMIA IS  
NOT A SINGLE DISEASE

G
rap

h
ic: Terese W

in
slo

w
 2007.  

G
rap

h
ic rep

ro
d

u
ced

 w
ith

 p
erm

issio
n

.

Leu
kem

ias o
rig

in
ate in

 lym
p

h
o

id
 an

d
  

m
yelo

id
 p

ro
g

en
ito

r cells.

CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

W
atch

: D
r. Patricia B

u
ffl

er 
d

iscu
sses leu

kem
ia 

classifi
catio

n
 (1:59 m

in
s.) 

Patricia B
u

ffl
er Ph

D
 M

PH
, 

Pro
fesso

r o
f Ep

id
em

io
lo

g
y 

an
d

 D
ean

 Em
erita 

(d
eceased

) o
f th

e Sch
o

o
l o

f 
Pu

b
lic H

ealth
, U

n
iversity o

f 
C

alifo
rn

ia-B
erkeley 
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M
o

re D
etail o

n
 A

LL Su
b

typ
es 

C
h

ild
h

o
o

d
 leu

kem
ia is a co

llectio
n

 
o

f d
iseases o

rig
in

atin
g

 fro
m

 b
lo

o
d

 
cell p

recu
rso

rs o
r stem

 cells kn
o

w
n

 
as “b

lasts.” Th
ese b

last cells h
ave a 

n
atu

ral cap
acity to

 d
ivid

e rap
id

ly an
d

 
n

o
rm

ally h
elp

 p
ro

d
u

ce 10 b
illio

n
 n

ew
 

m
atu

re w
h

ite b
lo

o
d

 cells every d
ay. 

W
h

en
 b

last cells lo
se th

eir cap
acity 

to
 m

atu
re in

to
 n

o
rm

al cells, th
ey can

 
accu

m
u

late in
 th

e b
o

n
e m

arro
w

 an
d

 
b

lo
o

d
stream

, ch
o

kin
g

 th
e cap

acity 
fo

r n
o

rm
al b

lo
o

d
 cell m

atu
ratio

n
 an

d
 

cau
sin

g
 leu

kem
ia. A

ll o
f th

e vario
u

s 
stem

 cell b
lasts h

ave th
e cap

acity to
 

fo
rm

 leu
kem

ia – in
 ch

ild
ren

 ab
o

u
t 

70%
 o

f leu
kem

ias are lym
p

h
o

id
 b

lasts 
(A

LL), 20%
 m

yelo
id

 (A
M

L) an
d

 a sm
all 

n
u

m
b

er are u
n

d
ifferen

tiated
 

su
b

typ
es. A

m
o

n
g

 th
e lym

p
h

o
id

 
leu

kem
ias, 84%

 are th
e B

-cell p
recu

rso
r 

su
b

typ
e, 14%

 are th
e T-cell su

b
typ

e, 
an

d
 a sm

all p
ercen

tag
e (<2%

) are 
m

atu
re B

-cell su
b

typ
es. Sp

ecifi
c g

en
etic 

erro
rs in

clu
d

in
g

 p
o

in
t m

u
tatio

n
s, 

ch
ro

m
o

so
m

e tran
slo

catio
n

s, an
d

 g
en

e 
d

eletio
n

s cau
se leu

kem
ia – w

ith
 each

 
su

b
typ

e co
m

p
rised

 o
f a d

ifferen
t 

m
ix o

f ch
aracteristic g

en
etic erro

rs. 
Leu

kem
ias are classifi

ed
 b

o
th

 b
y th

e 
sp

ecifi
c cell typ

e o
f o

rig
in

, an
d

 also
 

b
y th

e g
en

etic m
u

tatio
n

s fo
u

n
d

 in
 th

e 
tu

m
o

r; th
ese classifi

catio
n

s are critical 
fo

r treatm
en

t an
d

 p
ro

g
n

o
sis, an

d
 are 

also
 in

creasin
g

ly u
sed

 to
 h

elp
 d

efi
n

e 
cau

ses o
f th

e d
isease.  

 
 

 

 
 

 
 

clo
se w

in
d

o
w

 • x

Leu
kem

ias o
rig

in
ate in

 B
 an

d
 T cells, w

h
ich

 h
ave 

im
p

o
rtan

t im
m

u
n

e system
 fu

n
ctio

n
s.

W
ard

, et al., 2014. U
sed

 w
ith

 p
erm

issio
n

.

Th
ere is a p

eak o
f in

cid
en

ce o
f 

ch
ild

h
o

o
d

 A
LL b

etw
een

 th
e ag

es o
f 

tw
o

 an
d

 fi
ve. Th

is h
as led

 research
-

ers to
 th

in
k th

at critical w
in

d
o

w
s 

o
f vu

ln
erab

ility to
 en

viro
n

m
en

tal 
exp

o
su

res are very im
p

o
rtan

t b
efo

re 
co

n
cep

tio
n

, d
u

rin
g

 p
reg

n
an

cy, an
d

 
in

 th
e early years o

f life. 

In
 co

n
trast to

 A
LL, th

e ch
ild

h
o

o
d

 
A

M
L rate seem

s to
 b

e m
o

re 
stab

le acro
ss ag

es, w
h

ich
 im

p
lies 

d
ifferen

t risk facto
rs, w

in
d

o
w

s o
f 

vu
ln

erab
ility, o

r m
ech

an
ism

s th
at 

m
ay lead

 to
 A

M
L in

 co
n

trast to
 A

LL. 

R
ates are n

o
t sh

o
w

n
 

w
h

en
 b

ased
 o

n
 few

er 
th

an
 25 cases. D

ata 
fo

r w
h

ites an
d

 b
lacks 

exclu
d

e H
isp

an
ic 

eth
n

icity. D
u

e to
 sp

arse 
d

ata fo
r A

LL in
 b

lacks 
fo

r so
m

e ag
es, d

ata are 
sh

o
w

n
 fo

r co
m

b
in

ed
 

ag
e g

ro
u

p
s: 7 to

 10 
years, 11 to

 14 years, 
an

d
 15 to

 19 years as 
m

arked
 b

y asterisks. 
So

u
rce: Su

rveillan
ce, 

Ep
id

em
io

lo
g

y, an
d

 En
d

 
R

esu
lts (SEER

) p
ro

g
ram

, 
18 SEER

 R
eg

istries, 
N

atio
n

al C
an

cer 
In

stitu
te.

    
 clo

se w
in

d
o

w
 • x

Early Life Exp
o

su
res are Im

p
o

rtan
t

A
g

e-Sp
ecifi

c In
cid

en
ce R

ates o
f A

cu
te Lym

p
h

o
cytic Leu

kem
ia (A

LL) b
y R

ace/
Eth

n
icity an

d
 A

cu
te M

yelo
id

 Leu
kem

ia (A
M

L) fo
r A

ll R
aces C

o
m

b
in

ed

Th
e tw

o
 m

ain
 typ

es o
f leu

kem
ia 

b
ased

 o
n

 cell h
isto

lo
g

y are A
LL an

d
 

A
M

L, b
u

t even
 w

ith
in

 th
ese g

ro
u

p
s, 

th
ere are m

an
y d

ifferen
t ch

arac-
teristics b

ased
 o

n
 th

e p
resen

ce o
f 

ab
n

o
rm

alities o
f th

e ch
ro

m
o

so
m

es, 
w

h
eth

er th
e n

u
m

b
er o

f ch
ro

m
o

-
so

m
es is h

ig
h

er th
an

 exp
ected

 (h
y-

p
erd

ip
lo

id
y), o

r w
h

eth
er o

r n
o

t w
e 

see tran
slo

catio
n

 o
r d

eletio
n

 in
 a 

sp
ecifi

c ch
ro

m
o

so
m

e. 
Th

ese d
ifferen

ces h
ave p

ractical 
im

p
licatio

n
s: su

b
g

ro
u

p
s m

ay h
ave 

very sp
ecifi

c risk facto
rs. Th

e 
leu

kem
ia su

b
g

ro
u

p
 also

 im
p

acts 
treatm

en
t d

ecisio
n

s. 

W
h

en
 g

ro
u

p
ed

 b
y u

n
d

erlyin
g

 
m

o
lecu

lar m
arkers, certain

 leu
kem

ias 
o

ccu
r m

o
re freq

u
en

tly at d
ifferen

t 
ag

es. M
LL (m

ixed
 leu

kem
ia o

r 
M

yelo
id

/lym
p

h
o

id
 leu

kem
ia) is th

e 
p

red
o

m
in

an
t fo

rm
 in

 in
fan

ts b
u

t 
relatively rare in

 o
ld

er ch
ild

ren
. M

LL 
is a p

articu
larly ag

g
ressive fo

rm
 o

f 
leu

kem
ia.

M
o

re d
etails o

n
 tran

slo
catio

n
s, 

h
yp

erd
ip

lo
id

y, an
d

 o
th

er g
en

etic 
ch

an
g

es in
 ch

ild
h

o
o

d
 leu

kem
ia are 

d
iscu

ssed
 later in

 th
is m

o
d

u
le.

Typ
es o

f leu
kem

ia vary b
y ag

e

Typ
es o

th
er th

an
 M

LL are id
en

tifi
ed

 b
y vario

u
s  

acro
n

ym
s th

at refer to
 o

th
er su

b
typ

es o
f leu

kem
ia.     

               clo
se w

in
d

o
w

 • x

M
LL

                   
    o

th
er

       
TEL-A

M
L1

B
C

R
-A

B
L

B
C

R
-A

B
L

 
   M

LL
 

 
E2A

-PB
X

1

o
th

er
TEL-A

M
L1

 
H

yp
erd

ip
lo

id

IN
FA

N
TS

C
H

ILD
R

EN

M
o

re D
etail o

n
  

A
LL Su

b
typ

es 

Early life exp
o

su
res are 

im
p

o
rtan

t: ag
e-sp

ecifi
c 

in
cid

en
ce ch

art

Typ
es o

f leu
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ia  
vary b
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

Stephen spent the first tw
o w

eeks 
of his treatm

ent in the hospital, 
then his protocol w

as continued on 
outpatient status. T

he treatm
ent 

course w
ould be up to three years 

w
ith induction, consolidation, and 

m
aintenance therapy stages. 

D
r. B

aker w
arned Tricia and D

avid 
that any tim

e Stephen had a fever 
he w

ould need to be evaluated, and 
if his w

hite blood count w
as low

 he 
w

ould need to be hospitalized.
D

r. B
aker, along w

ith the rest of the 
hospital team

, carefully explained 
how

 the chem
otherapy m

edications 
w

ork and w
hat side effects they 

m
ight expect. Stephen’s hospital stay 

w
as difficult for his parents. Stephen 

hated being aw
ay from

 hom
e and  

the nausea and vom
iting m

ade him
 

uncom
fortable.

Treatm
en

t in
fo

rm
atio

n
  

fo
r th

e g
en

eral p
u

b
lic

Fo
r clin

ician
s

click a p
review

 im
ag

e to
 view

 ab
o

ve

Pain
tin

g
s b

y Su
san

 M
acfarlan

e, rep
ro

d
u

ced
 w

ith
 p

erm
issio

n
.
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A
b

o
u

t th
e artist

Th
is series o

f p
ain

tin
g

s b
y 

Su
san

 M
acfarlan

e cap
tu

res 
th

e em
o

tio
n

al, p
sych

o
lo

g
ical, 

an
d

 p
h

ysical to
ll im

p
o

sed
 

o
n

 ch
ild

ren
 an

d
 fam

ilies b
y 

ch
ild

h
o

o
d

 leu
kaem

ia. Th
e 

p
ain

tin
g

s w
ere co

m
m

issio
n

ed
 

b
y D

r. G
eo

ffrey Farrer-B
ro

w
n

 
fo

r th
e art exh

ib
itio

n
 “Livin

g
 

w
ith

 Leu
kaem

ia” b
y th

e 
ch

arity “A
 Pictu

re o
f H

ealth
.” 

W
e in

clu
d

e th
ese w

ith
 o

u
r 

g
ratitu

d
e to

 Eu
an

 an
d

 A
n

g
u

s 
M

ackay an
d

 D
r. Farrer-B

ro
w

n
 

fo
r p

erm
issio

n
 to

 rep
ro

d
u

ce 
th

em
. Th

e b
o

o
k, “Su

san
 

M
acfarlan

e “1938-2002” 
co

n
tain

s a retro
sp

ective o
f 

th
e artist’s w

o
rk. Fo

r m
o

re 
in

fo
rm

atio
n

 o
r to

 acq
u

ire 
a co

p
y o

f th
e b

o
o

k, p
lease 

co
n

tact Eu
an

 M
ackay 

lafam
illem

ackay@
g

m
ail.co

m
   

     
 

      clo
se w

in
d

o
w

 • x

“Pro
cessin

g
 an

d
 Sto

rin
g

 th
e B

o
n

e M
arro

w
”   

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“B
o

n
e M

arro
w

 H
arvest” 

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“W
eekly C

o
-o

rd
in

atin
g

 M
eetin

g
”   

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“First In
terview

 in
 th

e B
o

n
e M

arro
w

 Tran
sp

lan
t U

n
it” 

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“Th
e B

u
sy W

ard
 an

d
 B

ein
g

 a Paren
t”   

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e >

“C
ro

ssm
atch

in
g

 B
lo

o
d

 fo
r Tran

sfu
sio

n
”   

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“Th
e H

ickm
an

 Lin
e” 

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“Lu
m

b
ar Pu

n
ctu

re” 
A

b
o

u
t th

is p
ain

tin
g

, w
ith

 th
e w

o
rd

s o
f artist Su

san
 M

acfarlan
e in

 italics >

“C
yto

g
en

etics - A
 Lesso

n
 o

n
 Typ

in
g

 th
e C

h
ro

m
o

so
m

es”   
A

b
o

u
t th

is p
ain

tin
g

, w
ith

 th
e w

o
rd

s o
f artist Su

san
 M

acfarlan
e in

 italics >

“In
itial B

lo
o

d
 Test”  

A
b

o
u

t th
is p

ain
tin

g
, w

ith
 th

e w
o

rd
s o

f artist Su
san

 M
acfarlan

e in
 italics >

“Th
e B

u
sy W

ard
 an

d
  

B
ein

g
 a Paren

t”

“I sp
en

t th
e even

in
g

 an
d

 p
art 

o
f th

e n
ig

h
t in

 th
is w

ard
. I 

w
atch

ed
 as visitin

g
 fam

ilies 
cro

w
d

ed
 aro

u
n

d
 th

e b
ed

s, 
so

m
e very q

u
iet, so

m
e very 

talkative. Th
en

 g
rad

u
ally life 

settled
 d

o
w

n
 leavin

g
 o

n
e ad

u
lt 

o
n

ly fro
m

 each
 fam

ily to
 serve 

su
p

p
er an

d
 p

rep
are fo

r th
e 

n
ig

h
t, read

in
g

 o
r p

layin
g

. A
s 

th
e lig

h
t slip

s aw
ay m

an
y o

f th
e 

p
aren

ts clim
b

 o
n

to
 b

ed
 w

ith
 

th
eir ch

ild
 an

d
 take w

h
atever 

sleep
 th

ey can
. A

 d
eep

ly m
o

vin
g

 
exp

erien
ce fo

r m
e.”

[X
] C

lo
se w

in
d

o
w

“C
ro

ssm
atch

in
g

 B
lo

o
d

  
fo

r Tran
sfu

sio
n

”
A

 m
em

ber of the laboratory staff 
takes a sm

all sam
ple of donor 

blood to check for com
patibility 

w
ith the blood of the patient. In

 
the foreground the bags of blood

 
aw

aiting use are stored in specially 
m

onitored refrigerators. Transfusion
 

of blood products, such as red
 

blood cell concentrates and platelet 
concentrates, is an im

portant part of 
treatm

ent and in particular to control 
or prevent anaem

ia, and bleeding. 
The N

ational Blood Service plays a 
vital role in the production of these 
blood products. “I noticed a delightful 
evidence of a budding horticulturist at 
w

ork in the laboratory. Plant culture 
m

aking a charm
ing contrast to the 

bags of blood.”

[X
] C

lo
se w

in
d

o
w

“Th
e H

ickm
an

 Lin
e”

“A
n intim

ate scene glim
psed

 
betw

een curtains show
ing a 

nurse and m
other tending a 

sm
all child w

ho is receiving
 

an infusion of drugs.” This is 
given through a H

ickm
an line, 

or central venous catheter 
(a thin fl

exible m
ultichannel 

plastic tube inserted under 
the skin of the chest into

 
a large vein just above the 
collar bone), w

hich allow
s 

the easy adm
inistration of 

intravenous drugs and the 
taking of blood sam

ples.

[X
] C

lo
se w

in
d

o
w

“Lu
m

b
ar Pu

n
ctu

re”
H

ere th
e an

aesth
etised

 p
atien

t 
is h

avin
g

 a sam
p

le o
f fl

u
id

 
w

ith
d

raw
n

 fro
m

 th
e b

ase o
f 

th
e sp

in
e fo

r in
vestig

atio
n

 to
 

see w
h

eth
er th

e leu
kaem

ic 
cells h

ave sp
read

 to
 th

e cen
tral 

n
ervo

u
s system

 an
d

 are affectin
g

 
th

e b
rain

. Th
e artist sh

o
w

s th
e 

care an
d

 co
n

cen
tratio

n
 o

f th
e 

m
ed

ical staff d
u

rin
g

 th
is sh

o
rt 

o
p

eratio
n

. Th
e tall fi

g
u

re o
f th

e 
C

o
n

su
ltan

t q
u

ietly o
b

serves. 
Lu

m
b

ar p
u

n
ctu

re is also
 u

sed
 as 

a treatm
en

t tech
n

iq
u

e to
 in

ject 
ch

em
o

th
erap

eu
tic d

ru
g

s in
to

 
th

e sp
in

al fl
u

id
 w

h
en

 th
e cen

tral 
n

ervo
u

s system
 (b

rain
 an

d
 sp

in
al 

co
rd

) is in
vo

lved
 b

y leu
kaem

ia.

[X
] C

lo
se w

in
d

o
w

“C
yto

g
en

etics - A
 

Lesso
n

 o
n

 Typ
in

g
 th

e 
C

h
ro

m
o

so
m

es”
“A

 C
o

n
su

ltan
t Scien

tist is 
sh

o
w

in
g

 a train
ee th

e w
o

rk d
o

n
e 

in
 th

e C
yto

g
en

etics lab
o

rato
ry.” 

D
ep

icted
 are th

e m
icro

sco
p

e, 
co

m
p

u
ter an

d
 a sm

all sq
u

are 
rep

resen
tatio

n
 o

f a p
h

o
to

 o
f 

ch
ro

m
o

so
m

es p
rin

ted
 ag

ain
st 

a b
lackb

ackg
ro

u
n

d
 th

at sh
o

w
s 

u
p

 th
e lu

m
in

o
u

s co
lo

u
rs o

f th
e 

fl
u

o
rescen

t D
N

A
 p

ro
b

es w
h

ich
 

id
en

tify sp
ecifi

c g
en

e d
efects. 

Stu
d

y o
f ch

ro
m

o
so

m
e p

attern
 

is very h
elp

fu
l in

 id
en

tifyin
g

 
d

ifferen
t typ

es o
f leu

kaem
ic 

cells an
d

 p
red

ictin
g

 th
e likely 

resp
o

n
se to

 treatm
en

t.

[X
] C

lo
se w

in
d

o
w

“In
itial B

lo
o

d
 Test”  

A
 sm

all ch
ild

 h
as b

een
 referred

 to
 

th
e h

o
sp

ital fo
r a b

lo
o

d
 test an

d
 

is seen
 w

ith
 h

er m
o

th
er, n

u
rse an

d
 

d
o

cto
r. Th

e b
lo

o
d

 test req
u

ested
 

b
y th

e G
P is o

ften
 a p

recau
tio

n
 

to
 co

n
fi

rm
 th

ere is little serio
u

sly 
w

ro
n

g
. “I h

ave ch
o

sen
 th

e m
o

m
en

t 
ju

st after th
e b

lo
o

d
 h

as b
een

 
taken

 an
d

 everyo
n

e is ch
eckin

g
 th

e 
p

laster. Th
e tu

b
e o

f b
lo

o
d

 is safely 
o

n
 th

e tab
le b

eh
in

d
 th

e d
o

cto
r.” 

In
 ch

ild
h

o
o

d
 leu

kaem
ia so

m
e 

co
m

m
o

n
 p

resen
tin

g
 sym

p
to

m
s 

are easy b
ru

isin
g

, fever, in
fectio

n
, 

p
allo

r, tired
n

ess, ach
es an

d
 p

ain
s 

esp
ecially in

 th
e leg

s an
d

 ab
d

o
m

en
, 

an
d

 so
m

etim
es en

larg
ed

 g
lan

d
s.

[X
] C

lo
se w

in
d

o
w

“W
eekly C

o
-o

rd
in

atin
g

 
M

eetin
g

”

Th
e staff o

f th
e B

o
n

e 
M

arro
w

 Tran
sp

lan
t U

n
it 

h
o

ld
 reg

u
lar m

eetin
g

s 
to

 p
lan

 an
d

 assess th
e 

treatm
en

t o
f all th

e 
p

atien
ts in

 th
eir care. 

“Th
e b

o
d

y lan
g

u
ag

e o
f 

each
 an

d
 every m

em
b

er 
h

elp
ed

 to
 m

ake th
is an

 
in

terestin
g

 d
esig

n
.”

[X
] C

lo
se w

in
d

o
w

“First Interview
 in the Bone 

M
arrow

 Transplant U
nit”

The Bone M
arrow

 Transplant 
Physician m

eeting w
ith the 

parents of a young child and
 

explaining that the suggested
 

treatm
ent for the child’s 

leukaem
ia is now

 a bone m
arrow

 
transplant. A

ll stages of this 
treatm

ent, including side effects 
and long term

 follow
 up are 

carefully explained. “The young
 

couple try to grasp all they are 
being told. So m

uch to rem
em

ber 
and so hard to believe that all 
this m

ust really happen to their 
ow

n beloved child.”

[X
] C

lo
se w

in
d

o
w

“Pro
cessin

g
 an

d
 Sto

rin
g

  
th

e B
o

n
e M

arro
w

”

A
 scen

e in
 th

e b
o

n
e 

m
arro

w
 lab

o
rato

ry 
w

h
ere a h

arvested
 d

o
n

o
r 

m
arro

w
 is p

ro
cessed

 an
d

 
eith

er sto
red

 in
 liq

u
id

 
n

itro
g

en
 vap

o
u

r o
r 

p
rep

ared
 fo

r in
fu

sio
n

 in
to

 
th

e p
atien

t. “A
n

o
th

er 
ch

an
ce fo

r m
e to

 w
atch

 
tech

n
ical skill an

d
 

d
evo

tio
n

 to
 d

etail.”

[X
] C

lo
se w

in
d

o
w

“B
o

n
e M

arro
w

 H
arvest”

Th
e p

atien
t is h

avin
g

 b
o

n
e 

m
arro

w
 rem

o
ved

 fro
m

 th
e p

elvic 
b

o
n

e th
ro

u
g

h
 a h

o
llo

w
 n

eed
le, 

u
sin

g
 a syrin

g
e, an

d
 co

llected
 

in
 a sp

ecial b
ag

. Th
e h

arvested
 

m
aterial resem

b
les b

lo
o

d
 w

ith
 

a fatty layer o
n

 to
p

 an
d

 is 
kep

t fro
m

 clo
ttin

g
 b

y m
ixin

g
 

w
ith

 an
tico

ag
u

lan
ts. Th

is sh
o

rt 
p

ro
ced

u
re o

f m
arro

w
 h

arvest 
is carried

 o
u

t w
ith

 th
e p

atien
t 

o
r d

o
n

o
r fu

lly an
aesth

etised
 

in
 th

e o
p

eratin
g

 th
eatre an

d
 

u
sin

g
 fu

ll sterile p
recau

tio
n

s. 
“A

 b
u

sy th
eatre scen

e w
ith

 tw
o

 
m

em
b

ers o
f th

e tran
sp

lan
t team

 
asp

iratin
g

 o
u

t th
e m

arro
w

. O
n

e 
n

u
rse p

rep
ares clean

 syrin
g

es

[X
] C

lo
se w

in
d

o
w

Go Back   
←



Cognitive 
Decline

Asthma
Reunion 
Home

Cancer 
(Childhood 
Leukemia)

Learning/  
Developmental 
Disabilities

References
Help Page

Infertility
Diabetes

CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

A
fter the initial shock of the 

diagnosis and w
hile dealing w

ith 
Stephen’s first chem

otherapy course, 
Tricia and D

avid began to ask D
r. 

B
aker and others m

ore questions 
about w

hat m
ight have been the 

cause of Stephen’s disease. 
C

hildhood leukem
ia is difficult to 

study because it is relatively rare, 
w

hich lim
its the design of studies 

intended to help clarify its etiology 
(cause).  N

evertheless, substantial 
evidence identifying a num

ber of risk 
factors has em

erged over the past 
tw

o decades. T
he etiology is likely 

to be attributable to a m
ixture of 

genetic and environm
ental factors 

and m
ay vary by subtype or for 

A
L

L
, im

m
unophenotype.  

C
ancer is considered a m

ulti-
step process. It is thought that 
childhood leukem

ia is a result of 
distinct exposures during tw

o or 
m

ore developm
ental tim

e periods 
including preconception, in utero, 
and postnatal.

C
h

an
g

es to
 D

N
A

 th
at 

cau
se leu

kem
ia:

Cognitive 
Decline

Asthma
Reunion 
Home

Cancer 
(Childhood 
Leukemia)

Learning/  
Developmental 
Disabilities

Diabetes
Infertility
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W
atch

: Fo
r clin

ician
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D
r. Jo

e W
iem

els d
iscu

sses 
tim

in
g

 o
f en

viro
n

m
en

tal 
exp

o
su

res (2:23 m
in

s.)
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h
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iem
els Ph

D
, 
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r, D
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n
 o
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C

an
cer Ep

id
em

io
lo

g
y 

Leu
kem

ia &
 Lym

p
h

o
m

a 
So

ciety Sch
o

lar in
 C

lin
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R
esearch

, U
n

iversity o
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C
alifo

rn
ia-San

 Fran
cisco
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G
erm

 C
ell Fo

rm
atio

n
 

Th
e fo

rm
atio

n
 o

f m
ale g

erm
 cells (sp

erm
) 

o
ccu

rs en
tirely in

 th
e tw

o
 m

o
n

th
s p

rio
r 

to
 th

eir “u
se” in

 co
n

cep
tio

n
, an

d
 as m

an
y 

as several h
u

n
d

red
 m

illio
n

 sp
erm

 m
ay b

e 
p

ro
d

u
ced

 p
er d

ay. In
 co

n
trast, all g

erm
 

cells (eg
g

s) are p
ro

d
u

ced
 in

 a fem
ale ch

ild
 

p
ren

atally. It m
ay b

e th
at th

is g
en

d
er 

d
ifferen

ce h
elp

s to
 exp

lain
 d

ifferen
tial 

risks o
f can

cer-cau
sin

g
 m

u
tatio

n
s an

d
 cell-

d
ivisio

n
 erro

rs cau
sed

 b
y en

viro
n

m
en

tal 
exp

o
su

res in
 ad

u
lts. Sin

ce eg
g

s are n
o

t 
u

n
d

erg
o

in
g

 co
n

tin
u

o
u

s cell d
ivisio

n
 th

ey 
m

ay b
e less su

scep
tib

le to
 d

am
ag

e fro
m

 
en

viro
n

m
en

tal exp
o

su
res th

an
 sp

erm
, 

w
h

ich
 m

o
re easily in

co
rp

o
rate m

u
tatio

n
s o

r 
o

th
er kin

d
s o

f ch
ro

m
o

so
m

al d
am

ag
e as a 

resu
lt o

f co
n

tin
u

o
u

s cell d
ivisio

n
 an

d
 sp

erm
 

p
ro

d
u

ctio
n

.    
 

clo
se w

in
d

o
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 • x

C
h

an
g

es to
 D

N
A

 th
at cau

se leu
kem

ia:

Translocations Associated with ALL Occur In Utero: 
TEL-AML1 Gene Fusion  

O
n

e o
f th

e co
m

m
o

n
 ch

ro
m

o
so

m
al ab

n
o

rm
alities 

th
at h

as b
een

 id
en

tifi
ed

 is called
 th

e tran
slo

catio
n

 
TEL-A

M
L, w

h
ere th

ere is a sh
ift o

f g
en

es b
etw

een
 

ch
ro

m
o

so
m

e 12 an
d

 21.

Th
is tran

slo
catio

n
 h

as b
een

 id
en

tifi
ed

 in
 b

lo
o

d
 

sp
ecim

en
s th

at are co
llected

 at b
irth

. It in
d

icates 
th

at th
ere is an

 alread
y o

n
g

o
in

g
 p

ro
cess o

f D
N

A
 

in
su

lt; h
o

w
ever w

e kn
o

w
 th

at n
o

t all o
f th

e 
ch

ild
ren

 w
ith

 th
is tran

slo
catio

n
 at b

irth
 d

evelo
p

 
ch

ild
h

o
o

d
 leu

kem
ia.

Th
erefo

re, th
ere m

ay b
e an

o
th

er p
ro

cess after b
irth

 
th

at is n
ecessary to

 lead
 to

 a fu
ll-b

lo
w

n
 ch

ild
h

o
o

d
 

leu
kem

ia d
isease. 

• O
ccu

rs in
 ap

p
ro

xim
ately 

20-25%
 o

f p
atien

ts w
ith

 p
re 

B
-cell A

LL (th
e m

o
st co

m
m

o
n

 
typ

e o
f ch

ild
h

o
o

d
 A

LL) w
ith

 
p

eak in
cid

en
ce b

etw
een

 
ag

es 2 – 5 years.

• Stro
n

g
 evid

en
ce th

at th
is 

o
ccu

rs in
 u

tero
.

• Freq
u

en
cy o

f th
is 

tran
slo

catio
n

 at b
irth

 is 
100-fo

ld
 g

reater th
an

 th
e 

risk o
f d

evelo
p

in
g

 th
e 

co
rresp

o
n

d
in

g
 leu

kem
ia.

    
      clo

se w
in

d
o

w
 • x

R
esu

lts fro
m

 FISH
 (fl

u
o

rescen
t in

-situ
 h

yb
rid

izatio
n

) stu
d

y 
– Sh

o
w

s ch
ro

m
o

so
m

al frag
m

en
ts fro

m
 12 (g

reen
) an

d
 21 

(red
) sw

itch
ed

. 

G
rap

h
ics so

u
rce: G

reaves, 2000, u
sed

 w
ith

 p
erm

issio
n

.

C
h

ro
m

o
so

n
e 12, TEL g

en
e

C
h

ro
m

o
so

n
e 21, A

M
L-1 g

en
e

Tran
slo

catio
n

 (12:21)  
TEL/A

M
L-1 fu

sio
n

 g
en

e

Childhood leukem
ia results from 

m
ore than one insult to DNA

R
esearch

ers co
n

sid
er 

can
cer to

 o
ften

 b
e a 

resu
lt o

f m
o

re th
an

 o
n

e 
tem

p
o

ral even
t. Fo

r 
ch

ild
h

o
o

d
 A

LL an
d

 A
M

L, 
th

ere are tw
o

 exp
o

su
re 

w
in

d
o

w
s: o

n
e p

ren
atal 

(b
efo

re co
n

cep
tio

n
 o

r in
 

u
tero

), w
h

en
 leu

kem
ia 

is co
m

m
o

n
ly in

itiated
 

th
ro

u
g

h
 ch

ro
m

o
so

m
al 

rearran
g

em
en

ts, an
d

 
a seco

n
d

, p
o

stn
atal 

w
in

d
o

w
 th

at is lin
ked

 to
 

th
e em

erg
en

ce o
f o

vert 
d

isease th
ro

u
g

h
 seco

n
d

ary 
g

en
etic ch

an
g

es.

Th
is m

o
d

el is su
p

p
o

rted
 b

y 
evid

en
ce th

at th
e g

en
etic 

ch
an

g
es are far m

o
re 

freq
u

en
t th

an
 th

e actu
al 

d
isease. Th

is su
g

g
ests 

th
at in

itiatio
n

 o
f leu

kem
ia 

m
ay b

e a co
m

m
o

n
 even

t, 
b

u
t th

e seco
n

d
 “h

it” th
at 

tran
sitio

n
s to

 A
LL o

r A
M

L 
is rare (G

reaves, 2006).

N
o

te: 1%
 refers to

 an
 

estim
ated

 freq
u

en
cy o

f 
tran

sitio
n

 b
etw

een
 co

vert 
p

re-leu
kem

ia an
d

 o
vert 

clin
ical leu

kem
ia. In

fan
t A

LL 
an

d
 A

M
L (<1 year o

f ag
e) h

as 
a m

u
ch

-ab
b

reviated
 n

atu
ral 

h
isto

ry in
 w

h
ich

 all th
e 

n
ecessary g

en
etic even

ts are 
th

o
u

g
h

t to
 o

ccu
r p

ren
atally.

G
reaves, 2006, g

rap
h

ic u
sed

 
w

ith
 p

erm
issio

n
.

    
 

clo
se w

in
d

o
w

 • x

Th
is m

o
d

el is su
p

p
o

rted
 b

y 
evid

en
ce th

at th
e g

en
etic 

ch
an

g
es are far m

o
re 

freq
u

en
t th

an
 th

e actu
al 

d
isease. Th

is su
g

g
ests th

at 
in

itiatio
n

 o
f leu

kem
ia m

ay 
b

e a co
m

m
o

n
 even

t, b
u

t th
e 

seco
n

d
 “h

it” th
at tran

sitio
n

s 
to

 A
LL o

r A
M

L is rare 
(G

reaves, 2006).
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Since childhood leukem
ia is a rare 

disease and it takes m
any cases 

to identify environm
ental risk 

factors, the C
hildhood L

eukem
ia 

International C
onsortium

 (C
L

IC
) 

w
as established in 2007 (locations 

represented by the red dots on the 
m

ap at right). C
L

IC
 develops and 

supports collaborations am
ong 

m
em

ber groups to identify factors 
that influence the risk of childhood 
leukem

ia through epidem
iological 

studies and related research. 
T

his consortium
 serves to strengthen 

the available data set regarding the 
role of environm

ental and genetic 
risk factors and critical w

indow
s 

of exposure, as w
ell as to provide a 

m
ore robust translation to clinical 

audiences w
orldw

ide. 
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FACTORS ASSOCIATED W
ITH RISK 

FOR CHILDHOOD LEUKEMIA
O

ne of the hospital’s pediatric residents 
asks D

r. Baker about the risk factors for 
childhood leukem

ia.* D
r. Baker m

entions  
that this w

ould be a great topic for  
everyone to hear at rounds and asked 
the resident to review

 the literature 
and develop a presentation. 
T

he resident reported that there 
are m

any epidem
iologic (hum

an) 
studies that find exposures to certain 
groups of chem

icals, air pollution, 
tobacco sm

oke, and radiation to be 
consistently associated w

ith increased 
risk for a child developing leukem

ia. 
A

dditionally, som
e factors are 

associated w
ith a protective effect such 

as early supplem
entation w

ith folate.

*In the follow
ing pages of Stephen’s story w

e de-
scribe environm

ental and genetic factors signifi-
cantly associated w

ith increased leukem
ia risk. 

K
eep in m

ind, how
ever, that childhood leukem

ia 
is a relatively uncom

m
on disease. T

hus, even if a 
person w

ere exposed to som
ething that doubled 

the risk of developing leukem
ia, the risk for that 

person w
ould rem

ain quite low
.
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e treatm
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e p
atien
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e b
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d
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g
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b
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 m
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g

 d
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n
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D
r. B

aker is careful to note that, “Scientists and 
policy m

akers w
ill continue to study and debate for 

years to com
e w

hether these associations are truly 
causal. A

nd, there are also ethnic and dem
ographic 

factors associated w
ith leukem

ia risk. Interactions 
am

ong risk factors and their com
m

on co-occurrence 
m

ake it even m
ore difficult to establish the cause 

of leukem
ia in a particular person or to identify 

the m
ost im

portant determ
inants of leukem

ia in a 
population. B

ut, m
any environm

ental exposures 
associated w

ith leukem
ia are also associated w

ith 
other health problem

s, such as neurodevelopm
ental 

disabilities, asthm
a and other respiratory diseases, 

and reproductive disorders. For all these reasons, 
m

ost people w
ould w

ant to avoid exposure as m
uch 

as possible. T
he association w

ith cancer  
is an additional reason.” 

FACTORS ASSOCIATED W
ITH RISK 

FOR CHILDHOOD LEUKEMIA

Multiple Factors Associated with Risk to Childhood Leukem
ia

g
en

etics
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cial an

d
  

early ch
ild

h
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viro
n
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en

ts

rad
iatio

n

n
u
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in
fectio

u
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en
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R
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ces, B
irth

 C
h

aracteristics:

M
iln

e E, et al. Fetal g
ro

w
th

 an
d

 ch
ild

h
o

o
d

 acu
te lym

p
h

o
b

lastic 
leu

kem
ia: fi

n
d

in
g

s fro
m

 th
e C

h
ild

h
o

o
d

 Leu
kem

ia In
tern

atio
n

al 
C

o
n

so
rtiu

m
 (C

LIC
). In

t J C
an

cer. 2013 D
ec 15;133(12):2968-79. 

Paltiel O
, et al. In

tern
atio

n
al C

h
ild

h
o

o
d

 C
an

cer C
o

h
o

rt 
C

o
n

so
rtiu

m
. B

irth
w

eig
h

t an
d

 C
h

ild
h

o
o

d
 C

an
cer: Prelim

in
ary 

Fin
d

in
g

s fro
m

 th
e In

tern
atio

n
al C

h
ild

h
o

o
d

 C
an

cer C
o

h
o

rt 
C

o
n

so
rtiu

m
 (I4C

). Paed
iatr Perin

at Ep
id

em
io

l. 2015  
Ju

l;29(4):335-45.

M
ark M

iller M
D

 M
PH

, D
irector, 

W
estern States Pediatric 

Environm
ental H

ealth
 

Specialty U
nit at U

CSF; 
D

irector, Children’s 
Envir onm

ental H
ealth

  
Center, O

ffi
ce of 

Envir onm
ental H

ealth H
azard

 
A

ssessm
ent, California EPA

W
atch

: C
an

 w
e red

u
ce 

exp
o

su
re to

 risk 
facto

rs asso
ciated

 w
ith

 
ch

ild
h

o
o

d
 leu

kem
ia 

an
d

 o
th

er can
cers?

H
e adds, “Som

e of these exposures sim
ply cannot 

be reduced by individual action alone. R
ather, in 

som
e instances, policy interventions that reduce 

exposures across the entire population w
ill be 

necessary and m
ore effective.” 

C
hildhood cancer risk also generally shares a 

num
ber of com

m
on them

es that w
e have seen in 

other disorders highlighted in A
 Story of H

ealth, 
such as greater susceptibility during certain periods 
of developm

ent, underlying genetic risk factors, and 
gene-environm

ent interactions.

caesarian
 sectio

n
 

an
d

 im
m

u
n

e 
fu

n
ctio

n
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tal ag

e

-Fetal g
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w
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K
EY

 C
O

N
C

EPT: 

C
au

satio
n

 vs. A
sso

ciatio
n

Ep
id

em
io

lo
g

ic stu
d

ies id
en

tify 
asso

ciatio
n

s b
etw

een
 an

 exp
o

su
re 

an
d

 a h
ealth

 o
u

tco
m

e o
f in

terest. 
Id

en
tifyin

g
 th

e risk facto
rs cau

sally 
related

 to
 a d

isease is a d
iffi

cu
lt task fo

r 
research

ers. O
rig

in
s o

f in
d

ivid
u

al cases 
o

f a d
isease m

ay resu
lt fro

m
 d

ifferen
t 

co
m

b
in

atio
n

s o
f risk facto

rs.

C
arefu

lly d
esig

n
ed

 stu
d

ies can
 h

elp
 

estab
lish

 cau
se an

d
 effect relatio

n
sh

ip
s, 

b
u

t u
ltim

ately cau
satio

n
 m

u
st b

e 
in

ferred
 fro

m
 availab

le ep
id

em
io

lo
g

ic 
an

d
 lab

o
rato

ry d
ata. R

an
d

o
m

ized
 

co
n

tro
lled

 d
o

u
b

le b
lin

d
 stu

d
ies 

(w
h

ere th
e su

b
jects o

f th
e exp

erim
en

t 
an

d
 th

e p
erso

n
s ad

m
in

isterin
g

 
th

e exp
erim

en
t are b

lin
d

ed
 to

 th
e 

exp
o

su
re statu

s o
f p

articip
an

ts w
h

ile 
th

e stu
d

y is u
n

d
erw

ay, w
h

ich
 are u

sed
 

fo
r evalu

atin
g

 in
ten

tio
n

al m
ed

ical 
in

terven
tio

n
s), w

h
ich

 are o
ften

 u
sed

 

fo
r evalu

atin
g

 in
ten

tio
n

al m
ed

ical 
in

terven
tio

n
s, are typ

ically n
o

t 
ap

p
licab

le o
r p

o
ssib

le w
h

en
 stu

d
yin

g
 

th
e o

rig
in

s o
f en

viro
n

m
en

tally-related
 

d
iseases. A

 ran
d

o
m

ized
 co

n
tro

lled
 

trial th
at w

o
u

ld
 exp

o
se su

b
jects to

 
h

azard
o

u
s ch

em
icals raises eth

ical 
co

n
cern

s.   

H
u

m
an

 stu
d

ies sh
o

u
ld

 b
e su

p
p

o
rted

 
b

y stro
n

g
 b

io
lo

g
ic exp

lan
atio

n
s an

d
/

o
r an

im
al exp

erim
en

ts. Still, it is h
ard

 
to

 b
e certain

 o
f th

e cau
sal relatio

n
sh

ip
 

an
d

 its stren
g

th
, esp

ecially w
h

en
 

m
an

y co
m

p
licated

 facto
rs co

n
trib

u
te 

to
 a p

articu
lar d

isease. A
sso

ciatio
n

s 
b

etw
een

 exp
o

su
res an

d
 h

ealth
 

o
u

tco
m

es are freq
u

en
tly ro

b
u

st en
o

u
g

h
 

to
 su

p
p

o
rt reco

m
m

en
d

atio
n

s. In
 fact, 

m
u

ch
 o

f p
reven

tive m
ed

icin
e d

ep
en

d
s 

o
n

 m
akin

g
 th

o
se ju

d
g

m
en

ts reg
u

larly.  
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se w
in

d
o

w
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Paren
tal A

g
e 

A
d

van
ced

 p
aren

tal ag
e h

as b
een

 asso
ciated

 
w

ith
 an

 in
creased

 risk o
f ch

ild
h

o
o

d
 leu

kem
ia 

—
 b

u
t, w

h
eth

er th
is asso

ciatio
n

 is d
riven

 b
y 

p
atern

al o
r m

atern
al ag

e is n
o

t clear. Th
e 

likely u
n

d
erlyin

g
 d

isease m
ech

an
ism

s in
clu

d
e 

a h
ig

h
er p

ro
b

ab
ility o

f in
h

eritin
g

 d
e n

o
vo

 
g

en
etic m

u
tatio

n
s fro

m
 o

ld
er p

aren
ts an

d
 

ch
an

g
es in

 D
N

A
 m

eth
ylatio

n
.  

clo
se w

in
d

o
w

 • x

Fetal g
ro

w
th

 
B

ecau
se ch

ild
h

o
o

d
 acu

te lym
p

h
o

b
lastic 

leu
kem

ia u
su

ally d
evelo

p
s at a yo

u
n

g
 ag

e  
(~2 to

 5 years o
ld

), research
ers h

ave exam
in

ed
 

h
o

w
 fetal d

evelo
p

m
en

t m
ay affect leu

kem
ia 

risk. In
 a m

eta-an
alysis b

y M
iln

e et al. (2013) 
th

at co
m

b
in

ed
 d

ata fro
m

 12 case-co
n

tro
l 

stu
d

ies in
 th

e C
LIC

, leu
kem

ia p
atien

ts w
ere 

m
o

re likely th
an

 h
ealth

y co
n

tro
ls to

 h
ave 

b
een

 b
o

rn
 w

ith
 h

ig
h

 b
irth

 w
eig

h
t fo

r th
eir 

g
estatio

n
al ag

e. Th
is o

b
servatio

n
 w

as later 
rep

licated
 b

y an
o

th
er co

n
so

rtiu
m

 th
at 

p
o

o
led

 d
ata fro

m
 six co

h
o

rt stu
d

ies (Paltiel 
et al., 2015). Th

ese ro
b

u
st ep

id
em

io
lo

g
ic 

fi
n

d
in

g
s su

p
p

o
rt th

e ro
le o

f fetal g
ro

w
th

 
in

 th
e etio

lo
g

y o
f ch

ild
h

o
o

d
 leu

kem
ia. Th

e 
u

n
d

erlyin
g

 d
isease m

ech
an

ism
s are n

o
t fu

lly 
ch

aracterized
, b

u
t in

su
lin

-like g
ro

w
th

 facto
rs 

are likely to
 b

e in
vo

lved
.   

clo
se w

in
d

o
w

 • x

.

C
aesarian

 sectio
n

 an
d

  
im

m
u

n
e fu

n
ctio

n
 

It is h
yp

o
th

esized
 th

at altered
 im

m
u

n
e 

fu
n

ctio
n

 p
lays a cen

tral ro
le in

 th
e etio

lo
g

y 
o

f ch
ild

h
o

o
d

 leu
kem

ia. Th
e p

rim
in

g
 o

f 
th

e im
m

u
n

e-system
 starts im

m
ed

iately at 
b

irth
 w

h
en

 b
ab

ies u
n

d
erg

o
 d

ifferen
t levels 

o
f “stress” an

d
 exp

o
su

re to
 th

e m
atern

al 
m

icro
b

io
ta d

ep
en

d
in

g
 o

n
 th

e m
o

d
e o

f 
d

elivery – vag
in

al versu
s C

aesarian
 sectio

n
 

(C
-sectio

n
). Tw

o
 larg

e stu
d

ies (M
arco

tte 
et al., 2016; W

an
g

 et al., 2017) sh
o

w
ed

 
th

at p
lan

n
ed

 C
-sectio

n
 (likely to

 b
e th

e 
least stressfu

l an
d

 m
o

st sterile m
o

d
e o

f 
d

elivery) w
as asso

ciated
 w

ith
 a h

ig
h

er risk o
f 

ch
ild

h
o

o
d

 leu
kem

ia co
m

p
ared

 to
 u

n
p

lan
n

ed
 

C
-Sectio

n
 an

d
 vag

in
al d

elivery (likely to
 b

e 
th

e m
o

st stressfu
l an

d
 least sterile m

o
d

e 
o

f d
elivery), su

g
g

estin
g

 th
at th

e ch
ild

’s 
im

m
u

n
e d

evelo
p

m
en

t at an
 early stag

e h
as 

a p
ro

fo
u

n
d

 im
p

act later in
 life. Th

is fi
n

d
in

g
 

is extrem
ely im

p
o

rtan
t g

iven
 th

e recen
t 

in
creases in

 p
lan

n
ed

 C
-sectio

n
s in

 m
an

y 
co

u
n

tries. It is im
p

erative th
at th

e clin
ical 

co
m

m
u

n
ity co

n
tin

u
es effo

rts to
 red

u
ce th

e 
rate o

f u
n

n
ecessary C

-sectio
n

s. 
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CHILDHOOD LEUKEMIA  Stephen’s Story 
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CHILDHOOD LEUKEMIA:  
US TRENDS
A

lthough childhood leukem
ia is still 

rare, Stephen is one of a grow
ing 

num
ber of children w

ith this cancer. 
C

hildhood leukem
ia incidence has 

been increasing in the U
S (0.8%

 per 
year) during the last tw

o decades. 
In the U

S, betw
een 1975 and 2010, 

the rate of leukem
ia am

ong children 
0-14 years increased 0.7%

 per year. 
T

his adds up to a 35%
 increase over 

35 years.

*Th
e A

n
n

u
al Percen

t C
h

an
g

e (A
PC

) is sig
n

ifi
can

tly d
ifferen

t fro
m

 zero
 at 

alp
h

a=0.5

So
u

rce: Su
rveillan

ce, Ep
id

em
io

lo
g

y, an
d

 En
d

 R
esu

lts (SEER
) Pro

g
ram

 
(w

w
w

.seer.can
cer.g

o
v) SEER

*Stat D
atab

ase: In
cid

en
ce - SEER

 9 R
eg

s 
R

esearch
 D

ata, N
o

v 2013 Su
b

 (1973-2011) <K
atrin

a/R
ita Po

p
u

latio
n

 
A

d
ju

stm
en

t>

G
rap

h
ic u

sed
 w

ith
 p

erm
issio

n
.

Tren
d

s in
 th

e A
g

e-A
d

ju
sted

 In
cid

en
ce R

ate o
f  

C
h

ild
h

o
o

d
 Leu

kem
ia an

d
 A

cu
te Lym

p
h

o
cytic  

Leu
kem

ia, A
g

es 0-14, SEER
 9, 1975-2011
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Rate	  per	  1,000,000	  
Year	  of	  Diagnosis	  

Trends	  in	  the	  Age-‐Adjusted	  Incidence	  Rate	  of	  
Childhood	  Leukem

ia	  and	  Acute	  Lym
phoctyic	  

Leukem
ia,	  Ages	  00-‐14,	  SEER	  9,	  1975-‐2011	  

Leukem
ia	  (APC,	  0.71*)	  

Acute	  Lym
phocy?c	  Leukem

ia	  (APC,	  0.81*)	  
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Latin
o

 tren
d

 g
rap

h
ic u

sed
 w

ith
 p

erm
issio

n
 fro

m
: G

id
d

in
g

s B
M

, 
W

h
iteh

ead
 TP, M

etayer C
, M

ille M
 D

. C
h

ild
h

o
o

d
 Leu

kem
ia In

cid
en

ce in
 

C
alifo

rn
ia: H

ig
h

 an
d

 R
isin

g
 in

 th
e H

isp
an

ic Po
p

u
latio

n
.  

C
an

cer. 2016 Sep
 15; 122(18): 2867–2875.
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C
alifo

rn
ia w

ith
 its larg

e p
o

p
u

latio
n

 an
d

 
excellen

t d
ata co

llectio
n

 o
n

 can
cer is th

e 
lo

catio
n

 o
f o

n
e o

f th
e larg

est stu
d

ies 
d

esig
n

ed
 to

 lo
o

k at cau
ses o

f ch
ild

h
o

o
d

 
leu

kem
ia. Latin

o
 b

ab
ies acco

u
n

t fo
r 

ab
o

u
t h

alf o
f all b

irth
s in

 C
A

, m
akin

g
 it a 

g
o

o
d

 p
lace to

 exam
in

e p
o

ssib
le g

en
etic 

an
d

 en
viro

n
m

en
tal in

teractio
n

s th
at m

ay 
u

n
d

erlie th
e reco

g
n

ized
 h

ig
h

er in
cid

en
ce 

o
f leu

kem
ia in

 ch
ild

ren
 o

f Latin
o

 o
rig

in
. 

O
n

 averag
e, ch

ild
h

o
o

d
 leu

kem
ia h

as  
b

een
 in

creasin
g

 1.1%
 p

er year in
 Latin

o
s 

sin
ce 1988. Th

o
u

g
h

 m
u

ch
 m

o
re rare in

 

n
o

n
-Latin

o
 B

lack ch
ild

ren
, it is in

creasin
g

 
at 1.7%

 p
er year am

o
n

g
st th

em
. Th

is is 
co

m
p

ared
 w

ith
 an

 in
crease o

f 0.7%
 in

 n
o

n
-

Latin
o

 W
h

ite ch
ild

ren
. Th

e rate seem
s to

 
b

e stab
le am

o
n

g
 A

sian
/Pacifi

c Islan
d

ers.

Th
ese tren

d
s m

ay rep
resen

t an
 in

teractio
n

 
b

etw
een

 p
red

isp
o

sin
g

 g
en

etics an
d

 
en

viro
n

m
en

tal exp
o

su
res. 

N
o

t o
n

ly d
o

 Latin
o

 ch
ild

ren
 h

ave th
e 

h
ig

h
est in

cid
en

ce o
f leu

kem
ia b

u
t it is 

g
ro

w
in

g
 faster th

an
 in

 th
e n

o
n

-Latin
o

 
W

h
ite p

o
p

u
latio

n
.

ETH
N

IC
 TR

EN
D

S:
C

h
ild

h
o

o
d

 leu
kem

ia is in
creasin

g
 m

o
re  

am
o

n
g

st certain
 eth

n
ic g

ro
u

p
s su

ch
 as Latin

o
s

Th
e risk o

f 
ch

ild
h

o
o

d
  

leu
kem

ia is 
h

ig
h

er am
o

n
g

 
Latin

o
 ch

ild
ren

 
th

an
 am

o
n

g
 n

o
n

-
Latin

o
 ch

ild
ren

 
an

d
 th

e g
ap

 is 
w

id
en

in
g

.

clo
se w

in
d

o
w

 • x

Leu
kem

ia is m
o

re co
m

m
o

n
 am

o
n

g
 Latin

o
 

A
m

erican
s co

m
p

ared
 to

 o
th

er eth
n

icities. 
W

h
ile th

e cau
ses o

f th
is are still u

n
certain

, 
w

h
at is n

o
w

 clear is th
at p

art o
f th

e an
sw

er 
is g

en
etics. Th

ere are several rare g
en

etic 
syn

d
ro

m
es th

at p
red

isp
o

se stro
n

g
ly fo

r 
ch

ild
h

o
o

d
 leu

kem
ia, b

u
t acco

u
n

t fo
r o

n
ly a 

few
 cases am

o
n

g
 an

y eth
n

ic g
ro

u
p

. Th
ere 

are m
u

ch
 m

o
re co

m
m

o
n

 g
en

etic facto
rs 

w
h

ich
 co

n
trib

u
te w

eakly to
 leu

kem
ia 

risk, b
u

t d
u

e to
 th

eir h
ig

h
 freq

u
en

cy th
ey 

are resp
o

n
sib

le fo
r a larg

er p
ro

p
o

rtio
n

 
o

f leu
kem

ia in
cid

en
ce. In

terestin
g

ly, th
e 

p
ro

p
o

rtio
n

 o
f th

ese co
m

m
o

n
 g

en
etic 

facto
rs varies b

y eth
n

icity: th
e freq

u
en

cy 
o

f m
an

y g
en

etic facto
rs is h

ig
h

er in
 N

ative 
A

m
erican

s an
d

 Latin
o

s th
an

 in
 w

h
ites 

an
d

 b
lacks. Th

ese g
en

etic p
o

lym
o

rp
h

ism
s 

in
 th

e g
en

es, A
R

ID
5B

, G
A

TA
3, PIP4K

2A
, 

an
d

 C
EB

PE, co
llectively acco

u
n

t fo
r a 

larg
e p

ro
p

o
rtio

n
 o

f th
e in

creased
 risk o

f 
leu

kem
ia in

 Latin
o

s. Th
ere are also

 likely 
to

 b
e en

viro
n

m
en

tal risk facto
rs th

at also
 

co
n

trib
u

te to
 th

e in
creased

 risk in
 Latin

o
s 

in
clu

d
in

g
 lifestyle an

d
 exp

o
su

res fro
m

 
o

ccu
p

atio
n

, w
h

ich
 are kn

o
w

n
 to

 vary in
 

freq
u

en
cy b

etw
een

 eth
n

icities. 

 
 

 
 

 
clo

se w
in

d
o

w
 • x

G
en

etic su
scep

tib
ility to

 leu
kem

ia in
 Latin

o
s

Eth
n

ic Tren
d

s

G
en

etic su
scep

tib
ility 

to
 leu

kem
ia in

 Latin
o

s
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
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ry
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f H
e

a
lth

PESTICIDES AND LEUKEMIA
A

t their next visit to D
r. B

aker, 
Tricia m

entions that she heard from
 

a friend that pesticides m
ight cause 

leukem
ia. T

his rem
inds D

r. B
aker of 

the inform
ation on environm

ental 
exposures and childhood leukem

ia 
that the pediatric resident presented 
during rounds. D

r. B
aker asks 

if Stephen could have com
e into 

contact w
ith any pesticides and 

specifically asks about pesticide use 
in the hom

e and garden. Tricia says 
that they ow

n a plant nursery and 
garden center, and they use som

e 
pesticides. Stephen som

etim
es visits 

the nursery after preschool and on 
w

eekends.

Pesticid
e Exp

o
su

re  
in

 C
h

ild
ren

: Po
licy 

Statem
en

t fro
m

 th
e 

A
m

erican
 A

cad
em

y  
o

f Ped
iatrics
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CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to
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 o

f H
e

a
lth

Fin
d

 a lo
cal Ped

iatric 
En

viro
n

m
en

tal H
ealth

 
Sp

ecialty U
n

it (PEH
SU

):  
A

 resp
ected

 n
etw

o
rk 

o
f exp

erts in
 ch

ild
ren

’s 
en

viro
n

m
en

tal h
ealth

.

W
atch

: D
r. C

ath
erin

e 
M

etayer d
iscu

sses 
in

secticid
es an

d
 

h
erb

icid
es (4:15 m

in
s.)

C
ath

erin
e M

etayer M
D

 Ph
D

,  
A

d
ju

n
ct Pro

fesso
r, Ep

id
em

io
lo

g
y/

B
io

statistics an
d

 Ep
id

em
io

lo
g

y, 
U

n
iversity o

f C
alifo

rn
ia-B

erkeley, 
Prin

cip
al In

vestig
ato

r,  C
en

ter fo
r 

In
teg

rative R
esearch

 o
n

 C
h

ild
h

o
o

d
 

Leu
kem

ia an
d

 th
e En

viro
n

m
en

t
G

rap
h

ic u
sed

 w
ith

 p
erm

issio
n

 fro
m

 B
ailey, et al. 2015,  

Su
p

p
lem

en
tary Fig

u
re 1.

PESTICIDES
Tricia m

entions to D
r. Baker that 

other fam
ilies in the neighborhood 

have regular pesticide applications to 
the perim

eter of their house and som
e 

have law
n service, but they do not.

Tricia thought that Stephen’s daycare 
m

ight occasionally use pesticides to 
spray for ants and flying insects.  
D

r. B
aker consulted the pediatrician 

at his regional Pediatric E
nviron-

m
ental H

ealth Specialty U
nit, w

ho 
confirm

ed that m
any studies from

 
around the w

orld have found  
statistically significant associations 
betw

een pesticide exposure and 
childhood leukem

ia. 

R
esid

en
tial Pesticid

e Exp
o

su
res
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Fo
rest p

lo
t 

sh
o

w
in

g
 in

d
ivid

u
al 

an
d

 su
m

m
ary 

o
d

d
s ratio

s fo
r 

h
o

m
e p

esticid
e 

exp
o

su
res an

d
 

th
e risk o

f 
ch

ild
h

o
o

d
 acu

te 
lym

p
h

o
b

lastic 
leu

kem
ia, u

sin
g

 
ran

d
o

m
 effects 

m
o

d
els.

In
 a m

eta-an
alysis b

y B
ailey, et al. (2015) th

at co
m

b
in

ed
 d

ata fro
m

 12 stu
d

ies 
in

 th
e C

h
ild

h
o

o
d

 Leu
kem

ia In
tern

atio
n

al C
o

n
so

rtiu
m

, resid
en

tial in
secticid

e 
u

se b
efo

re co
n

cep
tio

n
, d

u
rin

g
 p

reg
n

an
cy, o

r after b
irth

 w
as asso

ciated
 w

ith
 

in
creases in

 th
e risk o

f ch
ild

h
o

o
d

 acu
te lym

p
h

o
b

lastic leu
kem

ia o
f 40 to

 
50%

 (O
R

*=1.39 to
 1.51). Fo

r acu
te m

yelo
id

 leu
kem

ia, th
e asso

ciatio
n

s w
ere 

so
m

ew
h

at sim
ilar fo

r p
esticid

e exp
o

su
re b

efo
re co

n
cep

tio
n

 (O
R

=1.88) an
d

 
d

u
rin

g
 p

reg
n

an
cy (O

R
=1.60), b

u
t n

o
t after b

irth
 (O

R
=1.10).

 M
o

re in
fo

rm
atio

n
:  

“5 K
ey Th

in
g

s to
 K

n
o

w
 ab

o
u

t 
a M

eta-A
n

alysis” Scien
tifi

c 
A

m
erican

 b
lo

g
 p

o
st

 Lin
k to

 EPA
 w

eb
site fo

r m
o

re 
in

fo
rm

atio
n

 o
n

 FIFR
A
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A
 m

eta-an
alysis u

ses statistical m
eth

o
d

s to
 

co
m

b
in

e th
e resu

lts o
f d

ifferen
t stu

d
ies in

 
o

rd
er to

 id
en

tify an
 o

verall tren
d

 in
 th

e d
ata. 

G
en

erally, stu
d

ies are g
ro

u
p

ed
 b

y a co
m

m
o

n
 

m
easu

rem
en

t, an
d

 so
m

e stu
d

ies are exclu
d

ed
 

o
n

 th
e b

asis o
f q

u
ality o

r stu
d

y d
esig

n
. 

C
ertain

 stu
d

ies are g
iven

 m
o

re w
eig

h
t in

 th
e 

m
eta-an

alysis. W
eig

h
tin

g
 is u

su
ally related

 to
 

th
e sam

p
le size in

 th
e in

d
ivid

u
al stu

d
ies.

Th
is m

eth
o

d
 can

 h
ave so

m
e lim

itatio
n

s. It 
u

su
ally relies o

n
 p

u
b

lish
ed

 stu
d

ies, w
h

ich
 

m
ay exclu

d
e stu

d
ies th

at sh
o

w
 n

eg
ative o

r 
in

su
ffi

cien
t resu

lts th
at are less likely to

 b
e 

p
u

b
lish

ed
. A

d
d

itio
n

al b
ias can

 also
 skew

 
th

e resu
lts if stu

d
ies are ch

erry-p
icked

 u
sin

g
 

u
n

so
u

n
d

 m
eth

o
d

o
lo

g
y fo

r selectin
g

 stu
d

ies.

A
 g

rap
h

ic kn
o

w
n

 as a Fo
rest Plo

t (sh
o

w
n

 
ab

o
ve) is o

ften
 u

sed
 to

 d
isp

lay th
e resu

lts 
o

f a m
eta-an

alysis. Th
e size o

f th
e sq

u
are is 

p
ro

p
o

rtio
n

al to
 th

e w
eig

h
t assig

n
ed

 to
 th

e 
stu

d
y. 

Th
e h

o
rizo

n
tal lin

e is th
e stu

d
y’s co

n
fi

d
en

ce 
in

terval (a m
easu

re o
f h

o
w

 th
e resu

lts m
ig

h
t 

vary d
u

e to
 ch

an
ce).

Th
e vertical lin

e at 1 rep
resen

ts “n
o

 effect.” 
If th

e co
n

fi
d

en
ce in

tervals fo
r in

d
ivid

u
al 

stu
d

ies o
verlap

 w
ith

 th
is lin

e, it d
em

o
n

strates 
th

at th
ere is n

o
 statistically sig

n
ifi

can
t effect 

o
b

served
. Th

e d
iam

o
n

d
 rep

resen
ts th

e 
su

m
m

ary m
easu

re o
f all stu

d
ies co

m
b

in
ed

. 
 

 
 

 
 

 
clo

se w
in

d
o

w
 • x

W
h

at is a m
eta-an

alysis?
EPA

 an
d

 each
 o

f th
e fi

fty states 
reg

ister o
r licen

se p
esticid

es fo
r u

se in
 

th
e U

S.  EPA
 receives its au

th
o

rity to
 

reg
ister p

esticid
es u

n
d

er th
e Fed

eral 
In

secticid
e, Fu

n
g

icid
e, an

d
 R

o
d

en
ticid

e 
A

ct (FIFR
A

). States are au
th

o
rized

 to
 

reg
u

late p
esticid

es u
n

d
er FIFR

A
 an

d
 

u
n

d
er state p

esticid
e law

s. States m
ay 

p
lace m

o
re restrictive req

u
irem

en
ts o

n
 

p
esticid

es th
an

 EPA
. Pesticid

es m
u

st b
e 

reg
istered

 b
o

th
 b

y EPA
 an

d
 th

e state 
b

efo
re d

istrib
u

tio
n

.

B
efo

re reg
isterin

g
 a n

ew
 p

esticid
e o

r 
n

ew
 u

se fo
r a reg

istered
 p

esticid
e, 

EPA
 is su

p
p

o
sed

 to
 en

su
re th

at th
e 

p
esticid

e, w
h

en
 u

sed
 acco

rd
in

g
 to

 
lab

el d
irectio

n
s, can

 b
e u

sed
 w

ith
 a 

reaso
n

ab
le certain

ty o
f n

o
 h

arm
 to

 
h

u
m

an
 h

ealth
 an

d
 w

ith
o

u
t p

o
sin

g
 

u
n

reaso
n

ab
le risks to

 th
e en

viro
n

m
en

t. 
To

 d
o

 th
at, EPA

 is au
th

o
rized

 to
 req

u
ire 

vario
u

s scien
tifi

c stu
d

ies an
d

 tests fro
m

 

ap
p

lican
ts. W

h
ere p

esticid
es m

ay b
e 

u
sed

 o
n

 fo
o

d
 o

r feed
 cro

p
s, EPA

 also
 

sets to
leran

ces (m
axim

u
m

 p
esticid

e 
resid

u
e levels) fo

r th
e am

o
u

n
t o

f 
th

e p
esticid

e th
at can

 leg
ally rem

ain
 

in
 o

r o
n

 fo
o

d
s. A

lread
y-reg

istered
 

p
esticid

es are su
p

p
o

sed
 to

 u
n

d
erg

o
 

p
erio

d
ic to

leran
ce reassessm

en
t an

d
 

reg
istratio

n
 review

.  

A
 recen

t an
alysis o

f EPA
 p

ractices, 
h

o
w

ever, co
n

clu
d

ed
 th

at th
e 

g
o

vern
m

en
t h

as allo
w

ed
 th

e m
ajo

rity 
o

f p
esticid

es o
n

to
 th

e m
arket w

ith
o

u
t 

a p
u

b
lic an

d
 tran

sp
aren

t p
ro

cess an
d

 
in

 so
m

e cases, w
ith

o
u

t a fu
ll set o

f 
to

xicity tests, u
sin

g
 a lo

o
p

h
o

le called
 

a co
n

d
itio

n
al reg

istratio
n

. In
 fact, 

as m
an

y as 65 p
ercen

t o
f m

o
re th

an
 

16,000 p
esticid

es w
ere fi

rst ap
p

ro
ved

 
fo

r th
e m

arket u
sin

g
 th

is lo
o

p
h

o
le 

(N
R

D
C

, 2013).
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 an
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g
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h
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m
eta-an
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OCCUPATIONAL EXPOSURES 
DURING PREGNANCY MAY 
CONTRIBUTE TO CHILDHOOD 
LEUKEMIA RISK
D

r. B
aker asked a few

 m
ore details 

about the garden center. Tricia said 
she w

orked in the back office w
hile 

she w
as pregnant, up until a few

 
m

onths before Stephen w
as born. 

Pesticides, solvents, and other 
chem

icals m
ay cause chrom

osom
al 

alterations in parents’ eggs and sperm
 

cells that increase the risk of their 
children developing certain cancers, 
or m

aternal exposure m
ay affect the 

child directly w
hile in utero. 

Studies have dem
onstrated a link betw

een 
m

aternal occupational exposures to 
pesticides and childhood leukem

ia. 
M

aternal use of pesticides at hom
e has 

also been associated w
ith A

M
L risk. In 

case studies, m
aternal exposure to certain 

insecticides has been associated w
ith 

translocations seen in children w
ith A

M
L.

Sam
p

le p
ren

atal 
en

viro
n

m
en

tal h
ealth

 
h

isto
ry fo

rm
  

fo
r clin

ician
s fro

m
 

th
e C

o
n

so
rtiu

m
 

fo
r R

ep
ro

d
u

ctive 
En

viro
n

m
en

tal h
ealth

 in
 

M
in

o
rity C

o
m

m
u

n
ities

So
u

rce: B
ailey, et al., 2014.  

R
ep

ro
d

u
ced

 w
ith

 p
erm

issio
n

.

Th
e larg

est an
alysis co

m
b

in
in

g
 

o
rig

in
al d

ata fro
m

 stu
d

ies (1,329 
cases) aro

u
n

d
 th

e w
o

rld
 fo

u
n

d
 a n

ear 
d

o
u

b
lin

g
 o

f risk fo
r A

M
L if m

o
th

ers 
w

ere exp
o

sed
 o

ccu
p

atio
n

ally to
 

p
esticid

es d
u

rin
g

 p
reg

n
an

cy O
R

 
1.94 (C

I 1.19, 3.18). N
o

 asso
ciatio

n
s 

w
ere fo

u
n

d
 fo

r ch
ild

h
o

o
d

 A
LL. Th

is 
fo

rest p
lo

t o
f p

o
o

led
 d

ata sh
o

w
s 

in
d

ivid
u

al an
d

 su
m

m
ary o

d
d

s ratio
s 

fo
r m

atern
al o

ccu
p

atio
n

al p
esticid

e 
exp

o
su

re d
u

rin
g

 p
reg

n
an

cy an
d

 th
e 

risk o
f A

M
L in

 th
e o

ffsp
rin

g
, u

sin
g

 
ran

d
o

m
 effects m

o
d

el.
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A
nalysis of data (pooled) from

 studies around the 
w

orld, including over 8,000 cases of childhood 
leukem

ia show
ed a 20%

 increased risk of A
LL 

associated w
ith paternal occupational exposure to 

pesticides around the tim
e of conception. T

he risk 
w

as about 40%
 increased in children w

hose diagnosis 
w

as at age 5 years or greater and in those w
ith T

 cell 
A

LL. T
his highlights the im

portance of considering 
both critical w

indow
s of exposure as w

ell as the 
different sub-types of leukem

ia w
hen possible.

T
hough “pesticides” includes a w

ide variety of 
different chem

icals and these findings do not 
im

plicate specific agents, m
ore than 20 pesticides have 

been classified as “possible” or “probable” hum
an 

carcinogens by the International A
gency for R

esearch 
on C

ancer (IA
R

C
).

Paternal exposures to solvents, paints, and  
em

ploym
ent in m

otor vehicle-related occupations 
have also been show

n to be associated w
ith 

childhood leukem
ia. Paternal exposures before 

conception could result in germ
 cell dam

age or 
changes in gene expression. Parental exposures 
after the child is born m

ay result in exposure to the 
fam

ily by m
aterials from

 w
ork being brought hom

e 
on clothing.

PATERNAL OCCUPATIONAL EXPOSURES 
AROUND TIME OF CONCEPTION MAY 
CONTRIBUTE TO CHILDHOOD LEUKEMIA RISK
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K
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n
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m
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A
 “take-h

o
m

e” exp
o

su
re refers to

 
exp

o
su

re o
f a ch

ild
 (o

r o
th

er h
o

u
seh

o
ld

 
m

em
b

er) to
 ch

em
icals, fi

b
ers, m

etals, 
o

r d
u

sts b
ro

u
g

h
t h

o
m

e fro
m

 a w
o

rk 
site b

y a p
aren

t o
r fro

m
 so

m
eo

n
e else. 

Exam
p

les o
f take h

o
m

e exp
o

su
res 

h
ave in

clu
d

ed
 so

lven
ts, h

eavy m
etals, 

an
d

 p
esticid

es. Th
ese can

 b
e b

ro
u

g
h

t 
in

to
 th

e h
o

m
e o

n
 fam

ily m
em

b
ers’ o

r 
visito

rs’ clo
th

in
g

 o
r sh

o
es. W

o
rkers 

m
ig

h
t also

 b
rin

g
 h

o
m

e ch
em

icals fro
m

 
w

o
rk an

d
 u

se th
em

 aro
u

n
d

 th
e h

o
u

se.

Take h
o

m
e exp

o
su

res can
 b

e p
reven

ted
 

b
y actio

n
s su

ch
 as: 

• C
h

an
g

in
g

 clo
th

es at w
o

rk

• Sh
o

w
erin

g
 b

efo
re leavin

g
 w

o
rk

• W
ash

in
g

 h
an

d
s u

p
o

n
 arrival at h

o
m

e

• Lau
n

d
erin

g
 w

o
rk clo

th
es sep

arately

• R
em

o
vin

g
 sh

o
es b

efo
re en

terin
g

  
th

e h
o

m
e

• N
o

t u
sin

g
 ch

em
icals at h

o
m

e th
at are 

m
ean

t to
 b

e u
sed

 in
 th

e w
o

rkp
lace

If h
azard

o
u

s su
b

stan
ces are u

sed
 b

y 
in

d
ivid

u
als w

o
rkin

g
 at h

o
m

e, care 
sh

o
u

ld
 b

e taken
 to

 keep
 th

e w
o

rk an
d

 
livin

g
 areas sep

arate – an
d

 h
azard

o
u

s 
m

aterials sh
o

u
ld

 b
e sto

red
 an

d
 d

isp
o

sed
 

o
f p

ro
p

erly. 

Sim
ilarly, h

o
b

b
ies su

ch
 as p

ain
tin

g
, 

m
o

d
el b

u
ild

in
g

, fu
rn

itu
re refi

n
ish

in
g

, 
an

d
 au

to
 rep

air o
ften

 in
vo

lve u
sin

g
 

so
lven

ts. C
h

ild
ren

 an
d

 p
reg

n
an

t o
r 

b
reastfeed

in
g

 w
o

m
en

 sh
o

u
ld

 avo
id

 
th

ese exp
o

su
res. 
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EXPOSURES TO PAINTS AND SOLVENTS MAY INCREASE RISKS
D

avid thought back to painting the nursery w
hile 

T
ricia w

as pregnant and w
ondered if using paint or 

paint thinners had exposed Stephen to substances 
linked to the developm

ent of leukem
ia.

In a pooled analysis that com
bined data from

 8 
studies in the C

hildhood L
eukem

ia International 
C

onsortium
 (B

ailey et al., 2015), hom
e paint 

exposures before, during, and after birth w
ere 

consistently associated w
ith m

odest increases in 
the risk for childhood A

L
L

; the risks w
ere lim

ited 
to children w

ho w
ere exposed to oil-based paints 

(~20%
 increase in risk). A

lthough inform
ation 

about the scale of individual painting projects w
as 

not available, it can be assum
ed that professional 

painters tended to be hired for bigger jobs. A
s such, 

the observation that leukem
ia risk w

ere highest 
w

hen professional painting w
as reported (O

R
=1.53 

before conception and O
R

=1.66 during pregnancy) 
can be interpreted as evidence of a dose-response 
relationship. A

lso, it appears that risks w
ere 

higher for certain cytogenetic subtypes including 
translocation t(12;21) and M

L
L

 rearrangem
ent, 

suggesting that etiologic pathw
ays m

ay be specific 
to childhood leukem

ia subtypes. 

U
se of solvents in the hom

e w
as associated w

ith a 
tw

o-fold increase in A
M

L
 risk* (Scelo et al., 2009). 

co
n

tin
u
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R
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 th
e C

alifo
rn

ia 
C

h
ild

h
o

o
d

 Leu
kem

ia Stu
d

y exam
in

ed
 

th
e relatio

n
sh

ip
 b

etw
een

 h
o

m
e 

rem
o

d
elin

g
 an

d
 th

e risk o
f acu

te 
lym

p
h

o
b

lastic leu
kem

ia (A
LL) 

am
o

n
g

 609 p
atien

ts an
d

 893 h
ealth

y 
co

n
tro

ls. Particip
an

ts w
ere asked

 
to

 d
escrib

e co
n

stru
ctio

n
 activities 

carried
 o

u
t in

 th
e h

o
m

e b
etw

een
 

b
irth

 an
d

 d
iag

n
o

sis. C
o

n
stru

ctio
n

 
w

as asso
ciated

 w
ith

 a sig
n

ifi
can

t 
in

crease in
 A

LL risk (o
d

d
s ratio

: 1.52, 
95%

 co
n

fi
d

en
ce in

terval: 1.14-2.02). Th
e 

in
vestig

ato
rs co

n
clu

d
ed

 th
at rem

o
d

elin
g

 
activities w

ere a n
o

n
-sp

ecifi
c p

ro
xy fo

r 
exp

o
su

re to
 to

xic ch
em

icals in
 b

u
ild

in
g

 
m

aterials. A
d

d
itio

n
al stu

d
ies w

ith
 m

o
re  

d
irect exp

o
su

re assessm
en

t are w
arran

ted
.
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EXPOSURES TO PAINTS AND SOLVENTS MAY INCREASE RISKS 
co

n
tin

u
ed

 fro
m

 p
revio

u
s p

ag
e

In addition, a num
ber of studies have reported 

elevated risks of childhood leukem
ia associated 

w
ith com

plex m
ixtures of solvents such as those 

found in gasoline and traffic exhaust and from
 

parental occupational exposures (see sections on 
occupational exposures and air pollution).  

M
any solvents are recognized carcinogens, w

ith 
benzene being a w

ell-established leukem
ogenic 

agent in adults. A
 m

eta-analysis of various sources 
of benzene (i.e., household use, occupations, and air 
pollution) show

ed associations w
ith childhood A

L
L 

(O
R

=1.48*) and A
M

L
 (O

R
=2.07*) (C

arlos-W
allace 

et al., 2016). A
s evidence of a relationship betw

een 
paint/solvent exposures and childhood leukem

ia 
risk continue to accum

ulate (W
hitehead et al., 

2016), parents m
ay w

ish to avoid paint and solvent 
exposures (w

hen feasible) during the im
m

ediate 
pre-conception period and pregnancy. T

his w
ill 

also help low
er the risk of other adverse health 

outcom
es associated w

ith the sam
e agents.

*Statistically significant

H
o

m
e 

rem
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m
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o

d
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d
 th

e risk o
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te 
lym

p
h

o
b

lastic leu
kem

ia (A
LL) 

am
o

n
g

 609 p
atien

ts an
d

 893 h
ealth

y 
co

n
tro

ls. Particip
an

ts w
ere asked

 
to

 d
escrib

e co
n

stru
ctio

n
 activities 

carried
 o

u
t in

 th
e h

o
m

e b
etw

een
 

b
irth

 an
d

 d
iag

n
o

sis. C
o

n
stru

ctio
n

 
w

as asso
ciated

 w
ith

 a sig
n

ifi
can

t 
in

crease in
 A

LL risk (o
d

d
s ratio

: 1.52, 
95%

 co
n

fi
d

en
ce in

terval: 1.14-2.02). Th
e 

in
vestig

ato
rs co

n
clu

d
ed

 th
at rem

o
d

elin
g

 
activities w

ere a n
o

n
-sp
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c p

ro
xy fo
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exp

o
su

re to
 to

xic ch
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 b

u
ild
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g

 
m

aterials. A
d

d
itio

n
al stu

d
ies w

ith
 m

o
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d
irect exp

o
su
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.
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TRAFFIC-RELATED AIR POLLUTION 
MAY INCREASE CHILDHOOD 
LEUKEMIA RISK
L

iving near m
ajor roadw

ays results in 
exposure to m

any potential carcinogenic 
substances. E

stim
ates place as m

uch as 
10%

 of the U
.S. population and as m

any 
as 30-45%

 of urban residents living near 
m

ajor roadw
ays.

Studies have suggested that chem
icals 

and other com
ponents of air pollution 

m
ay contribute to childhood leukem

ia. 
A

 recent m
eta-analysis of seven studies 

from
 E

urope and the U
nited States 

conducted by the C
D

C
 suggests that 

living near highly trafficked roadw
ays 

after birth increases children’s risk for 
leukem

ia by over 50%
 (O

R
 1.53; 95%

 
C

I 1.12, 2.10) (B
oothe et al., 2014).
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EARLY PRECONCEPTION AND 
PRENATAL INTRODUCTION OF 
VITAM

INS AND FOLATE REDUCES 
RISK OF CHILDHOOD LEUKEM

IA
A

t their next visit, D
r. B

aker asks Tricia 
about her pregnancy w

ith Stephen. L
ike 

m
any other w

om
en, she didn’t think 

about taking vitam
ins before or during 

the first tw
o m

onths of the pregnancy, 
especially because she ate a nutritious 
diet. O

therw
ise she w

as very careful to 
live a healthy lifestyle w

hile pregnant and 
did not sm

oke or drink. She started on 
prenatal vitam

ins w
ith folate at her first 

prenatal visit at eight w
eeks gestation. 

Folate supplem
entation has been 

associated w
ith reductions in risk for 

childhood leukem
ia, at least for those at 

risk for low
er folate consum

ption. Folate 
supplem

entation before conception and 
early in pregnancy not only appears to 
be protective in the case of leukem

ia risk, 
but also reduces neural tube and other 
birth defects, and m

ay reduce the risk of 
developing autism

. (Schm
idt et al., 2012; 

Suren et al., 2012)

A
 S

to
ry

 o
f H

e
a

lth
Cognitive 
Decline

Asthma
Reunion 
Home

Cancer 
(Childhood 
Leukemia)

Learning/  
Developmental 
Disabilities

Diabetes
Infertility

References
Help Page

 M
o

re in
fo

rm
atio

n
: C

D
C

’s  
Preco

n
cep

tio
n

 care fo
r  

w
o

m
en

 an
d

 m
en

 

• C
D

C
 o

n
 p

reg
n

an
cy

• R
o

yal C
o

n
g

ress  
o

f O
B

/G
Y

N
:  

- C
h

em
ical  

  Exp
o

su
res D

u
rin

g
  

  Preg
n

an
cy

• A
m

erican
 C

o
n

g
ress 

o
f O

b
stetrics an

d
 

G
yn

eco
lo

g
y (A

C
O

G
):

 
- G

o
o

d
 H

ealth
  

  B
efo

re  
  Preg

n
an

cy (p
d

f)

 
- Pren

atal N
u

tritio
n

 
- En

viro
n

m
en

tal  
  C

h
em

icals

• U
C

SF: Pro
g

ram
 

o
n

 R
ep

ro
d

u
ctive 

H
ealth

 an
d

 th
e 

En
viro

n
m

en
t

M
o

re reso
u

rces fo
r p

ren
atal care::

Go Back   
←

Fo
late an

d
 Leu

kem
ia, 

Fo
late R

eco
m

m
en

d
atio

n
s 

fo
r W

o
m

en

Pren
atal C

are an
d

 H
ealth

y 
C

h
ild

 D
evelo

p
m

en
t

Preco
n

cep
tio

n
 an

d
 H

ealth
y 

C
h

ild
 D

evelo
p

m
en

t

Go Back   
←

Fo
late su

p
p
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en

tatio
n

  
fo

r w
o

m
en

A
n

 an
alysis o

f d
ata p

o
o

led
 fro

m
 12 stu

d
ies 

o
f ch

ild
h

o
o

d
 leu

kem
ia fro

m
 10 co

u
n

tries 
fo

u
n

d
 fo

late su
p

p
lem

en
tatio

n
 (o

r vitam
in

s 
likely to

 co
n

tain
 fo

late) b
efo

re o
r d

u
rin

g
 

p
reg

n
an

cy w
as asso

ciated
 w

ith
 15%

 (95%
 

C
I: 0.78-0.92) an

d
 20%

 (95%
 C

I: 0.71-0.89) 
red

u
ctio

n
 in

 risk. 

R
eco

m
m

en
d
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Th

e U
.S Preven
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(U
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m
m

en
d
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at all w

o
m

en
 

cap
ab

le o
f b

eco
m

in
g

 p
reg

n
an

t, in
clu

d
in

g
 

th
o

se p
lan

n
in

g
 a p

reg
n

an
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aily 
su

p
p

lem
en

t o
f 0.4 to

 0.8 m
g

 o
f fo

lic acid
. 

Th
e A

m
erican

 C
o

lleg
e o

f O
b

stetrics an
d

 
G

yn
eco

lo
g

y (A
C

O
G

) an
d

 A
m

erican
 A

cad
em

y 
o

f Fam
ily Ph

ysician
s (A

A
FP) also

 reco
m

m
en

d
 

0.4 m
g

 o
f d

aily fo
late su

p
p

lem
en

tatio
n

 fo
r 

w
o

m
en

 o
f ch

ild
b

earin
g

 ag
e, 0.6 m

g
 d

aily 
d

u
rin

g
 p

reg
n

an
cy, (A

C
O

G
 2013), an

d
 4 m

g
/

d
ay fo

r w
o

m
en

 w
ith

 a h
isto

ry o
f h

avin
g

 h
ad

 
a ch

ild
 w

ith
 n

eu
ral tu

b
e d

efects (U
SPSTF 

2009; A
C

O
G

 2003).   
 

clo
se w

in
d

o
w

 • x

PRENATAL CARE FOR HEALTHY DEVELOPMENT

Th
e fetu

s can
 b

e h
arm

ed
  

b
y en

viro
n

m
en

tal  
exp

o
su

res in
clu

d
in

g
:

• M
om

’s sm
oking and  

second hand sm
oke,

• M
om

’s drinking alcohol 
and her exposure to other 
solvents like those in certain 
paints, and in products  
used in nail salons,

• M
om

’s exposure to lead, 
m

ercury (from
 som

e 
fish and other sources), 
pesticides, PC

B
s (banned  

in the U
S but still found 

in the environm
ent) and 

certain polybrom
inated 

diphenyl ethers (PB
D

E
s –  

a fam
ily of chem

icals long-
used as flam

e retardants  
in foam

 and furniture),  
am

ong others.

Po
sitive actio

n
s to

  
p

ro
tect th

e fetu
s:

• A
void sm

oking or 
drinking,

• M
aintain a healthy diet,

• Supplem
ent w

ith prenatal 
vitam

ins, including folic 
acid, iodine, and vitam

in 
D

 if m
aternal serum

 levels 
are inadequate,

• A
void toxicants.

    
 

 
clo

se w
in

d
o

w
 • x

Im
ag

e so
u

rce: C
en

ters fo
r D

isease C
o

n
tro

l  
an

d
 Preven

tio
n

, u
sed

 w
ith

 p
erm

issio
n

PRECONCEPTION AND HEALTHY CHILD DEVELOPMENT

A
ll w

om
en and m

en can benefit 
from

 healthy habits throughout life, 
w

hether or not they plan to have a 
baby one day. T

hese include eating 
healthy food, getting regular exercise, 
avoiding toxic substances, and 
reducing excessive stress. 
E

ven prior to conception som
e specific 

actions are im
portant for prospective 

parents to take because they can 
influence birth outcom

es. M
aternal 

exposures to toxic chem
icals before 

or around the tim
e of conception can 

adversely affect the quality of eggs 
(ova) and new

ly-conceived em
bryos. 

B
ut these exposures can be harm

ful 
to m

en’s reproductive health as w
ell. 

For exam
ple, a father’s occupational 

exposure to pesticides has been 
associated w

ith increased risk of som
e 

childhood cancers and birth defects in 
his offspring. (R

oberts et al., 2012). 
Parents can also take hom

e from
 the  

w
orkplace toxicants like lead and 

pesticides on their clothing, resulting 
in direct exposures to other fam

ily 
m

em
bers. (G

erson et al., 1996; Fenske 
et al., 2013) 
N

utritionally, a prospective father’s 
diet that is deficient in folate (a “B

” 
vitam

in) increases the risk of birth 
defects in his offspring. (L

am
brot et 

al., 2013). Sim
ilarly, m

aternal folate 
supplem

ents in the periconceptual 
period (~ 6 w

eeks before and after 
conception) are associated w

ith 
decreased risk of having a child  
w

ith an autism
 spectrum

 disorder. 
(Lyall, 2014)
O

f course optim
al nutrition and 

appropriate vitam
in and m

ineral 
supplem

ents throughout pregnancy 
are also im

portant to help prom
ote 

optim
al fetal developm

ent. 
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Preco
n

cep
tio

n
 care fo

r w
o

m
en

 
an

d
 m

en
 is im

p
o

rtan
t fo

r lifetim
e 

h
ealth

 as w
ell as h

ealth
y ch

ild
 

d
evelo

p
m

en
t.

Im
ag

e so
u

rce: C
en

ters fo
r D

isease C
o

n
tro

l  
an

d
 Preven

tio
n

, u
sed

 w
ith

 p
erm

issio
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Your Child from
 Leukem

ia

PREN
ATAL

VITAM
IN

W
hile pregnant, 

avoid drinks w
ith 

alcoholor caffeine.

B
efore and during your 
pregnancy, eat lots of 
fruits

and vegetables. 
Take a prenatal vitam

in 
containing folic acid.

CHILDHOOD LEUKEMIA  Stephen’s Story 

HEALTHY EATING PROM
OTES 

HEALTH, PREVENTS DISEASE 
H

olistic nutritional assessm
ents that 

accounted for both vitam
in intake and 

diet have indicated that m
aternal prenatal 

vitam
in supplem

entation – w
ith folic 

acid or other B
-vitam

ins – and healthy 
diet at the tim

e of conception and during 
pregnancy significantly decreased the risk 
of having a child w

ith leukem
ia. 

R
eduction in risk ranged from

 10 to 60%
 

depending on the type of data analyzed 
(B

-vitam
ins or healthy diet index) and 

the type of leukem
ia (lym

phoblastic or 
m

yeloid) (Singer et al, 2015a and 2015b). 
In contrast, heavy coffee consum

ption 
(but not tea) during pregnancy seem

s to be 
harm

ful, based on a pooled analysis from
 

the C
hildhood L

eukem
ia International 

C
onsortium

 (M
ilne et al., 2018). 

A
lthough findings linking m

aternal 
alcohol consum

ption to childhood 
leukem

ia are less consistent, it is prudent 
to refrain from

 drinking alcohol during 
pregnancy as w

ell.  
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reastfeed
in

g
 red

u
ces risk  

o
f leu

kem
ia

B
reast m

ilk co
n

tain
s an

tib
o

d
ies an

d
 an

ti-
in

fl
am

m
ato

ry su
b

stan
ces th

at h
ave an

 
o

verall b
en

efi
cial im

p
act o

n
 th

e in
fan

t  
an

d
 ch

ild
 later in

 life. Several p
o

o
led

 
an

d
 m

eta-an
alyses h

ave co
n

fi
rm

ed
 th

at 
b

reastfeed
in

g
 6 m

o
n

th
s an

d
 m

o
re red

u
ces 

th
e risk o

f ch
ild

h
o

o
d

 leu
kem

ia b
y 15%

. 
Th

ese fi
n

d
in

g
s p

ro
vid

e ad
d

itio
n

al  
ratio

n
ale to

 p
ro

m
o

te b
reastfeed

in
g

.

FIN
D

 O
U

T M
O

R
E:

“R
o

sa an
d

 C
arlo

s  
Plan

 a Fam
ily”

R
aisin

g
 a h

ealth
y ch

ild
 

b
eg

in
s b

efo
re p

reg
n

an
cy. 

A
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CRITICAL W
INDOW

S OF EXPOSURE 
TO TOBACCO SMOKE
D

avid sm
oked before Stephen w

as born 
but quit w

hen his w
ife found out she 

w
as pregnant. 

W
e know

 that tobacco sm
oke could be 

affecting the developm
ent of the fetus 

and the child during pregnancy and 
during the early years of life. W

e also 
know

 that tobacco sm
oke can affect the 

germ
 cells.

T
hat m

eans at the tim
e of conception, 

or even before conception, tobacco 
sm

oke m
ay have an effect. E

xposures 
during m

ultiple tim
e periods m

ay add 
additional risk.

Sm
o

kin
g

 C
essatio

n
 

R
eso

u
rces:

Free H
elp

 to
 Q

u
it 

Sm
o

kin
g

 (N
at’l C

an
cer 

In
stitu

te)

G
ettin

g
 H

elp
 to

 Q
u

it 
Sm

o
kin

g
 (A

m
erican

 
Lu

n
g

 A
sso

c.)
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A
 w

in
d

o
w

 o
f vu

ln
erab

ility is a tim
e 

w
in

d
o

w
(s) d

u
rin

g
 p

reg
n

an
cy o

r ch
ild

 
d

evelo
p

m
en

t w
h

en
 th

e fetu
s, in

fan
t, 

o
r ch

ild
 is esp

ecially su
scep

tib
le to

 
p

articu
lar en

viro
n

m
en

tal exp
o

su
res, 

g
en

eral en
viro

n
m

en
tal d

ep
rivatio

n
, 

su
b

o
p

tim
al n

u
tritio

n
, o

r p
sych

o
so

cial 
stress. Exp

o
su

res d
u

rin
g

 th
ese tim

e 
w

in
d

o
w

s can
 d

isru
p

t im
p

o
rtan

t 
d

evelo
p

m
en

tal p
ro

cesses, alterin
g

 
stru

ctu
ral o

r fu
n

ctio
n

al d
evelo

p
m

en
t 

o
f vario

u
s o

rg
an

s o
r p

h
ysio

lo
g

ic 
system

s, w
ith

 p
o

ten
tial lifelo

n
g

 
co

n
seq

u
en

ces. 

Tim
e w

in
d

o
w

s o
f vu

ln
erab

ility 
can

 b
e relatively lo

n
g

 an
d

 exten
d

 
th

ro
u

g
h

o
u

t fetal an
d

 in
fan

t 
d

evelo
p

m
en

t, o
r th

ey can
 b

e 
relatively sh

o
rt an

d
 p

recise. Fo
r 

exam
p

le, th
alid

o
m

id
e can

 cau
se 

severe lim
b

 ab
n

o
rm

alities if exp
o

su
re 

o
ccu

rs in
 th

e fetu
s 20-36 d

ays 
after co

n
cep

tio
n

. A
ltern

atively, 
th

e m
an

ifestatio
n

s o
f fetal alco

h
o

l 
exp

o
su

re can
 vary co

n
sid

erab
ly 

d
ep

en
d

in
g

 o
n

 th
e tim

in
g

 an
d

 exten
t 

o
f exp

o
su

re th
ro

u
g

h
o

u
t p

reg
n

an
cy.
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K
EY

 C
O

N
C

EPT:  

W
in

d
o

w
s o

f V
u

ln
erab

ility

D
ata So

u
rce: C

en
ters fo

r D
isease C

o
n

tro
l  

an
d

 Preven
tio

n
 B

eh
avio

ral Facto
r Su

rveillan
ce 

System
. Sm

o
kin

g
 Prevalen

ce accessed
 fro

m
 

En
viro

n
m

en
tal Pu

b
lic H

ealth
 Trackin

g
 N

etw
o

rk:  
w

w
w

.cd
c.g

o
v/ep

h
trackin

g
. G

rap
h

ic u
sed

 w
ith

 
p

erm
issio

n
. 
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Percen
t C

u
rren

t A
d

u
lt 

Sm
o

kers b
y State

Percen
t C

u
rren

t Sm
o

kers

9%
-12%

12%
-16%

17%
-20%

21%
-27%

K
ey C

o
n

cep
t: 

W
in

d
o

w
s o

f 
V

u
ln

erab
ility

M
ap

: Percen
t 

C
u

rren
t A

d
u

lt 
Sm

o
kers b

y State
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M
om

’s sm
oking during pregnancy can 

cause: prem
ature

birth, 
birth defects, or even 

a m
iscarriage.

Dad’s sm
oking before conception 

can cause: childhood leukem
ia.

`

M
om

s or dads w
ho sm

oke increase cancer-causing 
DN

A changes in their children by 30%
.

M
om

’s Sm
oking During Pregnancy is Bad for Baby, but

CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
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f H
e

a
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PARENTAL SMOKING INCREASES 
RISK OF CHILDHOOD LEUKEMIA
A

t various tim
es during a child’s 

developm
ent, parental sm

oking – by 
either the m

other and/or father – confers 
an increased risk of childhood leukem

ia. 
R

esearch from
 the C

hildhood Leukem
ia 

International C
onsortium

 (C
LIC

) has 
confirm

ed that paternal sm
oking before 

conception is linked to an increased risk 
of acute lym

phoblastic leukem
ia (A

LL) 
(M

etayer, 2013 – see figure in the Paternal 
Sm

oking popup). T
he effect can be 

exacerbated if the child continues to be 
exposed to secondhand sm

oke after birth.
Interview

-based studies of the relationship 
betw

een m
aternal sm

oking during 
pregnancy and childhood leukem

ia w
ere 

initially m
ostly negative; but recent 

advancem
ents have pointed to specific 

at-risk populations. It also appears that 
certain subtypes of childhood leukem

ia 
are uniquely sensitive to m

aternal 
sm

oking. M
odern techniques of assessing 

sm
oking habits during pregnancy m

ay 
reveal m

ore about the risks.
G

rap
h

ic u
sed

 in
 “To

b
acco

 Sm
o

ke an
d

 C
h

ild
h

o
o

d
 A

M
L” p

o
p

u
p

 u
sed

 w
ith

 p
erm

issio
n

 fro
m

 
M

etayer C
, Petrid

o
u

 E, M
ejía A

ran
g

u
ré JM

, R
o

m
an

 E. et al. Paren
tal to

b
acco

 sm
o

kin
g

 an
d

 
acu

te m
yelo

id
 leu

kem
ia in

 ch
ild

ren
: th

e C
h

ild
h

o
o

d
 Leu

kem
ia In

tern
atio

n
al C

o
n

so
rtiu

m
. A

m
 J 

Ep
id

em
io

l. 2016 A
u

g
 15;184(4):261-73.
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Th
e o

d
d

s ratio
s are d

erived
 fro

m
 lo

g
istic reg

ressio
n

, ad
ju

sted
 fo

r 
ag

e, sex, race/eth
n

icity, an
d

 h
o

u
seh

o
ld

 in
co

m
e.  

*p
-valu

e fo
r in

teractio
n

 =0.01

Jo
in

t Effect o
f Patern

al Sm
o

kin
g

 an
d

 Early C
h

ild
h

o
o

d
 Exp

o
su

re to
 

Passive Sm
o

kin
g

 o
n

 R
isk o

f C
h

ild
h

o
o

d
 B

-cell A
LL w

ith
 Tran

slo
catio

n

FA
TH

ER
sm

o
ked

  
b

efo
re b

irth

N
o

N
o

Yes

Y
es

N
o

Yes

N
o

Y
es

82128

26

670

12774

88

R
eferen

ce

0.69 (0.36-1.32)

0.85 (0.35-2.03)

2.08 (1.04-4.16)*

C
H

ILD
 

exp
o

sed
 

to
 p

assive 
sm

o
kin

g

N
u

m
b

er  
o

f cases 
(n

=130)

N
u

m
b

er  
o

f co
n

tro
ls 

(n
=975)

O
R

 
(95%

 C
I)

In
vestig

ato
rs fro

m
 th

e C
alifo

rn
ia 

C
h

ild
h

o
o

d
 Leu

kem
ia Stu

d
y h

ave 
evalu

ated
 th

e risks o
f p

atern
al 

sm
o

kin
g

 b
efo

re an
d

 after b
irth

.

W
h

en
 th

e fath
er sm

o
ked

 b
efo

re 
b

irth
 (in

clu
d

in
g

 b
efo

re co
n

cep
tio

n
 

an
d

 d
u

rin
g

 p
reg

n
an

cy) an
d

 th
e 

ch
ild

 w
as su

b
seq

u
en

tly exp
o

sed
 to

 
seco

n
d

h
an

d
 sm

o
ke after b

irth
, th

ere 
w

as a h
ig

h
er risk o

f ch
ild

h
o

o
d

 B
-cell  

A
LL ch

aracterized
 b

y a sp
ecifi

c 

ch
ro

m
o

so
m

al tran
slo

catio
n

 (12;21). 
In

 co
n

trast, th
e m

o
lecu

lar su
b

typ
e o

f 
A

LL ch
aracterized

 b
y h

yp
erd

ip
lo

id
y 

w
as n

o
t asso

ciated
 w

ith
 p

atern
al 

sm
o

kin
g

.

Fath
ers w

h
o

 sm
o

ked
 b

efo
re b

irth
 

still h
ave an

 o
p

p
o

rtu
n

ity to
 lim

it 
th

eir ch
ild

’s risk fo
r A

LL b
y ch

o
o

sin
g

 
n

o
t to

 exp
o

se th
em

 to
 seco

n
d

h
an

d
 

sm
o

ke after b
irth

. 
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in
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o
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Patern
al sm

o
kin

g
 asso

ciated
 w

ith
 in

creased
  

risk o
f sp

ecific leu
kem

ia su
b

typ
e

G
rap

h
ic: B

ased
 o

n
 M

etayer et al., 2013, 
u

sed
 w

ith
 p

erm
issio

n

C
ig

arette sm
o

kin
g

 can
 b

e a tab
o

o
 

su
b

ject o
f co

n
versatio

n
. So

m
e 

sm
o

kers m
ay feel stig

m
atized

 b
y 

an
ti-sm

o
kin

g
 cam

p
aig

n
s th

ey’ve 
seen

. Em
o

tio
n

s o
f g

u
ilt o

r sh
am

e can
 

co
lo

r self-rep
o

rts o
f p

ast sm
o

kin
g

, 
esp

ecially fo
r m

o
th

ers w
h

o
 sm

o
ked

 
d

u
rin

g
 p

reg
n

an
cy. In

accu
rately 

rep
o

rted
 sm

o
kin

g
 h

ab
its co

u
ld

 b
ias 

an
 ep

id
em

io
lo

g
ical stu

d
y.

In
 ad

d
itio

n
 to

 u
sin

g
 in

terview
s, levels 

o
f to

b
acco

 co
n

stitu
en

ts in
 m

atern
al 

u
rin

e, n
eo

n
atal b

lo
o

d
 sp

o
ts, an

d
 

h
o

u
se d

u
st can

 b
e u

sed
 as o

b
jective 

in
d

icato
rs o

f sm
o

kin
g

. M
o

re recen
tly, 

a sp
ecifi

c p
attern

 o
f ep

ig
en

etic 
ch

an
g

es in
 D

N
A

 m
eth

ylatio
n

 h
as 

b
een

 lin
ked

 to
 m

atern
al sm

o
kin

g
 

d
u

rin
g

 p
reg

n
an

cy. Th
is in

fo
rm

atio
n

 
can

 su
p

p
lem

en
t self-rep

o
rted

 
sm

o
kin

g
 in

 ep
id

em
io

lo
g

ic stu
d

ies o
f 

leu
kem

ia.  
 

R
eferen

ce: Liu
 R

, Zh
an

g
 L, M

cH
ale C

M
, et al.  

Patern
al sm

o
kin

g
 an

d
 risk o

f ch
ild

h
o

o
d

 acu
te 

lym
p

h
o

b
lastic leu

kem
ia: system

atic review
 an

d
 

m
eta-an

alysis. J O
n

co
l. 2011;2011:854584.
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M
o

lecu
lar m

arkers o
f p

ast sm
o

kin
g

C
h

ild
h

o
o

d
 A

M
L is very d

iffi
cu

lt to
 stu

d
y 

b
ecau

se it is a rare su
b

typ
e an

d
 th

at 
m

ean
s th

at th
ere are few

er p
atien

ts w
h

o
 

m
ig

h
t p

articip
ate in

 o
b

servatio
n

al stu
d

ies. 
To

 d
eal w

ith
 th

is p
ractical lim

itatio
n

, 
in

vestig
ato

rs fro
m

 th
e C

h
ild

h
o

o
d

 Leu
kem

ia 
In

tern
atio

n
al C

o
n

so
rtiu

m
 h

ave p
o

o
led

 
d

ata fro
m

 12 stu
d

ies co
n

d
u

cted
 aro

u
n

d
 th

e 
w

o
rld

 to
 fi

n
d

 risk facto
rs fo

r A
M

L.
O

verall, m
atern

al sm
o

kin
g

 b
efo

re, d
u

rin
g

, 
o

r after p
reg

n
an

cy w
as n

o
t asso

ciated
 w

ith
 

ch
ild

h
o

o
d

 A
M

L; th
ere w

as a su
g

g
estio

n
, 

h
o

w
ever, th

at sm
o

kin
g

 d
u

rin
g

 p
reg

n
an

cy 
w

as asso
ciated

 w
ith

 an
 in

creased
 risk 

am
o

n
g

 Latin
o

 ch
ild

ren
 (b

u
t n

o
t o

th
er 

g
ro

u
p

s). 
Patern

al sm
o

kin
g

 w
as asso

ciated
 w

ith
 

an
 in

creased
 risk o

f A
M

L in
 th

e p
o

o
led

 
an

alysis (O
R

=
1.34; 95%

 C
I 1.11-1.62). 

H
ig

h
er risks w

ere rep
o

rted
 fo

r h
eavy 

sm
o

kers.  A
sso

ciatio
n

s w
ith

 p
atern

al 
sm

o
kin

g
 varied

 b
y h

isto
lo

g
ical typ

e. 

Exp
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 To
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f C
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 C
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DOCTOR – IS ANY ONE RISK 
FACTOR THE IDENTIFIABLE CAUSE 
OF STEPHEN’S LEUKEMIA?
Tow

ard the end of their clinic visit, Tricia 
and D

avid w
ere visibly distressed about 

all of the potential factors that could 
have contributed to their son’s leukem

ia. 
D

r. B
aker told Tricia and D

avid that 
they cannot blam

e them
selves for their 

son’s disease. H
e explained, for exam

ple, 
that studies exam

ining the link betw
een 

pesticide exposures and leukem
ia involve 

fairly large groups of people and cannot 
be used to establish the cause of disease 
in an individual. H

e pointed out that 
m

ost children exposed to pesticides do 
not get leukem

ia and in m
ost cases  

there is no clear explanation for the 
cause of a specific child’s leukem

ia.  
H

e added, that due to health concerns 
about exposures to environm

ental 
toxicants, it w

ould be a good idea  
for everyone to m

inim
ize their 

exposures to them
.

 CHILDHOOD LEUKEMIA  Stephen’s Story 

W
atch

: D
r. G

ary D
ah

l 
d

iscu
sses th

e clin
ic visit 

(3:08 m
in

s.)
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M
o

st co
m

p
lex d

iseases are n
o

t 
easily exp

lain
ed

 b
y a sin

g
le variab

le. 
R

ath
er, n

u
m

ero
u

s in
teractio

n
s am

o
n

g
 

m
an

y variab
les, acro

ss in
d

ivid
u

al, 
co

m
m

u
n

ity, an
d

 so
cietal levels, o

ver 
tim

e, are m
o

re likely in
vo

lved
.  

Eco
lo

g
ical, m

u
ltifacto

rial fram
ew

o
rks 

(o
r m

o
d

els) are b
est su

ited
 fo

r 
u

n
d

erstan
d

in
g

 th
e o

rig
in

s o
f co

m
p

lex 
d

iseases as w
ell as id

en
tifyin

g
 

o
p

p
o

rtu
n

ities to
 in

terven
e to

 p
reven

t 
o

r treat th
em

. H
o

w
ever, fo

r h
isto

ric 
an

d
 d

em
an

d
in

g
 p

ractical reaso
n

s, 
ep

id
em

io
lo

g
ists h

ave u
sed

 sim
p

ler 
m

o
d

els, b
reakin

g
 th

is co
m

p
lexity in

to
 

co
m

p
o

n
en

t p
arts, to

 en
ab

le 

id
en

tifi
catio

n
 o

f risk facto
rs fo

r a 
d

isease in
 a p

o
p

u
latio

n
. 

W
h

ereas th
at in

fo
rm

atio
n

 is u
sefu

l, 
th

is red
u

ctio
n

ist ap
p

ro
ach

 o
ften

 
can

n
o

t fu
lly exp

lain
 cau

sal p
ath

w
ays 

to
 d

isease in
 g

ro
u

p
s o

f p
eo

p
le an

d
  

can
 o

n
ly o

ffer lim
ited

 in
sig

h
t in

to
 th

e 
o

rig
in

s o
f a d

isease in
 a p

articu
lar 

p
erso

n
. Fro

m
 a p

u
b

lic h
ealth

 
p

ersp
ective, reassem

b
lin

g
 m

u
lti-level 

risk facto
rs in

to
 a m

o
re co

m
p

lex 
m

o
d

el 1) ackn
o

w
led

g
es th

e system
ic 

o
rig

in
s o

f d
isease p

attern
s; 2) h

elp
s 

to
 m

ake sen
se o

f th
e co

m
p

lexity; an
d

 
3) su

p
p

o
rts th

e d
evelo

p
m

en
t o

f n
ew

 
strateg

ies to
 stu

d
y an

d
 in

terven
e. 

 
 

 
 

clo
se w

in
d

o
w

 • x

K
EY

 C
O

N
C

EPT:  

Eco
lo

g
ical A

p
p

ro
ach

 to
 D

isease

“Playsch
o

o
l.” 

A
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ild
 in

 th
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p
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o

o
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g
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o
m
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u

g
h
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o
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d
o

w
. A
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ild
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h
an
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n

’ h
ap

p
ily p
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ts 
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cils w
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 th

e en
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u
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em
en

t o
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er 
N

an
 an

d
 Su
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e ‘Playlad

y’. M
u

ch
 th

o
u

g
h

t 
an

d
 care is g

iven
 to

 h
elp

 ch
ild

ren
 rem

ain
 

creative an
d

 b
u

sy w
h

en
ever p

o
ssib

le.” 
Ed

u
catio

n
 o

f th
e ch

ild
 at w

h
atever ag

e is 
co

n
sid

ered
 m

o
st im

p
o

rtan
t an

d
 is p

ro
vid

ed
 

in
 th

e sp
ecialised

 treatm
en

t u
n

its. 
clo

se w
in

d
o

w
 • x

“Playsch
o

o
l.”  

b
y Su
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acfarlan
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d
u
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 w
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 p
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A
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s o
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SOME CHILDREN ARE AT  
HIGHER RISK
A

 few
 m

onths after Stephen began 
treatm

ent, Tricia and D
avid start 

chatting w
ith a custom

er, Lynn, w
hile 

she is purchasing plants at their garden 
center.  Tricia recognizes Lynn’s daughter 
A

va in the shopping cart because she 
used to be in Stephen’s child care. 
A

va has D
ow

n syndrom
e. Lynn asks 

about Stephen, w
ho is napping nearby. 

Tricia explains about Stephen’s illness. 
Lynn m

entions that their pediatrician 
told her that kids w

ith D
ow

n syndrom
e 

are at higher risk for leukem
ia (10-20-

fold higher risk). Fortunately, few
er 

than one percent of children w
ith D

ow
n 

syndrom
e get childhood leukem

ia.

CHILDHOOD LEUKEMIA  Stephen’s Story 
A

 S
to

ry
 o

f H
e

a
lth

Cognitive 
Decline

Asthma
Reunion 
Home

Cancer 
(Childhood 
Leukemia)

Learning/  
Developmental 
Disabilities

Diabetes
Infertility

References
Help Page

W
atch

: D
r. M

ark M
iller d

iscu
sses 

ep
ig

en
etics (1:45 m

in
s) 

W
atch

: D
r. M

ark M
iller d
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sses 

th
e B

arker h
yp

o
th

esis (1:40 m
in

.)

M
ark M
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D

 M
PH

, D
irecto
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’s En
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m
en
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ealth
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ram
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ce o
f En
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en
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azard
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en

t, C
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EPA
; D
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r, U

C
SF Ped

iatric
En

viro
n

m
en

tal H
ealth

 Sp
ecialty U

n
it

Go Back   
←

Fam
ily H

isto
ry 

an
d

 C
h

ild
h

o
o

d
 

Leu
kem

ia

Fam
ily H

isto
ry an

d
 C

h
ild

h
o

o
d

 Leu
kem

ia 
Fo

r all ch
ild

h
o

o
d

 can
cers, in

clu
d

in
g

 leu
kem

ia, fi
rst an

d
 seco

n
d

 
d

eg
ree relatives o

f th
e d

iag
n

o
sed

 ch
ild

 m
ay b

e at in
creased

 
risk fo

r d
evelo

p
in

g
 can

cer if th
ere is alread

y a fam
ily h

isto
ry 

o
f can

cer. It is im
p

o
rtan

t to
 n

o
te th

at alth
o

u
g

h
 th

e risk m
ay 

b
e in

creased
 co

m
p

ared
 to

 th
e g

en
eral p

u
b

lic, sin
ce ch

ild
h

o
o

d
 

can
cer is very rare, th

e actu
al risk is still extrem

ely sm
all fo

r 
sib

lin
g

s an
d

 o
th

er fam
ily m

em
b

ers. A
 th

ree-g
en

eratio
n

 fam
ily 

h
isto

ry fo
r can

cer is in
d

icated
 fo

r all ch
ild

ren
 d

iag
n

o
sed

 w
ith

 
can

cer an
d

 sh
o

u
ld

 b
e reg

u
larly u

p
d

ated
. If an

 in
crease in

 can
-

cer is fo
u

n
d

, th
e fam

ily sh
o

u
ld

 b
e referred

 to
 m

ed
ical g

en
et-

ics fo
r evalu

atio
n

. (C
u

rtin
 et. al., 2013.) 
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Cancer is an epigenetic disease as m
uch

 
as it is a genetic disease; fully 10%

 of the 
leukem

ia genom
e is epigenetically altered

 
com

pared to norm
al blood cells. Som

e 
of these alterations m

ay be a result of 
adaptations to our environm

ent very early 
in our developm

ent. Such adaptations 
m

ay be appropriate at the tim
e, but have 

consequences later for disease risk. Such
 

an idea w
as w

ell explained in the Barker 
H

ypothesis (developm
ental origins of 

health and disease), now
 know

n to have 
epigenetic m

echanism
s. 

A
s th

e exten
t to

 w
h

ich
 ep

ig
en

etic 
m

ech
an

ism
s p

lay a ro
le in

 can
cer 

b
eco

m
e b

etter u
n

d
ersto

o
d

, w
e w

ill 
also

 b
etter u

n
d

erstan
d

 th
e in

fl
u

en
ce 

o
f en

viro
n

m
en

tal variab
les o

n
 th

ese 
m

ech
an

ism
s. Th

is rem
ain

s a h
ig

h
ly active 

research
 fi

eld
.

W
H

A
T IS EPIG

EN
ETIC

S?

Th
e g

en
etic co

d
e, o

r D
N

A
 seq

u
en

ce, is 
exactly th

e sam
e in

 each
 b

o
d

y cell. W
e 

n
eed

 so
m

e w
ay, h

o
w

ever, to
 exp

ress o
u

r 
g

en
es in

 a co
rrect m

an
n

er fo
r each

 cell 
typ

e, b
e it b

lo
o

d
, b

o
n

e, m
u

scle, b
rain

, 
etc. Early in

 d
evelo

p
m

en
t, o

u
r g

en
es 

are en
co

d
ed

 w
ith

 a set o
f d

istin
g

u
ish

in
g

 
m

arks o
n

 to
p

 o
f g

en
es, o

r ep
ig

en
etic 

m
arks, th

at in
fl

u
en

ce g
en

e exp
ressio

n
. 

Ep
ig

en
etic m

arks are im
p

o
rtan

t to
 all 

stag
es o

f all cell typ
es, to

 keep
 each

  
cell o

rg
an

ized
 w

ith
in

 o
u

r w
h

o
le  

h
u

m
an

 o
rg

an
ism

.  

Exp
o

su
res to

 en
viro

n
m

en
tal ch

em
icals, 

in
fectio

n
s, an

d
 d

iet can
 resu

lt in
 th

e  
tu

rn
in

g
 o

f g
en

es o
n

 o
r o

ff. Fo
r in

stan
ce, 

in
 a h

ig
h

 p
o

llu
tio

n
 en

viro
n

m
en

t, o
u

r 
b

o
d

ies can
 tu

rn
 o

n
 d

eto
xifi

catio
n

 
en

zym
es. In

 a lo
w

 fo
lic acid

 en
viro

n
-

m
en

t, th
e b

o
d

y can
 ad

ju
st to

 retain
 

m
o

re fo
late w

ith
in

 o
u

r cells. 
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o
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d
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m
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Sh

w
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m
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 syn
d
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m

e
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B
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o

m
 syn

d
ro

m
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A
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g
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In

h
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p
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H
o

w
 d

o
 w

e co
m

e in
 co

n
tact w

ith
  

fl
am

e-retard
an

t ch
em

icals?3) D
u

st is in
g

ested
 

th
ro

u
g

h
 h

an
d

-to
- 

m
o

u
th

 co
n

tact.

1) Flam
e retard

an
ts  

are n
o

t b
o

u
n

d
  

to
 fo

am
.

2) Th
ey o

ff-g
as  

fro
m

 fo
am

 an
d

 
settle in

to
 d

u
st.

CHILDHOOD LEUKEMIA  Stephen’s Story 

© Stephen Burdick Design

A
fter Stephen’s diagnosis, his parents 

w
ere approached by researchers and 

asked to participate in a study to analyze 
their household’s dust. Stephen’s parents 
w

ondered w
hat could possibly be in the 

house dust that w
ould give researchers 

clues as to w
hat m

ay cause childhood 
leukem

ia. T
he researchers w

ere very clear 
that the study is designed to learn about 
the possible causes of leukem

ia and 
w

ould not be able to pinpoint a specific 
cause of Stephen’s leukem

ia.
T

he researchers explained that they w
ere 

going to analyze the dust for polychlori-
nated biphenyls (PC

Bs) and structurally-
sim

ilar polybrom
inated diphenyl ethers 

(PBD
Es), classes of chem

icals that can 
rem

ain in the environm
ent for long pe-

riods of tim
e. PC

Bs had m
any industrial 

and com
m

ercial applications, including 
electrical equipm

ent and building m
ateri-

als. PBD
Es are used as flam

e retardants in 
plastics, textiles, and furniture. 
T

hese chem
icals can m

igrate from
 

consum
er products and collect in 

house dust. B
ecause children craw

l on 
the floor and put their hands in their 
m

outh, they m
ay be exposed to higher 

am
ounts of chem

icals com
m

only found 
in house dust than adults.

HOME EXPOSURES VIA DUST
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PC
B

s an
d

 PB
D

Es in
 H

o
u

se 
D

u
st Lin

ked
 to

 Leu
kem

ia R
isk

Po
lych

lo
rin

ated
 b

ip
h

en
yls (PC

B
s) 

an
d

 p
o

lyb
ro

m
in

ated
 d

ip
h

en
yl 

eth
ers (PB

D
Es) are tw

o
 classes 

o
f h

arm
fu

l ch
em

icals th
at w

ere 
ro

u
tin

ely u
sed

 as ad
d

itives in
 

certain
 co

n
su

m
er item

s an
d

 
b

u
ild

in
g

 m
aterials. D

u
e to

 th
eir 

to
xicity, b

o
th

 g
ro

u
p

s o
f ch

em
icals 

w
ere b

an
n

ed
 fro

m
 U

.S. p
ro

d
u

ctio
n

 
– fi

rst, PC
B

s in
 th

e 1970s an
d

, 
m

o
re recen

tly, PB
D

Es – b
u

t so
m

e 
co

n
tam

in
ated

 item
s an

d
 m

aterials 
th

at p
red

ate th
e b

an
s likely rem

ain
 

in
 circu

latio
n

. Plu
s, th

ese ch
em

icals 
d

o
 n

o
t read

ily b
reakd

o
w

n
 in

 th
e 

en
viro

n
m

en
t an

d
 can

 p
ersist in

 
h

o
u

se d
u

st fo
r years.

Th
e C
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rn

ia C
h

ild
h

o
o
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Leu
kem

ia Stu
d

y w
as th

e fi
rst to

 
exam

in
e th

e ro
le o

f PC
B

s an
d

 
PB

D
Es in

 ch
ild

h
o

o
d

 leu
kem

ia. 
Exp

o
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 d

u
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b

y h
ig

h
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f certain
 PC

B
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an
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 PB
D

Es w
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 w

ith
 a 

d
o

u
b

lin
g

 o
f A

LL risk.
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CHILDHOOD LEUKEMIA  Stephen’s Story 

W
atch

: D
r. Jo

e W
iem

els 
d

iscu
sses th

eo
ries ab

o
u

t 
in

fectio
n

 an
d

 leu
kem

ia 
rates (3:55 m

in
s.)

In
fectio

n
s referen

ce: R
u

d
an

t J, et al. C
h

ild
h

o
o

d
 

acu
te lym

p
h

o
b

lastic leu
kem

ia an
d

 in
d

icato
rs 

o
f early im

m
u

n
e stim

u
latio

n
: a C

h
ild

h
o

o
d

 
Leu

kem
ia In

tern
atio

n
al C

o
n

so
rtiu

m
 stu

d
y.  

A
m

 J Ep
id

em
io

l. 2015 A
p

r 15;181(8):549-62. 

IMMUNE SYSTEM MODULATION AS 
A PROTECTIVE FACTOR
Stephen attended preschool before he 
started chem

otherapy. 
O

ne day, Tricia and D
avid ran into 

parents at the grocery store w
hose 

children also attended Stephen’s 
preschool. T

hey m
entioned that their 

daughter had just gotten over a cold. 
Tricia thought it seem

ed like she w
as 

alw
ays hearing about som

eone getting 
sick in that school, but it w

as one of the 
larger preschools. She started to w

orry 
about w

hether som
ething w

as going 
around at school that could have m

ade 
Stephen sick.
Stephen got several serious infections as 
a young child and they em

ailed D
r. B

aker 
about w

hether this could be related to their 
son’s leukem

ia.  
D

r. B
aker responded that going to a large 

pre-school could actually be protective 
against childhood cancer, but that children 
w

ith leukem
ia report m

ore frequent severe 
infections throughout their childhood 
before diagnosis, perhaps indicating an 
altered or m

ore severe im
m

une system
 

response to com
m

on infections.
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o

su
re to

 an
im

als referen
ce

G
rap

h
ic u

sed
 w

ith
 p

erm
issio

n
.

Go Back   
←

In
fectio

n
 in

 th
e w

o
m

b
 

m
ay b

e a p
rim

ary 
cau

se o
f A

LL 

In
fectio

n
 an

d
 

leu
kem

ia risk

Infection-related dam
age 

lead
in

g
 to

 leu
kem

ia

Exp
o

su
re to

 farm
 

an
im

als an
d

 p
ets 

Go Back   
←

Th
e fi

rst g
en

etic m
u

tatio
n

s in
 leu

kem
ia 

o
ccu

r b
efo

re b
irth

 even
 if, in

 so
m

e 
in

stan
ces, th

e leu
kem

ia m
ay rem

ain
 

u
n

d
iag

n
o

sed
 fo

r an
o

th
er d

ecad
e o

r 
m

o
re (e.g

., in
 th

e case o
f a 10-year-o

ld
 

leu
kem

ia p
atien

t). 

R
ecen

tly, it h
as co

m
e to

 lig
h

t th
at in

 
u

tero
 in

fectio
n

 w
ith

 a co
m

m
o

n
 viru

s 
called

 cyto
m

eg
alo

viru
s (C

M
V

) can
 b

e a 
risk facto

r fo
r leu

kem
ia. It is n

o
t kn

o
w

n
 

w
h

eth
er fetal C

M
V

 in
fectio

n
s are cau

sin
g

 
g

en
etic m

u
tatio

n
s, b

u
t C

M
V

 certain
ly 

d
o

es m
o

d
ify o

u
r im

m
u

n
e system

 fu
n

ctio
n

 
an

d
 ch

an
g

e th
e w

ay w
e in

teract w
ith

 
o

th
er co

m
m

o
n

 in
fectio

n
s. 

Because the fetal im
m

une system
 is 

im
m

ature, a fetus infected w
ith CM

V
 

is unable to m
ount a specifi

c adaptive 
reaction to the virus and the infection

 
m

ay continue after birth. Congenital 
CM

V
 infection m

ay alter the w
ay a child

 
interacts w

ith other infections in early life. 

The relationship betw
een prenatal CM

V
 

infection and the other infections w
e 

have discussed (such as daycare-related
 

infections) is currently unknow
n; how

ever, 
the possibility that som

e of the burden
 

of childhood A
LL could be averted by 

stopping prenatal infections suggests an
 

enticing prevention strategy.
 

 
 

 
clo

se w
in

d
o

w
 • x

In
fectio

n
 in

 th
e w

o
m

b
 m

ay b
e a 

p
rim

ary cau
se o

f A
LL 

O
n

e m
eta-an

alysis o
f 11 stu

d
ies 

(sh
o

w
n

 b
elo

w
) in

d
icates th

at d
ay-care 

atten
d

an
ce is asso

ciated
 w

ith
 a red

u
ced

 
risk o

f A
LL (O

R
 = 0.78) (R

u
d

an
t et al., 

2015). D
ay-care w

as u
sed

 as a su
rro

g
ate 

m
easu

re o
f exp

o
su

re to
 co

m
m

o
n

 
in

fectio
n

s early in
 life. Th

is red
u

ced
 risk 

su
p

p
o

rts th
e h

yp
o

th
esis th

at co
m

m
o

n
 

in
fectio

n
s can

 b
e p

ro
tective ag

ain
st 

exag
g

erated
 resp

o
n

ses b
y th

e im
m

u
n

e 
system

 th
at m

ay b
e im

p
licated

 in
 

ch
ild

h
o

o
d

 leu
kem

ia. A
n

o
th

er stu
d

y 

u
sed

 m
o

n
th

 o
f b

irth
, tim

in
g

 o
f b

irth
 

in
 relatio

n
 to

 co
ld

 an
d

 fl
u

 seaso
n

, an
d

 
b

irth
 o

rd
er as m

arkers o
f exp

o
su

re to
 

in
fectio

n
s. Th

ey fo
u

n
d

 an
 in

creased
 

risk o
f d

evelo
p

in
g

 leu
kem

ia in
 ch

ild
ren

 
b

o
rn

 in
 th

e sp
rin

g
 an

d
 su

m
m

er an
d

 w
h

o
 

exp
erien

ce co
ld

 an
d

 fl
u

 seaso
n

 at 9-12 
m

o
n

th
s o

ld
 (O

R
 = 1.44) (M

arco
tte et 

al., 2014). Th
is m

ay in
d

icate th
at severe 

in
fectio

n
s at th

is critical tim
e p

o
in

t in
 

in
fan

cy can
 in

crease risk to
 leu

kem
ia.

IM
M

U
N

E SY
STEM

 M
O

D
U

LA
TIO

N
: 

Exp
o

su
re to

 C
o

m
m

o
n

 C
h

ild
h

o
o

d
 In

fectio
n

s M
ay M

o
d

u
late th

e 
Im

m
u

n
e System

 an
d

 R
ed

u
ce Leu

kem
ia R

isk 
W

eb Figure 3. Association betw
een ALL and day-care center attendance in the first year of life 

(yes vs. no), restriction to children aged ≥ 2 years, m
eta-analysis of 11 studies, C

hildhood Leukem
ia 

International C
onsortium

. Studies are ordered by increasing study period.  
Study-specific 

O
R

 
and 

95%
C

I 
were 

estim
ated 

by 
conditional 

(C
A_Q

C
LS, 

G
R

_N
AR

EC
H

EM
,  

N
Z_N

ZC
C

S, U
S_C

O
G

15, U
K_U

KC
C

S) or unconditional (AU
S_ALL, FR

_AD
ELE, FR

_ELEC
TR

E, 
FR

_ESC
ALE, IT_SETIL, U

S_N
C

C
LS) logistic m

odels, adjusted for age, gender, m
aternal educational 

level (AU
S_ALL, FR

_ELEC
TR

E, U
K_U

KC
C

S, U
S_C

O
G

15, U
S_N

C
C

LS), ethnicity (FR
_AD

ELE, 
U

S_N
C

C
LS), region or center of recruitm

ent (FR
_AD

ELE, U
K_U

KC
C

S), region or state of residence 
(AU

S_ALL, FR
_ELEC

TR
E), parental professional category (FR

_ESC
ALE), m

aternal age at childʼs 
birth (FR

_ELEC
TR

E, U
S_N

C
C

LS). 
ALL: acute lym

phoblastic leukem
ia, C

I: confidence interval, O
R

: odds ratios; Pe_cont: prevalence of 
exposure am

ong controls; AU
S_ALL: Australian study of causes of acute lym

phoblastic leukaem
ia in 

children; C
A_Q

C
LS: Q

uebec childhood leukem
ia study (C

anada); FR
_AD

ELE: Adele study (France); 
FR

_ELEC
TR

E: Electre study (France); FR
_ESC

ALE: Epidem
iological study on childhood cancer and 

leukem
ia 

(France); 
G

R
_N

AR
EC

H
EM

: 
N

ationw
ide 

registration 
for 

childhood 
haem

atological 
m

alignancies 
(G

reece); 
IT_SETIL: 

Study 
on 

the 
etiology 

of 
childhood 

lym
phohem

atopoietic 
m

alignancies (Italy); N
Z_N

ZC
C

S: N
ew Zealand childhood cancer study; U

K_U
KC

C
S: U

nited Kingdom
 

childhood cancer study;  U
S_C

O
G

15: C
hildrenʼs oncology group study (U

S); U
S_N

C
C

LS: N
orthern 

C
alifornia childhood leukem

ia study (U
S). 
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Study
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ontrols     Pe_cont
O

R
     95%

C
I

First author, Year
(R

eference N
o.)

Infante-R
ivard, 2005 (2) 

D
ockerty, 1999 (8) 

Zierhut, 2012 (10) 

R
om

an, 2007 (9) 

C
lavel, 2005 (3) 

Jourdan-D
a Silva, 2004 (4) 

M
agnani, 2014 (7) 

Bartley, 2010 (11) 

Petridou, 2008 (6) 

M
ilne, 2009 (1) 

R
udant, 2010 (5) 

R
u

d
an

t J, Lig
h

tfo
o

t T, U
rayam
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K

Y, Petrid
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 E, D

o
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M

ag
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i C

, M
iln

e E, Sp
ecto
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LG

, A
sh
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n

 LJ, D
essyp

ris N
, 

K
an

g
 A

Y, M
iller M

, R
o

n
d

elli R
, 

Sim
p

so
n

 J, Stiakaki E, O
rsi L, 

R
o

m
an

 E, M
etayer C

, In
fan

te-
R

ivard
 C

, C
lavel J. C

h
ild

h
o

o
d

 
acu

te lym
p

h
o

b
lastic leu

kem
ia 

an
d

 in
d

icato
rs o

f early im
m

u
n

e 
stim

u
latio

n
: a C

h
ild

h
o

o
d

 
Leu

kem
ia In

tern
atio

n
al 

C
o

n
so

rtiu
m

 stu
d

y.

clo
se w

in
d

o
w

 • x

Exp
o

su
re to

 a variety o
f in

fectio
n

s 
fo

llo
w

ed
 b

y an
 ap

p
ro

p
riate im

m
u

n
e 

resp
o

n
se is a h

ealth
y p

art o
f g

ro
w

in
g

 
u

p
, an

d
 seem

s to
 d

ecrease leu
kem

ia 
risk. H

o
w

ever, recen
t ad

van
ces in

 D
N

A
 

seq
u

en
cin

g
 tech

n
o

lo
g

y h
ave revealed

 
a m

ech
an

ism
 b

y w
h

ich
 stro

n
g

 im
m

u
n

e 
resp

o
n

se to
 in

fectio
n

s m
ay in

d
u

ce 
sp

ecifi
c d

am
ag

e lead
in

g
 to

 leu
kem

ia. 
R

esearch
ers h

ave n
o

w
 d

eterm
in

ed
 

th
e d

etailed
 g

en
etic co

d
e o

f th
e 

en
tire g

en
o

m
e o

f can
cer cells fro

m
 

m
an

y p
atien

ts. C
h

ild
h

o
o

d
 leu

kem
ia 

cells h
ave am

o
n

g
 th

e lo
w

est level 
o

f m
u

tatio
n

s co
m

p
ared

 to
 all o

th
er 

can
cer typ

es, w
h

ich
 is n

o
t su

rp
risin

g
 

sin
ce th

ere is very little tim
e in

 a 
ch

ild
’s b

rief life p
rio

r to
 d

iag
n

o
sis to

 
accu

m
u

late m
u

tatio
n

s. In
terestin

g
ly, 

p
o

in
t m

u
tatio

n
s in

 leu
kem

ia cells ap
p

ear 
to

 b
e p

red
o

m
in

an
tly p

ro
d

u
ced

 b
y a 

sp
ecifi

c en
zym

e, A
PO

B
EC

, w
h

ich
 h

as a 
ro

le in
 p

ro
tectin

g
 o

u
r cells fro

m
 viru

ses.  
A

PO
B

EC
 en

zym
e can

 attack an
d

 m
u

tate 
in

vad
in

g
 viru

ses cau
sin

g
 clu

sters o
f 

sp
ecifi

c m
u

tatio
n

s in
 th

e viru
ses, b

u
t th

is 
activity can

 resu
lt in

 co
llateral d

am
ag

e 
to

 o
u

r o
w

n
 g

en
etic co

d
e.  Fin

d
in

g
 th

ese 
m

u
tatio

n
 “sig

n
atu

res” in
 leu

kem
ia 

reveals a lin
k b

etw
een

 ep
id

em
io

lo
g

ic 
evid

en
ce th

at stro
n

g
 in

fectio
n

s can
 

trig
g

er leu
kem

ia, an
d

 th
e m

u
tatio

n
s 

w
ith

in
 leu

kem
ia cells th

em
selves. W

e 
kn

o
w

 th
at leu

kem
ia resu

lts fro
m

 b
o

th
 

p
ren

atal an
d

 p
o

stn
atal g

en
etic even

ts 
(th

e “tw
o

 h
it” h

yp
o

th
esis), an

d
 in

fectio
n

 
in

 th
is reg

ard
 rep

resen
ts a cau

se fo
r th

e 
seco

n
d

, p
o

stn
atal h

it. Preven
tio

n
 o

f th
is 

seco
n

d
 “h

it” b
y m

o
d

ifyin
g

 o
u

r resp
o

n
ses 

to
 in

fectio
n

s m
ay lead

 to
 p

reven
tio

n
 

strateg
ies fo

r leu
kem

ia. 
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o
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o
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u
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co

n
tact w
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im
als in

 early 
ch

ild
h

o
o

d
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 w
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statistically sig
n
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t red
u

ced
 risks 

o
f ch

ild
h

o
o

d
 A

LL (O
R

=0.65* fo
r 

farm
 an

im
als, 0.87* fo

r cats an
d

 
0.92 fo

r d
o

g
s*). Early ch

ild
h

o
o

d
 

co
n

tact w
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 farm
 an

im
als an

d
 p

ets 
is h
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o

th
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 b

e a su
rro

g
ate 

m
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r b
en

efi
cial early-life 
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m

u
n

e stim
u

latio
n

.
O
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o
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CANCER CLUSTERS
O

ne day w
hile w

aiting in the hospital 
for Stephen’s treatm

ent, T
ricia and 

D
avid m

eet a m
ilitary fam

ily w
ho 

recently m
oved to the area. T

he fam
ily 

tells them
 about a study they learned 

of that show
ed a confirm

ed cluster of 
leukem

ia near a m
ilitary base in Fallon, 

N
evada (see N

C
I cancer clusters fact 

sheet link at right).
A

 cancer cluster occurs w
hen a greater 

than expected num
ber of cancer cases 

arise am
ong people in a defined 

geographic area over som
e tim

e. D
ue 

to the nature of the disease and the 
tim

e it takes for cancers to develop, 
investigations to determ

ine if a cancer 
cluster exists and w

hat m
ight be the 

potential cause are very challenging. 
M

ost investigations of a suspected 
possible cluster are not fruitful,  
m

eaning no cause is identified and  
the clustering of cases turns out to  
be random

. 

Fin
d

 o
u

t m
o

re: 
C

o
m

m
u

n
ity H

ealth
 

Stu
d

ies an
d

 
En

viro
n

m
en

tal 
C

o
n

tam
in

atio
n

R
ead

 th
e C

an
cer 

C
lu

sters Fact Sh
eet 

fro
m

 th
e N

atio
n

al 
C

an
cer In

stitu
te 

W
atch

: V
iew

 vid
eo

 o
f  

Steve Fran
cis’ p

resen
tatio

n
,  

“C
o

u
ld

 in
fectio

n
 co

n
trib

u
te  

to
 a p

o
ssib

le leu
kem

ia  
clu

ster in
 Fallo

n
?”  

(Lo
n

g
 - 23:07 m

in
s) 

CHILDHOOD LEUKEMIA  Stephen’s Story 

A
 can

cer clu
ster o

ccu
rs w

h
en

 a g
reater 

th
an

 exp
ected

 n
u

m
b

er o
f can

cer 
cases arise am

o
n

g
 p

eo
p

le in
 a d

efi
n

ed
 

g
eo

g
rap

h
ic area o

ver tim
e.
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CHILDHOOD LEUKEMIA  Stephen’s Story 

IONIZING RADIATION (INCLUDING 
X-RAY AND CT SCAN) EXPOSURE 
AND CHILDHOOD LEUKEMIA
A

long w
ith the few

 infections that 
Stephen had as a baby, he caught 
pneum

onia w
hen he w

as six m
onths old. 

T
his required a trip to the doctor and a 

few
 chest x-rays. 

E
xposure to ionizing radiation from

 
nuclear accidents, x-rays, or radiation 
therapy has been associated w

ith 
increased risk of childhood leukem

ia. 
M

ultiple studies have consistently 
show

n in utero exposures to ionizing 
radiation increase the risk of leukem

ia by 
approxim

ately 40%
 (B

uffler et al., 2005).
C

T-scans are of particular concern for 
children because children are considerably 
m

ore sensitive to radiation than adults, 
they have a longer life expectancy resulting 
in a larger w

indow
 of opportunity for 

expressing radiation dam
age, and doses 

are cum
ulative over a lifetim

e. C
T-scans 

have not been extensively studied for links 
to leukem

ia, but their use has substantially 
increased in recent years and they often 
result in higher radiation exposures than 
X

-rays (Linet et al., 2009).  M
o

re > 
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CHILDHOOD LEUKEMIA  Stephen’s Story 

IONIZING RADIATION (INCLUDING 
X-RAY AND CT SCAN) EXPOSURE 
AND CHILDHOOD LEUKEMIA
(co

n
tin

u
ed

)
H

ow
ever, if the im

aging test is necessary
and clinically justified, then the parents
can be reassured that the benefits
w

ill outw
eigh the long-term

 cancer
risks. In recent years, radiologists and
technicians in m

any hospitals have
undertaken steps to reduce the exposure
from

 x-rays and C
T

 scans w
hile

m
aintaining the necessary quality of

the im
age (L

am
bert et al., 2014). M

any
clinicians are considering w

hether a
patient evaluation involving radiation
exposure is truly necessary, or if the
inform

ation of interest can be acquired
in som

e other w
ay.
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CHILDHOOD LEUKEMIA  Stephen’s Story 

D
r. B

aker em
phasizes to Tricia and D

avid 
the im

portance of Stephen continuing his 
chem

otherapy m
edications throughout 

the duration of recom
m

ended treatm
ent. 

Stephen w
ill undergo an intensive 

therapy period that ranges from
 6-9 

m
onths, requiring frequent visits to D

r. 
B

aker’s office or the hospital. A
fter this 

tim
e, Stephen w

ill receive m
aintenance 

chem
otherapy w

here he visits the 
oncologist approxim

ately once a m
onth, 

but the frequency of these visits w
ill 

depend on how
 w

ell Stephen tolerates his 
m

edications. 
A

 m
onth into Stephen’s therapy his 

parents joined a support group for 
parents of kids w

ith leukem
ia and 

learned about different resources. 
Studies indicate that social support can 
im

prove the quality of life in pediatric 
cancer patients. T

hese benefits can 
include reduced anxiety and post-
traum

atic stress am
ong childhood 

cancer survivors. M
ore adaptive coping 

strategies w
ere also observed w

ith 
fam

ily and social support.  
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CHILDHOOD LEUKEMIA  Stephen’s Story 

A
fter learning about the risks of chem

ical 
substances in the environm

ent, Stephen’s 
parents are taking steps to reduce 
exposures to their fam

ily and their 
com

m
unity. 

T
he nursery that they ow

n w
ill be 

transitioning to an all organic business 
m

odel, and they are w
orking w

ith other 
local businesses like the tow

n’s golf course 
to partner together and use Integrated 
Pest M

anagem
ent (IPM

). T
hey have also 

becom
e active in the local school board to 

help Stephen’s preschool sw
itch to IPM

. 
Tricia and D

avid are considering having 
another child after Stephen com

pletes 
chem

otherapy and is in full rem
ission.  

T
hey are relieved that the risk of  

leukem
ia for siblings rem

ains low
A

fter researching the possible causes 
of Stephen’s disease and becom

ing 
m

ore know
ledgeable about how

 m
any 

environm
ental factors im

pact health, 
they w

ill take extra precautions to 
prom

ote a healthy pregnancy. Tricia 
w

ill be taking folate supplem
ents before 

conception and during the pregnancy. 
She also plans to avoid the various 
environm

ental exposures that she has 
learned about to the extent possible.
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CHILDHOOD LEUKEMIA  Stephen’s Story 

W
hen Tricia, D

avid, and Stephen joined 
the rest of the fam

ily at this year’s 
reunion, they w

ere cautiously optim
istic 

about the future. 
Stephen w

as responding w
ell to 

chem
otherapy and the fam

ily had found 
com

fort in their local cancer support 
group and advocacy efforts to bring 
about change in their C

onnecticut tow
n.

D
avid tells the fam

ily about how
 far 

cancer treatm
ents have progressed 

in recent years and that Stephen has 
approxim

ately a 90%
 chance of being 

free of cancer in 5 years. T
hey w

ere all 
still concerned about the possibility of 
a relapse but have grow

n stronger as a 
fam

ily and as a com
m

unity.
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CHILDHOOD LEUKEMIA  Stephen’s Story 

SUMMING UP
Several com

m
on them

es arise in Stephen’s story that are sim
ilar to others 

in A
 Story of H

ealth. T
hese include the im

portance of critical w
indow

s 
of susceptibility, the consideration of sub-groups w

ithin a disease, the 
m

ultiple risk factors, and the interaction of underlying genetics w
ith 

the chem
ical, social and other environm

ents. W
e are also rem

inded that 
population studies can illum

inate underlying risk factors of disease (and 
therefore possible preventive actions), but generally cannot answ

er the 
specific question, “w

hat caused this illness in this child?”
L

ike other chronic diseases that have been increasing in recent years, 
childhood leukem

ia is com
plex. A

lthough there is no consensus 
am

ongst experts about its causes, except in a sm
all percentage of cases, 

evidence im
plicating a variety of risk factors continues to accum

ulate. 
For exam

ple, considerable evidence from
 m

ultiple studies around the 
w

orld im
plicates exposures to tobacco sm

oke, pesticides, radiation, and 
traffic-related air pollution. T

he evidence of protective effects of peri-
conception folate supplem

entation, breastfeeding, and early exposures 
in daycare also has substantial support.
O

ther associations that w
e have discussed in Stephen’s story (e.g., PC

B
s 

and PB
D

E
s) have been exam

ined in only one or tw
o studies and highlight 

the need for further investigation.
T

hough it m
ay seem

 daunting, view
ing health and disease as a result of 

the com
plex ecology of m

odern life reveals m
any key leverage points 

in w
hich preventive actions m

ay reduce disease incidence and im
prove 

health. Several of these are m
erely reinforcing current recom

m
endations 

from
 m

edical societies and other expert practice guidance. 
M

any of the risk factors associated w
ith childhood leukem

ia are also  
risk factors for other diseases discussed in A

 Story of H
ealth. People  

w
ill benefit in a variety of w

ays from
 avoiding unnecessary exposures  

to tobacco sm
oke, pesticides, and other environm

ental concerns.
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Population studies can 
illum

inate underlying risk 
factors of disease (and 
therefore possible preventive 
actions), but generally 
cannot answer the specific 
question, “what caused this 
illness in this child?”

Viewing health and disease as a result of the 
com

plex ecology of m
odern life reveals m

any key 
leverage points in which preventive actions m

ay 
reduce disease incidence and im

prove health
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COMMON THEMES
A

lthough the fictional narratives in A
 Story of H

ealth 
describe the lives of children and adults w

ith different 
conditions and diseases – infertility, asthm

a, develop-
m

ental disabilities, childhood leukem
ia and cognitive 

decline - com
m

on them
es resonate. T

hey include: 
•

 
Im

portant environm
ental influences com

e from
 

the natural, chem
ical, food, built, and social 

environm
ents. 

•
 

A
lthough there are exceptions, m

ost diseases as w
ell 

as good health are the result of com
plex interactions 

am
ong m

ultiple environm
ental influences and 

genetics. 

•
 

E
arly-life experiences, particularly during critical 

w
indow

s of developm
ent, can have profound 

beneficial or detrim
ental lifelong effects, even   

into elder years. 

•
 

H
ealthy people and healthy com

m
unities are 

interdependent. A
ll people do not have equal  

access to nutritious food, clean air and w
ater,  

safe w
orkplaces, healthy housing, green spaces, 

peaceful neighborhoods or quality health care. 

•
 

Preventing disease and prom
oting health require 

actions and com
m

itm
ents from

 the individual, 
fam

ily, com
m

unity and society. H
ealth prom

oting 
public policies are necessary to m

ake healthy living 
available to all people.
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Childhood Leukem
ia 
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