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Why did this patient get this disease  
      at this time? 
 

Or, Why does this population have a higher 
incidence? 

Two Different Questions  



Disease prevention and response after diagnosis is not 
just an individual responsibility. It belongs to the 

community as well.  
 
 
 

• North Karelia 
– In 35 years cardiac  

mortality decreased 85% 

Creative commons: Strokin.Ru 
http://commons.wikimedia.org/wiki/File:Kolin_finland.jpg  

MaSii 
http://commons.wikimedia.org/wiki/File:Juuankirkko.jpg 

Puska P..  Prog Cardiovasc Dis. 2010; 53(1):15-20  



Days exceeding CA standards for Ozone (1 
hr) and PM10 (24 hr) (South Coast air basin Data 

California Air resources Board ) 
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Gauderman WJ et al. N Engl J Med 2015;372:905-913  USC Children’s Health Study  
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Story of Health 
Used with permission 



Participating Survey Networks 

 
 
 Huntsman Cancer Institute 

Center for Children’s Cancer 
Research  

Dana Farber  
Cancer Institute 

California Childhood 
Leukemia Study Sites 



Survey Respondents  
N = 191/427 (45% Response) 

 
 
 

60%  
Physician   

23%  
Hem/Onc 

Fellow 

17%  
NP 



 
 
 

• 89% said they “frequently” or “occasionally” received 
questions from patients about potential environmental causes  
 
•Around half felt “somewhat uncomfortable” or “not at all 
comfortable” responding to these questions 
 

49.7% 

39.5% 

9.6% 

1.2% 

How often, if ever, have you received questions from 
parents or family members about potential workplace 

or environmental exposures as possible causes of 
disease?  

Frequently

Occasionally

Rarely

Never



Environmental Exposures as Contributors 
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In your opinion, are environmental exposures 
important contributors to childhood cancer?  

Strongly agree or
agree

Neutral

Disagree or
strongly disagree
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As part of your patient’s history, do you collect information on 
potential exposures to any of the following external factors?   



Only 6% had ever 
received training 
specifically for taking an 
environmental history 

 
92% reported they would 
find it helpful to have 
more  information about 
the association between 
childhood cancers and 
environmental exposures  

 

Knowledge Gap 



Integrating Environmental Health  

● Improved patient-
provider 
communications  

● Enhanced data 
collection 

● Role of alert 
clinicians in 
informing 
research agendas 

 



Causality vs. Association 

● Strength 
● Consistency 
● Specificity 
● Temporality 
● Biologic gradient 
● Plausibility 
● Coherence 
● Experiment and 

analogy 
 
Hill AB. The environment and 
disease: association or causation? 
Proceedings of the Royal Society of 
Medicine. 1965;58:295–300 

Bradford Hill 

Cartoon Bank, with permission 
 

So! How is everybody today? 



Story of Health  
with permission 
 



Story of Health  
with permission 
 



Story of Health with permission graphic: Burdick Design 
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Story of Health with permission 
 



Story of Health with permission 
 



Story of Health: Paintings by Susan Macfarlane used with permission 





 
 
 

Leukemia Result of Hyperdiploidy or Translocations 
Translocations Associated with ALL:  

TEL-AML1  Gene Fusion   

 Occurs in approximately 20-25% of 
patients with ALL with peak incidence 
between ages 2 – 5 years. 

 Strong evidence that this occurs in utero. 
 Frequency of this translocation at birth is 

100-fold greater than the risk of developing 
the corresponding leukemia. 

Common genetic event in 
ALL: 
there is a shift of genes 
between chromosome 12 
and 21. 
 
 
 

http://bmj.bmjjournals.com/content/vol324/issue7332/images/large/grem4625.f2b.jpeg


Meta-analysis Paternal Smoking 
around Conception (> 20cpd vs. none) 

Milne et al., Am J Epidemiology 2012  



Mother smoked 
before birth 

Child exposed 
to passive 
smoking 

Number 
of 

cases 
(n=689) 

Number 
of 

controls 
(n=975) 

 
OR (95% CI) 

No No 527 777 Reference 

No Yes 9 21 0.59 (0.22-1.28)        

Yes No 63 67 1.14 (0.80-1.79)   

Yes Yes 85 96 1.05 (0.74-1.51) 
The odds ratios are derived from logistic regression, adjusted for  age, sex, race/ethnicity, household income, and paternal 
smoking. 

Metayer C et al. CEBP, 2013 

Critical Periods of Exposure to Tobacco 
Smoke and Risk of Childhood B-cell ALL 
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Father smoked 
before birth 

Child exposed 
to passive 
smoking 

Number 
of 

cases 
(n=689) 

Number 
of 

controls 
(n=975) 

 
OR (95% CI) 

No No 444 670 Reference 

No Yes 90 127 0.94 (0.69-1.27)        

Yes No 44 74 0.90 (0.57-1.41)   

Yes Yes 104 88 1.60 (1.07-2.38)* 

The odds ratios are derived from logistic regression, adjusted for  age, sex, race/ethnicity, household income, and 
maternal smoking. 
*p-value for interaction<0.05 

Metayer C et al. CEBP, 2013 

Critical Periods of Exposure to Tobacco 
Smoke and Risk of Childhood B-cell ALL 
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Joint Effect of Paternal Smoking and  
Risk of Childhood B-cell ALL with t(12;21)  

 
Father smoked 

before  birth 
Child exposed 

to passive 
smoking 

Number 
of 

cases 
(n=130) 

Number 
of 

controls 
(n=975) 

 
OR (95% CI) 

No No 82 670 Reference 
No Yes 12 127 0.69 (0.36-1.40)        
Yes No 8 74 0.85 (0.37-1.96) 
Yes Yes 26 88 2.08 (1.04-4.16)* 

The odds ratios are derived from logistic regression, adjusted for  age, sex, race/ethnicity and household income. 
*p-value for interaction<0.01 

Metayer C et al. CEBP, 2013 



Residential Pesticide (unspecified) 
During Pregnancy and Child ALL 

Turner et al., Environmental Health Perspectives 2011 



Residential Insecticide During 
Pregnancy and Child ALL 

Turner et al., Environmental Health Perspectives 2011 
 



ALL - Residential Herbicides During 
Pregnancy 

Turner et al., Environmental Health Perspectives 2011 
 



Childhood Leukemia International 
Consortium (23 studies) 



Parental Occupational Exposure to 
Pesticides and Child Leukemia 

Bailey et al., International Journal of Cancer 
4 APR 2014 DOI: 10.1002/ijc.28854 
http://onlinelibrary.wiley.com/doi/10.1002/ijc.28854/full#ijc28854-fig-0002 
 

http://onlinelibrary.wiley.com/doi/10.1002/ijc.28854/full%23ijc28854-fig-0002
http://onlinelibrary.wiley.com/doi/10.1002/ijc.28854/full%23ijc28854-fig-0002


Infection as a protective factor 



Folate 

Metayer et. al. Epidemiology 2014  

Image: Story of Health 



Traffic/Solvents 
 CDC meta-analysis of 7 studies 
of children living near high 
trafficked roads had a 50% 
increase in risk for leukemia*  

• Benzene already a recognized 
risk for adult leukemia. 

• Chlorinated solvents associated  
in some studies 
 

*Boothe et al. Am J Prev Medicine 2014 



550 cases ALL, 100 cases AML 
Paint 
• ALL risk with OR 1.65 (1.26-2.15) 

• Higher with postnatal or frequent use 
• Restricted to 12 – 21 translocation OR 4.16 (1.66-10.4) 

Solvents 
• AML risk with solvent exposure OR 2.5 (1.19-5.42) 

• No increased risk for ALL 

Limited previous studies, some positive 
 

Home Use of Paint  
and Solvents (CCLS study) 

Scelo et al., Environ Health Perspect  2009 



 
Dust Samples from 500 Homes 

 • Initial method: 
– High volume small surface sampler (HVS3) 
– Interviewer collected dust from specific location 
 

Courtesy T. Whitehead 



Associated with non-Hodgkin's lymphoma in 
adults 
Case control 184 cases / 212 controls 
Any detection 2 fold risk (OR 1.97; 1.22 – 
3.17) 
Highest vs. lowest quartile 3 fold (OR 2.78; 
1.41-5.48) 

 

Polychlorinated biphenyls (PCBs) in 
house dust (reservoir) 

Ward et al., Environ Health Perspect 117:1007–1013 (2009). doi:10.1289/ehp.0900583  
available via http://dx.doi.org/  



Structurally related to PCBs 
167 cases 214 controls 
Highest tertile vs. non-detects (octa and 
nona) 
• BDE 196 OR 2.1 (95% CI 1.1 – 3.8) 
• BDE 202 OR 2.0 (1.1- 3.6) 
• BDE 207  OR 2.0 (1.0 – 3.8) 
• No excess risk with penta or deca the most common 

forms 

 

PBDEs in house dust and ALL 

Ward et al., Environmental Health Perspectives , Abstract from ISEE 2013 



California Children’s Environmental Health Program Report to the Legislature 
http://coeh.berkeley.edu/ucpehsu/Articles/2014CAChildrensEnvHlthPrgReport.pdf 



Household Dust   
(583 homes 94 chemicals) 

Several pesticides (DDE; chlorpyrifos; propoxur; cypermethrin) and 
PBDEs significantly higher in the homes of Hispanic 
children vs. non-Hispanic Whites.  

Miller, Whitehead, et al., 
Poster ISEE 2013 Trends 
in Childhood Leukemia 
and Household Chemical 
Exposures by Ethnicity in 
California, EHP 2013 
 



Can childhood leukemia be prevented? 
 

Although the risk of many adult cancers can be 
reduced by lifestyle changes (such as quitting 
smoking), there is no known way to prevent most 
childhood cancers at this time. Most adults and 
children with leukemia have no known risk factors, 
so there is no sure way to prevent their leukemias 
from developing., 

American Cancer Society 

http://www.cancer.org/cancer/leukemiainchildren/detailedguide/childhood-leukemia-
prevention 

http://www.cancer.org/ssLINK/childhood-leukemia-risk-factors


Can we do primary prevention of cancer? 

 SIDS 
• Many wanted to wait 
• Though studies supported a decreased risk they 

asked, “What is the mechanism?” 

AAP technical report SIDS  
Moon R. Pediatrics. 2011 
Nov;128(5):1030-9. doi: 
10.1542/peds.2011-2284 



Underlying issue and difficulties have some 
parallel with leukemia in children 
 
• Rare / difficult to study prospectively 
• Serious outcome 
• There is no consensus about mechanisms of 

causation  
• Individual studies showing association 
• There are a number of meta-analyses mostly 

identifying consistent patterns of risk 
• Intervention impact can only really be studied with 

widespread population adoption of prevention 
activity and then evaluate incidence rates. 

SIDS – A successful public health 
intervention 



Pesticides – asthma, neurodevelopmental 
disorders 
Tobacco – SIDS, asthma, LRI, preterm and low 
birth wt., lung and breast cancer 
Solvents – neurodevelopment, asthma, cancers 
Traffic – asthma, neurodevelopment (autism) 
Folate – neural tube, autism (<1/2 get)  
PCBs and PBDEs – cancer, endocrine 
disruption, neurodevelopment 

We should be doing these things 
anyway 



 
 
 

GENERAL 
PREVENTION 

SANITATION 

PHYSICAL –  
MECHANICAL 

EDUCATION, COMMUNICATION & POLICIES 

Toxicity Intervention 

Prevention 

CHEMICAL 

Conventional Pesticides 

Least Toxic Pesticides 

• Caulk cracks & crevices 
• Replace broken screens 
• Repair leaky faucets 
• Weatherstrip doors 

• Use tight-fitting lids on trash cans 
• Keep food containers tightly sealed 
• Eliminate clutter & standing water 
• Clean up crumbs immediately 

• Vacuum 
• Snap traps 
• Glue boards 
• Fly swatters 

• Silica gel 
• Boric acid 

Diatoma-
ceous earth 

• Sprays 
• Foggers 
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• Train staff & parents 
• Adopt IPM policy 
• Hire a PMP with IPM   
 experience 

Integrated Pest Management  - IPM 



Story of Health – with permission 
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Thank you 
 
Center for Integrative Research on Childhood Leukemia and the 

Environment (CIRCLE) at UC Berkeley 
Help from Catherine Metayer  and Todd Whitehead (UC Berkeley), 

Brenda Giddings (CA Cancer Registry), Joe Wiemels (UCSF) 

A Story of Health  
http://coeh.berkeley.edu/ucpehsu/soh.html 

Maria Valenti, Ted Schettler, Brian Tencza, Steve Burdick, Christy 
Zachek, Vickie Leonard (Story of Health) 

 
Western States Pediatric Environmental Health Specialty 

Unit (PEHSU)  
Previously UCSF PEHSU 

 

 
 

 


	Childhood Leukemia: �A Preventable Disease?�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50

