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          Diesel engine exhaust (DEE) is a complex mixture of substances 
 characterized  by polycyclic aromatic hydrocarbons (PAH) sur-
rounding an elemental carbon core. Diesel engines have a wide 
range of industrial applications including on-road equipment (most 
heavy and medium duty trucks and buses use diesel engines) and 
off-road applications in the mining, rail, construction, distribution, 
and farming industries and in the military, including the use of 
diesel-powered heavy equipment, locomotives, forklift trucks, 
ships, tractors, and generators. In a recent review of the literature ,  
the highest levels of elemental carbon were reported for enclosed 
underground work sites in mining and construction with interme-
diate levels for above-ground semi-enclosed work areas for work-
shop mechanics, dock workers, and fire station workers, and the 
lowest levels being reported for enclosed areas separated from the 
source such as drivers, train crew, parking attendants, vehicle 
testers, and utility service workers ( 1 ). 

 A large body of epidemiological work has shown consistent 
associations between particulate matter in ambient air and several 
health outcomes including chronic bronchitis, ischemic heart 
disease, stroke, and respiratory infections and exacerbation of 
asthma. The effect of DEE from traffi c on people with preexisting 
disease has also been shown, for example, in the reduction of lung 
function resulting from a  2- hour walk by people with mild or 
moderate asthma down  London’s  busiest shopping street (Oxford 
Street), where only  diesel- powered buses and taxis are permitted 
access, compared with a similar walk round Hyde Park ( 2 ). 

 The possibility that DEE might cause cancer in humans has 
been raised since 1955 when it was demonstrated that the particu-
late fraction of DEE contained PAHs such as benzo(a)pyrene 
known by then to cause  tumors  in experimental animals ( 3 ). The gas 
phase includes carbon monoxide and nitrogen oxides, but it is the 
particulate phase of the exhaust that appears to be implicated as a 
lung carcinogen. An effect of DEE on bladder cancer is also plau-
sible because metabolites of PAH present in DEE are concentrated 
in the urine and may interact with the urothelium of the bladder ( 4 ). 

 In this issue of the Journal, two related articles ( 5 , 6 ) report 
results from studies of DEE in miners based on quantitative esti-
mates of respirable elemental carbon (REC) and focusing on lung 
cancer. In the cohort study ( 5 ) ,  inclusion of co-exposures such as 
silica did not change the fi ndings substantially. In the case  –  control 
study ( 6 ) ,  adjustment was carried out for several potential con-
founders including smoking. A dose  –  response relationship was 
found with increasing exposure to REC in both the cohort and case  –  
control studies but is particularly clear in the latter, where an inter-
action between smoking and DEE was also found. These studies in 
miners make an important contribution to the body of evidence 

about DEE and are timely given the forthcoming International 
Agency for Research on Cancer (IARC) monograph meeting this 
year at which the current IARC categorization of DEE as a group 
2A (probable human) carcinogen ( 7 ) will be reconsidered. 

 The issue of causality is fundamental when estimating and 
ranking burden of disease attributable to various exposures. 
A recent study estimating the burden of occupational cancer in 
Great Britain chose to include all IARC group 1 (defi nite) and 2A 
carcinogens ( 8 ). DEE emerged as one of the most important prob-
lems. For bladder cancer related to exposure to DEE, the estimated 
total attributable fraction for bladder cancer was 1.00% (95% 
 confi dence interval [ CI ]  = 0.17 to 2.03), with an estimated 47 (95% 
CI = 8 to 94) deaths in 2005 and 106 (95% CI = 18 to 214) cancer 
registrations in 2004; for lung cancer, the  attributable fraction  was 
1.84% (95% CI = 0.00% to 3.37%), with 605 (95% CI = 272 to 
1107) deaths and 695 (95% CI = 313 to 1269) cancer registrations. 
DEE was the sixth most important occupational carcinogen, con-
tributing 8.1% of the deaths and 5.9% of the cancer registrations. 
The majority occurred in land transport as expected but also in 
the construction industry where nearly 500   000 workers were esti-
mated to have been exposed to DEE over the 40-year risk exposure 
period before the year of estimation. 

 As the authors point out in the mining studies published in this 
issue, the levels of exposure they have found are high compared 
with other studies. The median elemental carbon values in the 
Oxford Street study were 7.5    μ g/m 3  (range 3.9  –  16) compared with 
1.3    μ g/m 3  (range 0.4  –  6.7) in Hyde Park. The Oxford Street values 
are comparable to the lower exposures found in the mining study. 
Background rates of between 1 and 2    μ g/m 3 , similar to those in 
Hyde Park ,  have been found in other studies of urban environ-
ments. The article by Pronk  et al.  ( 1 ) indicates that the exposures 
to DEE have generally been declining, although it is diffi cult to 
quantify the rate of decline. 

 Occupational and environmental exposures are expected to 
continue to decrease in the future in line with increasingly strin-
gent emissions standards for diesel engines (see   ,  eg,    http :// www . 
dieselnet . com / standards / eu /ld.php#stds    for the European Union), 
although standards generally apply only to new engines and not 
those already in use at the time of the standard implementation; 
however, as old equipment is replaced over time ,  all engines will 
eventually conform to the emissions standards. 

 The continuous analyses and particularly the lagged categorical 
analyses in the case  –  control study by Silverman et al. ( 6 ) indicate a 
sharp rise in risk at lower levels and show that background levels 
of 1  –  2    μ g/m 3  are still likely to carry a small excess risk; substan-
tial proportions of the population exposed at these low levels of 
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exposure would thus continue to contribute to the burden of 
cancer from DEE. 

 Th ese results  indicate that stringent occupational and particu-
larly environmental standards for DEE  should  be set and compli-
ance ensured to have an impact on health outcomes. In the 
occupational situation, in addition to lower emission and more 
effi cient engines, reduction in DEE can be achieved through:  1 ) 
engineering controls such as improved ventilation and regular 
maintenance of vehicles;  2 ) improving worker practices such as 
limiting the number of vehicles, particularly in closed spaces, and 
turning off engines when not in use; and  3 ) as a last resort, the use 
of appropriate respiratory protective equipment. Reduction in the 
general environment presents more of a challenge, although some 
of the occupational control measures are also relevant. However, 
the necessity for such reduction is becoming increasingly apparent 
and is essential if the health of large numbers of people is not to 
be compromised.   

  References 
    1.      Pronk     A   ,    Coble     J   ,    Stewart     PA    .   Occupational exposure to diesel 

exhaust: a literature review  .   J Exp Science Environ Epidem.   2009  ;  19  (  9  )  :  
443   –   457       . 

    2.      McCreanor     J   ,    Cullinan     P   ,    Nieuwenhuijsen     MJ   , et al     .   Respiratory effects of 
exposure to diesel traffi c in persons with asthma  .   N Engl J Med.   2007  ;  
357  (  23  ):  2348   –   2358    . 

    3.      Kotin     P   ,    Falk     H   ,    Thomas     M    .   Aromatic Hydrocarbons. III. Presence in the 
particulate phase of diesel-engine exhausts and the carcinogenicity of 
exhaust extracts  .   AMA Arch Ind Health.   1955  ;  11  (  2  )  :  113   –   120    . 

    4.      Silverman     DT    .   Is diesel exhaust a human carcinogen?     Epidemiology. 
  1998  ;  9  (  1  ):  4   –   6    . 

    5.      Attfi eld     MD   ,    Schlieff     PL   ,    Lubin     JH   , et al     .   The diesel exhaust in miners study: 
a cohort mortality study with emphasis on lung cancer  .   J Natl Cancer Inst. 
  2012  .   Advance Access published March 5, 2012  .   doi:10.1093/jnci/djs035    . 

    6.      Silverman     DT   ,    Samanic     CM   ,    Lubin     JH   , et al     .   The diesel exhaust in 
miners study: a nested case-control study of lung cancer and diesel exhaust  . 
  J Natl Cancer Inst.   2012  .   Advance Access published March 5, 2012  . 
  doi:10.1093/jnci/djs034    . 

    7.    IARC Monographs on the Evaluation of the Carcinogenic Risks of Chemicals to 
Humans: Diesel and Gasoline Engine Exhausts and Some Nitroarenes .     Volume 
46    .   Lyon, France  :   International Agency for Research on Cancer  ;   1989    . 

    8.      Rushton     L   ,    Bagga     S   ,    Bevan     R   , et al     .   Occupation and cancer in Britain  . 
  Br J Cancer.   2010  ;  102  (  9  )  :  1428   –   1437    .   

 Notes 
   The author has no confl ict of interest to report.    

  Affiliation of author:  Department of Epidemiology and Biostatistics, Imperial 
College London, London, UK    .  

© The Author 2012. Published by Oxford University Press. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com.

doi: 10.1093/jnci/djs229
Advance Access publication on May 8, 2012.

Physical Activity as a Standard Cancer Treatment
Edward L. Giovannucci

Correspondence to: Department of Nutrition, Harvard School of Public Health, 665 Huntington Ave, Boston, MA 02115 (e-mail: egiovann@hsph.harvard.edu).

Adequate physical activity is a cornerstone of physical health and 
mental well-being. Many cancer survivors who have a good prog-
nosis are at higher risk of dying from other causes, such as cardio
vascular diseases, and could possibly reap the same benefits of 
exercise as individuals without a cancer diagnosis. Furthermore, the 
physical and mental stresses of a cancer diagnosis, including side 
effects of treatments, present the cancer survivor with additional 
challenges. An increasing body of literature, including randomized 
trials, demonstrates the benefits of physical activity on physiological 
parameters, quality of life, functional status, fatigue, and depression 
for at least some cancers. Despite acknowledging potential risks 
of some specific physical activities at certain intensities for some 
subgroups of cancer survivors, many organizations, such as the 
American Cancer Society (1), the World Cancer Research Fund 
and the American Institute for Cancer Research (2), the American 
College of Sports Medicine (3), and the US Department of Health 
and Human Services (4), now advocate physical activity for cancer 
survivors. Details regarding the type, duration, and intensity of 
exercise will have to be tailored to the individual patient, depending 
on various factors such as age, physical health, specific cancer, and 
treatments; however, the vast majority of patients will likely benefit 
to some degree from physical activity.

In this issue of the Journal, Ballard-Barbash et al. (5) extensively 
review the potential effects of physical activity on cancer-specific 
and all-cause mortality. They also summarized the effect of phys-
ical activity interventions on potential intermediate biomarkers 
of cancer progression, such as insulin. Unlike previous reviews, 
which focused on functional health and quality of life, this review 
addresses the more provocative question of whether physical activity 
can actually improve cancer-specific survival. Many may accept 
general health benefits of physical activity for cancer survivors, but 
the implication of a direct anticancer effect could engender some 
skepticism. Given the limited success that the most potent and 
cleverly designed drugs have had on cancer to date, why should 
something as seemingly simple as walking have potent anticancer 
activity? We are far from having definitive answers to this question, 
but as reviewed by Ballard-Barbash et al. (5), perhaps, we are getting 
closer to an answer.

Whereas most cancer therapies to date focus on killing the 
tumor, physical activity may offer two complementary roles for 
standard cancer therapy. First, cancer-specific mortality, although 
generally attributed to the destructive behavior of the tumor, is also 
dependent on the general health of the patient. Overall health status 
is inherently integrated and substantially influenced by factors such 
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