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Abstract
Lung cancer mortality is the highest of any cancer. Primary prevention has stalled, however, new lung
cancer screening trials of low-dose computerized tomography (LDCT) have shown that the mortality
from lung cancer can be reduced by up to 20% among current and former smokers. There are potential
harms that must be taken into account when evaluating any screening program. With LDCT, there is a
90% rate of false positives and the potential for high doses of radiation from subsequent workup of
benign lesions. The development of biomarkers that might refine the ability of screening to identify
individuals at high risk for developing and dying from lung cancer is a ripe area for investigation. Sevilya
and colleagues have developed a highly promising set of biomarkers of DNA repair capacity that may
satisfy that goal. The large estimate of risk, the thoughtful combination of functional assays of DNA
repair capacity, and the population-based design of the study make it reasonable to test these biomarkers
in a larger study. Cancer Prev Res; 7(4); 375–7. Ó2014 AACR.

Lung cancer has received far less attention from the
research community and the public than several other
cancers with lower mortality, such as breast and colorectal
cancer. The highest mortality from any cancer is that of lung,
where the 5-year survival rate is 16%. Primary prevention, or
stopping smoking, would of course prevent many but not
all lung cancer. After a successful public health campaign to
prevent and stop smoking, the smoking rate has dropped
from 42% of the population in 1965 but seems to sit
stubbornly at 18% in the United States. At this point in
time, at the 50-year mark for the Surgeon General’s Report
that smoking causes lung cancer, it is appropriate that
Sevilya and colleagues (1) have further developed a potentially valuable set of functional assays as biomarkers to
predict lung cancer much earlier.
Secondary prevention, for example, screening, had been
focused on the chest X rays (CXR), which have been relatively inexpensive and as radiation exposure from the CXR
have been reduced, the harms are much less than previous
levels of exposure. New and potentially improved screening
modalities have been developed, and of these, low-dose
computerized tomography (LDCT) has generated much
excitement. Several systematic analyses of LDCT trials have
identified the National Lung Screening Trial (NLST) randomized clinical trial as the study with the highest quality
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(2). The NLST enrolled 26,722 men and women for LDCT
and compared them with 26,732 participants with CXR;
these participants were followed for 6.5 years. Such trials of
lung cancer screening are critical to determine the most
effective ways to reduce lung cancer mortality. However,
harms as well as benefits need to be measured.
The benefits of the NLST have received wide attention in
the press; the NLST found a 20% decrease in lung cancer
deaths after 6.5 years of follow-up. However, that decrease is
perhaps not as hopeful as it seems as only 4% of the 26,722
high-risk individuals were found to have lung cancer. After
34 and 58 months of follow-up, there have been no statistically significant differences found in two other randomized trials of LDCT that are still ongoing: the Danish Lung
Cancer Screening Trial (3) and the DANTE trial (4). Using
NLST data, it is estimated that 320 individuals at high risk
will need to be screened to prevent one death from lung
cancer. This is actually a far better cost–benefit ratio than for
breast cancer screening by mammography (1,339 women
invited to screen to prevent 1 breast cancer death with 11–
20 years of follow up; refs. 5, 6) or colorectal cancer
screening by sigmoidoscopy (817 screened to prevent one
colon cancer death; ref. 7). There are different estimates
about the economic costs of LDCT. According to one
estimate, LDCT will add $2 billion dollars to the annual
health care budget if the uptake is as high as 75% (8).
However, 8,100 premature lung cancer deaths would be
avoided. The additional cost of screening to avoid one lung
cancer death was estimated at $240,000.
Harms associated with LDCT, however, have also
received attention. The false-positive rate among LDCT use
was very high (2, 5). Furthermore, the costs of identifying
and treating a lung nodule are high. In the NLST, the falsepositive rate was 90%; that is, 90% of lesions identified as
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potentially cancerous were actually benign. These need to
be followed up with more imaging, that is, radiation, and
although the management of follow-up was inconsistently
reported, it is likely that many individuals received high
doses of radiation for benign lesions. Radiation doses for
lesions, benign or malignant, are difficult to evaluate from
the current data. Dose varies by body weight, CT detector
and manufacturer, and the number of images obtained (5).
Bach and colleagues evaluated the risk of death or a major
complication following diagnosis for what were benign
nodules as 4.1 and 4.5 per 10,000 for LDCT and 1.1 and
1.5, respectively, per 10,000 for CXR (2). As such risks are
not minor, it would be valuable to have some way to
identify very high-risk individuals who might benefit more
directly from screening for lung cancer with LDCT and who
are less likely to have benign lesions.
Paz-Elizur and colleagues in Israel have been working for
at least 10 years to develop functional DNA repair assays
that might separate high- and low-risk individuals (9).
Beginning with 8-oxoguanine DNA glycosylase (OGG1)
functional assays, adding methylpurine DNA glycosylase
(MPG) and now AP endonuclease 1 (APE1), the authors
have developed an integrated DNA repair OMA (Abbreviation for OGG1, MPG, and APE1) score using a populationbased analysis of risk for lung cancer with a very high OR
[9.7; 95% confidence interval (CI), 3.1–29.8]. Because of
the relatively small population of 96 cases and 96 controls,
it is imperative that this finding (with wide CIs) be replicated in a much larger dataset. However, although the wide
CIs belie the robustness of the finding, the very fact that the
biologic significance is strong in addition to the strength of
the association, presents a strong rationale for moving
forward with automation of these assays and their use in
a new study.
In 1994, the DNA repair enzyme was elected as Molecule
of the Year (10), and for many years since, DNA repair has
been considered the "guardian of the genome" (11). DNA
repair enzymes, such as APE1, now have wider applicability—not just for specific repair but also for effects on RNA
expression—among other functions (12). No longer can we
think of DNA repair as a "one size fits all" behavior, such
that diminished DNA repair could account for negative
health outcomes, but similar to many body processes, the
"balance" in DNA repair must be taken into account. When
we reviewed DNA repair in 2000 (13), most of the studies

had limitations that Sevilya and colleagues. have overcome:
small sample sizes, the use of convenience controls rather
than population-based controls, the use of cells that had no
relationship to the target organ, and the use of mutagens
that do not occur in the natural environment. Although
some of the studies did have larger sample sizes and very
high-risk estimates with quite wide CIs, almost all suffered
from selection bias of one type or another; none had a
population-based sampling frame. This point is critical
because such studies lack generalizability.
Since 1998, the end of the time frame for those analyses,
many advances have been made in the area of measurement
of DNA repair capacity and in the understanding of the
process and its biologic effects. The use of genetic tests of
DNA repair capacity have been fraught with problems and
do not yet seem to be reliable enough to be used in risk
prediction. A search of review articles on DNA repair polymorphisms found 65 such articles, focusing on risk and
response to therapies. However, even in 2006, it was clear
that studies of single polymorphisms would not provide a
simple answer in relationship to lung cancer risk (14).
Unfortunately, although many investigators believe that
DNA repair polymorphisms can affect risk and response
to therapy (15), no review to date is consistent (16).
Furthermore, genome-wide association studies (GWAS) do
not show strong associations between DNA repair gene
variants and lung cancer risk. Therefore, we need, as suggested by Weiss and colleagues. (17), "larger, well designed
functional and epidemiologic studies . . . to clarify these
relationships." Clearly, using work similar to that of Sevilya
and colleagues (1) in well-designed population-based or
cohort studies with functional assays, we may be able to
make progress in preventing mortality from lung cancer—
certainly more than the currently available. Adding the
integrated DNA repair OMA score would clearly improve
the ability to predict who might benefit from screening.
Disclosure of Potential Conﬂicts of Interest
No potential conflicts of interest were disclosed.

Grant Support
This work was funded by a grant from NIH/NCI 1K05 CA 131675-03A2 to
M. Berwick.
Received February 10, 2014; accepted February 11, 2014; published
OnlineFirst March 20, 2014.

References
1.

2.

3.

376

Sevilya Z, Leitner-Dagan Y, Pinchev M, Kremer R, Elinger D, Rennert
HS, et al. Low integrated DNA repair score and lung cancer risk. Cancer
Prev Res 2014;7:398–406.
Bach PB, Mirkin JN, Oliver TK, Azzoli CG, Berry D, Brawley OW, et al.
Beneﬁts and harms of CT screening for lung cancer: a systematic
review. JAMA 2012;307:2418–29.
Saghir Z, Dirksen A, Ashraf H, Bach KS, Brodersen J, Clementsen PF,
et al. CT screening for lung cancer brings forward early disease. The
randomized Danish Lung Cancer Screening Trial: status after ﬁve
annual screening rounds with low-dose CT. Thorax 2012;67:296–301.

Cancer Prev Res; 7(4) April 2014

4.

5.

6.

Infante M, Cavuto S, Lutman FR, Brambilla G, Chiesa G, Ceresoli G,
et al. A randomized trial of lung cancer screening with spiral computed
tomography: three year results from the DANTE trial. Am J Respir Crit
Care Med 2009;180:445–53.
Humphrey LL, Helfand M, Chan BK, Woolf SH. Breast cancer screening: a summary of the evidence for the U.S. Preventive Services Task
Force. Ann Intern Med 2002;137:347–60.
Nelson H, Tyne K, Naik A, Bougatsos C, Chan B, Humphrey L. Screening
for breast cancer: systematic evidence review update for the U.S.
Preventive Services Task Force. Ann Intern Med 2009;151:727–37.

Cancer Prevention Research

Downloaded from cancerpreventionresearch.aacrjournals.org on October 1, 2020. © 2014 American Association for Cancer
Research.

Published OnlineFirst March 20, 2014; DOI: 10.1158/1940-6207.CAPR-14-0050

DNA Repair Enzyme

7.

Schoen RE, Pinsky PF, Weissfeld JL, Yokochi LA, Church T, Laiyemo
AO, et al.; PLCO Project Team. Colorectal-cancer incidence and
mortality with screening ﬂexible sigmoidoscopy. N Engl J Med 2012;
366:2345–57.
8. Goulart BH, Bensink ME, Mummy DG, Ramsey SD. Lung cancer
screening with low-dose computed tomography: costs, national
expenditures, and cost-effectiveness. J Natl Compr Canc Netw 2012;
10:267–75.
9. Paz-Elizur T, Krupsky M, Blumenstein S, Elinger D, Schechtman E,
Livneh Z. Reduced DNA repair activity for oxidative damage and the
risk of lung cancer. J Natl Cancer Inst 2003;95:1312–9.
10. Koshland DE Jr. Molecule of the year: the DNA repair enzyme. Science
1994;266:1925.
11. Chatterjee S, Berger SJ, Berger NA. Poly(ADP-ribose) polymerase: a guardian of the genome that facilitates DNA repair by
protecting against DNA recombination. Mol Cell Biochem 1999;
193:23–30.

www.aacrjournals.org

12. Tell G, Fantini D, Quedrifoglio F. Understanding different functions of
mammalian AP endonuclease (APE1) as a promising tool for cancer
treatment. Cell Mol Life Sci 2010;67:3589–608.
13. Berwick M, Vineis P. Markers of DNA repair and susceptibility to cancer
in humans: an epidemiologic review. J Natl Cancer Inst 2000;92:874–97.
14. Kiyohara C, Takeyama K, Nakanishi Y. Association of genetic polymorphisms in the base excision repair pathway with lung cancer risk: a
meta-analysis. Lung Cancer 2006;54:267–83.
15. Bartsch H, Dally H, Popanda O, Risch A, Schmezer P. Genetic risk
proﬁles for cancer susceptibility and therapy response. Recent Results
Cancer Res 2007;174:19–36.
16. Riccari F, Matullo G, Vineis P. Is there evidence of involvement of
DNA repair polymorphisms in human cancer? Mutat Res 2012;736:
117–21.
17. Weiss JM, Goode EL, Ladiges WC, Ulrich CM. Polymorphic variation in
hOGG1 and risk of cancer: a review of the functional and epidemiologic
literature. Mol Carcinog 2005;42:127–41.

Cancer Prev Res; 7(4) April 2014

Downloaded from cancerpreventionresearch.aacrjournals.org on October 1, 2020. © 2014 American Association for Cancer
Research.

377

Published OnlineFirst March 20, 2014; DOI: 10.1158/1940-6207.CAPR-14-0050

Predicted for Greatness: 1994 Molecule of the Year−−The DNA
Repair Enzyme
Marianne Berwick
Cancer Prev Res 2014;7:375-377. Published OnlineFirst March 20, 2014.

Updated version

Cited articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1940-6207.CAPR-14-0050

This article cites 17 articles, 4 of which you can access for free at:
http://cancerpreventionresearch.aacrjournals.org/content/7/4/375.full#ref-list-1

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerpreventionresearch.aacrjournals.org/content/7/4/375.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerpreventionresearch.aacrjournals.org on October 1, 2020. © 2014 American Association for Cancer
Research.

