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Thank you, Mr. Chairman, for the opportunity to testify before this subcommittee on the
potential health significance of the x-ray exposures associated with AIT (Advanced Imaging
Technology) whole-body scanners currently being deployed at US airports.

My name is Dr. David J. Brenner, and | am the Higgins Professor of Radiation Biophysics at
Columbia University Medical Center in New York. | am the Director of the Columbia University
Center for Radiological Research, which is considered the oldest and largest radiological
research center worldwide, being founded in 1915 by a student of Marie Curie. The Columbia
University Center for Radiological Research focuses on understanding the biological effects of
ionizing radiation, both at high doses for cancer radiotherapy, and also at low radiation doses in
the context of environmental exposures, occupational exposures, and x-ray imaging. | myself
have been in the field of radiation risk estimation for about 30 years, and have published more
than 250 peer-reviewed scientific papers on radiation risk estimation, as well as two books. In
the present context | have just had published a peer-reviewed paper in the well known journal
“Radiology” entitled “Are X-Ray Backscatter Scanners Safe for Airport Passenger Screening?
For Most Individuals, Probably Yes, but a Billion Scans per Year Raises Long-Term Public
Health Concerns”.

Without doubt, improved scanning for explosives of individuals boarding airline flights is both
desirable and necessary. Currently there are several possible technology options in this regard,
and | will focus here on the radiation safety of the most commonly deployed AIT (Advanced
Imaging Technology), namely whole-body x-ray backscatter scanners. | will first summarize my
three main conclusions, and then provide more in depth discussion:



Summary

1. Using the most credible dose and risk estimates that we have, one can say that the individual
radiation-induced cancer risks associated with a few whole-body x-ray backscatter scans are
likely to be extremely small. Our best estimate is that the chance of any given individual
developing cancer as a result of the x-ray exposure from a few scans is around 1 in 10
million. Thus it is reasonable to say that, for an average individual, the scanners are “safe”.

e However, individual lifetime cancer risks will be somewhat higher for children,
radiosensitive individuals and, particularly, for aircrew and for very frequent fliers.

2. As well as individual risk, however, from a public-health / policy perspective it is important
also to take into account the population risk. This relates to the number of cancers induced in
the whole population as a result of scanner use. In that x-ray backscatter scans have become a
primary screening measure, very large numbers of people will likely be exposed to very
small radiation-associated cancer risks from the associated radiation exposure.

e Given the very large numbers of scans involved, potentially up to one billion each year in
the US, there is a significant likelihood that, amongst the scanned population, there will
be some cancers produced by the associated radiation exposure. A best estimate is
around 100 cancers per year, though this number is quite uncertain.

3. Given that it is unlikely that the alternative airport whole body-scanning technology
(millimeter wave) will be associated with population cancer risks, from a public health
perspective, they may be a preferable advanced whole-body imaging technology.

Background

Whole-body x-ray backscatter scanners have been deployed at US airports since 2007, though in
fairly small numbers and to screen limited numbers of passengers. Indeed back in 2003 the
National Council for Radiological Protection (NCRP) published a report on their use and safety,
of which | was one of the five co-authors. In early 2010, however, in response to the Dec 25
2009 “underwear bomber” incident, the TSA (Transportation Security Administration) shifted
the goalposts dramatically with regard to the use of whole-body AIT scanners. As reported by
the Government Accountability Office “In response to the Dec 25 2009 terrorist attack, the TSA
has revised its procurement and deployment strategy for AIT, increasing the number of AITs it
plans to procure and deploy. In contrast with its prior strategy, the agency now plans .... to use
them as a primary screening measure where feasible, rather than solely as a secondary
screening measure”.

In other words, instead of using whole-body AIT scanners for a small number of selected
passengers, the goal now is to use them for all US airline passengers. The number of commercial
passenger emplanements per year is currently about 700 million and is predicted by the FDA to
reach one billion by about 2023. While the number of times passengers pass through security
will be slightly less than the number of passenger emplanements, it is clear that there is the
potential for as many as one billion whole-body scans per year in US airports.



In fact there are two quite different AIT whole-body scanner technologies currently being
deployed at airports. One uses x-ray backscatter technology, scanning the whole body with a
narrow beam of x-rays both from the front and from the back. The second whole-body screening
technology illuminates the subject with low power millimeter-waves.

In contrast to x rays, millimeter-waves are non ionizing*. Our primary concern here will be in
regard to the x-ray scanners, which represent the majority of deployed whole-body AIT scanners
in US airports. In that the TSA has purchased and is deploying both x-ray and millimeter wave
systems, it is reasonable to assume that both have comparable characteristics in terms of
sensitivity, specificity and logistics.

What Do We Mean by “Safe” ?

This testimony addresses the issue of whether whole-body x-ray backscatter systems are “safe”,
so it is important to be clear about what “safe” can mean in this context.

The most direct interpretation of “safe” refers to the exposed individual. One may ask what is the
best estimate of the lifetime cancer risk incurred by an individual receiving one or more of these
scans? But risks can and should also be viewed from the perspective of the entire exposed
population. The estimated population risk (sometimes called the societal risk) in this case relates
to the number of cancers expected in the exposed population as a result of the proposed practice;
this population outcome depends, of course, both on the individual risk and on the number of
people exposed to that risk.

To illustrate this distinction between individual and population risk, consider a hypothetical
activity producing an extremely small individual cancer risk of (say) 1 in ten million. An
individual cancer risk of 1 in 10 million means that if 10 million people were exposed to this
activity, on average one cancer would be induced. So if, for example, only 100 people were
exposed to this activity, it would be extremely unlikely that any of the 100 exposed individuals
would actually develop cancer due to the activity in question. Now consider one billion (one
hundred million) people exposed to that same very small cancer risk of 1 in ten million: in this
case it would be very likely that some of the exposed population would develop cancer due to the
activity in question — a significant population risk.

The major national and international organizations that recommend radiation standards
(International Commission on Radiological Protection [ICRP] and the US National Council for
Radiological Protection [NCRP]) have both stated that, as well as individual risk, population risk
IS an appropriate measure for assessing the acceptability of a large-scale activity that might be
associated with small individual radiation risks. Thus, population risk is described by the ICRP
as “one input to .... a broad judgment of what is reasonable”, and by the NCRP as “one of the
means for assessing the acceptability of a facility or practice”.

! lonizing radiations, such as x rays (but not millimeter waves), are those that have enough energy to
knock electrons out of atoms, and can thus damage and break biological molecules such as DNA.



Population risks are also routinely considered in other fields where policy choices involve large
populations potentially exposed to small individual risks. For example the World Health
Organization has developed approaches to estimate current and future population risks from
diverse risk factors such as air pollution and climate change. Other areas where population risks
have been used to inform policy decisions include civil aviation, flood control, second-hand
smoke, and vaccination policy. For example, both the small individual risk of meningitis from
pediatric measles vaccination and the population risks, are taken into account in formulating
measles vaccination policies.

Estimating Individual Risks Associated with X-Ray Backscatter Scanners

The radiation doses required to produce images of the appropriate resolution and quality are
extremely low, around 1 micro-Sievert (uSv). We do not know with any certainty the magnitude
of the individual cancer risks associated with such low doses. Epidemiological studies of
radiation risks at these doses are exceedingly difficult, essentially because there are so many
cancers in any studied population that are from other (non radiation) causes.

However, we can make a best estimate of the individual radiation risk associated with an x-ray
backscatter scan. Following the guidance of all the primary radiation regulatory and advisory
agencies (ICRP, NCRP, UNSCEAR, BEIR), we use standard cancer mortality risk formulae that
relate dose with cancer risk. This results in a best estimate for the lifetime cancer mortality risk
of about 1 chance in 10 million for two x-ray backscatter screening scans.

This best-estimate risk estimate is quite uncertain, in large part because it is based on
extrapolation of radiation risks estimated at much higher doses. Indeed, some have argued that
the individual risk at very low doses is still lower; by contrast others have argued that recently
studied phenomena such as tissue/organ microenvironment effects, bystander effects, and
“sneaking through” immune surveillance suggest that low-dose radiation risks could be higher.

In terms of the significance of very small individual risks, the NCRP has defined a “Negligible
Individual Risk Level” (NIRL) as “the level of annual excess risk of fatal health effects
attributable to radiation, below which efforts to reduce radiation exposure to the individual are
unwarranted”. Not quite the same as “safe”, but a reasonable practical proxy. The NCRP has
suggested an NIRL value of 1 in ten million, which is similar to the estimated fatal cancer risk
from two scans. It is not unreasonable, therefore, to describe x-ray backscatter scans as “safe”, in
terms of the individual risk associated with a small number of such scans.

One could perhaps debate whether this “safe” descriptor should apply to the scan of a child,
where the cancer risks are probably 5 to 10 higher than for exposure in middle age, or for
radiosensitive individuals (including the embryo and fetus), or for air-flight personnel, or for
very frequent fliers. For example US domestic aircrew passes through security in the range of
240 to 380 times per year. Likewise a very high-level frequent flier averages more than 200
flights per year from x-ray backscatter scans. In these cases the corresponding best estimate risk
of a radiation-induced fatal cancer is around 1 chance in 100,000.



Estimating Population Risks Associated with X-Ray Backscatter Scanners

Given our estimates of individual risks, and the number of scans projected to take place each
year in the US, how many cancers do we expect to be caused by the radiation from airport x-ray
whole body scanners?

In the present context, if one billion (1,000 million) x-ray backscatter scans were performed each
year in the US, and the average individual cancer risk per scan is 1 in 10 million (see above), one
might eventually anticipate an expected 100 cancers each year resulting from this activity. Of
course, as is now discussed, hidden behind this back of the envelope calculation are a number of
issues and uncertainties, some practical and some conceptual.

The first uncertainty in the population risk estimate relates to the uncertainty associated with the
individual risk, as discussed above. It is perfectly possible that the individual risk could actually
be significantly lower (or indeed zero), but it is also quite possible that the individual risk could
actually be significantly higher. One can make plausible mechanistically-based arguments either
way here — and indeed people have, but it is certainly reasonable to base the best-estimate
population risk on the best-estimate individual risk.

There have also been suggestions that it is not reasonable to estimate population outcome by
multiplying small individual risks by the number of people exposed to those risks. It is hard to
see the logic behind this suggestion, nor is there empirical evidence to support it, and indeed it
has been widely disputed. To take a simple analogy: If millions of people buy lottery tickets, the
chance that any particular person will win is extremely small. But it does not follow that there
will be a population outcome where nobody wins. On the contrary, some people will win — it is
just that we cannot predict beforehand who they will be. It is essentially the same situation when
hundreds of millions of people are exposed to an extremely small radiation risk.

ALARA: As Low As Reasonably Achievable

The ALARA (As Low As Reasonably Achievable) principle, universally accepted in the field of
radiation protection, requires making every reasonable effort to minimize ionizing radiation
exposures as far below dose limits as is practical, consistent with practically achieving the
desired goal. In the context of x-ray backscatter passenger screening there are two relevant
consequences of ALARA:

1. Comparisons with other risks are not necessarily relevant. The fact that flying involves other
radiation exposures, or other different risks, is not relevant to the ALARA requirement to
minimize the ionization radiation exposure associated with practical passenger screening. In
another context, for example, one would not ignore the radiation exposures associated with
CT scans simply because domestic radon exposure involves larger effective doses.

2. If there is a non ionizing-radiation alternative that can reasonably achieve the same screening
goal, then, consistent with the ALARA principle, it should be used in preference to an x-ray
related technology. As far as is known, millimeter wave whole-body scanner technology
fulfills this requirement. In terms of specificity, sensitivity, cost, and speed, the millimeter



wave technology is generally comparable to that of the x-ray backscatter technology. Of
course one cannot rule out the possibility of adverse health effects associated with low-power
millimeter wave radiation but, in contrast to the situation for x rays, there are no established
mechanisms associated with millimeter-wave induced carcinogenesis, and extensive studies
have not revealed evidence of potential deleterious effects.

Conclusions: Are X-Ray Backscatter Scanners Safe for Passenger Screening?

In conclusion, individual cancer risks associated with the radiation exposure from a few whole-
body x-ray backscatter scans are undoubtedly very small. There are indeed uncertainties
regarding the doses (the most recent estimates of the doses required to produce images of the
relevant resolution and quality, thought still extremely low, are an order of magnitude higher
than earlier estimates, and there are even more uncertainties regarding the cancer risks, if any,
associated with these very low radiation doses. Using the most credible dose and risk estimates
that we have, one can say that the individual radiation-induced cancer risks associated with a few
whole-body x-ray backscatter scans are likely to be of the same order as the NCRP Negligible
Individual Risk Level (NIRL) of 1 in 10 million, and can therefore be reasonably described as
safe. Best estimate lifetime cancer risks will be somewhat higher for children, radiosensitive
individuals and, particularly, for aircrew and for very frequent fliers. Again it is important to
emphasize the associated uncertainties in these individual risk estimates, which could result in
the actual risks being either less than or greater than the best estimates discussed here.

As well as individual risk, however, from a public-health perspective it is important also to take
into account the population risk, described by the NCRP as “one of the means for assessing the
acceptability of a facility or practice” and by the ICRP as “one input to .... a broad judgment of
what is reasonable”. In that x-ray backscatter scans have become a primary screening measure,
very large numbers of people will likely be exposed to very small radiation-associated cancer
risks from the associated radiation exposure. Given the very large numbers of scans involved,
potentially up to one billion each year in the US, there is a significant likelihood that, amongst
the scanned population, there will be some cancers induced by the associated radiation exposure.
A best estimate is around 100 cancers per year, though this number is quite uncertain.

If there were no feasible alternatives to x-ray backscatter scanners, it could certainly be argued
that such population risks would be more than balanced by the associated benefits of reducing
the risk of a terrorist event. However, millimeter wave scanners are a feasible and practical
whole-body scanning technology which does not involve ionizing radiation, and for which there
is currently essentially no mechanistic or experimental evidence of biological risks. Whatever the
actual radiation risks associated with x-ray backscatter machines, the ALARA principle clearly
implies that a comparable technology which does not involve x rays is a preferable alternative.

Thank you for your attention.
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*Brenner DJ and Elliston, CD, The potential impact of the bystander effect on radiation risks
in a Mars Mission. Radiat. Res 156 (5 Pt 2), 612-7 (2001).

Ponomarev AL, Cucinotta FA, Sachs RK, Brenner DJ, Peterson LE, Extrapolation of the
DNA fragment-size distributions in a high-dose PFGE assay to low doses. Radiat. Res. 156
594-7 (2001).

*Brenner DJ, Okladnikova N, Burak L, Geard CT, Azizova T. Biomarkers specific to
densely ionizing (high LET) radiations. Radiat. Protec. Dosim. 97, 69-73 (2001).

*Brenner DJ and Hall EJ, Dose rate does matter in endovascular brachytherapy. Cardiovasc.
Radiat. Med. 2, 245-5 (2001).

*Brenner DJ and Hall EJ, Microbeams: a potent mix of physics and biology. Radiat. Prot.
Dosim. 99, 283-6 (2002).

Bigelow A.W., Randers-Pehrson G. and Brenner D.J. Laser ion source development for the
Columbia University microbeam. Rev. Sci. Instrum. 73:770-772 (2002).

*Brenner DJ, Martinez AA, Edmundson GK, Mitchell C, Thames HD, Armour WP. Direct
evidence that prostate tumors show high sensitivity to fractionation (low o/P ratio), similar
to late-responding normal tissue. Int. J. Radiat. Oncol. Biol. Phys. 52, 6-13 (2002)

*Brenner DJ. Estimating Cancer Risks from pediatric CT: Going from the qualitative to the
quantitative. Pediatric Radiology, 32, 228-31 (2002)

*Brenner DJ and Sachs RK, Do low dose-rate bystander effects influence domestic radon
risks? Int. J. Radiat. Biol. 78, 593-604 (2002).

Worgul BV, Smilonov L, Brenner DJ, Junk A, Zhou W, Hall EJ. ATM heterozygous mice
are more sensitive to radiation-induced cataracts than their wildtype counterparts. Proc.
Natl. Acad. Sci. USA 99, 9836-9 (2002).
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*Brenner DJ, Sawant SG, Hande P, Miller RC, Elliston CD, Fu Z, Randers-Pehson G,
Marino SA. Routine screening mammography.: how important is the radiation-risk side of
the benefit-risk equation? Int. J. Radiat. Biol. 78, 1065-7 (2002).

Cornforth M, Greulich K, Loucas B, Arsuaga J, Vazquez M, Sachs RK, Briickner M, Molls
M, Hahnfeldt P, Hlatky L, Brenner DJ. Chromosomes are predominantly located randomly
with respect to each other in interphase human cells. J. Cell Biol. 159, 237-44 (2002).
Bigelow A.W., Randers-Pehrson G. and Brenner D.J. Proposed laser ion source for the
Columbia University microbeam. Nucl. Instr. Meth. B 210:65-69 (2003).

*Brenner DJ, Hall EJ. Mortality patterns in British and US radiologists: what can we really
conclude? BJR 76, 1-2 (2003).

Hande MP, Azizova TV, Geard CR, Burak LE, Mitchell CR, Khokhryakov VF, Vasilenko
EK, Brenner DJ. Past exposure to densely ionizing radiation leaves a unique permanent
signature in the genome. Am. J. Hum. Genet. 72, 1162-70 (2003).

*Brenner DJ, Sachs RK. Domestic radon risks may be dominated by bystander effects--but
the risks are unlikely to be greater than we thought. Health Phys. 85:103-8 (2003)

Fowler JF, Ritter MA, Chappell RJ, Brenner DJ. What hypofractionated protocols should be
tested for prostate cancer? Int J Radiat Oncol Biol Phys. 56:1093-104 (2003).

*Brenner DJ. Hypofractionation for prostate cancer radiotherapy - what are the issues? Int ]
Radiat Oncol Biol Phys. 57:912-4 (2003).

Zhou H, Randers-Pehrson G, Geard CR, Brenner DJ, Hall EJ, Hei TK. Interaction between
radiation-induced adaptive response and bystander mutagenesis in mammalian cells. Radiat
Res. 160:512-6 (2003).

Hall EJ, Brenner DJ. The weight of evidence does not support the suggestion that exposure
to low doses of X rays increases longevity. Radiology 229:18-9 (2003).

*Brenner DJ, Doll R, Goodhead DT, Hall EJ, Land CE, Little JB, Lubin JH, Preston DL,
Preston RJ, Puskin JS, Ron E, Sachs RK, Samet JM, Setlow RB, Zaider M. Cancer risks
attributable to low doses of ionizing radiation: Assessing what we really know. Proc Natl
Acad Sci USA 100:13761-6 (2003).

*Brenner DJ, Hall EJ. Risk of cancer from diagnostic X-rays. Lancet 363:2192 (2004)
Mitchell SA, Randers-Pehrson G, Brenner DJ, Hall EJ. The bystander response in C3H
10T1/2 cells: the influence of cell-to-cell contact. Radiat Res. 161, 397-401 (2004)

Mitchell SA, Marino SA, Brenner DJ and Hall EJ. Bystander effect and adaptive response in
C3HI10T% cells. Int. J. Radiat. Biol. 80, 465-72 (2004)

*Brenner DJ. Radiation risks potentially associated with low-dose CT screening of adult
smokers for lung cancer. Radiology 231, 440-5 (2004)

Arsuaga J, Greulich-Bode KM, Vazquez M, Bruckner M, Hahnfeldt P, Brenner DJ, Sachs R,
Hlatky L. Chromosome spatial clustering inferred from radiogenic aberrations. Int J Radiat
Biol. 80:507-15 (2004)

*Brenner DJ, Elliston CD. Estimated radiation risks potentially associated with full-body CT
screening. Radiology 232:735-8 (2004).

*Brenner DJ. Fractionation and late rectal toxicity. Int J Radiat Oncol Biol Phys. 60:1013-5
(2004).

Mitchell CR, Azizova TV, Hande MP, Burak LE, Tsakok JM, Khokhryakov VF, Geard CR,
Brenner DJ. Stable intrachromosomal biomarkers of past exposure to densely ionizing
radiation in several chromosomes of exposed individuals. Radiat Res. 162:257-63 (2004).
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Hande MP, Azizova TV, Burak LE, Khokhryakov VF, Geard CR, Brenner DJ. Complex
chromosome aberrations persist in individuals many years after occupational exposure to
densely ionizing radiation: An mFISH study. Genes Chromosomes Cancer 44:1-9 (2005).
Worgul BV, Smilenov L, Brenner DJ, Vazquez M, Hall EJ. Mice heterozygous for the ATM
gene are more sensitive to both X-ray and heavy ion exposure than are wildtypes. Adv Space
Res. 35:254-9 (2005).

Hall EJ, Brenner DJ, Worgul B, Smilenov L. Genetic susceptibility to radiation. Adv Space
Res. 35:249-53 (2005).

Vives S, Loucas B, Vazquez M, Brenner DJ, Sachs RK, Hlatky L, Cornforth M, Arsuaga J.
SCHIP: Statistics for chromosome interphase positioning based on interchange data.
Bioinformatics. 21:3181-2 (2005).

Belyakov, O, Mitchell, S, Parikh, D, Randers-Pehrson, G, Marino, S, Amundson, SA, Geard,
CR, Brenner, DJ, Biological effects in unirradiated human tissue as a response to radiation
damage up to 1 mm away. Proc. Nat. Acad. Sci. USA, 102:14203-8 (2005)

*Brenner DJ and Georgsson MA. Mass Screening with CT Colonography: Should the
Radiation Exposure be of Concern? Gatroenterology, 129:328-37 (2005).

Sachs RK and Brenner DJ, Solid tumor risks after high doses of ionizing radiation. Proc.
Nat. Acad. Sci. USA, 102, 13040-45 (2005)

Zhou H, Ivanov VN, Gillespie J, Geard CR, Amundson SA, Brenner DJ, Yu Z, Lieberman
HB, Hei TK. Mechanism of radiation-induced bystander effect: role of the cyclooxygenase-2
signaling pathway. Proc Natl Acad Sci USA. 102:14641-6 (2005).

*Brenner DJ. Is it time to retire the CTDI for CT quality assurance and dose optimization?
Med Phys. 32:3225-6 (2005).

Bigelow A., Ross G., Randers-Pehrson G. and Brenner DJ. The Columbia University
Microbeam II endstation for cell imaging and irradiation. Nucl Instr Meth B 231:202-206
(2005).

Bigelow, A.W., Randers-Pehrson, G., Kelly, R.P. and Brenner, D.J. Laser lon Source for
Columbia University’s Microbeam. Nucl. Instr. Meth. B 241: 8§74-879 (2005).

Garty G., Randers-Pehrson G. and Brenner D.J. Development of a secondary-electron ion-
microscope for microbeam diagnostics. Nucl Instr Meth B 231:60-64 (2005).

Garty G., Ross G.J., Bigelow A., Randers-Pehrson G. and Brenner D.J. 4 microbeam
irradiator without an accelerator. Nucl. Instrum. Meth. B 241:392-396 (2005).

Ross, G.J., Bigelow, A.W., Randers-Pehrson, G., Peng, C.C. and Brenner, D.J. Phase-based
cell imaging techniques for microbeam irradiations. Nucl Instr Meth B241: 387-391 (2005).
Ross G., Garty G., Randers-Pehrson G. and Brenner D.J. A single-particle/single-cell
microbeam based on an isotopic alpha source. Nucl Instr Meth B 231:207-211 (2005).
*Brenner DJ, Sachs RK. Estimating radiation-induced cancer risks at very low doses:
rationale for using a linear no-threshold approach. Radiat Envir Biophys, 44:253-6 (2006)
Hall EJ, Worgul BV, Smilenov L, Elliston CD, Brenner DJ. The relative biological
effectiveness of densely ionizing heavy-ion radiation for inducing ocular cataracts in wild
type versus mice heterozygous for the ATM gene. Radiat Environ Biophys, 45:99-104 (2006)
*Brenner DJ. Induced second cancers after prostate-cancer radiotherapy: No cause for
concern? Int J Radiat Oncol Biol Phys. 65:637-9 (2006)

Shuryak I, Sachs RK, Hlatky L, Little MP, Hahnfeldt P, Brenner DJ. Radiation-induced

leukemia at doses relevant to radiation therapy: Modeling mechanisms and estimating risks.
Journal of the National Cancer Institute 98: 1794-1806 (2006)

13 (peer-reviewed papers)



201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

Garty G, Ross GJ, Bigelow AW, Randers-Pehrson G, Brenner DJ. Testing the stand-alone
microbeam at Columbia University. Radiat Prot Dosimetry. 122, 292-6 (2006)

Koh E-S, Tran TH, Heydarian M, Sachs RK, Tsang RK, Brenner DJ, Pintilie M, Xu T,
Chung J, Paul N, Hodgson DC. A4 comparison of mantle versus involved-field radiotherapy
for Hodgkins lymphoma: Reduction in normal tissue dose and second cancer risk. Radiation
Oncology, 2, 13-18 (2007)

Sedelnikova OA, Nakamura A, Kovalchuk O, Koturbash I, Mitchell SA, Marino S, Brenner
DJ, Bonner WM. DNA double-strand breaks form in bystander cells after microbeam
irradiation of three-dimensional human tissue models. Cancer Res. 67:4295-4302 (2007)
Kleiman NJ, David J, Elliston CD, Hopkins KM, Smilenov LB, Brenner DJ, Worgul BV,
Hall EJ, Lieberman HB. Mrad9 and ATM haploinsufficiency enhance spontaneous and x-
ray-induced cataractogenesis in mice. Radiat Res.168:567-73 (2007)

Hodgson DC, Koh ES, Tran TH, Heydarian M, Tsang R, Pintilie M, Xu T, Huang L, Sachs
RK, Brenner DIJ. Individualized estimates of second cancer visks after contemporary
radiation therapy for Hodgkin lymphoma. Cancer 110:2576-86 (2007)

Sachs RK, Shuryak I, Brenner DJ, Fakir H, Hlatky L, Hahnfeldt P, Second cancers after
fractionated radiotherapy: Stochastic population dynamics effects. J. Theoret. Biol. 249:518-
31 (2007).

*Brenner DJ, Shuryak I, Russo S, Sachs RK. Second breast cancers: Causes and potential
strategies for reduction. J Clin Oncol. 25:4868-72 (2007).

*Brenner DJ, Hall EJ. Computed tomography: an increasing source of radiation exposure.
New England Journal of Medicine, 357:2277-84 (2007)

Shuryak I, Sachs RK, Brenner DJ. Biophysical models of radiation bystander effects: 1.
Spatial effects in three-dimensional tissues. Radiat Res. 2007 168:741-9 (2007)

*Brenner DJ, Hall EJ. Secondary neutrons in clinical proton radiotherapy: A charged issue.
Radiother Oncol.86:165-70 (2008).

*Brenner DJ. Effective dose: a flawed concept that could and should be replaced. Br ]
Radiol. 81:521-3 (2008).

Hall EJ, Brenner DJ. Cancer risks from diagnostic radiology. Br J Radiol. 81:362-78 (2008).

Ahuja AK, Barber RC, Hardwick RJ, Weil MM, Genik PC, Brenner DJ, Dubrova YE. The
effects of Atm haploinsufficiency on mutation rate in the mouse germ line and somatic tissue.
Mutagenesis 23:367-70 (2008)

Hei TK, Zhou H, Ivanov VN, Hong M, Lieberman HB, Brenner DJ, Amundson SA, Geard
CR. Mechanism of radiation-induced bystander effects: a unifying model. ] Pharm
Pharmacol 60:943-50 (2008)

*Brenner DJ. The linear-quadratic model is an appropriate methodology for determining
isoeffective doses at large doses per fraction. Semin Radiat Oncol. 18:234-9 (2008)

*Brenner DIJ. Should computed tomography be the modality of choice for imaging Crohn's
disease in children? The radiation risk perspective. Gut 57:1489-90 (2008)

Bigelow AW, Brenner DJ, Garty G, Randers-Pehrson G Single-particle/single-cell ion
microbeams as probes of biological mechanisms. IEEE Trans Plasma Sci. 36:1424-31 (2008)

*Brenner D.J. and Huda W. Effective dose: A useful concept in diagnostic radiology?
Radiat. Prot. Dosimetry 128:503-508 (2008).

Bigelow A.W., Geard C.R., Randers-Pehrson G., and Brenner D.J. Microbeam-integrated
multiphoton imaging system. Rev. Sci. Instrum.79:123707 (2008).
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Bigelow A.W., Garty G., Funayama T., Randers-Pehrson G., Brenner D.J. and Geard C.
Expanding the question-answering potential of single-cell microbeams at RARAF, USA. J.
Radiat. Res. 50: Suppl. A:A21-A28 (2009).

Kirkpatrick J, Brenner DJ Point/Counterpoint. The linear-quadratic model is inappropriate
to model high dose per fraction effects in radiosurgery. Med Phys. 36:3381-4 (2009)

Chen Y, Zhang J, Wang H, Garty G, Xu Y, Lyulko OV, Turner HC, Randers-Pehrson G,
Simaan N, Yao YL, Brenner DJ. Design and preliminary validation of a rapid automated
biodosimetry tool for high throughput radiological triage. Proc ASME 3:61-67; 20009.

Hei T.K., Ballas L.K., Brenner D.J., Geard C.R. Advances in radiobiological studies using a
microbeam. J. Radiat. Res. 50 Suppl. A:A7-A12 (2009).

Bertucci A., Pocock R.D., Randers-Pehrson G., Brenner D.J. Microbeam irradiation of the
C. elegans nematode. J. Radiat. Res. 50 Suppl. A:A49-A54 (2009).

Shuryak I, Brenner DJ. A model of interactions between radiation-induced oxidative stress,
protein and DNA damage in Deinococcus radiodurans. J Theor Biol. 261:305-17 (2009)

Shuryak 1., Hahnfeldt P., Hlatky L., Sachs R.K. and Brenner D.J. 4 new view of radiation-
induced cancer: integrating short- and long-term processes. Part I: Approach. Radiat.
Environ. Biophys. 48:263-74 (2009).

Shuryak I., Hahnfeldt P., Hlatky L., Sachs R.K. and Brenner D.J. 4 new view of radiation-
induced cancer: integrating short- and long-term processes. Part 1l: second cancer risk
estimation. Radiat. Environ. Biophys. 48:275-86 (2009).

*Brenner DJ. Extrapolating radiation-induced cancer risks from low doses to very low
doses. Health Phys. 97:505-9 (2009)

*Brenner DJ, Elliston CD, Hall EJ, Paganetti H. Reduction of the secondary neutron dose in
passively scattered proton radiotherapy, using an optimized pre-collimator/collimator. Phys
Med Biol. 54:6065-78 (2009)

Randers-Pehrson G, Johnson GW, Marino SA, Xu Y, Dymnikov AD, Brenner DJ. The
Columbia University Sub-micron Charged-Particle Beam. Nucl Instrum Methods Phys Res
A. 609:294-299 (2009)

Chen Y, Zhang J, Wang H, Garty G, Xu Y, Lyulko OV, Turner HC, Randers-Pehrson G,
Simaan N, Yao YL and Brenner DJ. Development of a robotically-based automated
biodosimetry tool for high-throughput radiological triage. Int. J. Biomech. Biomed. Robot.
1:115-125 (2010).

Coy SL, Krylov EV, Schneider BB, Covey TR, Brenner DJ, Tyburski JB, Patterson AD,
Krausz KW, Fornace AlJ, Nazarov EG. Detection of Radiation-Exposure Biomarkers by
Differential Mobility Prefiltered Mass Spectrometry (DMS-MS). Int ] Mass Spectrom.
291:108-117 (2010)

Garty G, Chen Y, Salerno A, Turner H, Zhang J, Lyulko O, Bertucci A, Xu Y, Wang H,
Simaan N, Randers-Pehrson G, Yao YL, Amundson SA, Brenner DJ. The RABIT: a rapid
automated biodosimetry tool for radiological triage. Health Phys. 98:209-17 (2010)

*Brenner DJ. Medical imaging in the 21st century--getting the best bang for the rad. New
Engl J Med. 362:943-5 (2010)

Einstein AJ, Elliston CD, Arai AE, Chen MY, Pearson GD, Delapaz RL, Nickoloff E, Dutta
A, Brenner DJ. Radiation dose from single-heartbeat coronary CT angiography performed
with a 320-detector row volume scanner. Radiology 254:698-706 (2010)

*Brenner DJ. Contralateral second breast cancers: Prediction and prevention. J Natl Cancer
Inst. 102:444-5 (2010).
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*Brenner, DJ. Should we be concerned about the rapid increase in CT usage? Rev Environ
Health. 25:63-8 (2010).

Schettino G, Johnson GW, Marino SA, Brenner DJ. Development of a method for assessing
non-targeted radiation damage in an artificial 3D human skin model. Int J Radiat Biol.
86:593-601 (2010).

*Brenner DJ, Hricak H. Radiation exposure from medical imaging: time to regulate? JAMA.
304:208-9 (2010).

Shuryak I, Ullrich RL, Sachs RK, Brenner DJ. The balance between initiation and
promotion in radiation-induced murine carcinogenesis. Radiat Res. 174:357-66 (2010).

Kovalchuk O, Zemp FJ, Filkowski J, Altamirano A, Dickey JS, Jenkins-Baker G, Marino
SA, Brenner DJ, Bonner WM, Sedelnikova OA. MicroRNAome changes in bystander three-
dimensional human tissue models suggest priming of apoptotic pathways. Carcinogenesis
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*Brenner, DJ. Slowing the increase in the population dose resulting from CT scans. Radiat.
Res. 174:809-15 (2010).

Shuryak I, Sachs RK, Brenner DJ. Cancer risks after radiation exposure in middle age.
J Natl Cancer Inst. 102:1628-36 (2010).

Shuryak I, Brenner DJ. Effects of radiation quality on interactions between oxidative stress,
protein and DNA damage in Deinococcus radiodurans. Radiat Environ Biophys. 49:693-703
(2010).

Xu Y, Randers-Pehrson G, Marino SA, Bigelow AW, Akselrod MS, Sykora JG, Brenner DJ.
An accelerator-based neutron microbeam system for studies of radiation effects. Radiat Prot
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Shuryak I, Sachs RK, Brenner DJ. 4 new view of radiation-induced cancer. Radiat Protec
Dosim. 143: 358-64 (2011)

Garty G, Grad M, Jones BK, Xu Y, Xu J, Randers-Pehrson G, Attinger D, Brenner DJ.
Design of a novel flow-and-shoot microbeam. Radiat Prot Dosim. 143: 344-8 (2011)
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medical imaging: A multifaceted challenge. Radiology 258: 889-905 (2011)

Turner HC, Brenner DJ, Chen Y, Bertucci A, Zhang J, Wang H, Lyulko OV, Xu Y, Shuryak
I, Schaefer J, Simaan N, Randers-Pehrson G, Yao YL, Amundson SA, Garty G. Adapting the
y-H2AX assay for automated processing in human lymphocytes. 1. Technological aspects.
Radiat. Res. 175:282-90 (2011)

Templin T, Amundson SA, Brenner DJ, Smilenov LB. Whole mouse blood microRNA as
biomarkers for exposure to y-rays and *°Fe ions. Int ] Radiat Biol. Epub Jan 2011.

Chen C, Brenner DJ, Brown TR. Identification of urinary biomarkers from x-irradiated mice
using NMR spectroscopy. Radiat Res. Epub Feb 2011

Brenner DJ. Are x-ray backscatter scanners safe for airport passenger screening? For most
individuals, probably yes, but a billion scans per year raises long-term public health
concerns. Radiology Epub Mar 2011
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