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Sir,
We read with great interest the recent article by Ruth
Kleinerman on cancer risks following diagnostic and
therapeutic radiation exposure in children [1]. The author
provided important data from major studies of cancer risk
following childhood irradiation for treatment of benign
disease and postnatal diagnostic radiation exposure. Fur-
thermore, this paper allows us to provide additional com-
ments on an important issue of public health. In fact,
medical radiation is the largest man-made source of
population dose [2]. The benefits of all diagnostic imaging
when used judiciously are unquestionable. Good medical
practice warrants knowledge of the doses and long-term
risks of these tests, which can be judiciously employed
when they are most appropriate [2]. However, it is also true
that regulatory bodies estimate that at least 30% of all
diagnostic testing is inappropriate [3]. This inappropriate-
ness probably has its roots in the degree of radiological
awareness of the long-term risks associated with radiation
exposure. Indeed, recent studies have shown a surprising
lack of knowledge among physicians of both dose and
clinical risk of commonly performed examinations involv-
ing ionizing radiation [4–7]. Paediatricians have the greatest
responsibility for protecting their patients from the “friendly
fire” of inappropriate imaging. Unfortunately, awareness of
radiation protection issues among paediatricians is general-
ly low, with widespread underestimation of relative doses
and risks [8]. Information on dangers and cautions
connected with the use of medical radiation is, therefore,
probably the most effective way of achieving patient safety.

The most recent update of the risk of low-dose radiation-
induced carcinogenesis comes from the National Research
Council Committee on the Biological Effects of Ionizing
Radiation (BEIR VII) of the National Academy of Sciences
[9]. BEIR VII indicated that a single adult population
effective dose of 10 mSv results in a 1 in 1,000 life-time risk
of developing radiation-induced solid cancer or leukaemia.
However, a 1-year-old infant is 10–15 times more likely
than a 50-year-old adult to develop a malignancy from the
same dose of radiation [9]. At low doses, the assessment of
health risk has always been a focus of controversy and the
estimate is essentially derived by extrapolation of the dose-
effect curve obtained from high doses.

Therefore, the health risks of low-dose exposure in
humans may not be accurately quantified by any epidemi-
ological study because of numerous confounding factors,
such as inherent, environmental and biological variables. In
her paper, Kleinerman reported that only two long-term
follow-up studies of cancer following cardiac catheteriza-
tion in childhood have been conducted, yielding inconsis-
tent results [1, 10–12]. These studies are meritorious and
important, but they do have the inherent limitation of being
statistically underpowered. In fact, it has been estimated
that it would require an epidemiological study of more than
5 million people in order to be able to directly quantify the
risk of cancer from exposure to doses of radiation of
10 mSv or less—the typical dose range delivered by
diagnostic X-rays [13]. In order to overcome the severe
practical limitations of the epidemiological approach, we
decided to look for surrogate end-points of radiation-
induced carcinogenesis in our recent study [14]. Our
findings showed that cardiac procedures using ionizing
radiation (mostly cardiac catheterization) are associated
with a long-lasting increase in chromosome aberrations in
circulating lymphocytes, which represent an intermediate
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end-point of carcinogenesis and a surrogate biomarker of
increased cancer risk [14]. In fact, during the last decade,
prospective cohort studies have shown a significant associ-
ation between high chromosomal change frequency in
peripheral human lymphocytes and the risk of cancer [15].

Therefore, the use of surrogate biomarkers will assist in
the difficult task of assessing long-term development of
oncogenic effects (Fig. 1). Such studies could have the
greatest potential for providing a better understanding of
the relationship between low-dose radiation exposure and
an individual’s susceptibility to the carcinogenic effects of
radiation, as recently indicated in the Recommended
Research Needs by the BEIR VII report [9]. Finally, more
direct evidence of DNA damage may be one of the most

efficient ways for improving the awareness of the potential
harmful effects of diagnostic radiation and for applying the
principles of optimization and justification.
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Fig. 1 From epidemiology estimates to biomarkers. a In order to
maintain statistical precision and power, hundreds of thousands of
patients followed up for decades are required to quantify the risks of
very low doses of radiation. b The evidence of a positive association
between the frequency of chromosomal aberrations (CA) in peripheral
blood lymphocytes and the risk of cancer at different sites came from

nested case-control studies in Nordic and Italian cohorts. c Thus, the
advantages of a surrogate end-point are that, firstly, sample size can be
relatively small, and secondly, the lag time between the intermediate
phenotype and the clinical end-point is decades, so that appropriate
clinical surveillance can be implemented (modified from references 13
and 15)

110 Pediatr Radiol (2007) 37:109–111

http://ec.europa.eu/energy/nuclear/radioprotection/publication/118-en.pdf
http://ec.europa.eu/energy/nuclear/radioprotection/publication/118-en.pdf


4. Shiralkar S, Rennie A, Snow M, et al (2003) Doctors’ knowledge
of radiation exposure: questionnaire study. BMJ 327:371–372

5. Finestone A, Schlesinger T, Amir H, et al (2003) Do physicians
correctly estimate radiation risks from medical imaging? Arch
Environ Health 58:59–61

6. Lee CI, Haims AH, Monico EP, et al (2004) Diagnostic CT scans:
assessment of patient, physician, and radiologist awareness of
radiation dose and possible risks. Radiology 231:393–398

7. Correia MJ, Hellies A, Andreassi MG, et al (2005) Lack of
radiological awareness in a tertiary care cardiological centre. Int J
Cardiol 103:307–311

8. Thomas KE, Parnell-Parmley JE, Haidar S, et al (2006)
Assessment of radiation dose awareness among pediatricians.
Pediatr Radiol 36:823–832

9. Committee to Assess Health Risks from Exposure to Low Levels
of Ionizing Radiation (2006) Health risks from exposure to low
levels of ionizing radiation:BEIR VII phase 2. National Research
Council. The National Academies Press, Washington. http://www.
nap.edu/catalog/11340.html

10. Modan B, Keinan L, Blumstein T, et al (2000) Cancer
following cardiac catheterization in childhood. Int J Epidemiol
29:424–428

11. Spengler RF, Cook DH, Clarke EA, et al (1983) Cancer mortality
following cardiac catheterization: a preliminary follow-up study
on 4,891 irradiated children. Pediatrics 71:235–239

12. McLaughlin JR, Kreiger N, Sloan MP, et al (1993) An historical
cohort study of cardiac catheterization during childhood and the
risk of cancer. Int J Epidemiol 22:584–591

13. Brenner DJ, Doll R, Goodhead DT, et al (2003) Cancer risks
attributable to low doses of ionizing radiation: assessing what we
really know. Proc Natl Acad Sci USA 100:13761–13766

14. Andreassi MG, Ait-Ali L, Botto N, et al (2006) Cardiac
catheterization and long-term chromosomal damage in children
with congenital heart disease. Eur Heart J. DOI 10.1093/eurheartj/
ehl014

15. Hagmar L, Stromberg U, Tinnerberg H, et al (2004) Epidemio-
logical evaluation of cytogenetic biomarkers as potential surrogate
end-points for cancer. IARC Sci Publ (157):207–215

Pediatr Radiol (2007) 37:109–111 111

http://www.nap.edu/catalog/11340.html
http://www.nap.edu/catalog/11340.html
http://dx.doi.org/10.1093/eurheartj/ehl014
http://dx.doi.org/10.1093/eurheartj/ehl014

	Diagnostic and therapeutic radiation exposure in children: new evidence and perspectives from a biomarker approach
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


