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Abstract

Background: There is still uncertainty on whether ionizing radiation from CT scans can increase the risks of cancer.
This study aimed to identify the association of cumulative ionizing radiation from CT scans with pertaining cancer
risks in adults.

Methods: Five databases were searched from their inception to November 15, 2020. Observational studies reporting
cancer risks from CT scans in adults were included. The main outcome included quantified cancer risks as cancer case
numbers in exposed/unexposed adult participants with unified converted measures to odds ratio (OR) for relative risk,
hazard ratio. Global background radiation (2.4 mSv per year) was used as control for lifetime attribution risk (LAR), with
the same period from incubation after exposure until survival to 100 years.

Results: 25 studies were included with a sum of 111,649,943 participants (mean age: 45.37 years, 83.4% women),
comprising 2,049,943 actual participants from 6 studies with an average follow-up period as 30.1 years (range, 5 to
80years); 109,600,000 participants from 19 studies using LAR. The cancer risks for adults following CT scans were inor-
dinately increased (LAR adults, OR, 10.00 [95% Cl, 5.87 to 17.05]; actual adults, OR, 1.17 [95%(Cl, 0.89 to 1.55]; combined,
OR, 5.89 [95%(Cl, 3.46 to 10.35]). Moreover, cancer risks elevated with increase of radiation dose (OR, 33.31 [95% Cl,
21.33t0 52.02]), and multiple CT scan sites (OR, 14.08 [95% Cl, 6.60 to 30.05]). The risk of solid malignancy was higher
than leukemia. Notably, there were no significant differences for age, gender, country, continent, study quality and
studying time phrases.

Conclusions: Based on 111.6 million adult participants from 3 continents (Asia, Europe and America), this meta-anal-
ysis identifies an inordinately increase in cancer risks from CT scans for adults. Moreover, the cancer risks were posi-
tively correlated with radiation dose and CT sites. The meta-analysis highlights the awareness of potential cancer risks
of CT scans as well as more reasonable methodology to quantify cancer risks in terms of life expectancy as 100 years
for LAR.

Prospero trial registration number: CRD42019133487.
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Background
As an auxiliary diagnostic imaging modality, CT scans
play an important role in the diagnosis of various com-
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patients, relatively higher radiation doses are delivered
compared with other conventional imaging modalities [1,
6,7]..

Substantial follow-up works are now underway to
determine whether patients experiencing ionizing radia-
tion from CT scans can significantly increase the risk of
cancer. Indeed, many lines of evidence have shown that
ionizing radiation from CT scans is associated with can-
cer/tumor risks [8—12]. Whereas recently epidemiologi-
cal studies have examined potential disease risks from
pediatric CT scanning, studies of cancer risk from CT
scans during adulthood are also of critical important
for public health. Adults receive over 10 times more CT
scans than children [13-15] and most radiation induced
cancers occur during middle or older age.

However, researchers questioned the validity of the
earlier indirect estimates based on uncertain risk pro-
jections for radiation [16], whereas others declared that
the findings of recent CT scan studies need to be inter-
preted with caution, due to the possibility of reverse
causation [17]. Therefore, we cannot necessarily attrib-
ute all excess cases of cancer to ionizing radiation dur-
ing the period of follow-up after patients undergoing CT
scans, since the decision of performing CT scans is not
allocated randomly but based on medical indications. For
example, patients with precancerous symptoms or early
symptoms that might prompt their physician to perform
a CT scan, which may lead to the possibility of reverse
causation. Until now, there is still uncertainty on whether
ionizing radiation from CT scans can increase the risks
of cancer. It can be hard for the medical community to
design and conduct studies to validate previous reports.
Prior studies have presented the evidence on cancer and
mortality risks of young scoliosis patients from cumula-
tive radiographic radiation (spinal radiographs) [18] and
tentatively proposed low radiation X-ray methodology
[19], focusing on the issue dynamically with the medical
community [20-24] with the aims for benefiting global
patients and the public. Consequently, this work aims to
evaluate whether adult CT scan exposure can increase
the risks of cancer during the follow-up observation,
based on systematic review and meta-analysis of global
observational studies.

Methods

Protocol

This systematic review and meta-analysis was success-
fully registered in the International Prospective Register
of Systematic reviews (PROSPERO) on 28 April 2019,
with the Registration number CRD42019133487. The ini-
tial enrollment was to study the relationship between CT
screening and cancer risk in children and adolescents.
We revised the registry for adult CT scans and cancer
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risks due to a published study by another group during
our studying process [25]..

Study types

Observational studies, cohort studies, and case-control
studies were included in this systematic review and meta-
analysis, while studies assessed review articles, proceed-
ings, case series and case reports were excluded. No
restrictions to the language of publication were applied
to select primary studies. We added extra studies by addi-
tional hand search of the reference lists of related articles.

Population

Patients meeting the following requirements were
included in this study: 1) Patients were older than
18years for their first CT scan, 2) Patients did not have
any malignant diseases (such as precancerous symptoms
or early symptoms of the cancer) prior to their first CT
scan, 3) Patients with follow-up of more than 1 year after
their first scan. 4) Patients underwent at least one CT
scan. Those with the following conditions were excluded:
1) Patients with incomplete demographic data or data
errors, 2) Patients lost follow-up for a variety of factors.

Interventions

Included patients received one or more electronically
archived CT scans. The absorbed dose from a CT scan
mainly depends on factors including age, sex, examina-
tion site, year of scan (2007 as a milestone for CT scans in
terms of dose reduction in Annals of the ICRP [26]), and
machine parameters.

Outcome measures
The study included two outcome measures.

1) Cancer risks, including each part of the human body
with at least 1 year lag period after first exposure.

2) The potential associations between adult CT scan
exposure radiation doses and cancer risks, including
lifetime attribute risk (LAR).

Search methods for identification of studies

A thorough search was conducted in the following global
databases, PubMed, Medline, EMBASE, Web of Science,
Springer Link, Cochrane Library, from inception through
Nov 15th 2020 with terms including “Adult’, “computer-
ized tomography, X ray’, and “Cancer”. Search strategies
were designed by an experienced librarian and revised by
another librarian according to the PRESS (Peer Review of
Electronic Search Strategies) checklist [27]. Three review-
ers performed the selection process independently, and
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disagreements were discussed and resolved by a fourth
reviewer.

Assessment of risk of bias (ROBs) in included studies
The ROBs of each study were assessed independently by
two authors according to Newcastle-Ottawa Scale [28]..

Dealing with missing data

When missing data were encountered in included arti-
cles, we contacted the corresponding authors of relevant
studies for these data by sending electronic mails twice
with time interval of 1 month. When the study did not
provide the number of cancer cases in the case/exposed
group or control/unexposed group, the numbers were
calculated by the formula defined as R./R, for RR (Rela-
tive Risk), R, (1- R)/[R, (1- R,)] for OR (the rate in
exposed persons, denoted R,; the rate in unexposed per-
sons, denoted R), and (O,/O,)/(C,/C,) for HR (experi-
mental group, denoted O; control group, denoted C;
actual persons, denoted r; theoretical persons, denoted e)
[29].

Assessment of publication bias
Publication bias were explored by a funnel plot (i.e., plots
of study results against precision), Egger’s tests [30]..

Subgroup analysis

In studies using LAR to estimate cancer risks, control
group was defined according to the global incidence
of cancer at 2.4mSv of background radiation dose, i.e.,
lifetime baseline risk (LBR) [31]. We used the radiation
risk models for sex- and organ-specific cancer incidence
developed by the National Research Council’s BEIR VII
committee [32]. LAR calculates the risk of cancer from
an incubation period after radiation exposure (5 years
for solid cancer and 2 years for leukemia) to survival
to 100years. LAR and LBR were calculated with the
same method. For an age with a mantissa of 5: 45years,
divide by 2 the sum of the LAR values for 40years and
50vyears. For example, the LAR at the age of 45years
is (141470)/2=105.5 at full 100mSv (141 cases per
100,000 at 40-year-old and 70 cases per 100,000 at
50-year-old by BEIR VII). If less than 100 mSy, if it was
2.4mSv, the LAR at the age of 40vyears, 45years, and
50vyears are 41(2.4/100), 105.5(2.4/100), and 70(2.4/100),
respectively.

Sensitivity analysis

Sensitivity analysis was performed by removing relevant
studies to observe whether the homogeneity and the
results change significantly. If the heterogeneity was too
large to be analyzed, descriptive analyses were presented.
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Assessment of heterogeneity

All analyses were performed using Stata V.16.0 soft-
ware (Stata Corp LP, College Station, Texas, USA). Het-
erogeneity among primary studies were analyzed using
standard Chi-squared tests (P value) and the I° statistic
as recommended by the Cochrane Handbook for Sys-
tematic Reviews of Interventions [33]. We interpreted
P values according to Deeks [34]. Meta-regression was
used to explore prior factors that may be important
sources of heterogeneity. P <0.05 was considered as a
statistically significant.

Results

Hallmarks of included studies

The literature-retrieving strategy and pertaining results
were shown in Fig. 1 and Table S1. A total of 44,657
relevant studies were preliminarily reviewed. In total,
125 studies satisfied the eligibility criteria for full-text
screening and 25 were eventually included for this
meta-analysis [2, 8—11, 35-54]. Of these 25 studies, 5
reported actual cancer cases [8, 10, 11, 35, 36], 19 esti-
mated cancer cases by calculating LAR [2, 9, 37-53], 1
reported expected cancer cases in control group [54],
and all were published since 2007. Four studies were
excluded due to incomplete data [12, 55-57]. Addi-
tional data were requested by contacting the authors
of 4 studies via repeated electronic mails with a time
interval of 1 month (Table S2). However, no replies and
requested data were received.

Participant hallmarks

Studies were predominantly from the US (n =11), fol-
lowed by China (n =4), Sweden (n =3), Greece (n =2),
and Canada, Italy, Thailand, Croatia, and Denmark (n=1
each); One study [42] included populations from China
(Hong Kong) and the US. Based on the LAR base num-
ber of 100,000 persons, 25 studies were included with a
sum of 111,649,943 participants, comprising 2,049,943
actual participants (111,449 cases VS 1938494 con-
trols) from 6 studies; 109,600,000 estimated participants
(54,912,051 participants received at least one CT radia-
tion) from 19 studies. The average age was 51.3years in
CT scan exposed group (range, 20.0 to 94.0years) and
40.5years in control group (range, 25 to 84years). The
gender was reported in 19 studies of CT scan exposed
group and 5 studies of unexposed group. The proportion
of women was even higher (53.0%, 140,305 participants
in CT group; 85.6%, 1,914,381 participants in unexposed
group). The average follow-up time was 12.1years in
actual group (range, 5.9 to 22.5years), 48.0years (range,
5 to 80years) in LAR group. The radiation dose per capita
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Pubmed (n=35952)
EMBASE (n=3802)
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Springer Link (n=699)

Clinicaltrials.gov (n=14) /

|

Duplicate citations (n=450)

Records after duplicates removed (n=44207)

|

Records excluded after abstract review (n=44082)
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Neoplastic disease (n=35)

Not relevant exposure, outcome, data (n=26)
Occupational exposure (n=15)

Insufficient data (n=5)
Not retrieved (n=4)

No cancer cases (n=1)

Review, letter, note, comments (n=12)

Different prediction models (n=2)
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[ Studies included in meta-analysis (n=25) ]

Fig. 1 Flowchart of literature screening process

was 66.7 mSv (range:5.15mSv to 122mSv). A detailed list
of study hallmarks was shown in Table 1 and Table 2.

ROBs of included studies
The quality scores of 5 studies with actual participants
and cancer cases ranged from 7 to 9 (Table S3A). Twenty
of the studies were estimated cancer incidence and not
case-control or cohort studies, the quality scores ranged
from 2 to 6 (Table S3B).

Cancer risk from CT scans

The cancer risks for adults following CT scans were inor-
dinately increased (LAR adults, OR, 10.00 [95% CI, 5.87
to 17.05], > =99.14; actual adults, OR, 1.17 [95%CI, 0.89
to 1.55], I =94.18; combined, OR, 5.89 [95%CI, 3.46 to
10.35], I =99.61%; Fig. 2). Notably, cancer incidence for
actual studies was significantly different due to the inclu-
sion (OR, 1.17 [95% CI, 0.89 to 1.55]) or exclusion (OR,
1.32 [95% CI, 1.11 to 1.56]) of Bruton’s study [35] with

pregnant women participants (Table 3). Subgroup analy-
sis indicated that cancer risks from LAR studies were sig-
nificantly higher than actual studies (P =0.00; Table 3),
due to a longer life expectancy (to 100years) used for
calculation.

There was no evidence of publication bias (egger,
P =0.58). Cancer risks of exposed men and women were
not significantly different (P =0.71, men, OR, 4.89 [95%
CI, 2.40 to 9.96]; I> =99.43%; women, OR, 5.88 [95% CI,
2.96 to 11.68], > =99.52%; Table 3). There were no signif-
icantly different cancer risks (P =0.93) for adults in terms
of age (Table 3, less than 45years, OR, 5.79 [95% CI, 2.08
to 16.14], I? =99.64%; 45 to 65years, OR, 5.04 [95% CI,
2.02 to 12.57], P =99.47%; older than 65years, OR, 6.66
[95% CI, 2.07 to 21.38], I =98.00%).

The LAR estimation included the 2006 National Acad-
emy of Sciences BEIR VII. We extracted data in terms
of scanning year (before and after 2007, 26] and coun-
tries (US or not) to explore the impact of scanning year
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Table 2 Detailed information and characteristics of included studies

Study Study Type Reason CT scanner NO. of CT scan Effective dose Cumulative Observation  Follow-up
(CT sites, (mSv) dose (mSv) time (Y)
participants) —

E U

Burton [ 35], A NA NA 1,5655 10-44 NA 1995-2004 59 1.1

etal 2018 > 2,204

Nordenskjold [ A NA NA NA NA NA 1973-1992 225 219

10], et al. 2017

Hung [36],etal. A CAD NA 1-5,657 NA NA 1997-2010 12 12

2013 >6,297

Olsen [ 54], A CHD NA NA NA NA 1977-2008 8 8

etal. 2014

Shao[8],etal. B NA NA 1-3,17,423 0.5-17.0 05-71.3 2000-2013 9.3- 9.3-

2020 >4,2742 9.9 9.9

Davis[11],etal. B NA NA 1-2,98 2 1.5-10 2003.04- 2 2

2011 >3,30 2007.12

Rampinelli[9], C LCS NA NA M:1.0 M:9.3 2004-2015 10 10

etal. 2017 F:14 F:13

Kritsaneepai- NA Multiple-injury  64-multislice NA NA 1943+£21.31 2013.01.01- 1 NA

boon [37], et al. and 16-multi- 2013.12.31

2016 slice CT, Phillips

Brilliance

Griffey [ 38], C Emergency 64-multislice CT NA NA 122 2005.06.01- 7.7 NA

et al. 2009 2006.05.31

Einstein [ 39], C NA Siemens AG NA 88+29 NA NA NA NA

et al. 2008 16-slice

Faletra [ 40], C Coronary 64-slice CTCA NA Low: M NA NA NA NA

etal. 2010 disease 39+1.7,F

31+£14
High: M
233+40,F
223423
Niemann [ C PE Siemens Sensa- NA 4354031 NA NA 1 NA
41]etal 2013 tion 64;Siemens
Sensation
16;Siemens
Sensation 10
Huang [42], NA NA 64-detector CT  NA M: 13.65,24.80, 100 NA NA NA
etal. 2009 system (Discov- 3218
ery PET/CT,GE F:13.45,24.79,
Healthcare, 31.91
Milwaukee, Wis)

Perisinakis [43], D NA 256-slice CT NA 89+£09 NA NA NA NA

etal. 2015

Smith-Bindman E Various NA NA 2-31 NA 2018.01.01- NA NA

[ 2], etal. 2009 2018.05.30

Sodickson [44], A Cysticfibrosis NA NA NA 543 1985-2007 NA NA

et al. 2009

Huang [ 45], D NA NA NA 45-73 100 NA NA NA

et al. 2009

Huda [46],etal. C CAD 64-MDCT scan-  NA 25.1+£49 NA NA NA NA

2010 ner (Siemens

Healthcare)

Perisinakis [47], NA NA 256-slice TRO-  NA M:3.8+0.7 NA NA NA NA

etal. 2012 CTA F:654+1.0

Einstein [ 48], NA NA 64-slice scanner NA NA lungs: 42-91 NA NA NA

et al. 2007 (SOMATOM breast: 50-80

Sensation
64, Siemens
AG, Munich,

Germany)
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Table 2 (continued)

Study Study Type Reason CT scanner NO. of CT scan Effective dose Cumulative Observation  Follow-up
(CT sites, (mSv) dose (mSv) time (Y)
participants) £ U
Kim [49],etal.  NA CAC NA NA 3.1 NA 2000-2005 NA NA
2009
Majer [50], etal. NA NA NA NA NA 16-94 NA NA NA
2018
Salibi [51],etal. E TBI NA NA 87445 NA NA NA
2014
Shah[52], etal. C Emergency NA 834 NA 2001.01- NA NA
2013 2007.12
Wylie [53],etal. C Hip Pain NA 30 NA 2015.01— NA NA
2018 2016.12
Odds Ratio Weight
Study Country Participant Exposed Cancer with 85% CI (%)
Burton et al.2018 Canada 1297918 27 -h- 059 040, 0.86] 3.99
Shao et al. 2020 China 616541 2552 ] 147 141, 153] 4.06
Davis et al.2011 America 538 56 S 136 091, 204 398
Nordenskjdld et al.2017 Sweden 66932 23 - 169 1.02, 280] 393
Hung et al.2013 China 37806 954 O 111 1.01, 1.22] 4.06
Olsen et al.2014 Denmark 30208 37 - 119 074, 193] 394
Rampinelli et al.2017 italy 3200000 653 | 477 397, 5.74] 4.05
Kritsaneepaiboon et al.2016 Thailand 200000 140 - 762 469, 1239] 3.94
Griffey et al.2009 America 200000 1220 —l-85.72[ 50.98, 144.13] 3.92
Einstein et al.2008 America 200000 63 —- 486 267, 885 3.88
Faletra et al. 2010 Sweden 4200000 5307 o 21.02( 1853, 23.84] 4.06
Niemann et al.2013 Sweden 17400000 539 O 376 3.13, 4.52] 4.05
Huang et al.2009 China and America 46400000 19493 | 48.28 43.75, 53.28] 4.06
Perisinakis et al.2015 Greece 200000 72 - 265 1.70, 4.13] 3.96
Smith-Bindman et al.2009 America 400000 423 = 821 6.15, 10.97] 4.02
Sodickson et al.2009 America 200000 300 e 1041 7.11, 1525] 3.99
Huang et al.2009 China 25000000 8690 ] 4261 37.08, 48.95) 4.05
Huda et al.2010 America 400000 231 g 3 784 534, 11.50] 3.98
Perisinakis et al. 2012 Greece 400000 59 - 229 144, 3863] 395
Einstein et al.2007 America 1600000 1702 | 1264 1061, 15.07] 4.05
Kim et al.2009 America 2600000 102 0 091 069, 1.18] 4.02
Majer et al.2018 Croatia 4400000 1410 = 2551 19.50, 33.38] 4.02
Salibi et al.2014 America 200000 810 E & 20.72[ 15.05, 28.53] 4.01
Shah et al. 2013 America 400000 1164 . 3 35.78( 25.28, 50.66] 4.00
Wylie et al.2018 America 2000000 880 ] 441 378, 5.14] 4.05
Overall - 598 346, 10.35)
Heterogeneity: 7 = 1.93, I’ = 89.61%, H® = 257.02
Test of 6, = 6;: Q(24) = 8129.97, p = 0.00
Testof 8=0:z=6.39, p=0.00
22 2 8 32 128
Random-effects REML model
Fig. 2 Forest plot of cancer risk from CT scans versus unexposed group
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Table 3 Subgroup analyses of CT exposure radiation and the
risks of cancer incidence

n OR(95% Cl) 1[2](%), Pubgroup
Pheterogeneity
All studies 25 598 (34610 99.61,0.00
10.35)
Sex 0.71
Men 18 4.89(240t09.96) 99.43,0.00
Women 18 5.88(2.96to 99.52,0.00
11.68)
Age 0.93
<45years 11 579 (2.08 to 99.64, 0.00
16.14)
45 to 65 years 11 5.04 (2.02 to 99.47,0.00
12.57)
>65years 8 6.66(2.07 to 98.00, 0.00
21.38)
Scanning year 0.88
Before 2007 8 3.83(1.05to 98.86, 0.00
13.91)
After 2007 5 339(1.60tc7.72) 99.54,0.00
Data type 0.00,0.00
Actual 6 1.17(0.89to 1.55) 94.18,0.00
Actual (Except 5 1.32(1.11t0 1.56) 80.79,0.00
Burton et al.
2018)
Estimate 19 10.00 (5.87 to 99.14, 0.00
17.05)
Country 0.19
NonAmerica 14 465 2.15t0 99.73,0.00
10.05)
America 12 9.56 (44810 99.03,0.00
20.40)
Continent 0.58
Asia 5 781(157t0 99.91, 0.00
38.89)
Europe 8 437(200t09.56) 98.74,0.00
America 14 77234210 99.19,0.00
17.42)
Cancer type 0.01
Nonleukemia 14 557 (23610 99.67,0.00
13.16)
Leukemia 5 166(1.29t02.15) 19.62,0.21
CT scan sites 0.00
<3 15 338(1.80t06.33) 99.23,0.00
>3 10 14.08 (6.60to 99.53,0.00
30.05)
Quality scores 0.25
<5 14 804 (438to 99.23,0.00
14.75)
>5 11 412(1.57to 99.69, 0.00
10.86)

Abbreviations: OR Odds ratio, C/ Confidence interval
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and countries on cancer risks. Scanning year, coun-
tries, and continents of studies did not alter cancer risks
(> =99.61%, P =0.88; I° =99.61%, P =0.19; I =99.61%,
P =0.58, Table 3). There was no significant difference in
study quality scores (I> =99.61%, P =0.25; Table 3).

Dose-response analysis showed that the cancer risks
significantly increased linearly with radiation dose of
CT scans (Coefficient=0.03, P =0.00) (Fig. S1). In
details, the cancer risks were lowest for radiation dose
of less than 15mSv (OR, 2.51 [95% CI, 1.55 to 4.06],
PP =94.46%), highest for dose greater than 55mSv (OR,
33.31 [95% CI, 21.33 to 52.02], > =97.09%), intermedi-
ate for dose of 15 to 55mSv (OR, 5.48 [95% CI, 2.74 to
10.97]), with significant differences between triple groups
(P <0.001, dose grouping according to the overall radia-
tion dose distribution included in the studies) (Fig. S2).
Moreover, the relationship between cancer risk and radi-
ation dose was more significant in the <45years group
(P =0.00), while there was no significant difference in
45-65years groups (P =0.08, Fig. S3).

For cancer types, a significantly higher risk of non-leu-
kemic cancer was noted (P =0.01; Table 3), in compari-
son with leukemic cancer. Cancer risks were significantly
increased when more than 3 sites were scanned (P = 0.00;
Table 3).

Heterogeneity and sensitivity analyses

Sensitivity analyses did not alter the results, by exclud-
ing 1 study at a time from each meta-analysis (Table S4).
Heterogeneity was present in all analyses (>99% for all
pooled estimates). Meta-regression (Table S5) identified
data type, CT sites, and radiation dose contributing to
heterogeneity for cancer risk, with no factors substan-
tially reducing heterogeneity between studies.

Discussion

Main findings and the significance of using LBR for LAR
studies

The meta-analysis presents novel and complete evidence
for the common and important issue concerned by cli-
nicians, patients and the public, i.e., exposed CT scans
and pertinent cancer risks for adults in their remaining
lives. Based on 2,049,943 actual and 109,600,000 LAR/
LBR participants from 9 countries, cancer risks for adults
undergoing CT scans were successfully identified. Impor-
tantly, studies using LAR have been neglected in previ-
ous synthesized reports; partly due to the paucity of an
appropriate control/unexposed population in quantify
OR for these studies.

Indeed, selecting a control group (LBR) for LAR stud-
ies was challenging for such meta-analysis with global
included studies. Participants unexposed to CT scans
receive cosmic radiation (background radiation) in the
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earth, with various radiation dose range in different
regions [31]. When background radiation was greater
than 20mSv per year, the area is designated as high natu-
ral background radiation (HNBR) region [58]. An ideal
LBR should estimate cancer incidence based on various
background radiation doses in different regions. Since
HNBR areas were not covered in LAR studies for our
meta-analysis, it is appropriate to use the global mean
of 2.4mSv per year as control group to estimate cancer
risks. Our data showed that the incidence of cancer in
the LBR group (42.7/100000 for men and 65.7/100000
for women) was lower than that in the CT exposed group
(68.8/100000 for men and 91.9/100000 for women) and
the updated annual global incidence of cancer [59]..

Sample size strengths and profound analysis for cancer
risks from CT scans

So far, no studies have quantified the cancer risk of low-
dose radiation. One of the most important reasons is
insufficient sample size. According to the evaluation of a
total of 1000mSv for a sample of 1000 people, the sam-
ple size needed to evaluate 100 mSv would be 100,000,
10mSv would be 10 million [60]. In this meta-analysis,
the sample size was sufficient with strengths, includ-
ing 24,000,538 participants for CT radiation exposure
<15mSv, 1,056,402,315 for 15 to 55mSv, and 76,600,000
for dose >55mSv. Cancer risks increased with cumula-
tive radiation dose from CT scans, consistent with pre-
vious evidence [61]. Meanwhile, the results showed that
cancer risks increased slowly during radiation dose below
55mSv, and rapidly for those above 55mSv.

Ample evidence from Japanese atomic bomb survivors
indicates that children are more susceptible than adults
to the deleterious effects of ionizing radiation [62]. Chil-
dren have longer life expectancy since exposure to ion-
izing radiation, providing more time for a cancer to
manifest. This point supports our results with higher
cancer risks for LAR than actual studies, since life expec-
tancy used for LAR was 100years [63]. Notably, there was
no significant difference of age on cancer incidence when
we divided adults into young, middle-aged and older
(age groups according to the 2010 WHO Recommenda-
tions on physical activity for health) [64]. Similarly, age
did not significantly alter cancer risks for children and
adolescents exposed for CT scans in Huang’s study [25]
(0 to 5years (relative risk [RR], 1.35), 6 to 15years (RR,
1.14), and>15years (RR, 1.24) [25]. Mavragani et al.
found that DNA damage from low radiation doses was
not severe enough to cause cell death, but could trigger
a red flag [65, 66]. One of those red flags is the body’s
immune system. Increasing evidence suggests that radia-
tion exposure of low dose may not only have immuno-
suppressive effects, but likely to be associated with a
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radiation-induced enhancement in the immune sys-
tem [67-69]. However, immune systems of older adults
are not as well functioning as those of younger people.
This factor may underlie the results that the risk of can-
cer from CT radiation does not continue to decrease
with age. This may also explain why cancer risks in the
45-65years group are less sensitive to radiation exposure
than those in the <45years group. Despite the age differ-
ences were insignificant, there was a significant increase
in cancer risks for exposed adults compared with the
background radiation group.

In 2007, the International Commission on Radio-
logical Protection (ICPR) published a guide to the basic
principles of appropriate radiation Protection based on
radiation exposure. Since then, almost all international
standards and national regulations dealing with radiation
protection have been based on the recommendations of
the Committee. Consequently, 2007 should be a mile-
stone for CT scan in terms of dose reduction. Even in this
study, no significant difference was found between radia-
tion and cancer risk compared with studies published
before or after 2007. What is clear is that researchers will
adjust their protective strategies to a higher level in the
plethora of exposure situations, as ICRP itself states.

Limitations

Firstly, There are various confounders for cancer inci-
dence [70], including genetics [71], hormone levels, [72,
73] tobacco, alcohol, overweight, physical activity [74,
75], socio-economic status, [76] and infectious agents
[77, 78]. These confounders were not included in this
meta-analysis, due to the unavailability of information
from original studies. Secondly, the numbers of partici-
pants in this study are mostly derived from estimated
group and tend to be theoretical cancer risks from CT
scan. Nevertheless, evidence from these LAR stud-
ies should not be ignored for meta-analysis (have been
ignored in previous systematic review). Thirdly, over 80%
participants in this study were women, with the risk of
cancer in women undergoing CT scans during pregnancy
remains unclear. Fourthly, the actual and estimated par-
ticipants were combined. The difference in age at the end
of follow-up between the two groups may amplify the
actual cancer incidence. Nevertheless, current follow-up
time period from actual studies was relatively limited,
with incomplete reflected cancer risks from CT scans.
Fifth, it is apparent that CT scans were correlated with
increased risk of solid cancers, i.e., cancer risk increased
with radiation dose and sites scanned. However, the rela-
tive increased quantification of scans may be biased due
to different weight factors of various organs/tissues of the
body. Finally, heart disease was the most common reason
for CT scans in included studies, with variation in terms
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of the severity of patients, the treatment plan, and the
duration of follow-up, thus contributing to the inconsist-
ency of included studies.

Conclusion

Based on 111.6 million adult participants from 3 conti-
nents (Asia, Europe and America), this meta-analysis
identifies an inordinately increase in cancer risks from
CT scans for adults (Additional Video). Moreover, the
cancer risks were positively correlated with radiation
dose and CT sites. The meta-analysis highlights the
awareness of potential cancer risks of CT scans as well as
more reasonable methodology to quantify cancer risks in
terms of life expectancy as 100years for LAR.
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