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Abstract

Background: A systematic review of single physical trauma and cancer was carried out, with a meta-analysis where
deemed appropriate.

Methods: A comprehensive search of the literature including databases such as Medline and Embase identified 1529
potentially relevant papers for inclusion. A further 89 potentially relevant studies were identified from bibliographies.
After review of titles and abstracts and then full papers, a total of 77 studies were included in the broader review of
trauma and cancer, and 3| of these studies considered single physical trauma and cancer. The searches were carried out
in June 2016.

Results: Although physical trauma as a cause of cancer has been an issue of clinical interest for decades, the epide-
miological evidence was sparse. Only for traumatic brain injury and brain cancer was there considered a sufficient
number of epidemiological studies for a meta-analysis. A random effects meta-relative risk for glioma from cohort
studies was 0.96 (95% Cl: 0.49 to 1.88) and 1.53 (95% CI: 1.02 to 2.27) for case-control studies. The equivalent results
for meningioma were 1.22 (95% CI: 0.85 to 1.76) and 1.88 (95% CI: 0.84 to 1.49) respectively.

Conclusions: Further work is required to clarify whether physical trauma has a role in cancer development, perhaps by
exploiting trauma registries.
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Background

At the outset of our review, concern was expressed

Physical trauma is defined as a body wound produced
by sudden physical injury from impact, violence or
accident. The two main types of trauma are blunt
force trauma (when an object or force strikes the
body, often causing concussions, lacerations or
broken bones) and penetrating trauma (when an
object pierces the skin or body, creating an open
wound). In their landmark review for the US
Congress of the causes of cancer, Doll and Peto’s
only mention of trauma or injury was in relation to
cancer of the cervix uteri arising from the trauma of
childbirth." A fairly recent editorial that updated their
work did not mention either trauma or injury as a
cause of cancer.” An overview by the International
Agency for Research on Cancer (IARC) on prevent-
able exposures associated with human cancers also
made no mention of trauma or injury as a cause of
cancer.’

by the funders of this research mostly in relation to skin
cancer at the site of burns and bone cancer at the site of
bony injuries or fractures. The expectation was that,
were the epidemiological evidence to be sufficient to
determine causality, and the traumatic exposures
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occurred as a consequence of work, then these cancers
might be compensable as work-related.

Thus, the aim of this review was to carry out a sys-
tematic review of the available literature on trauma or
injury and cancer, carrying out meta-analyses where
possible, in order to determine whether physical
trauma at any age was a cause of cancer.

Materials and methods

Literature search terms were first trialled by running
the searches in online databases. The databases
searched and the search terms used for the wider liter-
ature search are set out in Table 1. The searches were
carried out in June 2016. As well as single physical
trauma, the search terms also searched for the traumat-
ic consequences of an assault on the body, such as sur-
gery, but these are not included in this paper. Titles and
abstracts were initially screened independently by two
reviewers to eliminate those papers not relevant. Those
seemingly meeting the inclusion criteria were carried
forward for full paper review.

The inclusion criteria were epidemiological cohort
and case-control studies of primary malignant
tumours, where a physical trauma was of interest.
There were no age restrictions on the populations stud-
ied or language restrictions on the papers identified.
Where pooled studies were included, their constituent
studies were included, but not included in any meta-
analyses to avoid duplication. Ecological and cross-
sectional studies were included in the qualitative assess-
ment of the evidence, but case series and case reports
were excluded.

Table |. Databases searched and search terms.

A data-extraction sheet was developed to include
sections on: screening for relevance (include/exclude),
including reasons for exclusion; research question(s)
being addressed; study specifics (study population,
exposure period, case ascertainment, exposure data,
factors adjusted for, outcome, results); quality criteria
for cohort and case control studies (applied Newcastle-
Ottawa scale);* relevant papers identified in the bibli-
ography; and additional notes and comments.

Four reviewers from the project team undertook a
pilot of the data-extraction sheet with a sample of
papers, firstly to test the application of the inclusion/
exclusion criteria and secondly to establish if there
was consistency in data extraction. The initial testing
of the inclusion/exclusion criteria identified only one
paper where there was some confusion over inclusion.
From this, via discussion, it was identified where the
data-extraction sheet needed slight adaptations. The
subsequent testing of the data extraction found no dis-
crepancies and so no further changes were made.

The data extraction for each paper was undertaken
independently by two reviewers. Through this
process the papers identified through initial screening
were either included, as they informed the findings of
the current review and therefore had their data
extracted, or excluded. Where there were inconsisten-
cies in the decision to include or exclude, a third
reviewer was consulted and, if this did not lead to con-
sensus, this reviewer’s view, which now was also the
majority view, was adopted. Figure 1 presents the
PRISMA diagram of the study selection process.

The Newcastle-Ottawa criteria for cohort and case-
control studies,* were used to assess study quality, and
both scales scored studies on a scale of zero to nine.

NIOSHTIC-2, OLDMEDLINE and ProQuest Dialog Healthcare databases were searched including Current Contents; BIOSIS;
ProQuest Dissertations and Theses Professional; EMBASE; MEDLINE; Scisearch; and Psychinfo.

The search string used for the above bibliographic databases was: (trauma OR injury OR hurt OR wound OR wounding OR sore
OR bruise OR cut OR laceration OR lesion OR abrasion OR contusion OR “heat trauma” OR “cold trauma” OR “UV trauma”
OR “noise trauma” OR “multiple trauma exposures” OR “chemical trauma” OR “heat strokes” OR (exposure AND wind) OR
(exposure AND solar) OR burn OR fracture) AND (cancer OR neoplasm OR neoplasms OR tumour OR tumours OR tumour
AND (“systematic review” OR review OR “cohort study” OR “case-control study” OR “case-referent study” OR meta-analysis

OR “cross-sectional-study” OR *“ecological study”)

The Cochrane Database of Systematic Reviews (CDSR) and Database of Abstracts on Reviews of Effects (DARE) were searched

using the search string: trauma AND cancer.

Grey literature searches were carried out in Google; Google Scholar; New York Academy of Medicine’s Grey Literature Report;

and Open Grey.

Web site Searches were undertaken using the following web sites: IARC; Cancer Research UK; NCI; CDC; IOSH; WHO; CCSRI;
Canadian Cancer Society; BC Cancer Agency; and Australian Cancer Research. The search string used was (trauma OR injury

OR wound) AND cancer AND epidemiology.
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Figure |. PRISMA diagram.

Where there were a sufficient number of risk esti-
mates, a meta-analysis® was carried out and reporting
was according to the MOOSE guidelines.® Where rela-
tive risks adjusted for confounders were presented,
these were preferred to unadjusted risk estimates, as
were lagged relative risks that attempted to account
for cancer latency. A fixed-effect analysis was carried
out in the presence of a lack of statistically significant
heterogeneity and, if significant heterogeneity was pre-
sent, a random-effects analysis was carried out.” The
variation attributable to heterogeneity was assessed
using the Cochran chi-squared statistic, although it is
acknowledged as having limited statistical power.®

If the outcomes under study are rare in all popula-
tions and subgroups under review, one can generally
ignore the distinctions among the various measures of
relative risk (e.g. odds ratio, rate ratio and risk ratios).”
Thus, all effect measures were combined into a single
meta-analysis, but as this approach remains controver-
sial they were also analysed separately. An assessment
of the robustness of any findings was made by

examining important subgroups of the data, for exam-
ple, cohort and case-control studies examined separate-
ly; and the exclusion of lower quality studies (as
determined by assessment using the Newcastle-
Ottawa Scale*). Publication bias was assessed using
funnel plots'® and Egger’s test.'" All analyses were car-
ried out using the statistical package Stata.'?

Results

Brain cancer following traumatic brain injury

The cohort studies are summarised in Table 2 and the
case-control studies in Table 3. A total of 5 cohort
studies'®> ! and 16 case-control studies'® ** were iden-
tified for potential inclusion in the review. Several case-
control studies were excluded'??*?>*?7 because they
appear in the international case-control studies co-
ordinated by the International Agency for Research
on Cancer,”” and one®® because of overlapping cover-
age with an earlier study'® that was deemed to have a



Trauma 0(0)

9

(O

01 0]°0) TE0 191
Lmt.m m._mwx nTm .mEO__U

(01 ‘0s°€

01 00'1) 661 19L
gwu..—m w.‘_.mw%.v-_ NEO___U

110403 |91
-Uou sSNsJaA [g] ay3
4104 (6 ‘€811 02 $8'1)
/9% sem dn-mojjoy
JO suedk ¢ uIyIm
J925ued ule.q JO WY Y|

(191 *1'1 0

8'0) 0| 492ued ure.q

Arewrid a8ueyd
-sIp dduls Jeak | <

(0g L1 3 80)
| ewoldulualy (67
‘T 0180) 0'] BwolD

(661 ‘€19 071) I'l
sJanownl _N_CN._u.mt_u:_
a34eyd

-SIp aduls Jeak | <

(€Ly

ol M.Ov o._ NEO_MC_CGZ
(1 ‘9s

01 0°0) £'0 BWOIlD
9t

01 £0) 0°| Uredq ||y

(sosed (pasodxs)
JO 4aqunu 1D %56) WY

Jeak

JEpPUSIED X35 ‘a8y

Swooul
Alyauow ‘uone
-slueq.n ‘uonedo|

1yde.goan)

Jeaf Jepused

‘xas ‘@3y

Jeaf Jepused

xas ‘a8y

Jeak Jepusjed

‘x5 ‘a8y

sisA|eue ul Joy
P3UnoddE SJ403d8

100T ©3 8261

00T ©3 100C

¥661 ©3 5961

661 03 LL61

¥L61 ©3 SE61

poliad
aunsodx3

191

Aanfuy
uleJq dpeWnNe.|

BWNEA [|N]S

uoIsn3uod
J0 uojIeIRIE|

[e1gQa.43d JO uoIsSNd

-Uuod ‘||Mjs pa.nided

aJn3dely
[IN>js Jo BISSUWE
‘sS2USNOIdSUOD
JO ss0| Aq pa3say
-lUBW JUSWSA|OAUI
ureaq yum Aunfur peaH

JUSAS dlewned]

Aan[u
ule.aq dpewne.a
e yum sauaned 6| ‘g

aseqeiep
U2Jeasad ddueINSUl
y3[eay [euoneu
B WOy pa1da|as
A|wopuel s|os3uod
SE0°ST Pue |91
JO sisouSelp & yum
pasijeadsoy usaq
pey .0 S2.43UD d.ed
AJ4orB|NqUIE PR2ISIA
pey oym sauaned /00§

Aanlu
uieaq dpEWNEL)
Joj pasijeadsoy

sauaned 900°| | €

Aanlur peay Jayzo
40 [|M]s paJnide.y
‘UoISSNJU0? JO
asnesaq pasijesdsoy
Sewuaq ul
syuaned G50‘8TT

ewnes
peay uedyiudis
JO SUOAIAINS £G4T

uonejndod Apmg

uonejndod
[esouad ay) pue

191 Yym sausned

Jo Apnis 110yod

aAndadsonay

Jeafk xapul
pue xas ‘@3e uo
payd3ew 3404od

uosiiedwod

® pue syuaped

Jo Apms 110yod
aAndadsoney

syuaned
jo Apnis 140yod
aAndadsonsy

sjuaned
Jo Apms 1u0yod
aAndadsoey

sjuaned
Jo Apms 110yod
dAnRdadsoney

adA| Apmg

;1B 32 yaunpy

5T 3@ uayD

e 30 uaJBAN

4 e 32 dpjsu

g 183
saa3auuy

CRIENETEN]

‘Aanful ureaq snewnesy SUIMO||O) J9JUBD UleIq JO SIIPNIS 1I0YoD °7 d|qeL



McElvenny et al.

(panunuod)

14

S

14

¥

€

(SON)
8102§

Aend

(sjoau0d [ed
-uip) (21 ‘6T 02 9°0) Tl
(sjo4auod
uonendod) (z] ‘6'€
01 /°0) 9'| Bwolkd0.SYy

(s€ ‘0¥
01 |°]) |'Z Bwnen B Yy

(o ‘TE9 1'1) 6'1 WY

(po3eas
10U ‘g€ 01 7'|) 0T WY

[poyraw
paysiewun 8uisn
pajejnofed os “aded
ay1 ul papiroad 10N]
(I ‘TT9 93 $0°0) TS0
ewolBuua(§ ‘1 TS
03 GE'0) H€'| BwolB ||y
(8 ‘0tt
03 T€°0) $8°0 Uredq I

(soseo (pasodxa)

JO JaquInu ‘13 %56) Y

SuoN

SUON|

paisnlpeun syjnsay

s3uipuyy Js1e 3,UpIp
sAel-x peay Joj
3unsnlpe siseue
[euonIppE Ue Inq
‘paisnipeun sjnsay

SuoN

sisAjeue ul
10} PaJUNODJE S.J0IDe

1861 ©3 0861

1861 ©3 LL61

661 ©3 TL6l

SL61 @3 TL6]

961 ©3 €961

JUSWIUIBIISISE
ase)

Jnowns Jo sJeak g
uIyim Jou sarinful pesH

‘suonedijdwod
OU YIIM SSBUSNOIdSUOD
JO SSO| Ja1Iq IO uoIssnd
-uod papn|dul Bwnesy
peay pJijy ‘uones
-i[dwod & Aq pamoj|o}
UOISSNOUOD 1O 34nIdk.y
[In>js ul SuninsaJ asoys
2J4am salinful pesy 249A35

3uixoq Jo
/pue Aunfui pesy snoliag

ewine.n
peay pajea.y A|ed1paly

uoneuado Jo

/pue uonesijeadsoy 3u

-uinbau peay ays wouy

Suipas|q Jo ‘ssausnoids

-uodun [|mys paJni
-oeJy se yons AJnfur ureig

JULAS dnewned|

CRITEIICY]
JO uonedo| pue xas ‘a8e uo
pays1ew sjo.auod uonejndod
76 Pue wsAunaue [e4ga.ad
Jo ewouspe Aueynid ‘ewo
-13uiusw jo sisouselp e SulAey
S]0J3U0d [BDIUI[D payd3BWUN
/6] UYIM s3sEd ewolkd0UISE 6/

9DUapISa JO BAUE
pue 93 ‘Xas UO paydlew ‘sased
33 01 pa3e[aJ J0U ING UMOU]|
‘sjo.auod uonejndod g7 |

pue BWOISE|qOI|S JO SISBD (19|

9deJ pue a3e ‘X3S uo

PaydleW S|0JIU0D pooyJnoq

-ysisu G| pue ewoldulusw
[elUBIDRIIUI YIUM UBW GO |

aoeJ pue a8e ‘Xas uo

paydiew s|0.3u0d pooy.anoq

-ysisu Ggg| pue ewolduiusw
[BIUBIDELIIUI UM USWOM Gg|

'SNJBIS UBGIN puUB 3dUP
-1Sa. Jo eaJe ‘9ded ‘98e ‘Xos
‘[eaidsoy papnpoul sajqelieA

Suiydaely "uonipuod dneydwi|

Jo sweyaydo o100
-ndu ULdued ueyj Jsyjo uon

-IpUOD YIIM S|0.2UOD paydIew

-[endsoy /G| ‘sased Jadued
W9)SAS SNOAJIBU [B.IUDD /G|

uone|ndoy Apnag

Apnas |043u02-958d

Apms |oJ3u02-as8d

Apms |o.auod

-9sBD paseq-uon
-gjndod pue -jesidsoH

< Ie 39 woqjyy

‘Apnas |os3uod

-9sed paseq-uon
-gjndod aAndadsouiay

7183 SuaqyooH

o8 @

paseqg-uonendoy Un.Je}|-uoisald

PLED

paseq-uopnejndog U.Ie|,-uolsa.y

Apms [o.a)

-UoD-9sBD paseq-[ed
-1dsoy aAndadsouiay

g/ € 39 104D

adA] Apmig ERIIENETEN]

‘Aun[ul ureaq onewnes SUIMOJ||O) JSDUEBD UlRIq JO SIIPNIS [OJIUOD-3SBY) € S|qeL



Trauma 0(0)

(penunuod)

¥ (1€%71 02 €0) £0ewolD

(01
01 £°0) TS0 Bwolduiusly
(T
‘T1 03 4°0) 0£°0 BWol|D
(6€ ‘1’1 ©
S §0) £0 4odued urlq ||y

9 (‘6903 50) £

ewolduiusw

Joy sarnlul snotas jo

Jaquinu Joj ud3s SeM

asuodsaJ ainsodxa
Suisea.oul Juedyiusis

(0 ¥'s

01 |'|) €7 rwolduiualy
(zoT

2 ‘€'l 01 §°0) 8'0 BWOID
#9°1

03 88°0) 0T'| uonuane
|es1paw uriinbau
SIUSPIdOE O3 PaIdLIISaI YY

¥ (z0°€ ‘6077) 15T WY

¥ (T Ty 22 70) 60

(SON)

34025

(soseo (pasodxa)
JO Jaquinu ‘13 %56) WY

Aiend

auoN

SSI|NS9. SWes 9AeS
uolssa.3aJ 3|qelieA
-njnw ySnoyae ‘suoN

SuoN

SuoN

SuoN

SNJjels dIWouod30120§

[eue ul
10} PaIUNOIJE SJ010e

8861 ©3 9861

8861 ©3 861

LL6] ©3 0961

¥861-866 1

1861 ©3 L/61

6L61 O3 £v61

(4npadoud
|e213unsounau
Aue 1o s4n3dedy [RIURID
‘Asdajids ‘sadyyap [ed
-180j04nau Ynoy | < jo
SSOUSNOIISUOD JO SSOJ)
9J9A3S puE (SSBUSNOIDS
-U03 4O ss0] Ja14q) PJIiA

MBIAIRIUI 03 Jolud

sJea/ G Ise9| Ik U03D0p

B UM UONEI|NSUod
3uiajoaur Aunlul pesH

BWNEI) pEaH

SSouIZZIp 1O SSaUSNOIDS
-UOd JO SSO| ‘USIA
|ed1paw & ul SunjnsaJd
sisouSelp 2.40§oq aJow
Jo saeah oz A4nful peaH

3uapdE J0 AJnfur ureig

(spaodau
yesy [euoned
-n220 wouy) Aunful pea

sasouSelp

Jueu3ijewW-uou Jo A131IeA

B peY $[0J3U0D) '9dUSpIsad

pue uopesi[eadsoy jo arep

‘xas ‘98e uo paydjew ‘sjo.qy
-Uod Gg| Pue BWOI|S SBSED G6 |

BIJB DWES

woJy Xas pue age uo paydiew
Adusnbauy sjo.auod gl Yyam

J2oued ureaq Auewid jo sased 977

xas pue a3e uo
paysiew sjo.auod uonejndod
00T pue ewol3 jo sased oQ|

90USpISaJ JO BAUE
pue 92eJ ‘x3s ‘93e uo paydirew
S|0J3UOD /T PUB J3dUBd

ureaq Auewad yam ssjew 7/7

Yaeapysisouselp Jo
Jeaf ‘yaiq Jo Jedk ‘Sduspisal
JO eaJE Xas ‘@88 UO paydiew
sjo.aauod [eaidsoy Jodued

-uou G|z pe ewol|S jo sased G|g

241y Jo Jeak pue yuiiq Jo Jeak
‘AIoey ‘xas ‘9deJ UO paydIEW
S|0J3U0D g7 pUuE SISED 78

uonejndog Apmg

Apnis |onauod

-ased paseq-|elidsoH

Apnas |oJ3u02-as8d

paseq-uopnejndog

Apmas |oJ3u02-9s8d

paseqg-uone|ndoy

Apnis [0J1u0d-2s83

paseqg-uonendoy

Apmis |o.auod

-ased paseq-jealdsoH

Sa1I[128) JBS[INU
OMI Ul J9dUED
ueaq jo Apnis

|0J3U0D-35BD PRISIN|

adA] Apmg

P LEEREICIEIIR

5218 39 PPOD

Faliad
Un.Ie|-Uo3saIg

4z |8 39 yaing

¢ I& 30 J2auadie)

ERIVEREIEN|

‘penunuo) g djqeL



McElvenny et al.

¥

9

S

S

(@

(SON)
2.100g

Aujend

(1% ‘6T LF 2 0€°0) L€

(8 ‘52T

01 96°0) €9°| BwolBuIUBY
(1€

‘GE'T 01 £°0) O€"| BWOID
(01 ‘s1'T °

€0°1) 6| 42ued UIRIq ||

(€€ “T1'6F O3 S°S) 9€°91

(b€ “1€°01 ©3 1ST) 06'S

(£8 ‘ssT 0

TH°0) €0°| ewol|3 djeway
(012 ‘s¥'1

01 46°0) 81°| BwoOl|S el
(€€ ‘8T'1 ©2 $50)

Mm.o .mEO_M:_:OF_ Sjews4
(9T ‘25T ©2 980)

mv._ NEO_M:_:ME .m_mz

(saseo (pasodxa)

J0 Jaquinu ‘13 %56) WY

asn auoyd ajiqow
‘Bupjows ‘joyod|y

uondwnsuod |oy
-ooe Asdajida ‘Bur
-|ooyds “spuag @3y

uondwnsuod

3|qels

-89A pue 2InJj ‘auns

-odxa [euonednaoo
‘UONEINP3 ‘Swodu|

‘uondwnsuod

3|qes

-89A pue 3inJj ‘a.ns

-odxa |[euonedndd0o

“onbi| Supjulp

sueak Jo Jaquinu
‘uonednpa ‘awodu|

(4aded jo 4 9iqe] ul

paauasaud sisAjeue

Aouaze| paisnipe
3|qelIeAR|NW) SUON|

sisAjeue ui
10} P93UNOIIE SJI0IOE

paulap 10N

00T ©3 6661

9661 ©3 6861

9661 ©3 6861

661 01 1861

JuaWulelIddSE
aseD

(sjosauod) uon

-esieaidsoy Jo (sosed)

sisoudelp 03 Jolid
Jeak | 1ses] 3e Aunful pea

UoUSNIE [edIpaW
Sulinbau ewnen pesH

uopuLIIe [edlpawW
Sulinbau ewnen pesyH

Aanlup
peay pajeasd A||edipajy

JUSAS dhewined|

9dUdpIsal JO
®3JE pUE X3s ‘98e UO paydlrew
S|0J3U0d 7| | ‘ewol| Jo sased 9§

sanown
ureaq o1 pajejRJun u uod
e yum pasoudelp [endsoy pue
a3e “opuas .o} paydew sjos
-uod [eaidsoy |97 pue Jnowny
ureaq Adewrad yum synpe | €7

ERITENINCY]
JO BAJE puUE X35 ‘©8e uo
payoiew ‘ssessip [edi3ojounau
-uou Jo dnsejdosu-uou yum
S|0J3U0d paY2IBW-A|[BNPIAIPUI

9€§ PUE BWOI|S JO SISBD 8|7

ERICIECY]
JO ®a.E puB X35 ‘988 Uo
payoiew ‘ssessip [edi3ojounau
-uou Jo dnsejdosu-uou yam
S|0J3U0d pay2IBW-A|[BNPIAIPUI

9¢ pue ewol|S Jo S3sEd 8| ¢

9DUBPpISaJ pue ddel
Uo paydiew Ajjeuonippe swos
YIIM ‘X3S pue ‘93e uo paydirew
Aouanbauy pue [enpiAlpul jo
aJmxiw ‘sjo.nuod uonejndod
9€7T PUE sased ewolsuiusw
0€€ ‘ewol3 jo sased g/ | |

uonendog Apnag

Apms |oJ3u02-as8d
paseq-uone|ndoy

Apms |o.nuod
-ased paseq-|elidsoH

Apms |o.au0d
-9sed paseq-|eaidsoH

Apnas |o.J3uod
-ased paseq-|elidsoH

Apms
]01UOD-35BD paseq
-uonejndod |euon
-BUISIUI 32U92-N|Ny

adA] Apmg

¢¢ [€ 29 sEIsnoD

26 & 32 OdizIuo}

igl® 3 NH

oc 183 NH

P LR O
UnJe|-uoIsad

ERITENEIEN]

‘penunuo) g djqeL



Trauma 0(0)

larger case coverage, leaving 5 cohort studies and
8 case-control studies that were included in a meta-
analysis. The earliest study was published in 1979'3
and the most recent in 2015."” There was a range of
definitions of head trauma. Some studies described a
head injury involving loss of consciousness, amnesia
or a skull fracture, others relied on a self-reported
head injury requiring medical treatment and some
simply a traumatic brain injury. Most studies included
all brain tumours in the follow-up period whereas
some excluded brain cancers occurring less than
12months since the traumatic brain injury, and
other studies seemed to ignore the potential for
reverse causality and included all brain cancers occur-
ring after the exposure incident. Other studies used
longer latencies to examine the effect. The earlier
studies in particular presented analyses unadjusted
for potential confounders, although given the lack of
knowledge of risk factors for brain cancer, this may
not be too problematic. Some presented results for all
brain cancers combined and other by diagnostic sub-
group, chiefly glioma and meningioma. The relative
risks ranged from a potential protective effect with a
relative risk of 0.32 for glioma'’ to a highly statisti-
cally significant excess for a relative risk of over 16 for
meningioma.®' Newcastle-Ottawa Scale scores ranged
from 2 to 7.

For the meta-analysis of all brain cancers combined,
a fixed effect analysis gave a meta-relative risk (meta-
RR) for all risk estimates combined of 1.15 (95% con-
fidence interval (CI): 1.06 to 1.25). However, this was
in the presence of significant heterogeneity among all
studies (p < 0.001) and between cohort and case control
studies (p=0.014). The random effects meta-analysis
gave a meta-RR for cohort studies of 1.19 (95%CI:
0.88 to 1.61) and for case-control studies of 1.58
(95% CI: 1.09 to 2.29). The forest plot for this analysis
is shown in Figure 2 and a funnel plot to examine the
potential for publication bias is shown in Figure 3. The
funnel plot and the Eggar’ test p-value of 0.47 suggest
no strong evidence of publication bias. To examine the
robustness of the finding for the case-control studies,
each was excluded in turn and the meta-RR re-calcu-
lated. Only for the exclusion of one study which had
the highest relative risk® did the statistical significance
of the meta-RR disappear.

In order to further explore the excess found in par-
ticular from the case-control studies, separate analyses
were carried out for the two main histological subtypes
of brain cancer, namely glioma and meningioma. For
glioma there was significant heterogeneity between the
studies and the random effects analysis gave meta-RRs
0f 0.96 (95%CI: 0.49 to 1.88) and 1.53 (95% CI: 1.02 to
2.27) for cohort and case-control studies respectively.

TBI & brain cancer - Random effects

%

Author Pubyear RR (85% CI) Weight
Case-control | :
Choi 1870 + 0.84(0.32,2.20) 375
Hochberg 1984 |—v-0-— 2.10(1.10,400) 536
Carpenter 1887 R 0.00(0.20, 420) 1.80
Zampieri 1004 —o—l— 0.70(0.30, 1.40) 4.90
Hu 1903 'y —— 5.00 (251, 10.31) 537
Freston-Martin 1993 —— 053(054.128) 785
Preston-Martin 1208 +=— 1.40(0.86,257) 672
Preston-Martin 1882 e 1.03 (0.42, 2.55) 4.08
Preston-Martin 1083 - 1.128 (0.04, 1.48) @79
Hu 1000 . ——> 16.36 (5.45, 40.12) 3.13
Monteiro 2008 =ty 1.48(1.03.2.15) 848
Gousias 2000 + 3.74(0.30, 4728) 077
Subtotal (l-squared = 78.5%. p = 0.000) <> 158 (1.00.228) 6250
Cohort .
Annegers 1978 ——— 1.00(0.30, 2.60) 321
Inskip 1903 * 1.10(1.00, 1.30) 10.45
Nygren 2001 - 1.00 (0.80, 1.10) 1028
Chen 2012 | ——— 487 (1.84, 11.83) 382
Munch 2015 — | 0.32(0.10,0.75) 3.53
Munch 2015 o 1.00(1.00,350) 602
Subtotal (l-squared = 74.7%, p = 0.001) < 1.128(0.88, 1.61) 37.41
3 i
Overall (l-squared = 76.4%, p= 0.000) ¢ 1.40(1.11,1.77) 100.00
NOTE: Weights are fr::m| random effects analysis - ,

0204 1 401

Figure 2. Random effects meta-analysis for traumatic brain injury and brain cancer.
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Figure 3. Funnel plot for brain cancer meta-analysis

Given marginal statistical significance for the case-
control studies, it is not surprising that the statistical
significance disappears when many of the studies with
raised odds ratios are removed in turn from the analy-
sis. For meningioma, there was also statistically signif-
icant heterogeneity between studies, with the random
effects analysis producing meta-RRs of 1.22 (95% CI
0.95 to 1.76) and 1.88 (0.84 to 4.19) respectively,
suggesting that if there exists an excess relative risk, it
may not necessarily be restricted to glioma. Thus
there is suggestive human epidemiological evidence
that traumatic brain injury increases the subsequent
risk of developing brain cancer, whether glioma or
meningioma.

Malignancies in scars of burns and burns in general

Three population-based cohort studies have examined
skin cancer at the site of burns. The Hospital Discharge
Register in Denmark was used to identify 18,008
patients with thermal or chemical burns during 1978
to 1993.3* The cohort was linked to the Danish
Cancer Registry, with follow-up to the end of 2002.
The standardised incidence ratio (SIR) for malignant
melanoma was 0.7 (95% CI: 0.4 to 1.1). For squamous
cell carcinoma, the SIR was 0.9 (95% CI: 0.6 to 1.5)
and for basal cell carcinoma it was 0.7 (95% CI: 0.6 to
0.9). None of these differed materially by sex or age at
time of injury. The authors also conducted an analysis
of skin cancers confined to the burned area of the body.
SIRs were 0.7 for malignant melanoma in men and
women, 0.8 and 1.2 respectively for squamous cell car-
cinoma, and 0.7 and 0.8 for basal cell carcinoma,
respectively, for all burned sites combined. These
risks did not differ materially by the severity of the
lesion, or between persons with and without skin
transplants.

A historical cohort study was conducted in Swedish
patients with burn injuries.*> Using the national

Inpatient Registry, 37,095 patients were identified
who had been hospitalised for burn injuries. The
cohort was linked to the Swedish Cancer Registry for
virtually complete follow-up. The SIRs for squamous
cell carcinoma and malignant melanoma were not ele-
vated with values of 0.88 (95% CI: 0.70 to 1.09) and
0.88 (95% CI: 0.69 to 1.12) respectively.

A population-based retrospective cohort study was
carried out using record-linkage systems in Scotland
and Australia to investigate the risk of cancer in per-
sons hospitalised with burn injury during 1983 to
2008.>® The cohort consisted of 61,340 persons. This
study did not focus on skin cancers at the sites of the
burns, but on overall cancer incidence in the cohort.
The SIR for malignant melanoma in Western Australia
for males and females combined was 0.7 (95% CI: 0.6
to 0.8) and for Scotland the SIR was 0.8 (95% CI: 0.6
to 1.1).

Thus overall, there is no epidemiological evidence
that burns victims are at increased risk of any type of
skin cancer, either in general or specifically at the site of
the burn.

Osteosarcoma arising from bone injuries

A case-control study of 64 cases aged under 25, and 124
friend and neighbour controls individually-matched on
sex, race and birth year was carried out.’’
Questionnaire data were obtained through telephone
interviews with mothers and family physician and
school records. Only injuries, and bone conditions
requiring attention at least one year before diagnosis
were considered. The relative risk for fractures or other
bone injuries (presumably such as dislocations, crush
injuries, and bone wounds) at any site was 1.0 (95% CI:
0.5 to 1.8). For fracture or other bone injury at the
tumour sites, the relative risk was 5.5 (95% CI: 1.1 to
28.1), based on six cases and three controls. However,
none of the injuries among the cases were fractures and
there was little data to evaluate the severity of the
injury. Thus, there is little epidemiological evidence
that bony fractures increase the subsequent risk of
bone cancer.

Sinonasal and nasopharyngeal cancers as a result
of nose injuries

A population-based case-control study was carried out
in the USA.* Cases in California were diagnosed with
nose, sinus or nasopharyngeal cancer between 1979 and
1985 and were obtained from local tumour registries.
Controls were individual matches to cases on age, sex,
race and area of residence. The final study included 178
case-control pairs (54 nose, 44 sinus, 82 nasopharynx).
Analyses were carried out using conditional logistic
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regression. The relative risk for nasopharyngeal cancer
for a single injury was 2.2 (95% CI: 0.8 to 5.7). For
nose cancer the odds ratio was 0.8 (95% CI: 0.3 to 2.0)
and for sinus cancer was 0.8 (95% CI: 0.2 to 3.4). Thus,
there is no epidemiological evidence that nose injuries
increase the risk of subsequent upper tract cancers.

Testicular cancer following testicular trauma

A case-control study of 271 men with testicular cancer
and 259 controls was conducted in the USA.* Cases
were newly diagnosed between 1976 and 1981. Controls
were patients in the same hospital as the cases, diag-
nosed with a malignancy other than cancer of the
genital tract. It is not clear if they were individually-
or frequency-matched. Face-to-face interviews were
conducted at the hospital, using a standardised ques-
tionnaire. Odds ratios were calculated using the
Mantel-Haenszel method, adjusting for the stratifica-
tion variables and age at diagnosis. The relative risk for
study subjects reporting a history of trauma to the
testis was significantly elevated with odds ratio 2.3
(95% CI: 1.3 to 4.1) and remained elevated when trau-
mas in the two years before cancer diagnosis were
removed from the analysis.

A descriptive epidemiological study of 1,116 cases of
testicular cancer among Australian residents has been
carried out.** The frequency of recorded history of
trauma was 219/782 (28%) with a higher proportion
among non-seminomatous germ cell histologies (32%)
than among seminoma (25%) patients. The median
interval between trauma and date of diagnosis was
1 year or less, with a range of 0 to 61 years.

A population-based case-control study was carried
out in Germany including 269 cases and 797 controls.*!
Excluding reports of trauma within 12 months of the
index date, the odds ratio for trauma was 2.1 (95% CI:
1.24 to 3.61). Restricting the analysis to testicular
trauma yielded an odds ratio of 3.49 (95% CI: 1.78
to 6.81). Restricting attention to those episodes where
medical attention was sought yields an odds ratio of
0.70 (0.19 to 2.63). Thus, there is very limited epidemi-
ological evidence that testicular trauma increases the
subsequent risk of testicular cancer.

Breast cancer following breast trauma

A UK case-control study of female breast cancer was
carried out during 1996 to 1998.** Cases were
67 women aged 50-65 with invasive breast carcinoma
confirmed by biopsy. Two controls per case were indi-
vidually matched on age, age of menarche and age of
first birth, and were recruited at routine mammogra-
phy. A short questionnaire was completed giving
details of date of birth, age at menarche and

menopause, parity and family history of breast
cancer. Additional data were collected on life-course
events, residential, occupational and reproductive his-
tories, along with lifestyle factors such as smoking,
alcohol consumption and stress. The cases reported sig-
nificantly more physical trauma to the breast in the five
years before screening than did the controls. The odds
ratio for physical trauma to the breast was 3.3 (95%
CI: 1.3 to 10.8).

A retrospective case-control study was carried out in
Jordanian women.*® Cases were obtained from the
Jordanian Cancer Registry for 1996. Of the total
sample of 451,156 were dead, 170 could not be
traced, 17 were diagnosed before 1996, and 8 refused
to participate in the study, leaving 100 cases. A conve-
nience sample of 100 controls matched on age, parity,
level of education and place of residence was recruited.
A culturally sensitive questionnaire was administered
to the cases and controls. Analysis was via logistic
regression. Twenty five per cent of the 100 case partic-
ipants reported trauma to the breast: 21% more than
once. Seventy three per cent reported that the trauma
was to the affected breast. Only 6% of the 100 control
participants reported breast trauma. The univariable
odds ratio was 5.01 (95% CI. 1.97 to 12.96).
However, a multivariable model fitted to the data did
not include trauma of the breast as a significant risk
factor. Thus, there is limited epidemiological evidence
that breast trauma is a risk factor for the subsequent
development of breast cancer in women.

Discussion

We believe this is the first wide-ranging review of the
epidemiology of single physical trauma and cancer. We
found little epidemiological evidence for skin cancer at
the site of burns or bone cancer at the site of fractures.
We also found little or no evidence for sinonasal and
nasopharyngeal cancers as a result of nasal injury, tes-
ticular cancer following testicular trauma, and breast
cancer following breast trauma. The association for
which the evidence was strongest, was for brain
cancer, in particular glioma following traumatic brain
injury.

Overall, there appears to be a lack of aetiological
epidemiological studies examining physical trauma
and resulting cancer. We updated our search to cover
the years following our original search until November
2020 and found no additionally relevant publications.
This is in spite of there being interest in trauma as a
potential cause of cancer for many decades. For exam-
ple an editorial in the 1960s states that the issue had
been a concern for the medical profession for many
years.** More recently, a 1980s editorial suggested
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that trauma had been regularly proposed as an aetio-
logical factor for malignant melanoma for several dec-
ades, but made no specific mention of burns.*

Some of the studies considered in this review did not
explicitly exclude the occurrence of multiple trauma
episodes to the same site. Also, where relevant, most
studies adjust did not adjust for the potential con-
founding effects of the trauma of undergoing surgery.
Glioma is the most common primary intracranial
cancer accounting for around 80% of all malignant
brain cancers,*® but few established risk factors have
been robustly identified.*” Aside from demographic
risk factors such as age and sex, ionising radiation is
the only established cause for glioma, although recent
evidence suggests that the risk may be higher for
meningioma.*® Few studies adjusted for the potential
carcinogenic effects of diagnostic or therapeutic X-ray
or CT scans of the brain.

There is some evidence that viruses such as cytomeg-
alovirus increase the risk of brain cancer®” and allergic
conditions may be associated with a reduced risk.”®
Recent evidence is against obesity and related traits
as being significant risk factors for glioma.’' Mobile
phones have not been found to increase the risk of
glioma or meningioma®> and nor has tobacco
smoking.>?

Inflammation plays critical and complex roles after
injury. It is needed for healing, but can also lead to
complications. Studies of gene activity show that
severe injury alters a large number of genes and the
extent of the genetic damage varies considerably
between individuals.®® Chronic inflammation, along
with the resulting genetic polymorphisms, may thus
be associated with an increased cancer risk. Genetic
polymorphisms also occur after damage to bones
with the potential for an increased cancer risk.>

There was no formal assessment of risk of bias car-
ried out as part of this study, and the Newcastle-
Ottawa scale has received some criticism.’® Many of
the studies included in this review, considered physical
trauma as one of a number of potential risk factors
considered in their analyses. It is notable, that the
meta-RR for case-control studies was slightly higher
than that for cohort studies, suggesting a possible
role for recall bias in elevating the odds ratios for
those studies where the participants knew or suspected
the hypothesis being investigated. Even if registry data
were available, such as those in Trauma Audit and
Research Network (TARN),”’ it would be difficult to
isolate a single trauma to relate to a subsequent cancer
diagnosis. The variation in the definition of head
trauma and a small number of studies dealing with
latency further undermines the finding.

Conclusions

In conclusion, we found suggestive evidence of an
increased risk of brain cancer, mainly in relation to
glioma rather than meningioma and recommend that
further epidemiological studies, perhaps utilising
trauma registries should be carried out.
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