








Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

‘Aloedeo oiqolee = ‘QA ' PIojAwe wnias = S ‘Adeisyl uoieipel = |4 ‘wnuixew uopiiedal = |\ SU 8Alejal = Yy ‘gg uieloid Jowny = £Gd 'g| JoNgiyul aseury Juspuadep-ul|oAd
= /zd !| Jouqiyul eseury 1uspuadep-uloAo = | zd ‘usebiiue olj0eds-a1e1s01d = YSd ‘101dedel suolalsebold = Hd 'seseuni-¢ |ousouljApiieydsoyd = MEld (pariodal 1ou = YN 19||1¥ [einleu = YN ‘Sl1us|eAinbe

oljogelrew = | J|A ‘epleydoesAjododi| = S47 ‘Bojowoy susBooUO [BIIA Z BUIODIBS 1B UBISIIY = SE-Y ‘ulelold Buipuiq 101oe) Yol oy
|BUOWIOY= | H ‘JUBUISSBSSE [9pOW SISEISOBWIOY = YINOH ‘Xopu| Buned AyiesH = |3H ‘0jA1sa4] pue ‘AlAIOY ‘Bunes ‘yiesH = Jy3H 'SoU101sqQ pue ABOJ0dBUALD) JO UOIRIOPS [RUOIIBUISIU| = OD)|H ‘8USD) BSBYIUAS

INSuUl = 4g49)| 1010B} YIM0IB ayljulinsul = 49| ‘oiel plezey = YH ‘Adesayl

proy Alle4 = NSy ‘Jordedas usbonse = Y3 ‘Aydesboipiedosiosie = o3 ‘Adessyiowsyd = |9 ‘U19104d 8AORI-)= dYD ‘|AIS1UI 8OUSPIUOD = | X8pul ssew Apoq = [|Ag ‘Adeseyl uoneaudep ueboipue = | QY

‘JusWileal} Jou Ing ‘[Ng pue
ayelul ABisus Buipn|oul ‘sio1oey
3Sl Jooued 1seeuq o|dijnw pue
abeys 1oy paisnipy ‘6v0° = "'y

(660 01 GE0 = 1D %56)

19°0 = IMWU-13IN

0 SA 6< j0 sisoubeip

1814e AlAnoe [eaisAyd snoloBin
01 912J9pOW 10} JooURD 1Se8Iq
wioly yieep 4o yH 100" > 'y
(6L0018€0 =10 %56)

G0 = M/Y-13IN 0 SA 6<

10 sisouBelp Jaje AlAiOe
|eaisAyd snoloBia 0} a1elepowl
10} @sned Aue woly yiesp

10 YH |INgG pue aelul ABieus
Buipnjoul ‘s1010e} 3SIl J8OUED
1seaiq o|dijnwl pue AuAioe
[eaisAyd Alisusiul-snolobiA

Joj paisnlpy ‘710 ="y
(06'0 01 0%°0 = 1D %S6)

09°0 = IM/Y-13IN

0 SA 6< JO sisoubeip

210}8q AliAnoe |eaisAyd
81B19pOW 10} J8OURD 1SE8Iq
wioly yieap 4o yH ‘100" > 7y
(69°0 01 0%°0 = 1D %S6)

85°0 = IM/Y-13IN

0 SA 6< 40 sisoubelp a10j8q
AlAInoe |BOISAYd @1e19pOW

JuswIssasse
8yl JO swil 8yl 18
Pe1oNPUod HM/Y-1JIN
ul ‘AlAnoe [eaisAyd

Jo Ajsuslul pue
‘uonelnp ‘Aousnbauy
passasse alleuuonsenb

elep jusulieal
ou ‘snieis
neu/z43H
'SN1e1s Yd
pue Y43 ‘epelb

abeyul| plodal Aq yiesp
JO @sned pue sniels
|elIA ‘A ¢'¢ dn-moj|0y4
ueaw ‘Apnis 10yod
1uepIoul 8seasIp d1U0Iyd

JusuwJjjo1us 0}
108dsal yum g Jeah pue
€ 1eoA 1e pue ‘(sisoubelp
al0joq A | 't obelane)
auljeseq 1e pamalnieiul
‘lesnedouswisod

!G00z 91048 pasoubelp
‘a1ym Apueurwopaid

‘A £ €9 abe uea|\ "osned
Aue wou} syieap 0Ge
‘syleap o1}109ds—180uUed
1sealq ¢ | '1edued

(IHA) 8Aieniu|
Yl[eeH S,UsWOAA
's81e)g payun

pa10u BuUoN 10} @sned Aue wolj yiesp o YH paJsisiuIWpe-§|8g ‘abels Jouwn| |euipnyiBuo| eA0adsold 1SeaIq YlM UBWOM €19 "1 10Z ‘(88) umy|
s)nsais dnoibqng s}|nsai |jeldanQ Buiwin ejep JUBWISSASSEe aW091N0 solysialoeIeyd d|dwes Anunod “aeal
pue ainseaw jusawijeas) pue pue ‘dn-mojjo} ‘(9ouaiaje.)

Ayianoe [eaishyd

abeys aseasiq

‘uBisap Apnig

ioyine jsiiy4

"(panunuoy) | sjqey

Vol. 104, Issue 11 | June 6, 2012

JNCI

824 Reviews


http://jnci.oxfordjournals.org/

Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

(senuipuoo sjqe])

pa10u BUON

‘sjuaned Jop|o
J1oj S109}40
JebuoJls pue
W/B% Gz< |INg
yum siusiied
104 $109}40
Joxeam 1sebbns
sosAjeue paljlens

pajou SUON

‘IING PUe S1010B} |BOIUID J18Y1O
pue ‘Juswiesl) ‘ebels 10} paisnipy
0 =""d (16001 EE0 = 1D

%G6) GG'0 = AM/U-LIIN €> SA [Z<

10 AuAnoe |eoisAyd sisoubelp-1sod

10} |BAIAINS 98.)-0SeasIp

JO UH €0" =4 ‘(101 0}

9€°0 = 10 %S6) 09'0=AM/Y-1IN €>
SA /£ Z< J0 Aunnoe jeaisAyd
sisouBeip-1sod Joj 80usiIndal HY) JO
"H L0 =""d (28001910 =10
%G6) LE'0 = IM/Y-LIIN €> SA

1Z< +0 Aunnoe eaisAyd sisoubeip-1sod

10} @sned Aue wol} yieap 40 YH

NG Buipnjoul ‘sio01oey

Sl J9oued uojod ajdinw pue
luswiealy ‘ebels Joy paisnipy

18 =""q (L9100 =1D

%G6) 98'0 = IM/U-LIIN €> SA 81<

Jo AlAnoe |eaisAyd sisoubeip-eid

10} yieap d14109ds-040 40 HH
26'="""d (6L 01 LG50 =10 %S6)
G6'0 = IM/U-1JIN €> SA 81< Jo Auanoe
|eaisAyd sisoubeip-aid 1o} asned Aue
wou} yiesp 40 HH '800'="""d '(z8'0 0}
8L°0 = 10 %S6) 6£0=AM/Y-1IN €>
SA 81< Jo Auanoe jeaisAyd
sisoubeip-1sod 104 yiesp o14109ds-0)4)
4O YH '€00" = "7 (¥L'0 01 GZ0 = 1D
%G6) €V'0 = JIWY-13IN €> SA 8L<

40 AlAnoe [eaisAyd sisoubeip-1sod

104 8SNeD AuB WOJ} Y1eap 0 YH

“[ING 10 Juswileall 10U Ing abe1s

104 paisnlpy G0 = "¢ 1(00'L 0}
730 = 10 %SG6) €470 = Im/sawn
SA | < 8sI10Jax8 Jenbal sisoubelp-aid
10} yieep dlj10ads-aseasip

40 H4H 80" = "4 (€0°L

018G°0 = 1D %S6) L0 = >Mm/sewn 0
SA | < 8sI0Jexa Jenbal sisoubelp-aid

10} @sned Aue Woly yieap Jo YH

ow g
Buipadald ayy Buunp
SIMU-13IN UL AdAioe
|eoIsAyd swi-einsig|
pessasse
alleuuonsenb

palalsiulupe-}as

1esA 1sed ayy Buunp
SIMU-1TIN UL AviAnoe
|eoIsAyd swi-ainsig)
possasse
alleuuonsanb
paJalsiulwpe-{os

JUSWISSSSe JO
auwlI} 8y} 1e ‘obelone
uo ‘AuAiloe |eaisAyd
|euolednodouou
10 Ajisuaiul pue
Aouenbeuy passasse
alleuuonsenb

paIS)SIUILIPE-IBMBIAISIU|

Juswilealy
‘opelb
Jowny ‘sspou
ydwA| aaiisod
JO Jagquunu
‘abe1s Jown |

1uswileal}
‘oys ‘ABojoisiy
‘abe1s Jown |

‘podal

[eoIpawl Ag snieys

[BYIA PUB [BAIAINS

o01j-0seasIp ‘A 8'¢

dn-mo||o4 uelpaw ‘[eL}

paJ|0J1U0D paziwopuel

B Ul pajjoius

siuened jo Apnis
110402 8A0ads0ld

‘obeyul| pJodas Ag
sasoubelp Alepuodas
pue Arewnd
pue snieis [eyA ‘A 9'6
dn-mo||04 uelpawl
‘Apni1s 1J0yod Jadued
1uapIoul 8AI30adsold
e Jo dn-mojjo4

sisoubelp Jelje o gl
UBIPSW POMBSIAISIUI
100Z-0661

sisoubelp ‘auym % g
‘A 09 abe ueips|n
‘asned Aue wouy
syiesp 78 ‘YN suiesp
o1}108ds—1a0ued
|B10910]00

1182UED |B10810]|00 YLIM

USWOM pue UsW Zeg

sisouBelp Jslje

oW Zg uelpaw pue
sisoubelp 810499 ow 9
uelpaW pamalAlalUl
'200Z-9861 sisouBeip
‘YN Anoluyie Jo eoey
‘A Ggo abe uelps|N
‘asned Aue wouy
syieep gg| ‘syieep
o1j108ds—180ued
|B10810]09 08

1180ued |B10810|00

YUM UBWOM €/G

el g dnolo
ellUSYNaT pue
Jooue) 'sa1el1s

pauun ‘900¢
“(Ly) 1pieyieAey

Apris yijeaH
,S8SINN 'Se1e1S

pauuN ‘9002
‘(0t) IpleyioAs|n

sisouBelp Jelje uayenapun AlAILOE [edISAYd POSSESSE 1BU1 SBIPN1S J18OUBD [B108I0|0D)

EIVETNlalelcY
Jowiny
‘Juswiieall

‘obeys ‘a1s Jown |

‘obeyul| pJodal Ag
yiesp pue sisoubeip
UO UOI}BULIO}UI

‘A g'G dn-moj|o}
ueipaw ‘Apnis

110409 190URD 1UBPIDUI

aAI08dsoud e Jo dn-Mmojj04

(sisoubeip a1048q)
aul|eseq 1e pamalAIalul
'200Z-0661 sisoubelp

YN Auoluyie

10 928l ‘A £'99 obe
ues|\ :@sned Aue woly
sy1esp 80¢ -syresp
o1}109ds—1o0ued
|E10810]0D | g| ‘leoued
|B10810]09 UMM

USWOM pue usWl 9ZG

Apnig 1oyo)
BAl1RIOCR(|0D
aulnogs|n
‘ellesny '900¢
'(6€) uopAey

Ajuo sisouBelp alojeq usyeapun AlAOE [BOISAYD POSSOSSE 1By} SBIPNIS 190UBD |B10810|0))

sjnsai dnoabgng

s)|nsai ||e4dAQ

Buiwi pue ainseaw
Aunnoe jeaisAyd

ejep
juswiieas) pue
abeys aseasiq

JUBWISSASSE dWO0IINO
pue ‘dn-mojjo}
‘ubisap Apmg

saysiI9laeIRYD
a|dwesg

A1aunod “1eal
‘(@oualiajad)
loyine 3sii4

«190UBD 1SBBIQ UBY]L JOY10 SIBOUERD JO SIOAIAINS U] SJUSAS AlljeliOW pue aseas|p pue AllAloe [edisAyd Jo saipnis |euolieAlasqQ g alqel

825

| Reviews

JNCI

jnci.oxfordjournals.org



Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

(senuinuoa ajqey)

p810U SUON

pajou suoN

pajou SUON

‘[ING Buipnjoul ‘si03oe} Xsu
Jooued |e10810]00 a|dinw pue abels
10} paisnlpy ‘GO = ¥y ‘ennebau
10} (18001 €L°0 = 1D %56) €€°0
pue aAlsod 10} (0'L 01 0G°0 = D
%G6) £L0°L = sniels LgNNLD Jesonu
AQAM/Y-L3IN 81> sA 8L< AlAiloe
[edIsAyd 1o} yiesp o1108ds-04D JO YH
[0 = "My leanebau 1o} (60| 01
2’0 =10 %S6) 89'0 pue aAnisod 1oy
(€1 01 G9°0 = |0 %S6) 98°0 = sniels
LENNLO Jeajonu Aq 3m/y-13IN 81>
SA g1< Alanoe |eaisAyd

1oy asned Aue wolf ylesp Jo YH
‘Juswiieall
JoU Inq ‘NG Buipnjoul ‘SI010R} XSl
182ued uo|oo a|diynw pue abels
104 paisnlpy g0 = """y 1(G8'0
0} Z1L°0 =ID %36) ‘Z€'0 = uoissaidxe
/24 yum s1ueiied aAioe AjjeaisAyd ul
yieap o1109ds-199UBD UOJ0D JO YH
L= e L 01 eg0 = 1D
%G6) ¥9°0 = IM/U-LFIN 81> SA 8L<
1o Auanoe eoisAyd sisouBeip-1sod oy
yieap o14109ds-199UBD UOJ0D JO YH
29" =" 1980 0} L0 = 1D
%G6) 09°0 = IM/Y-LFIN 81> SA 8L<
JO AlAnoe [eoisAyd sisoubeip-1sod

1oy asned Aue wolf yieap Jo YH
‘Juswileal]
10U Inq ‘NG Buipnjoul ‘SI010B} XSl
DY) 9diynw pue obeis 1o} paisnipy
200" =4 (¢6'0 01 ¥2'0 = 10 %G6)
LY'0 =AMY-13IN €> SA 8L<
40 Alanoe [eaisAyd sisoubeip-1sod
104 y1eap 214108ds-04D 40
YH '100" > "4 1(98'0 01 L¥'0 = 1D
%SG6) 65°0 = IM/Y-1IIN €> SA £Z<
10 Auanoe |eoisAyd sisoubeip-1sod

104 @sned Aue wolj yiesp Jo YH

PEETI
1sed sy} Buunp
M/Y-1IN Ul
‘AlAnloe |eaisAyd
swll-aunsig| Jo
adA1 pue uoineinp
uo alreuuonsanb

paJalsiulwpe-{os

MBIAIBIUI
a1 Jo awi}
8yl 1e IMU-13IN
ur ‘Ajisuaiul
pue uoneinp
AlAoe |BOISAyd
awlil-aInslIag|
possasse
alleuuonsanb
paJalsiulpe-{os

MB8IAIBIUI BY} JO B}
ay1ie IMU-1JIN
ur ‘Ajisuaiul
pue uoneinp AlAioe
|eaisAyd awin-ainsia|
obeiane passosse
alleuuonsanb
paJalsiuiuwpe-}|os

BlEP JUBWIEa}
pauwl| ‘ebeis

pue eus Jown|

elep
Juswiiealy ou
(WMEId 'sery
‘1zd 'Lzd

‘eGd 'NSV4)
sloxyiew
Je|nosjow

pue ‘epelb ‘aus

‘obels Jown|

elep lusuwiesll
ou !81ls Jowny

‘obels Jown|

‘abexul|

pJooaJ AQ sniels

[eyA ‘A g L L dn-mojjo}
uelpsw ‘Apnis 110yod
9SeasIp 21U0IYD
1uapIoul oAl30adsoud

e Jo dn-mojjo4

pJooal
|eaipawl Aq sisoubelp
Alepuodes pue Arewud
pue sniels [elA

'YN eiep dn-moj|o4
‘Apnis 1ioyod

9SeasIp 21uUoIYD
1uapIoul 8AR0adsoud

e Jo dn-mojjo4

abeyul|

plodal Ag sisoubelp
AJBepuodas pue
Asewiud pue sniels
|elA ‘A 9'g dn-moj|oy4
ueipaw ‘Apnis 1J0yod
9seasIp 01uoJIyd
1uspIoul oAI0adsoud

e Jo dn-mojjo4

sisouBelp Joye ow /|
UeIpaW PaMBIAIBLUI
'¥00Z-0861 sisouBelp
‘YN Anoluyle
10 8oey ‘A |'/9 ebe
uea|\ ‘9sned Aue wolj
syieep Oy ‘syieep
ol1j100ds—190uUed
|B10810]|00 997 '182ued
|B10810]09 YLM
USUWOM pue UsW GG6

Apnig dn-mojjo4
S|eUOISSS}01d
ylesH pue
Apnis yesy
,SesIn ‘sa1e1s
peuun ‘1102
‘(1) emejLON

sisoufBelp Jolje ow /|
UBIpaW pamaiAlalul
‘80029261 sisoubelp
"YN Auoluyie o eoey
‘A 89 abe ueIips|p
‘YN @sneo Aue wouy
sylesp ‘YN syieep
o14109ds—192ued Uoj0d
'192UBD UOJ0D YlM
USWOM pue UsW 81

Apnis yieaH
,S9sINN pue
ApniS dn-mojjo4
S|euoISS940.d
yileaH ‘seieis
pauun ‘6002
‘(ev) IpJeylohs N

sisouBelp Joye ow G|
UBIPaW PaMBIAISIUI
'¥00Z-9861 sisoubelp
‘YN Auoluyie Jo Apnig
20ey ‘asned Aue wolf dn-moj|jo4
syieep 8Gz ‘syieep S|BUOISS8}0.d
olj109ds—19oued yijeaH ‘seie1s
[B10810|0D 88 !182UED pauun ‘6002
|B10810|09 YIM UdW 899 '(Z7) 1pIeylaAsIN

sjnsai dnoibgng

sj|nsai [|e4d9nQ

Buiwiy pue ainseaw
Aunnoe jeaisAyg

elep
juswijeas) pue
abejs aseasiqg

JUdWISSasse awo91No
pue ‘dn-mojjoy
‘ubisap Apmis

Annunoo ‘aealk
‘(@ouaiajau)
ioyjne 3isii4

saipsu9laRIRYD
a|dweg

"(penunuo)) z ajqeL

Vol. 104, Issue 11 | June 6, 2012

JNCI

826 Reviews


http://jnci.oxfordjournals.org/

Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

(senuiuoa sjqey)

(0071 01

L¥'0 =10 %56)

690 :W/B3 0g>

NG Yim

sjuelied aseo

0} Pa1oLIIsal

DM LS Yum

9S0Y1 SA AlAILOR

O IM/Y Z< yim
USUWOM 10} HYH

p810U SUON

pa10u SUON

INg
Buipn[oul ‘SI0}0R} YSII JOOURD UBLIBAO

a|diynw 1oy paisnlpy pepiroid 10ou
senjeAd (0%l 01 85°0 = 1D %S6)
06'0 =M/Y |> sA g< sisoubelp
91040q JeaA uo Alanoe jeaisAyd
olqolee Aq asned Aue Aq yieep JO YH

‘A 0g—8| sebe Buunp Ananoe jeoisAyd

JOYM/Y <104 (86'0 01 2Z'0 = ID
%G6) 91'0 40 YH Ue jo uondeoxe
83U} YlM [BAIAINS YLIM PBIBIDOSSE

10U A 0£—8| Sebe 1e pue pooyp|iyo ul

ALAIOE [BOISAU4 "1UBWIIBaIL IO (NG

10U INQ 'SJ0}0B} YSIJ JOOUBD UBLIEAO

a|diynw pue abels 1oy paisnipy

e =""d rGL 01 €8°0 =10 %96)

SL° L = J4M/Y |> SA Z< SiedA 1usdal

ur Auaioe |eaisAyd sisoubelp-aid Aq
Alljeriow 214108ds-190Ued UBLIBAO JO YH

(L00" > ) Anjerow

asneo-||e JO sl peonpal e pey uswi

aAI3oe Aj|eaISAyd ‘S811pIgqIowod

pue [Ng Buipnjour ‘18oued

o1e150.d 104 SJ030R) MSl adiynw

pue juswiesl} ‘ebeis 1o} paisnipy

0" ="""d 1(88°0 01 020 =10

%G6) ¢'0 = AM/Y-L3IN €> SA

8< AlAIlOE |BOISAYd sisoubelp-1sod
104 y1eap o1j108ds-eDd 40 HY

SOL %} s0¢

Sy} Wolj epedsp

obe yoes BuLNp pue

sleaA ebeuss) Buunp

abelane uo ymy

ul ‘Ayanoe [eaisAyd

olgoJae Jo Aousnbaly

pue uoieInp Passasse

alleuuonsanb
PaJS1SIUILIPE-ISMBIAISI|

sleaA Juedal

pue ‘A og-glL

abe 'pooypliyo

10} SM/Y Ul ‘AliAoe

|eaisAyd Apjeem jo

Aouenbaeuy pessesse

alleuuonsanb
palelsiuiupe-§8s

JeaA snoinalid

ay1 Buunp abelone

uo YIM/Y-13N

ur ‘AliAnoe |eaisAyd

Apl@om awi-ainsio|

JO Alsusiul pue

Aouenbeuy pessesse

aJlleuuonsanb

[elUuUSIq
palalsiulupe-}as

Blep 1UBWieal}
ou ‘epelb
pue ‘ebeis
'S9pou ‘siown |

opeib
‘abe1s 0Dl

‘obesjul| pJodal

AQ snieis |euA ‘A z'e
dn-moj|o4 uelpaw
‘Apnis |0J1u02-8seD
J82Ued JuUBpIoUl
paseg-uoie|ndod

e Jo dn-mojjo4

“ebexul| p1ooal

AQ snieis [euA ‘A g
dn-mo||04 uelpaw
‘Apnis |011u0o-8seD
182UBD 1USBpIoUI
paseg-uonendod

e Jo dn-mojjo4

(sIsoubelp Jaye) JuswjjoJud
1B pamaIAIBlUIl ‘8007
—6661 sisoubelp ‘auym
Ajpueuiuiopald {(SIONAINS)
A £°9G obe uea|p
‘osned Aue wol} syiesp
8E¢ ‘YN suieap oyioads
—I92UBD UBLBAQ) 1J8OURD

UBLIBAO ULIM USWIOM 8E9

sisoubelp Jalje ow Gy
ueau pamalAIdIUl
'5661-£661 sisoubelp
‘a1ym Appueuiwopaid
‘A ¥/-0G obuel

9Py ‘esneo Aue woly
su1eep Oty -syiesp
o1}109ds—190uUed
UBLIBAO

96E 1190UBD UBLIBAO

ULIM UBUIOM GEQ

ApniS Jaoue)
uelieAQ BUIjOIED
ULION Se1e1s
peuun ‘110¢
‘(L) UBWIOON

uspemsg
‘800 '(9%) Buei

sisouBelp 810joq uayenapun AlAIOR [eoISAyd PasSSesSse 1Byl S8IPN1S 18oued UBLIBAQ

1uswiiealy
‘usbnue
olj10eds-e1e1soud
pue 'a100s
uoses|n)

‘abe1s jown |

"Lodal |eoipaw pue
Allwiey ‘abeyul| pJodal
AQ snieis [eun ‘A /76
dn-moj|o} uelpawl
‘Apnis 10yo9o 19oued
1uepIoul oAI0adsoud

e Jo dn-mojjo4

sisouBelp Ja1je ow g|
UeIpaW PaMBIAIBIUI
80020661 sisoubelp
‘YN Auoluyie 1o

ooey ‘A g9 obe uea|n
‘osned Aue wiouy
sy1esp 8v§ -syiesp
o1}109ds—1aoued
a1e1504d Z| | 119oued

81e1501d LM UsW GO/Z

Apnig dn-mojjo4
S|euOISS840.d
yileeH ‘seie1s

peuun ‘L 10z
"(9P) pletusy

sisouBelp Jalje usyenepun AlAIOe [BOISAYd POSSOSSE 1Yl SBIPN1S 1odued 81e1So.ld

sjjnsai dnoibgng

STLECYRTTIEYY)

Bujwi} pue ainseaw
Aunnoe jeaisAyg

ejep
juswjeas) pue
abejs aseasiqg

jusawssasse awodlno

pue ‘dn-mojjoy
‘ubisap Apmis

A13unod “1eal
‘(@oualiajad)
ioyine 3sii4

"(panunuog) z 9jqeL

827

| Reviews

JNCI

jnci.oxfordjournals.org


http://jnci.oxfordjournals.org/

Results

0.63

We identified 797 unique articles, which were reduced to 67
potentially eligible studies after we applied the inclusion and
exclusion criteria to the titles and abstracts (Figure 1). The majority
of excluded articles focused on a disease other than cancer or
described a study design or a pilot study. After a more careful as-
sessment of the remaining articles, we excluded those that reported
only quality-of-life outcomes, those that combined physical activity
exposure with other factors such as dietary intake, and those that
involved only noncancer population samples. After these exclusions,
45 articles remained and were included in the final qualitative
synthesis. Of these, 27 were observational studies that reported
associations between physical activity and cancer-specific outcomes
or all-cause mortality (23-48,60), five were reports from one
observational prospective study that addressed the association
between physical activity and cancer biomarkers (49-53), and 13
were reports from 11 unique RCT's that addressed the influence of

.870

measured by the

distance walked
in a 6-min walk
test, for

meters = 0.97

capacity, as
(95% ClI
to 1.48),

>489 vs

Subgroup results
<390

HR of functional

P
hormonal therapy;

-h/wk 0.64 (95%

Overall results
0.46 t0 0.91); P,..q < .001;

physical activity on cancer biomarkers (54-66). All of the articles

post-diagnosis physical activity
>9 vs <9 MET

cl
Adjusted for stage and multiple

cancer risk factors, but not

HR of death by any cause by
treatment or BMI.

selected for inclusion in this review, with the exception of one (23),
were published after 2000.

Tables 1 and 2 describe observational studies of physical activity
and disease and mortality events in breast cancer survivors and in

Physical activity
measure and timing

other cancer survivors, respectively. Table 3 presents observational
studies of the association between physical activity and biomarkers
in cancer survivors. Table 4 summarizes RCT's of physical activity

in MET-h/wk, since
primary adjuvant
treatment, and a

duration of typical
supervised

questionnaire
assessed intensity,
frequency, and
exercise behavior,
6-mi walk test

interventions in cancer survivors that had biomarker endpoints.

Self-administered

All of the tables are organized chronologically and by cancer site.
Articles on the same cohort were grouped together and ordered by
the first to be published.

International Federation of Gynecology and Obstetrics; HR = hazard ratio; HT

radiation therapy.

Observational Epidemiological Research on Physical
Activity and Cancer-Specific Outcomes and All-Cause
Mortality

We identified 27 observational epidemiological studies on physical

performance

Disease stage
and treatment
data

status;
treatment

Karnosfky
relative risk; RT

activity and cancer mortality; the majority (n = 17) examined out-
comes among breast cancer survivors (Table 1) and the remainder
(n = 10) examined outcomes among survivors of colorectal, pros-
tate, ovarian, and brain cancers (Table 2). Most of these studies
were originally designed as either follow-up studies of healthy
cohorts or follow-up studies of case subjects from case—control

Study design,
follow-up, and
outcome assessment
prospective cancer
survivorship cohort;
median follow-up
2.3 y; vital status by
medical record.
progesterone receptor; RR

studies; only four (35,36,41,48) were designed as prospective

Follow-up of a

cohort studies of cancer survivors. A few studies involved cancer
survivors who were enrolled in RCT's that were testing either dietary
change (22) or drug therapy (41). Most of the 27 studies reported
on the association between physical activity before diagnosis and
outcomes after diagnosis, such as recurrence or cancer-specific or
all-cause mortality.

Sample
characteristics

Breast Cancer. To date, 17 observational studies (22-38) have
examined physical activity before and/or after diagnosis and its
association with breast cancer—specific and overall survival (Figure 2
and Table 1). Of these 17 studies, five (23,24,26,27,30) were
follow-up studies to population-based case—control studies, one was
a follow-up to the Women’s Healthy Eating and Living (WHEL)
Study, a dietary RCT that also assessed physical activity for which
two reports have been published (21,22), and 11 (25,28-33,35-38)

NR; 149 deaths from
any cause; Mean age
NR; diagnosis years

NR; interviewed
during or after salvage

cancer-specific deaths
therapy for recurrence

at variable times after

49 y; Race or ethnicity
diagnosis

243 men and women
with malignant glioma;

metabolic equivalents; NR = not reported; PR

United States

MET

* BMI = body mass index; Cl = confidence interval; CT = chemotherapy; ER = estrogen receptor; FIGO

Malignant glioma studies that assessed physical activity undertaken after diagnosis

Table 2 (Continued).
First author
(reference),

year, country

Ruden (48), 2011,

828 Reviews | JNCI Vol. 104, Issue 11 | June 6, 2012

€702 ‘62 |1dy Uo ArIqiT HIN B /Blo'sfeulnolpiosxo ouly/:dny woiy pspeojumod


http://jnci.oxfordjournals.org/

Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

'V PIOJAWE WINIBS = WyS
‘penodal Jou = YN ‘SlusjeAinba dljogelaw = | JA ‘1010e} Ymmoub ayljulinsul = 49| ‘xapu| Buieg AyyesH = |3H ‘0jA1se4] pue ‘AlAnoy ‘Bunel ‘yyesH = Tv3H ‘uieiold aAoeal-) = 4y) xepul ssew Apoq = |INgG  «

‘|ING Bulpnjoul ‘S1010B4 3SI J82URD 1SESIq

a|di}nw pue ‘juawiealy ‘abeis 104 paisnipy

"dHD YHM paleidosse Jou sem (|3H) Aljenb

191p ‘AlAioe |eoisAyd swi-ainsis| Aue ul pabebus

OYM UBLIOM BUOWR 1SBIIU0D Ag *(£0° = %)

d4D 10 s|eAas| 1aybiy yiim paieroosse sem ‘Aljenb

181p S108481 YoIyMm ‘|3H 4O S|eAs| Jaybly ‘awliy

palou SUON

‘Juswliesl] Jou Ing ebels pue ||Ag Joj peisnipy
(100" > ™'d) WVS pue (100" > ") 440
10 sjene| Jaybiy yum paieroosse Alanoe |eoisAyd

palou BUON awi-aInsia| sisoubeip-1sod 4O S[eAs| oMo

‘[ING Buipnjoul ‘si010e} ¥sil Jedued 1seaiq o|dinui

pue juawiealy ‘ebeis 1oy paisnipy ‘(g = P'y)

Anisuep jueolad olydesbowwiew Jaybiy yim

pa31eIooSSse ,W/BY GZ> |G UrM siuaned ul Ajiaioe

pajou suoN |eaisAyd awil-ainsia| sisoubelp-1sod 4o s|oAs| JoybiH
2W/BY 0E>ING UMM UsLIOM
|lesnedouswiaid ul AjAiOE
|eaisAyd jo s|ans| Buisesaioul
yrm Alsusp oiydelsbowwew
Juaolad ul esesloul JuedlyubIS
Alleonisiiels pue ;w/B3 0e<|INg
yum usuwom |esnedouswiisod
ur Auanoe [eaisAyd jo
s|oAa| Buiseasoul yum Alisuep
olydesSowwiew juadlad ul
aulo8p 1uedIUBIS Ajjeonsiels
e 1se6bns |\ g pue snieis

|lesnedousw AQ palyiiels synsey

‘Juewiieal} Jo abeys
10U 1NQ SI010B} XSIJ J9oURD 1seaiq o|diynul pue
IING 10} parsnlpy “(0€ = ***'d) Ausuap 1usdied
olydesSowwleUW JOMO| YHM PBIBIDOSSE AlIAILOR

|eaisAyd awii-ainsia| sisoubelpald Jo s|oAd| JoybiH

‘IINg Buipnjour ‘sioyoey 3sii

Jooued 1sealq a|diynw pue ‘1uswieall ‘obels 10}

paisnipy “(£10" ="""d) £-dg491 pue (810" = "7d)

L-49| J0 sjaAs| Jaybly pue ‘(20" = ")

unde| pue (g1 = "g) spnded-) 10 S|aAd| JoMO|
Uum paieroosse Alianoe |eoisAyd Jo sjans| 1aybiy

palou BUON

ainsis| Aue ul abebus 10U pIp OYM usom Buowy

AMMU-1IIN

se paylodal pue sisoubelp iale

A Z—1 Auanoe |eaisAyd swii-ainsis|

10} Alisuaiul (13N 9<) snolobBia

10 (13N 9-€) 1esspowl ‘(1IN €>)

1yb1| se paziiobaied Alanoe |eaisAyd

‘aJleuuoisanb paJalsiulupe-IoMmalAlalUl
‘sisoubelp Jaye A g—g pemainielu|

NM/Y-1JIN Se peuodal pue sisoubelp

1a1e A z—| Alanoe |eoisAyd swi-ainsis|

10} Ajisuaul (13N 9<) snoobiA

10 "(L3IN 9-€) sresspow ‘(1IN €>)

1yb1| se paziiobaied Alanoe |eaisAyd

‘aJleuuoisanb paJsisiulLIpe-IoMaIAIalUI
‘sisouBelp Jele A £z pemainiolu|

NM/Y-13|N Se pariodal pue sisoubelp

19148 A Z—| AuAioe [eoIsAyd awil-ains|9|

10} Ajsuaul (1 J|A 9<) snoobiA

10 (13N 9-€) 81esepow ‘(1FIN €>)

1yb1| se paziiobeied Alanoe |eaisAyd

‘aJleuuoisenb paJsisiulLUpe-IoMaIAIlUI
!sisoubelp Jole A £-g pamalnialu|

JIMU-LIIN se
pa1iodal pue sisoubelp a1ojeq Jesh
9y} ul AuAnoe [eaisAyd swil-einsis)

10} Ajisuaul (13N 9<) snoJobiA
10 "(L3IN 9-€) sresspow ‘(1IN €>)
1yb1| se paziiobaied Alanoe |eaisAyd
‘alleuuollsenb pa.slSIuILIPE-ISMBIAISIUI
'sisoubelp Jolje oW 8—-9 PamalAIalU|
NM/Y-1JIN Se parodal
pue sisoubelp Jaye A z—| Alanoe
|eoisAyd swiii-aunsis| 1oy (1 JIN 9<)
Anisuaiul snoloBiA 1o ‘(1 JN 9-€)
Alisuaiul a1esspowl ‘(1 JIN £>) Alisuaiul
1yb1| se paziiobaied Alanoe |eaisAyd
‘aJleuuoisanb paJslsiulLpe-IoMmalAlalUl
‘sisoubelp Js14e A -z pemaiAIsIu|

sisoubelp

lelje ow Qg
!(unosuodipe

pue unds))
Sauowoy
paALsp-asodipe
pue (vvs pue
dH0) uoneuwiwejul

JO sieylewolg

sisoubelp

lale ow g
(VVS pue d42)
uoljewiweul
JO siaxiew

Buienol)

sisoubelp Jeyje
A z—1 ‘Ausuep

olydelbouwwue|n|

sisoubelp
210480
1e9A 'Alisusp

olydesBouwlweln

sisoubelp
lelye A -7
'sjene| unds|

pUE ‘s49| ‘ulnsu|

8661-G661 posoubelp

‘a}ym oluedsiH-uou

%09 ‘A 6°LS

abe ueaw 'SIOAIAINS
J90URD 1Se8lq 8|ews) 9/

8661-G661 pasoubelp

‘a1ym oluedsiH-uou

%09 ‘A G/

abe ueaw 'SIOAIAINS
1o0ueD 1sea.q 9jews) |/

8661-G661 pasoubelp

1YMm OluedsiH-uou

%0L ‘A G 19

abe uesaw !SIOAIAINS
190UBD 1SeAIq 9|BWS} BEY

8661-9661 posoubelp

'81Iym oluedsiH-uou

Apueuiwopald

‘A 09—9¥ obuel

abe !SIOAIAINS J8dued
1sealq a|ews) ¢/t

8661-9661 posoubelp
'811ym oluedsiH-uou
%G9 ‘A GG obe ueaw
!SIOAIAINS 18OUED
1sealq ajewa) 0L/

Apmig

Iv3IH ‘seleis

payun ‘010z
'(€G) eb108D

Apnig

Tv3H ‘sees

palun ‘6002
‘(zg) @2leld

Apnis Tv3H

'se1e1g pauun
'£002 '(1G) uimij

Apnis

Tv3H ‘sees

pauun ‘900z
'(0G) umJ|

Apnig

TV3H ‘saleis

payun 's00¢
‘(67) uMJ|

synsas dnoibgng sjnsai Atewid

Buiwiy pue ainseaw Ajanoe jeaisAyd

sisoubelp

0} aAne|a4
suawidadsolq
JO U01393]|09 JO

Buiwiy pue sAessy

sonsialoeieyd ajdweg

Aninunoo “1ealA
‘(aduaiayal)
Joyjne 3siai4

«SIOAIAINS 19DURD ISealq Ul sidyJewolq pue AllAloe [eolsAyd usamiag UOIIRIDOSSE aU] JO SBIPNIS [BUOIIBAISS]Q € dlqel

829

Reviews

JNCI

jnci.oxfordjournals.org


http://jnci.oxfordjournals.org/

Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

(senuiuoa sjqey)

(680" =d)
ulNsul 1oy paAIasqo alom sdnolb usamieq
S90UBIaIP 1URDIIUBIS Aj|Eonisiiels ON

1siBojoisAyd
as1olexs Ag
pamainal 60|
alel lleay pue

SOI}IAIOE [BNnsN
J18Y1 YHM 8NnuIuod

Adesayy
Jjeuowioy F ‘Juswieal; Alewnd

A £'¢ sisoubeip
90UIS 8w} uesw
‘8llym oluedsiy-uou

(920" =d) L-4DI pPue (900" =d) 9s1018X] 1% E/ 0} paoniisul Jo1je ‘oW g Jof MUl 0G| Apueuiwopaid S91e1S
©-d949)| 104 POAISSQO a1om sdnoib :90Ualaypy alom dnolb a.ied ‘Alisuaiul e1elepowl |oA8| ‘A 9g obe pauun ‘600z
UseM18q Seoualalip uedlyiubis Ajeonsnels ‘YN uonuny [ENsSN 8y} Ul UsWOAA  ‘wiesboid dnoib asioiaxe 21qoiey ulinsui Bunse4 uesw ‘UsUWOM G/ '(09) uImJ|
(60" = o) uiqnujiq 10 (YN = d) sauoulioy
971 (Bl =) |0SIHOD 10} POAIBSQO 14e1S Apnis Aq Asoie|nbal
9lom sdnolb usemlaqg S9oUBIBLIP pamalnal 60| }4e1S pue ‘suerdisAyd Adeisyy jeuowioy oljogelaw aUYyM
uediyiubis Aj[eonsiiels oN (600" = d) 9s101eX3 ‘YN 'sesinu Yyim uo ‘Juswiieal} I8}4e [SHM 7| JO S|oAd) Apueuiwopaid sa1e1S
UIUO}0JSS 10} POAISSQO 81oMm sdnoib :90uslaypy uoIoRIBIUI PlEpUBRLS 10} YMm/Sawli} INoy ‘Ui 0Z wnies paseq ‘A gg obe pauun ‘800¢
UseM1aq seoualaip uedlyiubis Ajjeonsnels 19%0¢ uonuny Se pauljep ‘eled |ensn ‘AJIsuaiul 81eJ9pOW ‘BUBjEAA  -OULIDOPUSOINSN uesw ‘UsWom Qg '(6G) ouAed
1si6ojoisAyd Adeleyy |leuounioy F
ENIENE] ‘Juswiealy Alewnd Jsye
AQ pemainal M Q1 104 YMm/asIolexs digolee 9002-1002
60 =d) [ewinofl ulw-0p pue Bulurely yibusis Jusuwileall
VINOH 10 ‘(L = d) @s0on|b (£0" =d) 9s1019X3 1% &/ uIw-0gG ‘Alsusiul 81elepow ‘YN Anoluyie sa1e1S
ulNSul 10 PaAISSqO a1em sdnolb usamiaq :90uslaypy 3M Q| 104 ‘UOIIUBAIBIUI 8SIDIOXd L] 10 90kl A zG obe pauun ‘800¢
S80UBI8JIP 1UBOIHIUBIS A||RONISIIRIS ON (%8 /| [UONLIY 8180 BUIINOJ PBAISOaY aoueINpus pue yibusiis pexin ulnsul Bunseq uesWw ‘UsWwom Q| '(8G) (29161
(28 =d) £-d949] 10 (0€ =d) Adeiayl [euoulioy F ‘Jusuliesll
2-dg9491 (9€" =d) L-dg491 ‘9L  =d) Atewnd se)je ow 1 1ses)
I-491 '(00'L =d) VINOH ‘(06" = d) 9s0on|6 Jsuren 18 psjenul juolssas/uiul 09
(6L = d) ulnsul ur sBueyd 10} PaAISSqo ssaully Ag '(S8W02IN0 | DY J0j) oW 9 Z200Z-0002
alom sdnolb usemiaqg SaouUBIBLIP paJoluow Bo| 10} Apj@em 821Mm] ‘Alisuaiul ssew Apog pasoubelp
JuedIUBIS A||RO1ISIIELS ON ‘(20" = d) 9s1019X3 %08 pazilenplAIpul 8AIssa.l60.d ues| pue ‘YN Auoluyre S91e1S
||-4D| ul sebueyd 1o} paAlasqo aiem sdnoib :80uslI8ypy dnoub ‘UOIIUBAISBLUI 8SI018X8 abelusolad 10 92kl ‘A £G ebe pauun ‘so0zg
U99M18(Q S9oUBIaIp JuedIHIUBIS Aj[EOnSNElS YN uonuy 1uawieall paAejaQg Buiuiely ybiom aAISsaibold 184 Apog ueaW ‘UBWOM |8 (£G) ZHwyos
(990" =d) d4D 10 (L¥T" = d) Xepu! souelsisal
ulnsul ‘(7zg" = ) 8s0on|6 (Ly6" =d)
ulnsur ur ebueyd 10} paAlasqo alem sdnolb
US9M18Q SOOUBISLIP JUBDIHIUBIS Aj|BO11SIIELS
ON "(£00°= d) serhooydwA| poojq |eseydued epeue)
Aq eerdn sulplWAYI[He] palenuwinsun '500¢
pue (Ge0" = 4) 1199 Jad AlAioe 2114 8y} Adesayy '(9G) Aaie4
‘(e 10} GO* > 4) sonel 1961e1-01-10108440 1si6ojoisAyd welboid |jeuowloy F ‘Jusullealy ‘epeue)
Sl ||E 1B |90 J9||B [elnieu 1861e) e jo ENIENE] 9S1019X8 painonis e Alewd Jsle ow 9 1Ses| 18 000Z-6661 '500C
sISA| o1j100ds-1usoiad ‘(£ 10" = 4) onel tejowl AQ PaJOUON uibaqg 0} 10U payse sem ‘UOISSOS/UIW GE-G| ‘SY0OM G| pasoubelp '(GG) Aaie4
€-d9491:491 (120" =) 49491 '(G¥0" = d) %86 pue weiBold esioiexe AM/seWn € 1%G/=%0L = REINRACIES ‘epeue)
|-49| ul sebueyd 10} paaIasqo alem sdnolb :90UBI8ypy Aue ul e1edioiied jou xewl ‘O Aususiul ‘welboid 10 90kl ‘A G abe ‘€002
UBOM]8(Q SOOUBISLHP JUBDIHUBIS Aj[EO1ISIIELS 102 1 uonuNY pip dnoJf |0J1u0d ay | as10J1oxa (Bul|oAd) d1goI8y a41| 40 AljenpD uedW 'UBWOM £G "(7G) Aeuieq
SIOAIAINS JOOUBD 1SBDIQ JO SOIPNIS
uonesyyijes}s jJuswainseaw wiie |043u0) wiie UoIJuUaAIdLU| juiodpua sansualoeIRYD Anunoa ‘1eah
10 Judwilsnipe pue s}nsay asuaiaype Arewnad a|dweg ‘(eouaiajeu)

Jo poyjaw pue
sajel asualaype
pue uonuNRy

loy3ne 3sui4

*SIOAIAINS 18OUBD Ul SUOUBAIBIUI AlIAIOR |BDISAYd JO sjulodpua J8yJewolq YlIM S|e1] P8]|0JIu0d paziwopuey ‘p ajqeL

Vol. 104, Issue 11 | June 6, 2012

JNCI

830 Reviews


http://jnci.oxfordjournals.org/

Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

(senunuoa ajqey)

(81" =4 ‘Buluneald

Buw/Bu u) €9'L F L1 0} LEL F00'G

uloJ} asealoul Juedlyiubis Ajleansiiels-uou

B Ul pa}nsal asioiexa Alsuaiui-ybly
sealoym ‘abewep yYNQJ 9AIBPIXO
paseslosap Buiisebbns ‘(z0 =4 ‘IS F ueaw
‘aulunesld bw/Bu ul) Gyl F 18'G0166°L F
/'8 WOJ} S|9AS| UOIIBIOX8 HP-0X0-g Aleuln
poonpal Ajuedijiubis Aj|eonsiels asioloxa

Juawiiealy Arewnd
lsyje M g 1o} p/ulll 0%-0€

Allsusiul 81e18pO|N ‘parodal alem paloyuow (Ay1oedeo asiolexs ‘(Avioeded esi0iaxs |ewixew 4N
SonjeA ueaw Uey] Joyiel UBIPSIA (20 =d) D)3 ‘YN |lewixew X $°0-0) X 9°0-G'0) Alsuaiul-ybiy obewep Al21UY1S 1O 9oKI Aueuuan
DP-0X0-8 Aleunn 104 PaAIaSqo a1am sdnoib :90ualaypy 9S10J9X8 dlgoloe ‘welbold asioiexs VvNQ ‘A gG obe ueaw ‘8002
US9M18(Q S80UBIaHIP JUBdIHIUBIS Aj[EOIISIELS YN :uonuny Alisusiul 81eISpO|N 01qOJSE [ENPIAIPUI [BUIXE|A] SAIIBPIXO)  {USWOM pUE UBW @i '(29) Joheb|v
sdnoJb yioq ul pabueyoun paulewsal
s1siuobelue pue ssupolAd Bunenai)
"os1019Xe Buunp Ajpuediliubis Ajjeoinsiels
abueyd 10U pIp SISIUOBEIUR PUB ‘SBU0IAD
paienwils-S47 ‘dnolb asioiexe Alsualul
-MO| 8Y} Ul “ISBIIUOD U| (GO > ) M g Jele
(Tw/Bd 0°9Z2 7€ 01 0°9/£9 = 1D %S56)
Jw/6d 0'z682Z 03 (Tw/Bd 0820 0L ©}
0091 =12 %56) 9°ZEG LE WOl} pesesiosp
dnoub as1oiexs Alisuaiul 81elopoul 8y} Ul
(esuodsau Alojewiwe|jul-iue pasealoul
10 ainseaw pauodind e) esuodsal et |-7|
palenwis-Sd1 9yl ‘penodal aiem senjea
ueawl UeY} Jayiel UBIPSIN (YN @N[eA d)
sisiuoBeiue pue (YN onjeA 4) sauolAo
Bune|nouIo 10} paAIasqo alem sdnolb
US9M18Q SOOUBISLIP JUBDIHIUBIS AjlBo1ISIIeLS
ON (0" > d) L-1I ©1 BlLT| JO pue (0" > d)
O-7] 01 BIL-T| 4O SOInEl Jejow 8y} Se psiiodal Juswileal}
sosuodsal Alojewwejjui-oid o} -lnue Juswiieasy Arewnd asuodsal Arewud Jorje
JO soljel 8y} Jo saunsesuwl panodind M g 104 Aep Alens Joyje M g 1oy p Aens Alorewudeul M 17 1Se8| 1B ‘YN
OM] 1O} pue ‘asuodsal Alojewlwieljul-inue o paJoluoW p/uiw Qv ‘(Jemod p/uiw Ot ‘(Jemod oiqolee -llue Al121UY18 10 92BI
ainseaw payodind e ‘(GO > 4) BJL-T| 10} 923 ‘YN 2100J8B %0t—%0€) %G9—%GG) 9SI019Xd dlgoioe pue -o.d ‘(We uonuaAlalUl) Aueulien
PAAISSO 81aM SanjeA Uelpawl ul sdnoib :90UBIaypy weiboud Allsusiul a1elepow ‘YN adAl ayl Jo A 61 ebe ueaw Y002
U99M18(Q S90UBIaIp JUedIHIUBIS Aj[EONSELS ‘YN uonuy 9S10J9X8 AlISUBLUI-MOT 21}109dS !8SI1019X8 2IqoJay SIoM)JEWOlg  'UBWOM pUE usW €7 ‘(19) JoAeb|y
SIOAIAINS JOOURD [B108.0|0D JO S8IPN1IS
uoneosyels juswaainseaw wLie [013u0) wLie uoljuaAIalu| juiodpua salsiIaloeIeyd Anzunoo “1esh
10 juawisnipe pue syinsay @ouataype Arewind a|dweg ‘(@ouaiajeu)

J0 poyjaw pue
sajes aoualaype
pue uonuny

loyine jsui4

"(panunuog) y 9|qe

Reviews 831

JNCI

jnci.oxfordjournals.org


http://jnci.oxfordjournals.org/

Downloaded from http://jnci.oxfordjournals.org/ a NIH Library on April 29, 2013

‘Aloedeod oigolee = ‘OA 'V PIoJAWE WNIas = S ‘wnwixew uoniadas = |\Y ‘uabiiue o1j10ads-a1e1s01d = S ‘panodal Jou = YN ‘epueyooesAjododl] = 47 ‘uieroid Buipuig J010e) YimolB axijuinsul = 4g49)| ‘101oey
UIMoIB ayjljulinsul = 49| ‘JUSUISSISSE [9poUl SISB}ISOBWOY = YINOH ‘AydeiBolpieooiiosie = H)J ‘U1eoid 8AIR0RBI-) = dY) ‘[BAISIUI 9OUBPIUOD = | Xapul Ssew Apoq = || g ‘Adelay} uoirealdsp usboipue = |V

(L6G" = d) eurelsAoowioy

pue ‘(Gey" =) ulnsul ‘(196" = d)
SepledAIbuUL ‘(L L. = d) |oJe1sejoyd

(1@v) yswiean Buunp
M ZL 104 YM/B0IM] (1.l
1ieay WNWIXBW % 08-%G9
1B SOSI0189X8 1B|NISBAOIPIED

(069" = d) VSd '(6EL" = d) 8uolie1solsel Alanoe JO Ul 0z-G1) buluien dN
10} PaAIBSO alom sdnolb usamiaqg pasinledng JlqoJee pue as1oJexa Jad s18s Al21UY1e 1O 82KI
S9oU8JayIp uedIIUbIS Aj|edlisiiels oN ‘%6 Inoj 01 OM1 04 (INY-9 01 -Z1) sseul ues| ‘(We uonuaAlalUl) eljensny
(800" =d) d4D 104 paAlasqo aiem sdnoib :90uUBI8ypy Bururely souelsisal ‘welboid |jeuoibal pue A g'69 ebe ‘6002
U99M18(Q S9oUBIaIp JuedIHIUBIS Aj[EOnSNElS 198" UONY 9.Ied |ens 9S1019X8 90UR]SISa. pauIquio) ApoQ 8|0YAA ueaw ‘usw /G '(99) oenen
[SIVEISSEINS (Adesayyoipel)
|le pe1s|dw oo 1uswieall Bulnp 'SyM gz 10}
WlJe uoiusAIaUl NMUIW GH—G | Buissaiboid
AlAnoe oy} Jope welboid ‘ON ead 9%G/—%0/
(LE¥ = d) uigojboway pesiniedng e palayjo alam 01 Bululely o1qoJee [AY |
pue 8¢/ =) suoielso1sal ‘(181" = d) %88 pue 8siolexs ajeniul %0L=%09 :suonnadai z1-g YN Auoluyie
VSd 104 POAIasSqo a1am sdnoib usamiaq :90Udlaypy 0} 10U payse alom ‘Bururely aouelsisal ‘welbold 1o @08l ‘A 99 epeue) ‘6002
S80UBI8JIp 1UBDIIUBIS Ajjeonsiiels oN 1%t/ uonuy siuedioned aied |ensn 851019X8 21q0JI8e IO S0UR]SISaY anbiie4  ebe uesw ‘usw |Z| '(G9) |ebes
AlAnoe
pasinledng Bululesn (L@QV) 1uswieal) Buunp m g| a41| 40 Aljenb sisoubelp Jayje
(Y2 =) 8uoie1solsel pue (Lg =d) '%6L 3¥M-Z | pa1ejduiod 104 Jym/sawil € ‘Alsuaiul ol1oads Az 'YN Anoluyie
VSd 10} pan1esqo alem sdnolb usemiaq :90uUsIaYpY WIBe UOIlUaAISIUI Jalje INY-8U0 JO %0/—%09 -oseas|p Jo a2kl A 89 epeue) ‘€00¢
S9OUSISHIP JUBDIHUBIS A||ROIISIIEIS ON  '9%E°ZL (UOIINY  ©DIAPE 8SI019Xd Paliaki0 ‘Bululel) 9s1019Xd BoURISISaY pue enbiie4  obe ueaw ‘usw GG| '(79) |ebos
SIOAIAINS 190URD 81e1soud JO SaIpnls
A1abuns Jayje Hm/sewl G
‘p/sewi} g ‘e1el 1eay
|[eWIXBW JO %09 AlISualul
‘p/uiw O ‘P v71 Joy Alebuns
AuAnoe Jenye z Aep uo Buluuibeq UN
pasinledng J819WoO0BI8 9)9AdIg pue W.e Al121UY18 10 9Kl
(GO" > o) AlAOE DIX0103AD |80 19| ‘YN 01 Buisselboud ‘Alebins ieyje AlAIOR ‘(WJle uonusAieUl)
[BIN1BU UBSW 10} POAISSO sem sdnolb :90uUsIaYpY Ajo1eIpaWIWI Pag Ul S8SI01oXd JIX0101AD |90 A 8'/G abe uesw 2210y
usaMIaq SouslaIp JuedIubIS Ajjeonsiers YN uonuny 951019X8 ON yibusils pue uonow jo abuey J9||1 |BINIBN  {USWOM pUE UBW GE ‘0002 ‘(€9) eN
SIOAIAINS JOOURD dLIISeD JO saipns
uoneoyiells juswaainseaw wLie [013u0) wLie uoljuaAIalu| jutodpua salsiIaloeIeyd Aninunoo “aesh
10 juawisnipe pue syinsay aouasaype Arewind a|dweg ‘(eouaiajeu)

Jo poyjaw pue

sajeld aduaiaype

pue uonuny

ioyine jsii4

‘(Penunuo))  sjqeL

Vol. 104, Issue 11 | June 6, 2012

JNCI

832 Reviews


http://jnci.oxfordjournals.org/

were prospective cohort studies. Of these 11 cohort studies, the
Health, Eating, Activity, and Lifestyle (HEAL) Study (35) and the
Life After Cancer Epidemiology (LACE) Study (36) were cohort
studies of cancer survivors. The cohort size ranged from 451 to
4826. The number of breast cancer—specific deaths ranged from
102 to 398. The number of deaths from any cause ranged from 146
to 725. These studies included breast cancer survivors who were
diagnosed from the mid-1970s to 2006. The median follow-up
time ranged from approximately 3 years to 13 years. Most of these
studies were conducted among predominantly non-Hispanic white
populations, five (24,25,31,36,38) included nonwhite populations
as a subset of the population, and one study (37) was done in a
Chinese population. The studies generally included women who
were diagnosed with invasive nonmetastatic breast cancer and
followed up for survival outcomes; some studies (22,27) also
examined breast cancer progression, recurrence, and new primary
cancers.

Physical activity was assessed by interviewer-administered
questionnaires in five case—control studies (23,24,26,27,34) and
three cohort studies (25,35,37) and by self-administered question-
naires in the remaining nine cohort studies (22,28-33,36,38). Nine
studies (23-31) assessed physical activity before diagnosis, six
cohort studies (22,32,34-37) assessed physical activity after diag-
nosis, and in two cohorts—the Nurses’ Health Study (33) and the
Women’s Health Initiative (38)—physical activity was assessed
before and after diagnosis. Recreational or leisure-time physical
activity was the primary focus of most of the observational studies,
and only two studies (27,36) measured all types of physical activity.
In these studies, a range of metrics was used to report physical
activity, including kilocalories per week (23), hours per week
(24,26,30), relative units of physical activity per week (25), meta-
bolic equivalent (MET)-hours per week per year (27), hours per
week per year (28), MET-hours per week (22,31,33,34,36-38,60), a
categorical qualitative descriptor of sedentary vs hard recreational
activity (29), and times per week (32). The reference groups varied

Physical activity undertaken before diagnosis

across all of these studies, as did the cut points for the highest
category of physical activity.

In these studies, results for breast cancer—specific and all-cause
mortality were generally reported separately. Three studies
(23,24,32) presented results for breast cancer-specific mortality
only and two studies (25,31) presented results for all-cause mor-
tality only. None of the studies reported that higher levels of
activity were associated with an increased risk of breast cancer death
or death from any cause. For breast cancer-specific mortality, four
studies (22,23,30,32) reported no association with physical activity,
seven studies (24-27,29,35,36) observed non-statistically significant
decreased risks that ranged from 13% to 51% when comparing the
highest with the lowest activity categories, and six studies
(21,28,33,34,37,38) observed statistically significant decreased
risks of breast cancer mortality that ranged from 41% to 51%.
With regard to the association between physical activity and
all-cause mortality, two studies (30,31) reported null findings; five
studies (25-27,29,36) reported non-statistically significant reduced
risks, and seven studies (22,28,33-35,37,38) reported statistically
significant reduced risks. Only six studies presented results that
were fully adjusted for stage, breast cancer treatments, BMI, and
other breast cancer risk factors (27,30,33,34,36,37,60). The
remaining studies most frequently were missing data on treatments
and only adjusted for stage and breast cancer risk factors. Six studies
(21,31,33,34,37,38) observed a statistically significant dose-response
effect between increasing physical activity and decreasing breast
cancer mortality.

Twelve studies (23,25,27-34,38,60) conducted analyses to
examine which subgroups of the breast cancer study population
might benefit most from physical activity. The factors examined in
these subgroup analyses were menopausal status (23,27,29,30,
32,33,35,37), obesity asassessed by BMI (25,27-29,31,33,34,37,38),
tumor stage (27,28,33,34,38), hormone receptor status (27,28,31,
33,38), comorbidities (27,37), and race or ethnicity (31). Overall,
there was little evidence for effect modification by these factors.
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Enger, 2004 (29), United States, n=717 @
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Figure 2. Forest plot of risk estimates from observational studies of physical activity and mortality outcomes in breast cancer survivors. Black
circles indicate hazard ratios (HRs), and solid horizontal lines represent 95% confidence intervals (Cls). The vertical dotted line indicates point of

unity.
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Figure 3. Forest plot of risk estimates from observational studies of physical activity and mortality outcomes in survivors of cancers other than
breast cancer. Black circles indicate hazard ratios (HRs), and solid horizontal lines represent 95% confidence intervals (Cls). The vertical dotted line

indicates point of unity.

However, there was some evidence, albeit inconsistent, for effect
modification by BMI. In the cohort study conducted by
Abrahamson et al. (25), there was a strong association between
physical activity and survival among women with a BMI of 25 kg/m’
or higher, whereas the Norwegian cohort study by Emaus et al.
(29) observed a strong association between physical activity and
survival among women with a BMI less than 25 kg/m?, and in the
Women’s Health Initiative, Irwin et al. (38) reported a strong
association in women with a BMI less than 30 kg/m?. There was some
limited evidence for effect modification by hormone receptor
status; three studies (31,33,35) reported a greater benefit of physical
activity among women with hormone receptor—positive tumors.
No studies assessed the potential confounding effects of the rate
of completion of primary therapy (ie, radiation, chemotherapy) or
of adherence to hormonal (ie, tamoxifen, aromatase inhibitors) or
biological (eg, traztuzamab) therapies.

In summary, there is fairly consistent evidence that physical
activity either before or after breast cancer diagnosis is associated
with a reduction in both breast cancer—specific mortality and overall
mortality, and there is some evidence suggesting a dose-response
effect of increasing risk reduction with increasing activity levels.
The studies to date have inconsistently controlled for confounding
by important predictors of survival; however, some investigators
have begun to consider effect modification by stage, hormone
receptor status, BMI, or comorbidity.

Other Cancers. Ten observational studies (39-48) have reported
on the association between physical activity and cancer-specific
and all-cause mortality among survivors of cancers other than
breast cancer (Figure 3 and Table 2). Thus far, there have been six
articles on colorectal cancer from four different cohorts including
one article from a drug treatment trial for colorectal cancer (39-44),
one article on prostate cancer (45), two articles on ovarian cancer
(46,47), and one article on malignant glioma (48). Sample sizes in
these observational studies ranged from 243 for the study on
malignant glioma (48) to 2708 for the study on prostate cancer (45),
and six of 10 studies included approximately 500-700 survivors.
The number of cancer-specific deaths reported in these studies
ranged from 80 to 396, and the number of deaths from any
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cause ranged from 84 to 548. Seven of the 10 studies did not report
race or ethnicity; the three that did (41,46,47) predominantly
included non-Hispanic white cancer survivors. Most of the cancers
were diagnosed from the early 1990s to the early 2000s; two
studies (43,45) included cancers that were diagnosed as late as
2008. The median follow-up time ranged from approximately 2 to
12 years. Six studies (39,40,42-45) were designed as a follow-up
study of cancer survivors identified within a prospective cohort
study of cancer incidence, two (46,47) were follow-up studies of
incident cancer survivors identified from a case—control study, one
(48) was a prospective cohort of cancer survivors, and one (41) was
a prospective cohort study of survivors who were enrolled in a
randomized adjuvant chemotherapy trial. Seven studies (40-45,48)
examined the associations for physical activity after diagnosis. In
most of these studies, analyses were based on physical activity data
reported by the patient 1-2 years after their diagnosis. The refer-
ence period for the assessment of physical activity, when reported,
ranged from the preceding week (44) to the preceding year (40,45).
Physical activity data were based on self-administered question-
naires in eight studies (40-46,48) and on interview-administered
questionnaires in two studies (39,47). Most studies assessed leisure-
time or recreational physical activity but used a number of different
cut points for defining active vs inactive groups. Several studies
(40-42,45) used less than 3 MET-h/wk as the cut point for the
referent (ie, inactive or less active) group, whereas other studies
used cut points of less than 9 (48) or less than 18 (43,44) MET-h/wk;
the higher cut points were often used for subgroup analyses. All
but four studies (45-48) reported on both cancer-specific and
all-cause mortality. In most studies, the reported associations were
based on multivariable models that adjusted for stage and cancer-
specific risk factors, and roughly half of the studies further adjusted
for BMI. Few studies adjusted for treatment type or rate of com-
pletion of primary therapy, although among the nine studies that
adjusted for stage (39-46,48), a few (42,44) noted in the discussion
section of their reports that stage and type of treatment were
highly correlated and that adjustment for treatment rather than
stage did not alter the results.

Of the six studies of colorectal cancer survivors, one (40) was
based on the Nurses’ Health Study and involved only women, an-
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other (42) was based on the Health Professionals Study and
involved only men, and the remaining four studies included both
men and women (39,41,43,44). All of these studies examined
leisure-time physical activity, and all but one (39) adjusted for
stage, colorectal cancer risk factors, and BMI. Three studies (40-42)
found that physical activity after diagnosis was associated with
statistically significant reduced risks of colorectal cancer—specific
mortality ranging from 45% to 61%; in these studies, the tests for
trend were statistically significant, indicative of a dose-response
relationship. In the one study that reported on physical activity
both before and after diagnosis (40), physical activity before diag-
nosis was not associated with statistically significant reduced risks
of all-cause and colorectal cancer—specific mortality. All five
studies that examined physical activity after colorectal cancer diag-
nosis found that post-diagnosis activity was associated with
reduced risks of death from any cause (40-44); four of those studies
reported statistically significant risk reductions ranging from 23%
to 63% (40-43). Two recent studies (43,44) examined whether
the association between physical activity and mortality outcomes
differed by specific molecular tumor markers. One study (44)
examined the association between physical activity and survival
among 484 male and female colorectal cancer survivors who were
stratified by subcellular localization of cadherin-associated protein
B1 (CTNBBI1), a marker of Wnt signaling pathway activation.
This study found that physical activity was associated with better
colorectal cancer—specific survival only among survivors who were
negative for nuclear CTNNBI (ie, lacked activation of Wnt sig-
naling pathway). The other study (43) examined a number of dif-
ferent tumor markers and found that among survivors with tumors
that expressed p27, physical activity was associated with better
colon cancer—specific survival, whereas survivors with tumors that
lacked p27 expression had worse colon cancer—specific survival.
By contrast, tumor expression of other proteins did not influence
the association between physical activity and colon cancer—specific
or all-cause mortality.

The only published study of physical activity and prostate
cancer survival (45) involved 2705 Health Professionals Study
participants and included 112 deaths from prostate cancer and 548
deaths from any cause. This study found that increasing levels of
physical activity after diagnosis were associated with statistically
significant reductions in both all-cause and prostate cancer—specific
mortality after adjustment for stage, treatment, colorectal cancer
risk factors, BMI, and comorbidities; the test for trend was indicative
of a dose—response relationship for both all-cause and prostate
cancer—specific mortality.

Two studies on ovarian cancer survivors that examined the
association between physical activity before diagnosis and ovarian
cancer-specific mortality (46) or all-cause mortality (47) found
no statistically significant associations. However, some suggestive
associations were reported in subgroup analyses. For example,
among women who had early-stage disease (International
Federation of Gynecology and Obstetrics [FIGO] stage I and II),
those who reported more than 2 h/wk of physical activity at
18-30 years of age had a statistically significant reduced risk of death
from ovarian cancer compared with those who reported less than
1 h/wk of physical activity (46). In addition, a borderline statisti-
cally significant 31% reduction in the risk of death from any
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cause was observed for nonobese women (defined as those with a
BMI <30 kg/m?) who reported more than 2 hours of physical
activity per week compared with those with 1 hour or less per
week (47).

A study of physical activity and recurrent malignant glioma
found that 9 or more MET-h/wk of activity was associated with a
reduced risk of death from any cause compared with fewer than
9 MET-h/wk; the test for trend was statistically significant (48).
This study found no association between survival and functional
capacity measured by a 6-minute walk test at the time of the inter-
view. In this study, physical activity was assessed at one time point
that occurred at varying times after the diagnosis of recurrence
depending on when patients were interviewed; information was
not provided on more specific timing of the assessment of physical
activity relative to diagnosis of cancer recurrence.

Associations between Physical Activity and Biomarkers

in Observational Epidemiological Studies of Cancer
Survivors

The HEAL Study (49-53) is the only observational cohort study
to date that has examined the association between physical activity
and biomarkers relevant to cancer and the relationship between
lifestyle, biomarkers, and breast cancer—specific survival (Table 3).
HEAL study participants completed physical activity and other
assessments and provided blood samples at 6-8 months and 2-3
years after diagnosis. All but one of the studies (50) was based on
the assessment done at 2-3 years after diagnosis. These studies
examined biomarkers of insulin production (ie, C-peptide), insu-
lin-related metabolism, and associated protein carriers; leptin; and
inflammatory markers, including C-reactive protein (CRP) and
serum amyloid A. Associations between physical activity and objec-
tive measures of mammographic breast density based on mammo-
grams taken either 1 year before or 1-2 years after diagnosis were
also investigated. The reports from this cohort included sample
sizes that ranged from 439 (51) to 746 (53), depending on how
many subjects had available data for a specific analysis. The physical
activity measure used for these studies was based on recreational
physical activity.

The HEAL study has reported statistically significant inverse
associations between physical activity and circulating levels of
leptin, insulinlike growth factor 1 (IGF-1), and CRP (49). No
associations were found for mammographic breast density,
C-peptide, insulinlike growth factor binding protein-3 (IGFBP-3),
the ratio of IGF-1 to IGFBP-3, or serum amyloid A (49-51).

The Influence of Physical Activity Interventions in RCTs on
Selected Biomarkers

Eleven RCTs and 13 articles have examined the effects of physical
activity interventions on biomarkers of cancer prognosis among
cancer survivors (Table 4). Five RCTs (54-60) were conducted
among breast cancer survivors, three (64-66) among prostate can-
cer survivors, two (61,62) among colorectal cancer survivors, and
one (63) among gastric cancer survivors. Sample sizes ranged from
20 to 155, and the mean number of participants was 70. Few
studies reported on race or ethnicity. All participants in the studies
of breast and colorectal cancer survivors had completed primary
treatment for their cancer (except for breast cancer survivors, who
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could be taking hormonal therapies). The study of gastric cancer
survivors was conducted in the 2 weeks immediately after curative
surgery (63), whereas all three studies of men with prostate cancer
were conducted while the men were receiving androgen depriva-
tion therapy or radiotherapy (64-66).

Regarding the mode of physical activity intervention, six studies
(54-56,59-63) tested aerobic activity programs, two (57,64) tested
resistance training programs, two (58,66) tested combined aerobic
and resistance exercise interventions, and one (65) consisted of a
three-arm trial testing aerobic or resistance exercise vs usual care.
Most aerobic activity interventions allowed participants to choose
the type of aerobic exercise. Aerobic exercise interventions varied
considerably, although most were of moderate intensity and
ranged from 20 to 45 minutes per session for 24 d/wk. The length
of the intervention ranged from 2 weeks (61-63) to 12 months
(57). In the seven studies that reported adherence to the prescribed
exercise program (54-58,60,64—66), adherence rate ranged from
73% to 98%, and the mean adherence rate was 84%. In the six
studies that reported attrition (54-56,58,59,64-66), the attrition
rate ranged from 2% to 20%, and the mean attrition rate was 11%.
In five (58-62) of the 11 trials, biomarkers were the specified
primary endpoints.

The breast cancer RCTs evaluated the effects of physical
activity on three sets of biomarkers: the insulin pathway, inflam-
mation, and cell-mediated immunity (54-60). Four (54-58,60) of
the five studies assessed the effects of physical activity on circu-
lating levels of insulin, IGF-1, or IGF-1 binding proteins. All four
of these studies reported statistically significant or marginally
statistically significant changes in some biomarkers of the insulin
pathway; however, these changes were not consistently statistically
significant across studies or across insulin-related biomarkers
within the same study. There was a suggestion that the effects of
physical activity on the insulin pathway may be more pronounced
for obese or sedentary women (eg, those with higher serum insulin
levels at baseline). Specifically, participants in the two studies that
observed the largest effect sizes (58,60) were more obese and
sedentary than participants in the other studies. There was also a
suggestion that physical activity may be more effective at modi-
fying serum IGF-1 levels in women who are not taking tamoxifen.
Specifically, of all the studies reviewed here, the study reporting
the largest effect size with regard to physical activity and serum
IGF-1 level was the one conducted by Irwin et al. (60). This study
also had the lowest percentage of women on tamoxifen, which is
known to reduce the serum level of IGF-1 (67). Two of the breast
cancer studies evaluated biomarkers of inflammation, and the
results of these studies were mixed: Fairey et al. (55) reported a
marginal effect of physical activity in terms of decreasing circu-
lating levels of CRP, whereas Payne et al. (59) reported no effect
of physical activity on circulating levels of interleukin 6. Finally,
there was a suggestion that physical activity may result in beneficial
changes in circulating levels of markers of cell-mediated immunity:
Fairey et al. (56) reported that physical activity led to statistically
significant improvements in natural killer cell cytotoxic activity,
total lytic units, and spontaneous lymphocyte proliferation.

In the three RCTs of men with prostate cancer, physical
activity was evaluated as a treatment for fatigue (64,65) or as a
means to reverse declines in lean body mass and increases in fat
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mass resulting from androgen deprivation therapy (66). In these
studies, biomarkers were evaluated mainly to ensure that physical
activity could be used to treat these conditions without adversely
affecting prostate cancer progression. The biomarkers that were
examined included circulating levels of testosterone, prostate-
specific antigen (PSA), insulin, glucose, and CRP. All three studies
evaluated circulating levels of testosterone and PSA, and none
found statistically significant effects of physical activity on these
biomarkers. Similarly, Galvao et al. (66) evaluated the effect of a
combined strength and aerobic training program on circulating
levels of insulin and glucose and found no statistically significant
effects. Galvao et al. (66) also evaluated the effects of this intervention
on circulating levels of CRP; they found that over 12 weeks after
baseline, CRP decreased in the exercise group and increased in the
control group and that the magnitude of the difference in the mean
CRP values between the two study arms was both clinically and
statistically significant.

The two RCT's of colorectal cancer survivors tested the effects
of short-term (2-week) physical activity interventions of different
intensities on biomarkers of the pro- and anti-inflammatory
response (61) and on oxidative DNA damage (62). Allgayer et al.
(61) found that moderate-intensity physical activity reduced cir-
culating levels of lipopolysaccharide-stimulated interleukin-1
receptor antagonist, indicating a switch to a more inflammatory
state after an immune challenge, whereas low-intensity physical
activity did not. More recently, Allgayer et al. (62) showed that
moderate-intensity physical activity decreased urinary 8-oxo-2'-
deoxyguanosine excretion, a biomarker of oxidative DNA damage
and, likely, of tumor progression (68), whereas high-intensity
physical activity resulted in a non—statistically significant increase
in oxidative DNA damage as measured by the same biomarker.

The only RCT conducted among gastric cancer survivors
tested the effects of a 2-week aerobic exercise program on natural
killer cell cytotoxicity (63). This study reported statistically signif-
icantly higher natural killer cell cytotoxicity in the exercise group
vs the control group.

Discussion

Research on physical activity and all-cause and cancer-specific
mortality as well as research on potential mechanisms of these
associations among cancer survivors is relatively new, and the
majority of studies have been published since 2009. Although most
of the research has focused on breast cancer survivors, some has
encompassed survivors of colon, prostate, gastric, ovarian, and
brain cancer. The strongest evidence for an association between
physical activity and cancer outcomes comes from studies of breast
cancer survivors. Nearly all of the breast cancer studies report that
physical activity is associated with a reduction in breast cancer—
specific mortality as well as all-cause mortality; this risk reduction
was statistically significant in nearly half of these studies, and there
is evidence for a dose—response effect of decreasing mortality risk
with increasing activity in roughly half of the studies.

The next strongest evidence for an association between physical
activity and disease outcomes for survivors of other cancer sites has
been found for cancer-specific and all-cause mortality in colorectal
cancer survivors (39-44). This evidence was sufficiently compelling

Vol. 104, Issue 11 | June 6, 2012

€702 ‘62 |1dy Uo ArIqiT HIN B /Blo'sfeulnolpiosxo ouly/:dny woiy pspeojumod


http://jnci.oxfordjournals.org/

to justify the first ever randomized controlled exercise intervention
trial among colon cancer survivors (14). The Colon Health and
Life Long Exercise Change (CHALLENGE) Trial is currently
randomly assigning 963 survivors of stage II or III colon cancer
who are within 6 months of completing adjuvant therapy to an
aerobic exercise intervention or a control group that received gen-
eral health education materials. Both groups received follow-up
care at the participating cancer center. The intervention consists of
3 years of combined supervised and unsupervised aerobic activity
and a behavioral support program. This multicenter trial involves
centers from across Canada and Australia and includes a wide
range of clinical, behavioral, lifestyle, and biological endpoints.
The main outcomes of the study, which include disease-free and
overall survival, will be assessed after a planned 10-year follow-up.
For the remaining cancer sites, the evidence is still insufficient
to make any conclusions about the strength, consistency, and
dose-response relationship between physical activity and cancer
survival.

Observational epidemiological research of associations between
physical activity and biomarkers is limited to the Health, Eating,
Activity, and Lifestyle Study, a multiethnic prospective cohort of
breast cancer survivors (49-53). The studies within that cohort
found statistically significant associations between physical activity
and circulating levels of leptin, IGF-1, and CRP, but not between
physical activity and IGFBP-3, serum amyloid A, or mammo-
graphic density.

Opverall, the results of exercise RCT's with biomarker endpoints
suggest that exercise may result in beneficial changes in circulating
levels of insulin, IGF-1, and IGF-1 binding proteins in breast
cancer survivors. There is also evidence that exercise leads to
beneficial changes in circulating levels of CRP and in natural killer
cell cytotoxicity in cancer survivors. In prostate cancer survivors,
there is consistent evidence that exercise does not alter PSA or
testosterone levels. Evidence for other biomarkers is limited or
nonexistent.

Given the paucity of data on physical activity and cancer-
specific mortality in cancer survivors, several limitations of the
extant literature should be considered. Very few observational
studies have included measures of physical activity both before
and after cancer diagnosis, and, as is the case in most observational
research on physical activity and disease outcomes, in no study has
the physical activity measure included a full assessment of all types
and doses of activity. None of the studies of physical activity and
disease outcomes in cancer survivors have included the use of
an objective measure of activity, such as an accelerometer.
Furthermore, no studies to date have been published on the asso-
ciation between sedentary behavior and cancer-specific or all-cause
mortality in cancer survivors.

The research to date on physical activity and disease outcomes
in cancer survivors has a number of issues that limit our ability to
make specific recommendations related to changes in physical
activity that may be beneficial to outcomes such as recurrent cancer
or mortality outcomes. Given the diverse methods used to assess
physical activity in the studies included in this review, it is not yet
possible to extrapolate specific recommendations from the findings
regarding the exact type, dose, and timing of physical activity
required to reduce mortality after a cancer diagnosis. In addition,

jnci.oxfordjournals.org

the studies have not consistently controlled for important con-
founders of the association between physical activity and survival.
For example, it is possible that confounding by subclinical meta-
static disease may have occurred, which could have manifested as
increased fatigue and less interest and ability to undertake regular
activity. Few studies have had a sufficient number of outcomes to
allow for an assessment of effect modification among specific sub-
groups of survivors defined by tumor type or patient or treatment
characteristics that may influence mortality. Most of these studies
excluded survivors with metastatic disease; hence, the influence of
physical activity on survival in this patient subgroup is currently
unknown. Similarly, there have been no studies on cancer survivors
who were diagnosed as children and young adults, who theoreti-
cally might be better able to exercise compared with older cancer
survivors but for whom there may be long-term treatment-related
cardiac effects that limit their ability to undertake regular physical
activity. Likewise, few studies have included different racial or
ethnic groups. A common approach to increase the statistical
power to examine whether or not results differ among subgroups
is to pool the data across studies. However, pooling data related to
physical activity is difficult because of the differences in the timing
and the method of assessing physical activity in these studies.
Finally, very few observational studies have combined epidemio-
logical and biological data to examine the associations between
physical activity and biomarkers among cancer survivors.

Existing RCTs that report the effects of a physical activity
intervention on cancer biomarkers also have limitations that temper
the conclusions that can be made. Many of these limitations relate
to the fact that most RCT's of exercise were not designed to examine
biomarkers as the primary endpoints. Including biomarkers as an
outcome in a trial can affect many aspects of trial design, such
as the selection of participants, the sample size, the type of bio-
markers assessed, and the type, volume, intensity, and length of the
exercise intervention. Only one study (58) provided sample size
calculations to demonstrate that it had sufficient statistical power
to detect differences in biomarkers between study arms. The
limited number of RCTs did not allow us to assess whether the
effect of physical activity on biomarkers differs by the type (eg,
aerobic vs resistance) or dose of physical activity.

Study limitations that should be addressed in future research
include better exposure assessment, increased statistical power, and
consideration of population subgroups and cancer subtypes. More
research is needed to understand the benefits of maintaining or
adopting physical activity after a cancer diagnosis. Likewise, the
risks associated with sedentary behavior after a cancer diagnosis
should be considered as a separate risk factor for mortality.
Observational data are needed on the associations between phys-
ical activity and prognosis in other common, and rarer, cancers.
Adding physical activity measurements to existing and planned
clinical (such as cooperative group trials) and population studies of
cancer survivors would be a cost-effective method of obtaining this
information. Observational studies of potential adverse effects of
physical activity in specific groups of cancer survivors are also
needed. For example, individuals who have received cardiotoxic
treatments, such as anthracyclines, trastuzumab, or left-sided
radiation, may have persistent cardiac damage that could increase
the risk of sudden death when they exercise.
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A recently funded research project—the Alberta Moving
Beyond Breast Cancer (AMBER) Study—was specifically designed
to address many of the limitations in the observational epidemio-
logical literature on physical activity and disease outcomes in cancer
survivors. The AMBER Study will assemble a cohort of 1500
Canadian women with incident, histologically confirmed stage
IC-IIIC breast cancer in Edmonton and Calgary and determine
their disease-free and overall survival after 10 years of follow-up.
At baseline and at various times during the 10-year follow-up, self-
reported and objective measures of physical activity, health-related
fitness, determinants of physical activity, patient-reported out-
comes, and biological and physical measurements will be taken.
This cohort study will also permit a full evaluation of biomarkers
that may be involved in these associations.

Also needed are future RCTs of exercise that examine different
types of exercise and different doses of activity at different time
points in the cancer experience and that include biological mea-
surements to allow a full assessment of the effect of physical activity
on diverse biomarkers and mechanistic pathways that may influence
cancer survival. Studies are also need to assess the roles of obesity,
weight loss, and cancer treatments (eg, tamoxifen or aromatase
inhibitors) in mediating the effect of physical activity on bio-
markers that may influence cancer survival. Finally, a fully powered
RCT to assess the effects of physical activity on survival among
breast cancer survivors is warranted (69).

Given the potential for confounding by disease progression, as
well as problems resulting from inaccurate measurements of phys-
ical activity, definitive evidence for an effect of physical activity on
survival awaits data from randomized trials. One such trial is
ongoing for colon cancer survivors (14); randomized trials are
also justified for survivors of breast cancer and, possibly, prostate
cancer, given the treatment-related increased risks of cardiovascular
disease that exist for these survivors.

Finally, the effects of physical activity on comorbidities in cancer
survivors are largely unknown and could be explored within obser-
vational data. For example, the associations between physical
activity and risks for thromboembolic disease, coronary heart
disease, stroke, diabetes, and other chronic diseases within popula-
tions of cancer survivors have not been described in published
literature. Associations between physical activity and disease in the
general population may not apply to cancer survivors who have
elevated risks of these comorbidities due to their cancer or their
cancer treatments.

This systematic review has limitations. This systematic review
was current at the time of its submission, but as this field of
research is evolving rapidly, it is possible that additional relevant
studies have been published. Furthermore, many systematic
reviews in other fields use meta-analysis to estimate the pooled
effect across published research results. However, because the
assessment of physical activity was variable across the observational
studies and the exercise interventions in the RCTs were quite
diverse, we felt that the heterogeneity among these studies would
limit our ability to interpret any meta-analysis. In the future,
should more observational studies be published that have more
similar measures of physical activity exposures or RCT's published
with more similar exercise interventions, such a meta-analysis may
become possible.
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In summary, physical activity is safe for cancer survivors, has
proven physical and mental health benefits, is recommended by
both the ACSM and American Cancer Society, and may also
improve survival after cancer, but additional research is warranted
before clear conclusions can be reached on the effects of physical
activity on disease outcomes among many groups of cancer
Survivors.
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Background Several recent studies have provided evidence that polymorphisms in the telomerase reverse transcriptase
(TERT) gene sequence are associated with cancer development, but a comprehensive synopsis is not available.
We conducted a systematic review and meta-analysis of the available molecular epidemiology data regarding the

association between TERT locus polymorphisms and predisposition to cancer.

Methods A systematic review of the English literature was conducted by searching PubMed, Embase, Cancerlit, Google
Scholar, and ISI Web of Knowledge databases for studies on associations between TERT locus polymorphisms
and cancer risk. Random-effects meta-analysis was performed to pool per-allele odds ratios for TERT locus
polymorphisms and risk of cancer, and between-study heterogeneity and potential bias sources (eg, publication
and chasing bias) were assessed. Because the TERT locus includes the cleft lip and palate transmembrane 1-like
(CLPTM1L) gene, which is in linkage disequilibrium with TERT, CLPTM1L polymorphisms were also analyzed.
Cumulative evidence for polymorphisms with statistically significant associations was graded as “strong,’
“moderate,” and “weak” according to the Venice criteria. The joint population attributable risk was calculated for
polymorphisms with strong evidence of association.

Results Eighty-five studies enrolling 490901 subjects and reporting on 494 allelic contrasts were retrieved. Data were
available on 67 TERT locus polymorphisms and 24 tumor types, for a total of 221 unique combinations of
polymorphisms and cancer types. Upon meta-analysis, a statistically significant association with the risk of any
cancer type was found for 22 polymorphisms. Strong, moderate, and weak cumulative evidence for association
with at least one tumor type was demonstrated for 11, 9, and 14 polymorphisms, respectively. For lung cancer,

which was the most studied tumor type, the estimated joint population attributable risk for three polymorphisms
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