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A m e ric a n  C a n c e r S o c ie ty  G u ide lin e s  

fo r  B re a s t S c re e n in g  w ith  MRI as  an 

A d ju n c t to  M a m m o g ra p h y

D e b b i e  S a s l o w , P h D ;  C a r la  B o e te s ,  M D ,  P h D ;  W y l i e  B u r k e ,  M D ,  P h D ;  S t e v e n  H a r m s ,  M D ;  

M a r t i n  O .  L e a c h ,  P h D ;  C o n s ta n c e  D .  L e h m a n ,  M D ,  P h D ;  E l i z a b e t h  M o r r i s ,  M D ;  E t t a  P is a n o ,  

M D ;  M i t c h e l l  S c h n a l l ,  M D ,  P h D ;  S t e p h e n  S e n e r ,  M D ;  R o b e r t  A .  S m i t h ,  P h D ;  E l l e n  W a rn e r , 

M D ;  M a r t i n  Y a ffe ,  P h D ;  K im b e r l y  S .  A n d r e w s ;  C h r i s t y  A .  R u s s e l l ,  M D  ( fo r  th e  A m e r i c a n  C a n c e r  

S o c i e t y  B r e a s t  C a n c e r  A d v i s o r y  G r o u p )

ABSTRACT New evidence on b reast Magnetic  Resonance Imaging (MRI) sc reening  has 

become available since the American Cancer Soc iety (ACS) last issued guidelines for the early 

detection of breast cancer in 2003. A guideline panel has reviewed this evidence and developed 

new recommendations for women at different defined levels of risk. Screening MRI is recom 

mended for women with an app roximately 20 -25%  or g reater lifetime risk of breast cancer, 

including women with a strong family history of breast or ovarian cancer and women who were 

treated for Hodgkin disease. There are several risk subgroups for which the available data are 

insuffic ient to recommend for or against screening, including women with a personal history of 

breast cancer, carc inoma in situ, atypical hyperplasia, and extremely dense breasts on m am 

mography. Diagnostic  uses of MRI were not considered to be within the scope of this review. 

(C A  C a n c e r  J  C l in  2 0 0 7 ; 5 7 : 7 5 - 8 9 . )  © A m e r i c a n  C a n c e r  S o c i e t y ,  I n c . ,  2 0 0 7 .

T o  e a r n  f r e e  C M E  c r e d i t  f o r  s u c c e s s f u l l y  c o m p l e t i n g  t h e  o n l i n e  q u i z  b a s e d  o n  t h i s  a r t i c l e ,  g o  t o  

h t tp : / /C M E .A m C a n c e r S o c .o r g .

IN T R O D U C T IO N

M a m m o g ra p h y  has b e e n  p ro v e n  to  d e te c t  b reas t c a n c e r  at an  ea rly  stage  and , 

w h e n  fo llo w ed  u p  w ith  a p p ro p ria te  d iagnosis an d  tre a tm e n t, to  re d u c e  m o rta lity  

fro m  b reast cancer. F o r w o m e n  at in creased  r isk  o f  b reast cancer, o th e r  sc reen in g  

tec h n o lo g ie s  also m ay  c o n tr ib u te  to  th e  ea rlie r d e te c tio n  o f  b reast cancer, p a r t ic u 

larly  in  w o m e n  u n d e r  th e  age o f  40  years fo r w h o m  m a m m o g ra p h y  is less sensitive. 

T h e  A m e ric an  C a n c e r S ocie ty  (ACS) gu ideline  fo r th e  early d e te c tio n  o f  b reast can 

cer, last u p d a te d  in  2 0 0 3 , sta ted  th a t w o m e n  at increased  risk  o f  b reast can ce r m ig h t 

b e n e fit  fro m  ad d itio n a l sc reen in g  stra teg ies b e y o n d  th o se  offered  to  w o m e n  at aver 

age risk , su ch  as ea rlie r  in it ia t io n  o f  sc reen in g , sh o rte r  s c re e n in g  in te rva ls , o r  th e  

a d d itio n  o f  sc reen in g  m o d a litie s  (such  as b reast u ltra so u n d  o r  m ag n e tic  reso n an ce  

im a g in g  [M R I]) o th e r  th a n  m am m o g ra p h y  and  physical exam in a tio n . H ow ever, the  

ev id en ce  available at th e  tim e  w as in su ffic ien t to  ju s tify  re c o m m e n d a tio n s  fo r any 

o f  these  sc reen in g  appro aches. T h e  A C S  re c o m m e n d e d  th a t decis ions a b o u t sc reen 

in g  o p tio n s  fo r w o m e n  at sig n ifican tly  in creased  r isk  o f  b reast ca n ce r b e  based  on  

shared  dec is ion  m ak in g  afte r a rev iew  o f  p o ten tia l benefits , lim ita tions, and  h a rm s o f  

d iffe ren t sc reen in g  stra teg ies and  th e  deg ree  o f  u n c e r ta in ty  a b o u t e a c h .1

A lth o u g h  th e re  still are l im ita tio n s  in  th e  availab le  e v id e n c e , a d d it io n a l p u b 

lish e d  s tu d ie s  have b e c o m e  availab le  s in ce  th e  last u p d a te , p a rtic u la r ly  reg a rd in g
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A m e r i c a n  C a n c e r  S o c i e t y  G u i d e l i n e s  f o r  B r e a s t  S c r e e n in g  w i t h  M R I  a s  a n  A d j u n c t  to  M a m m o g r a p h y

use o f  b reast M R I .  T h e  A C S g u id e 

line  panel has sought to  provide addi

t io n a l g u id an ce  to  w o m e n  an d  th e ir  

h e a lth  care  p ro v id e rs  based  o n  these 

n e w  data.

G U ID E L IN E  D E V E L O P M E N T

T h e  A C S  c o n v e n e d  a n  e x p e r t  

p a n e l  to  r e v ie w  th e  e x is t in g  ea rly  

d e te c t io n  g u id e l in e  fo r  w o m e n  at 

in c re ase d  r isk  an d  fo r  M R I  sc re e n 

in g  based  o n  ev idence  th a t has accu 

m u la te d  s in c e  th e  la s t r e v is io n  in  

2 0 0 2  to  2 0 0 3 . L ite ra tu re  re la te d  to  

b r e a s t  M R I  s c r e e n in g  p u b l i s h e d  b e tw e e n  

S e p te m b e r  2 0 0 2  a n d  Ju ly  2 0 0 6  w as id e n tif ie d  

u s in g  M E D L IN E  (N a tio n a l L ib ra ry  o f  M e d i 

c in e ), b ib lio g ra p h ie s  o f  id e n tif ie d  a rtic les, and  

u n p u b lis h e d  m an u sc rip ts . E x p e r t  p a n e l m e m 

be rs  rev iew ed  and  discussed da ta  d u r in g  a series 

o f  c o n fe re n c e  calls an d  a w o rk in g  m e e tin g  in  

A u g u st, 2 0 0 6 . W h e n  e v id e n c e  w as in su ffic ien t 

o r  lac k in g , th e  final re c o m m e n d a tio n s  in c o r 

p o ra te d  th e  e x p e rt o p in io n s  o f  th e  p an e l m e m 

be rs . T h e  A C S  B reast C a n c e r  A d v iso ry  G ro u p  

m e m b e rs  a n d  th e  N a tio n a l  B o a rd  o f  D ire c to rs  

discussed  an d  v o te d  to  approve th e  re c o m m e n 

d a tions.
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h t t p : / / C A o n l i n e . A m C a n c e r S o c . o r g

S U M M A R Y  O F  R E C O M M E N D A T IO N S

Table 1 sum m arizes the A C S recom m endations 

fo r  b reast M R I  screen ing .

B A C K G R O U N D

M R I

M R I utilizes m agnetic fields to  produce detailed 

c ro ss-sec tio na l im ages o f  tissue s truc tu res , p ro 

v id in g  v e ry  g o o d  soft tissue co n tras t. C o n tra s t 

b e tw e e n  tissues in  th e  b reast (fat, g landu lar tis 

sue, lesions, etc .) d ep en d s  o n  th e  m o b ility  and 

m agne tic  en v iro n m en t o f  th e  h y d rogen  atom s in  

w a te r  an d  fat th a t  c o n tr ib u te  to  th e  m easu red  

signal th a t  d e te rm in e s  th e  b r ig h tn e ss  o f  tissues 

in  th e  im age. In  th e  breast, th is  resu lts  in  im ages 

show ing  p red o m in an tly  pa renchym a and fat, and 

lesions, i f  th ey  are p resen t. A  param agnetic  small 

m o le c u la r  g a d o lin iu m -b a se d  c o n tra s t a g e n t is 

in je c te d  in travenously  to  p rov ide  reliab le  d e te c 

t io n  o f  cancers and  o th e r  lesions. T h u s , con trast 

en h a n c e d  M R I  has b e e n  sh o w n  to  have a h ig h  

sensitiv ity  fo r  d e te c tin g  b reast ca n ce r in  h ig h 

r is k  a s y m p to m a tic  a n d  s y m p to m a tic  w o m e n , 

a lth o u g h  rep o rts  o f  specific ity  have b e e n  m o re  

v a r ia b le .2-8 T h is  h ig h  s igna l f ro m  e n h a n c in g  

lesions can b e  difficu lt to  separate fro m  fat, lead 

i n g  to  th e  u se  o f  s u b t r a c t i o n  im a g e s  o r  fa t

T A B L E  1 R e c o m m e n d a t io n s  fo r  B r e a s t  M R I  S c r e e n in g  a s  a n  A d ju n c t  to  M a m m o g r a p h y

Recommend Annual MRI Screening  (Based on Evidence*)

BRCA mutation

First-degree relative of BRCA carrier, but untested

Lifetime risk ~20—25% or greater, as defined by BRCAPRO or other models that are largely dependent on family history

Recommend Annual MRI Screening  (Based on Expert Consensus Op inionf)

Rad iation to chest between age 10 and 30 years 

Li-Fraumeni syndrome and first-degree relatives

Cowden and Bannayan-Riley-Ruvalcab a syndromes and first-degree relatives

Insuffic ient Evid ence to Recommend for or Against MRI Sc reening !

Lifetime risk 15-20% , as defined by BRCAPRO or other models that are largely dependent on fam ily history 

Lobular carc inoma in situ (LCIS) or atyp ical lobular hyperp lasia (ALH)

Atyp ical ductal hyperp lasia (ADH)

Heterogeneously or extremely dense breast on mammography

Women with a personal history o f b reast cancer, including ductal carc inoma in situ (DCIS)

Recommend Against MRI Screening (Based on Expert Consensus Opinion )

Women at < 15%  lifetime risk

*E v id e n c e  fro m  n o n ra n d o m iz e d  s c re e n in g  t r ia ls  a n d  o b s e rv a t io n a l s tu d ie s .  

fB a s e d  o n  e v id e n c e  o f  li fe tim e  r is k  fo r  b re a s t c a n c e r.

^P a ym e n t  s h o u ld  n o t b e  a  b a rr ie r.  S c re e n in g  d e c is io n s  s h o u ld  be  m a d e  o n  a  c a s e -b y -c a s e  b a s is , a s  th e re  m a y  be  

p a r t ic u la r  fa c to rs  to  s u p p o r t  M R I. M o re  d a ta  o n  th e s e  g ro u p s  is e x p e c te d  to  b e  p u b lis h e d  s o o n .

L 7!
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suppressio n , o r  b o th , to  assess disease. B ecause  

p a renchym al tissue also enhances, b u t genera lly  

m o re  s low ly  th a n  m a lig n a n t le s io n s , a n d  also 

because con trast can w ash o u t rap id ly  fro m  som e 

tu m o rs , it is im p o r ta n t to  lo o k  at im ages at an 

early tim e  p o in t after contrast in jec tio n  (typically

1 to  3 m in u tes). M R I  exam inations m ay  involve 

e x a m in in g  im ages at o n e  tim e  p o in t  or, m o re  

o f te n , w ill  c o lle c t  a p r e in je c t io n  im a g e  w ith  

sequen tia l sets o f  im ages afte r con trast in je c tio n  

(dynam ic con trast-enhanced  [D C E ]-M R I). B o th  

th e  appearance  o f  lesions and , w h e re  available, 

th e  u p tak e  and  w ash o u t p a tte rn  can  b e  used  to  

id e n tify  m a lig n a n t d isease a n d  d isc r im in a te  it 

from  b e n ig n  co n d itio n s .

T h e se  te c h n iq u e s , w h ic h  have b e e n  w id e ly  

em ployed  fo r assessing sym ptom atic  disease, have 

rec e n tly  b e e n  sh o w n  to  p ro v id e  g o o d  sensitiv 

ity  as a screening to o l fo r breast cancer in  w o m en  

at increased risk  based  o n  fam ily  h isto ry .9-14 T h e  

a p p ro a c h  req u ire s  a p p ro p r ia te  te c h n iq u e s  and  

e q u ip m e n t,  to g e th e r  w i th  e x p e r ie n c e d  staff. 

H ig h e r  q u a lity  im ag es  are p ro d u c e d  by  d e d i 

c a ted  breast M R I  coils, ra th e r  th a n  body , chest, 

o r  a b d o m in a l coils.

ID E N T IF IC A T IO N  O F  W O M E N  W IT H  A

H IG H  R IS K  O F  B R E A S T  C A N C E R

T h re e  ap p ro ach es  are available fo r  id e n tify 

in g  w o m e n  w ith  a h ig h  r isk  o f  b rea s t can cer: 

fam ily  h is to ry  assessm ent, g e n e tic  te s tin g , and  

rev iew  o f  clinical history. All c o n tr ib u te  to  id e n 

t ify in g  w o m e n  w h o  are  c a n d id a te s  fo r  b reas t 

M R I  screen in g .

F am ily  H is to ry

A lth o u g h  a h ig h  p ro p o rtio n  o f  w o m e n  in  th e  

general p o p u la tio n  have at least one  relative w ith  

b reast cancer, fo r  th e  m a jo r ity  o f  these  w o m e n , 

this “ fam ily  h is to ry ” e ith e r does n o t increase risk 

at all (ie, th e  can ce r w as sporad ic) o r  is associ 

a ted  w ith , at m o st, a d o u b lin g  o f  life tim e  risk  

(due to  e ith e r  shared  e n v iro n m en ta l r isk  factors  

o r  an  in h e r i te d  gene  o f  lo w  p e n e tran c e ). O n ly  

1% to  2%  o f  w o m e n  have a fam ily  h is to ry  sug 

gestive o f  th e  in h e r ita n c e  o f  an  au to som al d o m 

in a n t, h ig h -p e n e tra n c e  g en e  c o n fe r r in g  u p  to  

an  80%  life tim e  r isk  o f  b reast cancer. In  som e 

fa m ilie s , th e r e  is a lso  a h ig h  r is k  o f  o v a r ia n

c a n ce r . F e a tu re s  o f  th e  fam ily  h is to ry  w h ic h  

suggest th e  cancers  m ay  b e  d u e  to  such  a h ig h -  

p e n e tra n c e  g en e  in c lu d e  2 o r  m o re  close (gen 

erally first- o r second-degree) relatives w ith  breast 

o r ovarian cancer; breast cancer o c c u rr in g  befo re 

age 50  years (p rem enopausal) in  a close relative; 

a fam ily  h is to ry  o f  b o th  b reast and  ovarian  can 

cer; o n e  o r  m o re  relatives w ith  2 cancers (breast 

and  ovarian  cancer o r  2 in d e p e n d e n t breast can 

cers); and  m ale  relatives w ith  b reast c a n c e r .15-18

Two b reast/ovarian  cancer susceptibility genes, 

B R C A 1  and  B R C A 2 ,  have b e e n  id en tif ied .19,20 

In h e r ite d  m u ta tio n s  in  these genes can  be  fo u n d  

in  a p p ro x im a te ly  50%  o f  fam ilies in  w h ic h  an 

in h e r ite d  risk  is strongly  suspected  based  o n  th e  

frequency  and  age o f  onset o f  breast cancer cases, 

an d  in  m o st fam ilies in  w h ic h  th e re  is a m u c h  

h ig h e r  th a n  e x p e c te d  in c id e n c e  o f  b o th  breast 

and  ovarian  cancer.

Several m odels  can  assist clinicians to  estim ate  

breast cancer r isk  o r  th e  lik e lih o o d  th a t a B R C A  

m u ta t i o n  is p r e s e n t  ( O n l in e  S u p p le m e n ta l  

M a te r ia l) . T h e  G ail, C laus, a n d  T y re r-C u s ic k  

m odels estim ate  breast cancer risk  based  o n  fam 

ily history, som etim es in  co m b in a tio n  w ith  o th e r  

risk  factors, such as rep roductive  h isto ry  o r  p r io r  

b reast b io p sie s .16,21-23 A lth o u g h  r isk  p re d ic tio n  

is genera lly  sim ilar fo r th e  d iffe ren t m o d els , an 

in d iv id u al w o m a n ’s risk  estim ate  m ay  vary  w ith  

d iffe ren t m o d e ls .21,24,25

T w o d e c is io n  m o d e ls  have b e e n  d e v e lo p e d  

to  estim ate th e  lik e lihood  that a B R C A  m u ta tion  

is p resen t, B R C A P R O 18,26 an d  th e  B reast and 

O varian  Analysis o f Disease Incidence and C arrier 

E s t im a t io n  A lg o r i th m  ( B O A D I C E A ) 27; th e  

B O A D IC E A  m o d e l also p rov ides estim ates o f  

breast cancer risk (O nline Supplem ental M aterial).

G e n e t ic  T e s tin g

T h e  p reva lence  o f  B R C A  m u ta tio n s  is e s ti 

m a ted  to  be  b e tw e e n  1 /5 0 0  and  1 /1 ,0 0 0  in  the  

general population28; however, in  w o m en  ofJew ish 

ethnicity, the  prevalence is 1 /5 0 .29,30 W o m en  w ith  

cancer-p red isposin g  m u ta tions in  e ith e r  B R C A 1  

o r  B R C A 2  have an  increased  risk  o f  b o th  breast 

a n d  o v a r ia n  c a n c e r . F ro m  p o p u la t io n - b a s e d  

studies, w o m e n  w ith  B R C A 1  m u ta tions are esti

m a te d  to  have  a 65%  r isk  b y  age 70  y ears  fo r 

develop ing  breast cancer (95% co n fid en ce  in te r 

val [C I], 44%  to  78% ); th e  c o rre sp o n d in g  risk
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fo r  B R C A 2  m u ta tio n s  is 45%  (95%  C I, 31%  to  

56% ).31 R isks estim ated  fro m  can ce r-p ro n e  fam 

ilies seen in  referra l cen te rs  are h igher, w ith  lim it 

o f  r isk  in  th e  85%  to  90%  ran g e .31 T h ese  m u ta 

t io n s  fo llo w  an  au to so m al d o m in a n t p a tte rn  o f  

transm ission, w h ich  m eans that the  sister, m oth er, 

o r  d a u g h te r  o f  a w o m a n  w ith  a B R C A  m u ta 

t io n  has a 50%  chance  o f  hav ing  th e  same m u ta 

t io n .

T h e  b en e fits  an d  risks o f  g e n e tic  te s tin g  are 

b ey o n d  th e  scope o f  th is article, b u t are rev iew ed 

in  th e  A m e ric a n  S o c ie ty  o f  C lin ica l O n c o lo g y  

p o lic y  s ta te m e n t u p d a te  o n  g e n e tic  te s tin g  fo r 

c a n c e r  s u s c e p tib i l i ty .32 G e n e t ic  te s t in g  fo r  a 

B R C A 1  o r B R C A 2  m u ta tio n  is generally offered 

to  a d u lt  m e m b e rs  o f  fa m ilie s  w i th  a k n o w n  

B R C A  m u ta tio n , o r  to  w o m e n  w ith  at least a 

10%  l ik e l ih o o d  o f  c a r ry in g  su c h  a m u ta t io n , 

based  o n  e ith e r  v a lida ted  fam ily  h is to ry  c r i te r ia  

o r  o n e  o f  th e  a b o v e - m e n t io n e d  m o d e ls . I f  a 

w o m a n  fro m  a fam ily  in  w h ic h  a B R C A  m u ta 

t io n  has b e e n  prev iously  iden tified  does n o t have 

th a t m u ta tio n , o n e  can  generally  safely conclu de  

th a t h e r  b reast ca n ce r r isk  is n o  h ig h e r  th a n  it 

w o u ld  have b e e n  if  she d id  n o t  have  a fam ily  

h isto ry  o f  breast cancer. H ow ever, in  a h ig h -risk  

fam ily  w i th o u t  a k n o w n  m u ta t io n , fa ilu re  to  

fin d  a m u ta tio n  in  a pa rticu la r m e m b e r  does n o t 

red u ce  h e r  r isk  estim ate .

A  h ig h  risk  o f  b reast can ce r also o ccu rs  w ith  

m u ta tio n s  in  th e  T P 5 3  g en e  (L i-F ra u m e n i syn 

d ro m e )  a n d  th e  P T E N  g e n e  ( C o w d e n  a n d  

B a n n a y a n - R i l e y - R u v a l c a b a  s y n d r o m e s ) .33 

A ccurate  prevalence figures are n o t available, b u t 

th ese  c o n d itio n s  ap p ear to  b e  v e ry  ra re .34,35

C lin ic a l  In d ic a to rs  o f R is k

S om e clinical factors  are associated  w ith  sub 

stan tia l b reast can ce r risk . A m o n g  w o m e n  w ith  

H o d g k in  disease, increased breast cancer r isk  has 

b e e n  c o n s is te n tly  a n d  s ig n if ic a n tly  a sso c ia ted  

w ith  m an tle  fie ld  rad ia tio n  tre a tm e n t. In  several 

s tu d ie s  o f  w o m e n  t re a te d  b e tw e e n  1955  an d  

1995 , risk  was in versely  re la ted  to  age at tre a t 

m e n t  in  pa tien ts  d iag n o sed  b e tw e e n  th e  ages o f  

10 to  30 years, w ith  o n ly  slight o r  n o  increased  

r isk  w h e n  d iagnosis  was b e fo re  age 10 years o r 

afte r age 30  years.36-41 R is k  fo llo w in g  tre a tm e n t 

w i th  ra d ia tio n  an d  c h e m o th e ra p y  w as h a lf  th a t 

o f  t r e a t m e n t  w i t h  r a d i a t i o n  a lo n e  in  tw o

s tu d ie s ,39,42 w h ic h  m a y  re f le c t  th e  e f fe c t  o f  

chem otherapy  on  earlier onset o f  m enopause; risk 

was e q u iv a len t in  a th ird  study .43 R is k  o f  b reast 

cancer sign ificantly increased 15 to  30 years after 

r a d ia tio n  th e ra p y .41 M o re  recen tly , t re a tm e n t  

approaches have used low er doses o f  radia tion and 

l im ite d -f ie ld  rad io therapy . In  o n e  study, w h ic h  

c o m p ared  pa tien ts  w h o  rece iv ed  rad ia tio n  th e r 

apy in  1966  to  1974  an d  1975 to  1985 , tre a t 

m e n t  in  th e  la te r  tim e fra m e  w as n o t  re la te d  to  

in c re ase d  r isk  o f  b rea s t c a n c e r  a fte r a m e d ia n  

fo llo w  u p  o f  13 years, w h e reas  p a tie n ts  tre a te d  

b e tw e e n  1966  an d  1974  w ere  at in creased  risk , 

suggesting th at H o d g k in  disease survivors treated 

w ith  c u rre n t  ap p ro ach es  w ill n o t  face  su b stan 

tia lly  in creased  breast can ce r r isk .44

L o b u la r c a rc in o m a  in  situ  (LC IS) and  a ty p i 

cal lobular hyperplasia (A LH ), to g e th er described 

as lo b u la r neoplasia , are associated w ith  substan 

tia lly  increased  risk  o f  su b seq u en t b reast cancer, 

w i th  l ife tim e  r isk  estim ates  ra n g in g  f ro m  10% 

to  20% .45 T h is  eq u a te s  to  a c o n tin u o u s  r isk  o f  

a b o u t 0 .5%  to  1.0%  p e r  year. T h e  invasive c a n 

cers m ay  b e  ipsila tera l o r  co n tra la te ra l, are u su 

ally invasive lo b u la r cancers, and  m o re  th a n  50%  

o f  these diagnoses occu r m o re  th an  15 years after 

th e  o rig in a l d iagnosis o f  LC IS . S im ila r find ings 

have b e e n  re p o r te d  by  F isher et al,46 d esc rib in g  

a 12-year up d a te  o f  180 w o m e n  w ith  L C IS  w h o  

w ere  tre a te d  w ith  local ex c is io n  a lo ne  and  fo l 

lo w ed  by  th e  N a tio n a l S urg ical A d ju v an t Breast 

P ro je c t  (N S A B P ), as w ell as L i e t al, w h o  d e 

sc rib ed  th e  r isk  o f  invasive breast can ce r am o n g  

4 ,490  LC IS patien ts using  Surveillance, E p idem i 

ology, a n d  E n d  R e su lts  (S E E R ) da ta  b e tw e e n  

1988  to  2 0 0 1 .47

A typ ica l d u c ta l hyperp lasia  (A D H ) is p a rt o f  

th e  c o n tin u u m  o f  duc ta l p roliferative b reast dis 

eases ra n g in g  fro m  usual d u c ta l h y p e rp la s ia  to  

d u c ta l c a rc in o m a  in  situ  (D C IS ). T h e  lite ra tu re  

rev ie w  by  A rp in o  e t al45 suggests a 4 -  to  5 -fo ld  

in c re a se d  r isk  o f  invasive b reas t c a n c e r  (c o m 

p a red  w ith  a 6 -  to  1 0 -fo ld  r isk  w ith  L C IS ) at a 

m ed ia n  fo llo w  u p  o f  17 years, w h ic h  is d o u b led  

i f  th e  w o m a n  has an  associated  fam ily  h is to ry  o f  

b reast cancer. It is unc lea r, how ever, w h a t p e r 

c en tag e  o f  th e  w o m e n  w ith  th is  fam ily  h is to ry  

an d  A D H  are at th is  s ign ifican tly  in creased  risk 

because  th e y  are ca rrie rs  o f  a B R C A 1  o r  2  gene 

m u ta tio n .

[ j a C A  A  C a n c e r  J o u rn a l f o r  C lin ic ia n s
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M a m m o g ra p h ic  d en s ity  has b e e n  sh o w n  to  

be  a strong  in d ep e n d e n t risk  facto r fo r th e  devel

o p m e n t o f  b reast cancer.48-51 In  several studies, 

w o m e n  w ith  th e  m ost breast density  w ere  fo u n d  

to  have a 4 -  to  6 -fo ld  increased risk o f  breast can 

cer, c o m p ared  w ith  w o m e n  w ith  th e  least dense 

b reasts.52-56 F o r exam ple , w o m e n  w ith  75%  o r 

h ig h e r  m am m o g ra p h ic  density  h ad  a m o re  th an  

fiv e -fo ld  in c reased  r isk  o f  b reast can cer, c o m 

pa red  w ith  w o m e n  w ith  less th a n  1% density .57 

In  a d d it io n , it has b e e n  sh o w n  th a t  m a lig n a n t 

tu m o rs  o f  th e  b reast are m o re  likely  to  arise in  

the  areas o f  greatest m am m ograph ic  density, co m 

p ared  w ith  th e  m o re  fatty  areas o f  th e  b reast.58

T h e  abso lu te  risk  o f  co n tra la te ra l b reast can 

ce r in  w o m e n  w ith  a p e rso n a l h is to ry  o f  breast 

cancer is estim ated  to  be  0.5%  to  1% p e r year, o r 

5%  to  10%  d u r in g  th e  10 years fo llo w in g  d iag 

nosis, s ig n ifican tly  h ig h e r  th a n  th a t o f  th e  g e n 

era l p o p u la t io n .59 H o r m o n e  th e r a p y  a n d / o r  

c h e m o th e ra p y  fo r  th e  p r im a ry  c a n c e r  is like ly  

to  s u b s e q u e n t ly  lo w e r  th e  r is k  o f  c o n tr a la t 

e ra l b re a s t  c a n ce r .

E V ID E N C E  A N D  R A T IO N A L E

E v id e n c e  o f  E f f ic a c y  f ro m  M R I S c re e n in g  S tu d ie s

In  th e  m id  to  late 1990s, at least 6 prospective, 

n o n ra n d o m iz e d  s tu d ies  w ere  in it ia te d  in  T h e  

N etherlands, the U n ited  K ingdom  (UK), Canada, 

G erm any , th e  U n i te d  States (U S), an d  Ita ly  to  

d e te rm in e  th e  b e n e fit o f  ad d in g  annual M R I  to  

(film ) m a m m o g ra p h y  fo r  w o m e n  at in creased  

risk o f  breast cancer. Som e o f  th e  studies included 

u ltra so u n d  a n d /o r  c lin ica l b reast e x a m in a tio n , 

as w ell. D esp ite  substan tia l d ifferences in  p a tien t 

p o p u la tio n  (age, risk , etc.) and  M R I  tec h n iq u e , 

all r e p o r te d  sig n ifican tly  h ig h e r  sen sitiv ity  fo r 

M R I  co m p a red  w ith  m am m o g ra p h y  (o r any o f  

th e  o th e r  m odalities). A ll stud ies th a t in c lu d e d  

m ore  than  one  ro u n d  o f  screening repo rted  in te r 

val can cer rates b e lo w  10%. P artic ip an ts  in  each  

o f  th e s e  6 s tu d ie s  h a d  e i th e r  a d o c u m e n te d  

B R C A 1  o r  B R C A 2  m u ta tio n  o r  a v e ry  stro n g  

fam ily h isto ry  o f  breast cancer. Som e o f  th e  stud 

ies in c lu d e d  w o m e n  w ith  a p r io r  p e rso n a l h is 

to ry  o f  b reast cancer.

K riege et al screened 1,909 unaffected w o m en  

aged  25 to  70  years w ith  an  e s tim a ted  15%  or

h ig h er lifetim e risk  o f  breast cancer (19% proven  

to  have a B R C A  m u ta tio n )  at 6 c e n te rs  across 

T h e  N e th e rlan d s .9 A fter a m ed ian  o f  3 rounds o f  

sc reen ing , 50  breast cancers  (44 invasive) w ere 

d iagnosed . E ig h ty  p e rc e n t o f  th e  invasive c a n 

cers w ere de tec ted  by  M R I , com pared  w ith  33% 

b y  m a m m o g ra p h y . H o w e v e r , m a m m o g ra p h y  

o u tp e rfo rm e d  M R I  fo r d e te c tin g  D C IS . O f  the  

invasive cancers , 43%  w ere  1 cm  o r  sm alle r in  

d iam ete r, and  33%  h a d  spread to  axilla ry  ly m p h  

n o d es . T h e  specific ity  o f  M R I  was 90% , c o m 

p a red  w ith  95%  fo r m am m ography .

L each  et al sc reened  649  u n a ffec ted  w o m e n  

aged  35 to  49 years w h o  h ad  at least a 25%  life 

t im e  risk  o f  breast can ce r (19% p ro v en  to  have a 

B R C A  m uta tion) at 22 centers in  the  U K .11 A fter 

a m e d ia n  o f  3 ro u n d s  o f  sc reen in g , 35 cancers 

(29 invasive) w ere diagnosed. Sensitiv ity  o f  M R I  

was 77%, com pared  w ith  40%  for m am m ography, 

w ith  specific ities o f  81%  and  93% , respectively. 

M R I  was m ost sensitive and  m am m ography  least 

sensitive  fo r  w o m e n  w ith  B R C A 1  m u ta tio n s . 

Forty-five percen t o f  the  cancers were 1 c m  o r less 

in  size, a n d  14%  h a d  sp read  to  ax illa ry  ly m p h  

n odes. T h e re  w ere  tw o  in te rv a l cancers.

W a rn e r  e t al sc re e n e d  23 6  w o m e n  aged  25 

to  65 years w ith  a B R C A  m u ta tio n  at a single 

c e n te r  in  T o ro n to  fo r  u p  to  3 years and  d e tec ted  

22  can ce rs  (16 invasive).14 S en sitiv ity  o f  M R I  

w as 77% , c o m p a red  w ith  36%  fo r m a m m o g ra 

phy, w ith  50%  o f  th e  can cers  1 c m  o r  sm aller, 

a n d  13%  w e re  n o d e  p o s itiv e . T h e r e  w as o n e  

in te rv a l can ce r. S p e c if ic ity  w as 95%  fo r M R I  

and  99 .8%  fo r m am m ography .

K u h l et al screened  529  w o m e n  aged  30 years 

and  o ld er w ith  a life tim e breast cancer risk  o f  at 

least 20%  at a single cen te r in  B o n n  fo r a m ean  o f

5 years.10 T h e y  d e tec ted  43 cancers (34 invasive), 

w ith  1 in te rv a l cancer. T h e  sensitiv ity  o f  M R I  

w as 91% , c o m p ared  w ith  33%  fo r m a m m o g ra 

phy. T h e  n o d e  positive rate  was 16%. Specificity  

o f  b o th  M R I  and  m a m m o g ra p h y  was 97% .

T h e  In te rn a tio n a l B reast M R I  C o n s o r tiu m  

sc re e n e d  3 9 0  w o m e n  aged  25 years an d  o ld er  

w ith  m ore  th an  a 25%  lifetim e risk  o f  breast can 

ce r at 13 c e n te rs  (p re d o m in a n tly  in  th e  U S ) on  

a single o c c as io n .12 F o u r cancers w ere  fo u n d  by 

M R I ,  an d  o n ly  o n e  o f  these  by  m am m ography . 

H ow ever, because th e  patients w ere n o t follow ed 

afte r screen ing , th e  false-negative ra te  co u ld  n o t
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T A B L E  2  P u b l is h e d  B r e a s t  M R I  S c r e e n in g  S tu d y  R e s u lts

T h e  N e th e r la n d s C a n a d a U n ite d  K in g d om G e rm a n y U n ite d  S ta te s Ita ly

No. of centers 6 1 22 1 13 9

No. o f women 1,909 236 649 529 390 105

Age range 25-70 25-65 35-49 > 3 0 > 2 5 > 2 5

No. o f cancers 50 22 35 43 4 8

Sensitivity (%)

MRI 80 77 77 91 100 100

Mammogram 33 36 40 33 25 16

Ultrasound n/a 33 n/a 40 n/a 16

Spec ific ity (%)

MRI 90 95 81 97 95 99

Mammogram 95 > 99 93 97 98 0

Ultrasound n/a 96 n/a 91 n/a 0

n /a  =  n o t a p p lic a b le .

be  d e te rm in e d . M R I  specific ity  was 95% , c o m 

p a red  w ith  98%  fo r m am m ography .

In  a study  in  Italy w ith  9 participa ting  centers, 

Sardanelli et al screened 278 w o m en  aged 25 years 

an d  o ld e r ;  27%  c a rr ie d  a B R C A  m u ta t io n  o r 

had  a f irs t-d e g re e  relative w ith  a B R C A  m u ta 

t io n .13 A fter a m ed ia n  o f  1.4 ro u n d s  o f  sc reen 

ing , 18 cancers (14 invasive) w ere  fo u n d . M R I  

se n s it iv ity  w as 94% , c o m p a re d  w i th  59%  fo r 

m a m m o g ra p h y , 65%  fo r u ltra so u n d , an d  50%  

fo r c lin ical b reast e x am in a tio n . M R I  specific ity  

w as 99%.

O v era ll, s tu d ies  have fo u n d  h ig h  sensitiv ity  

fo r M R I , ran g in g  fro m  71%  to  100%  versus 16% 

to  40%  fo r  m a m m o g ra p h y  in  th ese  h ig h - r is k  

p o p u la tio n s . T h re e  studies in c lu d e d  u ltra so u n d , 

w h ic h  h ad  sensitiv ity  sim ilar to  m am m ography . 

T h e  C a n a d ia n , D u tc h ,  a n d  U K  s tu d ie s 9,11,14 

re p o rte d  sim ilar sensitiv ity  (71% to  77%) w ith in  

C Is fo r M R I ,  a lth o u g h  th e  s in g le -c e n te r  study 

fro m  G e rm a n y 10 re p o r te d  a h ig h e r  sensitivity, 

w h ic h  m ay  reflec t th e  c o n c e n tra tio n  o f  ra d io 

lo g ica l p rac tice  an d  h ig h e r  p a tie n t v o lu m e  p e r 

radio logist at a single cen ter. T h e re  is ev idence o f 

a lea rn ing  curve fo r radiologists c o n d u c tin g  M R I  

breast screening, w ith  the  n u m b er o f  lesions inves

tig a ted  falling w ith  ex p e rien ce .60 T h e  th ree  m u l 

ticen te r studies reflect the  likely initial effectiveness 

o f  th is  m o d a lity  in  a p o p u la tio n  c o n te x t, an d  it 

is e x p e c te d  th a t, w ith  tra in in g  and  advances in  

techno logy , sensitiv ity  w ill increase fu rth e r.

Table 2 provides a sum m ary  o f  these six screen 

in g  studies.

M ost o f  th e  available data are based o n  screen 

in g  w o m e n  at h ig h  r isk  d u e  to  fam ily  h is to ry

a n d /o r  genetic  m uta tions. M o re  recently, smaller 

studies have prov id ed  in fo rm a tio n  o n  th e  p o te n 

tia l b e n e fit  o f  M R I  sc reen in g  fo r  w o m e n  w ith  

clin ical fac to rs  th a t p u t  th e m  at in creased  risk. 

P re lim in a ry  data  w ere  o b ta in e d  fro m  o n e  re tro 

spec tive  study, in  w h ic h  P o r t  e t a l61 rev ie w e d  

th e  screen ing  results o f 252 w o m e n  w ith  b iopsy - 

c o n firm e d  L C IS  and  126 w o m e n  w ith  atypical 

h yperp lasia  (e ith e r d u c ta l o r  lo b u la r), o f  w h o m  

h a lf  w ere  sc reen ed  w ith  an n u a l m am m o g ra p h y  

an d  b ie n n ia l  c lin ica l exam s an d  h a lf  w ere  also 

s c re e n e d  w i th  M R I .  T h e  w o m e n  w h o  w e re  

s c re e n e d  w i th  M R I  w e re  y o u n g e r  a n d  m o re  

likely to  have a strong fam ily history. M R I  screen 

in g  o ffe red  a sm all ad v an tag e  to  p a tie n ts  w ith  

L C IS , b u t  n o t  a ty p ic a l  h y p e rp la s ia , a n d  also 

re su lte d  in  in c re a se d  b io p sies : 6 c a n ce rs  w ere  

de tec ted  by  M R I  in  5 w o m e n  w ith  L C IS  (4% o f 

p a t ie n ts  u n d e r g o i n g  M R I ) ,  a n d  n o n e  w e re  

d e te c te d  in  w o m e n  w ith  a typ ica l hy p erp lasia . 

B iopsies  w ere  r e c o m m e n d e d  fo r  25%  o f  M R I  

sc reen ed  patien ts ; 13%  o f  b iopsies  h a d  a can cer 

d e tec ted . A ll o f  th e  cancers in  w o m e n  screened  

w ith  M R I  w ere  Stage 0 to  I, w h e reas  all o f  th e  

cancers in  w o m e n  w h o  w ere  n o t screened  w ith  

M R I  w e re  S tage I to  II. C a n c e r  w as d e te c te d  

o n  th e  first M R I  in  4 o f  5 pa tien ts . T h e  sensi 

tiv ity  o f  M R I  was 75% , th e  specific ity  was 92%, 

and  th e  positive  p red ic tiv e  va lu e  was 13%.

T e c h n o lo g ic a l  L im ita t io n s  a n d  P o te n t ia l  H a rm s

A s s o c ia te d  w ith  M R I S c re e n in g

A l th o u g h  th e  e ff ic a c y  o f  b re a s t  M R I  has 

b e e n  d e m o n s tra te d , it does n o t  ach ieve pe rfec t

I  8 0 CA A Cancer Journal for Clinicians
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T A B L E  3  R a t e s  o f  D e te c t io n  a n d  F o l lo w -u p  T e s ts  fo r  S c r e e n in g  M R I  C o m p a r e d  w ith  M a m m o g r a p h y

M R I M am m o g ra p h y

T h e  N e th e r la n d s U n ite d  K in g d om T h e  N e th e r la n d s U n ite d  K in g d om

Positives 13.7% 19.7% 6.0% 7.2%

Recalls 10.84% 10.7% 5.4% 3.9%

Biopsies 2.93% 3.08% 1.3% 1.33%

Cancers 1.04% 1.44% 0.46% 0.69%

False negatives 0.23% 0.43% 0.81% 1.52%

se n s itiv ity  o r  sp e c if ic ity  in  w o m e n  u n d e r g o 

in g  sc reen in g , an d  as such , th e  issue o f  adverse 

c o n s e q u e n c e s  fo r  w o m e n  w h o  do , b u t  e sp e 

c ia lly  th o se  w h o  d o  n o t ,  have  b rea s t c a n c e r  is 

im p o r ta n t  to  address. A s w i th  m a m m o g ra p h y  

a n d  o th e r  sc re e n in g  tests , false n e g a tiv es  a fte r 

M R I  s c re e n in g  c an  b e  a t t r ib u te d  to  in h e re n t  

tec h n o lo g ic a l lim ita tio n s  o f  M R I ,  p a tie n t ch a r 

acteristics, quality  assurance failures, and  h u m an  

e r ro r ;  false p o s itiv es  also can  b e  a t t r ib u te d  to  

th e se  fa c to rs , as w e ll as h e ig h te n e d  m e d ic a l-  

legal c o n c e rn s  over th e  c o n se q u e n c e  o f  m issed 

ca n ce rs . A  p a t i e n t ’s d es ire  fo r  d e fin itiv e  f in d 

ing s in  th e  p re se n c e  o f  a lo w -s u s p ic io n  le s io n  

m ay  also c o n tr ib u te  to  a h ig h e r  ra te  o f  b e n ig n  

b io p s ie s . T h e  c o n s e q u e n c e s  o f  all th e s e  fa c 

to rs  in c lu d e  m issed  c a n ce rs , w i th  p o te n t ia l ly  

w o rse  p ro g n o sis , as w ell as a n x ie ty  an d  p o te n 

t ia l  h a rm s  a s so c ia te d  w i th  in te r v e n t io n s  fo r  

b e n ig n  les io n s .

T h e  specific ity  o f  M R I  is s ig n ifican tly  lo w er 

th an  th a t o f  m am m o g rap h y  in  all studies to  date, 

resu lting  in  m o re  recalls and  biopsies. C a ll-b ack  

rates fo r  ad d itio n a l im a g in g  ran g e d  fro m  8% to  

17%  in  th e  M R I  sc reen in g  studies, and  b iopsy  

rates ran g ed  f ro m  3% to  15% .9-14 H ow ever, sev 

e ra l re sea rch e rs  have r e p o r te d  th a t  reca ll rates 

d e c re a sed  in  s u b se q u e n t ro u n d s  o f  sc reen in g : 

p revalence screens h ad  th e  h ighest false-positive 

rates, w h ic h  su b seq u en tly  d ro p p e d  to  less th a n  

10% .9,62,63 M o st call backs can b e  reso lved w ith 

o u t  b iopsy . T h e  c a ll-b a c k  an d  b io p sy  ra tes  o f  

M R I  are h igher th an  fo r m am m ography  in  h ig h 

r isk  p o p u la tio n s; w h ile  th e  increased  sensitiv ity  

o f  M R I  leads to  a h ig h e r  ca ll-b ack  ra te , it also 

leads to  a h ig h e r  n u m b e r  o f  can ce rs  d e te c te d . 

T h e  p r o p o r t io n  o f  b io p sies  th a t  are can ce ro u s  

(p o sitiv e  p re d ic tiv e  va lu e) is 20%  to  4 0 % .9-14 

Since false-positive results appear to  be  co m m o n ,

m o re  data  are n e e d e d  o n  fac to rs associated w ith  

lo w e r specific ity  rates.

Table 3 com pares th e  lik e lih o o d  o f  d e te c tio n  

and  fo llo w -u p  tests fo r w o m e n  w h o  u n d e rw e n t 

s c r e e n in g  M R I  a n d  m a m m o g r a p h y  in  tw o  

sc reen in g  s tu d ies  (D u tc h  an d  U K ). T h e  s tudy  

p o p u la tio n s  differed, w ith  th e  D u tc h  study  hav 

in g  a w id e r  age g ro u p  an d  lo w e r  r isk  ca tegory , 

c o m p a re d  w ith  th e  U K  study .9,11 T h is  affected  

b o th  th e  p rev a len ce  o f  ca n ce r  an d  th e  p ic k -u p  

rate by  m odality  in  th e  tw o  studies. T hese  results, 

d ra w n  fro m  tw o  tria ls , d e m o n s tra te  th e  re la 

t ive ly  h ig h  recall ra te  in  th e  h ig h - r is k  p o p u la 

t io n , as w ell as th e  fac t th a t  M R I  is a rela tively  

n e w  te c h n iq u e . D e s p i te  th e  h ig h  n u m b e r  o f  

recalls, becau se  o f  th e  h ig h  ca n ce r ra te , th e  rate  

o f  b e n ig n  su rg ica l b io p sy  in  th e  U K  s tu d y  p e r  

can ce r d e te c te d  was sim ilar to  th a t e x p e rie n c e d  

in  th e  p o p u la tio n -b a se d  n a tio n a l b reast sc reen 

in g  service. R eca lls  w ill inev itab ly  lead  to  ad d i 

t io n a l  in v es tig a tio n s , m a n y  o f  w h ic h  w ill n o t  

d e m o n s tra te  th a t  c a n c e r  is p resen t.

G iven  th e  h ig h  ra te  o f  cancer c o m b in e d  w ith  

th e  risk  o f  false-positive scans in  a h ig h -risk  p o p 

u la tio n  u n d e rg o in g  M R I-b a s e d  sc reen in g , th e  

p sy c h o lo g ic a l  h e a l th  o f  th e s e  w o m e n  m e r i ts  

study. In  a su b g ro u p  o f  611 w o m e n  in  th e  U K  

study, 89%  rep o rted  tha t they  defin ite ly  in ten d ed  

to  re tu rn  fo r fu rth e r  screening, and  on ly  1% def 

in i te ly  in te n d e d  n o t  to  r e tu r n .  H o w e v e r , 4%  

fo u n d  b reast M R I  “ e x tre m e ly  d istressing,” and  

47%  repo rted  still having  intrusive though ts  abou t 

th e  e x a m in a tio n  6 w eek s a fte rw ard .64

In  a sam ple  o f  35 7  w o m e n  f ro m  th e  D u tc h  

study , p sy c h o lo g ic a l distress r e m a in e d  w ith in  

n o r m a l  l im its  t h r o u g h o u t  s c re e n in g  fo r  th e  

g ro u p  as a w h o le .  H o w e v e r , e le v a te d  b re a s t 

can ce r-sp ec ific  distress re la ted  to  sc reen in g  was 

fo u n d  in  excessive (at least once  p e r w eek) breast
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self-exam iners , r isk  overestim ato rs, and  w o m e n  

closely involved in  th e  breast cancer case o f  a sis

ter. A t least 35%  o f  th e  to ta l  sam ple  b e lo n g e d  

to  o n e  o f  these subgroups. It was rec o m m e n d e d  

th a t  p a tie n ts  in  o n e  o f  th e se  v u ln e ra b le  s u b 

g ro u p s  b e  a p p ro a c h e d  fo r  a d d it io n a l p s y c h o 

lo g ica l s u p p o r t .65

In  a small sam ple o f  w o m e n  fro m  th e  T o ron to  

s tu d y  fo llo w e d  over a co u rse  o f  2 years, th e re  

w as n o  ev idence  o f  any effect o n  g lobal anxiety, 

depression , o r  breast can ce r-re la ted  anxie ty .66 In 

a n o th e r  sam ple o f  57 w o m e n , a lm ost 50%  had  

e levated  baseline  genera l a n d /o r  b reast c a n ce r-  

sp ec ific  an x ie ty , b u t  in  77%  o f  cases th is  was 

a ttr ib u te d  b y  th e  p a tien ts  to  life even ts, in c lu d 

ing  relatives w ith  cancer. A  nonsignifican t increase 

in  genera l anx ie ty  and  breast cancer-re la ted  anx 

iety, c o m p a red  w ith  baseline , w as fo u n d  in  th e  

subset o f  w o m e n  recalled  fo r fu rth e r  im ag in g  o r 

b io p sies .67 F o llo w -u p  tim e  is still in su ffic ien t to  

de te rm in e  w h e th e r  anx iety  scores re tu rn  to  base 

l in e  o n c e  th e  w o rk  u p  has b e e n  co m p le te d .

T h e r e  is a s p e c ia l  r e s p o n s ib i l i t y  to  a le r t  

p a tie n ts  to  th is  te c h n o lo g y , w i th  its  p o te n tia l  

s tre n g th s  a n d  h a rm s , a n d  to  b e  e n c o u ra g in g , 

w h ile  a llow ing  fo r shared  dec is ion  m ak ing . T h e  

in te rp la y  b e tw e e n  risks, b e n e fits , l im ita tio n s , 

an d  h a rm s  is c o m p lic a te d  by  th e  fac t th a t  in d i 

v id u a l w o m e n  lik e ly  w ill w e ig h  th e se  d iffe r 

en tly  d e p en d in g  o n  th e ir  age, values, p e rc e p tio n  

o f  r isk , a n d  th e ir  u n d e rs ta n d in g  o f  th e  issues. 

S teps sh o u ld  b e  ta k e n  to  re d u c e  a n x ie ty  asso 

c ia te d  w ith  s c re e n in g  an d  th e  w a itin g  tim e  to  

d iagnosis , a n d  c o n sc ie n tio u s  e ffo rts  sh o u ld  be  

m a d e  to  in fo rm  w o m e n  a b o u t th e  l ik e lih o o d  

o f  b o th  fa lse -n eg a tiv e  an d  fa lse -p o sitiv e  f in d 

ings. H o w  in fo rm atio n  is conveyed to  the  patient 

g re a tly  in f lu e n c e s  th e  p a t i e n t ’s resp o n se : it is 

im p o r ta n t  th a t  p ro v id e rs  n o t  co n v ey  an  u n d u e  

sense o f  a n x ie ty  a b o u t a positive  M R I  f in d in g . 

W h ile  th e  h ig h  ra te  o f  b io p s ie s  a n d  f u r th e r  

in v e s tig a tio n s  is a c ce p ta b le  in  w o m e n  w i th  a 

h ig h  r isk  o f  b reas t can ce r, th e  n u m b e r  o f  such  

in v es tig a tio n s  in  w o m e n  at lo w e r  r isk  w ill be 

m u c h  h ig h e r  th a n  w o u ld  b e  a p p ro p ria te , le a d 

in g  to  th e  n e e d  to  c o u n s e l  w o m e n  in  lo w e r  

risk  ca tego ries  th a t M R I  screen ing  is n o t  advis 

ab le  a n d  th a t  th e  h a rm s  are  b e lie v e d  to  o u t 

w e ig h  th e  b e n e f its .  S u c h  a d v ic e  n e e d s  to  be  

based  o n  considerations o f  fam ily history, genetic

m u ta t io n  s ta tu s , o th e r  r is k  fa c to rs , age , a n d  

m a m m o g ra p h ic  b reast density .

T h e re  are substan tia l c o n c e rn s  a b o u t costs o f  

an d  lim ite d  access to  h ig h -q u a lity  M R I  b reast 

sc reen in g  services fo r w o m e n  w ith  fam ilial risk. 

In  add itio n , M R I-g u id e d  biopsies are n o t w idely  

available. W ith  m an y  c o m m u n itie s  n o t  p ro v id 

ing  M R I  screen ing  and  w ith  M R I-g u id e d  b io p 

sies n o t  w id e ly  availab le , it is re c o g n iz e d  th a t 

these  re c o m m e n d a tio n s  m ay  g en e ra te  c o n c ern s  

in  h ig h -risk  w o m e n  w h o  m ay  have lim ited  access 

to  th is  techno logy .

T h e  ab ility  o f  M R I  to  d e te c t  b reast ca n ce r 

(both  invasive and in  situ disease) is directly related 

to  h ig h -q u a lity  im ag in g , p a rticu la rly  th e  signal- 

to -n o ise  ratio , as w ell as spatial re so lu tio n  o f  th e  

M R  im age. In  o rd e r to  d e te c t early b reast can 

ce r (ie, small invasive cancers, as w ell as D C IS ), 

s im u ltaneous im ag in g  o f  b o th  breasts w ith  h ig h  

spatial re so lu tio n  is favored . H ig h  spatial reso lu 

t io n  im a g in g  sh ou ld  b e  p e rfo rm e d  w ith  a breast 

co il o n  a h ig h  fie ld  m ag n e t w ith  th in  slices and  

h ig h  m a tr ix  (approx im ate ly  1 m m  in -p la n e  res 

o lu tio n ). T hese  tech n ica l param eters  are consid 

e red  to  b e  th e  m in im al req u irem en ts  to  p e rfo rm  

an  adequate breast M R I  study. T h e  ability to  pe r 

f o rm  M R I-g u id e d  b io p sy  is abso lu te ly  essential 

to  o ffering  screening M R I , as m any  cancers (par 

ticu la rly  early cancers) w ill be  id en tified  on ly  on  

M R I .  T h e  A m e r ic a n  C o l le g e  o f  R a d io lo g y  

(A C R ) is c u rre n tly  d ev e lo p in g  an  acc red ita tio n  

process fo r p e rfo rm in g  breast M R I , and , in  addi

t io n  to  th e  p e rfo rm a n c e  o f  h ig h  spatial reso lu 

t i o n  im a g e s ,  t h e  a b i l i t y  t o  p e r f o r m  M R I  

in te rven tion  (ie, needle localization a n d /o r  biopsy) 

w ill b e  essential in  o rd e r to  o b ta in  acc red ita tio n  

b y  th is  g ro u p . A c c re d ita tio n  w ill b e  v o lu n ta ry  

and  n o t m andato ry . T h is  gu ideline  w ill likely  be  

available in  2007 .

T h ere  is a learn in g  curve w ith  respect to  in te r 

p re ta tio n  fo r  rad io lo g is ts . P u b lish e d  tr ia l  sites 

th a t ex p e rien ce  a h ig h  vo lu m e o f  cases are ex p e 

r ie n c e d , b u t  c o m m u n ity  p rac tic e  g ro u p s  have 

re p o r te d  ca ll-back  ra tes over 50%  in  th e  m a jo r 

ity  o f  th e  studies th a t are in te rp re ted . E xperience  

an d  fam ilia r ity  w ith  p a tte rn s  o f  e n h a n c e m e n t, 

n o rm a l an d  possib ly  a b n o rm a l, are th o u g h t  to  

decrease  recall rates and  increase positive b iopsy  

rates. T h e  A C R  a c c re d ita tio n  p rocess w ill s tip 

u late  a m in im u m  n u m b e r  o f  exam s th a t m ust be
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read  fo r tra in in g  purposes and  a m in im u m  n u m 

b e r  fo r  o n g o in g  acc red ita tio n . Sites p e rfo rm in g  

breast M R I  are e n c o u ra g e d  to  au d it th e ir  call 

b ack  rates, b iopsy  rates, and  positive b io psy  rates.

C o s t -e f fe c t iv e n e s s

O n ly  lim ite d  data  are available o n  th e  co s t-  

effectiveness o f  breast M R I  screening. O n e  recent 

study  m o d eled  cost-effectiveness fo r add ing M R I  

to  m a m m o g ra p h y  sc reen in g  fo r w o m e n  o f  d if 

f e r e n t  a g e  g r o u p s  w h o  c a r r y  a B R C A 1  o r  

B R C A 2  m u ta tio n .68 T h e  au th ors con c lu d ed  that 

th e  cost p e r  q u a lity -a d ju s te d  life  year (QA LY) 

saved fo r annual M R I  plus  film  m am m ography , 

com pared  w ith  annual film  m am m ography  alone, 

v a rie d  by  age and  was m o re  favorable in  c a rr i 

e rs  o f  a m u ta t i o n  in  B R C A 1  t h a n  B R C A 2  

b ecause  B R C A 1  m u ta tio n s  c o n fe r  h ig h e r  can 

ce r risk, and  h ig h e r  risk  o f  m o re  aggressive can 

cers, th a n  B R C A 2  m u ta tio n s .31 E stim ated  cost 

p e r  Q A L Y  fo r w o m e n  aged  35 to  54 years was 

$ 5 5 ,4 2 0  fo r  w o m e n  w ith  a B R C A 1  m u ta tio n  

and  $130 ,6 95  fo r w o m e n  w ith  a B R C A 2  m u ta 

t io n . C ost-e ffec tiveness was increased  w h e n  the  

sensitiv ity  o f  m a m m o g ra p h y  was low er, such  as 

in  w o m e n  w ith  ve ry  dense breasts o n  m am m o g 

raphy : estim a ted  costs p e r  Q A L Y  w ere  $41 ,1 83  

for w o m en  w ith  a B R C A 1  m u ta tion  and $98,454 

fo r w o m e n  w ith  a B R _ C A 2  m u ta tio n  w ith  dense 

breast tissue. T h e  m o st im p o r ta n t  d e te rm in a n ts  

o f  c o s t-e ffe c tiv e n e s s  w e re  b rea s t c a n c e r  risk , 

m am m o g ra p h y  sensitivity, M R I  cost, and  q u a l 

i ty  o f  life gains f ro m  M R I .

A n  evalua tion  o f  th e  cost-effectiveness o f  the  

U K  s tu d y 69 has d e te rm in e d  th a t th e  in c re m e n 

tal cost p e r  cancer de tec ted  fo r w o m e n  at approx 

im a te ly  50%  r is k  o f  c a r r y in g  a B R C A  g e n e  

m u ta tio n  was $50 ,911  fo r M R I  c o m b in e d  w ith  

m a m m o g ra p h y  over m a m m o g ra p h y  alo ne. F or 

k n o w n  m u ta tio n  ca rrie rs , th e  in c re m e n ta l cost 

p e r  c a n c e r  d e te c te d  d e c re a sed  to  $ 2 7 ,5 4 4  fo r 

M R I  c o m b in e d  w ith  m am m ography , com pared  

w ith  m am m o g ra p h y  a lone . A nalysis su p p o rtin g  

th e  in tro d u c tio n  o f  ta rg e te d  M R I  sc reen in g  in  

th e  U K  fo r h ig h - r is k  w o m e n 70 id e n tif ie d  th e  

in c r e m e n ta l  c o s t o f  c o m b in e d  s c re e n in g  p e r  

Q A L Y  in  4 0 -  to  4 9 -y ea r-o ld  w o m e n  as $14 ,005  

fo r a B R C A 1  c a rr ie r  w ith  a 31%  10-year risk—  

th e  g ro u p  in  w h ic h  M R I  sc re e n in g  is seen  to  

b e  m o s t e ffec tive; $ 5 3 ,3 2 0  fo r  w o m e n  w ith  a

12%  10 -year risk ; and  $96 ,3 7 9  fo r  w o m e n  w ith  

a 6%  1 0 -y ea r risk . F o r th e  3 0 -  to  3 9 -y e a r-o ld  

age range , th e  in c re m e n ta l costs p e r  Q A L Y  are 

$ 2 4 ,2 7 5  f o r  a B R C A 1  c a r r i e r  w i th  an  11%  

1 0 -y ea r r isk  an d  $ 7 0 ,0 5 4  fo r a w o m e n  w ith  a 

5% 10-year risk. B ased o n  these estim ates, w h ich  

are based o n  costs w ith in  the  U K  N atio nal H ealth  

Service, M R I  screening will be  offered to  w om en  

at fam ilial r isk  aged  30  to  39 years at a 10 -year 

r isk  g rea te r  th a n  8% , an d  to  w o m e n  at fam ilial 

r isk  aged  40  to  49 years at a 10 -year risk  g rea ter 

th a n  20% , o r  g rea ter th a n  12% w h e n  m am m o g 

rap h y  has sh o w n  a dense  b reast p a tte rn .

E v id e n c e  S u p p o r t in g  B e n e f it  o f  M R I S c re e n in g

A m o n g  W om e n  in  D if fe r e n t  R is k  C a te g o r ie s

T h e  g u id e lin e  re c o m m e n d a tio n s  w ere  based  

o n  c o n s id e ra tio n  o f  (1) estim ates o f  level o f  risk  

for w o m en  in  various categories and (2) the  extent 

to  w h ic h  risk  groups have b e e n  in cluded  in  M R I  

studies, o r to  w h ic h  su b g ro u p -sp ec ific  ev id ence  

is available. B ecause o f  th e  h ig h  false-positive rate 

o f  M R I  screening, and because w o m e n  at h igher 

risk  o f  breast cancer are m u ch  m ore  likely to  b e n 

efit th a n  w o m e n  at lo w er risk , sc reen ing  shou ld  

b e  re c o m m e n d e d  o n ly  to  w o m e n  w h o  have a 

h ig h  p r io r  p ro b ab ility  o f  breast cancer. T h e re  is 

g ro w in g  ev id en ce  th a t b reast can cer in  w o m e n  

w ith  specific m u ta tio n s  m ay  have b io log ica l and 

histological features that differ from  sporadic can 

cers. T h is  m ay  resu lt in  o b se rv e d  v a ria tio n s  in  

th e  sensitiv ity  o f  M R I  re la tive  to  m a m m o g ra 

phy  in  d e tec tin g  cancer in  w o m e n  w ith  a B R C A  

m u ta tion  and those at h igh  familial risk, b u t w ith 

o u t  m u ta tio n s  in  these  g en es.11

W om en  a t Increased  R i s k  B a sed  on

F am ily  H is to r y

T h e  th re sh o ld  fo r  d e fin in g  a w o m a n  as h av 

in g  sig n ifican tly  e leva ted  r isk  o f  b reast ca n ce r is 

b ased  o n  e x p e r t  o p in io n . A n y  w o m a n  w ith  a 

B R _ C A 1  o r  B R _ C A 2  m u ta tio n  sh o u ld  b e  c o n 

sidered at h ig h  risk. T h e  panel has n o t  restric ted  

its recom m endations on ly  to  w o m e n  w ith  B R C A  

m u ta tio n s  because  B R C A  te s tin g  is n o t  always 

available o r  in fo rm a tiv e , and  o th e r  r isk  in d ic a 

to rs  id en tify  ad d itio n a l subsets o f  w o m e n  w ith  

in creased  b reast can ce r risk . I f  m u ta tio n  testing  

is n o t  available, has b e e n  d o n e  an d  is n o n in fo r 

m ative , o r  i f  a w o m a n  chooses n o t  to  u n d e rg o
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T A B L E  4  B r e a s t  C a n c e r  R is k s  fo r  H y p o th e t ic a l  P a t ie n ts ,  B a s e d  o n  3  R is k  M o d e ls

A m e r i c a n  C a n c e r  S o c i e t y  G u i d e l i n e s  f o r  B r e a s t  S c r e e n in g  w i t h  M R I  a s  a n  A d j u n c t  to  M a m m o g r a p h y

F am ily  H is to ry B R C A P R O * 18 C la u s t 16 T y re r -C u z ic k J 23

35-year-old  woman 

Mother BC 33 

Maternal aunt BC 42 19% 36% 28%

35-year-old  woman 

Paternal aunt BC 29, OC 49 

Paternal g randmother BC 35 23% 24% 32%

35-year-old  woman 

Paternal aunt BC 29 

Paternal g randmother BC 35 18% 24% 31%

35-year-old  woman 

Mother BC 51 

Maternal aunt BC 60 13% 18% 23%

35-year-old  woman o f Jewish ancestry 

Mother BC 51 

Maternal aunt BC 60 18% 18% 28%

B C  = b re a s t  c a n c e r.

O C  = o v a r ia n  c a n c e r .

* B R C A P R O  (1 .4 - 2 )  B re a s t c a n c e r  r is k  c a lc u la te d  to  a g e  8 5  y e a rs .  

f B r e a s t  c a n c e r  r is k  c a lc u la te d  to  a g e  7 9  y e a rs .

J B re a s t  c a n c e r  r is k  c a lc u la te d  fo r  life tim e . O th e r  p e rs o n a l c h a ra c te r is t ic s  in c lu d e d  in th e  T y re r-C u z ic k  r is k  m o d e l fo r  e a c h  

c a s e  w e re  a g e  a t m e n a rc h e  = 12 ; a g e  a t  f ir s t  b ir th  =  2 8 ; h e ig h t  = 1 .3 7  m e te rs  (5  fe e t, 4  in c h e s ) ;  w e ig h t  = 61 kg (1 3 4  lbs ); 

w o m a n  h a s  n e ve r  u s e d  h o rm o n e  re p la c e m e n t th e ra p y  (H R T ) ; n o  a ty p ic a l h y p e rp la s ia  o r  lo b u la r  c a rc in o m a  in s itu  (LC IS ).

tes ting , p e d ig ree  charac teris tics  suggesting  h ig h  

r isk  m ay  be  considered . V ery  carefu l fam ily  h is 

t o r y  an a ly sis  is r e q u i r e d ,  u s in g  to o ls  su c h  as 

B R C A P R O .18,26 R isk  assessment is likely to  offer 

th e  g rea test p o te n tia l b e n e fit  fo r  w o m e n  u n d e r  

th e  age o f  40  years. Table 4 provides exam ples o f  

w o m e n  w ith  a fam ily  h is to ry  ind icative o f  m o d 

e ra te  a n d  h ig h  risk . T h e  o n lin e  su p p le m e n ta l 

m a te r ia l  p ro v id e s  g u id a n c e  fo r  a ccess in g  an d  

using  risk  assessm ent m odels .

W om en  a t Increased  R i s k  B a sed

on  C lin ica l Factors

A dditional factors that increase the  risk o f  breast 

cancer, and  th us m ay  w arran t earlier o r  m ore  fre 

q u en t screening , in clude prev ious trea tm en t w ith  

chest irrad ia tion  (eg, fo r H o d g k in  disease), a p e r 

sonal h is to ry  o f  L C IS  o r A D H , m am m o g ra p h i-  

cally dense breasts, and  a personal histo ry  o f  breast 

cancer, as discussed above. T h e re  are little data  to 

assess th e  b e n e fit  o f  M R I  sc reen in g  in  w o m e n  

w ith  these  risk  factors. W o m e n  at increased  risk  

o r w h o  are c o n c e rn e d  ab o u t th e ir  risk  m ay  find 

it help fu l to  have th e ir  p ro v id er clarify th e  bases

fo r M R I  screen in g  reco m m en d a tio n s , as w ell as 

areas o f  uncertainty. For som e w om en , m am m o g 

raphy  m ay  be  as effective as fo r w o m e n  at average 

risk , and  M R I  sc reen in g  m ay have little  added  

b en e fit. In  con trast, m am m o g rap h y  is less effec 

tive in  w o m e n  w ith  ve ry  dense breasts, and  M R I  

screen ing  m ay offer added  benefit.

W o m e n  w h o  have rec e iv e d  ra d ia tio n  tre a t 

m e n t  to  th e  chest, such  as fo r H o d g k in  disease, 

com pose a w ell-defined  group  that is at h igh  risk. 

A lthough  evidence o f  the  efficacy o f  M R I  screen 

in g  in  th is  g ro u p  is lack in g , it is e x p e c te d  th a t 

M R I  screen ing  m ig h t offer sim ilar ben e fit as fo r 

w o m e n  w ith  a strong  fam ily  history, particu larly  

at y o u n g er ages and  w ith in  30  years o f  treatm en t. 

B ecause o f  th e  h igh  risk o f  secondary  breast can 

cer in this group, M R I  screening is recom m ended  

based  o n  ex p e rt consensus o p in io n .

W hile  life tim e risk o f  breast cancer fo r w o m en  

d iagnosed  w ith  L C IS  m ay e x ceed  20% , th e  risk 

o f  invasive b reast ca n ce r is c o n tin u o u s  an d  on ly  

m o d era te  fo r risk  in  th e  12 years fo llo w in g  local 

ex c is io n .46 O n ly  o n e  M R I  sc reen in g  s tu dy  has 

in c lu d e d  a select g ro u p  o f  w o m e n  w ith  L C IS ,61
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w h ic h  show ed  a small b e n e fit  over m a m m o g ra 

p h y  a lone  in  d e te c tin g  cancer. T h is  b e n e fit  was 

n o t  seen  in  p a tie n ts  w ith  a typ ica l hyperp lasia . 

M R I  use sh o u ld  b e  d e c id e d  o n  a case-by-case  

basis, based  o n  fac to rs  such  as age, fam ily  h is 

to ry , charac teris tics  o f  th e  b io p sy  sam ple, breast 

density, and  p a tie n t p reference .

A l t h o u g h  t h e r e  h a v e  b e e n  s e v e ra l  t r ia ls  

r e p o r te d  lo o k in g  at th e  ac cu ra cy  an d  positive  

p red ic tiv e  va lue  o f  M R I  and  m a m m o g ra p h y  in  

w o m e n  w ith  h ig h  breast density, all o f  these  t r i 

als have b e e n  c o n d u c te d  in  w o m e n  w ith  k n o w n  

o r  h ig h ly - s u s p e c te d  m a lig n a n c ie s  w i th in  th e  

breast.71-74 To this p o in t, there  has b e e n  n o  Phase 

III ra n d o m iz e d  tria l re p o r te d  th a t has sh o w n  a 

r e d u c tio n  in  e ith e r  m o r ta li ty  o r  in  th e  size o f  

d iagnosed  breast can cer w h e n  c o m p a rin g  breast 

M R I  w ith  m am m o g ra p h y  in  w o m e n  w ith  h igh  

m a m m o g ra p h ic  density.

S cant data  are available fo r M R I  sc reen ing  o f  

w o m e n  w ith  a personal h is to ry  o f  breast cancer. 

In  o n e  study , M R I  d e te c te d  m o re  c a n ce rs  in  

w o m e n  w h o  h ad  b o th  a pe rso n a l h is to ry  and  a 

fam ily  h isto ry , c o m p a red  w ith  w o m e n  at h ig h  

risk based o n  family history alone.75 W hile  w om en  

w ith  a p rev ious diagnosis o f  breast can cer are at 

in c re ase d  r isk  o f  a se c o n d  d iagnosis , th e  A C S 

p anel co n c lu d ed  th a t th e  estim ated  absolu te  life 

tim e  risk  o f  10% does n o t justify  a rec o m m e n d a 

t io n  fo r M R I  sc reen in g  at th e  p resen t tim e.

L im ita t io n s  o f  E v id e n c e  f ro m  M R I S tu d ie s

a n d  R e s e a rc h  N e e d s

A ssiduous a tte m p ts  w ere  m ad e  to  base re c 

om m en d a tio n s o n  solid evidence. H ow ever, o u t 

c o m e  data  fro m  sc reen in g  M R I  stud ies are n o t 

sufficient to  fo rm  a solid basis for m any  o f  the  rec 

om m enda tions. It was therefo re  necessary to  rely 

o n  available inferential ev idence and expert o p in 

io n  to  p rov ide  th e  gu id an ce  n e e d e d  fo r  p a tien ts  

and  th e ir  h e a lth  care  p rov id ers.

A lth o u g h  th e  lite ra tu re  show s v e ry  g o o d  ev i 

d en ce  fo r g rea ter sensitiv ity  o f  M R I  th a n  m a m 

m o g ra p h y  an d  g o o d  e v id e n c e  fo r  a stage shift 

to w ard  earlier, m o re  favorable tu m o r  stages by 

M R I  in  d e fin e d  g ro u p s o f  w o m e n  at increased  

r is k , th e r e  a re  still n o  d a ta  o n  r e c u r r e n c e  o r 

su rv iva l ra tes , a n d  th e re fo re , le a d - tim e  b ias is 

still a concern . Fu rther, a large random ized , m o r 

ta lity  e n d p o in t  s tu d y  is u n lik e ly  to  take place,

and  it w ill b e  necessary  in  th e  fo reseeable fu tu re  

to  rely  o n  ev id en ce  o f  stage o f  disease and  ty pes 

o f  cancers. In  th e  absence o f  ra n d o m iz e d  trials, 

r e c u r re n c e  a n d  su rv iv a l d a ta  w ill  c o m e  f ro m  

o b se rv a tio n a l s tudy  designs.

T h e  age at w h ic h  sc reen in g  sh ou ld  b e  in it i 

a ted  fo r w o m e n  at h ig h  r isk  is n o t  w ell e s tab 

lished. T h e  a rg u m en t fo r early screen ing  is based 

o n  th e  cum ulative risk o f  breast cancer in  w o m en  

w ith  B R C A 1  m u ta tio n s  and  a strong  fam ily  h is 

to ry  o f  early  b reast can cer, w h ic h  is e s tim ated  

t o  b e  3%  b y  a g e  3 0  y e a r s  a n d  19 %  b y  age  

4 0  y ears .76 P o p u la tio n -b a se d  data  also in d ica te  

th a t r isk  fo r  early  breast can ce r is increased  by  a 

fam ily  h is to ry  o f  early  b reast ca n ce r.16 B ased on  

these  observa tio ns, som e experts  have suggested  

th a t b reast ca n ce r sc reen in g  b e g in  5 to  10 years 

b e fo re  th e  earliest p rev io u s  b reast can ce r in  th e  

fam ily. In  1997 , an  e x p e rt p an e l suggested  th a t 

sc reen ing  b e  in itia ted  at som e tim e  b e tw e e n  th e  

a g e s  o f  2 5  a n d  35  y e a rs  f o r  w o m e n  w i t h  a 

B R C A 1  o r  B R C A 2  m u ta tio n .77 B ecause  these  

re c o m m e n d a tio n s  w ere  based  o n  lim ite d  o b se r 

v a tio n a l da ta , th e  d e c is io n  re g a rd in g  w h e n  to  

initiate screening should  b e  based o n  shared deci

s io n  m ak in g , tak in g  in to  c o n s id e ra tio n  in d iv id 

ual c ircum stances and  p references. N o  data  are 

available re la ted  to  th e  effectiveness o f  screen ing  

w o m e n  b e y o n d  age 69  y e a rs  w i th  M R I  an d  

m a m m o g ra p h y  v e rsu s  m a m m o g ra p h y  a lo n e ; 

m o st o f  th e  c u rre n t data  are based  o n  sc reen ing  

in  y o u n g e r  w o m e n , an d  th u s, sim ilar investig a 

t io n s  are n e e d e d  in  o ld e r  age c o h o rts . F o r m ost 

w o m e n  at h ig h  risk , s c re e n in g  w ith  M R I  and  

m am m o g ra p h y  shou ld  b e g in  at age 30 years and 

continue for as long  as a w om an  is in  good  health .1

M ost o f  th e  available data are based o n  annual 

M R I  screening; there is a lack  o f  evidence regard 

ing  shorte r o r  lo n g er screening intervals. Furth er, 

w h ile  g o o d  data  are available fo r th e  first screen 

in g  e x am  (ie, th e  “ p revalen t sc reen ”), co n sid e r 

a b ly  less d a ta  a re  a v a ila b le  f r o m  s u b s e q u e n t  

sc re e n in g  exam s (ie, “ in c id e n c e  sc reen s”), and  

th e  available data  include  relatively sh o rt fo llow - 

up times. M ost studies o f  annual M R I  have show n 

few  in te rv a l cancers, ce rta in ly  few er th a n  w ith  

m am m ography . G iven the  probab ly  shorte r du ra 

t io n  o f  the  detectable preclinical phase, o r so journ  

t im e , in  w o m e n  w ith  B R C A  m u ta tio n s , M R I  

has d em o n stra ted  su p e rio rity  to  m am m o g ra p h y
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A m e r i c a n  C a n c e r  S o c i e t y  G u i d e l i n e s  f o r  B r e a s t  S c r e e n in g  w i t h  M R I  a s  a n  A d j u n c t  to  M a m m o g r a p h y

in  this regard. Therefore, to  the  best o f  o u r know l 

e d g e , M R I  s h o u ld  b e  p e r f o r m e d  a n n u a lly . 

H ow ever, in  v iew  o f  data suggesting  tha t tu m o r 

d o u b lin g  tim e  in  w o m e n  w ith  an  in h e r ite d  risk  

decreases w ith  age,78 it is conceivab le  th a t o lder 

w o m en  can safely be  screened less frequently  than  

y o u n g e r w o m e n . T h e  available ev idence  is lim 

i ted , an d  ad d itio n a l research  reg a rd in g  op tim al 

screening interval by  age and risk status is needed .

S o m e  e x p e rts  re c o m m e n d  s ta g g e rin g  M R I  

sc re e n in g  an d  m a m m o g ra p h y  sc re e n in g  every

6 m o n th s .  T h e  p o t e n t i a l  a d v a n ta g e  o f  th is  

ap p ro ach  is th a t it m ay  red u c e  th e  ra te  o f  in te r 

val c a n ce rs . O th e r  e x p e r ts  r e c o m m e n d  M R I  

and  m a m m o g ra p h y  at th e  sam e tim e  o r  w ith in  

a sh o rt  t im e  p e r io d . T h is  a p p ro a c h  a llow s fo r 

th e  resu lts  o f  b o th  s c re e n in g  tests  to  b e  in te r 

p re te d  to g e th e r  an d  r e p o r te d  to  th e  p a tie n t at 

th e  sam e tim e . A ll o f  th e  c lin ical tria ls  sc reened  

p a rtic ip a n ts  w ith  b o th  M R I  an d  m a m m o g ra 

p h y  at th e  sam e tim e. T h e re  is n o  ev id e n c e  to  

su p p o rt o n e  a p p ro a c h  over th e  o th e r . F o r  th e  

m a jo rity  o f  w o m e n  at h ig h  risk , it is c ritica l that 

M R I  sc reen in g  b e  p ro v id e d  in  a d d itio n  to , n o t 

instead  of, m am m ography , as th e  sensitiv ity  and  

can ce r y ie ld  o f  M R I  and  m a m m o g ra p h y  c o m 

b in e d  is g rea te r  th a n  fo r M R I  a lone. H ow ever, 

w h e re  th e re  is a c o n c e rn  a b o u t raised rad ia tio n  

sensitivity, it m ay  b e  advisable  to  e m p lo y  M R I  

a lo ne  desp ite  th e  overall lo w e r sensitivity.

In  o rd e r  to  p u rsu e  an sw ers  to  so m e  o f  th e  

u n reso lv ed  q u estions re la ted  to  th e  use o f  M R I  

and m am m ography  to  screen w o m e n  at increased 

risk , it is im p o rta n t to  develop  creative strategies 

r e la te d  to  d a ta  g a th e r in g  a n d  s tu d y  d e s ig n . 

M u lticen ter studies can result in  greater efficiency 

in  a c cu m u la tin g  su ffic ien tly  large  e n o u g h  data  

sets in  th is  su b g ro u p  o f  w o m e n . C o n v e n tio n a l 

study designs w ith  ran d o m iza tio n  m ay  prove dif

f icu lt g iv en  th e  p o te n t ia l  ad v an tag e  o f  ad d in g  

M R I  to  m a m m o g ra p h y  in  h ig h e r- r is k  g roups, 

and  thus, design  strategies th a t u tilize  surrogate  

m ark e rs  a n d  h is to r ic  c o n tro ls  m ay  p rove  b o th  

m o re  p rac tica l an d  feasible. To m o v e  fo rw ard , 

w e encourage th e  developm ent o f  a simple, c o m 

m o n  data  c o lle c tio n  p ro to c o l to  cap tu re  in fo r 

m a tio n  from  th e  g row ing  n u m b e r  o f  cen te rs  that 

o ffer M R I  a n d  fo rm a l system s to  c o lle c t o u t 

com e data. B ecause m any  insurers presently cover 

M R I  sc reen ing  fo r  h ig h -r isk  w o m e n , it m ay  be

ec o n o m ica l to  do  p rospec tiv e  surveillance  s tu d 

ies since screen ing  costs are covered  by  th ird  pa r 

t ie s . A  c o m m o n  su rv e illa n c e  p r o to c o l  c o u ld  

p e rm it  p o o lin g  o f  data , m u c h  lik e  p re se n tly  is 

d o n e  w i th in  th e  f ra m e w o rk  o f  th e  N a t io n a l  

C a n c e r  I n s t i tu te ’s B reast C a n c e r  S u rv e illan ce  

C o n s o r tiu m , a c o llab o ra tiv e  n e tw o rk  o f  seven 

m a m m o g ra p h y  reg is tr ie s  in  th e  U n i te d  States 

w i th  linkages to  tu m o r  a n d /o r  p a th o lo g y  re g 

istries that was organized  to  study th e  delivery and 

q u a li ty  o f  b rea s t c a n c e r  sc re e n in g  a n d  re la te d  

p a tien t o u tco m es in  th e  U n ite d  States.79 W e also 

encourage seek ing o p p o rtu n itie s  fo r b road  in te r 

n a tio n a l resea rch  c o lla b o ra tio n  o n  s tu d y  q u e s 

t io n s  o f  c o m m o n  in te rest.

Several fu rther clinical trials o f  screening w om en  

at increased  risk  o f  breast can ce r are underw ay, 

in c lu d in g  an  in te r n a t io n a l  s tu d y  o f  M R I  and  

u ltrasound  in  c o n ju n c tio n  w ith  th e  In te rna tiona l 

B reast M R I  C o n s o r tiu m  and  C a n c e r  G enetics  

N e tw ork , and th e  A m erican  College o f  R adiology 

Im ag in g  N e tw o rk  (A C R IN ) 666 screen ing  trial 

o f  m a m m o g ra p h y  c o m p a re d  w ith  u ltra so u n d . 

A n  a m e n d m e n t to  th e  A C R I N  tria l, 6666 , w ill 

screen  p a tien ts  w ith  o n e  ro u n d  o f  M R I .

C O N C L U S IO N

O f te n  n o  a v a ila b le  s c r e e n in g  m o d a l i ty  is 

un iquely  ideal. For breast M R I, there  is an increas

ing  body  o f  observational data show ing that screen 

in g  can iden tify  cancer in  patien ts  o f  specific risk 

g roups, ie, h ig h -risk  patien ts fac ing a life tim e risk 

o f~ 2 0 -2 5 %  o r greater related to  fam ily h isto ry  as 

e s tim a ted  by  o n e  o r  m o re  o f  th e  d iffe ren t risk  

m odels. W e have specified a range o f  risk because 

estim ates from  th e  risk  m odels  vary  and because 

each o f  th e  risk m odels is im perfect. F u rth erm ore , 

th ese  m o d els  like ly  w ill c o n tin u e  to  b e  re fined  

over tim e; therefo re , these  risk  estim ates fo r dif 

feren t fam ily  h isto ry  profiles are likely to  change. 

T h u s , w h e n  e stim ating  pa tien t risk  it is im p o r 

ta n t  to  always b e  c e rta in  th a t  th e  m o st c u rre n t 

m o d e l is b e in g  used. In  ad d itio n  to  fam ily  h is 

tory , clinical fac to rs  as described  earlier m ay  b e  a 

re levan t fac to r in  ind iv idualized  decisions abou t 

M R I  screening w h en  family history alone does no t 

p red ic t a r isk  o f  approx im ate ly  2 0 -2 5 % .

Several stud ies have d e m o n s tra te d  th e  ability  

o f  M R I  sc reen in g  to  d e te c t can ce r w ith  early -
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stage tu m o rs  th a t are associated w ith  b e tte r  o u t 

com es. W h ile  survival o r  m o rta lity  data  are n o t 

available, M R I  has h ig h e r  sensitiv ity  an d  finds 

sm aller tu m o rs , c o m p ared  w ith  m am m ography , 

an d  th e  ty p es o f  can ce rs  fo u n d  w ith  M R I  are 

th e  types th a t c o n tr ib u te  to  re d u c e d  m orta lity . 

It is reasonab le  to  ex trap o la te  th a t d e te c tio n  o f  

non invasive  (D C IS ) and  small invasive cancers 

w ill lead  to  m o rta lity  b en e fit.

T h e  g u id e l in e  r e c o m m e n d a tio n s  fo r  M R I  

sc re e n in g  as an  a d ju n c t to  m a m m o g ra p h y  fo r 

w o m e n  at in c re ase d  r isk  o f  b reast c a n c e r  take 

in to  a c c o u n t th e  available ev id en ce  o n  efficacy 

an d  effectiveness o f  M R I  sc reen in g , e stim ates 

o f  level o f  r isk  fo r  w o m e n  in  v a rio u s  ca tego ries  

b ased  o n  b o th  fam ily  h is to ry  an d  c lin ica l fac 

to rs , and  e x p e rt consensus o p in io n  w h e re  ev i 

d e n c e  fo r  c e rta in  r isk  g ro u p s  is lack in g . A ll o f  

these  g ro u p s  o f  w o m e n  sh o u ld  b e  offered  c lin 

ical tria ls o f  M R I  screening, i f  available. W o m en  

sh o u ld  b e  in fo rm e d  a b o u t th e  b en efits , l im ita 

t io n s , an d  p o te n t ia l  h a rm s  o f  M R I  sc reen in g , 

in c lu d in g  th e  l ik e lih o o d  o f  fa lse-positive  f in d 

ings. R e c o m m e n d a tio n s  are c o n d itio n a l o n  an 

ac ce p tab le  level o f  q u a lity  o f  M R I  sc reen in g , 

w h ic h  s h o u ld  b e  p e r f o r m e d  b y  e x p e r ie n c e d  

p ro v id ers  in  facilities th a t p ro v id e  M R I-g u id e d  

b io psy  for th e  fo llow  up  o f  any suspicious results.
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W e th a n k  Ju lie  C u lv e r, M S , C G C , fo r  h e r  
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can ce r risk  assessm ent.
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N o r th w e s te r n  U n iv e rs ity  F e in b e rg  S c h o o l o f  

M edicine, C hicago, IL; R o b e r t  A . S m ith ,  P h D ; 

D ire c to r ,  C a n c e r  S c re e n in g , C a n c e r  C o n tro l  

Science D e p a rtm en t, A m erican  C an ce r Society, 

A tlanta, GA; W il l ia m  C . W o o d , M D ; Professor; 

and  C h a irm a n , D e p a r tm e n t o f  Surgery, E m o ry  

U niversity  Schoo l o f  M ed ic ine , A tlan ta , G A

R E F E R E N C E S

1 . S m i t h  R A ,  S a s l o w  D ,  S a w y e r  K A ,  e t  a l .  

A m e r ic a n  C a n c e r  S o c ie ty  g u id e l in e s  f o r  b re a s t c a n 

c e r  s c r e e n i n g :  u p d a t e  2 0 0 3 .  C A  C a n c e r  J  C l i n

2 0 0 3 ;5 3 :1 4 1 - 1 6 9 .

2 .  H e y w a n g - K o b r u n n e r  S H ,  B i c k  U ,  B r a d l e y  

W G  J r ,  e t  a l.  I n t e r n a t i o n a l  i n v e s t ig a t i o n  o f  b r e a s t  

M R I :  re s u l ts  o f  a  m u l t i c e n t r e  s tu d y  (11  s ite s) c o n 

c e r n in g  d ia g n o s t ic  p a ra m e te r s  f o r  c o n t r a s t -e n h a n c e d  

M R I  b a s e d  o n  5 1 9  h i s to p a th o lo g ic a l l y  c o r r e la te d  

le s io n s .  E u r  R a d i o l  2 0 0 1 ;1 1 :5 3 1 - 5 4 6 .

3 . G il le s  R ,  G u in e b r e t i e r e  J M ,  T o u s s a in t  C ,  e t  al. 

L o c a lly  a d v a n c e d  b r e a s t  c a n c e r :  c o n t r a s t - e n h a n c e d  

s u b t r a c t i o n  M R  i m a g in g  o f  r e s p o n s e  to  p r e o p e r 

a t iv e  c h e m o th e r a p y .  R a d i o lo g y  1 9 9 4 ;1 9 1 :6 3 3 - 6 3 8 .

4 . H a r m s  S E , F la m ig  D P , H e s le y  K L , e t  al. M R  

im a g in g  o f  th e  b re a s t  w i th  r o ta t in g  d e liv e ry  o f  e x c i 

ta t io n  o f f  re s o n a n c e : c lin ic a l e x p e r ie n c e  w i th  p a th o 

l o g ic  c o r r e la t io n .  R a d i o l o g y  1 9 9 3 ; 1 8 7 :4 9 3 - 5 0 1 .

5 . F is c h e r  U , v o n  H e y d e n  D , V o s s h e n r ic h  R ,  e t  al. 

S ig n a l  c h a r a c t e r i s t i c s  o f  m a l i g n a n t  a n d  b e n i g n  

l e s i o n s  i n  d y n a m i c  2 D - M R T  o f  t h e  b r e a s t  ( in  

G e r m a n ) .  R o f o  1 9 9 3 ; 1 5 8 :2 8 7 - 2 9 2 .

6. B o e t e s  C ,  B a r e n t s z  J O ,  M u s  R D ,  e t  a l. M R  

c h a r a c te r iz a t io n  o f  s u s p ic io u s  b r e a s t  l e s io n s  w i t h  a 

g a d o l i n i u m - e n h a n c e d  T u r b o F L A S H  s u b t r a c t i o n  

t e c h n i q u e .  R a d i o lo g y  1 9 9 4 ;1 9 3 : 7 7 7 - 7 8 1 .

7 . L iu  PF, D e b a t i n  JF, C a d u f f  R F , e t  a l.  Im p r o v e d  

d ia g n o s t ic  a c c u r a c y  i n  d y n a m ic  c o n t r a s t  e n h a n c e d  

M R I  o f  t h e  b r e a s t  b y  c o m b in e d  q u a n t i t a t iv e  a n d  

q u a l i ta t iv e  a n a ly s is . B r  J  R a d i o l  1 9 9 8 ;7 1 :5 0 1 - 5 0 9 .

8. O r e l  S G , S c h n a ll M D .  M R  im a g in g  o f  th e  b rea st 

f o r  t h e  d e t e c t i o n ,  d ia g n o s is ,  a n d  s t a g i n g  o f  b r e a s t  

c a n c e r .  R a d i o lo g y  2 0 0 1 ;2 2 0 :1 3 - 3 0 .
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A m e r i c a n  C a n c e r  S o c i e t y  G u i d e l i n e s  f o r  B r e a s t  S c r e e n in g  w i t h  M R I  a s  a n  A d j u n c t  to  M a m m o g r a p h y

9 . K r i e g e  M ,  B r e k e l m a n s  C T ,  B o e t e s  C ,  e t  al. 

E f f ic a c y  o f  M R I  a n d  m a m m o g r a p h y  f o r  b r e a s t -  

c a n c e r  s c re e n in g  i n  w o m e n  w i th  a  fam ilia l o r  g e n e t ic  

p r e d i s p o s i t io n .  N  E n g l  J  M e d  2 0 0 4 ; 3 5 1 :4 2 7 - 4 3 7 .

1 0 . K u h l  C K ,  S c h r a d i n g  S, L e u t n e r  C C ,  e t  al. 

M a m m o g r a p h y ,  b r e a s t  u l t r a s o u n d ,  a n d  m a g n e t ic  

r e s o n a n c e  i m a g i n g  f o r  s u r v e i l l a n c e  o f  w o m e n  a t  

h i g h  f a m il ia l  r i s k  f o r  b r e a s t  c a n c e r .  J  C l in  O n c o l  

2 0 0 5 ; 2 3 : 8 4 6 9 - 8 4 7 6 .

1 1 . L e a c h  M O ,  B o g g i s  C R ,  D i x o n  A K ,  e t  a l.  

S c r e e n in g  w i t h  m a g n e t i c  r e s o n a n c e  im a g in g  a n d  

m a m m o g r a p h y  o f  a  U K  p o p u l a t i o n  a t  h ig h  fa m il 

ia l  r i s k  o f  b r e a s t  c a n c e r :  a  p r o s p e c t i v e  m u l t i c e n t r e  

c o h o r t  s t u d y  ( M A R I B S ) .  L a n c e t  2 0 0 5 ; 3 6 5 :  

1 7 6 9 - 1 7 7 8 .

1 2 . L e h m a n  C D ,  B l u m e  J D , W e a th e r a l l  P, e t  al. 

S c r e e n i n g  w o m e n  a t  h i g h  r i s k  f o r  b r e a s t  c a n c e r  

w i t h  m a m m o g r a p h y  a n d  m a g n e t ic  r e s o n a n c e  im a g 

i n g .  C a n c e r  2 0 0 5 ;1 0 3 : 1 8 9 8 - 1 9 0 5 .

13 . S a rd a n e lli  F. B r e a s t  M R  im a g in g  i n  w o m e n  a t 

h ig h  r i s k  o f  b re a s t  c a n c e r .  Is s o m e t h in g  c h a n g in g  in  

e a r ly  b re a s t  c a n c e r  d e te c t io n ?  E u r  R a d i o l .  I n  p re ss.

14 . W a r n e r  E , P le w e s  D B , H ill K A , e t  al. S u r v e i l 

l a n c e  o f  B R C A 1  a n d  B R C A 2  m u t a t i o n  c a r r i e r s  

w i t h  m a g n e t i c  r e s o n a n c e  i m a g i n g ,  u l t r a s o u n d ,  

m a m m o g r a p h y ,  a n d  c l in ic a l  b r e a s t  e x a m i n a t i o n .  

J A M A  2 0 0 4 ; 2 9 2 :1 3 1 7 - 1 3 2 5 .

15 . U .S . P r e v e n t iv e  S e r v ic e s  T a s k  F o rc e .  G e n e t i c  

r i s k  a s s e s s m e n t  a n d  B R C A  m u t a t i o n  t e s t i n g  f o r  

b r e a s t  a n d  o v a r ia n  c a n c e r  s u s c e p t ib i l i ty :  r e c o m 

m e n d a t i o n  s t a t e m e n t .  A n n  I n t e r n  M e d  2 0 0 5 ;  

1 4 3 :3 5 5 - 3 6 1 .

16. C la u s  E B , R is c h  N ,  T h o m p s o n  W D . A u to s o m a l 

d o m in a n t  i n h e r i t a n c e  o f  e a r ly - o n s e t  b r e a s t  c a n c e r .  

I m p l ic a t io n s  f o r  r i s k  p r e d i c t i o n .  C a n c e r  1 9 9 4 ;7 3 :

6 4 3 - 6 5 1 .

1 7 . P a l o m a k i  G E ,  M c C l a i n  M R ,  S t e i n o r t  K , 

e t  al. S c r e e n - p o s i t iv e  ra te s  a n d  a g r e e m e n t  a m o n g  

s ix  f a m i ly  h i s t o r y  s c r e e n in g  p r o to c o l s  f o r  b r e a s t /  

o v a r ia n  c a n c e r  i n  a  p o p u l a t i o n - b a s e d  c o h o r t  o f  

2 1 -  t o  5 5 - y e a r - o l d  w o m e n .  G e n e t  M e d  2 0 0 6 ;  

8 : 1 6 1 - 1 6 8 .

18. P a rm ig ia n i  G , B e r r y  D , A g u ila r  O . D e te r m in in g  

c a r r i e r  p r o b a b i l i t i e s  f o r  b r e a s t  c a n c e r - s u s c e p t ib i l -  

i ty  g e n e s  B R C A 1  a n d  B R C A 2 .  A m  J  H u m  G e n e t  

1 9 9 8 ;6 2 : 1 4 5 - 1 5 8 .

19 . M ik i  Y  S w e n s e n  J, S h a t tu c k - E id e n s  D , e t  a l. A  

s t r o n g  c a n d i d a te  f o r  t h e  b r e a s t  a n d  o v a r ia n  c a n c e r  

suscep tib ility  g e n e  B R C A 1 .  S c ie n c e  1 9 9 4 ;2 6 6 :6 6 -7 1 .

2 0 . W o o s t e r  R ,  N e u h a u s e n  S L , M a n g i o n  J , e t  al. 

L o c a l i z a t io n  o f  a  b r e a s t  c a n c e r  s u s c e p t ib i l i ty  g e n e ,  

B R C A 2 ,  t o  c h r o m o s o m e  1 3 q 1 2 - 1 3 .  S c i e n c e  

1 9 9 4 ;2 6 5 : 2 0 8 8 - 2 0 9 0 .

21 . A m ir  E , E v an s  D G , S h e n to n  A , e t  al. E v a lu a tio n  

o f  b r e a s t  c a n c e r  r i s k  a s s e s s m e n t  p a c k a g e s  i n  t h e  

fa m ily  h is to ry  e v a lu a t io n  a n d  s c r e e n in g  p ro g r a m m e . 

J  M e d  G e n e t  2 0 0 3 ;4 0 : 8 0 7 - 8 1 4 .

22 . G a il  M H ,  B r in to n  L A , B y a r  D P  e t  al. P ro je c t in g  

in d iv i d u a l i z e d  p r o b a b i l i t i e s  o f  d e v e l o p i n g  b r e a s t  

c a n c e r  f o r  w h i t e  fe m a le s  w h o  a re  b e in g  e x a m in e d  

a n n u a l ly .  J  N a t l  C a n c e r  I n s t  1 9 8 9 ;8 1 :1 8 7 9 - 1 8 8 6 .

2 3 .  T y r e r  J , D u f f y  SW , C u z i c k  J . A  b re a s t  c a n c e r  

p r e d i c t i o n  m o d e l  i n c o r p o r a t i n g  f a m il ia l  a n d  p e r 

s o n a l  r i s k  fa c to r s .  S ta t  M e d  2 0 0 4 ;2 3 :1 1 1 1 - 1 1 3 0 .

2 4 .  D o m c h e k  S M , E i s e n  A , C a l z o n e  K , e t  a l.  

A p p l ic a t io n  o f  b r e a s t  c a n c e r  r i s k  p r e d i c t i o n  m o d e ls  

i n  c lin ic a l p ra c t ic e .  J  C l in  O n c o l  2 0 0 3 ;2 1 :5 9 3 - 6 0 1 .

2 5 .  M c T i e r n a n  A ,  K u n i y u k i  A ,  Y a s u i  Y , e t  a l. 

C o m p a r i s o n s  o f  tw o  b re a s t  c a n c e r  r i s k  e s t im a te s  in  

w o m e n  w i th  a  fam ily  h is to ry  o f  b re a s t c an cer. C a n c e r  

E p i d e m io l  B io m a r k e r s  P r e v  2 0 0 1 ;1 0 :3 3 3 - 3 3 8 .

2 6 .  B e r r y  D A , P a r m i g i a n i  G , S a n c h e z  J ,  e t  a l.  

P r o b a b i l i ty  o f  c a r r y i n g  a  m u t a t i o n  o f  b r e a s t - o v a r 

i a n  c a n c e r  g e n e  B R C A 1  b a s e d  o n  f a m ily  h is to ry .  

J  N a t l  C a n c e r  I n s t  1 9 9 7 ;8 9 : 2 2 7 - 2 3 8 .

2 7 .  A n t o n i o u  A C ,  P h a r o a h  PP , S m i th  P, E a s to n  

D F . T h e  B O A D I C E A  m o d e l  o f  g e n e t ic  s u s c e p t i 

b i l i t y  t o  b r e a s t  a n d  o v a r i a n  c a n c e r .  B r  J  C a n c e r  

2 0 0 4 ; 9 1 : 1 5 8 0 - 1 5 9 0 .

2 8 .  P e t r u c e l l i  N ,  D a ly  M B ,  C u l v e r  J O B ,  e t  al. 

B R C A 1  a n d  B R C A 2  H e r e d i t a r y  B r e a s t / O v a r i a n  

C a n c e r .  G e n e  R e v i e w s .  A v a ila b le  a t:  h t t p : / / w w w . 

g e n e te s ts .o r g /q u e r y ? d z = b r c a 1 .  A c c e s se d  D e c e m b e r

2 8 ,  2 0 0 6 .

2 9 .  R o a  B B , B o y d  A A , V o lc ik  K , R ic h a r d s  C S . 

A s h k e n a z i  J e w is h  p o p u l a t i o n  f r e q u e n c ie s  fo r  c o m 

m o n  m u ta t io n s  i n  B R C A 1  a n d  B R C A 2 .  N a t  G e n e t

1 9 9 6 ;1 4 :1 8 5 - 1 8 7 .

3 0 .  S t r u e w i n g  JP , H a r t g e  P, W a c h o l d e r  S, e t  al. 

T h e  r i s k  o f  c a n c e r  a s s o c ia te d  w i t h  s p e c if ic  m u t a 

t io n s  o f  B R C A 1  a n d  B R C A 2  a m o n g  A s h k e n a z i  

J e w s .  N  E n g l  J  M e d  1 9 9 7 ;3 3 6 : 1 4 0 1 - 1 4 0 8 .

3 1 .  A n t o n i o u  A , P h a r o a h  P D ,  N a r o d  S, e t  a l.  

A v e ra g e  r is k s  o f  b r e a s t  a n d  o v a r ia n  c a n c e r  a s s o c i 

a t e d  w i t h  B R C A 1  o r  B R C A 2  m u ta t io n s  d e te c te d  

i n  c a se  s e r ie s  u n s e le c te d  fo r  f a m ily  h i s to r y :  a  c o m 

b i n e d  a n a ly s is  o f  2 2  s t u d i e s .  A m  J  H u m  G e n e t  

2 0 0 3 ; 7 2 : 1 1 1 7 - 1 1 3 0 .

3 2 .  A m e r i c a n  S o c i e t y  o f  C l i n i c a l  O n c o l o g y .  

A m e r i c a n  S o c i e ty  o f  C l in i c a l  O n c o l o g y  p o l i c y  

s t a t e m e n t  u p d a te :  g e n e t i c  t e s t in g  f o r  c a n c e r  su s 

c e p t ib i l i ty .  J  C l i n  O n c o l  2 0 0 3 ;2 1 :2 3 9 7 - 2 4 0 6 .

3 3 .  G a r b e r  J E ,  O f f i t  K . H e r e d i t a r y  c a n c e r  p r e d is 

p o s i t io n  s y n d ro m e s . J  C l in  O n c o l  2 0 0 5 ;2 3 :2 7 6 - 2 9 2 .

3 4 .  S c h n e i d e r  K A , D iG i a n n i  L M , P a t e n a u d e  A F  

e t  al. A c c u r a c y  o f  c a n c e r  fa m ily  h is to r ie s :  c o m p a r 

i s o n  o f  t w o  b re a s t  c a n c e r  s y n d r o m e s .  G e n e t  T e s t 

2 0 0 4 ; 8 :2 2 2 - 2 2 8 .

3 5 . Z b u k  K M , S te in  JL , E n g  C . P T E N  H a m a r to m a  

T u m o r  S y n d r o m e  (P H T S ) . G e n e  R e v ie w s . A va ilable 

a t :  h t t p : / / w w w . g e n e t e s t s . o r g / q u e r y ? d z  =  p h t s .  

A c c e s s e d  O c t o b e r  1 7 , 2 0 0 6 .

3 6 . A is e n b e r g  A C , F in k e l s te in  D M ,  D o p p k e  K P  

e t  a l.  H i g h  r i s k  o f  b r e a s t  c a r c i n o m a  a f te r  i r r a d i a 

t i o n  o f  y o u n g  w o m e n  w i t h  H o d g k i n ’s d is e a s e .  

C a n c e r  1 9 9 7 ; 7 9 : 1 2 0 3 - 1 2 1 0 .

3 7 . B h a t ia  S, R o b i s o n  L L , O b e r l i n  O , e t  al. B re a s t  

c a n c e r  a n d  o t h e r  s e c o n d  n e o p la s m s  a f te r  c h i ld h o o d  

H o d g k in ’s disease. N  E n g l J  M e d  1 9 9 6 ;3 3 4 :7 4 5 -7 5 1 .

3 8 . H a n c o c k  S L , T u c k e r  M A ,  H o p p e  R T .  B r e a s t  

c a n c e r  a f te r  t r e a t m e n t  o f  H o d g k i n ’s d is ea se . J  N a t l  

C a n c e r  I n s t  1 9 9 3 ;8 5 :2 5 - 3 1 .

3 9 .  S w e r d lo w  A J, B a r b e r  J A ,  H u d s o n  G V , e t  al. 

R i s k  o f  s e c o n d  m a l ig n a n c y  a f te r  H o d g k i n ’s d isea se  

i n  a  c o l l a b o r a t iv e  B r i t i s h  c o h o r t :  t h e  r e l a t i o n  to  

a g e  a t  t r e a t m e n t .  J  C l i n  O n c o l  2 0 0 0 ;1 8 :4 9 8 - 5 0 9 .

4 0 . T rav is  L B , H il l  D , D o re s  G M , e t  al. C u m u la t iv e  

a b so lu te  b re a s t c a n c e r  r is k  f o r  y o u n g  w o m e n  t re a te d  

f o r  H o d g k i n  l y m p h o m a .  J  N a t l  C a n c e r  I n s t  

2 0 0 5 ;9 7 : 1 4 2 8 - 1 4 3 7 .

4 1 . W a h n e r - R o e d l e r  D L ,  N e l s o n  D F , C r o g h a n  

IT , e t  a l.  R i s k  o f  b r e a s t  c a n c e r  a n d  b r e a s t  c a n c e r  

c h a r a c t e r i s t i c s  i n  w o m e n  t r e a t e d  w i t h  s u p r a d i 

a p h r a g m a t i c  r a d i a t i o n  f o r  H o d g k i n  l y m p h o m a :  

M a y o  C l i n i c  e x p e r i e n c e .  M a y o  C l i n  P r o c  

2 0 0 3 ;7 8 :7 0 8 - 7 1 5 .

4 2 .  v a n  L e e u w e n  F E ,  K l o k m a n  W J ,  S to v a l l  M , 

e t  a l.  R o l e s  o f  r a d i a t i o n  d o s e ,  c h e m o th e r a p y ,  a n d  

h o r m o n a l  f a c t o r s  i n  b r e a s t  c a n c e r  f o l l o w i n g  

H o d g k i n ’s d i s e a s e .  J  N a t l  C a n c e r  I n s t  2 0 0 3 ;  

9 5 : 9 7 1 - 9 8 0 .

4 3 . B h a t ia  S, Y asu i Y, R o b i s o n  L L , e t  al. H i g h  r i s k  

o f  s u b s e q u e n t  n e o p la s m s  c o n t in u e s  w i t h  e x t e n d e d  

f o l l o w - u p  o f  c h i l d h o o d  H o d g k i n ’s d is e a se : r e p o r t  

f r o m  t h e  L a te  E f fe c ts  S tu d y  G r o u p .  J  C l i n  O n c o l

2 0 0 3 ; 2 1 : 4 3 8 6 - 4 3 9 4 .

4 4 .  T i n g e r  A ,  W a s s e r m a n  T H ,  K l e in  E E ,  e t  al. 

T h e  i n c i d e n c e  o f  b r e a s t  c a n c e r  f o l l o w i n g  m a n t le  

f i e ld  r a d i a t i o n  t h e r a p y  as  a  f u n c t i o n  o f  d o s e  a n d  

t e c h n i q u e .  I n t  J  R a d i a t  O n c o l  B i o l  P h y s  1 9 9 7 ;  

3 7 :8 6 5 - 8 7 0 .

4 5 .  A r p i n o  G , L a u c i r i c a  R ,  E l l e d g e  R M .  P r e -  

m a l i g n a n t  a n d  i n  s i tu  b r e a s t  d is e a s e : b io lo g y  a n d  

c l i n i c a l  i m p l i c a t i o n s .  A n n  I n t e r n  M e d  2 0 0 5 ;  

1 4 3 :4 4 6 - 4 5 7 .

4 6 . F is h e r  E R ,  L a n d  S R ,  F is h e r  B , e t  al. P a th o lo g ic  

f in d in g s  f ro m  th e  N a t io n a l  S u rg ic a l A d ju v a n t  B re as t 

a n d  B o w e l  P r o je c t :  tw e lv e - y e a r  o b s e r v a t io n s  c o n 

c e r n i n g  lo b u l a r  c a r c i n o m a  i n  s i tu .  C a n c e r  2 0 0 4 ;  

1 0 0 :2 3 8 - 2 4 4 .

4 7 . L i C I ,  M a lo n e  K E , S a l tz m a n  B S , D a l in g  J R .  

R i s k  o f  in v a s iv e  b r e a s t  c a r c i n o m a  a m o n g  w o m e n  

d ia g n o s e d  w i t h  d u c ta l  c a r c i n o m a  i n  s i tu  a n d  l o b 

u l a r  c a r c i n o m a  i n  s i t u ,  1 9 8 8 - 2 0 0 1 .  C a n c e r

2 0 0 6 ;1 0 6 : 2 1 0 4 - 2 1 1 2 .

4 8 .  B o y d  N F , L o c k w o o d  G A ,  M a r t i n  LJ , e t  a l.  

M a m m o g r a p h i c  d e n s i t ie s  a n d  b r e a s t  c a n c e r  r is k .  

B r e a s t  D is  1 9 9 8 ;1 0 :1 1 3 - 1 2 6 .

4 9 .  O z a  A M , B o y d  N F . M a m m o g r a p h i c  p a r e n 

c h y m a l  p a t t e r n s :  a  m a r k e r  o f  b r e a s t  c a n c e r  r i s k .  

E p i d e m io l  R e v  1 9 9 3 ;1 5 :1 9 6 - 2 0 8 .

5 0 .  S a ftlas  A F, S z k lo  M .  M a m m o g r a p h i c  p a r e n 

c h y m a l  p a t t e r n s  a n d  b r e a s t  c a n c e r  r is k . E p id e m io l  

R e v  1 9 8 7 ;9 :1 4 6 - 1 7 4 .

5 1 .  W a r n e r  E , L o c k w o o d  G , T r i t c h l e r  D , B o y d  

N F . T h e  r i s k  o f  b re a s t  c a n c e r  a s s o c ia te d  w i th  m a m -  

m o g r a p h i c  p a r e n c h y m a l  p a t t e r n s :  a  m e ta - a n a ly s is  

o f  t h e  p u b l i s h e d  l i t e r a tu r e  to  e x a m in e  t h e  e f fe c t  o f  

m e t h o d  o f  c l a s s i f i c a t i o n .  C a n c e r  D e t e c t  P r e v  

1 9 9 2 ;1 6 :6 7 - 7 2 .

5 2 .  B a r l o w  W E ,  W h i t e  E ,  B a l l a r d - B a r b a s h  R ,  

e t  al. P ro sp e c tiv e  b re a s t c a n c e r  r is k  p r e d ic t io n  m o d e l  

f o r  w o m e n  u n d e r g o i n g  s c r e e n in g  m a m m o g r a p h y .  

J  N a t l  C a n c e r  I n s t  2 0 0 6 ; 9 8 :1 2 0 4 - 1 2 1 4 .

5 3 . B o y d  N F  B y n g  J W  J o n g  R A ,  e t  al. Q u a n ti ta t iv e  

c la ss if ic a tio n  o f  m a m m o g r a p h ic  d e n s it ie s  a n d  b re a s t 

c a n c e r  r i s k :  r e s u l t s  f r o m  th e  C a n a d i a n  N a t i o n a l  

B r e a s t  S c r e e n in g  S tu d y . J  N a t l  C a n c e r  I n s t  1 9 9 5 ; 

8 7 : 6 7 0 - 6 7 5 .

5 4 .  B r i s s o n  J , M e r l e t t i  F, S a d o w s k y  N L ,  e t  a l. 

M a m m o g r a p h i c  f e a tu r e s  o f  t h e  b r e a s t  a n d  b r e a s t  

c a n c e r  r i s k .  A m  J  E p i d e m i o l  1 9 8 2 ; 1 1 5 :4 2 8 - 4 3 7 .

5 5 .  B y r n e  C , S c h a i r e r  C ,  W o lf e  J, e t  a l.  M a m m o 

g r a p h ic  fe a tu re s  a n d  b r e a s t  c a n c e r  r isk : e ffe c ts  w i th  

t im e ,  a g e , a n d  m e n o p a u s e  s ta tu s .  J  N a t l  C a n c e r  

I n s t  1 9 9 5 ; 8 7 : 1 6 2 2 - 1 6 2 9 .

5 6 .  V a c e k  P M ,  G e l le r  B M . A  p r o s p e c t iv e  s tu d y  o f  

b r e a s t  c a n c e r  r i s k  u s i n g  r o u t i n e  m a m m o g r a p h i c  

b r e a s t  d e n s i t y  m e a s u r e m e n t s .  C a n c e r  E p i d e m io l  

B io m a r k e r s  P r e v  2 0 0 4 ; 1 3 : 7 1 5 - 7 2 2 .
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5 7 . U r s in  G , M a  H ,  W u  A H ,  e t  al. M a m m o g ra p h ic  

d e n s i ty  a n d  b r e a s t  c a n c e r  i n  t h r e e  e t h n ic  g r o u p s .  

C a n c e r  E p i d e m i o l  B i o m a r k e r s  P r e v  2 0 0 3 ; 1 2 :  

3 3 2 - 3 3 8 .

5 8 .  U r s in  G , H o v a n e s s i a n - L a r s e n  L , P a r is k y  Y R ,  

e t  a l.  G r e a t ly  i n c r e a s e d  o c c u r r e n c e  o f  b r e a s t  c a n 

c e r s  i n  a re a s  o f  m a m m o g r a p h i c a l l y  d e n s e  tis su e . 

B re a s t  C a n c e r  R e s  2 0 0 5 ; 7 : R 6 0 5 - R 6 0 8 .

5 9 . F o w b le  B , H a n lo n  A , F re e d m a n  G , e t  al. S e c o n d  

c a n c e rs  a f te r  c o n s e rv a t iv e  s u r g e r y  a n d  r a d ia t io n  f o r  

s ta g e s  I - I I  b r e a s t  c a n c e r :  i d e n t i f y i n g  a  s u b s e t  o f  

w o m e n  a t  i n c r e a s e d  r i s k .  I n t  J  R a d i a t  O n c o l  B io l  

P h y s  2 0 0 1 ;5 1 :6 7 9 - 6 9 0 .

6 0 . W a r r e n  R M ,  P o i n t o n  L , T h o m p s o n  D , e t  al. 

R e a d i n g  p r o t o c o l  f o r  d y n a m ic  c o n t r a s t - e n h a n c e d  

M R  im a g e s  o f  th e  b re a s t: s e n s itiv ity  a n d  s p e c if ic i ty  

a n a ly s is . R a d i o lo g y  2 0 0 5 ;2 3 6 :7 7 9 - 7 8 8 .

6 1 . P o r t  E R ,  P a r k  A , B o r g e n  P I ,  e t  a l.  R e s u l t s  o f  

M R I  s c re e n in g  fo r  b re a s t c a n c e r  i n  h ig h - r is k  p a tie n ts  

w i t h  L C I S  a n d  a t y p i c a l  h y p e r p l a s i a .  A n n  S u r g  

O n c o l  2 0 0 7 ;  J a n  7  [E  p u b  a h e a d  o f  p r i n t ] .

6 2 . W a r n e r  E , C a u s e r  P A . M R I  s u r v e i l la n c e  fo r  

h e r e d i t a r y  b r e a s t - c a n c e r  r i s k .  L a n c e t  2 0 0 5 ;3 6 5 :  

1 7 4 7 - 1 7 4 9 .

6 3 . K u h l  C K , S c h m u tz le r  R K ,  L e u t n e r  C C ,  e t  al. 

B re a s t M R  im a g in g  s c re e n in g  i n  1 9 2  w o m e n  p ro v e d  

o r  s u s p e c te d  to  b e  c a r r i e r s  o f  a  b r e a s t  c a n c e r  su s 

c e p t i b i l i t y  g e n e :  p r e l i m i n a r y  r e s u l t s .  R a d i o l o g y

2 0 0 0 ; 2 1 5 :2 6 7 - 2 7 9 .

6 4 . A n d e r s o n  J , W a lk e r  L G , L e a c h  M O .  M a g n e t ic  

r e s o n a n c e  im a g in g :  a n  a c c e p ta b le  w a y  o f  s c r e e n 

i n g  w o m e n  w i t h  a  f a m i ly  h i s t o r y  o f  b r e a s t  c a n c e r .  

B re a s t  C a n c e r  R e s  T r e a t  2 0 0 4 ;8 8 ( s u p p l) :S 1 8 8 .

6 5 . v a n  D o o r e n  S, S e y n a e v e  C ,  R i j n s b u r g e r  A J, 

e t  a l.  E x p l o r i n g  t h e  c o u r s e  o f  p s y c h o lo g i c a l  d is 

tress  a r o u n d  tw o  su cc e ss iv e  c o n t ro l  v is its  i n  w o m e n

a t  h e r e d i t a r y  r i s k  o f  b r e a s t  c a n c e r .  E u r  J  C a n c e r  

2 0 0 5 ;4 1 : 1 4 1 6 - 1 4 2 5 .

66. W a r n e r  E . In te n s iv e  r a d io lo g ic  s u rv e i l la n c e :  a 

f o c u s  o n  t h e  p s y c h o l o g i c a l  i s s u e s .  A n n  O n c o l  

2 0 0 4 ;1 5 ( s u p p l ) : I 4 3 - I 4 7 .

6 7 . H i l l  K , W a r n e r  E . A r e  c lin ic a l b re a s t  e x a m in a 

t i o n  a n d  b r e a s t  s e l f - e x a m in a t i o n  a  s o u r c e  o f  s tre ss  

o r  r e l ie f  fo r  B R C A  m u ta t io n  c a rr ie rs ?  In : P ro g ra m s  

a n d  a b s trac ts  o f  th e  2 9 th  A n n u a l  S a n  A n to n io  B re as t 

C a n c e r  S y m p o s iu m ;  D e c e m b e r  1 4 - 1 7 ,  2 0 0 6 ;  S a n  

A n t o n io ,  T e x a s . A b s t r a c t  4 0 3 6 .

68. P le v r i tis  S K , K u r ia n  A W  Sig al B M , e t  al. C o s t -  

e ffe c tiv e n es s  o f  s c r e e n in g  B R C A 1 / 2  m u t a t i o n  c a r 

r i e r s  w i t h  b r e a s t  m a g n e t i c  r e s o n a n c e  im a g i n g .  

J A M A  2 0 0 6 ; 2 9 5 : 2 3 7 4 - 2 3 8 4 .

6 9 . G r i e b s c h  I, B r o w n  J , B o g g is  C ,  e t  a l.  C o s t -  

e f fe c t iv e n e s s  o f  s c r e e n in g  w i t h  c o n t r a s t  e n h a n c e d  

m a g n e t i c  r e s o n a n c e  im a g in g  v s  X - r a y  m a m m o g 

r a p h y  o f  w o m e n  a t  a  h ig h  f a m il ia l  r i s k  o f  b r e a s t  

c a n c e r .  B r  J  C a n c e r  2 0 0 6 ; 9 5 : 8 0 1 - 8 1 0 .

7 0 .  N a t i o n a l  I n s t i t u t e  f o r  C l i n i c a l  E x c e l l e n c e  

( N I C E ) ,  N a t i o n a l  C o l l a b o r a t i n g  C e n t r e  f o r  

P r i m a r y  C a r e .  F a m il ia l  b r e a s t  c a n c e r — T h e  c la s 

s i f i c a t i o n  a n d  c a r e  o f  w o m e n  a t  r i s k  o f  f a m i l ia l  

b r e a s t  c a n c e r  i n  p r im a r y ,  s e c o n d a r y  a n d  t e r t i a r y  

c a re .  P a r t i a l  u p d a t e .  D r a f t  f o r  c o n s u l t a t i o n .  M a y  

2 0 0 6 . A v a ila b le  a t: h t t p : / / w w w .n i c e . o r g .u k / d o w n -  

l o a d .a s p x ? o  =  3 1 7 6 6 7 .  A c c e s s e d  D e c e m b e r  2 9 , 

2 0 0 6 .

7 1 .  B e r g  W A , G u t i e r r e z  L , N e s s A iv e r  M S , e t  al. 

D i a g n o s t i c  a c c u r a c y  o f  m a m m o g r a p h y ,  c l in ic a l  

e x a m in a t i o n ,  U S ,  a n d  M R  i m a g i n g  i n  p r e o p e r a 

t i v e  a s s e s s m e n t  o f  b r e a s t  c a n c e r .  R a d i o l o g y

2 0 0 4 ; 2 3 3 :8 3 0 - 8 4 9 .

7 2 .  B lu e m k e  D A , G a ts o n is  C A ,  C h e n  M H ,  e t  al. 

M a g n e t i c  r e s o n a n c e  i m a g in g  o f  t h e  b r e a s t  p r i o r  to  

b io p s y . J A M A  2 0 0 4 ;2 9 2 :2 7 3 5 - 2 7 4 2 .

7 3 .  E c h e v a r r i a  JJ, M a r t i n  M ,  S a iz  A , e t  al. O v e ra l l  

b r e a s t  d e n s i t y  i n  M R  m a m m o g r a p h y :  d ia g n o s t ic  

a n d  t h e r a p e u t i c  i m p l i c a t i o n s  i n  b r e a s t  c a n c e r .  

J  C o m p u t  A ss is t  T o m o g r  2 0 0 6 ;3 0 :1 4 0 - 1 4 7 .

7 4 .  S a rd a n e l l i  F, G iu s e p p e t t i  G M , P a n iz z a  P, e t  al. 

S e n s itiv ity  o f  M R I  v e rsu s  m a m m o g ra p h y  f o r  d e te c t 

i n g  f o c i  o f  m u l t i f o c a l ,  m u l t i c e n t r i c  b r e a s t  c a n c e r  

i n  f a t ty  a n d  d e n s e  b re a s ts  u s in g  t h e  w h o le - b r e a s t  

p a t h o l o g i c  e x a m i n a t i o n  as  a  g o ld  s ta n d a r d .  A J R  

A m  J  R o e n t g e n o l  2 0 0 4 ;1 8 3 :1 1 4 9 - 1 1 5 7 .

7 5 . M o r r i s  E A , L ib e r m a n  L , B a l lo n  D J, e t  al. M R I  

o f  o c c u l t  b r e a s t  c a r c in o m a  i n  a  h i g h - r i s k  p o p u l a 

t i o n .  A J R  A m  J  R o e n t g e n o l  2 0 0 3 ; 1 8 1 :6 1 9 - 6 2 6 .

7 6 .  E a s to n  D F , F o r d  D , B i s h o p  D T .  B r e a s t  a n d  

o v a r ia n  c a n c e r  i n c id e n c e  i n  B R C A 1 - m u t a t i o n  c a r 

r i e r s .  B r e a s t  C a n c e r  L in k a g e  C o n s o r t i u m .  A m  J 

H u m  G e n e t  1 9 9 5 ;5 6 :2 6 5 - 2 7 1 .

7 7 . B u r k e  W  D a ly  M ,  G a r b e r  J , e t  al. R e c o m m e n 

d a t io n s  f o r  f o l l o w - u p  c a re  o f  in d iv id u a ls  w i t h  a n  

i n h e r i t e d  p r e d is p o s i t io n  to  c a n c e r .  II . B R C A 1  a n d  

B R C A 2 .  C a n c e r  G e n e t i c s  S tu d i e s  C o n s o r t i u m .  

J A M A  1 9 9 7 ; 2 7 7 :9 9 7 - 1 0 0 3 .

7 8 .  T i l a n u s - L in t h o r s t  M M ,  K r i e g e  M ,  B o e t e s  C , 

e t  a l.  H e r e d i t a r y  b r e a s t  c a n c e r  g r o w th  ra te s  a n d  its  

i m p a c t  o n  s c r e e n i n g  p o l i c y .  E u r  J  C a n c e r

2 0 0 5 ;4 1 :1 6 1 0 - 1 6 1 7 .

7 9 . N a t i o n a l  C a n c e r  I n s t i tu te ,  D iv i s io n  o f  C a n c e r  

C o n t r o l  a n d  P o p u la t io n  S c ie n c es , A p p lie d  R e s e a r c h  

P r o g r a m .  B re a s t  C a n c e r  S u r v e i l la n c e  C o n s o r t iu m :  

E v a l u a t i n g  S c r e e n i n g  P e r f o r m a n c e  i n  P r a c t i c e .  

N I H  P u b l i c a t i o n  N o .  0 4 - 5 4 9 0 .  B e t h e s d a ,  M D :  

N a t i o n a l  C a n c e r  I n s t i t u t e ,  N a t i o n a l  I n s t i tu te s  o f  

H e a l t h ,  U . S. D e p a r t m e n t  o f  H e a l t h  a n d  H u m a n  

S e rv ic e s ; 2 0 0 4 . A v a ila b le  a t:  h t t p : / / b r e a s t s c r e e n i n g . 

c a n c e r .g o v /e s p p .p d f .  A c c e s se d  D e c e m b e r  2 9 , 2 0 0 6 .
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1 4 2 . P e e te r s  M ,  V a n  C u t s e m  E ,  S ie n a  S, e t  a l. A  

p h a s e  3 , m u l t i c e n t e r ,  r a n d o m i z e d  c o n t r o l l e d  t r ia l  

o f  p a n i t u m a m a b  p lu s  b e s t  s u p p o r t i v e  c a r e  v e r s u s  

b e s t  s u p p o r t iv e  c a re  a lo n e  i n  p a t ie n ts  w i th  m e ta s ta 

t ic  c o lo r e c ta l  c a n c e r .  P a p e r  p r e s e n te d  a t: A m e r ic a n  

A ss o c ia t io n  f o r  C a n c e r  R e s e a r c h  ( A A C R )  M e e t in g  

2 0 0 6 ;  A p r i l  1, 2 0 0 6 ;  W a s h i n g to n ,  D C .  A b s t r a c t  

C P - 1 .

1 4 3 . F o lk m a n  J . T u m o r  a n g io g e n e s is :  th e r a p e u t ic  

im p l ic a t io n s .  N  E n g l  J  M e d  1 9 7 1 ;2 8 5 :1 1 8 2 - 1 1 8 6 .

1 4 4 . F e r r a r a  N ,  G e r b e r  H P , L e C o u te r  J . T h e  b io l 

o g y  o f  V E G F  a n d  its  r e c e p t o r s .  N a t  M e d  2 0 0 3 ;

9 :6 6 9 - 6 7 6 .

1 4 5 . K a b b in a v a r  FF, S c h u lz  J , M c C l e o d  M ,  e t  al. 

A d d i t i o n  o f  b e v a c iz u m a b  to  b o lu s  f lu o r o u r a c i l  a n d  

l e u c o v o r in  i n  f i r s t - l in e  m e ta s ta t ic  c o lo re c ta l  c a n c e r: 

re s u lts  o f  a  r a n d o m iz e d  p h a s e  II  tr ia l .  J  C l i n  O n c o l

2 0 0 5 ; 2 3 :3 6 9 7 - 3 7 0 5 .

1 4 6 . H u r w i t z  H ,  F e h r e n b a c h e r  L , N o v o t n y  W  

e t  a l.  B e v a c iz u m a b  p lu s  i r i n o t e c a n ,  f lu o r o u r a c i l ,  

a n d  l e u c o v o r i n  f o r  m e ta s ta t ic  c o lo r e c ta l  c a n c e r .  N  

E n g l  J  M e d  2 0 0 4 ;3 5 0 : 2 3 3 5 - 2 3 4 2 .

1 4 7 . G ia n to n io  B J, C a ta la n o  PJ, M e r o p o l  N J , e t  al. 

H i g h - d o s e  b e v a c iz u m a b  im p r o v e s  s u r v iv a l  w h e n  

c o m b i n e d  w i t h  F O L F O X 4  i n  p r e v io u s ly  t r e a te d  

a d v a n c e d  c o lo re c ta l  c a n c e r :  re su lts  f r o m  th e  E a s te rn  

C o o p e r a t i v e  O n c o l o g y  G r o u p  ( E C O G )  s tu d y  

E 3 2 0 0 .  P r o c  A m  S o c  C l i n  O n c o l  2 0 0 5 ; 2 3 : 1 s .  

A b s t r a c t  2 .

1 4 8 . H u r w i t z  H I ,  F e h r e n b a c h e r  L , H a i n s w o r t h  

J D , e t  al. B e v a c iz u m a b  i n  c o m b i n a t i o n  w i t h  f l u o 

ro u r a c i l  a n d  le u c o v o r in :  a n  a c t iv e  r e g im e n  f o r  f ir s t-  

l i n e  m e t a s t a t i c  c o l o r e c t a l  c a n c e r .  J  C l i n  O n c o l  

2 0 0 5 ; 2 3 :3 5 0 2 - 3 5 0 8 .

1 4 9 . G lu s k e r  P, R e c h t  L , L a n e  B . R e v e r s ib le  p o s 

t e r i o r  l e u k o e n c e p h a lo p a t h y  s y n d r o m e  a n d  b e v a -  

c iz u m a b .  N  E n g l  J  M e d  2 0 0 6 ;3 5 4 : 9 8 0 - 9 8 2 .

150 . S h e lli to  P C ,  C la r k  JW , W il le t t  C G , C a p la n  AP. 

C a s e  re c o rd s  o f  th e  M a s sa c h u se tts  G e n e r a l  H o sp ita l .  

W e e k ly  c l in ic o p a th o lo g ic a l exercises. C a se  1 8 -2 0 0 4 .  

A  6 1 - y e a r - o l d  m a n  w i t h  r e c ta l  b l e e d in g  a n d  a  2 

c m  m a ss  i n  t h e  r e c t u m .  N  E n g l  J  M e d  2 0 0 4 ;3 5 0 :  

2 5 0 0 - 2 5 0 9 .

151 . W il le t t  C G ,  C o m p t o n  C C ,  S h e lli to  P C ,  E f ird  

J T .  S e le c t io n  f a c to r s  f o r  lo c a l  e x c i s io n  o r  a b d o m 

i n o p e r i n e a l  r e s e c t i o n  o f  e a r ly  s ta g e  r e c ta l  c a n c e r .  

C a n c e r  1 9 9 4 ;7 3 : 2 7 1 6 - 2 7 2 0 .

1 5 2 . S te e le  G D  J r ,  H e r n d o n  J E ,  B le d a y  R ,  e t  al. 

S p h i n c t e r - s p a r i n g  t r e a tm e n t  f o r  d is ta l  r e c ta l  a d e 

n o c a r c i n o m a .  A n n  S u r g  O n c o l  1 9 9 9 ; 6 : 4 3 3 - 4 4 1 .

1 5 3 . G r e e n b e r g  J , B le d a y  R .  L o c a l e x c is io n  o f  r e c 

ta l c a n c e r  o n c o l o g i c  re s u lts .  S e m in  C o l o n  R e c t a l  

S u r g  2 0 0 5 ; 1 6 : 4 0 - 4 6 .

1 5 4 . W i r s i n g  K , L o r e n z o - R i v e r o  S, L u c h t e f e ld  

M ,  e t  al. L o c a l  e x c i s io n  o f  s t r a t i f ie d  T 1  r e c ta l  c a n 

c e r . A m  J  S u r g  2 0 0 6 ; 1 9 1 : 4 1 0 - 4 1 2 .

1 55 . D o u g la ss  H O  Jr,  M o e r te l  C G , M a y e r  R J , e t  al. 

S u rv iv a l a f te r  p o s to p e r a t iv e  c o m b in a t io n  t r e a tm e n t  

o f  re c ta l c an ce r. N  E n g l J  M e d  1 9 8 6 ;3 1 5 :1 2 9 4 - 1 2 9 5 .

1 5 6 . K r o o k  J E ,  M o e r t e l  C G ,  G u n d e r s o n  L L , e t  al. 

E f f e c t iv e  s u r g ic a l  a d j u v a n t  t h e r a p y  f o r  h i g h - r i s k  

re c ta l c a r c in o m a . N  E n g l  J  M e d  1 9 9 1 ;3 2 4 :7 0 9 - 7 1 5 .

1 5 7 . B e n t z e n  S M , B a ls le v  I, P e d e r s e n  M ,  e t  a l.  A  

re g re s s io n  an a ly s is  o f  p r o g n o s t ic  f a c to r s  a f te r  re s e c 

t i o n  o f  D u k e s ’ B  a n d  C  c a r c i n o m a  o f  t h e  r e c tu m  

a n d  r e c to s ig m o id .  D o e s  p o s t - o p e r a t i v e  r a d i o t h e r 

a p y  c h a n g e  t h e  p ro g n o s is ?  B r  J  C a n c e r  1 9 8 8 ;5 8 :  

1 9 5 - 2 0 1 .

1 5 8 . M e d i c a l  R e s e a r c h  C o u n c i l  R e c t a l  C a n c e r  

W o r k in g  P a rty . R a n d o m i s e d  t r ia l  o f  s u r g e r y  a lo n e  

v e rs u s  s u rg e ry  fo l lo w e d  b y  r a d io th e r a p y  f o r  m o b i le  

c a n c e r  o f  t h e  r e c t u m .  M e d ic a l  R e s e a r c h  C o u n c i l  

R e c t a l  C a n c e r  W o r k i n g  P a r t y .  L a n c e t  1 9 9 6 ;  

3 4 8 :1 6 1 0 - 1 6 1 4 .

1 5 9 .  G e r a r d  A ,  B u y s e  M ,  N o r d l i n g e r  B , e t  al. 

P r e o p e r a t iv e  r a d io th e r a p y  as a d ju v a n t  t r e a t m e n t  i n  

re c ta l  c a n c e r .  F in a l re su lts  o f  a  r a n d o m iz e d  s tu d y  o f  

t h e  E u r o p e a n  O r g a n i z a t i o n  f o r  R e s e a r c h  a n d  

T r e a tm e n t  o f  C a n c e r  ( E O R T C ) .  A n n  S u r g  1 9 8 8 ; 

2 0 8 : 6 0 6 - 6 1 4 .

1 6 0 . Im p r o v e d  s u r v iv a l  w i t h  p r e o p e r a t i v e  r a d i o 

th e r a p y  i n  r e s e c ta b le  re c ta l  c a n c e r .  S w e d is h  R e c t a l  

C a n c e r  T r ia l .  N  E n g l  J  M e d  1 9 9 7 ;3 3 6 :9 8 0 - 9 8 7 .

1 6 1 .  F r y k h o l m  G J , G l i m e l i u s  B , P a h l m a n  L . 

P r e o p e r a t iv e  o r  p o s to p e r a t iv e  i r r a d i a t io n  i n  a d e n o 

c a r c i n o m a  o f  t h e  r e c tu m :  f in a l  t r e a tm e n t  r e s u lts  o f  

a  r a n d o m i z e d  t r i a l  a n d  a n  e v a l u a t io n  o f  l a t e  s e c 

o n d a ry  effects. D is  C o lo n  R e c tu m  1 9 9 3 ;3 6 :5 6 4 -5 7 2 .

1 6 2 .  C o l o r e c t a l  C a n c e r  C o l l a b o r a t i v e  G r o u p .  

A d j u v a n t  r a d io th e r a p y  fo r  r e c ta l  c a n c e r :  a  s y s te m 

a tic  o v e rv ie w  o f  8 ,5 0 7  p a t ie n ts  f r o m  2 2  ra n d o m is e d  

tr ia ls .  L a n c e t  2 0 0 1 ;3 5 8 : 1 2 9 1 - 1 3 0 4 .

1 6 3 .  G a s t r o i n t e s t i n a l  T u m o r  S t u d y  G r o u p .  

P r o l o n g a t i o n  o f  t h e  d is e a s e - f re e  in te r v a l  i n  s u r g i 

cally  tre a te d  re c ta l c a rc in o m a . G a s tro in te s tin a l T u m o r  

S tu d y  G r o u p .  N  E n g l  J  M e d  1 9 8 5 ;3 1 2 :1 4 6 5 - 1 4 7 2 .

1 6 4 . O ’C o n n e l l  M J , M a r t e n s o n  J A , W ie a n d  H S , 

e t  a l.  I m p r o v in g  a d ju v a n t  th e r a p y  f o r  r e c ta l  c a n c e r  

b y  c o m b in in g  p ro t r a c te d - in f u s io n  f lu o r o u ra c i l  w i th  

r a d i a t i o n  th e r a p y  a f te r  c u r a t iv e  s u rg e ry . N  E n g l  J

M e d  1 9 9 4 ;3 3 1 : 5 0 2 - 5 0 7 .

1 6 5 . T e p p e r  J E ,  O ’C o n n e l l  M J , P e t r o n i  G R ,  e t  al. 

A d j u v a n t  p o s t o p e r a t i v e  f l u o r o u r a c i l - m o d u l a t e d  

c h e m o t h e r a p y  c o m b i n e d  w i t h  p e l v i c  r a d i a t i o n  

t h e r a p y  f o r  r e c ta l  c a n c e r :  i n i t i a l  r e s u l t s  o f  i n t e r 

g r o u p  0 1 1 4 .  J  C l i n  O n c o l  1 9 9 7 ;1 5 :2 0 3 0 - 2 0 3 9 .

1 6 6 . S m a lle y  S, B e n e d e t t i  J , W i l l i a m s o n  S, e t  al. 

I n t e r g r o u p  0 1 4 4 — p h a s e  I I I  t r i a l  o f  5 - F U  b a s e d  

c h e m o th e r a p y  r e g im e n s  p lu s  r a d io th e r a p y  (X ) in  

p o s to p e r a t iv e  a d ju v a n t  r e c ta l  c a n c e r .  P r o c  A m  S o c  

C l in  O n c o l  2 0 0 3 ;2 2 :2 5 1 .

1 6 7 . F i s h e r  B , W o l m a r k  N ,  R o c k e t t e  H ,  e t  al. 

P o s to p e r a t iv e  a d ju v a n t  c h e m o th e r a p y  o r  r a d ia t io n  

th e r a p y  fo r  re c ta l  c a n c e r :  re su lts  f r o m  N S A B P  p r o 

t o c o l  R - 0 1 .  J  N a t l  C a n c e r  I n s t  1 9 8 8 ;8 0 :2 1 - 2 9 .

1 6 8 . W o lm a r k  N ,  W ie a n d  H S , H y a m s  D M ,  e t  al. 

R a n d o m i z e d  t r i a l  o f  p o s t o p e r a t i v e  a d j u v a n t  

c h e m o t h e r a p y  w i t h  o r  w i t h o u t  r a d io th e r a p y  fo r  

c a rc in o m a  o f  th e  re c tu m : N a tio n a l  S u rg ica l A d ju v a n t  

B r e a s t  a n d  B o w e l  P r o j e c t  P r o t o c o l  R - 0 2 .  J  N a t l  

C a n c e r  I n s t  2 0 0 0 ;9 2 : 3 8 8 - 3 9 6 .

169 . S a u e r  R ,  B e c k e r  H ,  H o h e n b e r g e r  W  e ta l .  P r e 

o p e r a t iv e  v e rs u s  p o s to p e r a t iv e  c h e m o r a d io th e r a p y  

fo r  re c ta l c an cer. N  E n g l J  M e d  2 0 0 4 ;3 5 1 :1 7 3 1 -1 7 4 0 .

E rra tu m

In  th e  M a rc h /A p r il  2007  issue, in  th e  article  “A m erican  C a n c e r Society  G uide lines fo r Breast 

S c ree n in g  w ith  M R I  as an  A d ju n c t to  M a m m o g ra p h y ” ( C A  C ancer  J  C l in  2 0 0 7 ;5 7 :7 5 -8 9 ), an  

e rro r  ap p eared  in  th e  te x t o n  page  86 . T h e  sen ten ce  th a t read , “ H o w ev er, in  v ie w  o f  data  sug 

gesting th a t tu m o r  d o u b lin g  tim e  in  w o m e n  w ith  an  in h e r ite d  risk decreases w ith  age,78 it is c o n 

ce ivable th a t  o ld e r  w o m e n  can  safely b e  sc reen ed  less fre q u e n tly  th a n  y o u n g e r  w o m e n ” was 

in c o rre c t. It sh o u ld  read , “ H o w ev er, in  v ie w  o f  data  suggesting  th a t tu m o r  d o u b lin g  tim e  in  

w o m e n  w ith  an  in h e r ite d  risk  increases w ith  age,78 it is conceivab le  th a t o ld e r w o m e n  can safely 

b e  sc reen ed  less f re q u e n tly  th a n  y o u n g e r  w o m e n .” T h e  a u th o rs  reg re t th e  e rro r  an d  apo log ize  

fo r  any  co n fu s io n  it m ay  have caused .
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