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PROPOSED PROTOCOL FOR APPLICATION OF THE EM1 TOTAL BODY 

SCANNER FOR EVALUATION OF BREAST DISEASES 

Harry  K. Genant, M.D. ,  Edward A S i c k l e s ,  FI.0. , 

Cornel ius A. Tobias, Ph.D., Eugene V .  Benton, Ph.D., 

and Kay H. Woodruff, 14.0. 

INTRODUCTION 

Ob jec t i ve :  The p r imary  o b j e c t i v e  o f  t h i s  s tudy i s  t o  determine the  
e f f i c a c y  o f  t h e  EM1 t o t a l  body scanner i n  t h e  d e t e c t i o n  and charac- 
t e r i z a t i o n  o f  benign and ma l ignan t  diseases o f  t h e  b reas t .  

We p l a n  t o  compare the  s e n s i t i v i t y  and s p e c i f i c i t y  o f  t h e  EM1 t o t a l  
body scanner w i t h  two o t h e r  new imaging m o d a l i t i e s :  (a )  d i r e c t  
r a d i o g r a p h i c  m a g n i f i c a t i o n  u s i n g  a micro- focus tube and t h e  s i n g l e  
screen, s i n g l e  emulsion Lo-Dose r e c o r d i n g  system, and ( b )  heavy 
p a r t i c l e  rad iography us ing  t h e  Bevalac f a c i l i t y  a t  t he  Lawrence 
Berkeley Laboratory  i n  Berke ley,  C a l i f o r n i a .  C l i n i c a l  eva lua t i ons  
w i l l  be performed on b r e a s t  specimens ob ta ined  immediately f o l l o w -  
i n g  mastectomy and on p a t i e n t s  se lec ted  on the  bas i s  o f  c l i n i c a l  
f i n d i n g s  and convent lonal  mammography. 

Bac kqround: , 

( A . )  Breas t  carcinoma i s  c u r r e n t l y  t h e  most common cause o f  cancer 
death i n  American women, producing over 32 thousand deaths pe r  year 
i n  t h e  U n i t e d  S t a t e s L  . P e r i o d i c  c l i n i c a l  examinations ( e i t h e r  
se l f -examina t ion  o r  examinat ion by a p h y s i c i a n )  , i f  performed e x p e r t l y  
and r e g u l a r l y ,  can be expected t o  d e t e c t  many b r e a s t  cancers, b u t  
o f t e n  such tumors do n o t  become pa lpab le  u n t i l  they have metastas ized 
t o  an e x t e n t  where cure i s  no l onger  p o s s i b l e  . 
mammographic examinations, i n c l u d i n g  f i l m  mammography and xeromammo- 
graphy have proved more u s e f u l  i n  the  e a r l y  d e t e c t i o n  o f  b r e a s t  
malignancy, e s p e c i a l l y  i n  women over  40-50 years o f  age’d’. 
imaging m o d a l i t i e s  a r e  n o t  i n f a l l i b l e ,  w i t h  a r e p o r t e d  f a l s e  nega t i ’ i e  
d e t e c t i o n  r a t e  o f  up t o  5 p e r c e n t t 5 ,  Furthermore, i n  younger women, 
g landu la r  b r e a s t  t i s s u e  i s  abundant and o f t e n  appears u n i f o r m l y  dense 
w i t h  convent ional  mammographic techniques 4 . These techniques prcv:de 
l i t t l e  c o n t r a s t  between normal dense mammary t i s s u e  and smal l  mass 
l e s i o n s ,  making d e t e c t i o n  o f  o c c u l t  b r e a s t  cancer a l l  t he  more 
d i  f f i c u l  t . Y  
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( B . )  Computerized tomography provides a unique approach t o  p o s s i b l e  
ear ly  d e t e c t i o n  of b r e a s t  carcinoma. 
leve ls  of c o n t r a s t  by v i r t u e  o f  i t s  a b i l i t y  t o  d e t e c t  very small 
d i f fe rences  i n  t i s s u e  a t tenuat ion  c o e f f i c i e n t s '  . This technique i s  
rapidly rep lac ing  pneumoencephalography i n  d iagnos is  of many neurologic  
 disorder^',^ , arid promises t o  he va luable  when appl ied  t o  o t h e r  a reas  
o f  t he  body' . Coiiiputerized tomography ( C T )  scanning i s  repor ted  t o  be 
capable o f  producing e x c e l l e n t  images of b r e a s t  tumors9 , b u t  a sys te -  
matic s tudy of t h e  usefu lness  of t h i s  system i n  s tudying b r e a s t  d i seases  
has n o t  been performed. I t  h a s  the  p o t e n t i a l ,  however, f o r  super ior  
imaging not  only of m i c r o c a l c i f i c a t i o n s  (an important  radiographic  s ign 
of malignancy , e s p e c i a l l y  i n  o c c u l t  b r e a s t  carcinoma ) , b u t  a1 so of mass 
l e s i o n s ,  e s p e c i a l l y  with t h e  use of c o n t r a s t  enhancement techniques.  The 
procedure i s  easy t o  perform, and causes minimal discomfort  and r a d i a t i o n  
to the p a t i e n t .  

(C.) Another approach t o  improving e a r l y  d e t e c t i o n  o f  b r e a s t  cancer  
involves the use o f  d i r e c t  rad iographic  magnif icat ion using a micro-focus 
tube. The e f f i c a c y  o f  t h i s  approach has a l ready  been demonstrated i n  
diagnosis of many s k e l e t a l  d i s e a s e  processes'"," , b u t  a p p l i c a t i o n  t o  
mammography.has y e t  t o  be accomplished. 
increased r e s o l u t i o n  provided by small foca l  s p o t  s i z e ,  the increased 
cont ras t  produced by a i r -gap  magni f ica t ion ,  and t h e  ten- fo ld  reduct ion 
of exposure permi t ted  by t h e  use of t h e  Lo-Dose s i n g l e  screen ,  s i n g l e  
emulsion record ing  system''  , imaging of smal le r  l e s i o n s  should be 
possible .  
m i c r o c a l c i f i c a t i o n s  b u t  a l s o  t o  d e l i n e a t e  small mass l e s i o n s  not  d e t e c t -  
able by convent ional  non-magnification techniques.  

( 0 . )  
uniform monoenergetic beam of heavy p a r t i c l e s  f o r  imaging the breast. 
The Bevalac f a c i  1 i t y  a t  the Lawence Berkeley Laboratory takes  heavy 
atoms such a s  carbon,  oxygen, and neon, s t r i p s  a l l  t h e  e l e c t r o n s  off  
these atoms, and then a c c e l e r a t e s  t h e  r e s u l t a n t  heavy charged p a r t i c l e s  
to  e n e r g i e s  of approximately 250 ;,lev per  nucleon".  
tkro of  t h e  i n v e s t i g a t o r s  (Drs. Tobias and Benton) 
an imaging system using these  heavy p a r t i c l e s ' Y .  I t  has been found t h a t  
very small d e n s i t y  d i f f e r e n c e s  i n  reg ions  l e s s  than 1 cm i n  diameter  can 
be d e t e c t e d  wi th  e a s e ,  p o t e n t i a l l y  allowing f o r  e a r l y  d e t e c t i o n  and 
l o c a l i z a t i o n  of b r e a s t  carcinoma i n  cases  where the d e n s i t y  d i f f e r e n c e  
between tumor and normal t i s s u e  i s  too small t o  be d e t e c t e d  by conven- 
t ional  methods ' 5  . 
fa1 lowing mastectomy have shoqwn. c o n t r a s t  d i f f e r e n c e s  between tumor and. 
normal b r e a s t  t i s s u e  much l a r g e r  than those seen with conventional mammo- 
graphy. ( I l l u s t r a t i o n s  t o  be s u p p l i e d . )  These images are s i m i l a r  i n  

I t  genera tes  images with high 

By taking advantage of t h e  

This technique promises not only t o  enhance imaging of 

A novel approach t o  d e t e c t i n g  small b r e a s t  masses i s  t h e  use of a 

Glorking i n  Berkeley, 
have r e c e n t l y  developed 
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c o n t r a s t  b u t  o f  h i g h e r  c l a r i t y  than those r e p o r t e d  f o r  p r o t o n  
mammographylb. 
number o f  Bevalac f a c i l i t i e s ,  i n a c c e s s i b i l i t y  o f  these f a c i l i t i e s  
t o  h o s p i t a l i z e d  o r  i n f i r m  p a t i e n t s ,  and expense. 

Disadvantages o f  t h i s  approach i n c l u d e  t h e  1 i m i  t ed  

I ,  Rat iona le :  The r a t i o n a l e  f o r  the proposed study o f  t he  €141 whole 
body scanner i s  t h a t  small  d i f f e r e n c e s  i n  a t t e n u a t i o n  c o e f f i c i e n t s  
w i t h i n  normal and abnormal b r e a s t  t i s s u e  may p e r m i t  imaging of 
s u b t l e  p a t h o l o g i c  changes n o t  de tec tab le  by o t h e r  a v a i l a b l e  
techniques. Th is  ho lds  the most promise i n  a l l o w i n g  e a r l i e r  de- 
t e c t i o n  o f  b r e a s t  carcinoma i n  younger women w i t h  dense breasts ,  
i n  whom conven t iona l  mamography i s  most u n r e l i a b l e .  A p p l i c a t i o n  
o f  c o n t r a s t  enhancement techniques, which have proved so va luab le  
i n  s tudy o f  i n t r a c r a n i a l  neoplasms 8 , may p r o v i d e  f o r  even f u r t h e r  
s e n s i t i v i t y  i n  e a r l y  d iagnos is  o f  cancer. 
i n t e n s i v e  s t u d i e s  o f  b r e a s t  specimens immediate ly  f o l l o w i n g  mastectomy, 
and examinat ion o f  p a t i e n t s  se lec ted  on t h e  b a s i s  o f  c l i n i c a l  f i n d i n g s  
and conven t iona l  mammography. 
c o n t r o l ,  comparisons between convent ional  and exper imenta l  imaging 
systems w i l l  be f a c i l i t a t e d .  

Our approach w i l l  i n c l u d e  

With each p a t i e n t  se rv ing  as he r  own 

j P E C I F I C  AIMS 

ie hope t o  determine. t h e  s e n s i t i v i t y  and s p e c i f i c i t y  o f  CT scanning i n  
i e t e c t i o n  and l o c a l i z a t i o n  o f  benign and ma l ignan t  diseases o f  the b reas t .  
Studies on b r e a s t  specimens obta ined f r e s h  f rom mastectomy w i l l  p r o v i d e  
Jaluable i n  v i t r o  da ta  on the  c a p a b i l i t i e s ,  l i m i t a t i o n s ,  and dos imetry  
If t h e  EM1 scanner, as w e l l  as i n d i c a t i n g  the  need f o r  any necessary 
lesign a l t e r a t i o n s  i n  equipment. 
i n  v i v o  s tudy o f  b r e a s t  abnorma l i t i es  i n  s e l e c t e d  p a t i e n t s .  

Th i s  i n f o r m a t i o n  w i l l  be a p p l i e d  t o  the  

IHETHODS OF P R O C E D U R E .  

1 .  -- I n  v i t r o  s t u d i e s  o f  b r e a s t  t i s s u e  ob ta ined  a t  surgery.  Breast  specimens 
ob ta ined  immediate ly  f o l l o w i n g  mastectomy w i l l  be s t u d i e d  (approx imate ly  
f o u r  p e r  month) by t h e  
( A )  CT scanning, under  the  d i r e c t i o n  o f  Drs. Genant and S i c k l e s ,  (E) 
d i r e c t  r a d i o g r a p h i c  m a g n i f i c a t i o n ,  under t h e  d i r e c t i o n  o f  D r .  S i c k l e s ,  
( C )  heavy p a r t i c l e  rad iography a t  the Lawrence Berkeley Laboratory ,  
under t h e  d i r e c t i o n  o f  D r s .  Tobias and Eenton. This will n o t  always 
be p o s s i b l e  s i n c e  o n l y  a l i m i t e d  asount o f  Bevalac t ime  can be assigned 
t o  heavy p a r t i c l e  rad iography s tud ies .  Each specimen w i l l  then be c u t  
i n t o  s e c t i o n s  approx imate ly  1 cm t h i c k ,  a long t h e  p lane  o f  s e c t i o n  used 

th ree  ne\g imaging m o d a l i t i e s  discussed above: 
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in the CT scan. Photographs will '.e taken to facilitate precise 
radiographispathologic correlation. ilirect radiographic magnification 
and heavy particle radiography of ;he sections will also be performed. 

Data analysis will proceed as fo1lc:ds: CT scans of breast specimens 
will be compared visually with the corresponding direct 
magnification radiographs and heavy-particle radiographs, as well as 
with routine prc-operative conventional mammograms. 
be focused on the ability to detect abnormal masses, microcalcifica- 
tions, and other radiographic signs of malignancy. 
will be performed blindly and indezendently by several of the 
investigators. 

Comparisons of the image properties of direct radiographic magnifi- 
cation mammography with those of ccnventional mammography will be 
performed. 
spectra, and scattered radiation will provide quantitative compari- 
sons of resolution, noise, and contrast. 
characteristics of the CT scanner ?re described elsewhere in this 
protocol (see proposal by Smith et 21.) 

All specimens wi l l  also be submitted for careful gross and histo- 
pathologic examination, under the direction of Or. Woodruff. Special 
attempts at corr.elating imaging stuiies with pathologic findings will 
indicate the incidence o f  detectior; of breast abnormalities, as well 
as those of false positive and fals? negative results. 
logic identification of all unknown images visualized by the newer 
imaging techniques will allow for ??termination of the specific 
capabilities and limitations of thcje methods. 

In vivo studies in selected voluntezr human patients. 
paid adult female subjects over 40 years of age \Jill be studied. 
was chosen to minimize radiation effect. Patients will be selected 
on the basis of ( a )  clinical findifizs indicating suspicion of breast 
malignancy or (b) abnormalities on conventional mammography which 
suggest the possibility of malignaecy. 
patients with a history of prior ucilateral mastectomy for cancer 
because o f  the known increased incitmce of  a second primary carcinoma 
contralaterally , because of minirization of radiation effect if 
there is known co-existent metastatic disease, and because of presumed 
increased patient motivation. Infcmed consent will be obtained. 
Approximately ten patients will be studied per month. 

Conventional mammograms will be obtdined on all patients. Each 
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p a t i e n t  w i l l  then undergo ( a )  CT scanning of both b r e a s t s ,  (b)  d i r e c t  
rad iographic  magni f ica t ion  mammogr?Ihy using a micro-focus tube and 
the Lo-Dose record ing  system (one craniocaudad and one l a t e r a l  expo- 
s u r e  of each b r e a s t ) ,  and ( c )  heavy p a r t i c l e  mammography a t  the 
La:vrence Berkeley Laboratory , i f  p c s s i b l e  (one craniocaudad a n d  one 
l a t e r a l  exposure of each b r e a s t ) .  Should i t  be known t h a t  a p a t i e n t  
w i l l  undergo b r e a s t  biopsy and/or  ,-astectomy, the ( p r e - o p e r a t i v e )  
CT scan w i l l  be performed tuice,on;? before  and once a f t e r  intravenous 
i n j e c t i o n  of sodium d i a t r i z o a t e .  
d i a t r i z o a t e  w i l l  be i n j e c t e d  as a "lus and t h e  CT scan w i l l  be 
obta ined  15 minutes l a t e r .  This a r b i t r a r y  technique w i l l  be modified 
i f  i n d i c a t e d  by the i n i t i a l  r e s u l t s  of t h e  s tudy o f  c o n t r a s t  enhance- 
ment by Korobkin e t  a i .  , descr ibed 2lsewhere i n  t h i s  program p r o j e c t  
g r a n t  proposal .  

: i i t i a l l y  a dose o f  100 ml of 50% 

The t o t a l  r a d i a t i o n  dose t o  the b r e x t  f o r  a l l  s t u d i e s  i s  es t imated 
t o  be approximately 6-8 r a d s ,  deper.ding on ind iv idua l  v a r i a t i o n s  in  
b r e a s t  s i z e .  
i n  t h e  form of l i t h i u m  f l u o r i d e  po1,der encapsulated i n  polyethylene 
cyl inders ' 'wi l1  be performed on th r  f i r s t  ten p a t i e n t s  i n  order  t o  
a c c u r a t e l y  determine absorbed r a d i r t i o n  dose. 

Dosimetry measuremen75 using thermoluminescent dosimeters  

SIGN I F  I C A K E  

This s tudy  may l ead  t o  widespread use c f  CT scanning i n  d e t e c t i o n  of 
breast carcinoma and o t h e r  mammary d isorders .  Should t h e  CT scanner  
prove capable  o f  d e t e c t i n g ,  l o c a l i z i n g ,  and c h a r a c t e r i z i n g  b r e a s t  carcinoma 
at a n  e a r l i e r  s t a g e  than p r e s e n t l y  poss ib le ,  a t  acceptab le  l e v e l s  of 
radiat ion dose, the c l i n i c a l  course and medical management of t h i s  d i s e a s e  
may be s i g n i f i c a n t l y  a l t e r e d .  Breas t  e r c i n o m a  w i l l  probably cont inue t o  
be a common malignancy i n  American W O E ~ ,  b u t  wi th  e a r l i e r  d e t e c t i o n  of 
cancers, p r i o r  t o  development o f  metas'zses, i t s  m o r t a l i t y  may be g r e a t l y  
reduced. 

COLLABORATIVE ARRANGEMEVTS 

Drs. f-laurice Galante ,  Nicholas Petraki  j ,  and Thomas H u n t ,  of t h e  Department 
of Surgery,  U .C .S .F . ,  w i l l  a i d  i n  selection of p a t i e n t s  w i t h  evidence of  
breast  carcinoma and i n  r e f e r r a l  of pa-.ients w i t h  suspected b r e a s t  carcinoma. 

Dr. Kunio Doi (Department o f  Eadiology, Univers i ty  of Chicago School of 
bledicine, Chicago, I l l i n o i s )  w i l l  help i n  the q u a n t i t a t i v e  eva lua t ion  ,of t h e  
image p r o p e r t i e s  of t h e  d i r e c t  rad iogr r -h ic  magni f ica t ion  technique.  
will h e l p  in  genera t ing  and i n t e r p r e t i r g  the Wiener spectrum d a t a ,  and in  
the Computer-assi s t e d  d e r i v a t i o n  of rrcC,J1 a t  ion t r a n s f e r  f u n c t i o n s .  

He 
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k. Leo S e i d l i t z ,  of the  Department o f  Radiology, U.C.S.F., w i l l  a i d  i n  
i n a l y z i n g  thermoluminescent dosimetry r e s u l t s .  


