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 Purpose: To determine whether the mammographic density of non-
calcifi ed solid breast masses is associated with malignancy 
and to measure the agreement between prospective and 
retrospective assessment.

 Materials and 
Methods: 

The institutional review board approved this study and 
waived informed consent. Three hundred forty-eight con-
secutive breast masses in 328 women who underwent image-
guided or surgical biopsy between October 2005 and 
December 2007 were included. All 348 biopsy-proved masses 
were randomized and assigned to a radiologist who was 
blinded to biopsy results for retrospective assessment 
by using the Breast Imaging Reporting and Data System 
(retrospectively assessed data set). Clinical radiologists 
prospectively assessed the density of 180 of these masses 
(prospectively assessed data set). Pathologic result at bi-
opsy was the reference standard. Benign masses were 
followed for at least 1 year by linking each patient to a 
cancer registry. Univariate analyses were performed on 
the retrospectively assessed data set. The association of 
mass density and malignancy was examined by creating 
a logistic model for the prospectively assessed data set. 
Agreement between prospective and retrospective assess-
ments was calculated by using the  k  statistic.

 Results: In the retrospectively assessed data set, 70.2% of high-
density masses were malignant, and 22.3% of the isodense 
or low-density masses were malignant ( P   ,  .0001). In the 
prospective logistic model, high density (odds ratio, 6.6), 
irregular shape (odds ratio, 9.9), spiculated margin (odds 
ratio, 20.3), and age ( b  = 0.09,  P   ,  .0001) were signifi -
cantly associated with the probability of malignancy. The 
 k  value for prospective-retrospective agreement of mass 
density was 0.53.

 Conclusion: High mass density is signifi cantly associated with malig-
nancy in both retrospectively and prospectively assessed 
data sets, with moderate prospective-retrospective agree-
ment. Radiologists should consider mass density as a valu-
able descriptor that can stratify risk.

 q  RSNA, 2010
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There were 704 image-guided percuta-
neous core or surgical biopsies of pal-
pable or nonpalpable suspicious breast 
abnormalities that met this criterion. 

 Exclusion criteria were  (a)  biopsies 
performed for calcifi cations or a calci-
fi ed mass ( n  = 309),  (b)  no diagnostic 
mammogram available at our institu-
tion ( n  = 42), and  (c)  male patient sex 
( n  = 5). This left 348 eligible biopsies 
to be included in our study. Each biopsy 
was targeted to a single mass, which 
was defi ned as a space-occupying lesion 
seen in two different projections with 
convex-out borders that was denser in 
the center than at the periphery. There 
were no fat-containing masses referred 
for biopsy. Each mass was determined 
at US to be solid. Four MR imaging–
guided biopsies were performed to sam-
ple the most suspicious enhancing area 
of a mass already identifi ed on mam-
mography ( Table 1  ). 

 Reference Standard 
 A board-certifi ed pathologist  evaluated 
all masses at the time of biopsy to de-
termine the pathologic diagnosis, which 
was the reference standard for our 
study. For all cases, surgical  pathology 
results were used when available. Patho-
logic diagnoses were grouped into be-
nign and malignant categories on the 

examined mass density retrospectively 
evaluated small series of solid masses 
and concluded that mass density was 
diffi cult to consistently evaluate and con-
tributed less to predicting malignancy 
than previously thought ( 23,24 ). Since 
that time, however, technical advances, 
including the use of digital detectors, 
have improved the diagnostic capabil-
ity of mammography. The conclusions 
of those studies may no longer be valid. 
In addition, one of the most infl uential 
articles in establishing the predictive 
value of BI-RADS descriptors did not 
assess mass density but cited it as im-
portant future work ( 8 ). Research has 
indicated that high mass density may 
indeed improve the prediction of malig-
nancy ( 25 ). 

 The purposes of our study were to 
determine whether the mammographic 
density of noncalcifi ed solid breast masses 
is associated with malignancy and to 
measure the agreement between pro-
spective and retrospective assessment. 

 Materials and Methods 

 The Institutional Review Board of the 
University of Wisconsin School of Med-
icine and Public Health approved the 
study protocol and waived informed 
consent. The study fully complied with 
the Health Insurance Portability and 
Accountability Act. This study analyzes 
a consecutive series of noncalcifi ed breast 
masses that were assessed retrospec-
tively and prospectively. 

 Subjects 
 The inclusion criterion for our study was 
any breast abnormality for which a per-
cutaneous core biopsy (with ultrasono-
graphic [US], stereotactic, or magnetic 
resonance [MR] imaging guidance) or a 
surgical biopsy was performed between 
October 2005 and December 2007. 

             Despite the relatively long history of 
mammography and recent techni-
cal advances, the positive predic-

tive value (PPV) of biopsy for cancer 
ranges between 15% and 35% and is de-
pendent on both the prevalence of can-
cer in the population and the age of the 
patient ( 1 ). Benign biopsies account for a 
large part of the cost of a breast screen-
ing program and may lead to substantial 
patient anxiety ( 2 ). One way researchers 
have sought to improve the performance 
of mammography and increase the accu-
racy of the decision to biopsy is through 
better estimation of breast cancer risk 
on the basis of mammographic fi ndings 
( 3,4 ). 

 The Breast Imaging Reporting and 
Data System (BI-RADS) ( 5 ) was de-
veloped in part to improve the predic-
tive capability of mammography, and 
research has shown that both the fi nal 
assessment categories ( 6–12 ) and the 
individual descriptive terms ( 8,13–20 ) 
can be used to accurately and reliably 
estimate the risk for malignancy. For 
example, the PPVs for carcinoma of 
masses with spiculated margins and 
those with irregular shape are 81% and 
73%, respectively ( 8 ). Similarly, the 
risk of malignancy for circumscribed 
lesions categorized as probably benign 
(ie, BI-RADS 3) is less than 2% ( 18 ). 

 The predictive usefulness of the 
mammographic attenuation of a mass 
(called the  mass density  in the BI-RADS 
lexicon) remains controversial. Some in-
vestigators propose that high-density le-
sions are more likely to be malignant on 
account of the greater density of cellular 
components and reactive fi brosis sur-
rounding a malignant tumor ( 1,21,22 ). 
However, this proposed association has 
not been proved in the literature and 
is based solely on expert opinion. To 
our knowledge, the only studies that 

 Implication for Patient Care 

 Identifying additional associates  n

of malignancy, such as breast 
mass density, may help to stratify 
the risk of malignancy and aid 
the radiologist in making that 
decision to obtain a biopsy. 

 Advance in Knowledge 

 High breast mass density is sig- n

nifi cantly associated with malig-
nancy, even after controlling for 
other well-known predictors of 
malignancy, such as mass 
margin, mass shape, age, and 
breast composition. 
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the time frame from which we collected 
prospective clinical data. All eight ra-
diologists practice within the same 
group, and all meet the standards of 
the Mammography Quality Standards 
Act as qualifi ed interpreting physicians. 
Three have fellowship training in breast 
imaging (G.S.S., L.R.S., E.S.B.). All 
mammographic images were evaluated 
on high-resolution picture archiving and 
communication system workstations. 
Diagnostic mammograms with compari-
son studies, if available, were used for 
evaluation of all masses. 

 Retrospective Evaluation 
 All 348 consecutive biopsy-proved non-
calcifi ed masses were randomized and 
assigned to one of the three fellowship-
trained interpreting radiologists (G.S.S., 
L.R.S., E.S.B.) for retrospective assess-
ment of the mass density. These 348 
masses made up our retrospectively as-
sessed data set. Each radiologist inter-
preted approximately 116 examinations 
and was blinded to biopsy results. Since 
some diagnostic mammography images 

equipment on the basis of room avail-
ability. All analog films in this study 
were digitized by using DiagnosticPRO 
Advantage (VIDAR Systems, Herndon, 
Va) with software optimized to scan 
images in Digital Imaging and Commu-
nications in Medicine mammography 
format with a 44- m m spot size selec-
tion, 12-bit imaging output, and an op-
tical density of 0.05–4.0. An automatic 
digitizer calibration, a closed-loop qual-
ity assurance system, automatically 
prompted calibration before every fi lm 
was digitized and eliminated the need for 
user intervention. This feature results 
in virtually no variation in image quality, 
ensures excellent gray-scale reproduc-
tion in every image, and exceeds the 
American College of Radiology Telera-
diology Practice Guidelines. Of the 334 
diagnostic mammograms obtained, 116 
(34.7%) were digitized analog exami-
nations, and 218 (65.3%) were digital 
examinations. 

 Eight radiologists (with 7–30 years 
experience) interpreted the mammo-
grams as part of clinical practice during 

basis of the specifi c pathologic fi ndings. 
We considered invasive cancer (ductal 
and lobular) and ductal carcinoma in 
situ to be malignant. High-risk benign 
lesions, such as atypia or radial scars, 
were considered to be benign. Rigorous 
radiologic-pathologic correlation was 
performed weekly, and excision of aty-
pia or radial scars used surgical biopsy 
as the basis for determining the patho-
logic diagnosis. In addition, any mass 
with a biopsy that was deemed discor-
dant, atypical, or insuffi cient was rec-
ommended for excision as described 
by the American College of Radiology 
guidelines. For benign results, each sub-
ject was matched to a hospital-based 
cancer registry and followed for at least 
12 months (mean, 24.7 months; range, 
12–38 months) to establish benignity. 
A 12-month time frame was used for 
follow-up since this has been established 
as an adequate amount of time to mini-
mize false-negative results in a mam-
mography audit ( 5 ). 

 Imaging and Evaluation 
 For the purposes of our study, diag-
nostic mammography was defi ned as 
mammography using views tailored to 
the fi nding, including spot compression 
views and a true lateral projection, in 
concert with or following routine screen-
ing craniocaudal and mediolateral oblique 
views. At our institution, the recommended 
work-up of masses includes diagnostic 
mammography views before US evalua-
tion in patients over the age of 30 years 
and US prior to diagnostic mammogra-
phy in patients 30 years and younger. 

 All mammographic studies were 
performed with dedicated mammog-
raphy equipment at a large academic 
dedicated breast imaging center (Uni-
versity of Wisconsin Breast Center, 
Madison, Wis). Analog mammographic 
examinations were performed by us-
ing Senographe DMR (GE Healthcare, 
Milwaukee, Wis) or M-IV (Lorad Breast 
Imaging, Danbury, Conn) units along 
with a screen-fi lm technique (Min-R 
2000; Kodak Health Imaging, Roches-
ter, NY). Digital mammographic ex-
aminations were performed by using 
a Senographe 2000D unit (GE Health-
care). A technologist chose the type of 

 Table 1 

 Patient, Biopsy, and Imaging Characteristics in the Retrospectively and Prospectively 
Assessed Data Sets 

Characteristic
Prospective Data Set 
( n  = 180)

Retrospective Data Set 
( n  = 348)

Subject characteristics
 Age (y) * 54.6  6  13.8 (33–95) 55.0  6  13.5 (31–95)
 Overall breast composition
  Almost entirely fat 32 (17.8) 50 (14.4)
  Scattered fi broglandular densities 62 (34.4) 139 (39.9)
  Heterogeneously dense 73 (40.6) 135 (38.8)
  Extremely dense 13 (7.2) 24 (6.9)
Biopsy type
 Percutaneous 
  US-guided 138 (76.7) 273 (78.4)
  Stereotactically guided 12 (6.7) 24 (6.9)
  MR imaging–guided 1 (0.6) 4 (1.1)
 Surgical 
  US localization 18 (10.0) 32 (9.2)
  Mammographic localization 9 (5.0) 12 (3.4)
  Excision 2 (1.1) 3 (0.9)
Imaging acquisition
 Digital 109 (60.6) 227 (65.2)
 Analog 71 (39.4) 121 (34.8)

Note.—Unless otherwise specifi ed, data are numbers of masses, with percentages in parentheses.

* Data are means  6  standard deviations, with ranges in parentheses.
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Vienna, Austria; available at  http:
//www.R-project.org/ ) and the lme4 li-
brary (available at  http://lme4.r-forge.r-
project.org/ ). We combined low density 
and isodense masses for all analyses be-
cause fewer than 10% of masses (32 of 
348) were characterized as low density 
at retrospective assessment. Among the 
masses in which more than one descrip-
tor was used to describe the margin 
( n  = 11), the most worrisome descriptor 
(in order of severity: spiculated, indis-
tinct, obscured, microlobulated, circum-
scribed) was used in our analysis because 
radiologists use the most worrisome to 
make  clinical management decisions ( 8 ). 
Only a single descriptor was used to de-
scribe mass shape and mass density for 
all masses. A  P  value of less than or 
equal to .05 was considered to indicate a 
signifi cant difference for all analyses. 

 Descriptive statistics were calculated 
for subject age, overall breast compo-
sition, biopsy type, image acquisition 
technique, mass palpability, and patho-
logic outcome. A  x  2  test for clustered 
data was performed on the above vari-
ables to evaluate any signifi cant differ-
ences between the retrospectively and 
prospectively assessed data sets. The 
frequency for which mass descriptors 
were reported prospectively among the 
348 masses was calculated. 

No formal training of the BI-RADS mass 
descriptors was provided to the inter-
preting radiologists. Thus, the criteria 
used by each interpreting radiologist were 
subjective and based on prior training 
and experience. Mass descriptors were 
directly entered into a structured re-
porting system (PenRad, Minnetonka, 
Minn) by the interpreting radiologist, 
and a fi nal BI-RADS assessment category 
was assigned to all masses at the time 
of clinical interpretation. There were, 
therefore, 180 masses in which mass 
density was assessed both prospectively 
and retrospectively. 

 Statistical Analysis 
 We collected patient age and overall 
breast composition from the original 
radiology report, and all mass descrip-
tors, biopsy type, and image acquisition 
technique were obtained by querying the 
structured reporting system. All statis-
tical analyses were performed by using 
R statistical software (version 2.9.2, R 
Foundation for Statistical Computing, 

showed more than one fi nding, the ra-
diologist was given the mammographic 
mass location, including breast laterality, 
clock face position, and depth. The ra-
diologist evaluated the mass density as 
compared with the density of an equal 
portion of fi broglandular tissue and re-
corded one of the following BI-RADS 
descriptors: low density, isodensity, or 
high density ( Figs 1–3  ). The radiologist 
retrospectively measured and recorded 
the greatest transverse width of the mass 
in millimeters if imaging size had not 
been recorded during prospective assess-
ment so that imaging mass size data were 
available for all masses. 

 Prospective Evaluation 
 Of the 348 consecutive biopsy-proved 
masses in our data set, 180 (51.7%) had 
been prospectively assessed for mass 
density at the time of initial interpreta-
tion. These 180 masses made up our 
prospectively assessed data set. For these 
masses, one of the eight interpreting 
clinical radiologists prospectively assessed 
each mass by using the fourth edition 
of the BI-RADS lexicon ( 5 ) for mass 
descriptors and mass size at their discre-
tion as part of routine clinical practice. 

 Figure 1 

  
  Figure 1:  Mammographic image of a low-density 
mass (arrow).   

 Figure 2 

  
  Figure 2:  Mammographic image of an isodense 
mass (arrow).   

 Figure 3 

  
  Figure 3:  Mammographic image of a high-density 
mass (arrow).   
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result and biopsy outcome (benign or 
malignant) as the reference standard in 
the retrospectively assessed data set. 
We measured prospective-retrospective 
agreement by comparing prospectively 
and retrospectively assessed mass den-
sity by using the  k  statistic and the cat-
egories established by Landis and Koch 
( 26 ) for the 180 masses with both pro-
spective and retrospective mass density 
assessment. 

 Results 

 Population Characteristics 
 There were 348 total biopsied masses 
in our study. These masses were visual-
ized on 334 diagnostic mammograms in 
328 patients. There were 309 patients 
with solitary masses, 18 patients with 
two masses, and one patient with three 
masses. 

 Descriptive statistics for subject 
age, overall breast composition, biopsy 
type, and image acquisition technique 
for the prospectively ( n  = 180) and 
retrospectively ( n  = 348) assessed data 
sets are summarized in  Table 1 . There 
were no signifi cant differences between 
the prospective and retrospective data 
sets. Among the 348 total masses, di-
agnostic mammography was performed 
for a palpable abnormality for 88 (25.3%) 
masses. 

 Among the 348 masses in the retro-
spectively assessed data set, there were 
230 (66.1%) benign masses and 118 
(33.9%) malignant masses. Among the 
90 invasive ductal carcinomas, 77 were 
of the subtype not otherwise specifi ed. 
The subtypes for the remaining 13 in-
vasive ductal carcinomas were as fol-
lows: fi ve tubular, four mucinous, three 
intracystic papillary, and one medullary 
(Table E1 [online]). 

 In the 348 masses studied, mass 
density was prospectively described in 
52% ( Table 2  ). Mass shape was as-
sessed in 88%; and mass margin, in 81%. 

 Retrospectively Assessed Data Set 
 Among the 348 retrospectively assessed 
masses, there were zero that contained 
fat, 264 (75.9%) that were isodense or 
low density, and 84 (24.1%) that were 

or malignant outcome as the dependent 
variable. We used a backward stepwise 
variable selection method and chose the 
best-fi tting model on the basis of the low-
est Akaike Information Criterion. This 
type of model was used to address clini-
cally important predictors and remove 
those from the model that did not im-
prove prediction accuracy. Overall breast 
composition was forced into the model 
regardless of its Akaike Information Cri-
terion when assessing the association 
between mass density and malignancy 
to account for the association between 
overall breast composition, mass density, 
and malignancy. 

 For the model, we transformed 
the mass size variable to the log scale 
to obtain constant variance and col-
lapsed multilevel categorical variables 
(ie, overall breast composition, mass 
shape, and mass margin) into dichot-
omous variables to address issues of 
multicollinearity. Overall breast compo-
sition was collapsed to low fi broglandu-
lar density (ie, almost entirely fat and 
scattered fi broglandular densities) and 
high fi broglandular density (ie, hetero-
geneously dense and extremely dense). 
For shape, masses designated as irregu-
lar were compared with those with all 
other shape descriptors. For margins, 
masses described as spiculated were 
compared with those with all other 
margin descriptors. 

 The logistic model was constructed 
from the prospectively assessed data 
set only and estimated the relative con-
tribution of breast mass density to the 
probability of malignancy while con-
trolling for the independent variables 
of subject age, mass size, mass mar-
gin, mass shape, overall breast compo-
sition, image acquisition technique, and 
interpreting radiologist. We created 
this model to evaluate the relative con-
tribution of breast mass density in a 
consecutive prospectively assessed data 
set with all clinically important mass 
descriptors, as this data set most accu-
rately refl ects routine clinical practice. 

 Accuracy and prospective-retrospective 
agreement.—  We calculated the sensi-
tivity, specifi city, PPV, and negative 
predictive value of mass density with 
high density considered to be positive 

 Retrospectively assessed data set.—  
We evaluated the association between 
the predictor variables (ie, mass den-
sity, mass size, overall breast compo-
sition, image acquisition technique, and 
subject age) and the response variable 
(ie, malignancy) by using separate logis-
tic linear mixed-effects models in the 
retrospectively assessed data set. The 
logistic linear mixed-effects model al-
lowed us to account for multiple masses 
on a single mammogram and within the 
same patient. We calculated  P  values 
and odds ratios with 95% confi dence 
intervals for each variable. The logistic 
linear mixed-effects model used to de-
termine the  P  value and odds ratio for 
mass density included overall breast 
composition; therefore, the results shown 
are controlled for overall breast compo-
sition. A  x  2  test was used to evaluate 
the association between image acquisi-
tion technique and malignancy among 
high-density masses. 

 Prospectively assessed data set.—  
To evaluate the relative contribution 
of breast mass density to the probabil-
ity of malignancy, we created a logistic 
linear mixed-effects model with benign 

 Table 2 

 Frequency of Breast Mass 
Descriptors in the Prospective Data 
Set 

Descriptor No. of Masses 

Mass density
 Low density 7 (2.0)
 Isodense 92 (26.4)
 High density 81 (23.3)
 Not reported 168 (48.3)
Mass shape
 Oval 134 (38.5)
 Round 52 (14.9)
 Lobular 46 (13.2)
 Irregular 75 (21.6)
 Not reported 41 (11.8)
Mass margin
 Circumscribed 100 (28.7)
 Microlobulated 14 (4.0)
 Obscured 61 (17.5)
 Indistinct 74 (21.3)
 Spiculated 34 (9.8)
 Not reported 65 (18.7)

Note.—Data in parentheses are percentages.
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high density. Among the categorical 
variables ( Table 3  ), there were signifi -
cant differences in mass density ( P   ,  
.0001) and overall breast composition 
( P   ,  .0001) between benign and malig-
nant masses. There were no signifi cant 
differences in the proportion of malig-
nant cases between analog and digital 
acquisition techniques among the en-
tire data set of masses, or among the 
84 high-density masses alone ( P   .  .99). 
Subject age ( P   ,  .0001) and mass size 
( P  = .005) were also signifi cant predic-
tors of malignancy ( Table 4  ). 

 Prospectively Assessed Data Set 
 Among the 180 prospectively assessed 
masses, there were zero that contained 
fat, 99 (55.0%) that were isodense or 
low density, and 81 (45.0%) that were 
high density. In the logistic regression 
model ( Table 5  ), the independent de-
scriptors high mass density (odds ra-
tio, 6.6), irregular mass shape (odds 
ratio, 9.9), spiculated mass margin 
(odds ratio, 20.3), and patient age ( b  = 
0.09,  P   ,  .0001) signifi cantly predicted 
the probability of malignancy. Mass 
size and image acquisition technique 
did not significantly improve predic-
tion accuracy and were removed from 
the model. 

 Accuracy and Prospective-Retrospective 
Agreement 
 In the retrospectively assessed data 
set, the sensitivity of high breast mass 
density was 50.0% (59 of 118), and the 
specifi city was 89.1% (205 of 230). The 
PPV was 70.2% (59 of 84), and the neg-
ative predictive value was 77.7% (205 
of 264). The  k  value for agreement be-
tween prospectively and retrospectively 
assessed mass density was 0.53 (95% 
confi dence interval: 0.4, 0.65), refl ect-
ing moderate agreement, as defi ned by 
Landis and Koch ( 26 ). 

 Discussion 

 Our results show that high mass density 
is signifi cantly associated with malignancy 
among masses assessed retrospec-
tively and prospectively. By assessing 
masses retrospectively and prospec-
tively, we can confi dently conclude that 

 Table 3 

 Univariate Analysis of Categorical Variables in the Retrospective Data Set 

No. of Masses

Descriptor Total Benign Malignant  P  Value Odds Ratio *  

Mass density  †  
 High density 84 25 (29.8) 59 (70.2)  , .0001 7.0 (3.4, 14.3)
 Isodense or low density 264 205 (77.7) 59 (22.3) … 1.0  ‡   
Overall breast composition
 Low fi broglandular density  §  189 105 (55.6) 84 (44.4)  , .0001 3.38 (2.0, 5.7)
 High fi broglandular density  ||  159 125 (78.6) 34 (21.4) … 1.0  ‡   
Image acquisition
 Digital 227 158 (69.6) 69 (30.4) .0665 1.6 (0.9, 2.6)
 Analog 121 72 (59.5) 49 (40.5) … 1.0  ‡   

Note.—Unless otherwise specifi ed, data are numbers of masses, with percentages in parentheses.

* Data in parentheses are 95% confi dence intervals.

 †  The logistic linear effects model used to determine the  P  value and odds ratio for mass density included overall breast 
composition; therefore, the results shown are controlled for overall breast composition.

 ‡  Reference level in the odds ratio calculation.

 §  Almost entirely fat or scattered fi broglandular densities.

 ||  Heterogeneously dense or extremely dense.

 Table 4 

 Univariate Analysis of Continuous Variables in the Retrospective Data Set 

Descriptor Total Benign Mean Malignant Mean  P  Value

Mean age (y) 348 50.8  6  11.2 (31–83) 63.4  6  13.8 (35–95)  , .0001
Mean size (mm) 348 12.9  6  8.5 (1–72) 15.1  6  8.6 (4–45) .005

Note.—Unless otherwise specifi ed, data are means  6  standard deviations, with ranges in parentheses.

 Table 5 

 Logistic Regression Analysis of Prospectively Assessed Mass Descriptors 

Descriptor  b  Coeffi cient Standard Error  P  Value Estimated Odds Ratio *  

Mass density
 High density 1.88 0.5 .0002 6.6 (2.4, 17.7)
 Isodense or low density … … … 1.0  †  
Mass shape
 Irregular 2.3 0.6  , .0001 9.9 (3.4, 29.2)
 All others … … … 1.0  †  
Mass margin
 Spiculated 3.0 1.22 .01 20.3 (1.9, 220.5)
 All others … … … 1.0  †  
Overall breast composition
 Low fi broglandular density  2 0.02  2 0.35 .97 0.98 (0.3, 2.9)
 High fi broglandular density … … … 1.0  †  
Age 0.09 0.02  , .0001 NC

Note.—NC = odds ratios could not be calculated for continuous variables.

* Data in parentheses are 95% confi dence intervals.

 †  Reference level in the odds ratio calculation.
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suffi cient accuracy to avert a biopsy, when 
used in combination with mass margin 
and shape, risk stratifi cation may be ac-
curate enough to improve the PPV of bi-
opsy. A possible line of future research 
includes determining the imaging char-
acteristics of a mass that make it safe 
to forego biopsy. 

 Despite these important clinical im-
plications, we found that the consistent 
measurement of mass density is chal-
lenging and that prospective-retrospective 
agreement in mass density measure-
ment is moderate, which is similar to 
previous research ( 3,7,24,27 ). There 
are several possible reasons for the in-
consistency of evaluation. First, optical 
density cannot be directly measured 
with conventional two-view imaging ow-
ing to superimposed structures. Digital 
breast tomosynthesis or breast com-
puted tomography would allow direct 
measurement of the attenuation, but 
these are not in routine clinical use at 
this time. Second, mass density evalua-
tion can be diffi cult when the breast is 
predominantly fatty and there is little fi -
broglandular tissue to compare with or 
the only available surrounding fi broglan-
dular tissue can only be seen through 
the mass. Third, large masses force the 
radiologist to make a comparison on 
the basis of unequal volumes of breast 
tissue and mass. Finally, the majority 
of masses are isodense, meaning that 
low- and high-density masses are seen 
relatively infrequently. 

 The prospective-retrospective agree-
ment in our study was similar to that 
for mass shape and margin reported 
previously in the literature ( 7 ), sug-
gesting that the challenges in consis-
tently evaluating mass density do not 
eliminate the value of mass density as 
an indicator of malignancy. In the fu-
ture, image processing of digital stud-
ies to more accurately quantify density 
could improve radiologists’ evaluation 
of mass density. The evaluation of 
mass density may also be improved 
with more consistent use of the mass 
density descriptor. Among our data 
set of 348 masses, mass density was 
prospectively used just over 50% of 
the time, whereas mass margin and 
shape descriptors were prospectively 

data set. This may refl ect an inclination 
toward using this descriptor more fre-
quently in the midst of the pressures 
of clinical practice; however, further 
data would be helpful to validate this 
hypothesis. 

 In the past, the two studies ( 23,24 ) 
that analyzed mass density as a pre-
dictor of malignancy concluded that, 
although the majority of high-density 
masses are malignant, the presence of 
low-density cancers and other indica-
tors of malignancy make mass density 
a less reliable descriptor. Our study is 
different from these previous studies in 
several important ways. First, our study 
of retrospectively and prospectively 
assessed masses provides a complete 
analysis of consecutive biopsy-proved 
cases, represents clinical practice, and 
allows for prospective-retrospective 
agreement analysis. Second, we used a 
logistic regression model to analyze our 
results, which considered a large range 
of potentially confounding factors of 
the relationship between mass density 
and malignancy. Our logistic regression 
model showed the relative importance 
of mass density as an associate of ma-
lignancy even when we controled for 
other variables, such as margin, shape, 
overall breast composition, and subject 
age. The magnitude of the estimated 
odds ratio for each parameter suggests 
that mass margin and mass shape are 
the most important indicators, fol-
lowed by mass density. Finally, over 
the 20 years that have elapsed since 
these previous studies, many technical 
developments have improved mammo-
graphic image quality. Although our 
study did not fi nd any signifi cant effect 
of digital versus analog mammography, 
overall improvements in image quality 
may have increased the accuracy of 
mass density as an indicator of malig-
nancy in general. 

 The ability of mass density to be 
used to help stratify the risk of malig-
nancy has important clinical implica-
tions. Identifying additional important 
descriptors could help radiologists im-
prove the PPV of biopsy. In our study, 
the PPV of high mass density was just 
over 70%. Although a PPV in this range 
does not suggest that mass density has 

mass density is a signifi cant predictor of 
malignancy. 

 In our data set of retrospectively as-
sessed masses, we have shown the pre-
dictive capability of this descriptor in a 
series of consecutive biopsy-proved cases, 
unbiased by those masses in which mass 
density was not prospectively reported. 
We found that mass density, mass size, 
overall breast composition, and patient 
age were all independent signifi cant pre-
dictors of malignancy. We did encounter 
some surprising results in this analysis: 
Subjects with low-fi broglandular-density 
breasts had a greater likelihood of ma-
lignancy as compared with subjects with 
high-fi broglandular-density breasts. This 
result, which is in contrast to evidence 
in the literature, is probably owing to 
greater sensitivity in detecting malig-
nant masses in breasts that have less 
fi broglandular density. This result may 
also be explained by the increased age 
of subjects with malignant masses in our 
study, who likely had breast that were 
less dense than those in patients with 
benign masses. 

 Such an analysis of retrospectively 
assessed masses, however, does not ac-
curately refl ect the assessment of mass 
density in the context of the pressures 
of clinical practice. Our prospectively 
assessed data set is complimentary to 
the retrospective data set since it re-
fl ects actual routine clinical practice. 
Among our data set of prospectively as-
sessed masses, our logistic regression 
model showed that high mass density is 
signifi cantly associated with malignancy, 
even after controlling for potential con-
founders, including mass shape, mass 
margin, overall breast composition, and 
subject age. 

 In addition, we observed that while 
high breast mass density was only mod-
erately sensitive for detection of cancer 
by itself, the specifi city of this measure 
was reasonably high. We determined 
that agreement was moderate between 
retrospective and prospective assess-
ment of breast mass density. Interest-
ingly, we also found that high mass 
density was more often observed in the 
prospectively assessed data set (45.0% 
vs 24.1%,  x  2  = 23.1,  P   ,  .0001) as com-
pared with the retrospectively assessed 
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 2004 ; 14 ( 10 ): 1743 – 1750 .  
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 ME ,  Floyd   CE   Jr .  Breast cancer: predic-
tion with artifi cial neural network based on 
BI-RADS standardized lexicon .  Radiology  
 1995 ; 196 ( 3 ): 817 – 822 .  
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substantial in our analysis, small differ-
ences may have infl uenced the results. 

 In conclusion, our study shows that, 
in contrast to previous research, breast 
mass density is signifi cantly associated 
with malignancy, even after controlling 
for other predictive variables. Future 
research should focus on ways to im-
prove the objective measurement of mass 
density. We believe that, when evaluat-
ing breast masses for biopsy, radiolo-
gists should consider the density of a 
mass as a valuable descriptor that can 
help stratify risk. 
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