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Abstract t 

Purpose:Purpose: To investigate if and how computerized analysis complements clinical reading of 
breastt lesions detected at magnetic resonance (MR) imaging. 
MaterialMaterial and methods: An existing computerized analysis system was updated by training on 
1000 breast lesions (in 78 patients, mean age 46.5 years) and validating on 136 other lesions 
(inn 113 patients, mean age 48.9 years; no difference in age between both groups, p = 0.15). 
Seventy-fivee lesions in the training were also rated by one of three radiologists in daily clini-
call  practice. These rates (5-point scale: benign, probably benign, indeterminate, suspicious, 
highlyy suggestive of malignancy) and the probability of malignancy calculated by computer-
izedd analysis were entered as covariates in logistic regression analysis to obtain a combined 
model.. The performance of the model was compared with that of clinical reading alone in 
orderr to provide guidelines when and how computerized analysis is able to complement clin-
icall  reading. For this purpose, a set of 72 clinically and mammographically occult lesions that 
weree not used to train the computer (in 60 patients, mean age 43.5 years; not significantly 
differentt from age in the training set, p = 0.09) was read in clinical setting, and assessed by 
thee combined model. 
Results:Results: The performance of reading in clinical setting (Az = 0.86) was similar to that of the 
computerizedd analysis (Az= 0.85; p = 0.99). A significant overall improvement was obtained 
byy the combined model (A = 0.91; p = 0.03). Improvement was mostly accomplished for 
lesionss rated indeterminate and suspicious by the radiologists. 
Conclusions:Conclusions: Computerized analysis complements clinical reading, making computer-aided 
diagnosiss feasible. The complementary information has the potential to increase the overall 
performancee for clinically and mammographically occult lesions. 

4.11 Introduction 

Thee main advantage of contrast-enhanced magnetic resonance (MR) imaging of the 
breastt is its high sensitivity - currently well above 90% - for invasive carcinomas 9' 
101.. A drawback is its lower specificity, varying from 37% to 90%9'101. Several meth-
odss have been investigated to improve the discrimination between benign and 

malignantt lesions. Lexicons were designed to standardize the rating and reporting of lesions 
inn MR images in order to reduce inter- and intraobserver variation 59-106. Pursuing similar 
goal,, pharmacokinetic models were developed 12913°. Further improvement of the objectivity 
off  reading has led to methods that automatically classify lesions into benign or malignant 
groupss on the basis of features rated by radiologists 38'105. Other investigators described com-
puterizedd methods not only to rate features, e.g., degree of margin irregularity, but also to 
classifyy lesions automatically into benign or malignant groups43'45, B1. These studies reported 
promisingg results with regard to specificity and variation between readers. Most studies were, 
however,, performed on lesions detected with clinical breast examination and / or mammog-
raphy,, and that were also seen at MR imaging. In the majority of cases the characterization of 
thesee lesions can be done by needle biopsy. 
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Lesionss detected at MR imaging and not by clinical examination or by mammography are 
moree difficult to assess, but occur more frequently with the increased use of breast MR 
imaging.. These lesions are typically referred to as incidental enhancing lesions. They may 
bee additional findings in symptomatic patients (e.g., in patients with symptomatic breast 
cancer,, or in patients with equivocal mammographic findings) 103,132-137 or may be lesions in 
asymptomaticc women who are at increased lifetime risk of breast cancer, and are evaluated 
byy MR imaging 104'1}8140. Additional findings at MR imaging are reported in up to 29% of all 
patients,, particularly in young, premenopausal women with dense breast parenchyma 9 103 

ui,, 142 j 0 0 D t am a diagnosis of these lesions, two different approaches are typically pursued. 
First,, ultrasonography combined with fine-needle aspiration (FNA) or core biopsy may be 
used,, taking the location of findings detected at MR imaging into account 137,143. When the 
lesionn is not visible at ultrasonography, MR image-guided core biopsy or needle localization 
mayy be employed, which requires a dedicated breast biopsy coil  135137'144146. A drawback of 
thesee invasive procedures is that the minority of the additional findings is malignant. This 
fractionn can be as low as 3% 10\ Moreover, lesions detected at MR screening of asymptomatic 
womenn are less often malignant than additional findings detected in patients with symptom-
aticc breast cancer 9'103 136. This is a point of concern in ongoing trials investigating the use of 
MRR imaging for screening of women at increased lifetime risk of breast cancer 104> 13814(t. In 
thiss group of women the cost of biopsies on benign lesions (stress to the patient, scarring, 
decreasedd cost-effectiveness) is high which may be a drawback to advocate MR imaging as a 
screeningg technique. 

Inn a previous study, we reported on the effectiveness of a fully computerized system for the 
characterizationn of breast lesions in MR images, without taking into account the radiologists 
readingss m. In x-ray mammography, a computer-calculation of the probability of malignancy 
off  mammographic lesions was offered to the radiologists to serve as a second opinion. The 
decisionn to accept the interpretation of the computerized analysis has always been at the dis-
cretionn of the radiologist. This approach - computer-aided diagnosis - resulted in significant 
improvementt of the performance to distinguish between benign and malignant lesions 47'48 

1111 as well as in consistent reduction of reader variability 147. 
Inn order for computer-aided diagnosis to be useful, it is essential that the computerized anal-
ysiss provides complementary information to the reading of the radiologist46'l47'148. Moreover, 
thee radiologist can only benefit optimally from the computerized analysis if it is understood 
howw the system complements clinical reading. The aim of the current study was to investigate 
iff  and how computerized analysis complements clinical reading of breast lesions detected at 
MRR imaging. 

4.22 Material and methods 

Thee potential impact of computerized analysis on the clinical reading of clinically and mam-
mographicallyy occult breast lesions at MR imaging was assessed in four steps. First, an exist-
ingg system for computerized analysis of breast lesions was trained on more lesions, and tested 
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onn a larger set of independent lesions. Independent lesions were defined as lesions that were 
nott used for the training of the system. Secondly, the performance of the clinical reading of 
breastt lesions at MR imaging was evaluated. Thirdly, a model was constructed that combines 
thee results of the computerized analysis and the clinical reading. Finally, the performance of 
thee model was assessed in a set of 72 clinically and mammographically occult and indepen-
dentt lesions and compared with the performancee of the clinical reading without computer aid. 

Inclusionn criteria 

Thee analyses were performed on data that were prospectively obtained after approval of the 
institutionall  review board and informed patient consent, as well as on data acquired for 
acceptedd clinical indications that was retrospectively used after approval of the institutional 
revieww board and waiver of informed consent. Lesions visible at MR imaging in our clinic 
betweenn November 9lh 2000 and July 5th 2002 were eligible for inclusion. In addition to focal 
masses,, areas of non-mass related enhancement, like linear and segmental enhancement, 
weree eligible. Lesions were consecutively included if they were pathology proven (FNA, core 
biopsyy or excisional biopsy) or areas of transient enhancement (i.e., areas that enhance with 
contrastt agent, but that disappear at follow-up by MR imaging). Consequently, lesions in fol-
low-upp were only included if it concerned transient enhancement. The volume of the lesion 
hadd to be smaller than 4 cc. Lesions in patients who underwent core biopsy prior to MR 
imagingg were excluded. 
Lesionss in the set of.incidental lesions had to be clinically and mammographically occult in 
additionn to above criteria, and were consecutively added. Lesions visible at ultrasonography 
weree only included if the ultrasonography was a correlative examination for an MR imaging-
detectedd lesion. 

MRR imaging technique 

MRR imaging was performed on a 1.5-T scanner (Magnetom; Siemens, Erlangen, Germany). 
AA dedicated double-breast array coil was used. Our standard clinical protocol for MR imag-
ingg of the breast (coronal fast low-angle shot [FLASH] 3D) was used. The images are acquired 
inn prone position and both breasts are imaged simultaneously. One of two standardized pro-
tocolss was used. The first protocol has an isotropic in-plane resolution of 1.35 x 1.35 mm2, 
andd a section thickness of 1.35 mm. After a precontrast scan, four postcontrast series (120 
ss per series) are obtained in this technique. The second protocol has an isotropic in-plane 
resolutionn of 1.21 x 1.21 mm2, and a slice thickness of 1.69 mm. After the precontrast scan, 
fivefive postcontrast scans (90 s per scan) are obtained. For both techniques, the postcontrast 
seriess are obtained after the intravenous administration of contrast agent (0.1 mmol/kg, Pro-
hance;; Bracco-Byk Gulden, Konstanz, Germany) using a power injector (2 - 4 ml/s; Spectris 
MRR Injector; Medrad Inc., Indianola, PA). The following parameters and ranges are used for 
bothh protocols: Tl-weighted sequence, TR 8.1 ms, TE 4.0 ms, reconstructed in-plane matrix 
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off  256 x 256 pixels, no fat suppression. Subtraction images were created on a pixel-by-pixel 
basiss to study the early and late enhancement of lesions. 

Computerizedd analysis of breast lesions in MR images 

AA previously reported system 44 131 was used to perform the computerized analysis. In short, 
afterr manually indicating a point in the lesion detected by the radiologist, the system auto-
maticallyy shifts the point to the center of the contrast uptake area and automatically segments 
(i.e.,, delineates) the lesion in 3 dimensions. The resulting segmentation is visually verified. 
Whenn necessary, the location of the indicated point can be adjusted to select a better cover-
agee area. After segmentation, 6 morphological and 3 temporal features in and around the 
segmentedd lesion are automatically rated. The computerized analysis system was originally 
trainedd on 80 lesions and validated on the same set of lesions using cross validation 1M. A 
subsett of 4 features was found to be optimal to calculate the probability of malignancy '31: 
washout,, smoothness of uptake (irregularity of uptake pattern), mean margin sharpness and 
variationn in margin sharpness. Typically, low values of smoothness of uptake are found in 
lesionss with inhomogeneous uptake and spiculated boundaries. Lesions with well-defined 
marginss have large mean values of margin sharpness, and lesions with partially well-defined 
marginss have high values of variation in margin sharpness. 

Inn the current study, the system was updated to include only pathology-proven lesions and 
areass of transient enhancement. In addition, testing of the system was done on independent 
lesionss only (also pathology proven or areas of transient enhancement). The lesions were 
detectedd during clinical workup, and consecutively added to the database of the computer-
izedd analysis system. The segmentation of the included lesions was performed retrospectively 
byy a medical researcher (E.E.D.) based on the radiologists reports. 
Twoo hundred thirty-six consecutive lesions (symptomatic and incidental) in 189 patients 
weree available for the update. The system was trained on the first 50 benign and the first 50 
malignantt lesions (44 symptomatic and 56 incidental), occurring in 78 patients (mean age 
46.55 years, range 20 - 84). For this purpose, logistic regression analysis with backward selec-
tionn of features (removal threshold probability, [F] = 0.10) was employed l49. All 9 features 
calculatedd by the computerized analysis participated in the backward feature selection. The 
systemm was tested on the remaining 136 lesions (52 benign and 84 malignant; 64 symptom-
aticc and 72 incidental). These lesions occurred in 113 patients (mean age 48.9 years, range 
266 - 86). There was no statistical difference in age distribution between the patients in the 
trainingg set and those in the test set (t-test, p = 0.15). 
Thee performance of the system was also established for the ductal carcinoma in situ (DCIS) 
casess that were in the test set. This was done because a good performance is not only required 
forr invasive lesions but also for in situ cancers when the system is used in a screening set-
ting. . 



Computerizedd assessment of MRI-detected breast lesions 61 1 

Clinicall reading of breast MR images 

Inn our hospital, interpretation of MR images is done from hard copy or by using a viewing 
stationn that permits simultaneous viewing of two linked series in three orthogonal direc-
tionss m. The system visualizes all acquired series (precontrast and postcontrast) as well as 
alll  subtractions of series. Clinical information such as age, clinical history and indication 
forr MR imaging is available at the time of reading. The lesions are rated on a 5-point rating 
scalee using morphological and temporal adjectives described in look-up tables (tables 4.1 
andd 4.2). The rates are 'benign', 'probably benign', 'indeterminate', 'suspicious' and 'highly sug-
gestivee of malignancy'150, '51. According to clinical guidelines employed in our clinic, lesions 
ratedd 'indeterminate', 'suspicious' or 'highly suggestive of malignancy' are always referred 
too ultrasonography for FNA or core biopsy. Ultrasonography for lesions rated 'benign' or 
'probablyy benign' is performed at the discretion of the radiologist. If the lesion is not visible 
att ultrasonography, the patient typically undergoes short-term follow-up (3 -6 months) by 
MRR imaging. 

Benignn morphological features Shape Round, oval, lobulated 

Delineationn Sharp 

Enhancementt Homogeneous, thin rim-

enhancement,, septations or 

parenchymall enhancement 

Irregular,, ductal 

Vague,, spiculated 

Inhomogeneous,, thick rim-

enhancementt or ductal 

enhancement t 

Temporall features Type of late enhancement Increase 

Plateau u 

Washh out 

TableTable 4.1. Morphological and temporal features used in clinical interpretation of MR imaging 
ofof the breast. 

Malignantt morphological features Shape 

Delineation n 

Enhancement t 
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Rating g 

Benign n 

Probablyy benign 

Indeterminate e 

Suspicious s 

Highlyy suggestive of 

malignancy y 

Morpholog y y 

Onlyy benign morphological features 

Onlyy benign morphological features 

Onee malignant morphological feature 

Onee malignant morphological feature 

or r 

Att least two malignant morphological features 

Att least two malignant morphological features 

Tempora l l 

Increasee or plateau 

Washh out 

Increasee or plateau 

Plateauu or wash out 

Increasee or plateau 

Washh out 

TableTable 4.2. Rating scales based on morphological and temporal features, from table 4. /. 

Thee clinical reading described in the current study was part of the clinical workup of patients. 
Eachh lesion was read by one of three radiologists (among others, A.P.E.B.). Each radiologist 
usedused the same rating guidelines. Two radiologists had each read more than 500 breast MR 
examinationss in the previous five years; the third radiologist had previously read more than 
2000 breast MR examinations in the previous two years. The results of clinical reading were 
obtainedd retrospectively from the reports. 

Combinedd model of computerized analysis and clinical reading 

Clinicall  reading results were available for 75 of the 100 lesions in the training set of the 
computerizedd analysis. For the remaining 25 lesions no rating was available, because these 
lesionss were cancers that were proven prior to MR imaging. The 75 rated lesions (50 benign 
andd 25 malignant, 19 symptomatic and 56 incidental) were verified by pathology or were 
areass of transient enhancement. In this subset of lesions, logistic regression analysis with 
backwardd selection of features (removal threshold probability [F] - 0.10) was employed to 
investigatee if, how, and by how much computerized analysis complements clinical reading. 
Thee covariates in this regression analysis were the rating score assigned by the radiologists in 
clinicall  reading and the probability of malignancy calculated by the computerized analysis. 
Thee output of the model is an updated probability of malignancy of the lesion. We shall refer 
too this model as the combined model. The effect of the model was visualized in a response 
graphh that shows the combined effect of the rating by the radiologists and the output of the 
computerizedd analysis on the final result of the combined model. 
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Typee of lesio n and findin g Number of lesion s 

Benign n 

Transientt enhancement 

Fibroadenoma a 

Lymphh node 

Adenosis s 

Intracysticc epithelial proliferation 

Total l 

Malignant t 

Invasivee ductal carcinoma (DC) 

Ductall carcinoma in situ (DCIS) 

Invasivee lobular carcinoma (ILC) 

Total l 

TableTable 4.3. Lesion types in benign and malignant groups. 

Assessmentt of the combined model 

Thee performance of the combined model was compared with the performance of the radiolo-
gistss alone, for all lesions and for DCIS only. For this purpose, a set of consecutive incidental 
lesionss was used that was neither employed in the training of the computerized system nor in 
thee construction of the combined model. Seventy-two lesions in sixty patients were available 
forr this assessment. Of the seventy-two lesions, 20 were malignant (all pathology proven) 
andd 52 were benign (pathology proven [n=21] or areas of transient enhancement [n - 31]) 
(tablee 4.3). Fifty patients had one lesion, eight patients had two lesions and two patients had 
threee lesions. Indications to perform MR imaging of the breast were: screening in women at 
increasedd lifetime risk (> 15%) of developing breast cancer (45 women, 51 lesions), assess-
mentt of tumor extent prior to breast-conserving therapy (13 patients, 18 additional lesions), 
problemm solving (1 patient, 2 additional lesions), and prior to neoadjuvant chemotherapy (1 
patient,, 1 additional lesion). The mean age of the patients was 43.5 years (range 26 - 64). No 
statisticall  difference was found between the mean age of the patients with the 72 incidental 
lesionss and the mean age of those in the training set of computerized analysis, although there 
wass a trend towards lower age in patients with incidental lesions (t-test, p = 0.09). 
Alll  lesions were read in clinical practice by one of three radiologists mentioned above (among 
others,, A.P.E.B.). The segmentation of lesions for the computerized analysis was performed 
byy a medical researcher (E.E.D.) based on the radiologists reports. 

Alll  clinical decisions were based on the readings of the radiologists; the results of the com-
puterizedd analysis and the combined model had no influence on the clinical decision. For 
thosee lesions referred to ultrasonography (n = 59), the performance of clinical reading, com-
puterizedd analysis, and the combined model was compared in lesions that were visible at 

31 1 

16 6 

3 3 

1 1 

1 1 

52 2 

1 1 

1 1 

20 0 
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ultrasonographyy after MR imaging (i.e., retrospectively visible; n - 34) and in those that 
weree not (n = 25). This analysis was carried out because computerized analysis is expected to 
bee most useful in clinical application when the lesion is not visible at MR imaging-directed 
ultrasonography. . 

Statistics s 

Logisticc regression analysis was performed using SPSS 10.0. Multiple lesions in the same 
breastt were considered independent lesions. The performance of the reading in clinical set-
ting,, the performance of computerized analysis and the performance of the combined model 
weree quantified using receiver operating characteristic (ROC) analysis II6. For the ROC anal-
ysiss of clinical reading, the rates of all readers were pooled to obtain a summary performance 
curvee for our clinic, similar to the study design by Stoutjesdijk et al. I39, and comparable to 
thee hybrid study design proposed by Obuchowski et al. 152. Note that in the ROC analysis, 
sensitivityy and specificity are calculated on the basis of rate irrespective of the actual refer-
rall  to FNA or core biopsy. Therefore, the ROC curve was obtained independently of the 
operatingg points of the different radiologists: all radiologists used the same rating guidelines. 
PROPROCC 153 and LABROCl "8 were used for the continuous data input (probability of 
malignancyy calculated by computerized analysis and by the combined model). ROCKFIT 154 

wass used for the categorical data input (rating of the radiologists). Comparing the A7 values 
wass performed using the method described by DeLong et al  15S. A p-value of less than 0.05 
wass considered to be a significant statistical test result. 

4.33 Results 

Computerizedd analysis of breast lesions in MR images 

Thee update of the computerized analysis system yielded the same four features that were 
identifiedd in the previous study 131 to calculate the probability of malignancy (washout, 
smoothnesss of uptake [maximum across subtractions], mean margin sharpness [first sub-
traction]]  and variation in margin sharpness [maximum across subtractions]). In the training 
set,, the Az was 0.93  0.03 (1 standard deviation = SD). In the test set, the Az was 0.91  0.02 
(11 SD). No significant difference was found in the performance of the system in both sets (p = 
0.17),, which indicates good ability of the system to generalize from the training cases. Seven 
casess of DCIS were in the test set of the computerized analysis. All 7 were correctly classified 
byy the system. 
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Clinicall reading of breast M images 

Mostt lesions rated 'benign' or 'probably benign' are indeed benign (figure 4.1). Only 1 of 
299 lesions turned out to be malignant in these two rates (3.4%). Most lesions rated 'highly 
suggestivee of malignancy' are indeed malignant. Eight out of nine lesions in this rate turned 
outt to be malignant (88.9%). These results show that lesions considered highly probable to 
bee benign and those considered highly probable to be malignant are accurately identified in 
clinicall  reading. Conversely, only six of twenty-three lesions rated 'indeterminate' turned out 
too be malignant (26.1%), and only five of eleven lesions rated 'suspicious' were malignant 
(45.5%).. Moreover, nearly half of all lesions were assigned to one of these two rates (34 / 
722 = 47.2%). Consequently, FNA or biopsy was performed on many benign lesions. These 
resultss confirm the hypothesis that clinical reading particularly needs help with lesions rated 
'indeterminate'' and 'suspicious'. 

25-, , 

CC 10-

D D 

 Total 
 Malignant 

Benign n Probablyy benign Indeterminate e 

Cl in icall r e a d i n g 

Suspiciouss Highly suggestive of 
malignancy y 

FigureFigure 4. /. Distribution of rating scales of clinical reading in the set of 72 clinically and mam-
mographicaliymographicaliy occult lesions (white bars). The grey bars show the number of lesions in each rate 
thatthat was proven to be malignant. 
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Combinedd model of computerized analysis and clinical reading 

Bothh the rating score assigned by the radiologists in clinical reading and the probability of 
malignancyy calculated by the computerized analysis were selected as significant covariates in 
thee combined model. The resulting model favors the reading of the radiologists for lesions 
ratedd 'benign', 'probably benign', and 'highly suggestive of malignancy', but follows the results 
off  the computerized analysis more closely for lesions rated 'indeterminate' and 'suspicious' 
(figuree 4.2). These results indicate that computerized analysis is able to complement clini-
call  reading when it is allowed to intervene in the reading of lesions rated 'indeterminate' 
andd 'suspicious'. For example, a lesion rated 'probably benign' will yield a low probability of 
malignancyy by the combined model {figure 4.2, vertical axis), irrespective of the result of the 
computerizedd analysis (figure 4.2, horizontal axis). A lesion rated 'indeterminate' will yield a 
highh probability of malignancy if the computerized analysis calculates a high probability, and 
aa low probability if the computerized analysis produces a low probability. 

Assessmentt of the combined model 

Thee A of the computerized analysis in the set of 72 incidental enhancing lesions was 0.85 
 0.05 (1 SD) {figure 4.3). The performance of the clinical reading in this set of lesions was 

0.866  0.05 (1 SD) (figure 4.3). No significant difference was found between the performance 
off  clinical reading and the performance of the computerized analysis system (p = 0.99). The 
Azz of the combined model in the set of 72 incidental lesions was 0.91  0.03 (1 SD) (figure 
4.3).. The combined model thus resulted in a significantly better overall performance than 
thatt of the clinical reading alone without computerized analysis (p = 0.03), Given the limited 
numberr of cases (72 cases with 20 malignancies), it was only possible to show significant 
improvementt of performance over a range of sensitivity and specificity values (A ). At 95% 
sensitivityy there is potential for 20% increase of specificity (figure 4.3). 
Theree was 1 case of DCIS in the set of 72 incidental enhancing lesions. This lesion was cor-
rectlyy classified by the combined model. 
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Highlyy suggestive of malignancy 

Suspicious s 
Indeterminate e 

Probablyy benign 

Benign n 

Probabil i tyy of ma l i gnancy by compute r i zed analysis 

FigureFigure 4.2. Response graph of the combined model, showing the effect of the covariates and 
theirtheir weights. The probability of malignancy calculated by computerized analysis is shown on 
thethe horizontal axis. The probability resulting from the combined model is shown on the vertical 
axis.axis. The different curves represent the different rates. 
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FigureFigure 4.3. ROC curve of the performance of clinical reading, computerized analysis and the 
combinedcombined model in the set of 72 clinically and mammographically occult lesions (52 benign, 20 
malignant).malignant). Dashed-dotted line: clinical reading. Fine-dotted line: computerized analysis. Solid 
line:line: combined model. A7 of the clinical reading - 0.86; AI of the computerized analysis - 0.85: 
A77 of the combined model = 0.91. 

Figuree 4.4 shows an example of an incidental lesion detected during MR-screening in a 
womann with increased lifetime risk of developing breast cancer. 
Inn each rating scale, approximately half of the referred lesions were retrospectively visible at 
ultrasonographyy (34 / 59 = 57.6%). In rates indeterminate and suspicious, 40% of the lesions 
visiblee at ultrasonography were malignant (8 / 20). Clinical reading, computerized analysis, 
andd the combined model each showed a trend towards better performance for lesions that 
weree not visible at ultrasonography (A = 0.89, A7- 0.93, Az= 0.95, respectively) compared 
withh the performance for lesions that were retrospectively visible (Az= 0.77, Ay- 0.83, A z-
0.87,, respectively). Statistical significance of these differences could, however, not be demon-
stratedd (p = 0.08, p = 0.06, p = 0.07, respectively). 
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FigureFigure 4.4. Transversal precontrast (A), first postcontrast (B), wash in (subtraction) (C) and 
washoutwashout (subtraction} (Dj images of the right breast. Shown is an incidental enhancing lesion 
ofof 12 mm that was detected in a woman undergoing screening with MR imaging because 
off an increased lifetime risk. The radiologist rated the lesion as 'indeterminate'. Correlative 
ultrasonographyultrasonography was performed, but no abnormalities were found. On subsequent follow-up 
withwith MR imaging, the lesion was no longer visible. The combined model calculated a probability 
ofof malignancy of 9.7%. 



70 0 Chapterr 4 

4.44 Discussion 

Thee current study shows that computerized analysis complements clinical reading, and that 
thee combination has the potential to increase the overall performance of characterizing inci-
dentall  breast lesions at MR imaging. 

Inclusionn criteria 

Wee focused the assessment of the combined model on clinically and mammographically 
occultt breast lesions at MR imaging, because we expected the impact of computerized 
analysiss to be largest for these findings. Lesions had to be incidental (not palpable, and not 
mammographicallyy visible) prior to MR imaging but lesions were not excluded if they were 
retrospectivelyy visible at ultrasonography (guided by the MR image findings). On the one 
hand,, application of computerized analysis will be most useful if the lesion is also occult on 
retrospectt at ultrasonography. On the other hand, retrospective ultrasonographic visibility 
providedd the histological proof for most malignant tumors in our study, which was necessary 
too accurately train and test the computerized analysis. Moreover, no significant difference 
couldd be demonstrated in the performance of clinical reading, computerized analysis, and 
thee combined model for lesions that are retrospectively visible at ultrasonography and for 
lesionss that are not. A trend was, however, observed towards better performance for lesions 
thatt were not visible at ultrasonography. These are the lesions that currently cause the most 
difficultiess in the clinic, because MR-guided procedures are the only alternative to diagnose 
thesee lesions. 

Computerizedd analysis of breast lesions in MR images 

AA previously described computerized analysis system was updated in this study to include 
onlyy pathology-proven lesions and areas of transient enhancement131. The estimated perfor-
mancee of the previously described system was 0.95 (Az). Applying the previous system to the 
currentt test set yields an Az value of 0.91, which is identical to the Az value of the current 
systemm for this test set. Moreover, the same four features were selected in both studies. Con-
sequently,, the performance of the computerized analysis system did not change substantially 
afterr updating the system with only pathology-proven lesions and areas of transient enhance-
ment.. At present, all lesions that are detected by our radiologists in daily clinical practice are 
enteredd in the database of the system. Consequently, updating of the computerized analysis 
iss an ongoing process. 
Thee performance of the computerized analysis for the set of incidental lesions was somewhat 
lowerr (Az = 0.85) than the performance of the system for the combined set of symptomatic 
andd incidental lesions (the test set of the computerized analysis; Az = 0.91). Perhaps slightly 
differentt features in symptomatic and incidental lesions may contribute to this difference in 
performance.. Training explicitly on incidental enhancing lesions only was not attempted, 
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becausee their number was insufficient to train and to test the system. Training exclusively on 
thesee lesions is subject of further research. 
Particularr for the use in a screening setting, a system is required that is able to correctly diag-
nosee cases of DCIS. DCIS was included in the current study, but only a limited number of 
DCISS was found. No difference in performance could be demonstrated for the performance 
off  the computerized analysis for the 7 DCIS cases that were in the test set compared with 
thee performance for invasive tumors. In fact, all 7 cases were correctly classified by the sys-
tem.. The performance of the system in a larger set of DCIS cases remains subject of further 
research. . 

Clinicall reading of breast MR images 

Respectivelyy 26% and 45% of incidental lesions rated 'indeterminate' or 'suspicious' in clinical 
readingg turned out to be malignant in this study. Other investigators also reported that less 
thann half of the number of lesions rated 'suspicious' actually turn out to be malignant: 19% 
1377 and 29% 135. The difficulties in distinguishing between benign and malignant lesions for 
thesee rates may be caused by an overlap in features as has been reported for signal intensity25, 

39,, m and for morphological characteristics 35, l2°. It appears that the overlap in features evalu-
atedd by the radiologists differs from the overlap resulting from the computerized analysis. 
Thee performance of clinical reading and of computerized analysis for the set of 72 incidental 
lesionss was identical (Az = 0.86 and Az = 0.85 respectively) but their combination (combined 
model)) resulted in a significantly better performance. 
Indistinctt lesions with conflicting characteristics were rated 'indeterminate' in the current 
study.. The number of lesions in this rate should preferably be small, especially in a screening 
settingg because they require additional workup while the minority is malignant (26% in the 
currentt study). The combined model may reduce the uncertainty of indeterminate findings, 
thuss reducing the number of benign lesions referred to ultrasonography. If the 'indetermi-
nate'' rate is removed from the guidelines, a decision will be forced between rates 'probably 
benign'' and 'suspicious'. This will result in redistribution of the 'indeterminate' lesions. As a 
consequence,, the combined model would need to be retuned to the adjusted rating guide-
lines.. It is likely that the computerized component will then show a larger impact on lesions 
inn the rate 'probably benign' than is currently the case. 
Recently,, a new lexicon was introduced for standardized reporting of MR imaging of the 
breastt (BI-RADS® ,56). During the study period this lexicon was not yet available. There-
fore,, non-BI-RADS descriptors were used in the current study. The type of rating that was 
usedd does, however, closely follow the BI-RADS classification, where ratings 'benign', 'prob-
ablyy benign', 'suspicious', and 'highly suggestive of malignancy' correspond to BI-RADS 2, 
BI-RADSS 3, BI-RADS 4, and BI-RADS 5 respectively. BI-RADS does, however, not have a 
categoryy 'indeterminate', but does have a category 0 ('needs additional imaging evaluation). 
Iff  the official BI-RADS lexicon had been available during our study period, it is not unlikely 
thatt many of the cases rated 'indeterminate' would have been rated BI-RADS 0 {more infor-
mationn required to interpret the scan). To the best of our knowledge, none of the studies that 
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employedd BI-RADS-like descriptors, reported the frequency of lesions rated BI-RADS 0 137' 
139,, HO YVe deliberately included lesions that required more information to interpret the scan, 
becausee we believe that especially in this group of lesions a reduction in additional workup is 
achievable.. Our analyses show that the use of the combined model may result in a reduction 
inn false-positives, especially in rates 'indeterminate' and 'suspicious', where the computerized 
analysiss complements the radiologist. 

Combinedd model of computerized analysis and clinical reading 

Thee typical definition of computer-aided diagnosis is a diagnosis performed by a radiologist 
whoo uses the results of a computerized analysis as a 'second opinion'. Consequently, com-
puterizedd analysis may or may not change the judgment of the radiologist. The aim of this 
studyy was not to determine how often the radiologists would be influenced by the results of 
thee computerized analysis, but rather to provide guidelines to the radiologists to assess the 
relevancee of the results of the system in order to achieve optimal benefit from computer-
aidedd diagnosis in the future. In other words, we investigated whether the radiologist has 
anyy chance of improving his or her performance based on the results of the computerized 
analysis,, and if so: how, and by how much. The combined model provides this information. 
Thee model shows that if the radiologists always adhere by their initial judgment (Az - 0.86), 
orr if they always rely on computerized analysis (Az = 0.85), their overall performance will be 
comparablee but inferior to the situation where they only favor the results of the computerized 
analysiss for lesions considered 'indeterminate' or 'suspicious' (Az - 0.91). Although these 
resultss are promising, the specificity of the combined model is not as high as the specificity of 
FNAA or biopsy. Clinical application of computerized analysis can therefore not be expected 
too replace FNA or biopsy. In some situations FNA or biopsy is, however, not possible or very 
difficultt to perform (e.g., for small lesions only visible at MR imaging), or is not desirable 
ass part of the workup (e.g., for lesions detected in women who are screened because of an 
increasedd lifetime risk). In these situations, application of computerized analysis may be of 
usee to increase specificity without compromising current high sensitivity. These indications 
aree foci of future application. 

Studyy limitations 

Inn the current study, a hybrid design was used to determine the performance of clinical read-
ing,, instead of a classical multi-reader multi-case study design, in which multiple readers 
eachh read the same set of cases under laboratory conditions. A point of concern in these 
multi-readerr multi-case study designs is that the results may not be easily generalized to 
clinicall  setting; radiologists may act differently in study environment than in the actual clini-
call  environment 157. For example, in a study by Rutter et al., no evidence of correlation was 
foundd between the performance of mammographers in a laboratory experiment and their 
performancee in their own clinical practice l58. Conversely, a limitation of the hybrid design 
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usedd in our current study - where multiple readers each read a different set of cases under 
clinicall  conditions - is that inter- and intra-observer variations cannot be easily assessed. In 
addition,, the results will only be meaningful to other centers and radiologists if standardized 
readingg guidelines are in use and explicitly described. 
AA medical researcher performed the manual part of the semi-automated segmentation of 
thee computerized analysis, rather than the reading radiologist. In the clinical use of the 
computerizedd analysis system, the reading radiologist will eventually perform the segmenta-
tion.. The effect of variations in selection of a point in the lesion on the performance of the 
systemm is, however, expected to be small. In a previous study, two operators independently 
performedd the segmentation '31. No significant difference in probability of malignancy was 
shownn between both operators in a set of 80 lesions (p > 0.6). Furthermore, at the selected 
operatingg point, no significant difference was found in true-positive fraction between the 
twoo operators. 
Althoughh computerized analysis improves the performance of the clinical reading for nearly 
halff  of all clinically and mammographkally occult lesions, the interpretation of the radi-
ologistss may add subjectivity to the system. The inter-observer variability is expected to be 
highestt for lesions that are rated 'indeterminate' and 'suspicious'. It is in these categories, 
however,, that computerized analysis contributes most to the combined model. Because the 
interobserver-variationn of computerized analysis is small  13\ it is anticipated that this varia-
tionn resulting from the combined model will be smaller than the inter-observer variation of 
thee radiologists without computer aid. This needs, however, to be validated in future stud-
ies. . 
Twoo different MRI protocols were used in the current study, because both are in use in clini-
call  practice in our hospital; the difference in timing between both protocols is small. If the 
readingg guidelines, patient populations, and MR imaging technique differ largely at a dif-
ferentt center, the combined model may need to be retuned to identify where computerized 
analysiss best complements the radiologists. This may be done automatically in the software. 
Analysess are currently performed to test the robustness of the system to such parameters. 

Itt should be noted that assessment of the combined model with independent lesions cur-
rentlyy involves a limited number of incidental enhancing lesions (52 benign and 20 malig-
nant).. Nevertheless, significance in overall performance could already be demonstrated. 
Analysess on larger numbers of incidental lesions are, however, necessary to show significance 
off  improvement of specificity at any given sensitivity, thus further supporting our findings. 
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