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Abstract t 

Background:Background: Conventional imaging (mammography and ultrasonography) may be inaccu-
ratee to assess extent of breast tumors in 35 - 40% of patients. In breast-conserving therapy 
(BCT)) this inaccuracy may result in incomplete excisions (compromising local control) or 
tooo wide excisions (compromising cosmesis). It is currently unknown which patients may 
benefitt from preoperative magnetic resonance imaging (MRI) in this respect. The purpose of 
thiss study was to identify patients in whom MRI is more accurate in the assessment of tumor 
extentt than conventional imaging. 
Methods:Methods: Conventional images and MRI images of 165 patients (166 tumors) eligible for 
BCTT based on clinical examination and conventional imaging were used. Tumor extent at 
imagingg was compared with that at histology (gold truth). MRI was defined to have benefit 
iff  conventional imaging underestimated or overestimated tumor extent (by > 10 mm), and 
MRII  assessed the extent accurately. Logistic regression was employed to identify patients and 
lesionn characteristics that are predictive of benefit from preoperative MRI. 
Results:Results: MRI had benefit in 39 cases (23%). Patients < 58 years with irregular lesion margins 
att mammography and discrepancy in tumor extent > 10 mm between mammography and 
ultrasonographyy had 3.2 times higher chance of benefit from MRI (positive-predictive value 
50%,, negative-predictive value 84%). 
Conclusion:Conclusion: Preoperative MRI in patients eligible for BCT has benefit to assess tumor extent 
inn approximately 1 out of 4 patients. Young patients with irregular lesion margins at mam-
mographyy and a large discrepancy in extent measured at mammography and ultrasonogra-
phyphy have a larger probability of benefit from MRI. 

6.11 Introduction 

B
reast-conservingg therapy (BCT) is increasingly performed as an alternative to mas-
tectomyy for the treatment of breast cancer. In BCT an optimal balance must be 
foundd between local control and cosmetic outcome: to optimize local control the 
excisionn should be wide enough to encompass the tumor and a margin of healthy 

tissuee 160 166168. Conversely, to optimize cosmetic outcome the excision should be as small as 
possiblee l69. The tumor is often incompletely removed in the first surgical procedure, resulting 
inn reexcisions in up to one-third of all patients eligible for BCT L64,165, l70. Especially tumors 
withh a multinodular or diffuse growth pattern (e.g. invasive lobular carcinoma and extensive 
intraductall  component) give rise to an increased probability of residual tumor in the breast 
afterr surgical excision 171> 172. 
Too optimize the results of BCT and to reduce the number of surgical procedures that is 
requiredd to remove the tumor, accurate assessment of tumor extent prior to surgery is neces-
sary.. Underestimation of tumor extent may result in incomplete excisions, whereas overes-
timationn of tumor extent may result in unnecessary large excision volumes. Tumor extent is 
currentlyy assessed preoperatively by conventional imaging (mammography and ultrasonog-
raphy).. Conventional imaging fails, however, to accurately assess tumor extent in 35 - 40% 
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off  patients who are considered to be eligible for BCT 17J: especially diffuse or multinodular 
growthh patterns are frequently underestimated. In addition, breast cancer in young patients 
mayy lead to problems in assessment of tumor size at mammography due to dense breast 
parenchymaa 2. 
MRII  has a high sensitivity for invasive cancer y'IU1 and is reported to be more accurate in 
denningg multinodular disease than conventional imaging %'S8 59, i32,174"178. MRI detects mul-
tinodularr disease in 16-38% of patients with breast cancer in whom palpation and conven-
tionall  imaging only shows a unifocal tumor. Furthermore, several studies showed that MRI is 
moree accurate in assessing extent of unifocal tumors than conventional imaging S4'55-58' l74<l79-
'H('.. It has therefore been suggested to perform preoperative MRI of the breasts in all patients 
withh proven breast cancer ?s "60. These studies have, however, been performed in small, het-
erogeneous,, or selected patient series, not necessarily eligible for BCT or performed after 
incompletee excision of tumor. The value of MRI, compared to that of conventional imaging 
too assess tumor extent in a population eligible for BCT prior to surgery is therefore unknown. 
Furthermore,, it is unknown in which patients preoperative MRI will be most accurate to 
assesss tumor extent and which patients are therefore more likely to benefit from MRI. If the 
subsett of patients who have benefit could be identified prior to MRI by a combination of 
clinicall  and imaging characteristics, preoperative MRI in patients who have no benefit could 
bee avoided. 

Thee purpose of this study was to determine how many patients and which patients are more 
likelyy to have an inaccurate assessment of tumor extent at conventional imaging and accurate 
assessmentassessment of extent at preoperative MRI. 

6.22 Materials and methods 

Patientss and imaging 

Thiss study was performed after approval of the institutional review board. All patients gave 
writtenn informed consent. 
Patientss were included if they had proven breast cancer (by fine-needle aspiration or core 
biopsy),, and were considered eligible for breast-conserving therapy (BCT) based on clini-
call  examination and conventional imaging. Mammograms and ultrasound images had to 
bee available for review. All patients underwent preoperative magnetic resonance imaging 
(MRI).. Between March 1999 and October 2003, 165 patients with 166 malignant tumors (1 
patientt with a bilateral tumor) were included. 
Mammographyy was performed using a Trex LORAD M-IV (Trex Medical Corporation, 
LORADD Division, Danbury, CT) or a Philips Mammo Diagnost 3000 {Philips Medical Sys-
tems,, Best, The Netherlands) and Agfa HDR films (Agfa-Gevaert Group, Mortsel, Belgium). 
Bothh breasts were imaged in cranio-caudal and medio-lateral-oblique direction. Ultrasonog-
raphyy was performed with a Voluson 730 (GE Medical Systems [Kretztechnik], Milwaukee, 
WI)) or with a Siemens Sonoline Elegra (Siemens Medical Systems, Erlangen, Germany). 
Ultrasonographyy was used to image the area in which the lesion was located rather than to 
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screenn the entire breast. Lesions were measured in two perpendicular directions and printed 
onn hard copies. 
AA radiologist experienced in breast imaging reviewed all mammograms and ultrasound 
images.. The radiologist was told that all images were of patients with breast cancer; no addi-
tionall  information was given. The mammograms were evaluated to assess the breast density 
andd the presence of microcalcifications in or around the lesion. In case of a mass, shape, 
margin,, largest diameter, and largest diameter including the largest spiculae and /or micro-
calcificationss were determined. The ultrasound images were also evaluated. In case of a mass, 
shape,, margin, orientation, posterior acoustic phenomenon, edge shadows, and the largest 
diameterr were assessed. Lesions that showed no abnormalities or an architectural distortion 
att mammography or at ultrasonography were denned as non-measurable at that modality 
andd no measurements of tumor extent were made. 
Accordingg to clinical consensus, tumor extent at conventional imaging was denned as the 
largestt diameter of the tumor at ultrasonography when microcalcifications were absent at 
mammography.. For cases that did show suspicious microcalcifications on the mammogram, 
thee mammographically measured diameter including the microcalcifications was used if it 
wass larger than the ultrasonographical measurement. For lesions that could only be assessed 
att one of the modalities, the largest diameter at that modality was used. 
MRII  was performed with a 1.5 tesla scanner (Magnetom; Siemens Medical Systems, Erlangen, 
Germany)) using a coronal fast low-angle shot three-dimensional (FLASH-3D) technique. 
Bothh breasts were imaged in prone orientation, using a dedicated double breast array coil. 
Onee series was acquired before the injection of contrast agent, and 4 series after intravenous 
injectionn of contrast agent (Prohance; Bracco-Byk Gulden, Konstanz, Germany; 0.1 mmol/kg 
bodyy weight, at a rate of 2 - 4 ml/s). The series were acquired at intervals of approximately 120 
s.. The following MRI parameters were used: Tl-weighted sequence, repetition time 8.1 ms, 
echoo time 4.0 ms, reconstructed in-plane matrix: 256 x 256 pixels, isotropic in-plane resolu-
tionn of 1.35 x 1.35 mm2, slice thickness 1.35 mm, no fat suppression. Subtraction images were 
availablee to examine initial and late enhancement. The largest tumor diameter at MRI was 
measuredd in daily clinical practice by a radiologist experienced in breast MRI. If more than 
onee suspicious lesion was visible the total area including normal breast tissue between the 
lesionss was measured. 

Histology y 

Alll  excision specimens were handled at the pathology department according to a standard 
protocoll  based on correlated radiographic and pathologic assessment developed by Egan 181. 
Specimenss were sliced into 5 mm parallel slices and a radiograph of the slices was obtained. 
Completee cross sections of the tumor including surrounding breast tissue and nearest mar-
ginss were sampled, and all additional grossly or radiologically suspicious areas were sampled 
forr microscopic examination. 
AA pathologist experienced in breast pathology reviewed the histological slides of the 166 
tumors.. Largest diameter of the invasive tumor, largest diameter including ductal-in-situ 
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components,, histological type and grade, as well as growth pattern of the lesion (unifocal, 
diffusee or multinodular) were assessed. Tumor extent at histology was denned as the largest 
diameterr of the area involved by tumor, including satellites and ductal-in-situ component. If 
aa reexcision or a mastectomy was performed after the initial breast-conserving surgery, the 
totall  area involved by tumor cells was reconstructed from both excisions. 

Benefitt of MRI to determine tumor extent 

Tumorr extent at conventional imaging and that at MRI were compared with tumor extent at 
histology.. Histology was used as gold truth. To determine whether imaging underestimated, 
overestimated,, or accurately assessed disease extent, a difference in measurement between 
imagingg and pathology of more than 10 mm was defined as a significant discrepancy in 
measurements. . 
Casess that were histologically proven to be multinodular, but that were unifocal with signifi-
cantlyy smaller size at imaging, were denned as underestimated by imaging. Lesions that were 
non-measurablee at imaging were also considered to be underestimated at that modality. 
Patientss were defined to have benefit of MRI if conventional imaging underestimated or over-
estimatedd tumor extent, and extent at MRI agreed with tumor extent at histology. Patients 
inn the following categories were defined to have no benefit of MRI: 1. Conventional imaging 
andd MRI both accurately assessed tumor extent. 2. Conventional imaging and MRI both 
underestimatedd or overestimated tumor extent. 3. Conventional imaging accurately assessed 
tumorr extent, while MRI underestimated or overestimated tumor extent. 

Measurablee lesion at both mammography 
andd ultrasonography 

Forr patients with a measurable lesion at both mammography and ultrasonography, analy-
sess were performed to determine which clinical and imaging characteristics were associated 
withh benefit from preoperative MRI. Patient characteristics that were analyzed were: age and 
tumorr type (invasive lobular carcinoma / no invasive lobular carcinoma). 
Mammographicall  characteristics were: breast density (almost entirely fat or scattered fibro-
glandularr tissue / heterogeneous dense or extremely dense), shape (irregular / not irregu-
lar),, margin (spiculated or ill-defined / not spiculated or ill-defined), presence of suspicious 
microcalcificationss (yes / no), and largest diameter at mammography. 
Ultrasonographicall  characteristics were: shape (irregular / not irregular), margin (sharp / 
narroww irregular / broad irregular), orientation (parallel to the skin / not parallel to the skin), 
edgee shadows (yes / no), posterior shadowing (none or enhancement / attenuation / shad-
owing)) and largest diameter. In addition, the absolute value of the discrepancy between the 
tumorr extent measured at mammography (including spiculae and microcalcifications) and 
thatt at ultrasonography was analyzed. 
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Statisticall analyses 

SPSSS 10 and MATLA B R12 were used for all analyses. A p-value of 0.05 was denned as a 
significantt test result. Univariate analyses were performed by t-tests for continuous, normally 
distributedd characteristics, by Mann-Whitney-U exact tests for non-normally distributed 
continuouss characteristics, and by Fisher's exact tests for binomial categorical characteristics. 
Thee McNemar test for paired proportions was used to compare the accuracy of MRI with that 
off  conventional imaging. 
Featuress were entered in the multivariate analysis if their p-value at univariate analysis was 
<< 0.5. For multivariate analysis, logistic regression with feature selection by double cross-
validationn was employed 182. This approach aims at obtaining a combination of characteristics 
thatt is unlikely to be predictive by chance and more likely to hold up in future use than the 
moree commonly applied single cross-validation 182. The analysis consists of validation in an 
innerr loop and in an outer loop. In the outer loop, each case was left out consecutively. In the 
innerr loop, one hundred 10-fold cross validations were performed for each feature combina-
tion.. In each cross validation, a logistic model was build from the training set and the area 
(Az)) under the Receiver Operating Characteristic (ROC) curve was used to quantify the 
performancee of the model in the test set "6. The feature combination that yielded the best 
performancee was retrained on all cases in the inner loop and subsequently applied to the 
left-outt case in the outer loop to produce a posterior probability of 'benefit from MRI'. This 
proceduree was repeated until all cases were tested in the outer loop. The feature combination 
thatt was selected most frequently was chosen to be the predictive model and the performance 
off  this model was quantified by the area under the ROC curve obtained from the posterior 
probabilitiess assigned to each case. Note that an Az value of 1.0 indicates perfect performance 
too distinguish between patients who have no benefit of MRI to define tumor extent and those 
whoo do. 

6.33 Results 

Patientss and findings 

Meann age of the patients was 55 years (range 28 - 86 years). Breast density at mammography 
wass almost entirely fat in 10 (6%), showed scattered fibroglandular tissue in 65 (39%), was 
heterogeneouslyy dense in 79 (48%) and was extremely dense in 12 cases (7%). An abnor-
malityy was seen at mammography in 158 cases (95%), and at ultrasonography in 159 cases 
(96%).. Thirty-one tumors (19%) were non-measurable in at least one of the two conventional 
imagingg modalities: 3 lesions were non-measurable at both mammography and ultrasonog-
raphy,, 18 lesions were non-measurable only at mammography, and 10 were non-measurable 
att ultrasonography only. 
MRII  showed all but one of the 166 tumors (99%) and detected a contralateral malignancy in 
33 patients (2%). In 22 patients, MRI detected at least one additional benign lesion (13%). 
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Onee hundred thirty-five patients were eligible for breast-conserving therapy (BCT) based 
onn conventional imaging and MRI. The remaining 31 patients underwent mastectomy due 
too larger tumor extent found at MRI. Histological type of the 166 tumors was invasive ductal 
carcinomaa in 138 (83%), invasive lobular carcinoma in 25 (15%) and ductal carcinoma in situ 
inn 3 cases (2%) (2 with micro invasion and 1 pure ductal carcinoma in situ). Twenty-three 
tumorss had a multinodular or diffuse growth pattern (14%); 143 tumors were unifocal (86%). 
Thee excision of 6 invasive cancers was focally incomplete (4%). Seventeen of the 163 invasive 
tumorss were associated with an extensive intraductal component (10%). In 8 of these cases, 
thee excision was extensively incomplete for the in situ component (47%), in 1 case it was 
focallyy incomplete (6%), and the remaining 8 cases were radically excised (47%). 

Benefitt of MRI fo determine tumor extent 

Figuress 6.1 and 6.2 show the difference between the tumor extent measured at preopera-
tivee imaging and at histology. Table 6.1 shows the precision of measuring tumor extent at 
conventionall  imaging compared to MRI. Conventional imaging assessed tumor extent cor-
rectlyy in 117 (70%), underestimated extent in 42 (25%), and overestimated it in 7 cases (4%). 
MRII  accurately assessed tumor extent in 150 (90%), underestimated extent in 10 (6%), and 
overestimatedd it in 6 cases (4%). MRI correctly showed tumor extent significantly more often 
thann conventional imaging (90% and 70%, respectively; p < 0.001). Conventional imaging 
andd MRI were both accurate in assessing tumor extent in 67% of the cases. 
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FigureFigure 6.I. Difference between tumor extent measured at conventional imaging and measured 
atat histology (n = I66j. A difference of -15 means that tumor extent is underestimated at 
conventionalconventional imaging by 15 mm, compared with histology measurements. 
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FigureFigure 6.2. Difference between tumor extent measured at MRI and measured at histology 
(n(n = 166). A difference of -15 means that tumor extent is underestimated at MRI by 15 mm, 
comparedcompared with histology measurements. 



104 4 Chapterr 6 

MRI I 

Conventiona ll  imagin g Correc t Underestimatio n Overestimatio n Total 

Correctt 111 2 4 117 

Underestimationn 33' 8 1 42 

Overestimationn 6* 0 1 7 

Totall 150 10 6 166 

TableTable 6.I. Tumor extent measured at conventional imaging and at MRI. Underestimation and 
overestimationoverestimation are defined as a difference between the measurement of tumor extent at 
imagingimaging and that at histology of less than -10 mm or more than 10 mm, respectively. 
** Together, these 39 cases had benefit from MRI for the assessment of tumor extent. 

Thirty-ninee of the 166 proven breast cancers had benefit of MRI to define tumor extent (23%; 
figurefigure 6.3). Conventional imaging underestimated extent in 33 of these cases (85%), and 
overestimatedd extent in 6 (15%). Eleven of the 31 lesions that were non-measurable at mam-
mographyy or at ultrasonography (35%) and 28 of the 135 measurable lesions at conventional 
imagingg had benefit of MRI (21%; p = 0.10). 
Inn 8 of the 166 cases tumor extent was underestimated at conventional imaging but also at 
MRII  (5%). Mean underestimation of these cases was 19.1 mm (range 15.6 - 26.1 mm) at con-
ventionall  imaging, and 16.5 mm (range 11 - 23.8 mm) at MRI. Seven of 8 underestimated 
casess were associated with an extensive intraductal component (88%). In 4 of these cases, no 
microcalcificationss were visible outside the lesion at mammography. 
Inn 6 cases (4%) conventional imaging accurately assessed tumor extent, but MRI underesti-
matedd (1%) or overestimated (2%) tumor extent. Mean overestimation at MRI was 11.4 mm 
(rangee 10.5 - 12.0 mm). No explanation could be found for this overestimation. 

Measurablee lesions at both mammography 
andd ultrasonography 

Tablee 6.2 shows the accuracy of measurement of tumor extent at conventional imaging and 
att MRI for the 135 patients with a measurable lesion at both mammography and ultrasonog-
raphy.. In this subset of patients, 28 of 135 patients had benefit of preoperative MRI (21%). 
Sevenn of 135 cases were underestimated both at conventional imaging and MRI (5%). Four 
off  135 cases were overestimated at MRI but not at conventional imaging (3%). 
Thee results of univariate analysis of characteristics for the 135 lesions are shown in table 6.3. 
Twoo characteristics were found to be significantly associated with benefit of MRI over con-
ventionall  imaging to define tumor extent: an irregular shape at mammography, and a large 
differencee in measurement of tumor extent between mammography and ultrasonography. 
Multivariatee analyses were performed with 7 characteristics (table 6.3). A subset of 3 char-
acteristicss was found to be associated with inaccurate assessment of tumor extent at conven-
tionall  imaging and benefit of MRI: age, margins of the lesion at mammography, and 
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MRI I 

Conventiona ll  imagin g Correc t Underestimatio n Overestimatio n Total 

Correct t 

Underestimation n 

Overestimation n 

Total l 

TableTable 6.2. Tumor extent measured at conventional imaging and at MRI for 135 lesions eligible 
forfor breast-conserving therapy and measurable at both mammography and ultrasonography. 
UnderestimationUnderestimation and overestimation are defined as a difference between the measurement of 
tumortumor extent atimaging and that at histology ofless than-W mm or more than 10 mm, respectively. 
** Together, these 28 cases had benefit from MRI for the assessment of tumor extent. 
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discrepancyy in extent (including spiculae and microcalcifications) measured at mammog-
raphyy and at ultrasonography. Patients younger than 58 years with irregular or spiculated 
lesionn margins at mammography and a discrepancy in extent at mammography and ultraso-
nographyy of at least 10 mm had 50% probability of benefit of MRI over conventional imaging 
versusversus 16% in the remaining patients (3.2 times higher probability, positive-predictive value 
50%,, negative predictive value 84%). The area under the ROC curve resulting from double 
validationn was 0.73 (p - 0.0002). 

6.44 Discussion 

Thee purpose of this study was to identify patients prior to breast-conserving therapy (BCT) in 
whomm tumor extent is inaccurately assessed at conventional imaging and accurately assessed 
att MRI. In the majority of patients where MRI was more beneficial to assess tumor extent 
thann conventional imaging, the extent was underestimated at conventional imaging (85%); in 
thee remaining cases, it was overestimated. Underestimation of tumor extent by conventional 
imagingg may result in incomplete excisions, leading to reexcisions or higher local recur-
rencee rates. Overestimation of tumor extent at conventional imaging may result in excisions 
thatt are larger than required, leading to a poor cosmetic outcome. Accurate assessment by 
MRII  may guide the surgeon to completely excise the tumor in smaller excision volumes and 
inn less surgical procedures. Such benefit is expected in 1 out of every 4 patients. In most 
cases,, however, MRI does not provide additional information on tumor extent, and it would 
thereforee be useful to know which patients are more likely to benefit from MRI. The current 
studyy showed that younger patients with spiculated or irregular tumor margins and a large 
discrepancyy in tumor extent measured at mammography and at ultrasonography had a 3.2 
timess higher probability of inaccurate assessment of tumor extent at conventional imaging 
andd benefit of MRI than other patients. 

Besidess the 23% of cases in which MRI was accurate in assessment of tumor extent and 
conventionall  imaging was not, MRI was inaccurate in 4%, while conventional imaging was 
correct.. No reason could be found for this observation. The reported incidence of overesti-
mationn of tumor extent at MRI ranges between 2% 58 and 39% 183. This wide range is caused 
byy the different criteria that were used to define overestimation in these studies. A difference 
betweenn two measurements of more than 50% was used in one study S8, while in another 
studyy the used criterion is not clear 18-\ Possibly any positive difference between two measure-
mentss was used to indicate overestimation, which could explain the high percentage of over-
estimationn by MRI in that study. In the current study, a difference in tumor extent between 
imagingg and pathology of more than 10 mm was defined as a significant difference. This 
valuee was used used because our surgeons use a safety margin of 10 mm around the tumor in BCT 
andd this margin may compensate for an underestimation of extent at imaging of up to 10 mm 
comparedd to histology. A recently published study provides guidelines to determine which 
differencess between measurements of tumor extent at histology and at radiology should be 
attributedd to random measurement variation and which to actual underlying differences 184. 
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Applyingg these guidelines to the current study yields chances of incorrectly defining a differ-
encee in measurements as a true discrepancy at the 10 mm threshold of only 1.6%, 1.2%, and 
0.9%% for mammography, ultrasonography, and MRI , respectively. 

Inn 73% of patients conventional imaging and MRI were both correct in defining tumor extent 
orr were both wrong. In the majority of the lesions that were underestimated at conventional 
imagingg as well as at MRI , mult inodular disease or extensive intraductal component that was 
occultt at imaging was found at histology. 
Onee of the drawbacks of MRI of the breast is the lower specificity: benign lesions are also 
detected.. In the current study MRI detected benign lesions that were occult at conventional 
imagingg in 13% of the patients. These lesions are currently managed by correlative ultraso-
nographyy with ul trasound-guided biopsy 143, MRI-guided biopsy with dedicated biopsy coils 
42.136,144146,185187^^ o r a combination of radiological reading and reading by a computer l63. 
Severall  studies that were performed in patients with large tumors scheduled for either BCT 
orr mastectomy showed that MRI assessed tumor extent more accurately than conventional 
imagingg 54,55, 174,179,180. Conventional imaging especially underestimated the size of larger 
tumors,, while MRI was accurate in the majority of all cases. The results from these stud-
iess cannot, however, be easily extrapolated to the population of patients exclusively eligible 
forr BCT, because these patients typically have smaller tumor load. In the current popula-
tion,, MRI was significantly more often accurate in assessing tumor extent than conventional 
imagingg (90% versus 70%). This resulted in a benefit of MRI to assess tumor extent in 23% 
off  the patients. A trend was found towards a higher percentage of patients who have benefit 
off  preoperative MRI when the lesion was not visible or measurable at mammography or 
ultrasonographyy compared to patients with a measurable mass at both conventional imaging 
modalities,, suggesting that MRI is of value in the preoperative workup of patients eligible for 
BCTT and especially in patients with a (non-measurable) non-mass lesion on at least one of 
thee imaging techniques. The trend towards more benefit in patients with a non-mass lesion 
mayy explain the finding that lesions presenting as architectural distortion at mammography 
aree more often irradically excised than masses 18819°. Performing MRI in these patients may 
resultt in more adequate assessment of tumor extent and thus in a wider and possibly more 
radicall  excision. 

Drawbackss of performing MRI in all patients eligible for BCT in particular are the high cost 
andd the fact that only a proportion of patients have benefit of MRI. The use of MRI will there-
foree be greatly improved if guidelines are available to predict which patients are more likely 
too benefit from preoperative MRI. Several studies aimed at defining subgroups of patients 
withh a higher likelihood of change of treatment 57>6061. Again, these studies were performed 
inn a population of patients both eligible and not eligible for BCT, and after excisional biopsy. 
Featuress that predict which patients could have changes in their treatment plan due to MRI 
weree not found. Moreover, change of treatment in these studies differs from our definition 
off  benefit for the patient in at least one important aspect: in 6 - 62% of all patients in whom 
treatmentt was changed to wider excision, additional biopsy or even mastectomy, the MRI 
findingsfindings were proven to be benign57'60'61. Therefore, in a large proportion of patients who had 
theirr treatment changed due to MRI, MRI had a detrimental influence on patient manage-
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mentt instead of a beneficial influence. In the current study, benefit of MRI was defined as 
accuratee assessment of tumor extent at MRI compared with histology in cases were conven-
tionall  imaging did not correctly assess tumor extent. 
Inn conclusion, MRI in patients considered eligible for BCT will have benefit over conven-
tionall  imaging to assess tumor extent in 23% of the patients. Especially in young patients 
withh irregular lesion margins and a large discrepancy between mammographk and ultraso-
nographicc measurements, preoperative MRI is likely to visualize extent significantly more 
accuratee than conventional imaging. 
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