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1.11 Breast cancer and imaging 

Breastt cancer is the most frequently occurring type of cancer in women in the 
Netherlandss l. In the year 2000, 11300 new cases of breast cancer were diagnosed, 
representingg one-third of all cancers in women. In the same year, 3400 patients 
diedd from the disease \ Breast cancer predominantly is a disease of women: in the 

Netherlands,, one out of every 9 women will develop breast cancer versus one out of every 
15000 men. 
Imagingg plays a central role in all aspects related to the detection, diagnosis and treatment of 
breastt cancer. The diagnosis and treatment consist of four steps. In the first step, imaging is 
usedd to detect breast lesions and to differentiate these lesions into benign and malignant. For 
thiss purpose image-guided techniques are available in combination with fine-needle aspira-
tionn (FNA) or core biopsy. In the second step, the disease is staged by determining its extent 
andd a treatment plan is selected based on tumor extent. Additional lesions that were not 
detectedd in the first step may be detected at this stage. Differentiation of these lesions into 
benignn and malignant is necessary to select the optimal treatment, resulting in an interaction 
betweenn the diagnostic and the staging step. In the third step the treatment plan is imple-
mented.. Non-palpable lesions are localized under image-guidance. In addition, imaging can 
bee used to assess response to treatment (e.g., neoadjuvant chemotherapy). Finally, imaging is 
usedd for the long-term follow-up of patients after treatment. This thesis focuses on imaging 
performedd for the diagnosis of breast cancer, and imaging for the selection of the treatment 
plan. . 

1.22 Breast cancer diagnosis 
Inn addition to conventional breast imaging by mammography and ultrasonography, magnetic 
resonancee imaging (MRI) is being used to detect breast lesions and to differentiate them 
intoo benign and malignant. Ultimately, differentiation is done by cytological or histological 
examinationn of the lesion. Conventional techniques and MRI can both be used to guide a 
needlee to the lesion for aspiration, core biopsy or localization for excisional biopsy. 

1.2.11 Conventional imaging 
Conventionall  imaging covers two modalities: mammography and ultrasonography. Mam-
mographyy is used for screening of asymptomatic women, and for the assessment of palpable 
lesions.. The sensitivity of mammography for the detection of preinvasive and invasive breast 
cancerr is up to 85% 23. The value of mammography in approximately 40 - 50% of premeno-
pausall  women is, however, limited due to dense breast parenchyma that can obscure breast 
cancerr 2 5. Consequently, the sensitivity of mammography in this group of women can be as 
loww as 50% 6. Other imaging techniques specifically for these women are therefore neces-
sary.. Some groups reported the use of ultrasonography for screening 7'8. The majority of 
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pre-invasivee breast cancers (ductal carcinoma in situ [DOS]), and up to 30% of invasive 
breastt cancers smaller than 1 cm are, however, not visible at ultrasonography9. Furthermore, 
thee technique is highly operator-dependent. Ultrasonography is therefore typically not used 
forr screening. 
Ultrasonographyy is used as an adjunct to physical examination, mammography and MRI, 
andd can be used to guide the aspiration or core biopsy of lesions 2. If a mammographically 
detectedd lesion is ultrasonographically occult (e.g., microcalcifications), stereotactic tech-
niquess are used to obtain the diagnosis. These techniques have been developed as a substitute 
forr excisional surgical biopsy. In large studies, stereotactic biopsy has proven to be as reli-
ablee as surgical excisional biopsy 1(M2. The sensitivity of stereotactic biopsies is high for mass 
lesionss (about 98%) but significantly lower for lesions consisting of microcalcifications only 
(866 - 91%)13"15. To improve the sensitivity of stereotactic procedures especially for microcal-
cifications,, quantitative assessment of errors during biopsy is necessary to explain the differ-
encee in sensitivity between mass lesions and microcalcifications. 

1.2.2.. Magnetic resonance imaging (MRI) 

Sincee the introduction of contrast agent for breast imaging with MRI in 1986 16, several 
researchh groups reported a very high sensitivity of contrast-enhanced MRI for invasive breast 
tumorss (> 95%) 172°. MRI was mainly assessed in patients with suspicious mammographical 
findingsfindings 21. MRI in these patients was aimed at improving differentiation of mammographi-
call  suspicious lesions and thus at reducing the number of (surgical) biopsies on mammo-
graphicallyy detected benign lesions. The specificity of MRI was, however, shown to be low in 
thesee studies (about 40%) 17,21, meaning that MRI could not accurately differentiate between 
benignn and malignant breast lesions on the basis of contrast enhancement. Histological proof 
wass therefore still required to diagnose the majority of these lesions. 
Severall  studies focused on methods that could improve the specificity of MRI. In these stud-
iess contrast kinetics 19-2233, morphological features 34,35, and a combination of both 36,37 were 
evaluated.. Radiological reading was further adapted to computer-aided classification 38: a 
radiologistt manually rated morphological features and a computer calculated the probability 
off  malignancy based on these features. 
Thee reported specificity of radiological reading using the above-mentioned methods 
remainedd low and variable (36-90%). This is probably caused by a substantial overlap in 
featuress of benign and malignant lesions at MRI22-25>i9-40

} and by variability in the assessment 
off  features by different observers 41. All studies that aimed at radiological reading or at using 
aa computer were performed on lesions that were clinically and mammographically suspi-
cious.. The reported specificity is therefore only applicable to clinically and mammographi-
callyy suspicious lesions. These lesions do, however, not cause the largest difficulties in the 
majorityy of cases, because conventional imaging techniques or palpation can be used to guide 
aa biopsy. Obtaining the diagnosis of non-palpable lesions that are occult at mammography 
iss often more difficult. Correlative ultrasonography is used to obtain cytological or histologi-
call  proof in a relatively inexpensive and straightforward way. Not all MRI-detected lesions 
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are,, however, ultrasonographically visible. MRI-guided techniques are much more expensive 
andd challenging42. Only a limited number of hospitals worldwide have access to a dedicated 
breastt biopsy coil for this purpose and have sufficient experience to reliably perform the 
procedure. . 
Thee specificity of radiological reading for non-palpable lesions that are occult at conventional 
imagingg is still unknown and (non-invasive) methods to improve the specificity of reading 
forr these lesions are lacking. 

Thee performance of a computer system (i.e., computerized analysis) for the characteriza-
tionn of MRI-visible lesions was assessed by three groups 43 45. In computerized analysis, a 
computerr system automatically rates features and differentiates lesions into benign or malig-
nantt based on these features. In one study, semi-computerized analysis was performed: an 
automaticallyy quantified feature was added to the features assessed by a radiologist45. The 
additionn of this automatically assessed feature significantly improved the performance of 
thee radiologist45. Two other studies reported the use of a computer without intervention of 
aa radiologist43,44. Computerized analysis was performed in 2-D 4\ and both in 2-D and in 
3-D44.. Assessment in 3-D yielded a higher performance compared with assessment in 2-D44. 
Thee obtained specificity in these studies was approximately 80% with a sensitivity of 90% and 
100%,, respectively 43,44. These studies were, however, based on a relatively small number of 
lesions.. Analyses on larger numbers of lesions and on lesions occult at conventional imaging 
aree required to estimate the performance of computerized analysis in clinical practice. 
Computer-aidedd diagnosis (CAD), where the diagnosis is made by a radiologist who takes 
intoo account the results of the computer as a second opinion 46, has not yet been established 
forr MRI. For mammography a significantly better performance of radiological reading 
wass obtained with CAD for the characterization of mass lesions and lesions consisting of 
microcalcificationss only47~49. The feasibility and possible impact of CAD on the performance 
off  radiological reading for lesions in contrast-enhanced MRI of the breast has to be estab-
lished. . 

1.33 Selection of the treatment plan 

Tumorr extent in two different anatomical areas is taken into account for the selection of 
thee treatment plan for breast cancer patients: extent in the breast, and extent in the axillary 
lymphh nodes. 
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1.3.11 The breast 

Breastt cancer treatment consists of breast-conserving therapy (BCT) or mastectomy. In BCT 
thee tumor is locally excised and the whole breast is irradiated afterwards. In large random-
izedd trials, no difference in survival was shown for patients who underwent BCT compared 
withh those who underwent mastectomy50 51. BCT requires an optimal balance between treat-
mentt of the disease, and cosmetic outcome. For adequate treatment of the disease, the lesion 
shouldd be excised with a margin of healthy tissue, while for a good cosmetic outcome the 
treatedd volume should be as small as possible. Adequate preoperative assessment of tumor 
extentt is therefore of utmost importance. Underestimation of disease extent will result in 
reexcisionsreexcisions or a higher chance of local recurrence due to residual tumor in the breast, while 
overestimationn of extent will result in a decrease in cosmetic outcome. 
Assessmentt of tumor extent is currently performed with conventional imaging. In some 
casess conventional imaging is, however, not able to correctly visualize tumor extent, e.g., dif-
fuselyy growing tumors or lesions with a multinodular growth pattern (e.g., invasive lobular 
carcinomaa and extensive intraductal component)52,53. Because of the high sensitivity of MRI 
forr invasive tumors, the use of MRI to assess the extent of breast cancer prior to treatment 
wass studied by several groups 54 59. The majority of researchers examined, however, the value 
off  MRI in a heterogeneous group of breast cancer patients: prior to and after biopsy, and 
eligiblee or not eligible for BCT. In this heterogeneous group of patients, MRI is reported 
too estimate tumor extent more accurately. It has therefore been suggested that preoperative 
MRII  should be performed in all patients with breast cancer. The value of MRI exclusively for 
patientss eligible for BCT based on clinical examination and conventional imaging is, how-
ever,, unknown. It is therefore necessary to quantitatively compare the assessment of tumor 
extentt at imaging with that at pathology in patients eligible for BCT. Furthermore, many 
breastt cancer patients do not benefit from MRI prior to treatment57-60'61. For cost-effective-
ness,, guidelines that can predict whether or not a patient will have benefit of MRI will be 
useful.. These guidelines are currently not available. 

Besidess the detection of additional malignant lesions in breast cancer patients, the majority 
off  studies also reported the detection of benign lesions % 58. Due to the low specificity of MRI, 
furtherr workup is required for the majority of additional detected lesions, and many will turn 
outt to be benign. Methods that improve the specificity for additional lesions detected at MRI 
inn breast cancer patients eligible for BCT will therefore greatly facilitate the management of 
patientss in whom MRI detects additional lesions. 

1.3.22 Axillary lymph nodes 

Axillaryy lymph node status is correlated with patient prognosis62'64: patients without axillary 
lymphh node metastases have a better prognosis than patients with metastases. In the past, all 
patientss with breast cancer underwent axillary lymph node dissection (ALND) to sample the 
axillaa and to determine the prognosis. In approximately 60% of the breast cancer patients the 
axillaryy nodes do, however, not contain tumor cells and the ALND was (retrospectively) not 
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necessaryy in these patients. Furthermore, ALND has side effects in a considerable number 
off  patients (e.g., lymph edema) 65-66. Methods that can replace ALND have therefore been 
studied.. In the past years, the sentinel lymph node procedure was developed and validated in 
aa large number of patients 67~69. 
Thee sentinel node is defined as the first lymph node that a tumor drains on. After intratu-
morall  injection of radioactive material and blue dye, the sentinel lymph node is detected with 
aa gamma-probe and excised during surgery70. If the sentinel node shows no tumor cells, the 
lymphh nodes in the axilla can be preserved. If the sentinel node contains tumor cells, there 
iss a large probability that other lymph nodes are also involved by tumor, and an ALND is 
performed.. The sentinel lymph node procedure is more expensive than ALND and plan-
ningg the procedure is a challenge, especially for non-palpable breast tumors, because several 
departmentss participate in this procedure. 
Thee sentinel lymph node procedure is only performed in patients without palpable lymph 
nodess at physical examination. Sensitivity of palpation is, however, low 71, ll. A consider-
ablee number of patients with large lymph node metastases do not have abnormalities at pal-
pationn prior to surgery but have abnormal palpable lymph nodes during surgery. If these 
positivee nodes are detected prior to surgery, definitive axillary treatment can be performed 
directlyy and a sentinel lymph node procedure will be spared. Ultrasonography of the axilla is 
reportedd to be more sensitive than physical examination for the detection of positive axillary 
lymphh nodes 71,72. Only a limited number of studies have been performed in patients eligible 
forr the sentinel lymph node procedure 7X 74. In these studies all ultrasonographically visible 
lymphh nodes underwent fine-needle aspiration (FNA). The majority of these nodes showed, 
however,, no tumor cells. To improve the specificity of ultrasonography (and thus reduce 
thee number of FNAs on benign lymph nodes), quantitative assessment of nodal features at 
ultrasonographyy is required to predict which nodes have a high probability of containing 
tumorr cells. 

1.44 Objectives of the study 

Thee main objective of this thesis is to improve sensitivity and specificity of preoperative image 
analysiss by quantitative correlation of imaging findings and findings at pathology. 
Thee first part of this thesis aims at improving breast imaging for the diagnosis of breast lesions. 
Thee displacements of breast tissue and the inaccuracy of needle positioning that occur dur-
ingg stereotactic procedures for different needles are assessed quantitatively. In addition, a 
computerizedd analysis system for automatic delineation, rating, and classification of breast 
lesionss in contrast-enhanced MRI is developed and it is assessed if and how this system 
complementss clinical reading of breast lesions detected at MRI. 
Thee second part of this thesis aims at improving breast-imaging techniques that are used for 
thee assessment of the local extent of breast cancer and for the staging of the disease in the 
axillaryy lymph nodes. First we assess the incidence of additional findings at MRI in breast 
cancerr patients eligible for BCT and their impact on surgical management, and we evaluate 
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iff  and by how much the efficiency of referral for workup of these additional lesions may be 
improvedd by combining conventional radiological reading with computerized analysis. In 
addition,, we identify patients in whom MRI is more accurate in assessment of tumor extent 
thann conventional imaging. Finally, the use of ultrasonography to improve preoperative stag-
ingg of the axilla in patients with breast cancer and a clinically negative axilla is evaluated and 
quantitativee analyses of nodal features are performed to obtain ultrasonographic features 
thatt are predictive of metastatic involvement. 


