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Zusammenfassung 
 

Brustkrebs ist bei Frauen das am häufigsten vorkommende Malignom, die Inzidenz dieser Erkrankung 

steigt weltweit immer noch an. Die MR-Mammographie (MRM) ist ein hochsensitives Verfahren in der 

Tumordetektion and besitzt eine bedeutende Rolle in der Dignitätsabschätzung sowie präoperativen 

Planung bei Brusläsionen. Kürzlich veröffentlichte Publikationen zeigen, dass die MRM auch ein 

hilfreiches Verfahren für die Prognoseabschätzung der Patientin sein kann. Dabei ist das Tumorgrading 

ein wesentlicher prognostischer Faktor. Seine Nützlichkeit bei der Beurteilung der Tumoraggressivität 

wurde insbesondere für kleine Malignome apostrophiert. 

Eine vorherige Studie, die auf Fallanalysen von MRM-Fällen von 1994-2001 datiert, zeigte, dass die 

Inzidenz des Ödemzeichens in Abhängigkeit vom Grading der einzelnen Malignome der Brust differierte. 

Die Ziele der aktuellen Studie umfassten daher: (1) diese Beobachtung zu überprüfen. (2) die Reliabilität 

des Ödemzeichens in Standard T2-gewichteten TSE-Sequenzen zu evaluieren. (3) zu klären, ob es eine 

signifikant verschiedene Inzidenz des Ödemzeichens zwischen benignen und malignen Läsionen gibt. (4) 

bei zu erwartendem häufigerem Vorkommen in malignen Strukturen Korrelationen zu den verschiedenen 

zugrundeliegenden Gradingscores zu überprüfen. (5) Größen- und Altersabhängigkeiten der Häufigkeit des 

Ödemzeichens zu verifizieren.   

Von allen Patienten, die eine MRM-Untersuchung am IDIR der Friedrich-Schiller-Universität Jena von 

2002 bis einschließlich 2003 erhalten haben, wurden 316 Patienten (mittleres Alter 55.0 Jahre ± 11.6 Jahre) 

mit 339 kontrastmittelaufnehmenden Läsionen in die aktuelle Studie einbezogen; Einschlußkriterium waren 

alle Patienten mit einer histopathologischen Korrelation. In Kombination mit der oben erwähnten 

vorhergehenden Studie wurden so 1010 Patienten beziehungsweise 1029 Läsionen analysiert. Die 

folgenden Evaluationen basieren auf den Datensätzen aus den Jahren 1994-2003. Zur 

Gradingbestimmung wurde durch die Pathologen das kombinierte Nottingham-System verwandt. 

Die MRM-Untersuchungen erfolgten an 1.5 Tesla-Systemen unter Verwendung standardisierter 

Doppelbrustspulen. Das Messprotokoll schloss dynamische T1-gewichtete Bilder und eine T2-gewichtete 

TSE Sequenz ein. Das Ödemzeichen ist charakterisiert durch eine hohe Signalintensität in den 

T2-gewichteten Bildern. Es wurde differenziert in ein unilaterales Ödem (hierin eingeschlossen das 

perifokale Ödem und das diffus-unilaterale Ödem), das Fehlen eines Ödemzeichens sowie in andere Arten 
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Zusammenfassung 

des Ödemzeichens (so unter anderem das bilaterale Ödem, das therapieassoziierte Ödem infolge Biopsie, 

Bestrahlung o.ä.). Der Chiquadrattest sowie der Fisher-Exakttest Test wurden angewandt, um signifikante 

Differenzen zwischen der Inzidenz des Ödemzeichens und verschiedenen Eigenschaften, darunter 

insbesondere des Gradings, beim Mammakarzinom zu verifizieren. 

Folgende Ergebnisse lassen sich ziehen:  

(1) das Ödemzeichen ist ein verläßliches MR-zeichen in den T2-gewichteten Standardsequenzen. 

Hardware-assoziierte Veränderungen sowie befunderabhängige Faktoren veränderten die Inzidenz 

des Ödemzeichens in Malignomen nicht signifikant.  

(2) das Ödemzeichen ist nur selten in benignen Läsionen zu beschreiben (11.4%, 52 of 454),  unter 

Ausnahme der akuten Inflammation sowie der Phylloides-Tumoren.  

(3) das Ödemzeichen ist deutlich häufiger mit malignen Strukturen assoziiert (42.9%, 290 of 675). Es 

konnte eine Korrelation der Inzidenz des Ödemzeichens mit dem Tumorgrading invasiver Karzinome 

nachgewiesen werden. Insbesondere die „high grade” Läsionen (Grad 3) wiesen signifikant häufiger 

ein Ödemzeichen auf im Vergleich mit den “non  high-grade” Karzinomen (Grad 1 und 2 ) (p<0.05). 

Obwohl die Tumorgröße einen Einfluss auf die Häufigkeit des Ödemzeichens besitzt, verblieb die 

Assoziation des Ödemzeichens und des Gradings signifikant bei einer entsprechenden Analyse von 

mit 1-2 cm annähernd größengleichen Malignomen.  

(4) das Alter stellt keine fassbare Einflussgröße für das Ödemzeichen dar. 

Das Ödemzeichen ist kein völlig neues MR-Zeichen, aber das tumorassoziierte Ödem wurde bislang 

nicht in der Literatur beschrieben (sondern lediglich das Ödem in Assoziation zu einem 

inflammatorischen Mammakarzinom). Im Gegensatz zu anderen MR-Zeichen beschreibt das 

Ödemzeichen Veränderungen der umgebenden Areale des Tumors und nicht den Tumor selbst. 

Tumorassoziierte Inflammation sowie Neoangiogenese im Stroma sind möglicherweise die 

verursachenden pathophysiologischen Mechanismen, die das Ödemzeichen induzieren und den 

Zusammenhang zum Grading begründen. Weitere, prospektive, Studien sind erforderlich, und sowohl 

von theoretischer als auch klinischer Bedeutung.  

Die vorliegende Arbeit zeigt auch, dass die den eigentlichen Herd umgebenden Veränderungen, die 

in der T2-gewichteten Sequenz erfasst werden, wie das Ödemzeichen, eine hilfreiche Ergänzung zur 

Prädiktion der Tumorprognose darstellen können. Daher sollten entsprechende Sequenzen 

standardisiert in das MRM-Protokoll einbezogen werden.
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Chapter 1  
Summary 

Breast cancer is the most common malignancy affecting women, and its incidence 

continues to rise. MR Mammography (MRM) is more sensitive in tumor detecting, and 

acts an important role in differentiating benign from malignant lesions, preoperative 

staging. Recent reports show that it may also be useful in predicting tumor prognosis. 

Tumor grading is an important prognostic factor. Its usefulness in breast cancer as a 

measure of tumor aggression is emphasized especially on small tumor group. 

A previous study of IDIR, which was based on the MRM case review from 1994 to 2001, 

showed that incidence of edema signs in different grading invasive carcinoma groups 

differed significantly. The aims of the present study were to verify this observation and to 

answer the following questions: (1) Is edema sign a reliable MR sign in the routine 

T2-weighted TSE images? (2) Is there a significant difference in the incidence of edema 

signs of benign vs. malignant lesions? (3) If edema signs are more associated with the 

malignant lesions, are there any correlation between the incidence of edema signs and 

tumor grading? (4) Are there size dependency and age dependency with respect to the 

incidence of edema signs?  

Of all the patients who had MRM examination(s) in IDIR from 2002 to 2003, 316 

patients (mean age, 55.0 years ± 11.6 [SD]; range, 16–87 years) with 339 contrast 

material–enhancing lesions were included in the present study. Inclusion criteria had 

been a histopathological evaluation. Combining with the previous study data, 1010 

patients with 1029 lesions were included in the combined data. Further evaluation was 

based on both the data from present (2002-2003) study and the combined data 

(1994-2003). All these patients were confirmed by histology. For histologic grading of 

invasive breast carcinoma, the Nottingham combined system was used. 

MRM examinations were performed on 1.5 T systems by using the standard dedicated 

bilateral breast coils. The MRM protocols included dynamic T1WI series and a T2WI TSE 
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sequence. Edema sign is the finding of high signal intensities in the T2-weighted images. 

Categories of edema signs were defined for unilateral edema (including the perifocal 

edema and diffuse unilateral edema), no edema sign and other kinds of edema (i.e. 

bilateral edema, edema introduced by biopsy or radiation therapy etc). The chi-square 

test and Fisher’s exact test were used to verify significant differences between incidence of 

the edema signs concerning with several characteristic features, especially the histologic 

grading. 

The results of this study show that: (1) Edema sign is a reliable MR sign in the routine 

T2-weighted TSE images. Hardware-related factors and observer-related factors were 

verified not to contribute to the incidence of edema signs. (2) Edema signs are not 

commonly associated with the benign lesions (11.4%, 52 of 454), except for acute 

inflammatory conditions and phyllodes tumors. (3) Edema signs are more associated with 

the malignant lesions (42.9%, 290 of 675). There is a correlation between the incidence of 

edema signs and tumor grading in the invasive carcinomas. The high grade (Grade 3) 

invasive carcinomas had higher incidence of edema signs comparing with the non-high 

grade (Grade 1 and Grade 2 together) invasive carcinomas (p<0.05). Although tumor size 

had effect on the incidence of edema signs, the correlation between edema signs and 

grading remained strongly in the relative small (1-2cm) invasive carcinoma group (p<0.05). 

(4) There is no age dependency with respect to the results. 

Edema sign in MR is not a new feature, but tumor-associated edema sign (not just 

associated with inflammatory breast carcinoma) in MRM was not reported so far.  

Unlike other MRM signs, edema signs reflect the changes of the surrounding areas of 

the tumor but not the changes of tumor itself. Nowadays host microenvironment is 

emphasized in breast cancer development. Tumor-associated inflammation and 

angiogenesis in the stroma may be the pathophysiologic mechanism behind the edema 

signs and the correlation between edema signs and tumor grading. Further prospective 

studies are necessary and of both theoretical and clinical importance. 

This study also shows that the surrounding changes detected by T2-weighted, like 

edema sign, might be a useful adjunct in predicting tumor prognosis. T2-weighted pulse 

sequences should be included in the routine protocol of MRM.
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Chapter 2  

Introduction 

  

2.1 Magnetic Resonance Imaging in Breast Cancer 

Breast cancer is the most common malignancy affecting women, with more than 

one million cases occurring worldwide annually. Affluent societies carry the 

greatest risk, with incidence rates of >80 per 100,000 population per year [Stewart 

and Kleihues 2003]. In some regions, including North America, Western Europe 

and Australia, breast cancer mortality rates have started to decline, mainly due to 

improvements in early detection and treatment (chemotherapy and tamoxifen) 

[Early Breast Cancer Trialists' Collaborative Group 1998a; 1998b]. Five-year 

survival rates are higher than 70% in most developed countries.  

Recent trends indicate that while breast cancer mortality is decreasing, its 

incidence continues to rise [Howe et al. 2001]. The worldwide breast cancer 

epidemic has many etiological factors, including reproductive history (early 

menarche, late or no pregnancy), and Western lifestyle (high caloric diet, lack of 

physical activity) [Stewart and Kleihues 2003]. 

There is, therefore, a great need for non-invasive diagnostic tools for screening, 

diagnosis, tumor staging, and treatment monitoring. The primary conventional 

diagnostic tool is X-ray mammography. Breast cancer screening trials of 

mammography have shown that mortality can be reduced by up to 30% [Lee 2002]. 

X-ray mammography is an effective means of detecting and diagnosing breast 

cancer and is the only modality that has been demonstrated to decrease breast 

cancer mortality when used as a screening tool [Duffy et al. 2002]. There are, 

however, well-recognized limitations to mammography, which has a reported 
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false-negative rate of between 4% and 34% [Huynh et al. 1998]. It leads to many 

negative biopsies; only 15-35% of non-palpable but mammographically suspicious 

lesions turn out to be malignant [Lee 2002]. If a diagnostic tool with greater 

specificity were available, many of these biopsies could be avoided. Ultrasound 

has even lower sensitivity and specificity, but it can be used in adjunct with 

mammography for differentiating cystic lesions from solid masses, and also for 

guiding interventions such as aspiration or biopsy. 

Non-invasive diagnostic tools are also important for evaluating response to 

treatments such as chemotherapy or hormone therapy. If response can be 

evaluated accurately, the treatment regimen can be adapted to maximize benefit 

while reducing unnecessary morbidity. In this regard, the efficacy of 

mammography and ultrasound can not be proved in clinic study [Herrada et al. 

1997]. 

MRM (MR-Mammography) offers a promising improvement over existing 

diagnostic modalities. Whereas mammographic contrast is produced mostly from 

connective tissue and calcifications, and ultrasound detects discontinuities in 

density and hardness, MRM can differentiate soft tissues such as water, fat, and 

stroma (Tab 2.1). Additionally, MR contrast agents can be used to measure 

variations in tissue vascularity. This is done using a Gadolinium-based contrast 

agent.  

 
Tab 2.1   Breast tissue T1 and T2 Values at 1.5 Tesla* 

Tissue 
Number of  

Samples 
Mean T1 ± Std.Dev Mean T2 ± Std.Dev 

Fat 28 265 ± 2 58 ± 1 

Normal Breast Tissue 23 796 ± 21 63 ± 4 

Malignant Lesions 11 876 ± 29 75 ± 4 

Benign Lesions 17 1049 ± 40 89 ± 8 

Note:  * Data from [Merchant et al. 1993] 

- 4 - 



Introduction 

2.1.1 MR Mammography: History and Development 

Although breast MR imaging was first introduced more than twenty years ago, its 

adoption into clinical practice has been relatively slow. This is largely because of 

the fact that from the early years there was no consensus about the impact of the 

modality due to a wide variety of different techniques and opinions. [Kaiser 1989, 

Harms et al. 1993; Orel et al. 1994].In addition, there has been a lack of 

standardization of imaging protocols [Lee 2004].  

It was suggested that there have been four key steps in the development of MRM 

[Kaiser 1990]: 

(1) MRI examinations using a whole body magnet and an ordinary body coil 

(i.e. without special surface coils). This was not shown to be diagnostically 

useful, mainly because of the low signal-to-noise ratios that resulted, the 

relatively poor spatial resolution, and the slowness of the examination 

[Ross et al. 1982; El Yousef and Duchesneau 1984; El Yousef et al. 1984]. 

(2) The development of the special (single) breast coil [Axel 1984] encouraged 

exploratory MRM examinations using standard T1- and T2-weighted spin 

echo sequences [Stelling et al. 1985; Heywang et al. 1985]. The MR criteria 

of breast lesions (carcinoma, fibroadenoma, cysts, scars, etc.) were 

identifield and utilized for differential diagnosis. But it’s also observed that 

“tissue characterization of breast disease with MR imaging and relaxation 

parameters has not proved reliable” [Stack et al. 1990]. This failure to 

characterize tumor tissue and differentiate tumor constituents on the basis 

of inherent magnetic relaxation is generally accepted as being due to 

overlap in relaxation values. An additional problem that arises with (early 

versions of) the standard RF-coil for MR mammography is the substantial 

corruption of the B1 field (the “bias field”). 

(3) Contrast enhancement agents such as salts of Gadolinium and 

Dysprosium enable much better differentiation of tissue types [Heywang et 

al. 1989; Kaiser and Zeitler 1989]. This point will be expanded later. 

- 5 - 
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Broadly, the initial rate of uptake of the contrast enhancement agent by 

carcinoma tissue has been found to be much greater than normal tissue 

and some types of fibroadenoma.  

(4) Finally, faster imaging sequences have been used, generically known as 

gradient echo sequences, such as fast low-angle shot imaging (FLASH), and 

fast low angle with steady progression (FISP). Kaiser asserts that “gradient 

echo sequences are about 5 times more sensitive to the contrast agent, 

Gd-DTPA, than spin echo sequences” [Kaiser and Zeitler 1989; Kaiser 

1992]. 

 

Better RF coils, faster, more specific imaging sequences, better understanding of 

contrast agent take-up, and more reliable image processing are all contributing to 

make MRM an increasingly useful clinical tool. Unlike MRI of the brain where 

white matter, grey matter and cerebrospinal fluid (CSF) have homogeneous 

intensity ranges (so abnormalities show up at different intensity levels providing 

image contrast between abnormalities and their surrounding tissue), normal 

breast tissue has a far wider range of intensity values. Although conventional MRI 

can show excellent contrast between densities and surrounding fatty tissues, 

research continues to show that it is difficult to differentiate carcinoma from many 

benign tissue changes [Ross et al. 1982; El Yousef and Duchesneau 1984]. For this 

reason, the use of contrast agents is currently the key of MRM; they provide 

dynamic information about breast tissue that enables discrimination. 

In materials with unpaired electrons (e.g. the elements Gadolinium and 

Dysprosium), the electron magnetic dipoles respond to an external magnetic field 

in much the same way as the weaker nuclear magnetic dipole and produce a 

magnetic resonance signal. These materials are described as paramagnetic. 

Although there are other types of contrast agent, paramagnetic compounds, 

administered by intravenous injection, are the most common. Since the 

mid-1990’s, several different versions of gadolinium-chelated contrast agents have 

been developed and approved for clinical use. Gd-DTPA is marketed as Magnevist 
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(Berlex Laboratories, Wayne, NJ), Gd-DTPA-BHA is marketed as Omniscan 

(Nycomed Amersham, Oslo, Norway), and Gd-HP-DO3A is marketed as ProHance 

(Bracco Diagnostics, Inc., Princeton, NJ). All are relatively small molecules; the 

molecular weight of Gd-DTPA is 938 atomic mass units (amu). All of these 

molecules work as contrast agents because of the paramagnetic properties of the 

Gd atom, which has 3 unpaired electrons in its outer electron shell. 

The effect of paramagnetic contrast agents is to shorten the T1, T2, and T2* 

relaxation times of hydrogen nuclei in water. As hydrogen nuclei come into the 

vicinity of the Gd-DTPA molecule or as water binds briefly to the Gd-chelate 

molecule, the T1, T2, and T2* of hydrogen are shortened. Because the fractional 

change in relaxation times is greater for T1 than for T2, T1-weighted sequences 

have traditionally been used in conjunction with Gd-chelates. Since shorter T1 

values make tissues brighter, Gd-chelates is a positive contrast agents, making 

enhancing lesions brighter on T1-weighted pulse sequences. By subtracting 

pre-contrast images from post-contrast images, vessels and extracellular spaces in 

the vicinity of vascular lesions are highlighted as bright compared to tissues that 

have little or no uptake of contrast agent. For over 15 years, contrast-enhanced 

MRM (CE-MRI) has been investigated as a method for breast cancer detection and 

diagnosis [Heywang et al. 1989; Kaiser and Zeitler 1989; Davis and McCarty, Jr. 

1997; Orel and Schnall 2001; Morris 2002]. 

Recently, with the development of commercially available dedicated breast coils, 

biopsy guidance devices and needles, a reporting lexicon, and an increased body 

of literature dealing with various aspects of performing and interpreting these 

examinations, MRM is being used with increasing frequency for a variety of 

clinical indications [Lee 2004]. 

2.1.2 Diagnostic Accuracy of MR Mammography 

The sensitivity of MR imaging for detection of breast cancer is very high, with most 

studies reporting sensitivity of 90% or greater [Kaiser 1989, Kaiser and Zeitler 
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1989, Davis and McCarty, Jr. 1997; Harms 1998; Orel 2000]. For invasive 

malignancy, the sensitivity approaches 100%, whereas for pure ductal carcinoma 

in situ, the sensitivity is lower, varying between 40% and 100% [Ikeda et al. 2001a]. 

Although the sensitivity of breast MR imaging is high, it should be kept in mind 

that false-negative MR imaging examinations do occur, not only with ductal 

carcinoma in situ but also with invasive tumors of both ductal and lobular 

histologies [Wurdinger et al. 2001]. 

The specificity of breast MR imaging examinations is lower than the sensitivity, 

ranging from 37% to 100%, with most studies reporting specificity of between 50% 

and 70% [Kuhl 2000; Lee 2004]. The wide range of reported specificity is related to 

differences in study populations, imaging protocols, and interpretation criteria. In 

addition to malignancy, many benign lesions of the breast enhance, including 

fibroadenomas and proliferative and nonproliferative changes. Normal 

parenchyma can also enhance in a focal fashion, particularly in premenopausal 

women, causing false-positive results [Kaiser 1994; Boetes et al. 1997]. Normal 

parenchymal enhancement has been shown to be lowest in week 2 or days 7 to 20 

of the menstrual cycle, and if at all possible, it is desirable to schedule MR 

imaging examinations in premenopausal women with this time frame in mind. 

2.1.3 Current Applications of MR mammography 

There are currently several well-defined indications for MR mammography: 

(1) Preoperative staging before treatment: 

 Evaluation of the local extent of the disease [Boetes et al. 1995; Davis 

et al. 1996; Yang et al. 1997] 

 Searching for multifocal, multicentric, or synchronous bilateral 

cancer [Drew et al. 1999; Esserman et al. 1999; Hlawatsch et al. 2002; 

Hwang et al. 2003] 

(2) Postoperative assessment: 

 Assessment of residual disease [Orel et al. 1997] 
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 Tumor recurrence at the lumpectomy site [Gilles et al. 1993; Dao et 

al. 1993; Soderstrom et al. 1997] 

 Evaluation of suspicious nodules in a woman with breast implants 

[Mueller et al. 1998] 

(3) Evaluation of the response of neo-adjuvant chemotherapy [Rieber et al. 

1997b; Rosen et al. 2003; Wasser et al. 2003] 

(4) Assessment of patients with carcinoma of unknown primary syndrome (CUP), 

e.g. when lymph node metastases are found in the axilla but no tumor is 

detected at mammography or ultrasound of the breast [Schorn et al. 1999b; 

Olson, Jr. et al. 2000]. 

(5) Screening for cancer in high-risk women, e.g. carriers of germ-line 

mutations in the breast cancer susceptibility genes BRCA1 and BRCA2, or 

women with a strong family history of breast cancer [Kuhl et al. 2000; 

Tilanus-Linthorst et al. 2000; Warner et al. 2001; Stoutjesdijk et al. 2001; 

Morris et al. 2003] 

(6) Evaluation of the problematic mammogram [Sardanelli et al. 1998; Lee et al. 

1999] 

(7) Evaluation of breast implants (in the absence of palpable the nodules or 

suspicious findings at mammography and ultrasound, this is the only 

indication for which a plain, i.e. non-contrast, MR examination is suggested) 

[O'Toole and Caskey 2000]. 

 

2.2 Prognostic Factors in Breast Cancer: 

The majority of breast cancer deaths are due to metastasis. Breast cancer that is 

detected prior to metastasis spread has considerably better prognosis than cancer 

that has already spread. Thus, if significant impact is to make on the mortality 

figures for breast cancer, a better understanding of tumor progression and the 

process of metastasis in breast cancer will be required [Chambers et al. 2000].  
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Moreover, decisions regarding the use of adjuvant therapy for breast cancer are 

strongly influenced by the evaluation of tumor progression and risk of metastases. 

Various types of treatment for breast cancer are available in practice, including 

surgery, radiation, chemotherapy, endocrine therapy, or even one of the more 

recently introduced biological therapies. Early application of these therapies has 

now been shown to reduce the odds of recurrence and death from breast cancer 

[Early Breast Cancer Trialists' Collaborative Group 1992; 1996; 1998a; 1998b; 

2000]. However, these therapies are frequently, if not always, associated with 

substantial short- and long-term morbidity and, occasionally, mortality. Therefore, 

the challenging tasks are to both identify breast cancers early and to distinguish 

those breast cancers that are likely to cause morbidity and mortality from those 

that will not. Accurate performance of the latter task will permit selection of those 

therapies most likely to be effective for a given patient [Hayes et al. 2001]. 

2.2.1 Prognosis versus Prediction 

Markers of prognosis are associated with patient outcome independent of the 

treatment they receive [Hayes et al. 1998; Fitzgibbons et al. 2000]. In this regard, 

prognostic factors reflect the ability of the tumor to metastasize, invade, and 

proliferate. Predictive factors are associated with relative sensitivity and/or 

resistance to specific therapeutic agents. Of note, the same factor may be both 

prognositc and predictive. It is critical to distinguish prognostic factors from those 

that are predictive of response to therapy. The distinction between prognostic and 

predictive factors can critically affect the results of a clinical/laboratory 

investigation [McGuire 1986; Hayes et al. 1998; Gasparini 2001]. A thorough 

understanding of those distinctions is essential in the evaluation of 

prognostic-factor- related study, and yet, very often, they are lost in study design. 

2.2.2 Accepted Prognostic Factors 

Clinical and pathological tumor/nodes/metastases (TNM) stage, including axillary 
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node status and tumor size, has long been recognized as the most powerful 

predictors of breast cancer recurrence [Fleming et al. 1997]. In addition, tumor 

type, grade, presence or absence of lymphatic or vascular invasion, and hormone 

receptor status also appear to provide helpful information, although with less 

strength (Tab 2.2). 

 
Tab 2.2   Prognostic and predictive factor categories for breast cancer* 

Category Factor Therapy 

Prognostic Factors   

 Strong TNM stage (3+) 

  Pathologic axillary nodal status (2 to 3+) 

  Pathologic tumor size (2 to 3+) 

 Moderate Tumor grade (1 to 2+) 

  Lymphatic/vascular invasion (1 to 2+) 

 Weak Estrogen receptor (1+) 

Predictive Factors   
 Strong ER content Hormone therapy 

 Moderate PR content Hormone therapy 

 Weak SPF Chemotherapy 

 Erb-2/HER-2/c-neu 
amplification/over-experession 

Hormone therapy; 
Chemotherapy; 
Anti-HER-2 therapy 

 p53-mutations/overexpression Chemotherapy 

 

Indeterminate 
with available 
data 

Neovascularization 
/angiogenesis 

Chemotherapy; 
angiogenesis inhibitors 

Note: * data from [Hayes et al. 1998; Fitzgibbons et al. 2000; Hayes et al. 2001] 
 

2.2.3 Specific Prognostic Factors I: TNM Staging 

The 5-year survival rate of newly diagnosed breast cancer patients is highly 

influenced by the stage of their disease. Results from the National Cancer 

Database for the year 1989 demonstrated a 5-year survival rate of 87% for Stage I 

patients, 78% for Stage IIA, 68% for Stage IIB, 51% for Stage IIIA, and 42% for 
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Stage IIIB [Fleming et al. 1997]. In this regard, TNM staging is a very strong 

prognostic factor (Tab 2.2). 

Proper staging of breast cancer assists physicians in making appropriate 

treatment decisions and in evaluating the results of different treatment regimens. 

In 1959, the American Joint Committee on Cancer (AJCC) was organized 

(originally as the American Joint Committee for Cancer Staging and End-Results 

Reporting) to develop a uniform system of cancer staging that reflected the existing 

state of knowledge about the clinical outcomes of cancer. Since that time, the 

staging manual developed by the AJCC has gone through periodic revisions, 

reflecting advances in the understanding of cancer. Since the publication of the 

5th edition of the AJCC Cancer Staging Manual [Fleming et al. 1997], significant 

developments have occurred in the field of breast cancer diagnosis and 

management, dictating the need for substantive changes in the staging system for 

breast cancer [Singletary et al. 2003]. 

First, with the increasing use of screening mammography, the average size of 

breast tumors when they are first detected has decreased significantly [Cady et al. 

1996]. The heterogeneity of outcomes among these small tumors has underscored 

the need for a finer delineation of classification in the lower levels of the staging 

system. A large number of recent studies have looked at histologic, biochemical, 

and molecular biological factors that might predict outcome independently of the 

factors used in the traditional TNM staging system (Tumor size, presence of Nodal 

metastasis, and presence of distant Metastasis). 

Secondly, the smaller tumors being detected with screening mammography have 

a reduced probability of being associated with axillary lymph node metastases. 

Within the last 5 years, sentinel lymph node dissection (SLND) has begun to 

replace standard axillary lymph node dissection (ALND) for the assessment of 

axillary lymph node status in early stage breast cancer. This has led to the 

increased detection of minute lesions, some at the level of single cells or small 

clusters of cells, the clinical significance of which is still largely unknown. An 

important part of the new staging system will be to facilitate the accrual of data 
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about the usefulness of these new approaches [Singletary 2001; Cutuli et al. 2001; 

Rubio and Klimberg 2001]. 

Thirdly, a large body of clinical data suggests that the total number of affected 

axillary lymph nodes is an extremely important prognostic factor, while it was 

largely ignored in the past. The clinical importance of metastases to level III 

axillary lymph nodes and to nodal basins outside of the axilla has also been 

re-evaluated [Carter et al. 1989a; Jatoi et al. 1999]. 

The revised AJCC staging system for breast cancer was published in 2002 

[Greene et al. 2002]. The major changes in this revision fall into two major 

categories: 

(1) Changes related to the detection and description of microscopic metastatic 

lesions 

(2) Changes related to the location and number of lymph node metastases. 

2.2.4 Specific Prognostic Factors II: Tumor Grade 

Why is tumor grading important for breast cancer? 

Many entities in pathology are not graded or scored because sufficient information is 

associated with the specific diagnostic label. For example, cutaneous basal cell 

carcinomas are not graded since the only data required for the referring clinician to 

treat the patient are the diagnostic label and assessment of whether the lesion is 

excised. This is because basal cell carcinoma is a locally invasive malignancy, which 

metastasises with exceptional rarity. 

A tumor for which grade is an important item of information is breast carcinoma 

[Cross 1998]. This tumor has often metastasized before the primary lesion has been 

excised and the lymph nodes draining the tumor are sampled rather than 

completely cleared. The grade of breast carcinoma has thus become a surrogate 

marker of metastatic potential that is used by oncologists when making treatment 

decisions. In some instances, assignment to a specific diagnostic category is linked 
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to grade because the criteria for assignment to that category include features used 

in grading. Thus, in breast carcinoma, a tubular carcinoma will always be assigned 

to Grade 1 and medullary carcinoma to Grade 3. Most common tumors have the 

grading which lies between the levels of significance for basal cell carcinoma and 

breast carcinoma. For example, the influence of grade is much less in colorectal 

carcinoma than in breast carcinoma and this is reflected in the recommended 

content of histopathology reports which just divides grade into 'poor' and 'other' 

[Cross 1998]. 

The usefulness of histologic grading in breast cancer as a measure of tumor 

aggression is emphasized especially on small tumor group. It is the T1, N0, M0 

group of patients that generally have a favorable 5- and 10-year survival. A recent 

study [Joensuu et al. 1999] evaluated 265 of these patients who underwent 

mastectomy and axillary lymph node dissection only. The 20-year disease specific 

survival was 81% and in the T1a and T1b group, the survival rate was 92%. The 

most interesting result was that none of the patients with well differentiated T1a or 

T1b cancers died of breast carcinoma. This study reaffirms the importance of 

histologic grading in small carcinomas and underscores the often extended course of 

smaller and lower-grade breast carcinoma.  

Systemic therapy is now available in most institutes, identifying patients who are 

more likely to have occult metastases is important for treatment decision making. 

It’s suggested that histology should be used routinely as a compliment to anatomic 

staging to help determine severity, and to chose subsets of patients with apparently 

localized disease who are more likely to fail systemically and to include those 

patients in investigations of adjuvant systemic therapy [Roberti 1997]. By now, the 

usefulness of histologic grading in guiding treatment decisions is still controversial.  

Present Status of Histologic Grading in invasive Breast Cancer 

There is abundant evidence that for over 70 years the microscopic appearance of 

breast carcinoma has provided important prognostic clues as to the aggressive 
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nature of the disease and has identified subsets of patients at all anatomic stages 

whose disease may behave differently from the normal behavior for its specific stage. 

Although there can be no argument that anatomic features such as tumor size, 

lymph node status, and distant metastases are most important in the assessment of 

severity, the orderly contiguous progression of the disease, implied by a purely 

anatomic staging system, is by no means invariable [Roberti 1997].  

On the other hand, there are some fundamental reasons that confusion persists 

regarding the prognostic value of histologic grade. It is regarded that grade remains 

controversial because, fundamentally, it confounds two types of time [Burke and 

Henson 1997]. One type is how long the tumor has been growing and the other is 

how rapidly it has been growing. A ‘‘high grade’’ tumor could be an indolent tumor 

that grew for a long time prior to discovery and will continue to be slow growing; 

alternatively, it could be an aggressive tumor of recent origin that will continue to be 

rapidly growing. Because one can never know when a tumor originated, it may not 

be possible on histologic grounds to separate a slowly growing tumor from a rapidly 

growing tumor. In other words, one cannot always distinguish how long the tumor 

has been growing from how fast it has been growing. The extent to which time 

ambiguity exists in grade is the extent to which grade’s prediction variance will 

increase and consequently the extent to which its prediction accuracy will decrease. 

This limits the independent prognostic value of histologic grade and its ability to add 

significant prognostic value when placed in a system that includes other 

time-related factors such as tumor size [Burke and Henson 1997]. 

Another important issue is that tumor grading is subjective by nature, and 

successive grading systems have sought to introduce a more quantitative element 

[Singletary et al. 2003]. The inclusion of histologic tumor grade in the TNM system 

was considered by AJCC in the revised staging system but ultimately rejected 

because of the problems of standardization and reproducibility. Even so, AJCC 

advised all invasive breast carcinomas with exception of medullary carcinoma 

should be graded. The grading system used must be specified in the report, and the 

Nottingham combined histologic grade (Elston-Ellis modification of 
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Scarff-Bloom-Richardson grading system) is currently recommended. The 

Nottingham combined histologic grade, a modification of the Bloom and Richardson 

grading system, was introduced by Elston and Ellis in the early 1990s [Bloom and 

Richardson 1957; Elston and Ellis 1991]. Compared with previous systems, this 

grading system has shown a very strong correlation with long-term survival as well 

as improved interobserver agreement [Fitzgibbons et al. 2000]. (Appendix 1) 

Present Status of Histologic Grading in DCIS 

The frequency with which ductal carcinoma in situ (DCIS) is detected has increased 

greatly since the introduction of mammographic screening, both population-based 

and opportunistic. In general, it accounts for about 15 to 20% of screen-detected 

cancers compared with about 5% of those in symptomatic women [Fryberg and 

Bland 1994]. The grading system for in situ intraductal carcinoma is different with 

the one for invasive carcinoma. 

The accepted method of classifying DCIS until about 10 years ago was by 

predominant growth pattern (comedo, solid, cribriform, micropapillary, papillary, 

clinging) and was initially recommended for use in the UK National Breast Screening 

Program. But a large number of pathologists participating in the first six rounds of 

the UK National External Quality Assessment (EQA) scheme achieved a low kappa 

statistic of only 0.23 when classifying DCIS by predominant architecture alone 

[Sloane et al. 1994]. The inadequacies of architectural classification have led to a 

plethora of new proposals for classifying DCIS. The newer classifications are based 

mainly on nuclear grade rather than architecture and most have three groups 

[Shoker and Sloane 1999]. The histological features on which the nuclear grade is 

based are summarized in Appendix 1. 

A consensus conference on the classification of DCIS was held in Philadelphia in 

1997. Whilst any one system of classification was not endorsed, it was 

recommended that the following features should be documented in a pathology 

report that confirms the presence of DCIS: nuclear grade (high, intermediate or low), 
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necrosis (comedo, punctate or absent), polarization (absent or present) and 

architectural patterns (comedo, cribriform, papillary, micropapillary, solid). DCIS 

should, however, be stratified primarily by nuclear grade [Silverstein 2000]. Although 

architecture alone does not stratify DCIS satisfactorily, there is evidence that a 

micropapillary architecture when present in its pure form is more commonly 

associated with extensive disease [Bobrow et al. 1994; Bobrow et al. 1995].  

A recent paper [Wells et al. 2000] evaluated inter- and intraobserver agreement. 

They found that the combined nuclear grade (or cytodifferentiation in some schemes) 

and presence or absence of necrosis clarified the stratification into low, intermediate, 

and high grades most often. The use of the term “grade” with the indication of 

whether there is extensive or limited necrosis is currently being used by many 

pathologists to arrive at these strata.  

2.3 MRM and Prognostic Factors’ Evaluation 

The challenging tasks for breast imaging nowadays are to both identify breast 

cancers early and to distinguish those breast cancers that are likely to cause 

morbidity and mortality from those that will not. For the task of tumor detecting, 

even breast MR is the most sensitive of all breast imaging techniques, including 

state-of-the-art mammography and high-frequency breast ultrasound, in the 

meantime, it will continue to be regarded as an adjunctive tool because of its 

relatively high cost and limited specificity. For the latter challenging task, the 

prognostic factors’ evaluation, however, breast MR has the unique advantage. The 

pathophysiologic basis of breast MR in breast tumors is not just the morphologic 

changes of the tumors but mainly due to angiogenesis. Growth, invasion and 

metastasis of malignant tumors depend on angiogenesis, which is therefore 

considered an attractive therapeutic target and indicator of clinical outcome.  

In cancers other than breast cancer, it has been shown that dynamic 

contrast-enhanced MR imaging (CE-MRI) can contribute not only to establish the 

diagnosis, but also to identify patients with a poorer prognosis. Pharmacokinetic 
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dynamic MR imaging was found to be a predictor of disease free survival in pediatric 

osteosarcoma [Reddick et al. 2001]. It has also been shown that MR imaging is able 

to assess tumor aggressiveness and offers information on the risk of local recurrence 

and on prediction of treatment success in cervical cancer [Hawighorst et al. 1996; 

Mayr et al. 1996; Hawighorst et al. 1997].  

Recent reports have demonstrated a correlation between MR findings and 

prognostic indicators in breast cancer [Fischer et al. 1997; Mussurakis et al. 1997; 

Bone et al. 1998; Szabo et al. 2003]. Among all the prognostic factors concerned in 

these studies, histolgic grade was the most frequent mentioned. Bone et al. 

compared different classical prognostic factors and molecular markers with MR 

contrast enhancement, and found that high contrast enhancement ratio was 

associated with high histologic malignancy grade and a higher degree of cell 

proliferation. They also reported a correlation between washout and higher tumor 

grade [Bone et al. 1998]. Mussurakis et al. also found a relationship between 

contrast enhancement and prognostic factors. In their study, increased 

enhancement ratio was associated with higher histologic grade and presence of 

metastatic nodes [Mussurakis et al. 1997].  

Prior studies from the Institute of Diagnostic and Interventional Radiology of 

Friedrich Schiller University Jena (IDIR) also showed some correlation between the 

MR findings and histologic grade. One study of 39 cases pure DCIS showed that the 

signal increase and morphological pattern on MR imaging had significant difference 

between Grade 1 and Grade 3 DCIS groups and also between Grade 1 and Grade 2 

DCIS groups [Neubauer et al. 2003]. Another study based on the MRM case review 

from 1994 to 2001 showed that the edema sign on T2-weighted imaging was more 

common associated with invasive carcinomas, and the incidence of edema sign had 

highly significant difference between Grade 2 and Grade 3 invasive carcinoma 

groups and also between Grade 1 and Grade 3 invasive carcinoma groups [Simon 

2004]. To our knowledge, there is no published report concerning correlation 

between the prognostic factors and MR signs in T2-weighted images. In MRI studies 

of almost all parts of the body, T2-weighted images have been used to identify 
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diseased tissue. However, MRM is a field in which usually T1-weighted images are 

obtained by the dynamic or high-resolution or fat-suppressed techniques. In recent 

years, the differential diagnostic value of T2-weighted images was reported [Kaiser 

and Zeitler 1989, Kuhl et al. 1999a] and verified in routine clinical work. With the 

increasing awareness of the value of T2-weighted imaging in MRM, a study on the 

correlation between the edema sign and histologic grade seems necessary and of 

both theoretical and clinical importance.
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Chapter 3  

Aims of the Present Study 

 

Based on the findings of the previous study, we performed a further retrospective 

study to verify the correlation between the incidence of edema sign and tumor 

grading and to answer the following questions: 

 

(1) Is edema sign a reliable MR sign in routine T2-weighted TSE images? 

Specifically, is the detection of edema sign affected by the hardware-related 

factor or/and observer-related factor? 

 

(2) Is there a significant difference in the incidence of edema sign of benign vs. 

malignant lesions? 

 

(3) If edema sign is more associated with the malignant lesions, are there any 

correlations between the incidence of edema sign and tumor grading in the 

invasive carcinomas and in non-invasive carcinomas? 

 

(4) Is there a size dependency with respect to the incidence of edema sign? If so, 

does the correlation between edema sign and tumor grading remain in the 

size-related groups? 

 

(5) Is there an age dependency with respect to the results?
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Chapter 4  

Patients and Methods 

 

4.1 Patients 

Between January 2002 and December 2003, more than two thousand women 

were examined by Magnetic Resonance Mammography (MRM) in the Institute of 

Diagnostic and Interventional Radiology of Friedrich Schiller University Jena 

(IDIR).  

 

The main reasons for referring to MRM were: 

(1)  Determination of local extent of malignancy. 

* Preoperative staging 

* Postoperative assessment for residual disease 

(2)  Evaluation of the problematic mammogram or ultrasound findings 

(3)  Assessment of Neoadjunvant chemotherapy response 

(4)  Detection of occult primary breast cancer 

(5)  Screening for high-risk women 

 

Exclusion criteria for MRM were: 

(1)  Pacemaker 

(2)  Claustrophobia 

(3)  Cochlea implant 

(4)  Extreme obesity 

(5)  Allergy against contrast media 

(6)  Incorporated ferromagnetic substances 
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Patients and Methods 

A total of 316 consecutive patients (mean age, 55.0 years ± 11.6 [SD]; range, 

16–87 years) with 339 contrast - enhancing lesions were included in the present 

study. The inclusion criterion was the presence of definitive histopathologic data 

by means of imaging guided large core needle biopsy, excisional biopsy (with or 

without needle localization) and operation. Tab 4.1 and Fig 4.1 show the age 

distribution of these patients. 

 
Tab 4.1   Age distribution of patients (2002 – 2003) 

Patients Age Groups 

(years) Percent Number 

<=40 9.5% 30 

41-50 26.9% 85 

51-60 28.2% 89 

61-70 26.6% 84 

>70 8.9% 28 

Total 100.0% 316 

 

 

 

Fig 4.1   Frequency histogram of age distribution of Tab 4.1 
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In order to achieve reliable data to histology (same pathologic team) and

post-surgical surveillance, only patients from the Women’s Hospital of Friedrich

Schiller University Jena were enrolled in this retrospective study without making a 

difference between women in first or second half of menstrual cycle. Most of the

women examined were in the first half of menstrual cycle according t

 

 

 

o the MRM 

quality criteria of IDIR. 

 

In the d on th ew from De mber 

1994 e on 2003. On most evaluation fields, the 

previo nd our pr study used th ilar criteria. We, therefore, 

combined the data from two studies on those fields. Further evaluation was not 

only based on the data from the present (2002-2003) study, but also based on the 

co

Tab 4.2   General data of patients and lesions (1994-2003) 

Years Total Patients Total Lesions* Mean Age 

IDIR, a previous study base e MRM cases revi ce

to December 2001 was don

us study a esent e sim

mbined data (1994-2003). Tab 4.2 shows the total number of histologically 

confirmed patients and lesions from December 1994 to December 2003. 

 

2002-2003 316 339 55.0 

1994-2001 694 790 55.0 

1994-2003 1010 1129 55.0 

Note:  * metastatic lesions were not included 

 

Since this research focused on the correlation of the MR sign and histologic type 

of primary breast disease, four metastasic cases (one from present study and 

three from previous study) were not included for further evaluation. 
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4.2 Histologic Analyses 

Each hi a d by two pathologists together by means of 

consens

 four groups: benign tumors, inflammatory 

conditio  proliferative breast disease. (Tab 4.3) 

 

"Fibrocystic change se" of breast, but doesn't put a 

woman at any extra risk for anything. Three patterns occur separately or together:  

(1) Fibrosis 

(2) Cyst formation (>3 mm)  

been removed from the "fibrocystic disease" category because 

they confer a significant cancer risk (i.e., mutations have begun accumulated) [Rosai 

J and Ackerman LV 1996]. They are:  

(1) Epithelial hyperplasia 

* Atypical ductal hyperplasias (ADH) 

* Atypical lobular hyperplasia (ALH) 

(2) Sclerosing adenosis 

Radial scar is sclerosing ductal lesion, sclerosing adenosis with 

pseudoinfiltration. 

(3) Small duct papillomas  

 

stop thologic result was evaluate

us.  

4.2.1 Analysis of benign lesions 

Benign breast lesions were classified into

ns, fibrocystic changes and

s" is the commonest "disea

 

(3) Adenosis 

Three entities have 
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Tab 4.3   Histopathologic types of benign breast disease 

Fibroadenoma (myoxid type or fibrosic type) 

Intraductal ( subareolar / solitary) papilloma 
Common 

Type 
Lipoma 

Hamartoma 

The juvenile fibroadenoma (giant fibroadenoma) 

Benign phyllodes tumor 

Angioma 

Benign 

Tumor 
Rare 

Type  

Others 

Acute nonspecific mastitis 
Mastitis  

Chronic nonbacterial mastitis 

Abscesses and Fistulae 

Inflammatory 

conditions 

Granulomatous conditions 

Fibrosis 
Proliferative 

Adnosis 
Fibrocystic 

Changes 
Nonproliferative Cysts 

Atypical ductal hyperplasias (ADH) 

Atypical lobular hyperplasia (ALH) 

Sclerosing adenosis and Radial scar 

Proliferative 

Breast Disease 

Small duct papillomas 

 

4.2.2 Analysis of malignant lesions 

In the Institute of Pathology of Friedrich Schiller University Jena, the histologic type 

evaluation was mainly according to the World Health Organization (WHO) 

Classification of breast carcinoma. The two major malignant categories were invasive 

carcinoma and non-invasive carcinoma (in situ carcinoma) (Tab 4.4).  
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Tab 4.4   Histopathologic types of malignant breast disease 

Invasive ductal carcinoma (IDC) 

Invasive lobular carcinoma (ILC) 

Mucinous carcinoma 

Medullary carcinoma 

Papillary carcinoma 

Common 

Type 

Tubular carcinoma 

Ductal – lobular carcinoma 

Atypical mucinous (ductal- mucinous) carcinoma 

Patical mucinous carcinoma 

Mixed 

Type 

Other mix types  

Inflammatory carcinoma 

Paget's disease with invasive carcinoma of breast 

Malignant phyllodes tumor 

Cribriform carcinoma 

Carcinosarcoma 

Invasive 

carcinoma 

Rare 

Type 

Others 

In situ intraductal carcinoma (DCIS) 

In situ lobular carcinoma (LCIS) 

In situ intraductal and lobular carcinoma 

Non-invasive 

carcinoma 

Paget's disease with intraductal carcinoma  

Metastases to breast (usually from lung, melanoma 

and contralateral breast) 

Lymphoma 
Miscellaneous tumors 

Others 
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For invasive carcinoma, we took the following features from the original 

histopathologic reports for the further evaluation:  

(1) Histologic type  

(2) Pathologic staging of tumor size, and lymph nodes 

(3) Histologic grade (the Nottingham combined histologic Grading system) 

(4) Multifocality 

(5) Vascular or Lymphatic Invasion 

 

For non-invasive carcinoma (in situ carcinoma), especially DCIS, morphologic 

type and grade were focused. Although not required for pT classification and stage 

assignment, the extent size of DCIS is an important factor in patient management. 

We recorded that when it was available on the pathologic reports. In breast 

carcinomas with both invasive and in situ components, we specified whether an 

extensive intraductal component was present. 

 

Hormonal receptors status were also recorded if available.  

(1) ER and PR  (% of cells staining and intensity [weak, moderate, strong]) 

(2) HER2 Score (1+/weak, 2+/partial circumferential staining, 3+/strong 

circumferential staining visible at low power) 

4.2.3 Histologic Grading Systems 

The grading systems used from 2002 to 2003 are presented below and also in 

Appendix 1 in detail. 

For invasive breast carcinoma, the Nottingham combined histologic grading 

system was used. The Nottingham combined histologic grade depends on the extent 

of tubule formation, the extent of nuclear pleomorphism, and the mitotic count. 

Each variable is given a score of 1, 2, or 3, and the scores are added to produce a 

grade. [Fig 4.2) 
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         Grade 1  ×100                        Grade 1  ×400 

     
         Grade 2  ×100                       Grade 2  ×400 

     
         Grade 3  ×100                       Grade 3  ×400 

 

s (1) (2)  

Note:(1) Provided by Dr. Mieczyslaw Gajda, Insitutue of Pathology, Friedrich Schiller University Jena. 

  (2) The g

Fig 4.2   Histologic Images of different grading invasive carcinoma

rading system used is described in Appendix 1.1 
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Ductal carcinoma in situ (DCIS) was stratified primarily by nuclear grade (high, 

intermediate or low). Categories of nuclear grading for DCIS are described in 

A

4.3 Histologic Findings 

om 1994 to 2003 

e 3  benign lesions and 164 

were malignant lesions. Among them 56 benign tumors, 23 non-invasive 

here were together 201 

be

Tab 4.5   Histologic Diagnosis of all lesions 

 

ppendix 1.2. Necrosis (comedo, punctate or absent) and architectural patterns 

(comedo, cribriform, papillary, micropapillary, solid) were included in the pathologic 

reports. 

 

4.3.1 Overview of the Lesions fr

Of th 39 confirmed lesions from 2002 to 2003, 175 were

carcinomas and 141 invasive carcinomas were included.   

The combined data show that 454 benign lesions and 675 malignant lesions 

were confirmed from December 1994 to December 2003. T

nign tumors, 94 non-invasive carcinomas and 581 invasive carcinomas (Tab 

4.5). 

 

2002-2003 1994-2001 1994-2003 

Total Lesions 339 790 1129 

 Benign Lesions 175 279 454 

  Benign Tumor 56 145 201 

  Other benign diseases 119 134 253 

 Maligant Lesions 164 511 675 

  Invasive Carcinoma 141 440 581 

  Non-invasive Carcinoma 23 71 94 

  Metastatic tumor* 1 3 4 

Note  not : * included in the sum 
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4.3 sions 

Among the 175 benign lesions from 2002 to 2003, 32.0% (56/175) were benign 

benign phyllodes tumors and other types 

risks. Inflammatory conditions were only confirmed histologically in two cases (Tab 

Tab 4.6   Histologic types of the benign lesions (2002 to 2003)

ign Lesions (n=175) 51.6% (175/ 339) 

.2 Findings of benign le

solid tumors (fibroadenoma, papilloma, 

of benign tumors) and 49.7% (87/175) were fibrocystic changes. 17.1% (30/175) 

cases belonged to the proliferative disease group which had significant cancer 

4.6). 

 

Ben

 Benign / 175)  Tumor (n=56) 32.0% (56

 Fibroadenoma  

 tumor 

roadenoma  

Inflammatory conditions (n=2)  

44.6% (25/ 56) 

 Papilloma 46.4% (26/ 56) 

 Benign phyllodes 3.6% (2/ 56) 

 Juvenile fib 1.8% (1/ 56) 

 Lipoma 1.8% (1/ 56) 

 Other benign tumors 1.8% (1/ 56) 

 1.1% (2/ 175)

 Fibroc 49.7% (  ystic Changes (n=87) 87/ 175)

 Proliferative Breast Disease (n=30) (17.1% 30/ 175) 

 Atypical ductal hyperplasias (ADH) 

LH) 

(

(

10.0% (3/ 30) 

 Atypical lobular hyperplasia (A 13.3% (4/ 30) 

 Small duct papillomas 3.3% (1/ 30) 

 Radial Scar 36.7% 11/ 30) 

 Sclerosing adenosis 36.7% 11/ 30) 
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Tab 4.7 sh nalysis of benign lesions Dece 94 to 

December 2003. Since “proliferative disease” were not removed from the 

"f

Tab 4.7   Histologic types of the benign lesions (1994 to 2003) 

ows the combined a  from mber 19

ibrocystic disease" category in the data of previous study, these two groups were 

combined into “fibrocystic changes and proliferative disease” group in combined 

data for sake of consistency. In this combined group, the “Atypical ductal 

hyperplasias” and “Radial Scar” subgroups were listed separately, because these 

two conditions were considered having significant cancer risk and had clear data 

on the present study and previous study. There were 50.2% (228/454) lesions 

belonged to the “fibrocystic changes and proliferative disease” group. Benign 

tumors accounted for 44.3% (201/454). Inflammatory conditions were relatively 

rare, only confirmed in 25 cases (5.5%). All benign lesions together took up to 

40.2% (454/1129) of the all lesions. 

 

 2002-03 1994-2001 1994-2003 

Benign Lesions  51.6% (175/339)  35.3% (279/790)  40.2% (454/1129) 

 Benign Tumor 32.0% (56/175)  52.0% (145/279)  44.3% (201/454) 

 Inflammatory conditions 1.1% (2/175)  8.2% (23/279)  5.5% (25/454) 

 
Fibrocystic Changes 

e Disease and Proliferativ
66.9% (117/175)  39.8% (111/279)  50.2% (228/454) 

  ADH 2.6% (3/117)  2.7% (3/111)  2.6% (6/228) 

  Radial Scar 9.4% (11/117)  8.1% (9/111)  8.8% (20/228) 

  Other types 88.0% (103/117)  89.2% (99/111)  88.6% (202/228) 

 

 

The combined data about the solid benign tumors were showed in Tab 4.8. 

Fibroadenoma were the most common type and accounted 55.2% (111/201). 

Sixty-four cases (31.8%) were confirmed to be papilloma. Other uncommon types 

of benign tumors together accounted 13.0% (26/201). Only two benign phyllodes 

tumor were confirmed in present study. After combining with the data from the 

previous study, we had together 23 cases of this type tumor. Other uncommon 
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types included the juvenile fibroadenoma (1 case), lipoma (1 case) and hamartoma 

(1 case).  

 

Tab 4.8   Histologic types of the benign tumors (1994 to 2003) 

 2002-2003 1994-2001 1994-2003 

Benign Tumors 27.9% (56/201) 72.1% (145/201) 44.3% (201/454) 

 Fibroadenoma 44.6% (25/56) 59.3% (86/145) 55.2% (111/201) 

 Papilloma 46.4% (26/56) 26.2% (38/145) 31.8% (64/201) 

 Benign phyllodes tumor 3.6% (2/56) 14.5% (21/145) 11.4% (23/201) 

 Juvenile fibroadenoma 1.8% (1/56) 0.0% (0/145) 0.5% (1/201) 

 Lipoma 1.8% (1/56) 0.0% (0/145) 0.5% (1/201) 

 Hamartoma 1.8% (1/56) 0.0% (0/145) 0.5% (1/201) 
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4.3.3 Findings of malignant lesions 

Regarding all 164 malignant lesions confirmed from 2002 to 2003, 86.0% 

(141/164) were invasive carcinomas and 14.0% (23/164) were non-invasive 

carcinomas. The two common types of invasive carcinoma were invasive ductal 

carcinoma (58.2%) and invasive lobular carcinoma (26.2%). Seven of 141 (5.0%) 

cases had invasive ductal and invasive lobular components together. Further less 

common types were shown on Tab 4.9. 

 

Tab 4.9   Histologic Types of the malignant lesions (2002 to 2003) 

Malignant Lesions (n=164) 48.4% (164/339) 

 Invasive Carcinoma (n=141) 86.0% (141/164) 

  Invasive ductal carcinoma (IDC) 58.2% (82/141) 

  Invasive lobular carcinoma (ILC) 26.2% (37/141) 

  Tubular carcinoma 4.3% (6/141) 

  Mucinous carcinoma 1.4% (2/141) 

  Medullary carcinoma 0.0% (0/141) 

  Inflammatory carcinoma 0.7% (1/141) 

  Papillary carcinoma 0.7% (1/141) 

  IDC + ILC 5.0% (7/141) 

  Partial tubular carcinoma 2.8% (4/141) 

  Patical mucinous carcinoma 0.7% (1/141) 

  Other types 0.0% (0/141) 

 Non-invasive Carcinoma (n=23) 14.0% (23/164) 

  In situ intraductal carcinoma (DCIS) 65.2% (15/23) 

  In situ lobular carcinoma (LCIS) 17.4% (4/23) 

  In situ intraductal and lobular carcinoma 17.4% (4/23) 

  Paget's disease with intraductal carcinoma  0.0% (0/23) 

 

 

Malignant lesions group from the previous study of IDIR had the similar 

histological type distribution: 86.1% (440/511) invasive carcinoma and 13.9% 

- 33 - 



Patients and Methods 

(71/511) non-invasive carcinoma (Tab 4.10). The invasive ductal carcinoma and 

invasive lobular carcinoma together accounted 76.6% (337/440) of the invasive 

carcinoma. Nine cases of inflammatory carcinoma and four cases of medullary 

carcinoma were included in the previous study, but had no distribution on the 

data of 2002 to 2003. In the non-invasive carcinoma group, four cases of Paget's 

disease with intraductal carcinoma were included. 

 

Tab 4.10   Histologic Types of the malignant lesions (1994 to 2001) 

Malignant Lesions (n=511) 64.4% (511/793) 

 Invasive Carcinoma (n=440) 86.1% (440/511) 

  Invasive ductal carcinoma (IDC) 56.6% (249/440) 

  Invasive lobular carcinoma (ILC) 20.0% (88/440) 

  Tubular carcinoma 4.8% (21/440) 

  Mucinous carcinoma 0.5% (2/440) 

  Medullary carcinoma 0.9% (4/440) 

  Inflammatory carcinoma 2.0% (9/440) 

  Papillary carcinoma 0.9% (4/440) 

  IDC + ILC 4.5% (20/440) 

  Partial tubular carcinoma 0.0% (0/440) 

  Partial mucinous carcinoma 0.9% (4/440) 

  Other types 8.9% (39/440) 

 Non-invasive Carcinoma (n=71) 13.9% (71/511) 

  In situ intraductal carcinoma (DCIS) 80.3% (57/71) 

  In situ lobular carcinoma (LCIS) 8.5% (6/71) 

  In situ intraductal and lobular carcinoma 7.0% (5/71) 

  Paget's disease with intraductal carcinoma  4.2% (3/71) 

 

 

The combined data of the histological type of the malignant lesions are listed on 

Tab 4.11. From Dec 1994 to Dec 2003, of all the 1129 confirmed lesions, 675 

(59.8%) cases belonged to the malignant group. Among them, the ratio of the 

invasive carcinoma and non-invasive carcinoma was about 6:1(581:94). Ductal 

- 34 - 



Patients and Methods 

components originated carcinoma was the most common histological type in both 

invasive carcinoma and non-invasive carcinoma group (IDC 57.0% and DCIS 

76.6%). 

   

Tab 4.11   Histologic Types of the malignant lesions (1994 to 2003) 

Malignant Lesions (n=675) 59.8% (675/1129) 

 Invasive Carcinoma (n=581) 86.1% (581/675) 

  Invasive ductal carcinoma (IDC) 57.0% (331/581) 

  Invasive lobular carcinoma (ILC) 21.5% (125/581) 

  Tubular carcinoma 4.6% (27/581) 

  Mucinous carcinoma 0.7% (4/581) 

  Medullary carcinoma 0.7% (4/581) 

  Inflammatory carcinoma 1.7% (10/581) 

  Papillary carcinoma 0.9% (5/581) 

  IDC + ILC 4.6% (27/581) 

  Partial tubular carcinoma 0.7% (4/581) 

  Patical mucinous carcinoma 0.9% (5/581) 

  Other types 6.7% (39/581) 

 Non-invasive Carcinoma (n=94) 13.9% (94/675) 

  In situ intraductal carcinoma (DCIS) 76.6% (72/94) 

  In situ lobular carcinoma (LCIS) 10.6% (10/94) 

  In situ intraductal and lobular carcinoma 9.6% (9/94) 

  Paget's disease with intraductal carcinoma  3.2% (3/94) 

 

4.4 MR Imaging Technique 

All MRM examinations were performed on 1.5 T systems by using the standard 

dedicated bilateral breast coils. Until December 2001 all MRM examination were 

performed on a 1.5 T Gyroscan ACS II System from Philips Medical Systems. Four 

MR units were used from January 2002 to December 2003: Gyroscan ACS II and 

Intera- Gyroscan ACS II from Philips Medical System, Vision Plus and Symphony 

from Siemens. Gyroscan ACS II, Intera-Gyroscan ACS II and Vision Plus were 
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used in 2002. From 2003, most examinations were done on the Symphony 

system. 

 

Before examination, a needle for the intravenous administration of contrast 

agent was placed in a cubital vein and the patient put in a comfortable prone 

position. 

 

The MR scan of breast was performed in five steps: 

(1) A localizer sequence: an initial scout view that provided axial, coronal, 

and sagittal images of the left and the right breast. These scout images 

were used to exactly localize the spatial distribution of the parenchymal 

volume in both breasts. The subsequent axial dynamic series was then 

positioned (and angled if appropriate) to cover the whole parenchyma. 

(2) A two-dimensional (2D) gradient echo sequence in a coronal orientation 

to plan the dynamic sequence 

(3) For the dynamic study, multislice 2D fast field echo (FFE, Philips) or 2D 

fast low-angle shot (FLASH, Siemens) sequence in an axial orientation 

was then acquired. After initial aquisition without contrast agent, a 

bolus of 0.1 mmol/kg gadolinium-DTPA (Gd-DTPA) (Magnevist®; 

Schering, Berlin, Germany) was administered intravenously without 

moving the patient, followed by a 20-ml saline solution flush (3ml/sec). 

After a waiting time of 20 sec, seven sets of dynamic images were 

recorded, each acquisition lasting 60 sec. Over the whole dynamic series, 

the system's receiver adjustment remained unchanged. For the 

Symphony System a parallel imaging technique (GRAPPA) was used to 

increase spatial resolution (512 x512 matrix) (Kaiser 2003). 

(4) Another sequence according to step (2) was then performed as 

post-contrast images. 

(5) A set of axial T2-weighted images was obtained in identical slice 

positions as the dynamic sequence (3). 
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The detailed scan parameters of dynamic T1-weighted imaging sequencec for the 

four MR systems were listed in Tab 4.12. 
Tab 4.12   Scan parameters for dynamic series (T1WI) 

 
Gyroscan 

ACS II 

Intera- 

Gyroscan 

ACS II 

Vision Plus Symphony 

Sequence 2D FFE 2D FFE 2D FLASH 2D FLASH 

(GRAPPA) 

Orientation axial axial axial Axial 

TR (ms) 96 96 220 113 

TE (ms) 5 5 4.6 4.6 

Flip Angle (°) 80 80 75 80 

Slice thickness (mm) 4 4 4 3 

Gap (mm) 0.4 0.4 0.4 0.4 

Field of View (mm) 350 350 350 350 

Slice number 24 24 24 33 

Matrix (mm) 256 x 256 256 x 256 256 x 256 512x512 

 

The detailed scan parameters of T2-weighted imaging sequences for the four MR 

systems were listed in Tab 4.13. 
Tab 4.13   Scan parameters for T2WI 

 
Gyroscan 

ACS II 

Intera- 

Gyroscan 

ACS II 

Vision Plus Symphony 

Sequence TSE TSE TSE TSE 

Orientation axial axial axial axial 

TR(ms) 4000 4000 12288 8900 

TE(ms) 300 300 259 207 

Flip Angle (°) 90 90 90 90 

Slice thickness(mm) 4 4 4 3 

Gap (mm) 0.4 0.4 0.4 0.4 

Field of View (mm) 350 350 350 350 

Slice number 24 24 24 33 

Matrix (mm) 193 x 256 193 x 256 256 x 256 512 x512 
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4.5 Image Analysis 

4.5.1 MRM lexicon  

MRM analysis relies on both the morphology and kinetics of the lesion. The 

American College of Radiology (ACR) is supporting a group of international experts 

to develop a lexicon to standardize terminology and reporting [Ikeda 2001; Ikeda et al. 

2001b; Morris 2002]. The ACR breast Morphology MRI lexicon is a work in progress 

and is modeled on the BI-RADSTM lexicon [American College of Radiology 2003] for 

morphology and also incorporating the dynamic enhancement properties of the 

lesion. As the participant of this International Working Group, IDIR used 

standardized terminology from the developing MRM lexicon (Tab 4.14) in reporting 

findings. 

4.5.2 Morphology Analysis 

Firstly, lesion configuration was determined. It was classified as being a focus (tiny 

spot of enhancement, <5mm), a mass, or a non-mass-like enhancement. 

Secondly, if a mass or non-mass-like enhancement was present, its distribution, 

shape, margins, and internal enhancement characteristics were evaluated. 

Morphologic features associated with malignancy on MR imaging examinations are 

similar to those associated with malignancy on mammography. This includes 

irregular shape and irregular or spiculated margins. In addition, rim enhancement, 

heterogeneous internal enhancement, and ductal distribution are features 

associated with a relatively high positive predictive value [Nunes 2001; Schnall et al. 

2001; Liberman et al. 2002]. By the same token, smooth margins and homogeneous 

internal enhancement are often associated with benign lesions. There is, however, 

overlap in benign and malignant features, as there is with mammography [Lee 2004]. 
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Tab 4.14    Preliminary ACR MRM lexicon (work in progress)(1)(2) 

Lesion Type 
 Focus/Foci 

 Mass   

  Shape 

 

 

   (Round/Oval/Lobular/Irregular) 

  Margin
   (Smooth/Irregular/Spiculted) 

  Enhancement pattern

   

(Homogeneous/heterogeneous/Rim Enhancement/ 

Dark internal septation/Enhancing internal septation/Central enhancement) 

 Non-Mass-Like Enhancement 

  Distribution Modifiers 

 
   (Focal area/Linear/Ductal/Segmental/Regional/Multiple regions/Diffuse) 

  Internal Enhancement
   (Homogeneous/Heterogeneous/Stippled,punctate/Clumped/Reticular,dendritic) 

 

Note: (1) Members of the lexicon working group: Debra Ikeda, MD; Nola Hylton, PhD;

Mitchell Schnall, MD, PhD; Steven Harms, MD; Jeffrey Weinreb, MD; Werner

Kaiser, MD, Mary Hochman, MD; Karen Kinkel, MD; Christiane Kuhl, MD, PhD;

John Lewin, MD; Elizabeth Morris, MD; Petra Wiehweg, MD, PhD; Hadassa

Degani, PhD, Stanley Smazal, MD. 

  (2) F om [American College of Radiology 2003] r

 

4.5.3 Kinetics Analysis 

Lesion enhancement kinetics was evaluated on both subtracted and non-subtracted 

images all over the dynamic series, and time/signal intensity curves were plotted. 

Analysis of kinetic features of breast MR imaging studies were done on dicated 

workstations. 

Firstly, enhancement rates (or wash-in rates) were quantified by ROI based signal 

intensity measurements. To account for differences in baseline tissue T1 relaxation 

times, enhancement was calculated as signal intensity increase relative to baseline 
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values [Kaiser and Zeitler 1989]: 

 

where SIpre is baseline signal intensity and SIpost is signal intensity after 

intravenous Gd-DTPA injection. Relative signal intensity increase that occurs in a 

certain period of time, usually the first or second post-contrast minute, was referred 

to as enhancement rate. 

Secondly, the enhancement kinetics in the intermediate and late post-contrast 

period were evaluated by means of time/signal intensity curves (TIC). Three patterns 

of signal intensity time courses can be distinguished [Kaiser 1994; Morris 2002]Fig 4.3. 

Type I is continuous progressive enhancement over time, indicating that contrast 

accumulates within the lesion, typically seen with benign findings. Type III is a 

washout curve, indicating that after the lesion takes up contrast, the contrast 

promptly washes out, presumably by leaky capillaries and shunts found in 

malignant lesions. Type II is a plateau curve that is a combination of a Type I and a 

Type III curve and can be seen with both benign and malignant lesions. 

 

 

Fig 4.3   Time intensity curves [Kaiser 1994, Morris 2002] 

 Type I curve is continuous enhancement. Type II curve reaches a plateau. Type III curve 

washes out where there is a decrease in signal intensity after peak enhancement.  
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 Thirdly, progression of internal lesion enhancement over the dynamic series should 

be analyzed. It’s reported that, if the enhancement started in the tumor center, 

al pattern, this was indicative of a benign lesion. 

the periphery and progressed in a centripetal 

 

 

4.6 Retrospective Evaluation 

Three observers, two MRM specialists and one MRM-trained resident, retrospectively 

evaluated the images in the course of this study. At the first two weeks of case 

review, all cases were reviewed by these three radiologists together to make sure the 

same evaluation criteria were used and to get a high interreader concordance. 

The observers were aware of the presence of histologic data, but they did not know 

the side, location or size of the lesion. Sets of pre-enhanced T1WI; post-enhanced 

T1WI, T2WI and subtraction images computed from the dynamic series were the 

basis for evaluation.  

Before evaluation, the corresponding history and clinic, mammagraphic and 

un ted. 

The first step of evaluation was imaging quality assessment. Then over 40 signs 

were assessed based on the pre-enhanced T1WI, post-enhanced T1WI, T2WI, 

 intensity curve. At the end, a final qualitative diagnosis 

and a recommendation for the next appropriate step in the work-up of the lesion 

were required. The original evaluation form was enrolled in the appendix part 

(Appendi

progressing from there in a centrifug

If in turn enhancement started in 

fashion, this was highly suggestive of breast cancer [Boetes et al. 1994; Schorn et al.

1999a]. It should be noted, however, that these criteria are not specific enough to

distinguish small enhancing lesions [Schorn et al. 1999a]. 

4.6.1 General Evaluation 

ultraso d findings were briefly admit

subtractive images and Time

x 2). 
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4

Definition and Category 

Edema sign is the finding of high signal intensities in the T2WI-TSE-images. The 

ipsilateral high signal intensities associated with the lesion was defined as 

“unilateral edema si this study. There were two kinds of “unilateral 

edema sign”: if the high signal intensities located just surrounding the lesion, it 

was described as the “perifocal edema sign “; if the distribution of the high 

intensities was not only surrouding the lesion, but also on other areas of the 

ipsilateral breast, it was ema sign”. According 

to the pr 2004], unilateral edema sign was regarded as 

potential malignant sign and correlating with the tumor grading. Other kinds of 

edema tha had th sly not associated with the lesion 

were divid hers” group. For example, bilateral edema (which often 

caused by ase), edema introduced by biopsy or radiation therapy. 

The categories ttern were summarized on Tab 4.15 and 

illustrated on Fig 4.4. 

 
Tab 4.15   Categories of edema sign 

Unilateral edema sign 

.6.2 Edema Sign Evaluation 

gn” on 

 defined as “diffuse unilateral ed

evious study [Simon 

t eir own causes and/or obviou

ed into the “ot

 systemic dise

of edema sign pa

 Perifocal edema sign 

 Diffuse

No edema sign 

 unilateral edema sign 

Others* 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy 

or radiation therapy etc. 
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Fig 4.4   Categories of edema sign 

 

  
 

  
 

 

A 
B 

C D 

E 

 
A and B were 
T2WI and 
S1-subtracted 
image of the same 
slice. Perifocal 
edema sign was 
showed on A 
(arrows). 
 
 
 
 
C and D were 
T2WI and 
S1-subtracted 
image of the same 
slice. Diffuse 
unilateral edema 
sign was showed 
on C.  
 
 
 
 
 
Right breast cancer 

ng 

Bilateral edema can 

 
s 

assigned into others

duri
chemotherapy. 

be found in both 
breasts. This kind
of edema sign wa

 
group. 
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R

 systems (hardware-related comparison), and among different 

ev

S

To assess the issue of size dependency with respect to the incidence of edema sign, 

roups. Small-size, middle-size and large-size 

group included the lesions with sizes below or until 1cm, between 1 to 2cm, and 

4

Statistical tests used in our study were the chi-square test and Fisher’s exact test 

to verify significant differences between occurrence of the edema sign concerning 

several characteristic features, especially concerning with the histologic grading. 

When the sample size was greater than 40 and the smallest expected frequency 

was greater than 5, data were evaluated with the Pearson’s χ  test; When the 

sample size was greater than 40 and expected frequencies in the all cells were 

greater than 1, but the smallest frequency was less than 5, the Yates’ Correction 

eliability Assessment 

To answer the question that if edema sign is a reliable MR sign in the routine 

T2-weighted TSE images, the data were analyzed by comparing the incidence of 

edema sign in the prior study and in the present study (study-related comparison), 

among different MR

aluating radiologists (observer-related comparison). 

ize Groups and Age Groups 

the lesions were divided into three g

over 2cm, respectively. In this study, lesion size was defined as the maximum 

diameter measured on the early-enhanced series, thus measuring the maximum 

diameter of the earliest enhancement of the dynamic examinations (i.e. in the first 

postcontrast scan). 

To access the issue of age dependency, we divided all lesions into three groups 

according to the patients’ age (below or at age of 40, between 40 and 50, and 

beyond the age of 50, respectively).  

 

.7 Statistical analysis 

2
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were used to remove the bias; When the sample size was less than 40 or the 

smallest expected frequency was less than 1, then the Fisher’s exact test was used. 

Fo

s less than 1 

centimeter, between 1 and 2 cm, between 2 and 5cm, and greater than 5cm, 

respectively. The three age-related groups included patients below or at the age of 

40, between 40 and 50, and beyond the age of 50 years, respectively. The edema 

features were compared for the different tumor size groups and age groups 

separately. 

For data collection and analyse data preparing, a software package (Excel 2000; 

Microsoft, Redmond, Wash) was used. The statistical analyses based on the data 

from January 2002 to December 2003, as well as the combined data from 

December 1994 to December 2003, were performed by using the SPSS 9.0 for 

Windows (Statistical Package for Social Sciences, SPSS, Chicago, III)

r all tests, a p value less than 0.05 were used to indicate significance. When p 

value was less than 0.01, the results were called highly significant. 

To assess the issues of tumor size dependency and age dependency, we divided 

patients with benign and malignant lesions into three tumor size groups and three 

age groups. The three size-related groups included the lesion size wa
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Chapter 5  

Results 

5.1 Edema Sign 

5.1.1 Overall incidence of Edema signs 

In the present study based on data from 2002 to 2003, unilateral edema sign 

(perifocal edema and diffuse unilateral edema together) was observed in 91 of 339 

lesions. In benign lesions, the incidence was 13.7% (24/175); in malignant lesions, 

the incidence was 40.9% (67/164).  

 

Before the data from two studies were combined, a comparison about the 

incidence of unilateral edema sign between these two studies was made (Tab 5.1).  
Tab 5.1   Study-related comparison of the incidence of unilateral edema sign 

 Incidence of unilateral edema sign  
Histology 

 2002-2003  1994-2001  
P Value 

All Lesions   26.8% (91/339)  31.8% (251/790)  0.0986 

 Benign Lesions  13.7% (24/175)  10.0% (28/279)  0.2310 

 Malignant Lesions  40.9% (67/164)  43.6% (223/511)  0.5306 

  Invasive Carcinoma  43.3% (61/141)  48.2% (212/440)  0.3084 
  Non-invasive Carcinoma  26.1% (6/23)  15.5% (11/71)   0.4034* 
Note: * after Yates’ Modification 

The comparison results showed that all the p values were above 0.05. Thus, 

there were no significant differences in the incidence of unilateral edema sign 

between these two studies. In other wards, these two studies can be thought as 

two random samples from the same population. The results from these two 

studies were then combined (Tab 5.2). 
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Tab 5.2   Overall incidence of edema signs (1994-2003) 

Unilateral Edema 
Histology 

Perifocal  Diffuse
No Edema Other* 

Lesions (2002-2003) 20.1% (68/339) 6.8% (23/339) 65.2% (221/339) 7.9% (27/339) 

 Benign Lesions 9.1% (16/175) 4.6% (8/175) 79.4% (139/175) 6.9% (12/175) 

 Malignant Lesions 31.7% (52/164) 9.1% (15/164) 50% (82/164) 9.2% (15/164) 

  Invasive Carcinoma 32.6% (46/141) 10.6% (15/141) 48.9% (69/141)  7.9% (11/141) 

  Non-invasive Carcinoma 26.1% (6/23) 0.0% (0/23) 56.5% (13/23) 17.4% (4/23) 

Lesions (1994-2001) 25.6% (202/790) 6.2% (49/790) 55.4% (438/790) 12.8% (101/790) 

 Benign Lesions 6.8% (19/279) 3.2% (9/279) 78.1% (218/279) 11.8% (33/279) 

 Malignant Lesions 35.8% (183/511) 7.8% (40/511) 43.1% (220/511) 13.3% (68/511) 

  Invasive Carcinoma 39.8% (175/440) 8.4% (37/440) 37.5% (165/440) 14.3% (63/440) 

  Non-invasive Carcinoma 11.3% (8/71) 4.2% (3/71) 77.5% (55/71) 7.0% (5/71) 

Lesions (1994-2003) 23.9% (270/1129) 6.4% (72/1129) 58.4% (659/1129) 11.3% (128/1129) 

 Benign Lesions 7.7% (35/454) 3.7% (17/454) 78.6% (357/454) 10.0% (45/454) 

 Malignant Lesions 34.8% (235/675) 8.1% (55/675) 44.7% (302/675) 12.4% (84/675) 

  Invasive Carcinoma 38.0% (221/581) 9.0% (52/581) 40.3% (234/581) 12.7% (74/581) 

  Non-invasive Carcinoma 14.9% (14/94) 3.2% (3/94) 72.3% (68/94) 9.6% (9/94) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 



Results 

For all 1129 lesions of 1994 to 2003, unilateral edema was observed in 342 

lesions (30.3%). Among them, 270 (23.9%) lesions showed a perifocal edema and 

72 (6.4%) a diffuse edema. As for the malignant lesions, 43.0% (290/675) showed 

a unilateral edema. In benign lesions, we found 11.5% (52/454) lesions with the 

edema signs. (Tab 5.2) 

5.1.2 Hardware-related comparison of the incidence of edema signs  

From Dec 1994 to Dec 2001, all MRM examinations were done on the same MR 

unit (Gyroscan ACS II). From January 2002 to December 2003, four MR units 

were used for MRM examination. The total examination number and the 

incidence of edema signs in different MR units were listed in the Tab 5.3. 

 
Tab 5.3   Incidence of edema signs in different MR units (2002-2003) 

  Unit 1  Unit 2  Unit 3  Unit 4 

Total  7.4% (25/339)  29.5% (100/339)  20.9% (71/339)  42.2% (143/339) 

 Unilateral Edema  24.0% (6/25)  37.0% (37/100)  22.5% (16/71)  22.1% (32/145) 

  Perifocal  12.0% (3/25)  31.0% (31/100)  14.1% (10/71)  16.6% (24/145) 

  Diffuse  12.0% (3/25)  6.0% (6/100)  8.5% (6/71)  5.5% (8/145) 

 No Edema  64.0% (16/25)  49.0% (49/100)  71.8% (51/71)  72.4% (105/145) 

 Others*  12.0% (3/25)  14.0% (14/100)  5.6% (4/71)  4.1% (6/145) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc 
Unit 1 = Intera-Gyroscan ACS II 
Unit 2 = Gyroscan ACS II 
Unit 3 = Vision Plus 
Unit 4 = Symphony 

 

Even the field strength of these four MR units was same (all of them were 1.5 T 

scanners), the scan sequence for T2 weighted imaging was same (TSE sequence), 

and the scan parameters in every MR unit have been adjusted in advance to get the 

similar weighted degree of T2 imaging (Tab 4.13), it is still necessary to make sure 

that if the hardware-related factor had correlation with the incidence of edema 
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signs. Comparing the incidence of unilateral edema sign of these four groups (MR 

units), we had P>0.05 (the exact value is p=0.0581). There is thus evidence that no 

significant correlation was found between the incidence of edema and the type of 

the MR units.  

5.1.3 Observer-related comparison of the incidence of edema signs 

There were three experts in the evaluation team. Even half of the cases were 

evaluated by two radiologists together, we recorded one main valuator for each case 

for the further interreader concordance comparison. The total case number and 

incidence of edema signs of each valuator are listed in the Tab 5.4. 

 
Tab 5.4   Incidence of edema signs of different valuators (2002-2003) 

Total  Radiologist 1  Radiologist 2  Radiologist 3 

  26.5% (90/339)  26.0% (88/339)  47.5% (161/339) 

 Unilateral Edema  16.7% (15/90)  29.5% (26/88)  31.1% (50/161) 

  Perifocal  7.8% (7/90)  17.0% (15/88)  28.6% (46/161) 

  Diffuse  8.9% (8/90)  12.5% (11/88)  2.5% (4/161) 

 No Edema  76.7% (69/90)  67.0% (59/88)  57.8% (93/161) 

 Others*  6.7% (6/90)  3.4% (3/88)  11.1% (18/161) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc 

 

 For statistical analysis, it was assumed, as the null hypothesis (H0), that there is 

no difference in rate of detecting edema sign among different evaluators. For the 

comparison of incidence of unilateral edema sign, the result p value was less than 

0.05 (the exact value was p=0.0382). So, the null hypothesis was rejected at the 

level of 0.05. It seems, therefore, that the incidence of unilateral edema sign was 

not equally common among different readers. With thinking about the fact that the 

incidence of edema was not the same between malignant lesions group and benign 

lesions group, the component ratio of malignant and benign lesions of each reader’s 

evaluation group should be considered. The total case number and incidence of 
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edema signs of each valuator in malignant lesions group are listed in the Tab 5.5. 

 

Tab 5.5  Incidence of edema signs of different valuators in malignant lesions group 

(2002-2003) 

  Radiologist 1  Radiologist 2  Radiologist 3 

Total  22.0% (36/164)  26.2% (43/164)  51.8% (85/164) 

 Unilateral Edema  33.3% (12/36)  41.9% (18/43)  43.5% (37/85) 

  Perifocal  13.9% (5/36)  27.9% (12/43)  41.2% (35/85) 

  Diffuse  19.4% (7/36)  14.0% (6/43)  2.4% (2/85) 

 No Edema  58.3% (21/36)  53.5% (23/43) )  44.7% (38/85) 

 Others*  8.3% (3/36)  4.7% (2/43)  11.8% (10/85) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc 

 

For statistical analysis based on the data listed in Tab 5.5, we had P>0.05 (the 

exact value was p=0.5734). There is thus strong evidence that the rate of uniliateral 

edema sign detecting was equally common among different readers. In other words, 

in the malignant lesions group, the observer-related factor has no correlation with 

the rate of detection of edema.  
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5.1.4 Incidence of edema signs in benign lesions  

From 175 benign lesions confirmed during 2002 to 2003, 24 (13.7%) showed 

edema signs of these, there were 8 of 56 (14.3%) benign tumors, 14 of 87 (16.1%) 

fibrocystic changes, and 2 of 30 (6.7%) proliferative diseases. Both inflammatory 

conditions cases were chronic, no edema sign were found in these two cases. 

Difference in the incidence of edema sign among these four types of benign 

disease did not show statistical significance (the exact value was p=0.5707). 

In this group, however, both two benign phyllodes tumors showed a perifocal 

edema (Tab 5.6) 

 

Tab 5.6   Incidence of edema signs in benign lesions (2002-2003) 

Unilateral Edema 
Histology 

Perifocal Diffuse 
No edema Others* 

Benign Lesions (n=175) 9.1% (16/175) 4.6% (8/175) 79.4% (139/175) 6.9% (12/175) 

 Benign Tumor 14.3% (8/56) 0.0% (0/56) 75.0% (42/56) 10.7% (6/56) 

  Fibroadenoma  8.0% (2/25) 0.0% (0/25) 80.0% (20/25) 12.0% (3/25) 

  Papilloma 15.4% (4/26) 0.0% (0/26) 73.1% (19/26) 11.5% (3/26) 

  Phyllodes tumor 100.0% (2/2) 0.0% (0/2) 0.0% (0/2) 0.0% (0/2) 

  Other benign tumors 0.0% (0/3) 0.0% (0/3) 100.0% (3/3) 0.0% (0/3) 

 Inflammatory conditions 0.0% (0/2) 0.0% (0/2) 100.0% (2/2) 0.0% (0/2) 

 Fibrocystic Changes 9.2% (8/87) 6.9% (6/87) 79.3% (69/87) 4.6% (4/87) 

 Proliferative Disease 0.0% (0/30) 6.7% (2/30) 86.7% (26/30) 6.7% (2/30) 

  ADH 0.0% (0/3) 0.0% (0/3) 100.0% (3/3) 0.0% (0/3) 

  ALH 0.0% (0/4) 0.0% (0/4) 100.0% (4/4) 0.0% (0/4) 

  Small duct papillomas 0.0% (0/1) 0.0% (0/1) 100.0% (1/1) 0.0% (0/1) 

  Radial Scar 0.0% (0/11) 18.2% (2/11) 81.8% (9/11) 0.0% (0/11) 

  Sclerosing adenosis 0.0% (0/11) 0.0% (0/11) 81.8% (9/11) 18.2% (2/11) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 
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From 279 benign lesions confirmed during 1994 to 2001, 28 showed edema 

signs; of these, there were eight of 145 (5.5%) benign tumors, 12 of 111 (10.8%) 

fibrocystic changes and proliferative diseases, and 8 of 23 (34.7%) inflammatory 

conditions. There were 21 cases of benign phyllodes tumor in this group, two of 

them showed the perifocal edema (Tab 5.7). 

 
Tab 5.7   Incidence of edema signs in benign lesions (1994-2001) 

Unilateral Edema 
Histology 

Perifocal Diffuse 
No edema Others* 

Benign Lesions (n=279) 6.8% (19/279) 3.2% (9/279) 78.1% (218/279) 22.2% (33/279) 

 Benign Tumor 4.1% (6/145) 1.4% (2/145) 83.4% (121/145) 11.0% (16/145) 

  Fibroadenoma  1.2% (1/86) 1.2% (1/86) 90.7% (78/86) 7.0% (6/86) 

  Papilloma 7.9% (3/38) 0.0% (0/38) 71.1% (27/38) 21.1% (8/38) 

  Phyllodes tumor 9.5% (2/21) 4.8% (1/21) 76.2% (16/21) 9.5% (2/21) 

 Inflammatory conditions 21.7% (5/23) 13.0% (3/23) 47.8% (11/23) 17.4% (4/23) 

 

Fibrocystic Changes 

and proliferative disease 
7.2% (8/111) 3.6% (4/111) 77.5% (86/111) 11.7% (13/111) 

  ADH 0.0% (0/3) 0.0% (0/3) 100.0% (3/3) 0.0% (0/3) 

  Radial Scar 0.0% (0/9) 0.0% (0/9) 88.9% (8/9) 11.1% (1/9) 

  Other types 8.1% (8/99) 4.0% (4/99) 75.8% (75/99) 12.1% (12/99) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 

 

Regarding all 454 benign lesions from December 1994 to December 2003, 

52s(11.4%) showed edema signs: 35 (7.7%) perifocal edema and 17 (3.7%) 

unilateral diffuse edema (Tab 5.8). Among the benign tumors, we found 16 of 201 

(8.0%) with edema signs; of these, there were 4 of 111 (3.6%) fibroadenomas, 7 of 

64 (10.9%) papillomas and 5 of 23 (21.7%) benign phyllodes tumors. 8 of 25 (32.0%) 

inflammatory conditions showed edema signs, and 28 of 228 (12.3%) in the 

combined “Fibrocystic Changes and proliferative disease” group. The benign 

phyllodes tumor and inflammatory conditions more often show edema signs than 

other benign groups. 

- 52 - 



Results 

 
Tab 5.8   Incidence of edema signs in benign lesions (1994-2003) 

Unilateral Edema 
Histology 

Perifocal Diffuse 
No edema Others* 

Benign Lesions (n=454) 7.7% (35/454) 3.7% (17/454) 78.6% (357/454) 10% (45/454) 

 Benign Tumor 7.0% (14/201) 1.0% (2/201) 81.1% (163/201) 10.9% (22/201) 

  Fibroadenoma  2.7% (3/111) 0.9% (1/111) 88.3% (98/111) 8.1% (9/111) 

  Papilloma 10.9% (7/64) 0.0% (0/64) 71.9% (46/64) 17.2% (11/64) 

  Phyllodes tumor 17.4% (4/23) 4.3% (1/23) 69.6% (16/23) 8.7% (2/23) 

  Other benign tumors 0.0% (0/3) 0.0% (0/3) 100.0% (3/3) 0% (0/3) 

 Inflammatory conditions 20.0% (5/25) 12.0% (3/25) 52.0% (13/25) 16% (4/25) 

 

Fibrocystic Changes 

and proliferative disease 
7.0% (16/228) 5.3% (12/228) 79.4% (181/228) 8.3% (19/228) 

  ADH 0.0% (0/6) 0.0% (0/6) 100.0% (6/6) 0% (0/6) 

  Radial Scar 0.0% (0/20) 10.0% (2/20) 85.0% (17/20) 5% (1/20) 

  Other types 7.9% (16/202) 5.0% (10/202) 78.2% (158/202) 8.9% (18/202) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 

 

5.1.5 Incidence of edema signs in malignant lesions 

From 164 malignant lesions confirmed during 2002 to 2003, 67(40.8%) showed 

edema signs; of these, there were 61 of 141 (43.2%) invasive carcinomas, 6 of 23 

(26.1%) non-invasive carcinomas (Tab 5.9). Of the invasive carcinomas, the two 

common histological types, invasive ductal carcinoma and invasive lobular 

carcinoma, were commonly associated with the edema sign: 36 of 82 (43.9%) 

invasive ductal carcinomas and 17 of 37 (45.9%) invasive lobular carcinomas. 

The only one case of inflammatory carcinoma showed the bilateral diffuse edema 

followed the prior radiotherapy treatment of contrelateral breast cancer. 
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Tab 5.9   Incidence of edema signs in malignant lesions (2002-2003) 

Unilateral Edema 
Histology 

Perifocal Diffuse 
No Edema 

Malignant Lesions(n=164) 31.7% (52/164) 9.1% (15/164) 50.0% (82/164) 9.1% (15/164) 

 

Invasive Carcinoma 

(n=141) 
32.6% (46/141) 10.6% (15/141) 48.9% (69/141) 7.8% (11/141) 

  IDC 35.4% (29/82) 8.5% (7/82) 48.8% (40/82) 7.3% (6/82) 

  ILC 32.4% (12/37) 13.5% (5/37) 43.2% (16/37) 10.9% (4/37) 

  Tubular carcinoma 33.3% (2/6) 16.7% (1/6) 50.0% (3/6) 0.0% (0/6) 

  Mucinous carcinoma 0.0% (0/2) 0.0% (0/2) 100.0% (2/2) 0.0% (0/2) 

  

Inflammatory 

carcinoma 
0.0% (0/1) 0.0% (0/1) 0.0% (0/1) 100% (1/1) 

  Papillary carcinoma 0.0% (0/1) 0.0% (0/1) 100.0% (1/1) 0.0% (0/1) 

  IDC + ILC 14.3% (1/7) 14.3% (1/7) 71.4% (5/7) 0.0% (0/7) 

  Partial tubular 25.0% (1/4) 25.0% (1/4) 50.0% (2/4) 0.0% (0/4) 

  Patical mucinous 100.0% (1/1) 0.0% (0/1) 0.0% (0/1)  0.0% (0/1) 

 

Non-invasive Carcinoma 

(n=23) 
26.1% (6/23) 0.0% (0/23) 56.5% (13/23) 17.4% (4/23) 

  DCIS 40.0% (6/15) 0.0% (0/15) 46.7% (7/15) 13.3% (2/15) 

  LCIS 0.0% (0/4) 0.0% (0/4) 75.0% (3/4) 25% (1/4) 

  DCIS + LCIS 0.0% (0/4) 0.0% (0/4) 75.0% (3/4) 25% (1/4) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 

 

From 511 malignant lesions confirmed during 1994 to 2001, 223 showed the 

edema sign; of these, there were 212 of 440 (58.2%) invasive carcinomas, 21 of 71 

(29.6%) non-invasive carcinomas. There were nine cases in the inflammatory group, 

four of them (44.4%) were associated with perifocal edema and four of them (44.4%) 

were associated with unilateral diffuse edema. In other words, the incidence of 

unilateral edema was 88.8% in the inflammatory carcinomas (Tab 5.10). 
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Tab 5.10   Incidence of edema signs in malignant lesions (1994-2001) 

Unilateral Edema 
Histology 

Perifocal Diffuse 
No Edema Others* 

Malignant Lesions (n=511) 35.8% (183/511) 7.8% (40/511) 43.1% (220/511) 13.3% (68/511) 

 

Invasive Carcinoma 

(n=440) 39.8% (175/440) 8.4% (37/440) 37.5% (165/440) 14.3% (63/440) 

  IDC 43.0% (107/249) 8.4% (21/249) 35.3% (88/249) 13.3% (33/249) 

  ILC 35.2% (31/88) 10.2% (9/88) 42.0% (37/88) 12.5% (11/88) 

  Tubular carcinoma 23.8% (5/21) 0.0% (0/21) 42.9% (9/21) 33.3% (7/21) 

  Mucinous carcinoma 0.0% (0/2) 0.0% (0/2) 100.0% (2/2) 0.0% (0/2) 

  Medullary carcinoma 50.0% (2/4) 0.0% (0/4) 50.0% (2/4) 0.0% (0/4) 

  Inflammatory carcinoma 44.4% (4/9) 44.4% (4/9) 0.0% (0/9) 11.1% (1/9) 

  Papillary carcinoma 75.0% (3/4) 0.0% (0/4) 25.0% (1/4) 0.0% (0/4) 

  IDC + ILC 40.0% (8/20) 0.0% (0/20) 40.0% (8/20) 20.0% (4/20) 

  Patical mucinous 75.0% (3/4)  25.0% (1/4) 0.0% (0/4) 0.0% (0/4) 

  Others 30.8% (12/39) 5.1% (2/39) 46.2% (18/39) 17.9% (7/39) 

 

Non-invasive Carcinoma 

(n=71) 11.3% (8/71) 4.2% (3/71) 77.5% (55/71) 7.0% (5/71) 

  DCIS 14.0% (8/57) 1.8% (1/57) 75.4% (43/57) 8.8% (5/57) 

  LCIS 0.0% (0/6) 0.0% (0/6) 100.0% (6/6) 0.0% (0/6) 

  DCIS + LCIS 0.0% (0/5) 0.0% (0/5) 100.0% (5/5) 0.0% (0/5) 

  Paget's + DCIS 0.0% (0/3) 66.7% (2/3) 33.3% (1/3) 0.0% (0/3) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 

 

Regarding all 675 malignant lesions from December 1994 to December 2003, 

290 (42.9%) showed edema sign: 235 (34.8%) perifocal edema and 55 (8.1%) 

unilateral diffuse edema (Tab 5.11). Of the 581 invasive carcinomas, the two 

common histological types, invasive ductal carcinoma and invasive lobular 

carcinoma, were commonly associated with the edema sign: 164 of 331 (49.6%) 

invasive ductal carcinomas and 57 of 125 (45.6%) invasive lobular carcinomas. 

The incidence of edema signs in inflammatory carcinomas was 80%. 
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Tab 5.11   Incidence of edema signs in malignant lesions (1994-2003) 

Unilateral Edema 
Histology 

Perifocal Diffuse 
No Edema Others* 

Malignant Lesions(n=675) 34.8%(235/675) 8.1% (55/675) 44.7%(302/675) 12.4% (83/675)

 

Invasive Carcinoma 

(n=581) 38.0%(221/581) 9.0% (52/581) 40.3%(234/581) 12.7% (74/581)

  IDC 41.1%(136/331) 8.5% (28/331) 38.7%(128/331) 11.7% (39/331)

  ILC 34.4% (43/125) 11.2% (14/125) 42.4% (53/125) 12.0% (15/125)

  Tubular carcinoma 25.9% (7/27) 3.7% (1/27) 44.4% (12/27) 25.9% (7/27) 

  Mucinous carcinoma 0.0% (0/4) 0.0% (0/4) 100.0% (4/4) 0.0% (0/4) 

  Medullary carcinoma 50.0% (2/4) 0.0% (0/4) 50.0% (2/4) 0.0% (0/4) 

  
Inflammatory 

carcinoma 40.0% (4/10) 40.0% (4/10) 0.0% (0/10) 
20.0% (2

/10) 

  Papillary carcinoma 60.0% (3/5) 0.0% (0/5) 40.0% (2/5) 0.0% (0/5) 

  IDC + ILC 33.3% (9/27) 3.7% (1/27) 48.2% (13/27) 14.8% (4/27) 

  Partial tubular 25.0% (1/4) 25.0% (1/4) 50.0% (2/4) 0.0% (0/4) 

  Patical mucinous 80.0% (4/5) 20.0% (1/5) 0.0% (0/5) 0.0% (0/5) 

  Others 35.9% (14/39) 5.1% (2/39) 48.7% (19/39) 10.3% (4/39) 

 

Non-invasive Carcinoma 

(n=94) 14.9% (14/94) 3.2% (3/94) 72.3% (68/94) 9.6% (9/94) 

  DCIS 19.4% (14/72) 1.4% (1/72) 69.4% (50/72) 9.7% (7/72) 

  LCIS 0.0% (0/10) 0.0% (0/10) 90.0% (9/10) 10.0% (1/10) 

  DCIS + LCIS 0.0% (0/9) 0.0% (0/9) 88.9% (8/9) 11.1% (1/9) 

  Paget's + DCIS 0.0% (0/3) 66.7% (2/3) 33.3% (1/3) 0,0% (0/3) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 
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5.1.6 Incidence comparison between benign and malignant lesions 

First, the data from 2002 to 2003 were analyzed. For statistical test of multiple 

comparisons of the four histologic type groups (benign lesions group, non-invasive 

carcinoma lesions group and invasive carcinoma lesions group; the malignant 

lesions group was combined by the non-invasive carcinoma group and invasive 

carcinoma group), the incidence of unilateral edema sign was proved to have a 

highly significant difference (p<0.001, the exact value was p=0.0000). The incidence 

of perifocal edema sign was also proved to be highly significant different among 

these four histologic type groups (p<0.001, the exact value was p=0.0000). The 

incidence of diffuse unilateral edema sign, however, failed to show a significant 

difference (p>0.05, the exact p value was p=0.0849). The results of the four-paried 

comparisons are as follows (Tab 5.12).  

 
Tab 5.12   Statistic analysis (p value):  

histologic type and edema signs (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1 vs. 2+3 

Unilateral Edema 0.1197 0.0000 0.1202 0.0000 

 Perifocal 0.0151 0.0000 0.5322 0.0000 

 Diffuse 0.2952 0.0390 0.1008 0.0942 

Note: 1  = Benign lesions   
 2  = Non-invasive Carcinomas 
 3  = Invasive Carcinomas 
 2+3  = Malignant lesions 

  

For the unilateral edema sign, as well as the perifocal edema sign, there was a 

highly significant difference between the benign lesions and malignant lesion (Tab 

5.12, “1 vs. 2+3”), highly significant difference between the benign lesions and 

invasive carcinomas (Tab 5.12, “1 vs. 3”); the difference between benign lesions 

group and non-invasive carcinomas (Tab 5.12, “1 vs. 2”), and difference between 

the non-invasive cancers and invasive cancers (Tab 5.12, “2 vs. 3”) did not show a 
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statistical significance (all p>0.05). For the diffuse unilateral edema, the 

significant difference was only found between the benign lesions and invasive 

carcinomas (p=0.0390).  

 

Statistic analysis based on the data from 1994 to 2003 showed that results 

were mostly similar as that from 2002 to 2003, but some different when 

concerned about incidence of edema signs in the non-invasive carcinoma group 

and the incidence of diffuse unilateral edema. 

For the statistical test of multiple comparisons among the four groups, the 

incidence of unilateral edema sign, perifocal edema sign and diffuse unilateral 

edema sign were all proved to have a highly significant difference (p<0.05). For 

the unilateral edema sign and the perifocal edema sign, the exact value were both 

p=0.0000, for the diffuse unilateral edema, the exact value was p=0.0027. For the 

statistical test of four paired comparisons, the results are as follows (Tab 5.13).  

 
Tab 5.13   Statistic analysis (p value):  

histologic type and edema signs (1994-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1 vs. 2+3 

Unilateral Edema 0.0777 0.0000 0.0000 0.0000 

 Perifocal 0.0088 0.0000 0.0001 0.0000 

 Diffuse 0.7947 0.0009 0.0583 0.0030 

Note: 1 = Benign lesions  
 2 = Non-invasive Carcinoma lesions  
 3 = Invasive Carcinoma lesions  
 2+3 = Malignant lesions  

 

For the unilateral edema sign, as well as perifocal edema sign, there was a 

highly significant difference between the benign lesions and malignant lesions 

(Tab 5.13, “1 vs. 2+3”), highly significant difference between the benign lesions 

and invasive carcinomas (Tab 5.13, “1 vs. 3”); Unlike the results of 2002 to 2003, 

the difference between the non-invasive carcinomas and invasive carcinomas (Tab 
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5.13, “2 vs. 3”) was also showing a highly statistical significance. Regarding the 

difference between benign lesions and non-invasive carcinomas (Tab 5.13, “1 vs. 

2”), unilateral edema sign failed to prove a significant difference (p>0.05, the 

exact value was p=0.0777), but perifocal edema still showed highly statisticant 

significance (p<0.01, the exact value was p=0.0088). For the diffuse unilateral 

edema, unlike the results of 2002 to 2003, the significant difference was found 

not only between the benign lesions and invasive carcinomas (p<0.01, the exact 

value was p=0.0009), but also between the benign lesions and malignant lesions  

(p<0.01, the exact value was p=0.0030). 
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5.2 Edema Sign and Histologic Grading 

Further analysis was about the correlation between edema sign and histological 

grading. Since the grading system and sample size for invasive carcinoma and 

non-invasive carcinoma were different, these two groups were analyzed 

respectively. 

5.2.1 Correlation in invasive cancers 

For the 141 invasive carcinomas of 2002 to 2003, 10 (7.1%) were scored as Grade 

1, 56 (39.7%) were scored as Grade 2 and 53 (37.6%) Grade 3. Unilateral edema 

sign was most common in the Grade 3 group (32 of 53, 60.4%) The detailed 

incidence distribution was listed on Tab 5.14. 

 
Tab 5.14   Distribution of edema sign depending on the histologic grade  

in the invasive carcinomas (2002-2003) 

 Grade 1 Grade 2 Grade 3 Grade X** 

Invasive Carcinomas 7.1%(10/141) 39.7% (56/141) 37.6% (53/141) 15.6%(22/141)

 Unilateral Edema 30.0% (3/10) 35.7% (20/56) 60.4% (32/53) 27.3% (6/22) 

  Perifocal 20.0% (2/10) 28.6% (16/56) 45.3% (24/53) 18.2% (4/22) 

  Diffuse 10.0% (1/10) 7.1% (4/56) 15.1% (8/53) 9.1% (2/22) 

 No Edema 70.0% (7/10) 55.4% (31/56) 32.1% (17/53) 63.6%(14/22) 

 Others* 0% (0/10) 8.9% (5/56) 7.5% (4/53) 9.1% (2/22) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc 

** no histological grade available in the original histopathologic reports. 

 

For statistical test of multiple comparisons of the four histologic grading groups 

(Grade 1 group, Grade 2 group and Grade 3 group; the non-high grade group was 

combined by the Grade 1 group and Grade 2 group), the incidence of unilateral 

edema sign was proved to have a significant difference (p<0.05, the exact value 

was p=0.0201) among these four groups. This result suggested that at least one 
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group had significant different incidence. According to the results of the four 

paired comparisons (Tab 5.15), we found difference of the incidence of unilateral 

edema sign between the non-high grade group and high grade group (Tab 

5.15,1+2 vs. 3) showed  highly statistical significance ( p<0.01, the exact value 

was p= 0.0055); incidence of the unilateral edeama sign of Grade 2 group vs. 

Grade 3 group also differed significantly ( p<0.05 , the exact value was p= 0.0100). 

Difference between Grade 1 group and Grade 2 group, as well as between Grade 

1 group and Grade 3 group, didn’t show statistical significance (p>0.05). 

For the incidence of perifocal edema sign, the significant difference was found 

between the non-high grade group and high grade group (Tab 5.15, 1+2 vs. 3). 

Difference in the incidence of diffuse unilateral edema sign between different 

grading groups did not show statistical significance. 

 

Tab 5.15   Statistic analysis (p value):  

histologic grade and edema sign in invasive carcinomas (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1+2 vs. 3 

Unilateral Edema 0.7268 0.0762 0.0100 0.0055 

 Perifocal 0.5751 0.1363 0.0704 0.0410 

 Diffuse 0.7531 0.6728 0.1850 0.1913 

Note: 1 = Grade 1 Group 
 2 = Grade 2 Group 
 3 = Grade 3 Group (High grade Group) 

 

1+2 = Grade 1 Group and Grade 2 Group together  
(Non-high grade Group) 

 

 

For the 440 invasive carcinomas of 1994 to 2001, 53 (12.0%) were scored as 

Grade 1 group, 207 (47.0%) were scored as Grade 2 group and 158 (35.9%) 

Grade 3 group. Unilateral edema sign was also most common in the Grade 3 

group (103 of 158, 65.2%) among these three groups. This incidence was higher 

than the combined incidence from Grade 1 and Grade 2 groups. The detailed 
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incidence distribution was listed on Tab 5.16. 

 
Tab 5.16   Distribution of edema sign depending on the histologic grade  

in the invasive carcinomas (1994-2001) 

 Grade 1 Grade 2 Grade 3 Grade X** 

Invasive Carcinoma 12.0% (53/440) 47.0%(207/440) 35.9%(158/440) 5.0% (22/440) 

 Unilateral Edema 20.8% (11/53) 39.1% (81/207) 65.2% 103/158) 77.3% (17/22) 

  Perifocal 18.9% (10/53) 33.8% (70/207) 51.3% (81/158) 63.6% (14/22) 

  Diffuse 1.9% (1/53) 5.3% (11/207) 13.9% (22/158) 13.6% (3/22) 

 No Edema 56.6% (30/53) 44.4% (92/207) 24.1% (38/158) 22.7% (5/22) 

 Others* 22.6% (12/53) 16.5% (34/207) 10.7% (17/158) 0% (0/22) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

       ** no histological grade available in the original histopathologic reports. 

 

 

Tab 5.17 shows the distribution of edema sign depending on the histologic grade 

in the all 581 invasive carcinomas from 1994 to 2003. There were 14 of 63 

(22.2%) Grade 1 tumors, 101 of 263 (38.4%) Grade 2 tumors and 135 of 

211(64.0%) Grade 3 tumors showing a unilateral edema sign. The incidence of 

unilateral edema sign was much higher than other two groups. 

 
Tab 5.17   Distribution of edema sign depending on the histologic grade  

in the invasive carcinomas (1994-2003) 

 Grade 1 Grade 2 Grade 3 Grade X 

Invasive Carcinoma 10.8% (63/581) 45.3% (263/581) 36.3% (211/581) 7.6%(44/581) 

 Unilateral Edema 22.2% (14/63) 38.4% (101/263) 64.0%(135/211) 52.3%(23/44) 

  Perifocal 19.0% (12/63) 32.7% (86/263) 49.8%(105/211) 40.9%(18/44) 

  Diffuse 3.2% (2/63) 5.7% (15/263) 14.2% (30/211) 11.4% (5/44) 

 No Edema 58.7% (37/63) 46.8% (123/263) 26.1% (55/211) 43.2%(19/44) 

 Others* 19.1% (12/63) 14.8% (39/263) 9.9% (21/211) 4.5% (2/44) 

Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

       ** no histological grade available in the original histopathologic reports. 

 

- 62 - 



Results 

For statistical test of multiple comparisons based on data from 1994 to 2003, 

the incidence of unilateral edema sign, perifocal edema sign and diffuse 

unilateral edema sign were all proved to have a highly significant difference 

(p<0.01, the exact value was p=0.0000,0.0000 and 0.0012 respectively) among 

these four groups( Grade 1 group, Grade 2 group and Grade 3 group ;the 

non-high grade group was combined by the Grade 1 group and Grade 2 group). 

 

Tab 5.18  Statistic analysis (p value) :  

histologic grade and edema sign in invasive carcinomas (1994-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1+2 vs. 3 

Unilateral Edema 0.0090 0.0000 0.0000 0.0000 

 Perifocal 0.0218 0.0001 0.0028 0.0001 

 Diffuse 0.4174 0.0166 0.0017 0.0003 

Note: 1 = Grade 1 Group 
 2 = Grade 2 Group 
 3 = Grade 3 Group (High grade Group) 
 1+2 = Grade 1 and Grade 2 Groups together (Non-high grade Group  )

  

Further analysis of the incidence comparisons of the four paired comparisons 

(Tab 5.18) showed that: 

(1) For incidence of unilateral edema sign, the differences between Grade 1 

and Grade 2 (1 vs. 2), between Grade 1 and Grade 3 (1 vs. 3), between Grade 2 

and Grade 3 (2 vs. 3), between non-high Grade and high Grade (1+2 vs. 3) were 

all statistical highly significance (all p<0.001). 

(2) For incidence of perifocal edema sign, the differences between Grade 1 and 

Grade 3 (1 vs. 3), between Grade 2 and Grade 3 (2 vs. 3), between non-high 

Grade and high Grade (1+2 vs. 3) were all statistical highly significance( all 

p<0.001).  Incidence of Grade 1 vs. Grade 2 (1 vs. 2) differed significant (p<0.05, 

the exact value is p=0.0218). 

(3) For incidence of diffuse unilateral edema sign, we found difference between 

the non-high grade group and high grade group (1+2 vs. 3), between Grade 2 and 
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Grade 3 (2 vs. 3) showed highly statistical significance (both p<0.01). Incidence of 

Grade 1 vs. Grade 3 (1 vs. 3) differed significant (p<0.05, the exact value is 

p=0.0166). Difference between Grade 1 and Grade 2 (1 vs. 2) did not show 

statistical significance (p>0.05, the exact value is p=0.4174). 

5.2.2 Correlation in non-invasive cancers 

For the 23 non-invasive carcinomas of 2002 to 2003, three lesions (13.0%) were 

scored as Grade 1 group, seven (30.4%) were scored as Grade 2 group and five 

(21.7%) Grade 3 group. Unilateral edema sign was most common in the Grade 2 

group (3 of 7, 42.9%) The detailed incidence distribution was listed in Tab 5.19. 

 
Tab 5.19   Distribution of edema sign depending on the histologic grade  

in the non-invasive carcinomas (2002-2003) 

  Grade 1  Grade 2  Grade 3  Grade X** 

Non-invasive Carcinoma  13.0% (3/23)  30.4% (7/23)  21.7% (5/23) 34.8% (8/23) 

 Unilateral Edema  33.3% (1/3)  42.9% (3/7)  0.0% (0/5)  25.0% (2/8) 

  Perifocal  33.3% (1/3)  42.9% (3/7)  0.0% (0/5)  25.0% (2/8) 

  Diffuse  0.0% (0/3)  0.0% (0/7)  0.0% (0/5)  0.0% (0/8) 

 No Edema  66.7% (2/3)  42.9% (3/7)  80.0% (4/5)  50.0% (4/8) 

 Others*  0% (0/3)  14.2% (1/7)  20% (1/5)  25% (2/8) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

      ** no histological grade available in the original histopathologic reports. 

 

Difference in the incidence of edema signs between non-invasive carcinomas of 

different grading did not show statistical significance (Tab 5.20) 
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Tab 5.20 Statistic analysis (p value):  

histologic grade and edema sign in non-invasive carcinomas (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1+2 vs. 3 

Unilateral Edema 0.7782 0.1675 0.0910 0.2308* 

 Perifocal 0.5751 0.1363 0.0704 0.0410 

 Diffuse 0.7531 0.6728 0.1850 0.1913 

Note: * both-sieded P value of Fisher’s exact test 
 1 = Grade 1 Group 

 2 = Grade 2 Group 
 3 = Grade 3 Group (High grade Group) 
 1+2 = Grade 1 and Grade 2 Group  together (Non-high grade Group) s

 

 

For the 71 non-invasive carcinomas of 1994 to 2001, 21 (29.6%) were scored as 

Grade 1 group , 20 (28.2%) were scored as Grade 2 group and 21 (29.6%) Grade 

3 group. Unilateral edema sign was nearly equal common among these three 

grading groups The detailed incidence distribution was listed in Tab 5.21. 

 
Tab 5.21   Distribution of edema sign depending on the histologic grade  

in the non-invasive carcinomas  (1994-2001) 

  Grade 1  Grade 2  Grade 3  Grade X** 

Non-invasive Carcinoma  29.6% (21/71)  28.2% (20/71)  29.6% (21/71)  12.7% (9/71) 

 Unilateral Edema  4.8% (1/21)  25.0% (5/20)  4.8% (1/21)  44.4% (4/9) 

  Perifocal  0.0% (0/21)  20.0% (4/20)  4.8% (1/21)  33.3% (3/9) 

  Diffuse  4.8% (1/21)  5.0% (1/20)  0.0% (0/21)  11.1% (1/9) 

 No Edema  85.7% (18/21)  70.0% (14/20)  85.7% (18/21)  55.6% (5/9) 

 Others*  9.5% (2/21)  5% (1/20)  9.5% (2/21)  0% (0/9) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

      ** no histological grade available in the original histopathologic reports. 
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For all 94 invasive carcinomas from 1994 to 2003, 24 (25.5%) were scored as 

Grade 1 group, 27 (28.7%) were scored as Grade 2 group and 26 (27.7%) Grade 3 

group. Unilateral edema sign was most common in the Grade 2 group (8 of 27, 

28.7%) The detailed incidence distribution was listed in Tab 5.22. 

 
Tab 5.22   Distribution of edema sign depending on the histologic grade  

in the non-invasive carcinomas  (1994-2003) 

  Grade 1  Grade 2  Grade 3  Grade X** 

Non-invasive Carcinoma  25.5% (24/94)  28.7% (27/94)  27.7% (26/94)  18.1% (17/94) 

 Unilateral Edema  8.3% (2/24)  29.6% (8/27)  3.8% (1/26)  35.3% (6/17) 

  Perifocal  4.2% (1/24)  25.9% (7/27)  3.8% (1/26)  29.4% (5/17) 

  Diffuse  4.2% (1/24)  3.7% (1/27)  0.0% (0/26)  5.9% (1/17) 

 No Edema  83.3% (20/24)  63.0% (17/27)  84.6% (22/26)  52.9% (9/17) 

 Others*  8.4% (2/24)  7.4% (2/27)  11.6% (3/26)  11.8% (2/17) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

      ** no histological grade available in the original histopathologic reports. 

 

Statistical tests showed that differences in the incidence of unilateral edema 

and perifocal edema between the Grade 2 group and Grade 3 group reveal 

statistical significance (p<0.05, the exact value were p=0.0124 and p=0.0248). 

But between the non-high grade group and high grade group there were no 

significant differernce in the incidence of edema signs. Difference in the incidence 

of diffuse unilateral edema sign between different grading groups did not show 

statistical significance. (Tab 5.23)  
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Tab 5.23  Statistic analysis (p value):  

histologic grade and edema sign in non-invasive carcinomas  (1994-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1+2  vs. 3 

Unilateral Edema 0.0599 0.5045 0.0124 0.1273* 

 Perifocal 0.0329 0.9539 0.0248 0.2484 

 Diffuse 0.9322 0.2931 0.3218 0.5468** 

Note: * after Yates’ Modification 
 ** both-sieded p value of Fisher’s exact test 
 1 = Grade 1 Group 

 2 = Grade 2 Group 
 3 = Grade 3 Group (High grade group) 
 1+2 = Grade 1 and Grade 2 Groups together (Non-high grade Group  )
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5.3 Edema Sign and Tumor Size 

5.3.1 Edema sign and lesion size 

For the 339 lesions confirmed from 2002 to 2003, 163 (48.1%) lesions’ maximum 

diameter was below or until 1 cm; 99 (29.2%) lesions had the maximum diameter 

between 1 and 2 cm; 77 (22.7%) lesions’ maximum diameter was above 2cm. 

Unilateral edema was found in the 19 of 163 (11.7%) small-size lesions; 32 of 99 

(32.3%) middle-size lesions and 40 of 77 (51.9%) large-size lesions. The incidence 

of the edema sign had a increasing trend following with the lesions size 

increasing. Details of the distribution of the edema sign in relation to the lesions 

size were given in Tab 5.24. 

 
Tab 5.24   Distribution of edema sign depending on the lesion size (2002-2003) 

  <=1cm  1-2cm  >2cm 

All lesions  48.1% (163/339)  29.2% (99/339)  22.7% (77/339) 

 Unilateral Edema  11.7% (19/163)  32.3% (32/99)  51.9% (40/77) 

  Perifocal  7.4% (12/163)  24.2% (24/99)  41.6% (32/77) 

  Diffuse  4.3% (7/163)  8.1% (8/99)  10.4% (8/77) 

 No Edema  81.6% (133/163)  61.6% (61/99)  35.1% (27/77) 

 Others*  6.7% (11/163)  6.1% (6/99)  13.0% (10/77) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc 

 

For incidence of unilateral edema sign, statistical test proved highly significant 

differences between different size groups (all p<0.001). For incidence of perifocal 

edema sign, the differences of small-size group vs. middle-size group and the 

small-size group vs. large-size group remained highly significant (both p<0.001); 

the difference between middle-size group and large-size group reached 

significance (p<0.05, the exact value was p= 0.0144). For incidence of the diffuse 

unilateral edema, differences between different size groups did not show 

- 68 - 



Results 

statistical significance. (Tab 5.25) 

 
Tab 5.25   Statistic analysis (p value):  

lesion size and edema sign (2002-2003) 

  1 vs. 2 1 vs. 3 2 vs. 3 

Unilateral Edema 0.0000 0.0000 0.0086 

 Perifocal 0.0001 0.0000 0.0144 

 Diffuse 0.9322 0.0686 0.5971 

Note: 1  = Small-size Group  (lesion size <=1cm) 
 2  = Middle-size Group (lesion size 1 - 2 cm) 
 3  = Large-size Group  (lesion size > 2cm) 

 

5.3.2 Edema sign and tumor size in invasive carcinomas 

For the 141 invasive carcinomas of 2002 to 2003, 43 (30.5%) lesions’ maximum 

diameter was below or until 1 cm; 53 (37.6%) lesions had the maximum diameter 

between 1 and 2 cm; 45 (31.9%) lesions’ maximum diameter was above 2cm. 

Unilateral edema was found in the 11 of 43 (25.6%) small-size lesions; 23 of 53 

(43.4%) middle-size lesions and 27 of 45 (60.0%) large-size lesions. The incidence of 

the edema sign showed the similar increasing trend following with the lesions size 

increasing. Details of the distribution of the edema sign in relation to the lesions 

size were given in Tab 5.26. 

For incidence of unilateral edema sign, statistical test prove a highly significant 

difference between small-size group and large-size group (p<0.01). For incidence of 

perifocal edema sign, the difference of small-size group vs. large-size group 

remained highly significant (p<0.01). Other paired comparisons did not show 

significant difference. (Tab 5.27) 
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Tab 5.26   Distribution of edema sign depending on the invasive tumor size (2002-2003)

  <=1cm  1-2cm  >2cm 

Invasive Carcinoma  30.5% (43/141)  37.6% (53/141)  31.9% (45/141) 

 Unilateral Edema  25.6% (11/43)  43.4% (23/53)  60.0% (27/45) 

  Perifocal  18.6% (8/43)  34.0% (18/53)  44.4% (20/45) 

  Diffuse  7.0% (3/43)  9.4% (5/53)  15.6% (7/45) 

 No Edema  67.4% (29/43)  51.0% (27/53)  28.9% (13/45) 

 Others*  7.0% (3/43)  5.6% (3/53)  11.1% (5/45) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 
Tab 5.27   Statistic analysis (p value):  

invasive tumor size and edema sign (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 

Unilateral Edema 0.0695 0.0011 0.1013 

 Perifocal 0.0922 0.0093 0.2885 

 Diffuse 0.6649 0.2050 0.3569 

Note: 1 = Small-size Group  (lesion size <=1cm) 
 2 = Middle-size Group (lesion size 1 - 2 cm) 
 3 = Large-size Group  (lesion size > 2cm) 

 

5.3.3 Edema sign vs. grade in size-related invasive cancers groups 

Based on the statistical results of 5.3.1 and 5.3.2, the incidence of edema sign was 

affected by the lesion (tumor) size factor. Therefore, the further question is that if 

the correlation between the incidence of edema sign and tumor grading remained 

after removing the tumor size factor. To answer this question, the distribution of 

edema sign depending on the histologic grade was surveyed on three different 

tumor size groups respectively. (Tab 5.28-Tab 5.30) 
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Tab 5.28   Distribution of edema sign depending on histologic grade 

in the small-size (<=1cm) invasive carcinomas (2002-2003) 
 Grade 1  Grade 2  Grade 3  Grade X** 

  9.3% (4/43)  37.2% (16/43)  27.9%(12/43)  25.6%(11/43) 

 

Unilateral 

Edema  0.0% (0/4)  31.3% (5/16)  33.3% (4/12)  18.2% (2/11) 

  Perifocal  0.0% (0/4)  25.0% (4/16)  16.7% (2/12)  18.2% (2/11) 

  Diffuse  0.0% (0/4)  6.25% (1/16)  16.7% (2/12)  0.0% (0/11) 

 No Edema  100.0% (4/4)  62.5% (10/16)  50.0% (6/12)  81.8% (9/11) 

 Other*  0% (0/4)  10% (1/10)  16.7% (2/12)  0% (0/11) 

 
 

 Tab 5.29   Distribution of edema sign depending on histologic grade  
in the middle-size (1-2 cm) invasive carcinomas (2002-2003) 

 Grade 1  Grade 2  Grade 3  Grade X** 
  9.4% (5/53)  49.1% (26/53)  34.0% (18/53)  7.5% (4/53) 

 Unilateral Edema  40.0% (2/5)  30.8% (8/26)  72.2% (13/18)  0.0% (0/4) 

  Perifocal  20.0% (1/5)  26.9% (7/26)  55.6% (10/18)  0.0% (0/4) 

  Diffuse  20.0% (1/5)  3.85% (1/26)  16.7% (3/18)  0.0% (0/4) 

 No Edema  60.0% (3/5)  61.5% (16/26)  27.8% (5/18)  75.0% (3/4) 

 Others*  0% (0/5)  7.7% (2/26)  0% (0/18)  25% (1/4) 

 
 

Tab 5.30   Distribution of edema sign depending on histologic grade  
in the large-size (>2cm) invasive carcinomas (2002-2003) 

 Grade 1  Grade 2  Grade 3  Grade X** 

  2.2% (1/45)  31.1% (14/45)  48.9% (22/45)  15.1% (8/53) 

 Unilateral Edema  100.0% (1/1)  50.0% (7/14)  68.2% (15/22)  50.0% (4/8) 

  Perifocal  100.0% (1/1)  35.7%

 (0   13.6%

(5/14)  54.5% (12/22)  25.0% (2/8) 

  Diffuse 0.0% /1) 14.3% (2/14) (3/22)  25.0% (2/8) 

 No Edema  0.0% (0/1)  35.7% (5/14)  22.7% (5/22)  37.5% (3/8) 

 Others*  0% (0/1)  14.3% (2/14)  9.1% (2/22)  12.5% (1/8) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

** no histological grade available in the original histopathologic reports. 
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Statistica analysis results based on the data of Tab 5.28, Tab .2  and Tab 5.3  

were listed on the Tab 5.3 , Tab 5.3  and Tab 5.3 , respectively. 

5 9 0

1 2 3

1 vs. 3 2 vs. 3 

 
Tab 5.31   Statistic analysis (p value) :  

histologic grade and edema sign in small-size invasive carcinomas (2002-2003) 
 1 vs. 2 1+2 vs. 3 

Unilateral Edema 0.5304* 0.5165* 0.6730* 0.6959* 

 Perifocal 0.5377* 1.0000* 0.6730* 1.0000* 

 Diffuse 1.0000* 1.0000* 0.5604* 0.5403* 

 
 

Tab 5.32   Statistic analysis (p value):  
histologic grade and edema sign in middle-size invasive carcinomas (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1+2 vs. 3 

Unilateral Edema 1.0000* 0.2969* 0.0068 0.0069 

 Perifocal 1.0000* 0.3168* 0.0551 0.0373 

 Diffuse 0.3011* 1.0000* 0.3570** 0.5161** 

 
 

Tab 5.33   Statistic analysis (p value):  
histologic grade and edema sign in large-size invasive carcinomas (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 1+2 vs. 3 

Unilateral Edema 1.0000 1.0000 0.3142 0.4933 

 Perifocal 0.4000 1.0000 0.3217 0.5077 

 Diffuse 1.0000 1.0000 1.0000 1.0000 

Note * both-sieded p value of Fisher’s exact test 
 ** after Yates’ Modification 
 1 = Grade 1 Group 
 2 = Grade 2 Group 
 3 = Grade 3 Group (High grade Group) 

s 1+2 =  Grade 1 and Grade 2 Group  together (Non-high grade Group) 

 

For the small-size invasive carcinoma group, statistical tests (Tab 5.31) failed to 

prove a significant difference between different grading groups. 

For the middle-size invasive carcinoma group, the difference in the incidence of 

unilateral edema sign between the Grade 2 group and Grade 3 group was highly 

statistical significant (p<0.01, the exact value is p=0.0068). Difference between 
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non-high grade group and high grade group (high grade group) was also highly 

statistical significant (p<0.01, the exact value is p=0.0069). The difference in the 

incidence of perifocal edema sign between the non-high grade group and Grade 3 

group(high grade group) reached significance (p<0.05, the exact value is 

p=0.0373).(Tab 5.3 )  2

For the large-size invasive carcinoma group, statistical tests (Tab 5.33) failed to 

prove a significant difference between different grading groups. 
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5.4 Edema Sign and Age 

To access the issue of age dependency, we divided all lesions into three groups 

according to the patients’ age (below or at age of 40, between 40 and 50, and 

beyond the age of 50, respectively). Incidences of the edema sign depending on the 

age groups were listed in Tab 5.3 . 4

 
Tab 5.34   Distribution of edema sign depending on the age of patient (2002-2003) 

 <=40y  40-50 y  >50y 

All lesions  10.3% (35/339)  26.5% (90/339)  63.1% (214/339) 

 Unilateral Edema  17.1% (6/35)  22.2% (20/90)  30.4% (65/214) 

  Perifocal  11.4% (4/35)  16.7% (15/90)  22.9% (49/214) 

  Diffuse  5.7% (2/35)  5.6% (5/90)  7.5%

 

(16/214) 

 No Edema  82.9% (29/35)  66.7% (60/90) 61.7% (132/214) 

 Others*  0.0% (0/35)  11.1% (10/90)  7.9% (17/214) 
Note: *other types of edema, i.e. bilateral edema, edema introduced by biopsy or radiation therapy etc. 

 

According to the data of Tab 5.3 , the incidence of edema sign was 17.1% (6/35) 

in the patients whose age were below or at 40 year, 22.2% (20/90) in the age 

group 40 to 50 years, and 30.4% (65/214) in the age group beyond 50 years. 

Edema sign seemed more common in the patients whose age was beyond 50 

years. Further statistic analysis, however, did not reveal a statistically significant 

value between the incidence of edema sign and the age of patient (Tab 5.3 ).

4

5
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Tab 5.35   Statistic analysis (p value): 

the age of patient and edema sign (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 

Unilateral Edema 0.5299 0.1080 0.1483 

 Perifocal 0.4639 0.1244 0.2238 

 Diffuse 0.6902* 0.9831* 0.5465 

Note: * after Yates’ Modification 
 1 = <=40 years Group 

 2 = 40-50 years Group 
 3 = >50 years Group 

 

The malignant group were analyzed separately to make sure if the aging factor 

had effect on the incidence of edema sign. In malignant lesions, edema signs were 

most common in the patients with age between 40 to 50 years (Tab 5.3 ). Difference 

in the incidence of edema signs between different age groups did not show 

statistical significance.(Tab 5.3 ) 

6

7

 
Tab 5.36   Distribution of edema sign depending on the age of patient in malignant lesions

(2002-2003) 

 <=40y  40-50 y  >50y 

Malignant Lesions  6.7% (11/164)  20.7% (34/164)  72.6% (119/164) 

 Unilateral Edema 36.4% (4/11)  47.1% (16/34)  39.5% (47/119) 

  Perifocal  27.3% (3/11)  35.3% (12/34) 

 

 31.1% (37/119) 

  Diffuse  9.1% (1/11)  11.8% (4/34) 8.4% (10/119) 

 No Edema  63.6% (7/11)  44.1% (15/34)  50.4% (60/119) 

 Others*  0% (0/11)  8.8% (3/34)  10.1% (12/119) 
Note: *other types of edema, i.e. bilateral edema, edema introdu ed by biopsy or radiation therapy etc. c
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 Tab 5.37   Statistic analysis (p value):  

the age of patient and edema sign in invasive carcinomas (2002-2003) 

 1 vs. 2 1 vs. 3 2 vs. 3 

Unilateral Edema 0.7860* 0.9052* 0.4394 

 Perifocal 0.9024* 0.9372* 0.6433 

 Diffuse 0.7592* 1.0000** 0.7931* 

Note: * after Yates’ Modification 
 ** both-sieded p value of Fisher’s exact test 
 1 = <=40 years Group 
 2 = 40-50 years Group 
 3 = >50 years Group 
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Chapter 6  

Discussion 

 

6.1 T2-weighted Pulse Sequences in MRM 

The differentiation of benign and malignant lesions in dynamic contrast-enhanced 

MRM is based almost entirely upon the lesions’ enhancement behavior and 

morphology. Unlike MRI strategies in other parts of the body, for dynamic MRM, 

T2-weighted pulse sequences have not been attributed a major role. In most 

institutes, T2-weighted sequences with or without fat suppression are popularly 

used just to facilitate the detection of cysts. Some previous reports have addressed 

the issue of T2-weighted images and concluded that (spin-echo or fat-suppressed) 

T2-weighted pulse sequences are not useful for the differential diagnosis in MRM 

[Heywang et al. 1987; Powell and Stelling 1988; Orel et al. 1994]. 

In contrast to that opinion about T2-weighted imaging on breast MR imaging, the 

value of T2-weighted imaging in differential diagnosis is always emphasized in the 

Institute of Diagnostic and Interventional Radiology of Friedrich Schiller University 

Jena (IDIR). In IDIR, T2-weighted turbo spin-echo (TSE) pulse sequences have 

always been performed after dynamic studies in MRM. When interpreting 

T2-weighted images, the following criteria are used: malignant lesions mostly tend 

to be isointense or hypointense in T2-weighted images, whereas benign lesions tend 

to exhibit hyperintense signal intensity in T2-weighted images with respect to the 

adjacent breast parenchyma. A study from other institute also reported that careful 

analysis of T2-weighted TSE images can improve differential diagnosis, especially 

for young patients, i.e., patients under the age of 50 years [Kuhl et al. 1999a]. A 

recent study showed that evaluation of patterns of strongly hyperintense area in 
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fat-suppressed T2-weighted images was useful in differentiating between benign 

and malignant lesions [Isomoto et al. 2004]. 

In this study, incidence of edema sign in T2-weighted images based on the MRM 

data from 2002 to 2003, as well as the combined data from 1994 to 2003 was 

analyzed. Differences of benign lesions vs. malignant lesions (invasive carcinoma 

and non-invasive carcinoma together) and benign lesions vs. invasive carcinomas 

were found to be highly statistical significant (p<0.001). No constant significance 

existed between benign lesions and non-invasive carcinomas, or between the 

invasive carcinomas and non-invasive carcinomas. These results about the 

relationship between the incidence of edema sign and histologic type were consistent 

with the observation of the previous study based on the MRM cases of IDIR from 

1994 to 2001, which showed that the edema sign on the T2-weighted imaging was 

more common associated with invasive carcinomas, especially the high grade 

invasive carcinomas [Simon 2004]. 

Based on these results, it’s reasonable to state that, in the T2-weighted images, 

MRM can detect the abnormal signal intensities not only of lesion itself but also 

from the surrounding area of the lesion. Further investigations are necessary and of 

both theoretical and clinical importance. 

6.2 Edema Sign in Breast  

6.2.1 Edema in general 

In conventional MRI, signal intensity depends on the concentration and structural 

binding of protons. T2-weighted sequences are most sensitive for the detection of 

edema. For example, the edema induced by biopsy (trauma factor) can be detected 

at once after removing the biopsy needle or probe by using T2-weighted TSE 

sequence (Fig 6.1). As a major reason for the clinical deficits in patients with brain 

tumors and a valuable sign of acute stroke, brain edema was discussed in many of 

intensive MR researches [Penn and Kurtz 1977; Krabbe et al. 1997; Goel 2002; Wick 
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and Kuker 2004a]. Edema was also discussed in many MR studies about 

musculoskeletal diseases [Lang et al. 1995; Ehara et al. 1999; Spouge and Thain 

2000; Baur et al. 2002; Nishimoto et al. 2004]. 

In most textbooks, edema in breast is often described as bilateral and an 

appearance of generalized body edema. It can be found in many generalized 

diseases, i.e. congestive heart failure, hypoalbuminemia and fluid overload. 

Another common type of edema in breast is lymphedema, which affects 10% to 

25% of nearly 2 million breast cancer survivors [Loudon and Petrek 2000]. 

Lymphedema develops in patients with breast cancer as a result of the following 

conditions: from surgical resection of lymphatic vessels and nodes, from fibrosis 

induced by radiation, infection or surgery around these structures, and from 

obstruction of lymphatics and nodes by a metastatic tumor [Stanton et al. 1996; 

Gerber 1998]. In other words, lymphedema is mainly caused by treatment-related 

lymphatic obstruction [Davis 1998]. 
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Fig 6.1 sy-induced edema sign   Biop  
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, B and C were the pre-biopsy T1WI, post-biopsy T1WI and post-biopsy T2WI 

ame slice, where the biopsy wound was. E, F and G were the corresponding 

ges of another slice. Edema sign can be found in both slices. 
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6.2.2 Edema in inflammatory conditions and inflammatory carcinoma 

Apart from generalized diseases and treatment-related lymphatic obstruction, 

edema in breast can also be caused by the breast diseases themselves. It is well 

recognized that mastitis and inflammatory carcinoma are commonly associated 

with breast edema. In a published report based on 21 patients with diffuse 

inflammatory process, 10 of 11(90.9%) mastitis patients and nine of 10 (90.0%) 

inflammatory carcinoma patients demonstrated breast edema in T2-weighted 

images [Rieber et al. 1997a]. In the present study, eight of 25 (32.0%) inflammatory 

cases and 8 of 10 (80.0%) inflammatory carcinomas showed edema signs. Since 

chronic inflammation was included in our inflammatory conditions group, the 

incidence of edema signs in inflammatory conditions group was relatively low when 

compared with that published report.  

The unique clinical and pathologic syndrome and discouraging outcome make 

inflammatory carcinoma a very distinct form of breast carcinoma [Lee and 

Tannenbaum 1924]. The designation ‘inflammatory’ stems from the clinical 

appearance, which mimics an acute inflammation of the breast. Pathologically, 

inflammatory carcinoma is characterized by blockage of the dermal lymphatics by 

tumor infiltrate, but not by infiltration of inflammatory cells. Physical examination, 

ultrasound, and mammography often may not allow sufficient differentiation 

between acute mastitis and inflammatory carcinoma. Rieber et al. (1997) reported 

that MRM may be an additional helpful technique in these situations, but was not 

able to contribute sufficient critical information to generate a diagnosis because of 

the overlapping appearances in T1-weighted images (enhancement patterns) and 

T2-weighted images (edema, skin thickening). In the present study of IDIR, edema 

caused by inflammatory carcinoma had similar appearance with that caused by 

acute inflammation [Fig 6.2] 
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Fig 6.2   Edema sign in inflammatory carcinoma 
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A: pre-contrast T1WI 

B: post-contrast T1WI 

C: S1-subtraction image from B and A 

D: T2WI, edema sign can be found

surrounding the tumor, especially

between the tumor and the pectorials

muscle.  
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6.2.3 Edema sign in malignant breast lesions 

Neither inflammatory conditions nor inflammatory carcinoma is the common breast 

disease. The majority of edema signs observed in our studies were associated with 

common type invasive carcinomas. In our knowledge, there is no published report 

regarding this breast-tumor-related edema sign. The possible pathogenesis of 

edema sign associated with malignant breast lesions are discussed as follows: 

Host microenviroment changes -- inflammatory cell infiltration in breast 

cancer 

Infiltration of lymphocytes, macrophages, mast cells and neutrophils is a hallmark 

of inflammatory, defense and tissue repair reactions, which are often present in 

tumours [Dvorak 1986; van Ravenswaay Claasen et al. 1992]. Various types of 

tumour-infiltrating lymphocytes, including cytotoxic T cells, natural killer cells and 

lymphokine activated killer cells, are viewed as potential effectors of antitumour 

immunity and may oppose tumor expansion [Rosenberg 2001]. Tumour-associated 

macrophages (TAMs) constitute a major component of the leucocytic infiltrate [Carr 

1977]. Breast carcinomas are known to contain a high proportion of infiltrating 

poor prognosis in breast cancer [Leek et al. 1996; Lee et al. 1997; Volodko et al. 

 in fact certain genetic alterations that increase the 

malignanc

infiltration. A strong association has been reported between HER-2, c-myc and 

int

lymp

leucocytes, particularly TAMs. Many studies have linked increased TAM density to 

1998; Goede et al. 1999] and

y of the tumour may concomitantly increase the degree of macrophage 

-2 oncogene amplification in breast tumour samples and the density of 

hocyte infiltration of the tumour [Tang et al. 1990].  
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C genesis, arteriogenesis 

and lymphangiogenesis  

or genesis, 

n

ture [Hazelton et al. 1999]. High concentrations of VEGF have also been 

m

e that VEGF165 

in

l effects that include proangiogenic activity [Sorbo et al. 

19

ontribution of inflammatory cells to tumor anio

Although tumour cells themselves promote the recruitment and expansion of 

their own blood supply, tumour-associated immune/inflammatory cells can 

modify and contribute to this process by supplying a repertoire of growth factors, 

cytokines and proteases comparable to that secreted by tumour cells themselves. 

Inflammatory cells can produce a myriad of cytokines and growth factors, many 

of which are proangiogenic, and directly stimulate the migration and proliferation 

of endothelial cells. For example, macrophages, mast cells and neutrophils all 

secrete VEGF, IL-8 and transforming growth factor-α.  

Several studies have confirmed the importance for VEGF in tum

eovascularization, and edema production [Leek et al. 2000; Verheul and Pinedo 

2000; McCOLL et al. 2004; Wick and Kuker 2004b]. VEGF act not only on 

endothelial cells but also stimulate migration of further inflammatory cells into 

the tumor, potentially forming self-perpetuating positive feedback loops [Yu and 

Rak 2003]. It has been suggested that VEGF may contribute to the accumulation 

of cyst fluid in ovarian cancer by increasing the permeability of the tumor 

vascula

easured in fluid of other types of tumors [Verheul et al. 2000]. A recent study in 

human overian cancer xenografts provided functional evidenc

deed played a role in the formation of cysts [Duyndam et al. 2002]. 

Factors that increase vascular permeability are also proangiogenic because 

they promote deposition of fibrin, providing a matrix favorable for endothelial cell 

and leucocyte migration. For example, macrophage-derived VEGF, substance P, 

platelet-activating factor and prostaglandins induce vessel hyperpermeability 

[Sunderkotter et al. 1994]. Histamine, which is stored and released by mast cells, 

has wide-ranging biologica

94]. 
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Inflammatory cells themselves also secrete a variety of proteases that degrade 

and remodel the extracellular matrix [Sunderkotter et al. 1994] .  

Immune/inflammatory cells may also promote tumour lymphangiogenesis by 

secreting the lymphangiogenic growth factors VEGF-C and VEGF-D [Jussila and 

A

i n prognosis [Padera et al. 2002; 

Schoppmann et al. 2002]. 

Finally, inflammatory cells may also play a critical role in arteriogenesis by 

promoting the growth of the larger vessels that supply the expanding capillary 

bed, feeding the rapidly growing tumour mass. Indeed, such dilatations of feeding 

vessels have been observed using angiograpahy in cancer patients [Folkman 

1996]. A recent MRM study reported a higher ipsilateral vascularity associated 

with breast cancer [Mahfouz et al. 2001]. 

In summary, inflammatory cells are recruited by tumors and play a supporting 

role during tumor progression, promoting tumour expansion by stimulating 

angiogenesis and arteriogenesis, and tumour metastasis through 

lymphangiogenesis [Yu and Rak 2003] (Fig 6.3). 

 

litalo 2002; Schoppmann et al. 2002]. The formation of peritumoural lymphatic 

vessels, which in one study correlated with the extent of TAM recruitment, 

represents an important conduit for the metastasis of tumours to regional lymph 

nodes, with major implications for pat e t 
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Fig 6.4   Inflammatory and immue cell in tumor progression [Yu and Rak 2003] 

bFGF, basic fibroblast growth factor; CSF, colonystimulating factor; MCP, 

macrophage chemoattractant protein; MMP, matrix metalloprotease; TGF, 

transforming growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial 

growth factor. 

Tumor-related inflammation and edema sign 

In this study, tumor-associated edema sign had similar signal intensity (SI) 

change with the edema associated with trauma and infection. Based on the 

inflammatory-like signal intensity in T2-weighted images and peritumoral 

distribution, it can be assumed that tumor-related inflammation might play an 

important role in inducing the edema sign in breast cancers. Tumor-related 

inflammation not only includes the infiltration of host immune cell (particularly 

TAM) into the stroma of the tumor, but also contributes to tumor angiogenesis, 

lymphangiogenesis and arteriogenesis [Yu and Rak 2003]. As mentioned in 

patient and methods part, edema sign is defined as the finding of high signal 

intensities in the T2WI. According to the basic MR theory, the high signal 

intensities in the surrounding area of the lesions in T2-weighted TSE images are 

mainly due to the edema effect. It should be noted that, however, abnormal 
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vessels, as well as irregular small cysts can also be high SI in the T2-weighted 

TSE images. As discussed already, inflammatory cells contribute to promote the 

formation and enlagement of peritumoral lymphatic vessels, and play an 

important role in angiogenesis by promoting the enlargment of ‘feeding vessels’; 

VEGF has been reported may contribute to the accumulation of cyst fluid in 

ovarian cancer. Are the abnormal vessels and irregular small cyst also induced 

by the tumor-related inflammation? Further investigation should be carried out. 

.3 Edema Sign and Histologic Grading 

.3.1 Correlation in invasive cancers 

Histologic grade is an important prognostic fa

6

6

ctor in breast cancer [Roberti 1997; 

C

GF). Pharmacokinetic modeling of contrast 

dy, which 

p et al. 1999]. Some recent articles have reported on correlation 

b

ross 1998]. Some studies have focused on the relationship between MR 

enhancement and prognostic factors of breast cancer [Fischer et al. 1997; 

Mussurakis et al. 1997; Bone et al. 1998; Szabo et al. 2003]. Most results from 

these studies indicated that increased enhancement ratio was associated with 

higher histologic grade. Angiogenesis of invasive breast tumors has been shown 

to be one of the main factors that affects MR contrast agent uptake [Szabo et al. 

2003]. Neovascularization are measured, either directly, by counting new blood 

vessels (i.e. MVD counting) or indirectly, by monitoring putative angiogenic 

factors and their receptors (i.e.VE

enhancement has the ability to extract parameters that reflect physiologic 

measures of contrast agent absorption, distribution, and elimination, and is 

presumably more accurate method to predict tumor neovascularity, as compared 

with traditional dynamic MR imaging [Buckley et al. 1994]. A recent stu

used a pharmacokinetic two-compartment model to quatify MR contrast agent 

kinetics, showed that MR contrast enhancement is based mainly on VEGF 

expression [Knop

etween VEGF expression and different prognostic and predictive factors of 
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breas

2002

the c

gradi

As already, VEGF acts also as a key role on the tumor-related 

in

the t

also 

Myer and 

tu

expre

tumo

factors, for example tumor grading. 

 T

 the previous study and 

obtained some further results about the correlation between edema sign and 

(1) For the multiple comparisons of the four histologic grading groups (Grade 1 

group, Grade 2 group, Grade 3 group and the Non-high grade group, which 

was combined by the Grade 1 group and Grade 2 group), the incidence of 

unilateral edema sign was proved to be significantly different (for data from 

2002 to 2003, p=0.0201; for the combined data from 1994 to 2003,  

p=0.0000). 

(2) For the further analysis of the four paired comparisons, differences in the 

incidence of unilateral edema sign of Non-high grade group (G1+G2) vs. 

high grade (G3) showed highly statistical significance (for data from 2002 to 

2003, p=0.0055; for the combined data from 1994 to 2003, p=0.0000).  

t cancer [Kurebayashi et al. 1999; Leek et al. 2000; Leek 2001; Valkovic et al. 

]. Thus, many investigators hypothesized that the pathophysiologic basis of 

orrelation between MR enhancement and prognostic factors (i.e. tumor 

ng) is due mainly to VEGF expression.  

discussed 

flammation. VEGF can be produced both by the tumor cells and by cells within 

umor stroma [Brown et al. 1999]. An increase in expression of VEGFR2 has 

been noted in the adjacent breast tumor endothelial cells [Boudreau and 

s 2003]. Based on the importance of VEGF on both angiogenesis 

mor-related inflammation, and the proven correlations between VEGF 

ssion and some prognostic factors, it’s reasonable to hypothesize that the 

r-associated edema sign may also have correlation with some prognostic 

he previous study based on the MRM cases of IDIR from 1994 to 2001 did 

reveal this correlation: the incidence of edema sign had highly significant 

difference between Grade 2 and Grade 3 invasive carcinoma group and also 

between Grade 1 and Grade 3 invasive carcinoma group [Simon 2004]. 

In the present study, we verified the observation of

tumor grading:  
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(3) For the analysis of the four paired comparisons based on the combined data 

from 1994 to 2003, incidence of the unilateral edema between G1 group 

and. G3 group, as well as between G2 group and G3 group, differed highly 

significantly (both p=0.0000). 

Incidence of the unilateral edema sign of Grade 1 group vs. Grade 3 group did 

not differ significantly based on data 2002 to 2003. This may be due to the 

limited number of the Grade 1 lesions from 2002 to 2003. The difference between 

Grade 1 group and Grade 3 group showed highly significantly on the previous 

data (1994-2001) and the combined data (1994-2003). 

.3.2 Correlation in size-related invasive cancer grou6 ps 

Tumor size also provides very important prognostic information, which is 

independent of nodal status [Hayes et al. 2001]. In the SEER database of over 

13,000 nodenegative women, patients with tumors less than 1 cm had a 5-year 

relative overall survival (OS) of close to 99%, compared to 89% for those with 

tumors 1–3 cm, and 86% for those with tumors 3–5 cm [Carter et al. 1989b]. 

Other authors have found similar results, even with follow up exceeding 20 years 

[Rosen et al. 1993; Quiet et al. 1995; Quiet et al. 1996].  

Regarding the fact that tumor size is a strong, stand-alone prognostic factor 

(Tab 2.2), it’s reasonable that, in this study, the incidence of the unilateral edema 

sign had an increasing trend with the increase of the tumor size. To assess the 

independence of the correlation between edema sign and tumor grading, we 

analyzed the correlation between edema sign and tumor grading in three 

size-related groups respectively. For the small-size group (tumor size below or at 

 above 2cm) group, statistical 

tests (Tab 5.31, Tab 5.33) failed to prove a significant difference between different 

grading groups. For the middle-size group (tumor size between 1-2cm), however, 

the correlation between the incidence of edema sign and tumor grading was 

proved. The differences in the incidence of unilateral edema sign of non-high 

1cm), as well as the large-size group (tumor size
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gr

mor group. Adjuvant 

ch

would benefit from aggressive treatment 

[Singletary et al. 2003]. Thus, the result that the correlation between the 

ding was proved in this size-related group 

implied the potential value of edema sign in prognostic evaluation of small 

invasive carcinomas. 

6

rted to be 

di

n-invasive carcinoma group, another factor should be noted 

w

ade group vs. high grade group, and Grade 2 group vs. Grade 3 group were 

both highly statistically significant (p=0.0069 and p=0.0068). 

 In this study, the so-called middle-size tumors, whose sizes were between 

1-2cm, are parallel with the clinical small tumors. As introduced already, the 

usefulness of histologic grading in breast cancer as a measure of tumor 

aggression is emphasized especially on small tu

emotherapy is almost always recommended for large tumors (T3, T4), so the 

addition of histologic grade would have little effect on treatment 

recommendations. On the other hand, small node-negative tumors present a 

wide spectrum of possible outcomes, and histologic grade could be of value in 

determining which of these small lesions 

incidence of edema sign and tumor gra

.3.3 Correlation in non-invasive cancers 

Difference in the incidence of the edema sign between non-invasive carcinoma of 

different grading did not show statistical significance, neither in the previous 

study nor in the present study.  

Angiogenesis and inflammation in ductal carcinoma in situ were repo

fferent with invasive carcinomas [Heffelfinger et al. 1999; Rice and Quinn 2002]. 

The main pattern of inflammation associated with DCIS was perivascular clusters 

of B and T cells, with a less prominent diffuse infiltrate of macrophages and T 

cells [Lee et al. 1997]. Moreover, as already explained, the grading system for 

DCIS is also different with that for invasive carcinomas.  

Regarding the no

as that not every pure in situ carcinoma had a pure history. Some pure DCIS 

cases had prior ipsilateral or contralateral breast cancers and some sort of 
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treatment. In this situation, it’s difficult to separate the DCIS-related edema sign 

from the treatment-related edema sign.  

6.4

Some studies about the peritumoral edema in soft tissue and bone marrow 

etection of peritumoral 

edema on MR imaging [Goldman et al. 1993; Ehara et al. 1999]. On the other 

 benign and malignant lesions were analyzed together, the incidence 

of

elieve that the incidence of 

ed

6

This study was based on case review of the MRM examinations in IDIR from 

December 1994 to December 2003. Together 1129 histologically confirmed 

 Edema sign and Age 

demonstrated that the patient’s age is related to the d

hand, the form, function, and pathology of the female breast are continuously 

changing through the life. These age-related changes may have potential effect on 

the signal intensity in T2-weighted images. To access the issue of age dependency, 

we compared the incidence of the edema sign in three age groups: below or at the 

age of 40, between 40 and 50, and beyond the age of 50, respectively.  

When the

 edema sign seemed to show an increasing trend associated with the age: 

17.1% in the group below or at 40 year, 22.2% in the group 40 to 50 years, and 

30.4% in the group beyond 50 years. Further statistic analysis, however, did not 

reveal a statistically significant value between the incidence of edema sign and 

the age of patient. 

When the malignant lesions were analyzed alone, the age group between 40 

and 50 had the highest incidence of edema (47.1%). The incidences in the other 

two groups were 36.4% (<=40 years group) and 39.5% (>50 years group). 

Difference in the incidence of edema sign between different age group did not 

show statistical significance. 

Based on the results of the present study, we b

ema signs had no correlation with the age of the patients. 

.5 Limitations and future directions 
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lesions from 1010 patients were retrospectively analyzed. The relative large 

sample size offered a reliable basis for further comparisons. However, as a 

retrospective study based on the routine clinic data, some limitations need to be 

discussed. 

Unlike other MR signs, the edema sign reflects the surrounding changes of the 

lesion, but not the lesion itself. Sometimes, patients had both malignant lesion 

and obvious benign pathological changes, or had bilateral breast cancer. In these 

situations, the type of edema sign was sometimes difficult to be evaluated 

according the current criteria. According to both previous study and present 

study, benign lesions, expect the acute inflammatory and benign phyllodes 

tumors, was not associated with edema sign. Moreover, the case number of 

confirmed bilateral breast cancer was found to be limited (only 4 confirmed 

bi

set. Appropriate window level and magnific factor are 

es

lateral breast cancer from 2002 to 2003). Therefore, these factors are unlikely 

to have altered the results. An increased classification and accuracy in the 

interpretation should be developed in further study. 

The detection and classification of the edema sign were, at least in parts, 

subjective. For the data from 2002 to 2003, the statistic test showed that in the 

malignant lesions group, the observer-related factor has no correlation with the 

rate of detection of edema sign (Tab 5.5). For the combined data from 1994 to 

2003, it’s not clear whether the observer-related factor had effect on the edema 

evaluation. A more strictly paired interreader concordance test is necessary in 

future. Apart from the evaluators themselves, some other artificial factors had 

effect on the evaluation of edema sign. This study was mainly based on the 

hard-copy film reading, where the brightness and contrast level, as well as the 

magnetic factor were 

sential for accurate evaluation of edema sign in the T2-weighted images, but 

not available in every clinic case on hard-copy film. PACS and RIS system have 

been developed and used in routine clinic workflow now in IDIR. Further study 

should be based on the soft-copy reading. When reading images on a monitor, 

such as PACS or dedicated workstation, manipulation of the contrast and 
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brightness level is feasible and allows the radiologist greater freedom to window 

appropriately. 

One limitation is that the technique of MR imaging was not strictly controlled. 

In general, the pulse sequencess were selected to optimize the T1 and T2 

weighting for each magnet, and the findings were internally controlled on the 

basis of brightness and darkness of contiguous normal tissues. Therefore, the 

differences in imaging parameters and equipment are unlikely to have altered the 

re

% (17 of 94) non-invasive carcinomas belonged to 

GX group (no clear descrption about grading available in original patholoic 

reports ). Regarding the fact that the role of histologic grading in the prognosis of 

breast cancer has been emphasised more and more, it appears reasonable to get 

more exact and detailed grading data in futhur study.  

In further study, invasive carcinomas with an extensive intraductal 

components (EIC) need to be considered in particular. For breast cancinomas 

with both invasive and in situ components, normally two grades were given 

sults. Our hardware-related factor analysis also showed that no significant 

correlation was found between the incidence of edema and the type of the MR 

units. Comparisons based on the data from same MR unit by using the same 

scan parameter would be desired in the futher study. With the developments on 

the hardware and software of MR units, it is now possible to get higher spatial 

resolution T2-weighted images in the routine clinic practises. Some special 

T2-weighted sequence, for example, STIR and fat-suppression techniques, can 

detect subtler edema.  

There are also some limitations from the histologic data. Tumor grading is 

subjective by nature, and grading systems for invasive breast cancer and 

non-invasive carcinoma keep updating and introducing more quantitative 

elements [Singletary et al. 2003]. Some grading criteria changed in the past 

decade. On the other hand, since so far tumor grade generally has not been used 

as an aid in treatment decision-making in routine clinic practises, the data about 

the tumor grading were not always available. In this study, 7.6% (44 of 581) 

invasive carcinomas and 18.1
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respectively. In present study, the grade of invasive components was adopted as 

the grading score for that case. For the pTmic or pT1a carc

dominate components sometimes were in situ compone

ones. For example, a pTmic invasive ductal carcinoma w

components may has the score of Grade 1 for invasive components and the score 

c 

ame from operative specimens. Thus,  in the situation that invasive and 

non-invasive components appear together,  it’s not always possible to compare 

the MR findings with the histology results very precisely, so as to deal with both 

data from invasive and in situ components for further comparisons.The develop 

of MR guided biospy may give more chance to pricise correlation between MR 

signs and histologic findings.

inomas, however, the 

nts but not the invasive 

ith extensive intraductal 

of Grade 3 for in situ components. The features of DCIS and invasive carcinoma 

on MRM have somewhat overlap. In this retrospecitive study, most histologyi

results c
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Chapter 7 

Conclusions 

In this study, the correlation between edema sign and tumor grading were 

verified and the stated questions causing 

 

this study can be answered as follows: 

 

s (p<0.05). The high grade (Grade 3) invasive carcinomas 

had higher incidence of edema signs comparing with the non-high grade 

(Grade 1 and Grade 2 together) invasive carcinomas (p<0.05). 

 

(4) Incidence of edema signs is also affected by the lesion size. The correlation 

between edema and tumor grading was not verified in the tumors whose 

size were below 1cm, or in the tumors whose size above 2cm. But the 

correlation still remained strongly in the relative small (1-2cm) invasive 

carcinoma group. 

 

(5) There is no an age dependency with respect to the incidence of edema. 

 

Edema signs in MR  are not a new feature, but tumor-associated edema sign 

  

(1) Edema signs are reliable MR signs in the routine T2-weighted TSE images. 

Hardware-related factors and observer-related factors were verified that had 

no contribution to the incidence of edema signs. 

 

(2) Edema signs are not commonly associated with the benign lesions, except 

the acute inflammatory conditions and phyllodes tumors. 

 

(3) Edema signs are more associated with the malignant lesions. There is a 

correlation between the incidence of edema sign and tumor grading in the 

invasive carcinoma
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(not just associated with infl oma) in MRM was never 

reported to our knowledge. Unlike othe a sign reflects the 

changes of the surrounding areas of the tumor but not the changes of tumor itself. 

Host microenvironment is emphasized in breast cancer development. 

Tumor-associated inflammation and angiogenesis in the stroma may be the 

pathophysiologic mechanism behind the edema sign and the correlation between 

edema sign and tumor grading. 

Tum  

betwee  and tumor grading implies that edema signs in T2-weighted 

predic is. Follow-up patients and multifactor survival analysis 

other 

analogous to the microvessel density and vascular permeability. 

ue in 

T2-we  

dynamic MRM protocol. T2-weighted Pulse Sequences should be included in the 

ammatory breast carcin

r MRM signs, edem

or grading is an important prognostic factor of breast cancer. The correlation

n the edema

images might be promising adjuncts to established dynamic MRM criteria in 

ting tumor prognos

and further prospective studies are necessary to answer whether edema signs and 

dynamic MRM parameters have independent prognostic significance, 

The signal intensity of the lesion and the surrounding breast tiss

ighted images was reported to be a very useful diagnostic adjunct to the

routine protocol of MRM.
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Appendix 1  Histologic Grading system 

 

.1 The Nottingham combined histologic Grading system 

 
The following tabulation relates to the use of ×25 objective with a field

d

Feature Score 

T

Majority 1 

Moderate:        10% to 75% 2 

Minimal:         <10% 3 

Nuclear pleomorphism  

Small regular nuclei 1 

Moderate increase in size, etc 2 

Marked variation in size, nucleoli, chromatin clumping, etc 3 

Mitotic count (see also below)  

<10 mitoses per 10 high-power fields (HPF) 1 

10–20 mitoses per 10 HPF 2 

>20 mitoses per 10 HPF 3 

For a ×40 objective with a field diameter of 0.44 mm (area = 0.152

mm2), the equivalent scoring of mitotic activityis as follows 

0–5 mitoses per 10 HPF 1 

6–10 mitoses per 10 HPF 2 

>11 mitoses per 10 HPF 3 

 

The total score is then added and the grade assigned asfollows: 

Grade 1              3–5 points  

Grade 2              6–7 points  

Grade 3              8–9 points  

 

1

iameter of 0.59 mm and a field area of 0.274 mm. 

ubule formation  

 of tumor: >75% 
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1.2 Nuclear Grading for DCIS 

 
Gr otonous nuclei, 1.5–2.0 re  blood cell (RBC) diameters, with

sed chromatin an  only occasional nucleoli 

Grade 2: Neither nuclear grade 1 nor n

Grade 3: 

coarse chromatin and multiple nucleoli 

ade 1: Mon d

finely disper d

 

uclear grade 3 

 

Markedly pleomorphic nuclei, usually >2.5 RBC diameters, with
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Appendix 2:  Form for Retrospective Review (German) 
 

1 Name   

2 Geburtsdatum   

3 MR-System   

4 Untersuchungsdatum   

5 Herdlokalisation   Primär histologisch 

rter Herd gesiche

 

6 Slice/Tischposition/Imagenummer   

7 Effekte technischer Art ar, relevant  1: erkennb

2: keine 

3: erkennbar, irrelevant 

 

8 . Biopsie bzw. OP 

nt 

psie 

 Artefakte bei Z.n 1: relevant 

2: nicht releva

3: keine Bio

9 BerandungT1wn 1: glatt 

2: unscharf 

3: nicht zu bestimmen 

 

10 Form T1w 

 

 

r 

 1: rund 

2: linear 

3: lobuliert  

4: irregulär

5: sternförmig

6: retikulä

11 Morph T1wn: Binnenstruktur n 

n 

1: homoge

2: inhomoge

 

12 Morph:T1wn  

2: iso 

nkel 

 1: hell  

3: dunkel 

4: extrem du

13 Herd in T1 (ohne S)  1: beurteilbar 

2: nicht beurteilbar 

 

14 Septen T1wn 

n 

 1: ja 

2: nei

15 SeptenT1wS1 enhancend  

 enhanced 

 1: stark 

2: wenig
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3: nicht enhancend 

llt/keine 4: entfä

16 SeptenT1wS7 cend  

 enhanced 

 1: enhan

2: nicht

3: entfällt/keine 

17 Septen: T2  1: ja 

2: nein 

 

18 Intaktes Ligament-Zeichen: T2 : ja 

 

 umgebenden  Ligamente 

 1

2: nein

3: keine

19 Gesamtenhancement 

(maximaler Durchmesser) 

Kernherdgröße 

(maximaler Durchmesser) 

mm 

m 

m 

 mm 

 

 

 

 

1: 0-5

2: 6-10m

3: 11-20mm 

4: 21-30mm 

5: 31-50m

6: >50

 

 

 

20 Herdenhancement  ifugal inhomogen  

2: Zentrifugal homogen  

homogen  

ogen 

pezielles Enhancement 

 1: Zentr

3: Zentripetal 

4: diffus in

5: hom

6: kein s

21 Wash in visuell 

3: <50% 

 1: >100% 

2: 50-100%  

22 Wash in ROI  

2: 50-100% 

 

 1: >100%

3: <50%

23 KM nach 7 Min. visuell 1: weiterer Anstieg  

2: Plateau 

3: wash out 

 

24 KM nach 7 Min. ROI 1: weiterer Anstieg   

2: Plateau 

3: wash out 

25 

2: nein 

 Blooming 1: ja 

26 Bewegungsunschärfe 1: stark 

2: leicht 
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3: nein 

27 Zuführendes Gefäß 

n 

 1: ja  

2: nei

28 vitale Herdanteile T2w 1: hell 

zw. dunkel 

 

2: iso b

29 Nekrosen  

: nein 

 1: ja 

2

30 Nekrosevolumen   

31 Root-Sign  1: ja  

2: nein 

32 Hook-Sign 

: nein 

 1: ja 

2

33 Quadrantenenhancement  1: segmental  

2: nicht strukturiert 

3: entfällt 

 

34 Seitendifferentes Enhancement  vs. : ja 

Gegenseite 

1

2: nein 

 

35 Enhancementform 

(der Brust, nicht des Herdes) 

 

 1: segmental  

2: irregulär 

3: entfällt 

36 Perifokales Enhancement 1: ja 

2: nein 

3: entfällt 

 

37 Inflowphänomen  1: ja bilateral 

2. ja unilateral 

3: nein 

38 Mamillensaum unterbrochen   

(T1 post KM Original) 

1: ja 

2: nein 

39  Prominentes unilaterales Gefäß 1: ja  

2: nein 

40 Ödem 

ilateral 

erers 

dem 

 1: perifokal  

2: diffus un

3: and

4: kein Ö

41 Ödem Besonderheiten  eitig 

: präpectoral beidseitig  

: subcutan 

 1: präpectoral eins

2

3
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4: bilateral sonstig 

5: entfällt 

42 Cutisverdickung 1: ja 

2: nein 

 

43 Punched out  1: ja  

2: nein 

 

44 LK Längsmaß x Quermaß in Millimetern   

45 Weitere Herde  1:ja 

2: nein 

 

46 Weitere Herde  1: gleichartig 

2: nicht gleichartig 

 

47 Anzahl weiterer Herde   

48 Lokalisation der anderen Herde  1:gleicher Quadrant  

3:andere Brust 

 

2:anderer Quadrant  

49 Sonstiges   

50 Einstufung ohne Score 2: sicher benigne 

3: fraglich benigne 

5: sicher maligne 

 

4: fraglich maligne 

51 Eigentlich aus dem MR folgende 

chirurgische Therapieänderung  

1: ja 

2 nein 

 

52 MR-Empfehlung 1: 6 Monate 

4: keine VK 

 

2: 12 Monate 

3: 24 Monate 

5: histol. Sicherung 

53 OP-Änderung (im Vgl. Zur 

r Histo 

1: OP-Erweiterung richtig 

3: OP-Ersparnis richtig 

5: entfällt 

 

 vorhergehenden Bildgebung)  

korrespondierend zu

2: OP-Erweiterung nicht richtig 

4: OP-Ersparnis nicht richtig 

54 Diskrepanz M/Us vs. MR 1: ja 

2: nein 

3: nicht verfügbar 

 

55 Primärer Untersucher   

56 Begleitdiagnosen   
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