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Foreword

Breast cancer is the most common malignant disease among Western women and rep-

resents a major public health problem, with more than 370,000 new cases and 130,000 

deaths per year in women aged 35–64 years in Europe alone. It accounts for one third 

of the cancer-related deaths in women aged 35–55 years.

The efforts of modern oncology to deal with this clinical problem are focused on 

reaching a diagnosis at the earliest stage, when the disease is still limited, the tumour 

is resectable and it is still possible to treat with curative intent. Another essential goal 

of modern research is to characterise the tumour cells in order to categorise patients 

into different risk groups, identify responders versus nonresponders to therapy, and 

design adequate targeted therapies that are effective also in the adjuvant setting to 

eradicate breast cancer cells that might have already spread to distant sites at the time 

of diagnosis.

The great impact of nuclear medicine in oncology is due to its important progress in 

this fi eld in recent years, and the effect of such progress has been particularly noticeable 

in breast cancer. Research into molecular imaging has led to the development of several 

radiopharmaceuticals that can explore the cellular metabolism and visualise, at the 

molecular and subcellular level, pathological processes specifi c to cancer. Advances in 

diagnostic equipment have made high-technology instruments available such as PET, 

which is capable of producing high-quality tomographic images. Such imaging has 

become of major value to physicians because it often reveals alterations and lesions 

not demonstrated by conventional morphological techniques such as X-rays, US, CT 

or MRI. Research into image fusion techniques has led to the design of software pro-

grammes capable of merging the molecular, functional and metabolic information of 

nuclear medicine with the morphological information provided by radiology into a 

single image. Hybrid instruments (PET/CT, SPECT/CT) are now available which allow 

the fusion of images of a patient in just one diagnostic session.

All these impressive achievements are going to produce important results not only 

for the diagnosis but also the treatment of cancer. Nuclear medicine explores the func-

tion and biology of cells and tissues, and can be considered an experimental area of 

drug development for individual tailored therapies. In fact, radiopharmaceuticals 

developed specifi cally to target and visualise malignant tumours can also be used, at 

high doses, for therapeutic purposes. Nuclear medicine therapeutics thus takes advan-

tage of selective radiopharmaceuticals that have demonstrated anticancer effi cacy in 

many types of tumours. 
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This book on the diagnostic and therapeutic applications of nuclear medicine in 

breast cancer aims to describe the state of the art and the current position of nuclear 

medicine in the light of these recent developments and in comparison with conven-

tional radiological and nonradiological modalities. Some basic concepts regarding 

breast cancer are treated and discussed with the aim of providing a general overview 

on a disease that is the subject of continuous stimulating proposals for research and 

clinical investigation. The text is therefore intended as an update also for non-nuclear-

medicine specialists working in senology and oncology. The new defi nition of nuclear 

medicine is ‘molecular imaging’ and ‘targeted therapy’ and its clinical impact is 

becoming increasingly important. We have no doubt that the diagnosis and treatment 

of breast cancer will benefi t from the new horizons opened up by nuclear medicine.

Gianni Bonadonna

Emilio Bombardieri

Luca Gianni 
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Preface

The last three decades have witnessed tremendous advances in the understanding 

and treatment of breast cancer. As a result, starting shortly before the 1990s, a per-

sistent decrease in breast cancer mortality has been documented, primarily in the 

United States and in several European countries. Breast cancer, however, remains 

an important health problem. In this book, which is mainly dedicated to nuclear 

medicine, experts have thoroughly reviewed the achievements made in the diagnosis, 

monitoring and treatment of this disease. There is no doubt that breast cancer has 

always been one of the most appealing areas of cancer research; the vast number of 

new clinical and preclinical studies published every day in the medical literature is 

an example.

More recently, the development of molecular biology techniques has allowed the 

identifi cation and analysis of molecular factors that play an important role in normal 

cell growth and differentiation. Such factors have also been shown to infl uence the 

behavior of tumors in terms of cellular differentiation, growth rate, metastatic pat-

tern and response to therapy. Furthermore, they will be instrumental in the develop-

ment of new agents for targeted therapies. Using molecular tracers to characterize 

neoplastic tissues and to select, among the available effective regimens, the one with 

the highest probability of cure for the individual patient, is an appealing way to con-

duct new research. The ability to predict who will need medical therapy and who will 

or will not respond to a given drug or drug regimen will serve to guide clinical deci-

sion-making and treatment recommendations. Although predictive accuracy may 

not be an all-or-none phenomenon, patients can be spared treatments that are devoid 

of effi cacy but are associated with toxicity instead. Besides this, delivering treat-

ments that have a more pronounced activity against tumors with specifi c molecular 

features will lead to improved benefi t for the patient, making the difference between 

cure and palliation.

In this area nuclear medicine follows the new developments in oncology: the 

modern term “molecular imaging” means to visualize a biological phenomenon at 

the molecular level according to the specifi city and the specifi c biodistribution of a 

molecular probe. Cancer can be imaged through metabolic pathways (such as glucose 

and amino-acid transport, DNA precursor incorporation, hormone receptors, angio-

genesis, hypoxia, antigen expression) targeted by radioactive tracers. This makes it 

possible to supplement the morphological description of a tumor with a considerable 

amount of biological information. Nuclear medicine images may provide prognostic 
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indications, predict the response to different treatments, and detect the presence 

and activity of viable cancer cells in already treated patients. The same radiophar-

maceuticals that target neoplasia and are used in diagnostic imaging can carry high 

amounts of radioactivity to cancer cells and thus selectively deliver a lethal irradia-

tion dose to a tumor. For all these reasons nuclear medicine techniques have acquired 

an important role in the study and management of breast cancer, and are becoming 

more and more integrated in the new developments of molecular biology, pharmacol-

ogy, diagnostic imaging and therapy.

Gianni Bonadonna
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and the role of PET in monitoring and predicting 
the response to therapy. The technological develop-
ments that provided a new hybrid system, PET/CT, 
combining metabolic (PET) and morphological 
(CT) imaging, are described in a dedicated chap-
ter that analyses the added value of image fusion. 
Radiological methods including mammography, 
ultrasonography and magnetic resonance imaging 
are treated in two different sections that highlight 
the state of the art of diagnostic radiology in the 
detection, staging and characterisation of breast 
cancer. Two chapters pay attention to the use of os-
teotropic radiopharmaceuticals labelled with 186Re 
(rhenium) and 153Sm (samarium), which are suc-
cessful in the palliative treatment of patients with 
skeletal metastases. A general chapter on medical 
therapy for breast cancer patients provides an up-
date on the state of the art of medical oncology, 
with a discussion of how cancer can be cured and 
how advanced disease can be treated today.

This book deals mostly with molecular imag-
ing issues, but since nuclear medicine has a wide 
range of applications today, also other breast can-
cer-related areas are covered. The emphasis is on 
the integration of various diagnostic methods, dif-
ferent techniques for tumour characterisation and 
different treatment approaches. The information 
is highly diversifi ed and therefore interesting not 
only to nuclear medicine physicians and radiolo-
gists, but also to oncologists, senologists and sur-
geons who wish to update their knowledge of a rap-
idly developing fi eld.

This book is a multidisciplinary textbook dealing 
with the diagnosis of breast cancer and at the same 
time considering the most important modalities to 
study breast tumours. Besides the different options 
among the imaging modalities, other aspects are 
overviewed including the biology and histology of 
breast cancer as well as the available laboratory 
tests and treatments. One chapter is dedicated to 
the histological classifi cation of breast cancer and 
another to biomolecular features of clinical rel-
evance. The routine use of tumour marker assays is 
discussed, with a critical evaluation of their clini-
cal usefulness, interpretation criteria and diagnos-
tic limits. The most important nuclear medicine 
procedures are described and the most remarkable 
results published in the recent literature are anal-
ysed. A number of chapters focus on nuclear med-
icine procedures: scintimammography, sentinel 
lymph node biopsy after lymphoscintigraphy, bone 
scintigraphy with 99mTc-labelled phosphonates and 
positron-emission tomography (PET) with 18F-fl u-
orodeoxyglucose (FDG). The place of these nuclear 
medicine modalities and other radiological tools in 
the diagnostic workup of breast cancer patients is 
examined and their relevance in patient manage-
ment is stressed. Particular characteristics of these 
diagnostic modalities are discussed, such as the 
biological value of the information deriving from 
PET, the role of PET in axillary staging, the added 
value of the combined use of PET with tumour 
markers in detecting relapse and metastases, the 
importance of FDG-PET in staging and follow-up 
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2.1 
Epidemiology and Risk Factors

Breast cancer is the most common cancer of women 
worldwide (Parkin et al. 1984). There have been sus-
tained increases in the incidence of this cancer in 
developing countries in recent years. Breast cancer 
accounts for 22% of all female cancers, which is more 
than twice the occurrence of cancer in women at any 
other site (Parkin et al. 2001). Male breast cancer is 
rare compared with female breast cancer. Female: 
male incidence ratios vary from 70 to 130 around 
the world.

Breast cancer incidence, as with most epithelial 
tumours, increases rapidly with age. The curves 
show a characteristic shape, rising steeply up to 
menopausal age and less rapidly or not at all after-
wards. Around the 1990s, breast cancer incidence 
varied 10-fold worldwide, indicating important dif-
ferences in the distribution of the underlying causes 
(Parkin et al. 2001). There is substantial variation in 
breast cancer rates among different countries. Rates 
are some six times higher in the USA, Canada and 
northern Europe than in Asia or among black popu-
lations in Africa. These international differences in 
breast cancer rates do not appear to be determined 
primarily by variation in genetic susceptibility. 
Studies of populations migrating from low- to high-
risk areas, which show that migrant populations 
approach the risk of the host country in one or two 
generations (Balzi et al. 2003; Kliewer and Sith 1995; 
Ziegler et al. 1993; Buell 1973; Prentice et al. 1988), 
clearly suggest an important role of environmental 
factors in the aetiology of the disease. 

The aetiology of breast cancer is multifactorial 
and involves diet, reproductive factors and related 
hormonal imbalances. The known risk factors for 
breast cancer (Table 2.1) can be understood as mea-
sures of the cumulative exposure of the breast to 
oestrogen and, perhaps, progesterone. The actions 
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Cancer of the breast is one of the most common 
human neoplasms, accounting for one quarter of all 
cancers in females. It is associated with the western 
life style. Risk factors include early menarche and 
late childbirth. Breast cancer is further character-
ized by a marked genetic susceptibility. The typ-
ing of invasive breast cancer, its histological vari-
ants and their grading systems are well established. 
More diffi cult is the classifi cation of the pre-invasive 
breast lesions that are now increasingly detected by 
mammography. 
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of these ovarian hormones (and the hormones used 
in combination oral contraceptives and hormone re-
placement therapy) on the breast do not appear to be 
genotoxic, but they do affect the rate of cell division. 
Their effects on breast cancer rates are manifest in 
their effects on proliferation of the breast epithelial 
cell. The activation of oncogenes and inactivation of 
tumour-suppressor genes (e.g. BRCA1, TP53) pro-
duce a sequence of genetic changes that lead to a 
malignant phenotype.

As endogenous hormones directly affect the risk 
of breast cancer, there is reason for concern about 
the effects on breast cancer risk if the same or 
closely related hormones are administered for ther-
apeutic purposes. Specifi c environmental exposure 
operative in the development of breast cancer (e.g., 
radiation, alcohol, exogenous hormones) have been 
identifi ed, but carry a lower risk.

More than most other human neoplasms, breast 
cancer often shows familiar clustering. Two high-
penetrance genes have been identifi ed (BRCA 1/2) 
that greatly increase the breast cancer risk. Table 2.1 
shows the events of reproductive life that have 
been considered to be risk factors for breast cancer 
in women. Breast cancer occurs more frequently 
among women who have an early menarche, remain 
nulliparous or, if parous, have few children with a 
late age at fi rst delivery. Finally, late age at meno-
pause also increases the risk (Kelsey et al. 1993).

ries) of the fascicle “Tumors of the mammary gland” 
issued by the US Armed Forces Institute of Pathol-
ogy (Rosen and Oberman 1992).

All carcinomas of the breast, both invasive and 
non-invasive, are classifi ed on the basis of the histo-
logical and/or cytological appearance. Irrespective 
of the type of carcinoma, a number of gross fi nd-
ings should always be recorded including site, size, 
shape, consistency, colour, gross appearance of mar-
gins, relationship to adjacent mammary (skin, nip-
ple) and extramammary structures (fascia, muscle), 
and the number of foci that appear malignant.

2.2.1 
Grading

In situ ductal carcinoma and all invasive tumours 
are routinely graded. Among the various grading 
systems that have been proposed, the combined 
grading method of Elston and colleagues from 
Nottingham, England, which is a modifi cation of 
the grading system originally elaborated by Scarff, 
Bloom and Richardson, is currently the most widely 
used in Europe (Bloom et al. 1957; Robins et al. 1995; 
Elston and Ellis 1991). In this system three param-
eters are evaluated: tubule formation, nuclear poly-
morphism and mitotic rate. A numerical scoring 
system of 1–3 is used to ensure that each factor is 
assessed individually.

The three values are added together to produces 
scores of 3 to 9, to which the grade is assigned:

Point total 5: grade 1, well differentiated;
Point total 6–7: grade 2, moderately differentiated;
Point total 8–9: grade 3, poorly differentiated.

2.2.2 
TNM

Breast cancer staging is useful because of its ability 
to estimate prognosis. It also provides valuable in-
formation about appropriate treatment options for 
each cancer stage (Sobin and Wittekind 2002).

The principal changes incorporated into the 
recently revised staging system for breast cancer 
(Tables 2.2 and 2.3) are related to the size (micro-
metastases and isolate tumour cells), number, loca-
tion and methods of detection of metastases to the 
regional lymph nodes (IHC staining and molecular 
techniques such as reverse-transcriptase polymerase 
chain reaction, RT-PCR). 

•
•
•

Table 2.1. Breast cancer risk factors

Early menarche

Late menopause

Obesity (postmenopausal women)

Oestrogen replacement therapy

Older age at fi rst full-tem birth

Nulliparity

Oral contraceptives

2.2 
Histological Classifi cation

The most signifi cant effort in the classifi cation of tu-
mours of the breast was that produced by the World 
Health Organization (Tavassoli and Devilee 2003). 
Other identifi ed subentities have been listed in the 
classifi cation reported in the last edition (third se-
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Table 2.2. Recently revised staging system for breast cancer

Classifi cation Defi nition

Primary tumour (T)

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

Tis Carcinoma in situ

     Tis (DCIS) Ductal carcinoma in situ

     Tis (LCIS) Lobular carcinoma in situ

     Tis(Paget) Paget‘s disease of the nipple with no tumour
(Paget‘s disease associated with a tumour is classifi ed according to the size of the tumour)

T1 Tumour ≤2 cm in greatest dimension

     T1mic Microinvasion ≤0.1 cm in greatest dimension

     T1a Tumour >0.1 cm but ≤0.5 cm in greatest dimension

     T1b Tumour >0.5 cm but ≤1 cm in greatest dimension

     T1c Tumour >1 cm but ≤2 cm in greatest dimension

T2 Tumour >2 cm but ≤5 cm in greatest dimension

T3 Tumour >5 cm in greatest dimension

T4 Tumour of any size with direct extension to chest wall or skin, only as described below

     T4a Extension to chest wall, not including pectoralis muscle

     T4b Oedema (including peau d’orange) or ulceration of the skin of the breast,
or satellite skin nodules confi ned to the same breast

     T4c Both T4a and T4b

     T4d Infl ammatory carcinoma

Regional lymph node

NX Regional lymph nodes cannot be assessed (e.g., previously removed)

N0 No regional lymph node metastasis

N1 Metastasis in movable ipsilateral axillary lymph node(s)

N2 Metastases in ipsilateral axillary lymph nodes fi xed or matted, or in clinically apparent*
ipsilater internal mammary nodes in the absence of clinically evident axillary lymph-node 
metastases

     N2a Metastasis in ipsilateral axillary lymph nodes fi xed to one another (matted) or
to other structures

     N2b Metastasis only in clinically apparent* ipsilateral internal mammary nodes and in the ab-
sence of clinically evident axillary lymph-node metastasis

N3 Metastasis in ipsilateral infraclavicular lymph node(s), or in clinically apparent* ipsilateral
internal mammary lymph node(s), and in the presence of clinically evident axillary lymph-
node metastasis, or metastasis in ipsilateral supraclavicular lymph node(s) with or without 
axillary or internal mammary lymph-node involvement

     N3a Metastasis in ipsilateral infraclavicular lymph node(s) and axillary lymph node(s)

     N3b Metastasis in ipsilateral internal mammary lymph node(s) and axillary lymph node(s)

     N3c Metastasis in ipsilateral supraclavicular lymph node(s)
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Classifi cation Defi nition

Regional lymph nodes (pN)†

pNX Regional lymph nodes cannot be assessed (e.g., previously removed or not removed for
pathologic study)

pN0 No regional lymph node metastasis histologically, no additional examination for
isolated tumour cells‡

     pN0 (i-) No regional lymph node metastasis histologically, negative immunohistochemical staining

     pN0 (i+) Isolated tumour cells identifi ed histologically or by positive immunohistochemical staining,
no cluster >0.2 mm§

     pN0 (mol-) No regional lymph-node metastasis histologically, negative molecular fi ndings (RT-PCR)†††

     pN0 (mol+) No regional lymph-node metastasis histologically, positive molecular fi ndings (RT-PCR)†††

pN1 Metastasis in one to three axillary lymph nodes, and/or in internal mammary nodes with
microscopic disease detected by sentinel lymph node dissection but not clinically apparent*

     pN1mi Micrometastasis (>2 mm, none >2.0 mm)

     pN1a Metastasis in one to three axillary lymph nodes

     pN1b Metastasis in internal mammary nodes with microscopic disease detected by
sentinel lymph-node dissection but not clinically apparent*

     pN1c Metastasis in one to three axillary lymph nodes** and in internal mammary lymph nodes 
with microscopic disease detected by sentinel lymph-node dissection but not clinically ap-
parent*

pN2   Metastasis in four to nine axillary lymph nodes, or in clinically apparent* internal mam-
mary lymph nodes in the absence of axillary lymph-node metastasis

Adapted from Greene et al, with permission from Springer Publishing
*Clinically apparent is defi ned as detected by imaging studies (excluding lymphoscintigraphy) or by clinical examination.
†Classifi cation is based on axillary lymph node dissection with or without sentinel lymph-node dissection. Classifi cation based 
solely on sentinel lymph-node dissection without subsequent axillary lymph node dissection is designated (sn) for “sentinel 
node”, such as pN0(i+)(sn).
‡Isolated tumour cells are defi ned as single tumour cells or small cell clusters ≤0.2 mm, usually detected only by immunohis-
tochemical or molecular methods, but which may be verifi ed on haematoxylin and eosin stains. Isolated tumour cells do not 
usually show evidence of metastatic activity (e.g., proliferation or stromal reaction).
§Defi nition of (i+) was adapted in 2003 in order to be consistent with the updated International Union against Cancer (UICC) 
classifi cation.
†††RT-PCR: reverse transcriptase/polymerase chain reaction.
**If associated with more than three positive axillary lymph nodes, the internal mammary nodes are classifi ed as pN3b to 
refl ect increased tumour burden.

2.2.3 
Carcinoma in Situ

Carcinoma in situ is a proliferation of malignant 
epithelial cells within the ductulo-lobular system 
of the breast that on light microscopy shows no 
evidence of breaching the basement membrane to 
invade the adjacent stroma. There are two forms: 
ductal and lobular. Lobular intraepithelial neoplasia 
(LIN) is located within the terminal duct-lobular 
unit, often accompanied by pagetoid involvement 
of the adjacent terminal ducts (Fig. 2.1). These are 
markedly distended by a proliferation of monomor-

phous cells that have effaced the lumen (Bratthauer 
and T avassoli 2002). The nuclei are round, regular 
and evenly spaced. Intracellular lumens are often 
present. The stroma is thinned. No necrosis or mi-
crocalcifi cations are usually present.

LIN is usually found during the perimenopausal 
period, is unapparent clinically and is usually de-
tected incidentally in biopsies that were done because 
of other lesions. It is associated with an increase in 
the risk of developing invasive breast cancer of any 
type, in either breast, and usually many years later.

Ductal carcinoma in situ (DCIS), on the other hand, 
is a heterogeneous group of pre-malignant lesions that 
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Table 2.3. Recently revised staging system for breast cancer

Fifth Edition Sixth Edition

Size of regional
lymph-node metastases

Micrometastases were defi ned as tumour 
deposits not larger than 2.0 mm and classi-
fi ed as pN1a

Micrometastases are distinguished from isolated 
tumour cells on the basis of size

No quantitative distinction was made 
between micrometastases and isolated 
tumour cells

Micrometastases are defi ned as tumour deposits 
larger than 0.2 mm, but not larger than 2.0 mm 
and classifi ed as pN1mi. Isolated tumour cells 
are defi ned as tumour deposits not larger than 
0.2 mm identifi ed by either standard histology 
or by immunohistochemical staining. They are 
classifi ed as pN0(i+)

Number of regional
lymph- node metastases

The number of affected axillary lymph 
nodes was considered only in subcatego-
ries of pN1

Major classifi cation of lymph node status are 
defi ned by the number of affected axillary lymph 
nodes

Location of regional 
lymph-node metastases

Metastases in infraclavicular lymph nodes 
(axillary level III) were considered equiva-
lent to metastases in other axillary lymph 
nodes

Metastases in the infraclavicular lymph nodes 
are classifi ed as N3, because of their association 
with extremely poor prognosis

Metastases to the internal mammary nodes 
were classifi ed as N3/pN3

Metastases to the internal mammary nodes are 
classifi ed as N1, N2 or N3, based on the size of 
the lesion and the presence or absence of con-
current axillary nodal involvement

Metastases to the supraclavicular lymph 
nodes were classifi es as M1

Metastases to the supraclavicular lymph nodes 
are classifi ed as N3

The use of descriptors to 
indicate size and method 
of detection of nodal 
metastases

No descriptors were used The descriptor (i+) is used to indicate the pres-
ence of isolated tumour cells not larger than 0.2 
mm by either standard histology or by immuno-
histochemical staining. The descriptor (i-) means 
no detectable tumour cells by either histology or 
immunohistochemical staining.
The descriptor sn is used to indicate that the 
staging classifi cation was based solely on sentinel 
lymph node dissection.
The descriptor (mol+)/(mol-) is used to designate 
cases that are negative by standard histological 
staining for regional lymph node metastasis and in 
which reverse transcriptase-polymerase chain reac-
tion was used to assess the node for tumour cells

are usually asymptomatic and impalpable, but may be 
identifi able on mammography as foci of microcalcifi -
cation (Holland et al. 1994). The classifi cation of DCIS 
is based primarily on cytonuclear differentiation and, 
secondarily, on architectural differentiation (cellular 
polarisation). Three categories are defi ned:

Poorly differentiated DCIS is composed of cells with 
markedly pleomorphic nuclei, evidence of individ-
ual cell necrosis and autophagocytosis. Mitoses and 
central necrosis are often present. The growth pat-
tern may be solid, pseudo-cribriform or micropapil-
lary. This sub-type has the highest risk of stromal 
invasion (Fig. 2.2). Fig. 2.1. Lobular intraepithelial neoplasia
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Intermediately differentiated DCIS is composed 
of cells showing some pleomorphism, but not so 
marked as in the poorly differentiated group. There 
is always evidence of some architectural differen-
tiation, whereas necrosis and calcifi cation are vari-
able. 

Well-differentiated DCIS consists of cells with 
monomorphic nuclei. Architectural differentiation 
is pronounced, and the growth pattern may be crib-
riform, micropapillary and clinging. Necrosis is not 
present (Fig. 2.3).

Lesions in the poorly differentiated group are 
usually Neu (c-erbB-2) positive and are less fre-
quently oestrogen and progesterone receptor posi-
tive, conversely to those in the well-differentiated 
group. The treatment of DCIS depends on the size 
and distribution of the lesion. The status of excision 
margins around the tumour remains the most im-
portant factor in terms of risk of local recurrence. 
Microinvasive carcinoma (size limit of 1 mm) is 
rare and occurs mostly in association with in situ 
carcinoma, usually of the poorly differentiated type 
(Rosen 1997).

2.2.4 
Invasive Breast Cancer

Invasive breast cancer is a group of malignant epi-
thelial tumours characterized by invasion of adja-
cent tissue and a marked tendency to metastasize 
to distant sites. Breast cancer arises from the mam-
mary epithelium, most frequently from the cells of 
the terminal duct lobular unit. The vast majority 
of these tumours are adenocarcinomas. They ex-

hibit a wide range of morphological phenotypes and 
specifi c histological types. The typing of invasive 
breast cancer and its histological variants is well es-
tablished in the WHO Classifi cation (Tavassoli and 
Devilee 2003) (Table 2.4).

2.2.5 
Invasive Ductal Carcinoma
(Not Otherwise Specifi ed, NOS)

This is a heterogeneous group, which represents the 
most common type of invasive carcinoma, compris-
ing between 40% and 75% in the published series 
(Elston and Ellis 1991; Elston and Ellis 1998). Ductal 
NOS tumours, like all other major forms of breast 
cancer, are less common below the age of 40 (Kollias 
et al. 1997). These tumours have no specifi c macro-
scopic features. There is marked variation in size; 
they can have an irregular, stellate outline or nodular 
confi guration. They are fi rm, and the cut surface is 
usually grey-white with yellows streaks (Fig. 2.4).

Architecturally, the tumour cells may be ar-
ranged in cords, clusters and trabeculae, but the 
predominantly invasive pattern is solid with occa-
sionally glandular differentiation. The stromal com-
ponent is extremely variable. There may be a highly 
cellular fi broblastic proliferation, a scanty connec-
tive tissue or marked hyalinization with elastosis. 
Tumour cells have a variable appearance, with cyto-
plasm often abundant and eosinophilic. Nuclei may 
be regular or pleomorphic with prominent nucleoli. 
Mitotic activity may be increased in the poorly dif-
ferentiated form.

Invasive carcinoma is often associated with high 
grade ductal carcinoma in situ, but all other patterns 

Fig. 2.2. Poorly differentiated ductal carcinoma in situ Fig. 2.3. Well-differentiated ductal carcinoma in situ with a 
cribriform pattern of growth
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may be seen (Fig. 2.5). If a ductal carcinoma NOS is 
accompanied by a second distinct morphologic pat-
tern (lobular), the cancer is defi ned as mixed. There 
are several variants of ductal carcinoma NOS: pleo-
morphic (a high grade cancer characterized by pro-
liferation of pleomorpic and bizarre tumour giant 
cells) (Silver and Tavassoli 2000); with osteoclastic 
giant cells (Gupta 1996); with choriocarcinomatous 
features (Horne et al. 1976). Approximately 70–80% 
of ductal NOS breast cancers are oestrogen receptor 

positive, and between 15–30% of cases are ERBB2 
positive.

2.2.6 
Invasive Lobular Carcinoma

Invasive lobular carcinoma represents 5–15% of in-
vasive breast tumours and is frequently multifocal 
and bilateral (Winchester et al. 1998). It is character-

Table 2.4. Histological classifi cation of carcinoma of breast [adapted from WHO (Tassavoli and 
Devilee 2003)]

Invasive ductal carcinoma, not otherwise specifi ed (NOS) 8500/3

     Mixed type carcinoma

     Pleomorphic carcinoma 8022/3

     Carcinoma with osteoclastic giant cells 8035/3

Invasive lobular carcinoma 8520/3

Tubular carcinoma 8211/3

Invasive cribriform carcinoma 8201/3

Medullary carcinoma 8510/3

Mucinous carcinoma and other tumours with abundant mucin

     Mucinous carcinoma 8480/3

     Cystadenocarcinoma and columnar cell mucinous carcinoma 8480/3

     Signet ring cell carcinoma 8490/3

Invasive papillary carcinoma 8503/3

Invasive micropapillary carcinoma 8507/3

Apocrine carcinoma 8401/3

Metaplastic carcinomas 8575/3

     Pure epithelial metaplastic carcinomas 8575/3

     Mixed epithelial/mesenchymal metaplastic carcinomas 8575/3

Lipid-rich carcinoma 8314/3

Adenoid cystic carcinoma 8200/3

Acinic cell carcinoma 8550/3

Glycogen-rich clear cell carcinoma 8315/3

Infl ammatory carcinoma 8530/3

Lobular carcinoma in situ 8520/2

Ductal carcinoma in situ 8500/2

Microinvasive carcinoma
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ized by indistinct tumour margins. This neoplasm 
is composed of non-cohesive cells individually dis-
persed or arranged in single fi le linear pattern (In-
dian fi le) in a fi brous stroma. The neoplastic cells 
have round or notched ovoid nuclei and a thin rim 
of cytoplasm with an occasional intracytoplasmic 
lumen (signet ring cells) (Fig. 2.6).

There are different patterns: classical (Martinez 
and Azzopardi 1979), solid (Fechner 1975), alveolar 
(Shousha et al. 1986), pleomorphic, (Weidner and 
Semple 1992) and mixed (Martinez and Azzopardi 
1979). The admixture of a tubular growth pattern 
and small uniform cells arranged in a linear pattern 
defi nes the variant known as tubulo-lobular carci-
noma (Fisher et al. 1977). All of these patterns are 
associated with lobular carcinoma in situ.

About 70–95% of lobular carcinomas are ER posi-
tive and 60–70% are PR positive (Sastre-Garau et al. 
1996). Overexpression of ERBB2 is lower than in in-
vasive ductal carcinoma, with the exception of the 
pleomorphic pattern (Soomro et al 1991).

2.2.7 
Tubular Carcinoma

This is a special type of carcinoma with favour-
able prognosis that accounts for under 2% of in-
vasive breast cancer in most series. It consists of a 
haphazard distribution of rounded and angulated 
tubules with open lumens, lined by only a single 
layer of epithelial cells separated by abundant reac-
tive fi broblastic stroma. The cancer cells are small 
and regular, with little nuclear pleomorphism and 
scanty mitotic fi gures (Patchefsky et al. 1977). Duc-
tal carcinoma in situ (usually of low grade) is found 
in association; occasionally the in situ component 
is of lobular type. Oestrogen and progesterone re-
ceptors are always positive and ERBB2 is negative 
(Papadatos et al. 2001).

2.2.8 
Invasive Cribriform Carcinoma

This is a carcinoma with an excellent prognosis that 
accounts for 0.8–3.5% of breast cancers (Venable et 
al. 1990). The tumour cells are small and show a 
low to moderate degree of nuclear pleomorphism. 
The tumour is arranged as invasive islands (often 
angulated), within which well-defi ned spaces are 
formed by arches of cells. Mitoses are rare. As-

Fig. 2.5. Invasive ductal carcinoma associated with high 
grade ductal carcinoma in situ

Fig. 2.4. Invasive ductal carcinoma (NOS)

Fig. 2.6. Invasive lobular carcinoma
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sociated intraductal carcinoma, generally of the 
cribriform type, is observed in as many as 80% of 
cases. Oestrogen and progesterone receptors are 
positive in 100% and 69% of the cases, respectively 
(Venable et al. 1990).

2.2.9 
Medullary Carcinoma

This is a carcinoma with a good prognosis, which 
represents between 1 and 7% of all breast cancers. 
A high frequency of this tumour type has been 
reported in patients with BRCA1 germ line muta-
tions (Wargotz and Silverberg 1988; Marcus et al. 
1996). It is composed of poorly differentiated cells 
arranged in large sheets, with no glandular struc-
tures, scant stroma and a prominent lymphoplas-
macytic infi ltrate. Classically, fi ve morphological 
criteria have been said to characterize medullary 
carcinoma: syncytial growth pattern in over 75% 
of the tumour; absence of glandular structures, 
diffuse lymphoplasmacytic stromal infi ltrate, 
lymphoid follicles and/or epithelioid granuloma, 
marked nuclear pleomorphism and complete his-
tological circumscription. Tumours showing the 
association of a predominantly syncytial architec-
ture with only two or three of the other criteria 
are usually designated as atypical medullary car-
cinoma (Ridolfi  et al. 1997). Medullary carcinoma 
lacks oestrogen receptor expression (Ponsky et al. 
1984).

2.2.10 
Mucinous Carcinoma

Pure mucinous carcinoma accounts for about 2% of 
all breast cancer in patients over 60 years and has 
a favourable prognosis (Scopsi et al. 1994). Macro-
scopically, the tumour appears as a glistening ge-
latinous nodule with pushing margins. Microscopi-
cally, it is characterized by proliferation of clusters 
of generally uniform round cells with a thin rim of 
eosinophilic cytoplasm fl oating in lakes of mucus 
(Fig. 2.7). These lesions are further subdivided into 
cellular and hypocellular variants. Grimelius stain 
and chromogranin and synaptophysin immunos-
tain demonstrate in a high proportion of cases neu-
roendocrine differentiation (Feyrter and Hartmann 
1963). Mucinous carcinoma is oestrogen receptor 
positive (Shousha et al. 1989).

2.2.11 
Invasive Papillary Carcinoma

This tumour type comprises less than 1–2% of all 
breast cancers and is characterized by a relatively 
good prognosis (Schneider 1989). It represents a pap-
illary intraductal carcinoma located within a large 
cystic duct and characterized by thin fi brovascular 
stalks with a myoepithelial cell layer and a neoplas-
tic cell population with areas of infi ltrating duct 
carcinoma (Leal et al. 1998). 

2.2.12 
Invasive Micropapillary Carcinoma

This is a carcinoma composed of small clusters of 
tumour cells lying within clear stromal spaces re-
sembling dilatated vascular spaces. This growth 
pattern accounts for less than 2% of all invasive 
breast cancers and often is associated with the pres-
ence of vascular invasion and axillary lymph node 
metastases (Paterakos et al. 1999). 

2.2.13 
Apocrine Carcinoma

This is a rare cancer (0.3–4%) in which the tumour 
cells show cytological and immunohistochemical 
features of apocrine cells in 90% or more of the 
tumour (Frable and Kays 1968). Apocrine cells have 
abundant eosinophilic cytoplasm and vesicular 
nuclei with prominent nucleoli, and are typically 
GCDFP15 positive. It should be noted, however, that 
expression of GCDFP15 is a feature common to many 
variants of breast carcinoma (Mazoujian 1983).

Fig. 2.7. Mucinous carcinoma, hypocellular variant
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2.2.14 
Metaplastic Carcinoma

This tumour accounts for less than 1% of all in-
vasive cancers (Huvos 1973). These are a hetero-
geneous group of neoplasms generally character-
ized by an admixture of adenocarcinoma with 
dominant areas of spindle cell, squamous and /or 
mesenchymal differentiation. There are two forms: 
purely epithelial and mixed epithelial/mesenchy-
mal (Wargotz and Norris 1990; Kaufman et al. 
1984). Oestrogen and progesterone receptors are 
always negative.

2.2.15 
Glycogen-Rich Clear Cell Carcinoma

This is a rare cancer (1–3%) in which more than 90% 
of the neoplastic cells have abundant clear cyto-
plasm containing glycogen (Hull and Warkel 1986). 
The hormone receptor status is similar to that of 
ductal carcinoma NOS.

2.2.16 
Lipid-Rich Carcinoma

This is a breast cancer in which approximately 90% 
of the neoplastic cells contain abundant cytoplasmic 
neutral lipids (Dina and Eusebi 1997).

2.2.17 
Adenoid Cystic Carcinoma and
Acinic Cell Carcinoma

These neoplasms are the breast counterpart of the 
homonymous tumours that occur in the salivary 
gland (Lamovec et al. 1989).

2.2.18 
Paget’s Disease of the Nipple

This term is applied to the presence of malignant 
glandular epithelial cells within the squamous epi-
thelium of the nipple, almost always in association 
with an underlying intraductal or infi ltrating car-
cinoma. In general, the Paget cells have the same 
immunophenotype as the underlying carcinoma 
(Cohen et al. 1993)

2.2.19 
Infl ammatory Carcinoma

This is a form of advanced breast carcinoma with 
prominent dermal lymphatic infi ltration by tumour 
and a lymphoplasmacytic infi ltrate (Rosen 2001).
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tion that have proved to be associated with dis-
ease progression. However, when singly analysed, 
their prognostic relevance was modest, and the 
only clinically useful biomarkers that remained 
are cell proliferation and plasminogen activation-
related factors for prognosis, steroid hormone re-
ceptors and HER2/neu for prediction of response to 
hormonal or to the novel targeted anti-HER2/neu 
therapy, respectively. It therefore remains neces-
sary to reduce the intrinsic complexity of breast 
cancer in order to improve its clinical outcome. 
One way to achieve this objective derives directly 
from the concept that cancer is a genetic disease at 
the somatic level and from the recent availability 
of high-throughput post-genomic analytical tools 
such as gene and protein expression techniques 
for global gene expression analysis. The knowledge 
derived from gene expression-profi ling studies is 
impressive and challenges currently used breast 
cancer classifi cation and existing theories about 
metastatic progression and breast cancer biol-
ogy. Several studies employing this technology 
have been consistent in reproducing a molecular 
classifi cation for breast cancer in which: (1) oes-
trogen receptor status and tumour grade are the 
most important discriminators of gene expres-
sion subgroups; (2) tumours can be grouped into 
at least four subsets according to steroid receptor 
and HER2/neu status; (3) each subset of tumours 
has a distinct clinical outcome and may therefore 
respond differentially to various treatments. Ad-
ditionally, prognostic gene expression signatures 
have been proposed that outperform traditional 
clinical risk classifi cation systems, suggesting the 
possibility to reduce over-treatment in early breast 
cancer, notwithstanding that the identifi cation of 
high-risk patients still needs to be improved. A 
number of recent studies have been directed to 
answer different clinical and biological questions. 
However, despite initial enthusiasm doubts have 

Abstract

Breast cancer heterogeneity represents a major 
hurdle to improve patient survival. Notwithstand-
ing its potential curability due to the availability 
of treatment modalities that are effective in the 
presence of favourable clinical or patho-biologic 
features, there is still a great deal of controversy 
in its clinical management. In the last decades, 
tumour biomarkers that are indicative of or re-
lated to cell traits characterising malignancy, such 
as self-suffi ciency in proliferative growth signals, 
insensitivity to growth inhibitory signals, evasion 
of apoptosis, limitless replicative potential, acti-
vation of pathways leading to neo-angiogenesis, 
invasion and metastasis, have provided informa-

*On behalf of the PathoBiology Group of the European Organi-
zation for Research and Treatment of Cancer (PBG-EORTC)



16 M. G. Daidone et al.

been raised recently regarding the reliability of 
gene expression profi ling for clinical applications, 
and the outcome of these novel studies still needs 
to be validated with the cooperation of different 
specialists and the integration between all the dif-
ferent skills involved in translational research in 
oncology.

3.1 
Background

Breast cancer is a heterogeneous disease, and its 
consequent high complexity is a major challenge 
for physicians and biologists. The application of 
adjuvant systemic therapies in women with oper-
able tumours has markedly improved the clinical 
outcome of patients with high-risk carcinoma of 
the breast as defi ned by clinico-pathologic features, 
and continuum improvements and refi nements of 
these treatment modalities have been outstanding. 
However, the empirical approach of risk defi nition 
has the inherent limitation of delivering the same 
therapy to all patients, including those who are po-
tentially cured by a locoregional modality and those 
who have residual tumour resistant to the planned 
therapy. This scenario underscores the need for 
designing treatments tailored to the actual charac-
teristics of the primary tumour and to the clinical 
needs of the individual patient.

The majority of human tumours develop as a re-
sult of the accumulation of genetic and epigenetic 
alterations that may translate into a wide range of 
alterations in cell morphology, structure and func-
tions. These hallmarks of cancer, summarised by 
Hanahan and Weinberg (2000), include self-suffi -
ciency in proliferative growth signals, insensitivity 
to growth inhibitory signals, evasion of apoptosis, 
limitless replicative potential, activation of path-
ways leading to neo-angiogenesis, invasion and 
metastasis. They are involved in tumorigenesis 
and, in breast cancer, are exemplifi ed by genetic le-
sions and/or functional alterations that proved to 
play a signifi cant role also on the clinical outcome 
of patients (Fitzgibbons et al. 1999). Breast cancer, 
even at an early stage, is a heterogeneous disease 
in which the presence of alterations in molecular 
mechanisms affecting tumour growth, progres-
sion and metastatic potential limits the prognostic 
value of a purely histopathological assessment such 

as the TNM classifi cation. However, in contrast to 
other malignancies, breast cancer is a potentially 
curable disease owing to very effective treatment 
modalities and to the presence of favourable clini-
cal or pathobiological tumour features. Thus, the 
major challenge for clinical and preclinical inves-
tigators involved in translational studies lies in in-
creasing our knowledge and trying to reduce the 
intrinsic clinico-biological complexity of the neo-
plasm in order to improve disease outcome with 
the fi nal aim to accurately assess individual patient 
risk profi les at the initial diagnosis (prognostic as-
sessment) and to identify optimal loco-regional 
and systemic treatment modalities accordingly 
(prediction of treatment response).

The identifi cation of patients at low risk of re-
lapse, potentially curable with local-regional 
therapy only, and of those at high-risk, who need 
aggressive treatments, and the selection of sys-
temic adjuvant therapy are based on prognostic 
and predictive factors. For breast cancer, at pres-
ent, accepted prognostic and predictive factors 
are few and include patient characteristics that 
are disease-independent such as age, disease-re-
lated characteristics such as tumour size and axil-
lary lymph node status, standardized histological 
grade and biological tumour features. Among these 
biological tumour features, several tissue markers 
related to different cell functions, such as prolif-
eration, apoptosis, hormonal dependence, neo-
angiogenesis, invasion and metastasis, have been 
investigated as prognostic factors during the last 3 
decades using gene-by-gene or protein-by-protein 
approaches. However, even now, we are unable to 
determine whether any of the investigated markers 
could actually be important and useful in clinical 
patient management in a reliable and reproduc-
ible way. The only exceptions are cell proliferation 
measurement (Daidone and Silvestrini 2001) and 
plasminogen activation-related factors (Thomssen 
et al. 2003) for prognosis and steroid hormone re-
ceptors and the oncogene HER2/neu for prediction 
of response to hormonal or to the novel targeted 
anti-HER2/neu therapy (Bast et al. 2000). In addi-
tion, for the majority of the biological variables up 
to now singly investigated as a function of disease 
outcome, presence or expression levels associated 
with unfavourable prognosis correspond to a really 
moderate difference in the risk of disease recur-
rence, with the hazard of developing unfavourable 
events generally 1.5–2.5 times higher compared to 
the putatively favourable prognosis subset.
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It therefore remains necessary to reduce the in-
trinsic complexity of breast cancer in order to im-
prove its clinical outcome. One way to achieve this 
objective derives directly from the recent availabil-
ity of high-throughput array-based technologies and 
the sequencing of the human genome, which made 
it possible to perform a comprehensive analysis of 
the transcriptional variation at the genomic level. 
High-throughput technologies presently available, 
which allow investigation of the gene and/or pro-
tein-altered profi les through comprehensive mo-
lecular approaches, and bioinformatics tools, which 
allow interpretation of millions of data and elicita-
tion of biologically and clinically relevant pathways, 
represent the ideal instruments to accomplish such 
a goal and are rapidly changing our understanding 
of cancer biology. The knowledge derived from these 
gene expression-profi ling studies is already impres-
sive in terms of challenging the currently used clas-
sifi cation of breast cancer and the existing theories 
about metastatic progression and breast cancer biol-
ogy. Following these novel approaches, a number of 
recent studies have produced gene expression pro-
fi les in breast cancer markedly associated to disease 
progression and directed to answer different clinical 
and biological questions. Still, the outcome of these 
novel studies needs to be validated with the coop-
eration of different specialists and the integration 
among all the different skills involved in transla-
tional research in oncology.

In parallel with these studies, the experience ac-
quired in terms of standardisation and reproduc-
ibility assessment, ethical issues for human cancer 
research, decision criteria and clinical trial meth-
odology for marker utilisation and validation in the 
clinic, which have always been a priority for the Eu-
ropean Organisation for Research and Treatment of 
Cancer (EORTC), and in particular for the Receptor 
and Biomarker Group (RBG, that recently merged 
with the Pathology Group into the Patho-Biology 
Group, PBG), will represent an added value of the 
past years of translational cancer research.

In the present paper we discuss the relevance 
of novel putative prognostic/predictive biomark-
ers classifi ed in terms of structural and functional 
features acquired by tumour cells (Hanahan and 
Weinberg 2000), the clinical utility of using labora-
tory information in association with pathobiological 
features to plan risk-adapted individualised therapy 
decisions and future directions driven by the appli-
cation of results obtained from comprehensive mo-
lecular analyses of breast cancer.

3.2 
Biological Markers Providing Clinically
Relevant Information

Cancer can be considered as a genetic disease at 
a somatic level, and its development requires co-
ordinated interaction of gene products and signal 
pathways in the genetically deranged cancer cells 
and heterotypic signalling among the different cell 
types, transformed and normal, coexisting within 
the tumour, which is comparable to a complex tis-
sue. In recent years, extensive studies of the mo-
lecular pathogenesis of cancer elicited novel regu-
latory pathways and networks that allowed us to 
identify those genes and proteins whose altered 
expression parallels oncogenic transformation 
and translates into morphological and histologi-
cal cell modifi cations. Cell signatures may change 
during cancer development, and such changes are 
detectable through biological markers, or bio-
markers, i.e., measurable alterations of cell prod-
ucts/functions characterising the different stages 
of the disease. 

In breast cancer, cell traits characterising ma-
lignancy, which are self-suffi ciency in prolifera-
tive growth signals (as indicated by alterations 
involving oncogene products, such as ras, c-myc, 
hormone and growth factor receptors as members 
of the HER/erbB family), insensitivity to growth 
inhibitory signals [i.e., deregulated expression of 
cyclins, cyclin-dependent kinases (CDK), and CDK 
inhibitors (CDKIs)], evasion of apoptosis, limitless 
replicative potential (sustained also by telomer-
ase reactivation), activation of pathways leading 
to neo-angiogenesis, invasion and metastasis, are 
exemplifi ed by biomarkers that proved to be asso-
ciated with disease progression. However, some of 
them, when considered as a single marker, failed to 
provide clinically relevant information. There is a 
direct or indirect association among presence/ex-
pression of biomarkers, which are related to malig-
nancy and clinical outcome (Fig. 3.1). Such an as-
sociation concurs to identify a gradient in the risk 
profi le. In fact, absence of steroid hormone recep-
tors is frequently (although not exclusively) associ-
ated with other unfavourable factors, such as rapid 
proliferation, expression of cyclins and down-
regulation of cyclin-dependent kinase inhibitors 
(CDKI), aneuploid DNA content, weak or absent 
bcl-2 expression as an indication of dedifferentia-
tion, p53 accumulation, HER2/neu amplifi cation/
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overexpression, high levels of vascular endothelial 
growth factor (VEGF) and invasion factors [uro-
kinase-type plasminogen activator (uPA) and its 
main inhibitor PAI-1]. Conversely, the presence of 
steroid hormone receptors is more frequently as-
sociated with favourable biological variables (low 
proliferative activity and cyclin expression, CDKIs 
and bcl-2 overexpression, lack of p53 accumula-
tion and HER2/neu amplifi cation/overexpression, 
low levels of VEGF and invasion factors), and cor-
responds to a more favourable profi le, character-
ised by occurrence of smaller tumours of lobular 

histotype, generally in women at a more advanced 
age. When considered in association, ER, PgR, tu-
mour rate of proliferation, p53 and bcl-2 expression 
concur to defi ne a biological risk profi le that also 
parallels clinico-pathologic risk factors, such as 
tumour size or patient age. In fact, the number of 
tumours co-expressing high-risk biomarkers (i.e., 
absence of steroid receptors, fast proliferative rate, 
overexpression of p53 and absent/low expression 
of bcl-2) increased as a function of tumour size 
(Fig. 3.2a), while decreased as a function of patient 
age (Fig. 3.2b).

Fig. 3.1. Schematic representation of interactions existing among the most common tumour-associated biomarkers in breast 
cancer [modifi ed from (Arciero et al. 2004)]. AR androgen receptor; CDKI, cyclin-dependent kinase inhibitor; ER estrogen 
receptor; HIF hypoxia inducible factor; MMP, matrix metalloproteases; PAI-1, plasminogen activator inhibitor-1; PgR pro-
gesterone receptor; TIMP tissue inhibitor of metalloproteases; uPA urokinase-type plasminogen activator; VEGF vascular 
endothelial growth factor
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3.2.1 
Proliferation-Related Markers

Cell proliferative activity represents one of the bio-
logical processes most thoroughly investigated for 
its association with tumour progression, and in the 
past years many laboratories have set up and chal-
lenged different approaches to measure the prolif-
eration of tumour cells for clinical use. At present, 
in breast cancer the contribution of the different 
cell proliferation indices [mitotic fi gure count, mea-
surement of S-phase cell fraction by fl ow-cytometry 

(FCM-SPF) or nucleic acid precursors incorporation 
(thymidine or bromodeoxyuridine, as assessed by 
TLI or BrdULI, respectively) and Ki67/MIB-1] was 
defi ned in retrospective studies for the identifi cation 
of patients at high risk of relapse or death (who thus 
will need aggressive treatments) and of patients with 
an indolent disease (who are potentially curable by 
local-regional treatment alone). In fact, the majority 
of published articles indicate a direct association be-
tween high proliferation indices and the probability 
of relapse, mainly at distant sites (but also locally 
or in the local-regional area), and death as shown 

Fig. 3.2a,b. The number of tumours co-expressing high-risk biomarkers (i.e., absence of steroid 
receptors, fast proliferative rate, overexpression of p53 and absent/low expression of bcl-2) in-
creased as a function of tumour size (a), while decreased as a function of patient age (b)

a

b
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in multivariate analysis (Daidone and Silvestrini 
2001). This association held true in patients sub-
jected to only local-regional therapy until relapse 
and in those subjected to some kind of adjuvant 
systemic treatments after radical or conservative 
surgery and was shown regardless of the prolifera-
tive index adopted and the criteria used to classify 
tumours as slowly or rapidly proliferating. These 
studies represent phase I and II exploratory inves-
tigations [providing level of evidence (LOE) 3, since 
they include large studies, even within therapeutic 
trials, for which a variable number of samples are 
available or selected without any a priori study de-
sign or planning] (Hayes et al. 1996). The association 
between high proliferation and poor outcome was 
generally maintained in all the studies, also in the 
presence of features related to the patient (age and 
menopausal status), the disease (tumour size, re-
gional lymph nodal status and histologic/cytologic 
fi ndings) or the biology of the tumour (markers as-
sociated with differentiation, hormone-responsive-
ness, neo-angiogenesis and genomic alterations). 
In particular, phase-specifi c proliferation indices, 
also including counts of mitotic fi gures, maintained 
their predictivity for disease-, event- or relapse-free 
survival and for overall or cancer-specifi c survival 
even in the presence of information provided by 
histological or nuclear grade, despite the fact that 
all grading systems already included information on 
proliferation, provided by mitotic index. 

From a molecular point of view, the growth of a 
cell population represents the result of a complex 
network of positive and negative mediators. Most of 
the negative feedback loops modulate cyclin func-
tion to control cell cycle progression and altered ex-
pression of cyclins (A, B, D, E), CDKs or CDKIs are 
frequently found in malignancy. As expected, also in 
breast cancer proteins involved in driving cell prolif-
eration are frequently overexpressed, whereas those 
that restrain cell proliferation, such as the classes of 
CDKI belonging to KIP/CIP family (p21, p27, p57) 
as well as those comprised in the INK4 family (p15, 
p16, p18 and p19) are frequently inactivated. Cyclin 
overexpression and/or CDKI underexpression are 
generally, although not univocally, associated with 
poor prognosis and aggressive phenotype. However, 
translational studies involving such a new genera-
tion of proliferation-related proteins are extremely 
complex. The absolute number of positive and nega-
tive modulators of cell cycle checkpoints, the pres-
ence of complex interaction among them and, most 
importantly, the possibility that cancer cells could 

partially compensate for the deregulated expression 
of one of these proteins raise some doubts about the 
possibility to understand the network of alterations 
determining an abnormal regulation of the cell cy-
cle and to investigate their absolute role on tumour 
progression by studying individual factors in clini-
cal specimens. Alternatively, confl icting results may 
also indicate that cyclins and CDKIs are not the only 
cell cycle-related molecules involved in breast can-
cer invasion and metastasis.

Cyclins A and E (Rudolph et al. 2003; Bukholm 
et al. 2001; Michalides et al. 2002; Han et al. 2003; 
 Kühling et al. 2003; Foulkes et al. 2004; Porter et al. 
1997; Lindahl et al. 2004; Keyomarsi et al. 2002; Porter 
et al. 2006), the former synthesised during S-phase 
and G2/M transition and the latter induced in the 
late G1-phase and regulating the G1/S transition, 
more consistently than other cyclins provided in-
formation to identify patients at risk of relapse and 
death, also in the presence of information provided 
by histological grade or by other conventional pro-
liferation indices. However, the case series under 
investigation were generally heterogeneous in terms 
of clinico-pathological stage and treatment, and the 
possibility that treatment may be a confounding 
factor that affects the identifi cation of patients with 
indolent or aggressive disease should be taken in 
consideration in validating and/or translating these 
results into clinical practice. In fact, cyclin E does 
not appear to be a pure prognostic factor, but also a 
predictor of response to endocrine treatment (Span 
et al. 2003). The strongest prognostic association 
with survival in either node-negative or node-posi-
tive cases has been recently reported (Keyomarsi 
et al. 2002) using reagents able to detect both full-
length and low-molecular-weight isoforms of cyclin E 
by Western blot analysis. In addition to the associa-
tion with cell proliferation and to a causative role in 
chromosomal instability and polyploidization, it is 
likely that cyclin E, and in particular the expression 
of its low-molecular-weight isoforms, might also 
be indicative of other proliferation-related cellu-
lar processes, refl ecting upstream gene alterations 
such as protease activation or loss of ubiquitin liga-
tion (Borg et al. 2003 ). However, these results, very 
interesting and promising, still need to be chal-
lenged in terms of predictivity performance and 
reproducibility, since reagents able to detect cyclin 
E isoforms as well as Western blotting have not yet 
been validated for routine use. Moreover, the clini-
cal case series in which these results are validated 
need to be carefully defi ned.
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The most promising prognostic marker among 
CDKIs (Michalides et al. 2002; Han et al. 2003; Foul-
kes et al. 2004; Porter et al. 1997; Porter et al. 2006; 
Leivonen et al. 2001; Nohara et al. 2001;  Barbareschi 
et al. 2000; Gillett et al. 1999; Dublin et al. 1998; 
Gohring et al. 2001; Thor et al. 2000; Volpi et al. 
2000; Barnes et al. 2003; Wu et al. 1999;  Chappuis 
et al. 2000; Catzavelos et al. 1997; Tan et al. 1997; 
Chu et al. 1999) appears to be p27Kip1, which acts at 
the G1→S boundary and is strongly indicative of 
the proliferative activity of the tumour cell popula-
tion since it plays major negative regulatory roles 
both in quiescent and in G1 cells by inhibiting cy-
clin-CDK complexes. Overall, the role of p27Kip1 
expression as a prognostic factor is controversial. 
In fact, on the one hand, it does not emerge from 
multivariate analyses carried out on case series sub-
jected only to local-regional treatment (Volpi et al. 
2000; Barnes et al. 2003) and seems to be associated 
with short- rather than with long-term follow-up 
(Leivonen et al. 2001). On the other hand, it proves 
to be inversely associated with a favourable clinical 
outcome in case series subjected to some forms of 
systemic treatments (Foulkes et al. 2004; Porter et al. 
1997; Nohara et al. 2001; Wu et al. 1999; Chappuis et 
al. 2000; Catzavelos et al. 1997; Tan et al. 1997; Chu 
et al. 1999) and within specifi c subsets [Ashkenazi 
Jewish women ( Foulkes et al. 2004; Chappuis et al. 
2000), patients very young (Porter et al. 1997), at a 
high risk according to ER, histological grade and tu-
mour proliferative rate (Han et al. 2003), but also at 
a low risk since presenting with very small tumours 
(Tan et al. 1997)].

Overall, discrepancies in the fi ndings of the differ-
ent studies may refl ect technical differences (includ-
ing use of different antibodies and scoring systems) 
or patient selection criteria (in terms of node-nega-
tive versus node-positive disease and local-regional 
treatment versus different types of adjuvant systemic 
treatment). However, it should be also considered 
that the prognostic role of p27Kip1 more frequently 
emerged from multivariate analyses in which the 
traditional proliferation indices (TLI, or FCM-SPF 
or Ki67) were not considered as covariates. There-
fore, p27Kip1 might provide prognostic information 
that is not statistically independent of that already 
provided by conventional proliferation indices.

A proliferation signature emerged as a common 
feature across more than 40 distinct tumour data 
sets, comparing low-grade with high-grade tumours. 
In breast cancer, results obtained with array-based 
technologies consistently showed that: (1) the big-

gest difference between normal tissue and tumour 
samples consists in the expression level of genes that 
control cell proliferation due to a differential expres-
sion of genes that are involved in the fundamental 
process of cell proliferation (Whitfi eld et al. 2006) 
and that includes genes whose expression correlates 
with mitotic activity, cell-cycle progression and rep-
lication time and that (2) proliferation-related genes 
appear to be a common fi nding of several existing 
prognostic gene expression signatures, are consis-
tently differentially expressed between low-grade 
and high-grade breast cancers, outperform the 
prognostic relevance of ER status, providing clinical 
information more relevant for ER-positive than ER-
negative cases (Desmedt and Sotiriou 2006). These 
fi ndings, which confi rm previous results obtained 
by single marker analyses, highlight the importance 
of proliferation genes in breast cancer biology. 

3.2.2 
Apoptosis-Related Markers

Apoptosis-related proteins, and in particular those 
involved in mitochondrial membrane disrup-
tion such as bcl-2 (anti-apoptotic) and bax (pro-
 apoptotic), have been extensively studied in breast 
cancer as both prognostic and predictive markers. 
Differently from other tumour types, in breast can-
cer bcl-2 expression is associated with low-risk fea-
tures (ER positivity, low proliferative activity and 
differentiated tumour grade) and with a favourable 
prognosis. However, if the prognostic value of bcl-2 
alone (Chang et al. 2003) or expressed as bcl-2/bax 
ratio (Schiller et al. 2002) appears quite consoli-
dated, its predictive role is more debated notwith-
standing recent fi ndings (Yang et al. 2001) indicating 
that bcl-2 expression is positively associated with 
treatment benefi t following chemotherapy plus en-
docrine therapy, and thus indicative of a favourable 
prognosis.

Survivin, the smallest member of the inhibitor of 
apoptosis protein (IAP) gene family, is strongly ex-
pressed in embryonic and foetal organs and in many 
types of human cancers, where it represents one of 
the most tumour-specifi c genes so far identifi ed in 
the human genome. It is, however, undetectable in 
most terminally differentiated normal tissues, thus 
suggesting that reactivation of its expression may 
be a common event in tumorigenesis (Altieri 2001). 
Survivin exists in different forms, which behave 
differently at the cellular and molecular level, and 
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accumulating evidence supports the existence of a 
non-redundant, multifunctional survivin pathway 
positioned at the interface between mitotic pro-
gression and apoptosis inhibition and required to 
preserve the viability of proliferating tumour cells. 
Being functionally located at the crossroad between 
cell death and cell division and being associated 
with clinical progression, survivin can be consid-
ered among the most promising tumour molecular 
targets to be exploited for diagnosis and contrasted 
for anticancer activity (Altieri 2003). Multiple and 
different factors proved to affect or to be involved 
in the survivin pathway, including host- (hormonal 
milieu, hypoxia and viral infection) and tumour-re-
lated alterations (APC/ß-catenin signalling, COX-2 
and VEGF overexpression). In clinical tumours sur-
vivin expression correlates with reduced tumour 
cell apoptosis in vivo and with unfavourable clinical 
outcome, either in terms of increased relapse rate or 
shortened patient survival, or increased resistance 
to treatments. Its expression proved to contribute ei-
ther to the “poor prognosis signature” genes by array-
based gene profi ling studies in breast and colorectal 
cancers and in non-Hodgkin’s lymphoma (Altieri 
2003) or to the recurrence score recently developed 
on the basis of selected gene expression profi les ob-
tained in paraffi n-embedded specimens (Paik et al. 
2004) that reliably predict the likelihood of distant 
recurrence in individual patients with ER+ tumours 
subjected to adjuvant tamoxifen treatment and also 
to chemotherapy, in the adjuvant (Paik et al. 2006) 
and neoadjuvant settings (Gianni et al. 2005), where 
it also correlates with complete response.

However, in breast cancer the few available results 
dealing with survivin expression as a single marker 
are not univocal. In fact, survivin, detected at cyto-
plasmic or nuclear levels in about 80% (Daidone et 
al. 2002) and 60% (Kennedy et al. 2003) of cases, re-
spectively, appears to be either directly (Daidone et 
al. 2002) or inversely (Kennedy et al. 2003) associated 
with unfavourable clinical outcome. Further studies 
are needed to elucidate its role when expressed in 
different cellular areas and to assess its impact on 
breast cancer progression.

3.2.3 
Angiogenesis- and Invasion-Related Markers

Similarly to other solid tumours, invasion and me-
tastasis of breast cancer depend on activation of 
neo-angiogenesis and on modifi cations of the ex-

tracellular matrix. In recent years many papers have 
been published on these topics, reporting data sug-
gestive of a signifi cant association between overex-
pression of markers related or indicative of these 
functions and disease progression. In particular, 
hypervascularization and surrogate markers related 
to the formation of new blood vessels, such as CD31 
and VEGF, proved to be associated with new disease 
manifestation either in node-negative or in node-
positive patients (Arora et al. 2002; Coradini et al. 
2001; Coradini et al. 2003). However, recent preclini-
cal studies provided novel information on hypoxia, 
the main patho-physiological factor responsible for 
angiogenesis activation, and on early hypoxia-re-
lated factors: hypoxia-inducible factor 1 (HIF-1) and 
tumour-associated transmembrane carbonic anhy-
drase (CA) IX and XII.

High HIF-1α (the inducible subunit of the fac-
tor) levels are correlated with tumour progression, 
and more recent fi ndings (Bos et al. 2003) indicate 
that increased HIF-1α levels are associated with a 
short survival in patients with lymph node-nega-
tive breast cancer. However, since the majority of 
neoplasms, including breast cancers, constitutively 
expressed high HIF-1α levels, the value of this factor 
as a prognosticator appears quite weak compared to 
the opportunity to use it as a molecular target to in-
hibit the cascade of events activated by hypoxia.

CA XII is an enzyme catalysing the reversible hy-
dration of carbon dioxide to carbonic acid, which 
provides a potential link between metabolism and 
pH regulation. It is frequently expressed in invasive 
breast cancers and strongly associated with several 
favourable prognostic parameters including low tu-
mour grade, ER-positive status, EGFR-negative sta-
tus and absence of necrosis. For this reason patients 
whose tumour overexpresses CA XII had a better 
prognosis (Watson et al. 2003).

Proteases and their inhibitors determine the extra-
cellular matrix (ECM) turnover in normal and patho-
logical processes. In cancer, proteolysis is abnormally 
regulated, favouring ECM degradation and, subse-
quently, tumour invasion and metastasis. A variety of 
proteases putatively involved in metastasis have been 
investigated, and several have been shown to be prom-
ising as prognostic indicators and to provide clini-
cally useful information. Among the latter there is the 
urokinase-plasminogen activation system, including 
the serine protease uPA, its specifi c receptor (uPAR) 
and its inhibitors (PAI-1, and PAI-2), which partici-
pate in the proteolytic processes that take place in tis-
sue remodelling, cell migration and angiogenesis, as 



  Biomarkers for Breast Cancer: Towards the Proposition of Clinically Relevant Tools* 23

well as in invasion and metastasis in several tumour 
types (Harbeck et al. 2004). Consistent with their role 
in tumour progression, several groups have indepen-
dently shown that high uPA and PAI-1 concentrations 
in primary breast cancers correlate with the occur-
rence of unfavourable events, such as distant metas-
tasis and death (Look et al. 2002; Foekens et al. 1992; 
1994), particularly in the node-negative group, alone 
or in association with other prognostic factors such 
as HER2 (Zemzoum et al. 2003) or angiogenic factors 
(Dazzi et al. 2003; Hansen et al. 2003). In addition, pa-
tients with high uPA/PAI-1 levels appear to markedly 
benefi t from adjuvant chemotherapy ( Harbeck et al. 
2002) or be resistant to palliative endocrine therapy 
(Foekens et al. 1995; Manders et al. 2004). The prog-
nostic relevance of uPA/PAI-1 also emerged from 
LOE 2 studies (investigations companion to thera-
peutic clinical trials, not specifi cally designed to test 
marker utility, but in which the determination of the 
marker was a priori planned) (Janicke et al. 1994) and 
was mainly strengthened by a pooled analysis (Look 
et al. 2002) carried out on 8,377 breast cancer patients 
(among whom node-negative tumours accounted for 
42% of the cases, and about one third of the overall 
cases received only local-regional treatment until re-
lapse), with a median follow-up of 6.5 years. Eighteen 
prospective and retrospective studies carried out in 
nine European countries on behalf of the EORTC 
were included in the pooled analysis, which repre-
sents, at present, a unique effort in translational stud-
ies to validate published data from lower LOE studies. 
uPA and PAI-1 proved to be the strongest predictors 
of clinical outcome after nodal involvement and the 
strongest ones in node-negative cases. 

Other biomarkers involved in tumour inva-
sion, such as tenascin and fi bronectin (Ioachim et 
al. 2002), soluble adhesion molecules (E-selectin, 
ICAM-1, VCAM-1) (O’Hanlon et al. 2002) or maspin 
(Umekita et al. 2002) at present failed to provide 
strong evidence of a prognostic impact.

3.3 
Clinical Utility

In breast cancer, most of the tissue markers inves-
tigated in the last decades and related to cell pro-
liferation, apoptosis, hormonal dependence, neo-
angiogenesis, invasion and metastasis proved to be 
associated with disease progression and patient out-

come. However, few of them at present could be con-
sidered useful for clinical patient management since 
they: (1) are sensitive and selective enough to identify 
low- and high-risk patients with clinically relevant 
differences in the outcome; (2) provide information 
not achievable by using other more established bio-
markers; (3) are potentially able to allow selection 
of different therapeutic options within subsets of 
patients already defi ned according to other clinico-
pathologic features (i.e., axillary nodal involvement); 
(4) are useful in the majority of breast cancers. More-
over, in addition to clinico-biologic effectiveness and 
usefulness, also laboratory effectiveness (in terms 
of robustness of the assays, long-term performance 
and availability of quality assurance programs) 
should be considered to promote the transferability 
of these measurements from the research laborato-
ries to general practice. Taking all these factors into 
consideration, besides steroid hormone receptors 
and HER2/neu oncogene, only uPA/PAI-1 and some 
of the proliferation-related markers whose relation 
with prognosis is discussed in this paper do fulfi l the 
criteria required to translate laboratory results from 
the bench to the bedside (Table 3.1).

3.3.1 
Prospective Trials

All previous fi ndings demonstrated that tumour 
cell proliferation (with a variable level of sensitiv-
ity, specifi city and feasibility for the different pro-
liferation indices) and increased levels of uPA/PAI-1 
could provide information to identify patients: (1) at 
a minimal risk of relapse or, conversely, (2) destined 
to relapse and progression regardless of treatment. 
Preliminary data also support the hypothesis that 
they could also provide information to identify pa-
tients likely responding or developing resistance to 
a specifi c treatment. Moreover, proliferation indices 
seem to provide information on treatment schedules, 
since in a randomized treatment protocol comparing 
sequential versus alternating regimens of doxorubi-
cin and CMF in node-positive breast cancer patients, 
the benefi t of sequential administration was mainly 
evident in patients with tumours with low to inter-
mediate proliferation rates (LOE 2 study) (Silvestrini 
et al. 2000). However, fi ndings relating biomarker 
expression to treatment response should be further 
investigated on independent adjuvant settings and 
analysed with techniques appropriately developed 
to test the biomarker’s clinical utility.
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Table 3.1. Evaluation profi le of tissue biomarkers as prognostic factors

Studies with 
LOE1:

Characteristics:

1 2 3

identifi cation of:

Reproducibility Feasibilitypatients with 
distinct outcome

a signifi cant % of 
study population

Proliferation-related markers2

   TLI, BrdULI √ √ √ Yes Yes
Assessed with 
QCPs3

Intermediate
Prospective determination 
(based on an active
incorporation of nucleo-
tide precursors):
fresh tissue and specifi c 
procedures required

   FCM-SPF √ √ √ Yes Yes

Assessed with 
QCPs
problems with 
data interpreta-
tion

Intermediate-low
Better results obtained 
from fresh or frozen 
tissue; specifi c procedures/
devices required

   KI67, MIB-1 √ √ Yes Yes Not yet assessed

High
IHC4 on formalin-fi xed 
paraffi n-embedded
sections

   MI, MAI, M/V √ √ √ Yes Yes
Assessed with 
QCPs

High 
Routinely determined 
during diagnosis

   Cyclin E √ Yes Yes Not yet assessed

Intermediate
Better results obtained 
by techniques requiring 
frozen tissue and specifi c 
procedures

   p27 √ Yes Yes Not yet assessed

High
IHC on formalin-fi xed 
paraffi n-embedded
sections

Invasion-related markers5

   uPA/PAI-1 √ √ √ Yes Yes
Assessed with 
QCPs

Intermediate:
Fresh or frozen tissue 
required

1Level of evidence. 2BrdULI, bromodeoxyuridine labelling index; TLI, 3H-thymidine labelling index; FCM-SPF, fl ow-cytometric 
S-phase cell fraction; MI, mitotic index; MAI, mitotic activity index; M/V, volume/corrected mitotic index. 3Quality control 
program. 4Immunohistochemistry. 5Urokinase-type plasminogen activator and its main inhibitor PAI-1

Recently the prognostic relevance of proliferation- 
and invasion-related markers has been challenged by 
comparing their clinical usefulness with that of other 
pathobiological information. In fact, the outcome of 
the fi rst therapeutic clinical trials in which the deter-
mination of proliferation indices and uPA/PAI-1 was 

a priori planned, even with the consequent consid-
eration in the statistical sizing of the study, became 
available in the last years and provided initial infor-
mation about the actual utility of their determination 
in the presence of a risk profi le already identifi ed by 
other clinico-pathological and biological factors.
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In particular, for proliferation indices LOE 2 
studies, companion to therapeutic clinical trials, 
provided evidence in favour of:
1. a contribution of cell proliferation (evaluated as 

FCM-SPF) to defi ne, in association to patient age, 
PgR status and tumour size, a broad spectrum of 
clinico-patho-biological categories with different 
10-year risks for developing distant metastasis 
within a subset of 800 node-negative ER-positive 
cancers given adjuvant tamoxifen (Bryant et al. 
1998). Patients’ risk probabilities range from 70% 
(for patients younger than 35 years with large, 
PgR-negative tumours and a very high FCM-SPF) 
to 20% (for patients 50 years old with PgR-positive 
1-cm tumours and a negligible proliferative activ-
ity). On a total of 1,118 women with node-negative 
invasive breast cancer up to 5 cm in size in which 
KI67/MIB1 was considered in addition to FCM-
SPF, proliferation also provided information on:

2. a favourable prognosis for women with slowly pro-
liferating tumours, regardless of the adjuvant treat-
ment received after surgery (with superimposable 
disease-free survival rates for women who received 
only surgery versus those who received tamoxifen 
alone versus those who were administered doxoru-
bicin and cyclophosphamide) (Jones et al. 2001);

3. a survival advantage for those with rapidly pro-
liferating tumours who received postoperative 
adjuvant chemotherapy with doxorubicin and 
cyclophosphamide, whose disease-free survival 
rate was superimposable to that of patients with 
slowly proliferating tumours (Jones et al. 2002). 

Such information provides an accurate assessment 
of the individual patient prognosis and could suggest 
an aggressive therapy only for some of the women 
with node-negative tumours, i.e., for those presenting 
with rapidly proliferating cancers. This suggestion is 
concordant with fi ndings provided by the U.S. Inter-
group prospective randomized clinical trial (LOE 1), 
in which FCM-SPF was able to identify within the 
“uncertain” risk subset (ER or PgR positive tumours 
less than or equal to 2 cm) patients at a low or at a high 
risk of relapse (Hutchins et al. 1998).

The successive step of prospective translational 
studies was to investigate whether node-negative 
breast cancer patients defi ned at a high risk on the 
basis of the tumour-related biomarkers could benefi t 
from adjuvant polychemotherapy. For cell prolifera-
tion, three mono- or multicenter phase III random-
ized trials using TLI (Amadori et al. 2000; Paradiso 
et al. 2001) or mitotic fi gure count (Baak et al. 1993) 

have been activated in Europe, and in all the stud-
ies the prognostic factor hypothesis has been com-
bined with a treatment hypothesis. Patients with 
node-negative breast cancer have been stratifi ed 
into low- and high-risk groups based on the prolif-
eration index of their primary tumour. Those with 
slowly proliferating tumours were not treated with 
systemic therapy following radical or conservative 
surgery plus radiotherapy. Patients with rapidly 
proliferating tumours were randomised to receive 
adjuvant chemotherapy (CMF or FAC) or to be fol-
lowed without systemic therapy. Activation of those 
studies, as well as that of similar studies applying 
the determination of proliferation indices, was par-
alleled by promotion and maintenance of quality 
control programs for analytical and pre-analytical 
phases of cell kinetic determinations. Results are 
currently available from the study by Amadori et 
al. (2000) performed between 1989–1993 and from 
that by Paradiso et al. (2001) performed between 
1989–1994. These two studies randomised to receive 
chemotherapy or no further treatment a total of 278 
and 248 patients, respectively, with node-negative 
tumours histologically assessed. Survival curves 
showed a disease-free survival benefi t in CMF or 
FAC-treated vs. untreated patients [83% vs. 72% 
(Amadori et al. 2000) and 81% vs. 69% (Paradiso et 
al. 2001), with a reduction in both local-regional and 
distant relapses, and a benefi t of systemic treatment 
mostly evident for the cases with the highest TLI val-
ues (Amadori et al. 2000). Results are now available 
also from the nationwide Multicenter Mammary 
Carcinoma Project prospectively carried out in 516 
lymph node-negative breast cancer patients younger 
than 55 years with the collaboration of Pathologists 
and Medical Oncologists from Dutch, Norwegian 
and Belgian Cancer Centres (Baak et al. 2005). In this 
program, in which much effort has been devoted to 
the reproducibility of the quantitative assessment of 
morphometric parameters and to an adequate train-
ing of personnel, a strong and independent prognos-
tic relevance of the mitotic activity index has been 
demonstrated for distant metastasis.

Proliferation indices can be considered markers 
of clinical utility. In fact, in node-negative breast 
cancers the usefulness of the different proliferation 
indices to identify subsets at a very low risk of relapse 
has been assessed in large retrospective studies and 
validated in prospective studies (Jones et al. 2001; 
Hutchins et al. 1998). Moreover, the benefi t from 
chemotherapy regimens including antimetabolites 
has been suggested from retrospective analyses in 
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companion studies of randomised treatment proto-
cols and assessed in phase III prospective confi rma-
tory studies (Jones et al. 2002; Amadori et al. 2000; 
 Paradiso et al. 2001; Andre et al. 2005). All these 
fi ndings contributed to the ranking of mitotic fi gure 
count as a category I prognostic factor by the College 
of American Pathologists (Fitzgibbons et al. 1999), 
i.e., as a factor proven to be of prognostic importance 
and usefulness in clinical patient management. Mi-
totic fi gure count is the oldest measurement of cell 
proliferation, represents an integral part of histo-
logical grade and is feasible and routinely assessable 
on histological section/cytological smears used for 
diagnosis, without additional processing or stain-
ing procedures. These advantages over the other 
proliferation indices probably convinced panellists 
of the last NIH Consensus Development Conference 
to support its consideration in the clinical practice, 
alone or in association with the other components 
of grading systems (National Institutes of Health 
2001). However, if mitotic fi gure count is used in 
the clinical routine, an assessment of the assay per-
formance, including within- and between-labora-
tory variation, is mandatory. Recent studies would 
indicate a role for proliferation-related indices as 
pharmacodynamic intermediate markers of the ef-
fectiveness of medical therapies, even though such 
fi ndings are not univocal and should be carefully 
interpreted in relation to the type of treatment and 
timing of biological monitoring (Urriticoechea et al. 
2005; Burcombe et al. 2006; Dowsett et al. 2006).

A prospective randomised multicentre therapeu-
tic trial (Chemo N0) was conducted from 1993 to 1998 
in Germany and Slovenia, with the participation of 
14 different institutions including 689 patients with 
node-negative breast cancer who were stratifi ed into 
low- and high-risk groups based on uPA/PAI-1 tu-
mour antigen levels. Patients presenting at diagno-
sis with high uPA and/or PAI-1 tumours were ran-
domised to receive adjuvant CMF or to be followed 
without systemic therapy, while low uPA and PAI-1 
tumours were not treated with systemic therapy fol-
lowing radical or conservative surgery plus radio-
therapy (Janicke et al. 2001). This LOE 1 prospective 
study: (1) confi rmed that the risk of distant metasta-
sis was twice as high in high-risk compared to low-
risk patients; (2) demonstrated that administration 
of adjuvant CMF signifi cantly reduced the risk of 
relapse in the high risk group. The 10-year follow-
up information of the Chemo N0 trial demonstrated 
that risk assessment by the biomarkers uPA/PAI-1 
is able to outperform that by a mathematical mod-

elling algorithm based on epidemiological data 
(AdjuvantOnline!), which is frequently used in the 
clinic (Euler et al. 2006). A follow-up trial (NNBC-3) 
is currently comparing clinico-pathological criteria 
and uPA/PAI-1 regarding their usefulness for clini-
cal risk assessment in node-negative breast cancer. 
Moreover, in high-risk patients, the question of op-
timal chemotherapy is also addressed in this trial, 
which is conducted together with the German AGO 
(Working Group for Gynecological Oncology), GBG 
(German Breast Group) and EORTC PBG.

Studies based on TLI or uPA/PAI-1 stratifi cation 
of patients in low- or high-risk subgroups represent 
a novel strategy to combine a prognostic factor hy-
pothesis with a treatment hypothesis. They can ei-
ther prospectively and defi nitively assess tumour-
related biomarkers as prognostic factors comparing 
low- and high-risk subgroups or address therapy-re-
lated questions in the high-risk subset.

3.3.2 
Quality Assessment and
Quality Assurance Programs

In recent years, efforts have been devoted to stan-
dardise reagents, methodologies and interpretation 
criteria to improve reliability, accuracy and repro-
ducibility of assay results within and among the dif-
ferent laboratories by promoting and maintaining 
quality control programs in order to provide clini-
cians networks of qualifi ed laboratories for promis-
ing tumour-related markers to be used for therapy 
decisions. This area of investigation represents a pri-
ority for the RBG, now PBG-EORTC, whose activity 
started in 1980 with measurement of ER and PgR 
(EORTC 1980; Guerts-Moespot 2000). The group 
then signifi cantly contributed to the positive results 
obtained by uPA/PAI-1 in recent years (Sweep et al. 
1998), and is now dealing also with quality, perfor-
mance and reproducibility of molecular assays.

It is worth mentioning that all the phase-III ran-
domised prospective trials that have been activated 
in the last decade to test the clinical utility of identi-
fying high-risk node-negative breast cancer patients 
on the basis of invasion markers or tumour cell pro-
liferation (by mitotic fi gure count, TLI or FCM-SPF) 
and of randomising them to observation or chemo-
therapy have been preceded by quality control pro-
grams to address analytical and also pre-analytical 
phases of the determinations (Paradiso et al. 2002; 
Collan et al. 1996; Baldetorp et al. 1995).
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3.4 
Future Directions:
Global Profi ling of Tumour Markers

During the last years, we have faced a change of at-
titude probably destined to profoundly affect cancer 
research with the utilisation of information emerg-
ing from genomic research and high-throughput 
technologies for a novel disease approach in terms 
of diagnosis, prevention and treatment. In the near 
future, we will probably witness the long-time de-
manded integration between the different disciplines 
of cancer research. As a consequence, traditional 
clinico-pathological assessment of tumour stage is 
now put together with results of gene and protein ex-
pression profi ling. Together they will aid to identify 
molecular signatures associated with prognosis and 
treatment response and molecular alterations likely 
responsible for initiating, maintaining neoplastic 
conditions and/or driving clinical progression, thus 
representing targets for new molecular therapeutic 
agents with a potential for improved effi cacy and 
selectivity against cancer cells. 

Currently, the knowledge of the sequence of the 
human genome and the availability of novel tech-
nologies to investigate simultaneously the expres-
sion level of thousands of genes from a limited 
amount of mRNA obtained from clinical tumour 
specimens and to analyze the massive data that are 
being produced are providing an extraordinary op-
portunity to identify the molecular changes that oc-
cur during cancer development and to complement 
the current tumour classifi cation based on mor-
phologic features with classifi cation schemes based 
on cancer molecular alterations. In particular, in 
breast cancer the knowledge derived from gene ex-
pression-profi ling studies is impressive and chal-
lenges currently used breast cancer classifi cation 
and existing theories about metastatic progression 
and breast cancer biology. Several studies employ-
ing this technology have been remarkably consistent 
in reproducing a similar molecular classifi cation for 
breast cancer (Sorlie et al. 2001, Sotiriou et al. 2003). 
Overall, the conclusions are that: (1) oestrogen re-
ceptor (ER) status and tumour grade are the most 
important discriminates of expression subgroups; 
(2) tumours carrying mutations in the BRCA1 gene 
exhibit a molecular signature distinct from BRCA2-
positive or sporadic tumours; (3) breast tumours 
can be grouped according to at least four individual 
subgroups: the “basal-like”, which is mainly ER-

negative, PgR-negative and ERBB2-negative (often 
referred to as triple negative), the ERBB2-like sub-
type, characterised by high expression of several 
genes of the erbb2 amplicon, and at least two lu-
minal subgroups (luminal A and luminal B) being 
predominantly ER-positive; (4) each subgroup has a 
distinct clinical outcome and may therefore respond 
differentially to various therapeutics (Rouzier et al. 
2005); (5) gene signatures associated to metastatisa-
tion in specifi c distant sites have already been pro-
posed and validated (Minn et al. 2005, 2005; Smid 
et al. 2006). Surprisingly, other clinically relevant 
variables such as menopausal status, tumour size 
and nodal status were not associated with very dis-
similar gene expression patterns, suggesting that 
these important clinico-pathological prognostic 
variables capture essentially information about the 
disease stage rather than intrinsic biological proper-
ties of the tumour. Moreover, such a comprehensive 
molecular approach, applied by different research 
groups using different technological platforms, has 
already identifi ed expression profi les that differen-
tiate node-negative breast cancer patients with dis-
tinct prognosis that otherwise may have been indis-
tinguishable (van’t Veer et al. 2002, van de Vijer et 
al. 2002, Wang et al. 2005). The 70 and the 76 gene 
signatures developed by the Amsterdam and Rot-
terdam groups, respectively, are examples of such 
an approach (van de Vijer et al. 2002, Wang et al. 
2005). These poor prognosis signatures proposed for 
breast cancer by gene expression profi ling identify a 
subset of patients with a fi ve- to ten-fold risk of dis-
tant metastasis and includes genes involved in cell 
cycle, invasion and metastatisation, neo-angiogen-
esis and signal transduction, which already proved 
to be clinically relevant when singly analysed, but 
with a limited predictive power likely due to their 
consideration with a gene-by-gene approach. Their 
prognostic refi nement may surpass the prognostic 
accuracy of classifi cation criteria developed accord-
ing to the guidelines proposed by NIH-NCI (2001) 
or St. Gallen Consensus Conferences (Goldhirsch et 
al. 2005) based on tumour size, patient age, grade 
of differentiation and oestrogen or progesterone 
receptors. A common feature of both signatures is 
that when their performance in stratifying patients 
according to risk classifi cation results is compared 
with the traditional clinical risk classifi cation sys-
tems, they were consistently superior in correctly 
identifying the low-risk patients, suggesting a po-
tential for reducing over treatment in early breast 
cancer. However, the identifi cation of high-risk pa-
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tients could still be improved, since half of these pa-
tients did not have a disease recurrence. 

Gene expression profi le research has been until 
recently limited by the requirement of fresh/frozen 
tissue for sample preparation and labelling. This 
has hampered many studies and biased patients’ co-
horts in retrospective studies. However, formalin-
fi xed paraffi n-embedded (FFPE) tissues are widely 
available and have the advantage of a known patient 
outcome and drug response history. Unfortunately, 
RNA derived from such samples is often badly de-
graded and hardly can be used for conventional 
microarray studies. New methods have however 
been developed that allow working with partially 
degraded RNA samples (Perou et al. 2004) ranging 
between 100–50 nucleotides using very small RNA 
quantities like those that can be extracted from 
a 5-µm tissue section (1–2 µg). Furthermore, the 
possibility now exists to linearly amplify tiny RNA 
quantities without affecting further gene expression 
results. The fi rst results using FFPE tissues were re-
ported by Paik et al. (2004) using RT PCR, but also 
new approaches like the DASL (cDNA mediated, an-
nealing, selection, extension and ligation) have been 
developed allowing work with partially degraded 
RNA (Bibikova et al. 2004).

Despite the initial enthusiasm, however, several 
doubts have been raised regarding the reliability of 
this new tool in clinical applications such as disease 
diagnostics, staging, prognostication and treat-
ment prediction, as several microarray studies that 
investigated the same clinical problem (prediction 
of prognosis or treatment response in similar clini-
cal situations) generated different gene expression 
classifi ers with only a small number of overlapping 
genes. From this perspective, several independent 
validation studies have been or are currently carried 
out in Europe (Buyse et al. 2006) and in US.

Moreover, the enormous power of the novel high-
throughtput approaches, which already succeeded 
in reinforcing the notion that breast cancer is a het-
erogeneous disease, has to be used without forget-
ting lessons learned from the past single gene/single 
marker prognostic studies and cannot be pursued 
without planning a validation on prospectively col-
lected samples. Validation represents a major chal-
lenge, partially addressed by the majority of already 
published studies, that can only be faced with the co-
operation of different specialists and the integration 
between the different skills involved in translational 
research. Patient cohorts in which these novel high-
throughput approaches are being validated have to 

be carefully selected in order to avoid biases due to 
treatment heterogeneity. For example, molecular 
patterns that are associated with disease aggressive-
ness in the absence of adjuvant systemic therapy may 
be quite distinct from patterns that predict disease 
progression in patients who received chemo- and/or 
endocrine therapy. Moreover, technology is reach-
ing a high level of complexity, and method stan-
dardization is a mandatory step before any conclu-
sion is reached concerning the possible translation 
of a tumour biomarker into clinical practice. To this 
purpose, the PBG of EORTC will play a major role in 
validating and fostering the clinical implementation 
of the outcome of present and future translational 
research.

3.5 
Conclusions

The gap between the ever-growing knowledge about 
the genome sequence and the bio-functional role of 
this enormous amount of genes is fi lling quickly. 
Several signatures able to predict disease outcome 
have been developed through different approaches, 
but al least four of the most popular overlap in pre-
diction despite the absence overlapping genes (Fan 
et al. 2006). The consequence is that to obtain a bet-
ter accuracy in prediction it is important to ‘expand’ 
the information of actual signatures (Massague 
2007). As demonstrated by the intrinsic gene signa-
ture (Sorlie et al. 2001), molecular classifi cation of 
tumours has clear implications on prognosis, which 
due to their nature itself, are independent from the 
specifi c patient series and not affected by case series 
overfi tting. Interestingly, new signatures have been 
developed with a different concept in mind, aim-
ing at identifying gene sets associated with a single 
 cancer-cell property. Such signatures, developed 
mostly in pre-clinical models have the unexpected 
property of being not cancer-type specifi c, as they 
predict prognosis in more than one histology. An 
excellent example is the hypoxia signature (Chi et 
al. 2006), which is associated with poor outcome in 
breast and ovarian cancer. Similarly, the death-from-
cancer signature predicting the clinical outcome in 
patients with multiple types of cancer, epithelial 
and non-epithelial (Glinsky et al. 2005), and the so-
called 186-genes’ invasiveness signature, recently 
developed by comparing tumorigenic breast cancer 
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cells with normal epithelial cells (Liu et al. 2007), 
predict metastases-free survival in breast cancer, but 
also in lung, prostate and medulloblastoma. In the 
case of breast cancer, its prognostic power increases 
when combined with the wound response signature 
(Chang et al. 2004). Other signatures, of the same 
type, addressing specifi c oncogenic pathways have 
been developed (Bild et al. 2006) and are likely to 
increase prediction accuracy when combined with 
earlier signatures developed and validated in clini-
cal breast cancer. 

Therefore, at this time, integration of clinical and 
pre-clinical results seems to be a must in the de-
velopment of tailored treatments, and not only for 
breast cancer.
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case, however, prospective randomised studies are 
required to demonstrate any survival benefi t when 
earlier therapeutic interventions are instituted upon 
elevation of serum markers. In the second case, tu-
mour marker evaluation represents a simple, objec-
tive method for monitoring of therapeutic response 
that seems to offer signifi cant advantages over con-
ventional imaging methods (e.g., objectivity and 
modifi cations in tumour biology). Furthermore, re-
search studies are ongoing to identify and validate 
new biochemical parameters that can be of use not 
only in advanced disease, but also in other stages of 
the diagnostic workup of breast cancer. 

4.1 
Introduction

Circulating tumour markers in patients affected by 
breast cancer have been known for several years. In 
contrast to markers detected in the primary tumour, 
they offer dynamic information regarding the clini-
cal evolution of the neoplastic process. The major 
role of current blood markers is in the diagnosis of 
metastases and in evaluation of response to treat-
ment. A large number of blood tumour markers have 
been proposed for breast cancer, but CA 15.3 and 
CEA or cytokeratins (i.e., TPA, TPS or Cyfra 21.1) 
are the most commonly used in clinical practice. 
The present review considers the basic principles 
in tumour marker detection, i.e., biological signifi -
cance of the marker and measurement methodology, 
and the practice guidelines for tumour marker use 
in the clinic. Some thoughts on future perspectives 
will also be offered.

Abstract

A large number of markers have been proposed for 
breast cancer, but among them only CA 15.3, CEA 
and cytokeratins (i.e. TPA, TPS and Cyfra 21.1) are 
currently used in clinical practice. Serum marker 
levels refl ect tumour burden, and for this reason 
they are not sensitive enough to be used for screen-
ing and early diagnosis of primary breast cancer. By 
contrast, the role of tumour markers is established 
in the diagnosis of recurrent disease and in the 
evaluation of response to treatment. In the former 
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4.2 
Breast Cancer Tumour Markers

4.2.1 
MUC1

Different tests measure the serum levels of MUC1; 
the most widely used are CA 15.3, mucin-like as-
sociated antigen (MCA), CA 27.29 and CA 549. 
The differences among these tests derive from the 
immunoreagents, i.e., the monoclonal antibodies, 
used to detect epitopes on the MUC1 molecule. 
MUC1, also known as polymorphic epithelial mu-
cin (PEM), is a large glycoprotein well expressed 
on the apical surface of most polarised epithelial 
cells of different organs including breast, stom-
ach, pancreas, bladder and respiratory tract (Price 
and Tendler 1993; von Mensdorff-Pouilly et al. 
2000). In normal breast tissue MUC1 is expressed 
in the ducts and acini from where it is released 
into the milk in soluble form or bound to milk 
fat globules. Neoplastic transformation is associ-
ated with disruption of normal cell polarisation 
and tissue architecture leading to MUC1 shedding 
in the bloodstream, where it can be measured by 
means of immunoassays. Biochemically, MUC1 is 
a high-molecular weight (from 250 to 1,000 kDa) 
glycoprotein consisting of a core protein moi-
ety (apomucin) where a number of carbohydrate 
chains are attached to serines and threonines by 
O-glycosidic bonds. On a mass basis, O-linked 
carbohydrates form up to 80% of the molecule, 
and the length of the glucidic side chains var-
ies from 1 to more then 20 residues. Structural 
analysis reveals the presence of three different 
domains: a large, high-glicosylated extracellular 
domain varying in length between 1,000 and 2,000 
amino acids, a short transmembrane region and 
a cytoplasmic tail of 69 amino acids. The extra-
cellular domain is composed of a variable number 
of multiple repeats of a 20-amino acid sequence 
referred to as the variable number tandem repeat 
(VNTR) domain. The number of repeats varies 
with the population studied and ref lects the in-
herited polymorphism that is characteristic of the 
MUC1 gene. The fact that the extracellular domain 
protrudes much further into the pericellular space 
than most cell surface components suggests that 
the molecule might play an anti-adhesive role. By 
blocking the access to other membrane structures, 
MUC1 overexpression could, for instance, allow 

the neoplastic cell to escape detection by the im-
mune system ( Ligtemberg et al. 1992; Ogata et al. 
1992). This could explain the negative prognostic 
significance of MUC1 overexpression often ob-
served in breast cancer. In addition, other clues 
about the biological significance of MUC1 have 
been reported (Hudson et al. 2001; Schreiber et al. 
2000). These studies indicate that MUC1 can acti-
vate membrane receptors for growth factors, re-
duce E-cadherin-mediated cell adhesion, thereby 
promoting cell migration, and reduce the cellular 
apoptotic response to oxidative stress (Quin and 
McGuckin 2000; Schroeder et al. 2001; Li et al. 
2001; Yin et al. 2003). 

Circulating MUC1 displays a high degree of 
heterogeneity both in normal subjects and, even 
more so, in neoplastic patients. This heterogene-
ity is due either to the proteic (polymorphism of 
VNTR domain) or the glucidic portion of the mol-
ecule. In tumours, polysaccharide side chains are 
generally shorter and less branched than those 
on the normally expressed molecule. Further-
more, aberrant glycosylation can occur and the 
actual glycosylation pattern of circulating MUC1 
is largely unpredictable (Kirnarsky et al. 2000). 
A large series of monoclonal antibodies against 
MUC1 have been raised, and most of them react 
with the core protein, and particularly with the hy-
drophilic sequence PDTRPAP (Norum et al. 2001; 
Rye and McGuckin 2001). However, carbohydrates 
may represent the target of individual antibodies 
and, in any case, they are able to interfere with 
the monoclonal antibody reactivity with proteic 
epitopes. The heterogeneity of MUC1 glycosyl-
ation explains how different tests directed to de-
tect circulating MUC1 can give discordant results. 
CA 15.3 is the most widely used test to assay MUC1 
and can be considered the gold standard. CA 15.3 
is a sandwich capture assay that uses the mono-
clonal antibodies 115D8 (raised against human 
milk fat globule membranes) and DF3 (against a 
membrane-enriched fraction of metastatic human 
breast carcinoma) (Hayes et al. 1985, 1986). As 
mentioned before, several tests are now available 
to detect circulating MUC1 in patients affected 
by breast cancer, including MCA, CA 549, breast 
cancer mucin (BCM), EMCA, M26 and M29. In 
1998, CA 27.29 was approved by the FDA for clini-
cal use in the detection of recurrent breast cancer 
in patients with stage II or III disease. CA 27.29 is 
measured using a solid-phase competitive immu-
noassay in which the monoclonal antibody B27.29 
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is used either as a “catcher” or as a “tracer”. This 
monoclonal antibody recognises the same proteic 
epitope on the MUC1 core sequence as is recog-
nised by the monoclonal DF3, but the binding of 
B27.29 does not seem to be inf luenced by the pres-
ence of glucidic residues (i.e., sialic acid) (Reddish 
et al. 1992). This property could offer advantages 
in terms of the diagnostic accuracy of CA 27.29 in 
comparison with the “classic” CA 15.3.

4.2.2 
Carcinoembryonic Antigen (CEA)

CEA is one of the first tumour markers to be 
identified and characterised (Gold and Freedman 
1965). Since its discovery, CEA has been investi-
gated in a wide range of malignancies, including 
breast cancer. CEA is a single-chain glycopro-
tein of 641 amino acids with a molecular mass of 
150–300 kDa containing 45%–55% carbohydrate. 
Immunobiological and biochemical studies have 
revealed that CEA consists of a large family of 
at least 30 closely related cell-surface glycopro-
teins encoded by about 10 genes located on chro-
mosome 19 (Berling et al. 1990; Benchimol et al. 
1989). The domain structure of CEA proteins and 
γ heavy chain of the immunoglobulin IgG are very 
similar, indicating that CEA is part of the im-
munoglobulin gene “superfamily”. This finding 
suggests that CEA proteins may be involved in 
the intercellular or cellular-matrix recognition 
mechanisms. CEA can be measured by a number 
of commercially available immunoassays using 
either a radioisotope or a non-radioactive (i.e., 
enzyme or chemiluminescent) label.

4.2.3 
Cytokeratins

Several widely used tumour markers such as TPA, 
TPS and Cyfra 21.1 are molecules that structurally 
belong to the family of cytokeratins (CKs). CKs 
constitute one of the seven classes of intermediates 
filaments that, together with microtubules and 
actin microfilaments, make up the cytoskeleton 
of most eukaryotic cells (Steiner and Roop 1988;
Nagle 1988). Human CKs comprise 20 related 
polypeptides (CKs 1–20), which, on the basis 
of sequence homologies, can be separated into 
two subfamilies. CKs 9–20 are the more acidic, 

type-I CKs, while CKs 1–8 form the neutral/basic 
type-II group of proteins. The most interesting 
feature of CK expression is that different epithe-
lial cells express a characteristic, differentiation-
dependent combination of two or more CKs, with 
type-I and type II polypeptides always occur-
ring in stechiometric amounts (i.e., as “pairs”). 
In simple epithelial cells from many tissues, the 
combinations CK8/CK18 and CK8/CK19 are very 
often expressed. These pairs of CKs are also very 
commonly found in the vast majority of epithe-
lial carcinomas comprising breast cancer (Moll 
1994; Bodenmuller et al. 1994; Sundrstrom and 
Stigbrand 1994). Different tumour marker assays 
measuring CK8, CK18 and CK19 fragments have 
been developed. The most widely used among 
them are TPA, TPS and Cyfra 21.1. The TPA test 
recognises all three CKs (CK8, CK18 and CK19), 
TPS measures CK8 and CK18, and Cyfra 21.1 de-
tects CK8 and CK19.

4.3 
Guidelines for Tumour Marker Use in
Breast Cancer

Appropriate clinical guidelines or protocols can 
help physicians in adopting an evidence-based ap-
proach to medicine. Several international and na-
tional expert groups have worked to develop prac-
tice guidelines that include recommendations for 
the appropriate use of serum tumour markers in 
breast cancer. The guidelines formulated by the 
American Society of Clinical Oncology (ASCO) in 
1996 (updated in 1997, 1998 and in 2000) (American 
Society of Clinical Oncology 1996, 1997; Bast et al. 
2001;, Smith et al. 1999), by the National Federa-
tion of French Cancer Centres in 2000 (Basuyau et 
al. 2003) and by the European Group of Tumour 
Markers (EGTM) in 1999 (updated in 2005) (Molina 
et al. 2005) have all been widely employed. In the 
following section the appropriate applications of 
tumour markers in the diagnostic work-up of pa-
tients affected by breast cancer will be discussed, 
with reference to the above-mentioned guidelines, 
literature reports and the experience of our Institute 
(Molina and Gion 1998; Stearns et al. 1998; Cheung 
et al. 2000; Duffy 2001; Sturgeon 2002). Table 4.1 
shows the established and potential roles of tumour 
markers in breast cancer management.
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4.3.1 
Screening and Early Diagnosis

Currently, no tumour marker exists that can be 
used for either screening or the early diagnosis of 
breast cancer. In fact, the diagnostic accuracy of 
tumour marker evaluation is limited by low sensitiv-
ity in early stage disease and by lack of specifi city. 
Regarding CA 15.3, for instance, different studies 
have demonstrated that the diagnostic sensitivity 
of the test is about 10–15%, 20–25% and 30–45% in 
patients with stage I, stage II and stage III, respec-
tively. Furthermore, increased levels of CA 15.3 can 
be observed in several non-neoplastic conditions in-
cluding benign breast pathology, chronic liver dis-
orders and immunological diseases. Recent reports 
indicate that CA 27.29 is a more sensitive test than 
CA 15.3; however, despite this diagnostic improve-
ment low levels of CA 27.29 in patients suspected of 
having breast cancer do not exclude the presence of 
malignancy, at either primary or loco-regional sites 
(Gion et al. 2001).

4.3.2 
Prognosis

Different studies have demonstrated that the pre-
surgery CA 15.3 level is a prognostic factor, with 
both disease-free survival (DFS) and overall sur-
vival (OS) being shorter in patients with a high value 

for this marker (Duffy et al. 2000; Ebeling et al. 
2002). However, it has not been proven that CA 15.3 
is an independent prognostic factor. Some reports 
indicate that an initially elevated CA 15.3 level is a 
marker of enhanced risk of recurrence and mortal-
ity in both the early and late stage of breast cancer. 
In a study by Gion et al. (2002), the prognostic role of 
CA 15.3 was investigated in 362 node-negative breast 
cancer patients. Use of an interesting statistical ap-
proach revealed a continuous relationship between 
CA 15.3 and relapse-free survival, with increasing 
risk starting from a marker level of approximately 
10 U/ml. Data about the ability of CEA to predict 
prognosis are much more confl icting. Reports have 
been published suggesting worse, unaffected or even 
better prognosis when CEA elevation is present at 
the time of diagnosis (Gaglia et al. 1988; Jong-Bakker 
et al. 1981; Cantwell et al. 1980; Wang et al. 1975). 
For these reasons CEA determination is of limited 
clinical utility. Very few studies have been published 
regarding the prognostic role of cytokeratin mark-
ers in breast cancer. In one study performed in 86 
primary breast cancer patients, it was observed that 
serum Cyfra 21.1 levels were an independent indica-
tor of prognosis. Patients with serum Cyfra 21.1 titer 
>3.5 ng/ml had a signifi cantly shorter OS and DFS 
than those with lower serum titers (Nakata et al. 
2000). The results of this study are very encourag-
ing; however, before the adoption of Cyfra 21.1 as a 
prognosticator, they need to be confi rmed by more 
extensive evaluations.

Table 4.1. Role of tumour markers in breast cancer management

Role Comment

Determining risk Not established.
In evaluation for hormonal markers

Screening No role

Early diagnosis No role

Prognosis Established.
In evaluation the independent role of tumour markers in respect to other prognostic 
factors

Diagnosis of recurrences Established.
In evaluation the clinical utility in decreasing mortality

Predict response to therapy Not established.
In evaluation the role of HER-2 in predicting resistance to hormonal and chemical 
therapy

Monitor therapy Established.
In evaluation the effi cacy in respect to imaging techniques
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4.3.3 
Early Diagnosis of Locoregional and/or
Metastatic Recurrence

Blood tumour marker measurements have a minimal 
role in diagnosing loco-regional recurrence since 
the diagnosis can generally easily be made clini-
cally or radiologically. By contrast, serial tumour 
marker determinations can be useful tools in the 
diagnosis of metastatic breast cancer. In the pres-
ence of distant metastases, the clinical sensitivity 
of CA 15.3 in different studies has ranged from 50% 
to 90% depending on the anatomical site (e.g., liver 
metastases are associated with the highest sensitiv-
ity, followed by skeletal and lung metastases) and 
the number or size of metastatic foci. Combining the 
results from seven different studies, it was shown by 
the Expert Panel of ASCO that about two thirds of 
patients (235 out of 352 patients) had CA 15.3 eleva-
tions either before or at the time of recurrence, with 
a lead time ranging from 2 to 9 months (American 
Society of Clinical Oncology 1996; Safi  et al. 1989; 
Colomer et al. 1989; Nicolini et al. 1991; Repetto et 
al. 1993; Al-Jarallah et al. 1993; Soletormos et al. 
1993; Markopoulos et al. 1994). In the same meta-
analysis, 1,320 patients out of 1,435 without evidence 
of recurrence had normal CA 15.3 levels (diagnos-
tic specifi city of 92%). More recently, however, less 
positive results were obtained by Kokko et al. (2002) 
in a prospective study carried out on 243 patients. 
During 5 years of follow-up, 59 patients relapsed and 
CA 15.3 was elevated in only 21 (36%) of them. The 
test failed to detect locoregional relapses but, inter-
estingly, also pulmonary-only recurrences and half 
of bone-only metastases were also associated with 
low levels of CA 15.3. The conclusions of this study 
are similar to those of our investigations published 
in the early 1990s (Crippa et al. 1992; Bombardieri et 
al. 1992). In those studies we found that locoregional 
lymph node or cutaneous metastases were generally 
CA 15.3 negative and that single metastastic skeletal 
lesions gave elevated serum levels only in a small 
number of patients. CA 27.29 seems to be more effec-
tive in detecting tumour relapse. In one prospective 
multicenter study, 193 patients with primary breast 
cancer were considered for the follow-up and among 
them there were 26 recurrences. Of these, 15 showed 
CA 27.29 positivity (sensitivity of 57.7%), with a me-
dian lead time from the fi rst marker elevation of 
5.3 months (Chan et al. 1997). Three patients with 
marker elevation had no evidence of recurrence and 
were considered as false positives (specifi city 98%). 

Despite the results obtained with MUC1 markers in 
predicting the diagnosis of metastatic disease, several 
points are still controversial. The fi rst is that tumour 
markers are not sensitive enough to detect micromet-
astatic disease and that marker elevation during the 
postoperative follow-up is generally associated with a 
large tumour burden. The second point is related to 
the fact that effective and reliable therapeutic oppor-
tunities for advanced breast cancer are still lacking, 
and this makes the need of “early” detection of recur-
rence questionable. In an attempt to address these 
points, only two small-scale pilot studies have been 
carried out. In a preliminary randomised study by 
Jager et al. (1994), it has been shown that treatment of 
recurrences based only on increased CEA and CA 15.3 
reduce the risk of developing metastasis from 88% to 
39% at 12 months and prolong the DFS. In a retrospec-
tive, non-randomised study of 384 patients, Nicolini et 
al. (1997) evaluated the role of early therapeutic inter-
vention based on the tumour markers CA 15.3, CEA 
and TPA. Among relapsed patients, 28 patients were 
treated on the basis of tumour marker elevations, while 
22 patients were treated after instrumental diagnosis 
of metastases. An improvement of OS was observed 
when patients were treated as a consequence of only 
marker elevation (42.9% versus 22.7% at 72 months). 
Large prospective, randomised trials are now neces-
sary to confi rm these preliminary results.

CEA is still a widely used test for the surveil-
lance of breast cancer patients and, frequently, this 
marker is assessed in combination with CA 15.3. 
Nevertheless, the individual role of CEA in breast 
cancer monitoring has been recently discussed. In 
this regard, the conclusions of the study of Guadagni 
et al. (2001) seem of outstanding interest. In a large 
prospective longitudinal study, CEA was evaluated 
in comparison to CA 15.3, during post-surgical fol-
low-up of 549 patients. CEA was elevated in 38% 
and CA 15.3 in 70% of patients with recurrence. The 
combination of CEA and CA 15.3 increased the over-
all sensitivity by only 1.4%. The authors conclude 
that in their experience CEA should be considered 
as an expensive and ineffi cient method of follow-up, 
providing no additional value when used in combi-
nation with CA 15.3.

Cytokeratins, including TPA, TPS and Cyfra 21.1, 
have been reported to be useful in monitoring breast 
cancer. However, insuffi cient data are available to 
recommend the routine use of cytokeratin markers 
during the follow-up of breast cancer patients. Fur-
ther prospective studies are necessary to validate 
the role of cytokeratins in breast neoplasms.
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4.3.4 
Therapy Monitoring

The use of tumour markers in the monitoring of 
therapeutic response in patients with metastatic 
breast cancer has been well investigated. CA 15.3 
was found to be superior to the other “conventional” 
markers. This marker has been shown to be useful 
in the monitoring of response to either endocrine 
therapy or cytotoxic tharapy. Summarising the re-
sults of 11 studies, the ASCO Panel, however, found 
that in patients with responsive disease CA 15.3 se-
rum levels decreased in about two thirds of cases; 
73% of those with stable disease had no signifi cant 
changes in marker concentrations, and 80% with 
progressive disease showed increased CA 15.3 levels 
(American Society of Clinical Oncology 1996). The 
risk of removing a patient from effective therapy 
due to the marker misclassifi cation led the panel to 
conclude that “a marker cannot, in any situation, 
stand alone to defi ne response to treatment”. Never-
theless, Robertson et al. retrospectively derived and 
prospectively validated a biochemical score index 
using three markers, i.e., CA 15.3, CEA and eryth-
rocyte sedimentation rate (ESR) (Robertson et al. 
1999). In their experience this score system not only 
correlates with conventional UICC imaging criteria 
in the monitoring of therapeutic response, but seems 
to offer advantages in terms of reproducibility, di-
agnostic accuracy and cost savings. Furthermore, 
tumour markers represent the easiest way to evalu-
ate response to systemic therapy for neoplastic dis-
ease that cannot be assessed by UICC criteria, e.g., 
pleural and peritoneal effusions, irradiated lesions, 
bone marrow infi ltration and bone metastases. At 
least two points need to be borne in mind in order 
to interpret marker results correctly. First, the mag-
nitude of variation (“critical difference”) between 
successive marker levels that constitutes a clinically 
signifi cant change is not well defi ned. This “critical 
difference” depends on both the analytical impre-
cision of the assay and the normal intra-individual 
biological variation. For CA 15.3, it has been esti-
mated that at least a 30% change is required before 
successive marker concentrations can be regarded 
as signifi cantly altered (Soletormos et al. 1993). An-
other point to be considered is the occurrence of 
“tumour marker spike” (Hayes et al. 1988; Yasaever 
et al. 1997). This is a paradoxical increase in tumour 
marker levels following initiation of chemotherapy 
due to massive neoplastic cell necrosis induced by 
cytotoxic agents. The phenomenon can be observed 

in up to 30% of patients who show a response to ther-
apy. The peak usually occurs within 30 days from 
the commencement of therapy, but marker levels can 
remain elevated for as long as 3 months. 

4.4 
Perspectives

While the diagnostic relevance of conventional tu-
mour marker is well established in breast cancer pa-
tients with metastatic disease, different laboratory 
and clinical studies are now ongoing to identify and 
validate new biochemical parameters that will be of 
use not only in advanced disease, but also in other 
stages of the diagnostic work up of breast cancer. 
In this section, the most promising and relevant as-
pects of this research will be briefl y summarised.

4.4.1 
Risk Assessment

Different studies have demonstrated that the “hor-
monal milieu” can be considered an important fac-
tor predisposing to breast cancer. High circulating 
levels of different hormones have been found to 
represent a risk factor for breast cancer develop-
ment. Elevated concentrations of prolactin, insulin, 
insulin-like growth factor type I (IGF-I) and andro-
gens (i.e., testosterone and adrenal androgens) are 
frequently detectable in subjects who fi nally develop 
malignant breast neoplasms. The causal role and 
the associated risk of individual hormones, however, 
remain largely to be defi ned.

4.4.2 
Prognostic Markers

In recent years several circulating molecules have 
been revealed to be associated with patient outcome. 
These potential prognostic markers are involved in 
different processes of neoplastic transformation and 
progression, e.g., cell proliferation and its control, 
angiogenesis and metastatic spread (Arciero et al. 
2003; Heer et al. 2001). Among them, cyclines and 
p53 (cell cycle controllers), matrix metalloproteases, 
urokinase plasminogen activator (uPA) and its in-
hibitor PA1-1, cathepsins (involved in local invasion 
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and metastases) and vascular endothelial growth 
factors (angiogenesis) deserve particular mention. 
Although these form a very promising group of 
markers, the real impact of their application in clini-
cal practice is currently unknown.

4.4.3 
Predicting Response Markers

This group includes markers able to predict response 
or resistance to a specifi c therapy. Circulating HER-2 is 
the most representative example. HER-2 (also known 
as c-erbB2) oncoprotein is a 185 kD transmembrane 
glycoprotein showing structural and functional ho-
mology with the epidermal growth factor receptor. 
HER-2 overexpression, present in 20–30% of primary 
breast cancer, is associated with poor prognosis, short 
survival and recurrences. Like many cell surface 
transmembrane receptors, HER-2 can be proteolyti-
cally cleaved, and its ectodomain can be released as 
soluble molecules of about 105 kDa into the circula-
tion. Circulating HER-2 ectodomain can be detected 
in about 80% of patients with tumour overexpress-
ing HER-2 compared to 3% of those with tumours 
not overexpressing the oncoprotein. The negative 
prognostic effect of high circulating levels of HER-2 
ectodomain seems to be related to the resistance to 
chemotherapy (Pegram et al. 1998; Mehta et al. 1998). 
This has been demonstrated in patients with meta-
static disease before application of fi rst-line chemo-
therapy with a combination of paclitaxel and doxo-
rubicin. In a prospective pilot study it was found that 
the probability of obtaining a complete response and 
the duration of response were signifi cantly lower and 
shorter in patients with elevated HER-2 ectodomain 
than in patients with low levels of the marker (0% and 
7.5 months versus 26% and 11 months, respectively) 
(Colomer et al. 2000). Furthermore, the evaluation of 
circulating HER-2 ectodomain can be employed, as a 
surrogate marker, in identifi cation of patients who will 
be benefi t from trastuzumab treatment and, perhaps, 
to monitor this “target therapy” (Wu 2002). 

4.4.4 
Markers of Bone Metabolism

In addition to the traditional parameters such as 
serum alkaline phosphatase and urinary calcium 
and hydroxyproline, different circulating biochem-
ical markers have recently gained clinical attention 

because of their accuracy in assessing the dynamic 
changes in bone remodelling (Seregni et al. 2001). 
Bone-specifi c alkaline phosphatase (BAP), osteo-
calcin and procollagen peptides, e.g., procollagen 
type I carboxyterminal propeptide (PICP) and pro-
collagen type I aminoterminal propeptide (PINP), 
have been proposed as markers of bone formation, 
while amino or carboxy-telopeptides of type I col-
lagen (NTX, CTx), tartrate-resistant acid phos-
phatase (TRAP) are markers of bone resorption. 
Different studies have demonstrated that these 
markers are not sensitive enough to be adopted 
in the early diagnosis of bone metastases (Bom-
bardieri et al. 1997). By contrast the evaluation of 
bone metabolic markers can offer useful informa-
tion in the monitoring of antineoplastic therapy of 
patients with skeletal metastases or in the evalua-
tion of treatment-induced osteoporosis (Martinetti 
et al. 1997).

4.4.5 
Proteomic Approach for the Identifi cation of 
New Markers

Recent advances in mass spectrometry (MS) tech-
nology, such as surface-enhanced laser desorp-
tion/ionization time of fl ight (SELDI-TOF) MS, are 
opening up a new scenario in the discovery of dis-
ease-associated proteins in complex biological fl uids 
such as serum or plasma. Adopting these technolo-
gies, serum samples can be rapidly visualized as a 
proteomic fi ngerprint in which it will be possible 
identify tumour-specifi c proteins (Wulfkuhle et 
al. 2003). Among the array of existing proteins in 
a patient’s serum (serum proteoma), of particular 
interest is having those of low molecular weight 
(<20 kDa) (serum peptidoma), which can represent 
biomarker fragments generated by specifi c enzy-
matic activity of tumour cells (Liotta and Petricoin 
2006). Preliminary results seem to indicate the great 
potential of this diagnostic approach in early detec-
tion of breast cancer (Li et al. 2005).

4.4.6 
Circulating Tumour Cell

The development of distant metastases in breast 
cancer patients is based on the fact that tumour 
cells dissociating from primary cancer access to 
circulation either directly into blood vessels or 
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through the lymphatic system. Thus, the detection 
of such cells in patients with primary breast can-
cer can be predictive of future distant metastases. 
Various detection techniques have been used for 
the identifi cation of tumour cells in the periph-
eral blood of breast cancer patients, and among 
them immunocytochemistry (ICC) and reverse-
trancriptase polymerase chain reaction (RT-PCR) 
are the most used (Braun and Naume 2005; Zach 
and Lutz 2006). Epithelial cytokeratins and mam-
moglobin mainly represent the target proteins or 
the marker gene expression. Different authors have 
demonstrated that the detection of tumour cells in 
peripheral blood is more frequently observed in 
the advanced than in the early stage and is signifi -
cantly related to the lymph node status and pres-
ence of metastases at diagnosis (Zehentner et al. 
2004; Taubert et al. 2004). In few studies the pres-
ence of circulating tumour cells was found to have 
prognostic relevance, being associated to shorter 
disease-free survival (Stathopoulos et al. 2005). 
Tumor cell detection in peripheral blood repre-
sents an interesting approach in cancer diagnosis; 
however, different limitations, such as technical 
diffi culties, lack of reproducibility, controversial 
results, choice of target genes or proteins, led to 
us to consider this approach as still experimental, 
and it cannot yet be taken into account for clinical 
decisions. 

4.5 
Conclusion

Measurement of circulating tumour marker levels 
in breast cancer is most established in advanced 
disease. In this situation, its clinical role is to de-
tect recurrences in asymptomatic patients and to 
monitor antineoplastic treatments. In both cases the 
potential diagnostic and clinical utility of tumour 
markers has not yet been fully explored. This is of 
relevance when we consider the current important 
advances in imaging techniques and therapeutic 
modalities. Furthermore, intensive efforts have been 
made in basic and translational laboratory research 
in order to refi ne the measurement of existing mark-
ers, to develop better marker assays and to discover 
new markers with the ultimate goal of exploiting 
their use in the screening and early diagnosis of 
primary breast cancer.

References

Al-Jarallah MA et al (1993) Serum CA 15–3 and CEA pat-
terns in postsurgical follow-up and in monitoring clinical 
course of metastatic cancer in patients with breast carci-
noma. Eur J Surg Oncol 19:74–79

American Society of Clinical Oncology (1996) Clinical prac-
tice guidelines for the use of tumor markers in breast and 
colorectal cancer. J Clin Oncol 14:2843–2877

American Society of Clinical Oncology (1998) 1997 update of 
recommendations for the use of tumor markers in breast 
and colorectal cancer. J Clin Oncol 16:793–795

Arciero C et al (2003) Functional relationship and gene on-
tology classifi cation of breast cancer biomarkers. Int J 
Biol Markers 18:241–272

Bast RC et al for the American Society of Clinical Oncology 
Tumor Markers Expert Panel (2001) Recommendations 
for the use of tumor markers in breast and colorectal can-
cer. J Clin Oncol 19:1865–1878

Basuyau JP et al (2003) Summary report of the standards, 
options and recommendations for the use of serum 
tumour markers on breast cancer: 2000. Br J Cancer 
89:532–534

Benchimol S et al (1989) Carcinoembryonic antigen, a hu-
man tumor marker, functions as a intercellular adhesion 
molecule. Cell 57:327–334

Berling B et al (1990) Molecular cloning of a carcinoem-
bryonic antigen (CEA)-gene family-member expressed 
in leukocytes of chronic myeloid leukemia patients and 
bone marrow. Cancer Res 50:6534–6539

Bodenmuller H et al (1994) The tumor markers TPA, TPS, 
TPAcyk and CYFRA 21-1 react differently with the kera-
tins 8, 18 and 19. Int J Biol Markers 9:70–74

Bombardieri E et al (1992) CA 15.3 determination in patients 
with breast cancer: clinical utility for the detection of dis-
tant metastases. Eur J Cancer 294:144–146

Bombardieri E et al (1997) Can bone metabolism markers 
be adopted as an alternative to scintigraphic imaging in 
monitoring bone metastases from breast cancer? Eur J 
Nucl Med 24:1349–1355

Braun S, Naume B (2005) Circulating and disseminated tu-
mor cells. J Clin Oncol 23:1623–1626

Cantwell B et al (1980) Carcino-embryonic antigen assay as a 
guide to tumour bulk, response to therapy and prognosis 
in human breast cancer. J Med Sci 149: 469–474

Chan DW et al (1997) Use of truquant BR radioimmuno-
assay for early detection of breast cancer recurrence in 
patients with stage II and stage III disease. J Clin Oncol 
15: 2322–2328

Cheung KL et al (2000) Tumour marker measurements in 
the diagnosis and monitoring of breast cancer. Cancer 
Treat Rev 26:91–102

Colomer R et al (1989) Circulating CA 15–3 levels in the post-
surgical follow-up of breast cancer patients and in non-
malignant diseases. Breast Cancer Res Treat 13: 123–133

Colomer R et al (2000) Circulating HER2 extracellular do-
main and resistance to chemotherapy in advanced breast 
cancer. Clin Cancer Res 6:2356–2362

Crippa F et al (1992) Single determination of CA 15 and bone 
scintigraphy in the diagnosis of skeletal metastases of 
breast cancer. J Nucl Biol Med 36:115–116

Duffy MJ et al (2000) CA 15.3: a prognostic marker in breast 
cancer. Int J Biol Marker 15:330–333



  Circulating Tumour Markers in Breast Cancer 41

Duffy MJ (2001) Biochemical markers in breast cancer: which 
ones are clinically useful? Clin Biochem 34:347–352

Ebeling FG et al (2002) Serum CEA and CA 15–3 as prog-
nostic factors in primary breast cancer. Br J Cancer 
86:1217–1222

Gaglia P et al (1988) Prognostic value of CEA and ferritin as-
say in breast cancer: a multivariate analysis. Eur J Cancer 
Clin Oncol 24:1151–1155

Gion M et al (2001) CA 27.29: a valuable marker for breast 
cancer management. A confi rmatory multicentric study 
on 603 cases. Eur J Cancer 37:355–363

Gion M et al (2002) Prognostic role of serum CA 15.3 in 362 
node-negative breast cancers: An old player for a new 
game. Eur J Cancer 38:1181–1188

Gold P, Freedman SO (1965) Demonstration of tumor-spe-
cifi c antigens in human colonic carcinoma by immuno-
logical tolerance and absorption techniques. J Exp Med 
121:439–562

Guadagni F et al (2001) A re-evaluation of carcinoembry-
onic antigen (CEA) as a serum marker for breast can-
cer: a prospective longitudinal study. Clin Cancer Res 
7:2357–2362

Hayes DF et al (1985) Use of murine monoclonal antibody 
for detection of circulating plasma DF3 antigen levels in 
breast cancer patients. J Clin Invest 75:1671–1678

Hayes DF et al (1986) Comparison of circulating CA 15.3 and 
carcinoembryonic antigen levels in patients with breast 
cancer. J Clin Oncol 10:1542–1550

Hayes DF et al (1988) CA 15.3 and CEA spikes during che-
motherapy for metastatic breast cancer. Proc Am Soc Clin 
Oncol 7:38a

Heer K et al (2001) Serum vascular endothelial growth factor 
in breast cancer: its relation with cancer type and estro-
gen receptor status. Clin Cancer Res 7:3491–3494

Hudson MJ et al (2001) Human MUC1 mucin: a potent glan-
dular morphogen. J Pathol 194:373–383

Jäger W et al (1994) Increasing serum tumour markers as de-
cision criteria for hormone-therapy of metastatic breast 
cancer. Tumor Biol 12:60–66

Jong-Bakker MD et al (1981) Prognostic signifi cance of CEA 
in breast cancer: a statistical study. Eur J Cancer Clin On-
col 17:1307–1313

Kirnarsky L et al (2000) Structural effects of O-glycosylation 
on a 15-residue peptide from the mucin (MUC1) core pro-
tein. Biochemistry 39:12076–12082

Kokko R et al (2002) CA 15–3 in the follow-up of localised 
breast cancer: a prospective study. Eur J Cancer 38:1189–
1193

Li J et al (2005) Indipendent validation of candidate breast 
cancer serum biomarkers identifi ed by mass spectrom-
etry. Clin Chem 51:2229–2235

Li Y et al (2001) The c-Src tyrosine kinase regulated signaling 
of the human DF3/MUC1 carcinoma-associated antigen 
with GSK3ß and ß-catenin. J Biol Chemistry 276:6061–
6064

Ligtemberg MJL et al (1992) Suppression of cellular aggre-
gation by high levels of episialin. Cancer Res 52: 2318–
2324

Liotta LA, Petricoin EF (2006) Serum peptidome for cancer 
detection: spinning biologic trash into diagnostic gold. 
J Clin Invest 116:26–30

Markopoulos CJ et al (1994) CA 15–3 in the prediction of 
recurrence of breast cancer. Breast Dis 7:1–5

Martinetti A et al (1997) Serum markers of bone metastases 
in post-menopausal breast cancer patients treated with 
Formestane. Tumor Biol 18:197–205

Mehta RR et al (1998) Plasma c-erbB-2 levels in breast cancer 
patients: prognostic signifi cance in predicting response 
to chemotherapy. J Clin Oncol 16:2409–2416

Molina R, Gion M (1998) Use of blood tumour markers in the 
detection of recurrent breast cancer. Breast 7:187–189

Molina R et al (2005) Tumor markers in breast cancer-Euro-
pean Group on Tumor Markers recommendation. Tumor 
Biol 26:281–293

Moll R (1994) Cytokeratins in the histological diagnosis of 
malignant tumors. Int J Biol Markers 9:63–69

Nagle R (1988) Intermediate fi laments: a review of the basic 
biology. Am J Surg Pathol 12:4–16

Nakata B et al (2000) Serum CYFRA 21-1 is one of the most 
reliable tumor markers for breast carcinoma. Cancer 
89:1285–1290

Nicolini A et al (1991) Evaluation of serum CA 15–3 determi-
nation with CEA and TPA in the post-operative follow-up 
of breast cancer patients. Br J Cancer 64:154–158

Nicolini A et al (1997) Prolonged survival by “early” salvage 
treatment of breast cancer for patients: a retrospective 
6-year study. Brit J Cancer 76:1106–1111

Norum LF et al (2001) New immunoassays for MUC1 breast 
cancer. Tumor Biol 22:216–222

Ogata S et al (1992) Mucins bearing the cancer-associated 
sialosyl-Tn antigen mediate inhibition of natural killer 
cell cytotoxicity. Cancer Res 52:4741–4764

Pegram MD et al (1998) Her-2/neu as a predictive marker 
of response to breast cancer therapy. Breast Cancer Res 
Treat 52:65–77

Price MR, Tendler JB (1993) Polymorphic epithelial mucins 
(PEM): molecular characteristic and association with 
breast cancer. Breast 2:3–7

Quin RJ, McGuckin A (2000). Phosphorylation of the cy-
toplasmic domain of the MUC1 mucin correlates with 
changes in cell-cell adhesion. Int J Cancer 87:499–506

Reddish MA et al (1992) Epitope mapping of Mab B27.29 
within the protein core of the malignant breast carci-
noma-associated mucin antigen MUC1. J Tumor Marker 
Oncol 7:19–27

Repetto L et al (1993) Serum CEA, CA 15–3 and MCA in 
breast cancer patients: a clinical evaluation. Cancer De-
tect Prev 17:411–415

Robertson JFR et al (1999) The objective measurement of re-
mission and progression in metastatic breast cancer by 
use of serum tumour markers. Eur J Cancer 35:47–53

Rye PD, McGuckin MA (2001) MUC1: antibodies and immu-
noassays. Tumor Biol 22:269–272

Safi  F et al (1989) Comparison of CA 15–3 and CEA in diag-
nosis and monitoring of breast cancer. Int J Biol Markers 
4:207–214

Schreiber J et al (2000) Binding of tumor antigen mucin 
(MUC1) derived peptides to the heat shock protein DnaK. 
Anticancer Res 20:3093–3098

Schroeder JA et al (2001) Transgenic MUC1 interacts with 
epidemal growth factor receptor and correlates with mi-
togen-activated protein kinase activation in the mouse 
mammary gland. J Biol Chem 276:13057–13064

Seregni E et al (2001) Clinical utility of biochemical markers 
of bone remodelling in patients with bone metastases of 
solid tumors. QJ Nucl Med 45:7–17



42 E. Seregni, A. Coli, and N. Mazzuca

Smith TJ et al for the American Society of Clinical Oncology 
Breast Cancer Surveillance Expert Panel (1999) Ameri-
can Society of Clinical Oncology 1998 update of recom-
mended breast cancer surveillance guidelines. J Clin 
Oncol 17:1080–1082

Soletormos G et al (1993) A novel method for monitoring 
high-risk breast cancer with tumor markers: CA 15–3 
compared to CEA and TPA. Ann Oncol 4:861–869

Soletormos G et al (1993) Interpretation of results for tumor 
markers on the basis of analytical imprecision and bio-
logical variation. Clin Chem 39:2077–2083

Stathopoulos EN et al (2005) Detection of CK-19 mRNA posi-
tive cells in peripheral blood of breast cancer patients 
with histologically and immunohistochemically negative 
axillary lymph nodes. Ann Oncol 16:240–246

Stearns V et al (1998) Circulating tumor markers in breast 
cancer: accepted utilities and novel prospects. Breast 
Cancer Res Treat 52:239–259

Steiner PM, Roop DR (1988) Molecular and cellular biology 
of intermediate fi laments. Ann Rev Biochem 57:593–625

Sturgeon C (2002) Practice guidelines for tumor marker use 
in the clinic. Clin Chem 48:1151–1159

Sundrstrom BE, Stigbrand TI (1994) Cytokeratins and tissue 
polypepitde antigen. Int J Biol Markers 9:102–108

Taubert H et al (2004) Detection of disseminated tumor cells 
in peripheral blood of patients with breast cancer: corre-

lation to nodal status and occurrence of metastases. Gyn 
Oncol 92:256–261

von Mensdorff-Pouilly S et al (2000) Human MUC1 mucin: 
a multifaceted glycoprotein. Int J Biol Markers 15:343–
356

Wang DY et al (1975) Relationship between plasma carcino-
embryonic antigen and prognosis in women with breast 
cancer. Eur J Cancer 11:615–618

Wu JT (2002) c-erbB2 oncoprotein and its soluble ectodo-
main: a new potential tumor marker for prognosis, early 
detection and monitoring patients undergoing Herceptin 
treatment. Clin Chim Acta 322:11–19

Wulfkuhle JD et al (2003) Proteomic application for the early 
detection of cancer. Nat Rev Cancer 3:267–275

Yasaever V et al (1997) Utility of CA 15.3 in monitoring 
breast cancer patients with bone metastases: special 
emphasis on “spiking” phenomenon. Clin Biochem 
30:53–56

Yin L et al (2003) Human MUC1 carcinoma antigen regulates 
intracellular oxidant levels and the apoptotic response to 
oxidative stress. J Biol Chem 278:35458–35464

Zach O, Lutz D (2006) Tumor cell detection in peripheral 
blood and bone marrow. Curr Opin Oncol 18:48–56

Zehentner BK et al (2004) Mammoglobin as a novel breast 
cancer biomarker: multigen reverse transcription-PCR 
assay and sandwich ELISA. Clin Chem 50:2069–2076



  Axillary Lymph Node Status Evaluation in Breast Cancer Patients 43

Axillary Lymph Node Status Evaluation in 5
Breast Cancer Patients: Role of SPECT and
Pinhole SPECT with Cationic Lipophilic Radiotracers
Giuseppe Madeddu and Angela Spanu

C O N T E N T S

5.1 Introduction 43

5.2 Single Photon Emission
 Computed Tomography (SPECT) 45

5.3 Single Photon Emission
 Computed Tomography with
 Pinhole Collimator (Pinhole SPECT) 47

5.4 Conclusion 52

 References 53

and the costs of the procedure also have to be consid-
ered when the indication is equivocal. Thus, at present, 
the routine use of ALND is questionable.

5.1 
Introduction

Non-invasive imaging procedures have been em-
ployed in the preoperative evaluation of axillary 
lymph nodes in breast cancer in order to avoid an 
unnecessary ALND. Mammography has not proved 
accurate for this purpose (Walsh et al. 1997) and nei-
ther has ultrasonography (Yang et al. 2000), which, 
although more sensitive than mammography, also 
presents limitations, in particular in the detection of 
non-palpable axillary metastatic lymph nodes. MRI 
has also been indicated, but has shown low sensitivity 
in small metastatic node identifi cation (Yoshimura 
et al. 1999). Both mini-invasive and non-invasive 
nuclear medicine methods have also been employed 
as diagnostic tools. Among the former, radioisotopic 
lymphatic mapping combined with the radio-guided 
biopsy of sentinel lymph node (SN) procedure (RG-
SLNB) has been proposed (Giuliano et al. 1994; Al-
bertini et al. 1996; Pijpers et al. 1997; Krag et al. 1998; 
Gulec et al. 1998; Flett et al. 1998; Haigh et al. 2000; 
Boolbol et al. 2001) in order to avoid unnecessary 
ALND, such as in cases with early stage carcinomas 
and clinically negative axillae in which the probability 
of metastases is very low; this procedure has proved 
very effective to identify SN and highly accurate to 
predict lymph node status, also permitting the iden-
tifi cation of micrometastatic foci in SN (Veronesi et 
al. 1997; Pijpers et al. 1997; Krag et al. 1998; Cox et al. 
1998; Borgstein et al. 1998). According to the results 
obtained with this method, ALND could be avoided 
when SN is negative for metastasis, while it would be 

Abstract

The correct assessment of axillary lymph node status 
represents the most important goal in the preoperative 
phase of breast cancer patients since the presence of 
lymph node metastases together with primary tumor 
size can be considered, in the absence of distant meta-
static localizations, the single most signifi cant param-
eter to guide the therapeutic strategy and to better 
determine disease prognosis as well as serving as an 
indicator of the tumor ability to spread (Carter et al. 
1989). In particular, the number of axillary metastatic 
nodes when it exceeds three is associated with a worse 
prognosis (Fisher et al. 1983; Carter et al. 1989; Saez 
et al. 1989). To date, the procedure of choice for path-
ological axillary status evaluation is represented by 
axillary lymph node dissection (ALND), which has a 
routine use in patients with newly ascertained invasive 
breast cancer in spite of its invasiveness and morbidity. 
However, ALND may not be necessary in many cases, 
in particular in early stage carcinomas with tumor size 
<10 mm and even more so when axillary clinical ex-
amination is negative, since in this case the percentage 
of lymph node metastases is very low. Moreover, even 
when axillary lymph node metastases are present, 
ALND may not affect the choice of adjuvant therapy 
and, apart from this, a change of treatment may give 
only a small survival benefi t. Eventual complications 
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recommended when positive, though only in selected 
patients (Cox et al. 1998; Keshtgar et al. 2002). How-
ever, even if in a very low number of cases, the SN 
may not always be detected or may be false negative at 
histology; moreover, in other cases SN may be the only 
metastatic site, with the other axillary lymph nodes 
negative, and ALND, to which patients should be sub-
mitted according to conventional protocol, could be 
avoided. These considerations suggest that a further 
more accurate patient selection for ALND should be 
made; thus, in selected patients, other noninvasive 
diagnostic procedures could be employed, in combi-
nation with RGSLNB, as well as playing a useful role, 
even when RGSLNB is not indicated. For this purpose, 
there has been great interest in non-invasive nuclear 
medicine procedures, such as positron emission to-
mography (PET) with 2[18F]fl uoro-2-deoxy-glucose 
(FDG), which has shown a very high per-patient sen-
sitivity and specifi city in axillary metastatic node de-
tection (Utech et al. 1996; Adler et al. 1997; Smith et al. 
1998; Hubner et al. 2000; Greco et al. 2001), sometimes 
even without false-negative fi ndings (Utech et al. 1996; 
Hubner et al. 2000). However, these data have not been 
confi rmed by others (Ivancevic et al. 2000; Yutani et 
al. 2000; Guller et al. 2002; van der Hoeven et al. 2002), 
in particular in patients with small and few axillary 
lymph node metastases, even in very large casuistries 
(Wahl et al. 2004) and in the an early stage of the 
disease (Danforth et al. 2002; Barranger et al. 2003). 
Moreover, the data are still limited, and besides this, 
no result on the FDG-PET performance in defi ning 
the exact number of lymph nodes has been reported. 
Scintimammography with different gamma-emitting 
tumor-seeking radiotracers has also been employed 
in lymph node status evaluation in breast cancer pa-
tients. 201Tl is a potassium analogue, and its uptake 
in tumor cells depends on the ATPase sodium-po-
tassium transport system (Sehweil et al. 1989). Most 
studies have shown a high sensitivity value for 201Tl 
scintigraphy in patients with primary breast cancer, 
but low sensitivity in axillary lymph node metastasis 
detection (Sehweil et al. 1990; Waxman et al. 1993; 
Takahashi et al. 1994; Cimitan et al. 1995). The soma-
tostatin analogue [111In-DTPA-D-Phe1]-octreotide has 
also been used in some patients with breast cancer 
since in vitro studies have indicated that somatostatin 
receptors are present in this type of cancer (Bootsma 
et al. 1993). High sensitivity values in primary breast 
cancer detection have been reported by planar scintig-
raphy, while this procedure has proved less reliable in 
axillary lymph node status evaluation (van Eijck et al. 
1994; Skanberg et al. 2002). Scintimammography with 

the cationic lipophilic radiotracers 99mTc-tetrofosmin 
and 99mTc-methoxyisobutylisonitrile (MIBI) have 
more recently had wider application in breast cancer 
axillary staging. Both radiotracers are routinely used 
for perfusion myocardial scintigraphy, but they have 
proved also to possess oncotropic properties. The up-
take mechanism of these cationic lipophilic complexes 
in malignant cells is not yet well known, but in vitro 
studies have demonstrated that the uptake of these 
two radiotracers is favored by increased blood fl ow, 
capillary permeability and cellular elevated metabolic 
activity (Rodrigues et al. 2000) and that it is strictly de-
pendent on cell membrane and mitochondrial poten-
tials (Arbab et al. 1996; Bernard et al. 1998). However, 
a mechanism partially related to the Na+/K+ pump and 
N+/H+ antiport system has also been hypothesized 
for tetrofosmin (Arbab et al. 1997). 99mTc-tetrofosmin 
predominantly accumulates in the cytosol with only a 
small fraction in the mitochondria, while 99mTc-MIBI 
accumulates only in the mitochondria.

Both 99mTc-tetrofosmin and 99mTc-MIBI have 
proved in in-vivo studies to accumulate in many 
types of tumors (Caner et al. 1991; O’Tuama et al. 
1990; Kao et al. 1993; Lind et al. 1997; Schillaci et 
al. 1999; Choi et al. 2000; Lee et al. 2001; Schillaci 
et al. 2003; Alonso et al. 2003; Spanu et al. 2003) 
including breast carcinoma (Khalkhali et al. 1994; 
Khalkhali et al. 1995; Palmedo et al. 1996; Waxman 
et al. 1997; Ortapamuk et al. 1999, Khalkhali et al. 
2000; Nishiyama et al. 2001; Spanu et al. 2001) and 
its axillary lymph node metastases (Palmedo et al. 
1996; Ortapamuk et al. 1999; Nishiyama et al. 2001; 
Spanu et al. 2001) and distant metastases (Cwikla 
et al. 1998; Yildiz et al. 2001; Spanu et al. 2003). An 
inverse correlation has been demonstrated between 
the uptake of these two radiotracers and the expres-
sion of p-glycoprotein, the latter being related to the 
multi-drug resistance of tumor cells; both 99mTc-tet-
rofosmin and 99mTc-MIBI have the property of being 
a substrate for p-glycoprotein (Ballinger et al. 1996; 
Kostakoglu et al. 1998; Tabuenca et al. 1998).

However, using the conventional planar acquisition 
method, scintimammography, with these gamma-
emitting agents has revealed very low sensitivity in 
the identifi cation of both non-palpable and small 
(<10 mm) primary carcinomas (Mekhmandarov et al. 
1998; Howart et al. 1999; Khalkhali et al. 2000; Spanu 
et al. 2001) and of non-palpable, small size and low 
number axillary lymph node metastases (Spanu et al. 
2001; Schillaci et al. 2002; Spanu et al. 2003). These 
fi ndings suggest that the planar procedure cannot 
play a signifi cant role in these conditions.
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More recently, single photon emission computed 
tomography (SPECT) has been employed, since this 
tomographic procedure is recognized as having a 
higher contrast resolution than bi-dimensional pla-
nar imaging as well as a higher intrinsic sensitivity.

5.2 
Single Photon Emission
Computed Tomography (SPECT)

SPECT acquisition in scintimammography in pa-
tients with breast cancer has been employed most 
frequently using the cationic lipophilic radiotracers 
99mTc-tetrofosmin and 99mTc-MIBI, given their more 
favorable physical properties in respect of other tu-
mor-seeking agents, as previously observed in the 
detection of both primary tumors and axillary lymph 
node metastases when using planar scintimammog-
raphy. An increasing number of SPECT studies have 
been reported in primary breast cancer detection in 
comparison with planar scintimammography (Aziz 
et al. 1999; Obwegeser et al. 1999; Spanu et al. 2001; 
Spanu et al. 2002; Myslivecek et al. 2004; Madeddu 
and Spanu 2004; Mathieu et al. 2005; Spanu et al. 
2005). The accuracy of SPECT has proved higher than 
planar, in particular in small lesion detection with 

very encouraging results in T1b carcinomas (Spanu 
et al. 2002). However, the data reported on axillary 
lymph node metastasis detection are still limited; 
moreover, only a few studies have focused on the 
preoperative evaluation of axillary lymph node sta-
tus, although some of these included a large number 
of patients (Spanu et al. 2001; Schillaci et al. 2002). 
Different clinical comparative studies with cationic 
lipophilic radiotracers have indicated in most cases 
a better performance of SPECT in respect of planar, 
as shown in Table 5.1, which illustrates the results of 
some of these studies. However, using prone 99mTc-
MIBI SPECT 360° in some casuistries, which also 
included a small number of involved axillae from 
metastases, the sensitivity was identical (Palmedo et 
al. 1996) or slightly higher for SPECT (Tiling et al. 
1998). In particular, Palmedo et al. (1996) obtained 
identical sensitivity values (81.8%) for prone SPECT 
(180° rotation, 6° steps, 30 s/step, 64×64 matrix) and 
for planar (prone lateral and anterior views) in a 
series of 24 breast cancer patients with 11 metastatic 
axillae, all of whom resulted positive for >3 axillary 
lymph node metastases, while both procedures were 
false negative in 2 patients with ascertained <3 meta-
static nodes; moreover, a higher resolution of SPECT 
than planar was observed in focal areas of tracer 
accumulation in some concordant cases. Tiling et 
al. (1998) in 59 breast cancer patients with 17 meta-
static axillae observed that prone SPECT (180 projec-

Table 5.1. Summary of studies reporting the diagnostic performance of SPECT with cationic lipophilic radiotracers, compared 
to planar scintimammography in breast cancer (BC) axillary lymph node metastasis detection

Study Tracer BC 
patient 
number

N+/N0 
axillae

Sensitivity Specifi city

SPECT Planar SPECT Planar

Palmedo et al. (1996) MIBI 24 11/13 81.8%
(9/11)

81.8%
(9/11)

84.6%
(12/13)

100%
(13/13)

Schillaci et al. (1997) MIBI 49 21/28 81%
(17/21)

62%
(13/21)

93%
(26/28)

96%
(27/28)

Tiling et al. (1998) MIBI 59 17/42 64.7%
(11/17)

41.2%
(7/17)

90.5%
(38/42)

95.2%
(40/42)

Spanu et al. (2001) Tetrofosmin 175 86/90 93%
(80/86)

52.3%
(45/86)

91 %
(82/90)

100%
(90/90)

Schillaci et al. (2002) Tetrofosmin 85 56/31 94.6%
(53/56)

92.9%
(52/56)

61.3%
(19/31)

87.1%
(27/31)

Myslivececk et al. 
(2004)

MIBI 81 35/50 66%
(23/35)

54%
(19/35)

76%
(38/50)

89%
(43/50)

N+ = axillae with metastatic nodes at histology; N0 = axillae without metastatic nodes at histology
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tions over 360°, 20 s/step, 128×128 matrix) slightly 
increased planar scintimammography (prone lateral 
and anterior views) sensitivity values from 41.2% to 
64%, but only when using the iterative reconstruc-
tion (ISA) and not the fi ltered back projection (FBP) 
method, with SPECT yielding, however, more false-
positive results than planar scintimammography. On 
the other hand, with conventional SPECT in supine 
position, high values of sensitivity and accuracy in 
predicting lymph node status have been reported, 
signifi cantly improving planar data. Schillaci et al. 
(1997) in a large series of 49 breast cancer patients 
with axillary lymph node metastases reported a 
higher sensitivity value (81%) for 99mTc-MIBI supine 
SPECT (64 steps over 360°, 20 s/step, 64×64 matrix) 
in respect of planar (62%) performed in multiple an-
terior and lateral views; the sensitivity was higher 
for SPECT in both patients with >3 metastatic nodes 
(93.3% vs. 80%) and in those with ≤3 nodes (50% 
vs. 16.7%). Moreover, accuracy was also higher for 
SPECT (83.3% vs. 76.2%). Spanu et al. (2001), in a 
very large series of 175 breast cancer patients with 
86 metastatic axillae, using 99mTc-tetrofosmin supine 
SPECT (60 steps over 360°, 30 s/step, 64×64 matrix) 
with the body contouring system during acquisition 
in order to ensure the minimum distance between 
the patient and the collimator and with image re-
construction by the fi ltered back projection method 
(FBP), showed a signifi cantly higher sensitivity (93%) 
and accuracy (92%) in respect of planar (52.3% and 
76.7%, respectively) acquired in supine anterior and 
lateral views. In particular, a signifi cant increase in 
sensitivity as compared to planar imaging was ob-
served in the detection of both palpable (100% vs. 
82.6%) and non palpable (90.5% vs. 41.3%) metastatic 
nodes, as well as when the nodes were >3 (93.2% vs. 
68.2%) and even more so when ≤3 (92.8% vs. 35.7%); 
one of these cases is illustrated in Figure 5.1. The 
difference in sensitivity was statistically signifi cant 
except in the detection of palpable nodes. Moreover, 
all lymph nodes false negative at SPECT were in most 
cases non-palpable and <10 mm in size (range 3–6 
mm) with partial metastatic involvement or with 
micrometastasis. Thus, these latter conditions can 
affect SPECT sensitivity, whereas planar imaging 
is also affected by axillary clinical status and node 
number. Furthermore, the very high negative pre-
dictive values obtained by SPECT (93.2%), but not 
by planar (68.7%) suggest that only the former pro-
cedure can be useful for a better selection of breast 
cancer patients to submit to ALND. These data were 
also confi rmed by Schillaci et al. (2002) in a series 

Fig. 5.1a-c. Patient with a T1c infi ltrating ductal carcinoma 
in the right breast. The tumor was visible at planar scinti-
mammography (a,b) only in the lateral view (b), but not in 
anterior view (a), and is identifi ed by double arrows. Two 
metastatic nodes in the ipsilateral axilla were ascertained at 
histology; the latter were not evidenced at planar imaging, 
while SPECT (c) was true positive and showed a focal area of 
increased uptake (single arrow) in the involved axilla

c

b

a
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of 85 breast cancer patients using 99mTc-tetrofosmin 
supine SPECT (64 projections over 360°, 20 s/step, 
64×64 matrix) in comparison with planar (prone 
lateral and supine anterior views). This study also 
emphasized the high positive predictive values of 
SPECT (85.7%) in palpable metastatic lymph nodes, 
which could also have clinical importance in con-
vincing the surgeon to perform ALND in selected 
patients despite conditions not considered optimal 
for surgery (e.g., patient age, obesity, systemic dis-
eases). More recently, other authors (Myslivecek et 
al. 2004) in a comparative study between 99mTc-MIBI 
scintimammography supine SPECT (360° rotation, 3° 
angular step, 30 s/step, 64×64 matrix) and planar (su-
pine anterior and prone lateral views) carried out on 
a series of 81 breast cancer patients with 85 metastatic 
axillae globally reported quite low sensitivity values 
for the two procedures in metastatic lymph node de-
tection, with a slightly higher value for SPECT (66%) 
in respect of planar (54%), with specifi city values 
more elevated for the latter (86% vs. 76%). However, 
the authors did not specify in detail the clinical sta-
tus of the lymph nodes, their size or number.

5.3 
Single Photon Emission
Computed Tomography with
Pinhole Collimator (Pinhole SPECT)

Notwithstanding its high per axilla sensitivity and 
accuracy values in the detection of lymph node 
metastases, in particular when non-palpable and 
in small number, conventional SPECT, like planar, 
is not able to determine the exact number of nodes, 
thus missing important information for disease 
prognosis, which can also contribute to a more cor-
rect selection of patients for adjuvant chemother-
apy following surgical treatment of the primary 
lesion. This goal could be partially achieved by a 
high-resolution tomographic procedure, such as 
SPECT with pinhole collimator (pinhole SPECT) 
since it is recognized as having a better spatial 
resolution than planar and conventional SPECT 
with large fi eld of view parallel-hole collimators, 
given the more favorable geometric properties of 
the cone beam collimator (Weber et al. 1994). Pin-
hole-SPECT has proved a powerful and widely 
available tool for the in vivo investigation of re-
gional radiotracer distribution in mice and rats. 

The narrow aperture of the pinhole collimator, 
combined with short imaging distances and ap-
propriate image reconstruction software, gives a 
spatial resolution two to three times higher than 
that of SPECT and comparable to that achieved by 
dedicated small-animal PET scanners (Yukihiro et 
al. 1996; Acton et al. 2002; Booij et al. 2002; Scher-
fl er et al. 2002; Wu et al. 2003; Bennink et al. 2004). 
Pinhole SPECT has also proved useful in clinical 
settings to evaluate small structures such as the 
thyroid. In this context pinhole SPECT has demon-
strated increased sensitivity in comparison with 
conventional planar thyroid scintigraphy in the 
detection of small nodules, improving the defi ni-
tion of tracer uptake and thus guiding the physi-
cian more accurately in fi ne-needle aspiration of 
the cold areas (Wanet et al. 1996; Krausz et al. 
1997). Pinhole SPECT has also proved useful in the 
high-resolution imaging of both normal and mor-
bid bones and joints and in the detection of ankle 
diseases, portraying many anatomical landmarks 
and pathological signs in useful detail (Bahk et al. 
1998). Spanu et al. were the fi rst to employ pinhole 
SPECT with 99mTc-tetrofosmin as tumor-seeking 
agent in large series of patients with malignant and 
benign tumors, and clinical applications have re-
garded: the detection of neck metastases from dif-
ferentiated thyroid carcinoma in patients previ-
ously submitted to thyroidectomy and radioiodine 
therapy, the procedure demonstrating a higher per-
lesion sensitivity than the planar method and than 
conventional SPECT with parallel-hole collimator 
(Spanu et al. 1998; Spanu et al. 2004); the identifi ca-
tion of neck lymph node metastases from Kaposi 
sarcoma with higher sensitivity also than ultraso-
nography (Spanu et al. 2003); the identifi cation of 
hyperfunctioning glands in both primary and sec-
ondary hyperparathyroidism, signifi cantly in-
creasing the sensitivity of conventional planar 
parathyroid scintigraphy (Spanu et al. 2003; Spanu 
et al. 2004). Moreover, Spanu et al. (2000) were the 
fi rst to employ pinhole SPECT with 99mTc-tetrofos-
min for the detection of breast cancer axillary 
lymph node metastases, adapting to the study of 
the axillary region an acquisition/processing soft-
ware implemented on an SPX computer that was 
originally developed for the tomographic study of 
the thyroid. Clinical use of the procedure was pre-
ceded by evaluation in a phantom experimental 
model by the same authors (Chiaramida et al. 1998), 
with the fi rst data on a large series of patients being 
published in 2000. In this fi rst study comparing 
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axillary pinhole SPECT lymph node metastasis de-
tection with conventional SPECT and planar scin-
timammography, the authors used a circular sin-
gle-head high-resolution gamma camera with a 
pinhole collimator (pinhole insert: 4.45 mm) in 112 
patients with suspected breast lesions, in 100 of 
whom breast cancer was ascertained. After 740 
MBq of 99mTc-tetrofosmin i.v. injection, with the 
patients in supine anterior position and the arm 
corresponding to the involved axilla raised over 
the head, images of axilla ipsilateral to the involved 
breast were acquired over 180°, using a matrix size 
of 128×128 and a zoom factor of 2 as fi xed by the 
software acquisition protocol, an angular step of 3° 
and an acquisition time of 30 s/step. The images, 
which were pre-processed with a cone beam algo-
rithm and then processed by the FBP method, al-
ways gave a clearer topographical portrayal of each 
axilla and important landmarks as well as better 
visualization of single or multiple metastases as 
compared to both conventional SPECT and planar 
images. Pinhole SPECT showed a slightly higher 
per-axilla sensitivity than conventional SPECT 
(100% vs. 96.2%) and the same specifi city (93.6%); 
the sensitivity and specifi city of planar scintimam-
mography were 56.6% and 100%, respectively (Ta-
ble 5.2). Moreover, pinhole SPECT identifi ed a 
markedly higher number of nodes within the axil-
lary cavities than SPECT and even more so than 
planar, and it was also the only method to deter-

mine the exact number of nodes in many patients 
with multiple lymph node metastases (Fig. 5.2); it 
correctly classifi ed 89% of patients as having ≤3 or 
>3 metastatic lymph nodes, thereby providing ad-
ditional useful prognostic data. In a subsequent 
comparative study of 99mTc-tetrofosmin pinhole 
SPECT, conventional SPECT and planar, the same 
authors (Spanu et al. 2003) focused on a large series 
of breast cancer patients, all with non-palpable 
lymph node metastases, known to be more frequent 
than palpable metastases and the most diffi cult to 
identify with conventional imaging methods, such 
as ultrasonography and MRI. The authors enrolled 
188 consecutive patients with suspicious breast le-
sions, 176 of whom had cancer (bilateral in three 
cases), all submitted to ALND for a defi nitive diag-
nosis. In 74/179 axillae lymph node metastases 
were ascertained: 1 node in 29 cases, including 5 
with micrometastasis, 2 to 3 nodes in 20 cases and 
>3 nodes in 25 cases. Pinhole SPECT showed sig-
nifi cantly higher per-axilla sensitivity (93.2%) than 
both SPECT (85.1%; P<0.05) and planar imaging 
(36.5%; P<0.0005); the difference was also signifi -
cant (P<0.0005) when SPECT was compared to pla-
nar. The only fi ve pinhole SPECT false-negative 
cases had one metastatic node each, four of which 
were micrometastatic, while the remaining macro-
metastatic node had only partial involvement; 
SPECT and planar procedures were also false neg-
ative in these 5 cases and in 6 and 42 further cases, 

Table 5.2. Summary of studies reporting the diagnostic performance of 99mTc-tetrofosmin pinhole SPECT in comparison with 
SPECT and planar scintigraphy in breast cancer (BC) axillary lymph node status evaluation

Study BC patient
number

N+/N0 
axillae

Scan Sensitivity Specifi city Accuracy NPV PPV

Spanu et al. 
(2000)

100 (53/47) Pinhole 
SPECT

100%
(53/53)

93.6% 
(44/47)

97% 100% 94.6%

SPECT 96.2%
(51/53)

93.6% 
(44/47)

95% 95.6% 94.4%

Planar 56.6%
(30/53)

100%
 (47/47)

77% 67.1% 100%

Spanu
et al. (2003)

176* (74/105) Pinhole 
SPECT

93.2%
(69/74)

92.4%
(97/105)

92.7% 95% 89.6%

SPECT 85.1%
(63/74)

94.3% 
(99/105)

90.5% 90% 91.3%

Planar 36.5%
(27/74)

99%
(104/105)

73.2% 68.9% 96.4%

N+ = axillae with metastatic nodes at histology; N0 = axillae without metastatic nodes at histology; NPV= negative predictive 
value; PPV= positive predictive value; *all patients with non-palpable lymph node metastases
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respectively. Except for the above fi ve false-nega-
tive cases, Pinhole SPECT correctly detected 100% 
of the other cases with single nodes distinguishing 
single from multiple metastatic lymph nodes, while 
SPECT did so in 87.5% and planar in 16.6%. How-
ever, specifi city values were slightly lower for pin-
hole SPECT (92.4%) than for SPECT (94.3%) and 
planar (99%), although accuracy was higher (92.7% 
vs. 90.5% and 73.2%, respectively). Thus, pinhole 
SPECT gave a better performance in respect of 

SPECT in this selected series with non-palpable 
lymph node metastases, also signifi cantly improv-
ing both the quality and the resolution of the im-
ages with a better visualization of the axillary cav-
ity as distinct from the surrounding muscle-
skeletal structures and clearer evidence of the focal 
areas corresponding to lymph node metastases 
within the axilla. The negative predictive value was 
also higher for pinhole SPECT (95%) than for 
SPECT (90%) and planar scintimammography 

Fig. 5.2a–d. Patient with a T1c infi ltrating ductal carcinoma in the left breast. The tumor was visible at planar scintimam-
mography (a,b) in both the anterior (a) and the lateral view (b) and is identifi ed by double arrows. Three metastatic nodes in 
the ipsilateral axilla were ascertained at histology. These nodes were not ascertained at planar imaging (a,b). Both SPECT (c) 
and pinhole SPECT (d) were positive in the left axilla (single arrow), but only pinhole SPECT determined the exact number 
of involved nodes, showing three focal areas of increased uptake

b

d
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c
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(68.9%); this result could suggest a wider use of 
pinhole SPECT to better select breast cancer pa-
tients to submit to ALND, contributing to avoiding 
this invasive procedure in unnecessary cases, al-
though the 7% false-negative rate obtained in this 
study is still too high to consider pinhole SPECT as 
a single diagnostic method for this purpose. More-
over, while SPECT also achieved a high accuracy 
and negative predictive value, only pinhole-SPECT 
gave information on the number of involved nodes 
and the correct patient classifi cation for prognostic 
purposes differentiating in this series of patients 
with ≤3 nodes from those >3 in 89.8% of cases. The 
latter information has not been reported preopera-
tively with other non-invasive diagnostic imaging 
methods, including FDG-PET, but only by ALND 
during surgery. Therefore, axillary pinhole SPECT 
should be preferred to conventional SPECT in axil-
lary metastasis detection in breast cancer patients 
and even more so for planar, which has proved an 
unreliable method. Furthermore, in these two 
studies the approximate Feldkamp algorithm and 
the FBP method were used for the image recon-
struction of pinhole SPECT, as with most other 
authors who have employed this method for both 
experimental (Tornai et al. 2003) and clinical pur-
poses (Wanet et al. 1996, Krausz et al. 1997, Bahk 
et al. 1998). However, an iterative reconstruction of 
180° orbit pinhole SPECT with ordered subset ex-
pectation maximization (PH OS-EM) has been em-
ployed by others in phantom studies (Vanhove et 
al. 2000), and this procedure obtained a global gain 
in overall image quality, resolution and uniformity 
when compared with BPF reconstruction. There-
fore, the iterative method improves pinhole SPECT 
in in-vivo performance in small-size axillary 
lymph node detection and further reduces false-
negative cases, which, however, were very few in 
the series reported in the two studies described 
above (Spanu et al. 2000; Spanu et al. 2003) and 
were due to a single micrometastasis (≤2 mm) in 
most cases or to partial tumor involvement. It 
should be underlined that, apart from small size, 
biological tumor factors could also be responsible 
for a low radiotracer uptake, thus reducing the pos-
sibility of visualizing lymph nodes. However, to 
date, clinical application of this iterative recon-
struction pinhole-SPECT method has not yet been 
reported. Nevertheless, it is unlikely that either 
this iterative method or FBP can make the identi-
fi cation of micrometastasis easy, the detection limit 
being probably intrinsic to the Anger camera rev-

elation system. It should be noted that lymph node 
micrometastasis also represents a very important 
limitation factor for other imaging methods pro-
posed for breast cancer axillary lymph node me-
tastasis detection such as FDG-PET (Keleman et al. 
2002;  Barranger et al. 2003). Possibly in the future, 
a pinhole SPECT system employed with a dedicated 
small fi eld of view very high resolution gamma 
camera could attempt to further improve the iden-
tifi cation of a single micrometastasis, the presence 
of which should be taken into account, even if its 
clinical signifi cance, and in particular its impact 
on overall survival in breast cancer patients, has 
not yet been established. Moreover, pinhole SPECT 
has also been proposed in primary breast cancer 
patients since the data reported with two pinhole 
SPECT procedures, incomplete (180°) circular orbit 
SPECT (Scarfone et al. 1997; Tornai et al. 2003) and 
emission-tuned aperture computed tomography 
(Fahey et al. 2001), have appeared very encourag-
ing, these procedures proving their potential in 
detecting small size (<10 mm) spherical simulated 
lesions in breast phantom studies; however, up to 
date no clinical data have been reported with pin-
hole-SPECT in primary breast cancer.

RGSLNB with an accurate multi-sectioning his-
topathological examination of the nodes has re-
cently emerged as a mini-invasive method that of-
fers an alternative to ALND in the axillary staging 
of selected patients with breast cancer; moreover, it 
is also a reliable method to detect micrometastasis. 
However, in some cases RGSLNB gives false-nega-
tive results and when positive may not predict the 
status of the other axillary lymph nodes; further-
more, in a few cases the procedure does not identify 
the SLN. On the basis of the previous very encour-
aging results obtained with 99mTc-tetrofosmin pin-
hole SPECT in the detection of axillary metastatic 
lymph nodes, Spanu et al. (2001) used this method 
comparatively with RGSLNB in a large series of 101 
T1/T2 breast cancer patients scheduled to be sub-
mitted to ALND; all the patients were without clini-
cal evidence of axillary lymph node metastases or 
a previous history of excision biopsy. The SLN was 
identifi ed in 97/101 cases (96%) and examined at 
histology by both hematoxylin and eosin staining 
and immunohistochemistry. SLN was not detected 
in four patients with primary cancer >15 mm by ei-
ther lymphoscintigraphy or gamma probe; in these 
cases pinhole SPECT, which was always performed 
some days before RGSLNB, correctly determined 
the axillary lymph node status, compensating for 
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RGSLNB failure. In the 97 patients in whom SLN 
biopsy and pinhole SPECT could be compared, the 
correct prediction of axillary lymph node status was 
obtained by RGSLNB in 94.8% of cases and by pin-
hole SPECT in 93.8%, while the latter had a higher 
negative predictive value (95.2% vs. 92.5%), al-
though the difference was not signifi cant. RGSLNB 
was false negative in fi ve patients with metastases, 
all of whom were true positive at pinhole SPECT, 
but it was true negative and true positive, respec-
tively, in three false-positive and three false-nega-
tive cases at pinhole SPECT (two of the latter cases 
had a micrometastasis in the SNL). The combined 
use of the two procedures achieved 100% overall ac-
curacy, thus suggesting their complementary use in 
particular in patients with primary carcinomas >15 
mm, since in the cases observed in this study tu-
mor size did not affect pinhole SPECT performance; 
however, 100% accuracy was also reached by RG-
SLNB alone in patients in whom primary breast 
cancer was <15 mm, also detecting micrometasta-
ses, which represent a diagnostic limitation of pin-
hole SPECT. This result demonstrates that RGSLNB 
seems to be indicated particularly in selected pa-
tients with small primary breast cancer at an early 
stage, and could be useful to avoid ALND when the 
SLN is negative for metastasis, given the low risk of 
metastatic lymph nodes in this situation. Neverthe-
less, in larger carcinomas the combined use of the 
two methods could be more useful for the better se-
lection of patients for ALND, since tumor size does 
not affect pinhole SPECT performance. These data 
were confi rmed by the same authors (Spanu et al. 
2003; Spanu and Madeddu 2004) in a larger num-
ber of cases than in their fi rst study, approximately 
200 cases, as shown in Table 5.3, thus suggesting a 
management algorithm for the selection of patients 

for ALND described in more detail in the fi rst study 
(Spanu et al. 2001) and also reported in later papers 
by the same group (Madeddu and Spanu 2004; Spanu 
et al. 2005). When both RGSLNB and 99mTc-tetro-
fosmin pinhole SPECT are negative, ALND should 
be excluded; when the two procedures are positive 
pinhole SPECT for more than one metastasis, ALND 
is indicated. However, ALND may also be indicated 
when SLN biopsy is negative, but pinhole SPECT is 
positive for more than one metastasis, since this 
condition was never associated with false-positive 
results in the above study; on the other hand, ALND 
might be avoided when SLN biopsy is positive, but 
pinhole SPECT is negative or positive for only one 
metastasis, histology excluding further metastatic 
nodes in this condition. However, in proposing these 
suggestions, the authors were aware that confi rma-
tion in further larger studies is necessary. The same 
authors, in the description of their large number of 
cases, also emphasized that SLN micrometastasis 
represents a diagnostic limitation of pinhole SPECT. 
This assumes major importance when a microme-
tastasis is present in the only metastatic lesion, al-
though the clinical importance and management of 
micrometastasis is still under discussion, given the 
confl icting results reported to date in the literature 
regarding the infl uence of micrometastasis on dis-
ease prognosis. However, SLN micrometastasis can 
also be associated with macrometastases in other 
axillary nodes only ascertained at ALND; in these 
cases the combined use of pinhole SPECT with RG-
SLNB could be very useful to guide the most appro-
priate therapeutic decision. Moreover, the authors 
also observed that pinhole SPECT, unlike RGSLNB, 
provided important prognostic information, cor-
rectly differentiating patients with ≤3 nodes from 
those with >3 nodes in 93.75% of cases.

Table 5.3. Summary of studies reporting the diagnostic performance of 99mTc-tetrofosmin axillary pinhole SPECT compared to 
radio-guided sentinel node biopsy (RGSLNB) in the prediction of axillary lymph node status in breast cancer patients

Study BC patient number Scan Sensitivity Specifi city Accuracy NPV PPV

Spanu et al. 
(2001)

101 RGBLSB
pinhole SPECT

85.7%
91.4%

100%
95.2%

94.8%
93.8%

92.5%
95.2%

100%
91.4%

Spanu et al. 
(2003)

148 RGBLSB
pinhole SPECT

86.8%
92.5%

100%
93%

95%
92.8%

92.5%
95%

100%
89%

Spanu and 
Madeddu 
(2004)

194 RGBLSB
pinhole SPECT

89.7%
91.2%

100%
94.8%

96.2%
93.5%

94.3%
94.8%

100%
91.2%

NPV= negative predictive value; PPV= positive predictive value
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5.4 
Conclusion

ALND still represents the method of choice to de-
fi ne axillary lymph node status in breast cancer pa-
tients in order to obtain prognostic information and 
to plan the most appropriate therapy; however, this 
surgical procedure is characterized by invasiveness, 
morbidity, high cost and, moreover, often proves un-
necessary and could be avoided. Thus, the number 
of ALND should be reduced in particular in those 
cases without clinically apparent axillary lymph node 
involvement and even more so when primary cancer 
is at an early stage with a low incidence of lymph 
node metastases. A series of non-invasive diagnostic 
procedures have been proposed for the preoperative 
evaluation of axillary lymph node status. Scintimam-
mography represents one of the most widely available 
diagnostic tools, particularly with cationic lipophilic 
99mTc-tetrofosmin and 99mTc-MIBI as tumor-seek-
ing agents; these radiotracers offer more favorable 
physical properties than the other gamma-emit-
ting radiopharmaceuticals used for this purpose. 
The best performance of scintimammography with 
cationic lipophilc agents in the study of the axilla 
has been obtained with SPECT acquisition which, in 
comparative studies, has shown signifi cantly higher 
sensitivity and accuracy than the conventional pla-
nar method, in particular when the lymph nodes are 
non-palpable, small and limited in number; in these 
conditions the role of planar is negligible, and SPECT 
should be preferred. SPECT, like planar scintimam-
mography, can also simultaneously provide images of 
both breasts and axillary regions, and it is a simple 
method readily available in nuclear medicine centers. 
Moreover, it is time saving when multi-head gamma 
cameras are employed, thereby permitting its routine 
use. Thus, SPECT should be more extensively used 
in those patients without clinical suspicion of axil-
lary involvement, given its high negative predictive 
value, although some false-negative results have been 
described, probably due to the small size of the lymph 
node and/or to partial or micrometastatic involve-
ment. Furthermore, comparative studies in breast 
cancer patients have shown that the performance of 
conventional SPECT in the study of the axillary re-
gion is improved when a pinhole collimator is used 
for acquisition (pinhole SPECT). The data obtained in 
these studies, which, however, need to be confi rmed 
in larger series, have shown higher sensitivity and 
accuracy values as well as higher negative predictive 

values for pinhole SPECT in respect of SPECT. Pin-
hole SPECT, with its very high intrinsic spatial reso-
lution, seems to have the potentiality to improve the 
trade-off between sensitivity and resolution for small 
organ or structure imaging, such as the axillary cav-
ity, more than other radioisotopic procedures; thus, 
it could represent one of the non-invasive diagnostic 
tools of choice in the prediction of axillary lymph 
node status in breast cancer, using cationic lipophilic 
radiotracers, in particular 99mTc-tetrofosmin, as a 
suitable oncotropic agent, on the basis of the results 
of literature. The contribution of this procedure is 
even more signifi cant in non-palpable and small-size 
metastatic node detection, and its sensitivity is inde-
pendent of primary tumor size; however, the detec-
tion of micrometastases represents a limitation for 
pinhole SPECT, as it also does for all other diagnostic 
imaging procedures. Moreover, pinhole SPECT, even 
more than SPECT, could fi nd a useful application in 
combination with RGSLNB, which is now favored for 
selecting patients who should undergo ALND owing 
to its very high negative predictive value, as reported 
in numerous studies. Pinhole SPECT could predict 
axillary lymph node status in the few cases in which 
RGSLNB failed to detect SLN; moreover, it could pro-
vide useful information when SLN is either negative 
or positive for micrometastasis at RGSLNB, but me-
tastases are present in the other axillary lymph nodes, 
or when SLN is positive at biopsy, but represents the 
only metastatic site. Pinhole SPECT has proved useful 
in increasing the accuracy of RGSLNB, permitting a 
more appropriate selection of breast cancer in whom 
ALND could be avoided. Moreover, the higher spa-
tial resolution of pinhole SPECT also permits a bet-
ter determination of the number of involved nodes, 
correctly differentiating the patients with >3 nodes 
from those with <3 nodes and thus providing im-
portant prognostic information; these latter results 
have not been reported for other non-invasive im-
aging procedures, including FDG-PET, but only for 
ALND. Pinhole SPECT seems to have great potential 
as a non-invasive diagnostic procedure in the preop-
erative evaluation of axillary lymph node status in 
breast cancer patients, but large prospective clinical 
trials are necessary to validate its usefulness before 
assigning to this procedure a defi nitive role in breast 
cancer axillary lymph node staging. On the other 
hand, pinhole SPECT only requires a conventional 
rotating single head gamma camera equipped with 
a pinhole collimator and a specifi c software for pro-
cessing the data; it is easy to perform and to interpret 
after adequate training, time saving and well toler-
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ated. Therefore, pinhole SPECT could be routinely ap-
plied in all nuclear medicine centers and could even 
represent a valid alternative to FDG-PET in respect of 
which it offers the advantage of being less expensive 
and widely available.
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Abstract

Carcinoma of the breast is the commonest form of 
cancer in women in most western countries: in the 
USA, it represents 32% of all invasive tumours in the 
female population. It is the second leading cause of 
death for women following lung cancer, accounting 
for 15% of all cancer deaths among women in the 
USA. In 2005, the American Cancer Society estimat-
ed 211,240 new cases and 40,410 female deaths from 
this disease (Jemal et al. 2005). Trends in incidence 
and mortality show that there has been a small, but 
steady annual increase in breast cancer (BC) inci-
dence over the last 30 years, whereas the mortality 
rate has declined steadily since the beginning of the 
1990s (Jemal et al. 2005).

Early diagnosis is of the utmost importance to im-
prove prognosis. Mammography (MM) is currently 
the best imaging modality for early detection of BC, 
and the results of several trials have demonstrated 
that mammographic screening can decrease the 
death rate due to BC (Daniel and Kopans 2004; Tabar 
et al. 2001). Nevertheless, this technique has some 
limitations that reduce its accuracy (Berlin 2001): not 
all BCs are evident on mammograms, especially in 
dense or dysplastic breasts (Birdwell et al. 2001), even 
palpable cancer may not be seen mammographically 
(Holland et al. 1983), it lacks of adequate specifi city in 
differentiating between malignant and benign lesions 
(Kopans 1992; Monusturi et al. 1991) and sometimes 
deciding which lesions require a biopsy may repre-
sent a challenge (Adler and Whal 1995). 

Excisional biopsy is the most effective method to 
determine the nature of breast abnormalities; how-
ever, the high number of biopsies in patients with 
benign breast lesions is a result of the low positive 
predictive value of MM (Kopans 1992). Breast ultra-
sound is largely used, but there are a few valid in-
dications for this imaging technique, primarily in-
volving the differentiation between cystic and solid 
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masses and the evaluation of palpable lesions not 
visible on MM (Jackson 1990; Kopans 2004).

Multiple areas of research have therefore been 
sought in order to select patients for biopsy and 
spare unnecessary surgical procedures. Among new 
imaging modalities, breast magnetic resonance im-
aging (MRI) and nuclear medicine breast imaging 
seem to be the most promising.

Breast scintigraphy, also called, is a supplemental 
breast exam that may be used in some patients to 
investigate a breast abnormality. This nuclear medi-
cine test is not a primary investigative tool for BC, 
but can be helpful in selected cases after mammog-
raphy has been performed (Schillaci and Buscombe 
2004; Schillaci 2005a).

6.1 
Radiopharmaceuticals

SM is a diagnostic modality using radiopharma-
ceuticals to provide tumour-specifi c imaging of the 
breast: in fact, because the radiotracer accumulates 
differently in cancerous and non-cancerous tissues, 
breast scintigraphy can help physicians in determin-
ing whether cancer is present (Buscombe et al. 1997a; 
Schillaci and Scopinaro 1999).

Currently, the most widely used radiotracers for 
SM are Tc-99m sestamibi and Tc-99m tetrofosmin, 
which are small cationic complexes of technetium. 
Both these radiopharmaceuticals were introduced for 
myocardial perfusion imaging, and then they were 
proposed as a tumour-seeking agent (Spanu et al. 
2005; Schomacker and Schicha 2000), because of their 
attractive advantages over traditional radionuclides 
employed for tumour imaging, such as Ga-67 and Tl-
201: patients can be imaged earlier, they are available 
in a commercial kit form, and they are particularly 
suitable also for single photon emission computed to-
mography (SPECT) studies because of the favourable 
gamma emission characteristics of Tc-99m. 

Tc-99m sestamibi uptake and retention in neoplastic 
cells depend on several factors such as regional blood 
fl ow, plasma and mithocondrial membrane potential, 
angiogenesis and tissue metabolism, with about 90% 
of tracer activity concentrated in the mitochondria 
(Carvalho et al. 1992; Delmon-Mongeon et al. 1990; 
Maublant et al. 1993; Scopinaro et al. 1994). Moreover, 
it was observed that Tc-99m sestamibi is a transport 
substrate for the P-glycoprotein (Pgp), a Mr 170,000 

plasma membrane protein encoded by the multidrug 
resistance (MDR) gene that functions as an energy-de-
pendent effl ux pump for many drugs that are lipophilic 
and cationic at physiological pH (Piwnica-Worms et al. 
1993). For Tc-99m tetrofosmin, similar mechanisms 
with respect to Tc-99m sestamibi have been suggested; 
however, in tumour cell lines tetrofosmin uptake de-
pends on both cell membrane and mitochondria poten-
tials with only a small fraction accumulating inside the 
mitochondria (Arbab et al. 1996). Tc-99m tetrofosmin 
shares with Tc-99m sestamibi also the property of be-
ing a substrate for the Pgp (Ballinger et al. 2001). Both 
radiopharmaceuticals proved to be suitable transport 
substrates also for functional MDR-related protein 1, 
suggesting their potential usefulness in the in vivo 
presence of multidrug resistance in neoplasms, which 
can help in predicting the response to chemotherapy 
and in the selection of proper management for patients 
(Van de Wiele et al. 2003).

6.2 
Clinical Results

The best results in SM were achieved by imaging 
patients as proposed by Khalkhali et al. (1994) in 
the prone position instead of supine. Lateral breast 
prone images provide an excellent separation of 
deep breast structures from the myocardium or the 
abdominal organs (in particular the liver), which al-
ways show high uptake of the radiopharmaceuticals 
that may mask overlying breast activity. Moreover, 
prone imaging also allows evaluation of deep breast 
tissue adjacent to the chest wall that results in visu-
alisation of more breast tissue and provides natu-
ral landmarks of breast contours, which are very 
important for lesions’ localisation. The fi rst series 
including a relatively large number of patients on 
the use of prone SM was evaluated in 59 patients in 
whom abnormal mammogram and physical exami-
nation warranted biopsy or fi ne-needle cytology of 
the breast (Khalkhali et al. 1994). In this group, the 
sensitivity of Tc-99m sestamibi breast imaging was 
95.8%, specifi city 86.8%, negative predictive value 
97.1% and positive predictive value 82.1%, respec-
tively. On the basis of these results, the authors con-
cluded that SM is a highly sensitive test, able also 
to improve the specifi city of mammography, and it 
is potentially useful to reduce the number of mam-
mographically indicated biopsies.
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Numerous studies have been published after this 
fi rst report about the use of breast scintigraphy in 
the evaluation of patients with suspected BC. Re-
cently, in order to establish an evidence base for its 
use clinically, a meta-analysis was performed on 
both single-site and multi-centre trials performed 
since January 1997 with both Tc-99m sestamibi and 
tetrofosmin (Hussain and Buscombe 2006). Using 
an on-line literature search all such trials contain-
ing 100 or more studies were identifi ed; to prevent 
double counting of patients only the last published 
report from any centre was considered. A total of 
2,424 patients were identifi ed in the single-site trial 
group, the smallest study having 105 patients and 
the largest 353 patients. The overall sensitivity was 
85% and the specifi city was 84%. In the multi-cen-
tre trial studies, published data from 3,049 patients 
were included. The overall sensitivity in this group 
was also 85% and the specifi city was 83%.

Another previous meta-analysis and review of 
the literature on the accuracy of SM in the diagno-
sis of BC included 64 unique studies published until 
December 1999 (Liberman et al. 2003). The articles 
considered in this review reported data on 5,340 pa-
tients with a total of 5,354 breast lesions identifi ed 
as malignant (n=3,024) or benign (n=2,330) on the 
basis of fi ne-needle aspiration, excisional biopsy, 
core biopsy or mastectomy. The aggregated overall 
summary estimates were: sensitivity 85.2%, specifi -
city 86.6%, negative predictive value 81.8%, positive 
predictive value 88.2% and accuracy 85.9%. The ma-
jority (80%) of the studies reported sensitivity and 
specifi city values over 80%, with nearly half of them 
yielding values over 90%. 

These results are confi rmed by a recent multicent-
er prospective clinical trial evaluating the effi cacy of 
Tc-99m sestamibi SM for diagnosing BC (Sampalis 
et al. 2003). A total of 1,734 women were submitted to 
breast scintigraphy, and, until the end of the study, 
1,243 patients had complete data; histopathologic 
fi ndings demonstrated malignancy in 201 of cases. 
Sensitivity and specifi city of SM were estimated as 
93% and 87%, respectively, with a diagnostic accu-
racy of 88%. Based on their results, both the cited 
review and the multicenter trial conclude that SM is 
highly accurate for detecting BC, and it may be used 
effectively as an adjunct to MM in the diagnosis of 
this disease. 

In a study using receiver-operating-characteris-
tics curve analysis on 374 suspicious breast lesions 
in 353 patients, the combination of mammography 
and SM produced more accurate results than either 

modality alone (Buscombe et al. 2001). Therefore, 
when there is a doubt about the accuracy of MM, 
scintigraphy is indicated as a second-line test in 
breast imaging.

6.3 
Sensitivity

It is of the utmost importance to emphasise that 
the sensitivity of breast scintigraphy is strictly de-
pendent on the size of the studied lesions. A three-
centre study including 420 patients reported sensi-
tivity of 26%, 56%, 95% and 97% for T1a, T1b, T1c 
and T2 BCs, respectively (Scopinaro et al. 1997). In 
particular, sensitivity was signifi cantly different be-
tween malignant lesions >1 cm (46.5% for T1c and 
T2 cancers) and those inferior to this size (96% for 
T1c and T2 tumours). It has been reported ( Waxman 
et al. 1995) that lesions greater than 12 mm are de-
tected in more than 92% of cases, whereas smaller 
sized tumours are visualised only in 50% of cases. 
Similar results regarding sensitivity are obtained 
when breast lesions are grouped as palpable and 
nonpalpable, which always show a lower sensitivity 
(Scopinaro et al. 1997; Mekhmandarov et al 1998; 
Tolmos et al. 1998), as confi rmed by the results of a 
multicentre clinical trial involving 673 patients in 42 
North American institutions (Khalkhali et al. 2000). 
In this study, the institutional sensitivity for breast 
cancer detection was 87% and 61% for palpable and 
nonpalpable lesions, respectively. In the previously 
cited review sensitivity was 87.8% for patients with a 
palpable breast mass and 66.8% for patients without 
a palpable lesion (Liberman et al. 2003). These fi nd-
ings suggest that studies in which patient referral 
is biased to larger lesions will have more favour-
able sensitivities than studies in which the bias is 
toward smaller lesions, and clearly indicate that SM 
cannot be considered a screening procedure for BC 
detection. Moreover, a recent multivariate analysis 
of causes of false-negative scintimammographic re-
sults clearly indicates that the size of the tumour 
represents the most relevant independent param-
eter, and there are no reliable preoperative prog-
nostic factors that are really useful for improving 
SM sensitivity in patients with small breast carcino-
mas (Lumachi et al. 2006). However, also biological 
factors, such as tumour type, determining the net 
radiotracer uptake in the cancer (Buscombe et al. 
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1997b) and the site of the lesions (i.e., near the chest 
wall) have to be taken into account for their visuali-
sation by SM (Scopinaro et al. 1997). 

Tumour size is crucial also for detecting ductal 
carcinoma in situ (DCIS). In the North American 
multicentre trial, the sensitivity of SM in patients with 
DCIS was 45.9%, in contrast to the 82% sensitivity for 
invasive cancers (Khalkhali et al. 2000). In particu-
lar, the sensitivity was 57.1% and 39.1% in patients 
with palpable and non-palpable DCIS, respectively. 
In another study, all the four DCISs evaluated were 
not visualised by breast scintigraphy (Obwegeser et 
al. 1999). However, in a systematic review of more 
than 350 patients with suspected BC that included 15 
patients with proven DCIS (Cwikla et al. 2000a), the 
sensitivity of SM in the latter group of patients was, 
at 80%, almost double that of MM (43%).

6.4 
SPECT

The acquisition of tomographic images, by means of 
SPECT, can play a role in increasing the sensitivity 
of planar scintimammography. However, different 
studies using SPECT for primary breast cancer im-
aging have reached discordant fi ndings when com-
pared to the results of planar scintigraphy. Although 
SPECT imaging provides better contrast resolution, 
it can be diffi cult to obtain accurate localisation of 
the lesion in some cases; on the contrary, prone im-
ages with planar lateral views provide natural land-
marks of breast contours, which are very important 
for lesions’ localisation (Schillaci et al. 1997a). The 
co-registration of SPECT with structural informa-
tion obtained through radiological examinations 
allows the precise correlation of functional and 
anatomic data on the same image. The commercial 
availability of a hybrid gamma camera/CT scanner, 
which is able to provide, in addition to scintigraphic 
data, cross-sectional X-ray transmission images, has 
facilitated the fusion of anatomical maps and SPECT 
images (Schillaci 2005b). The fi rst clinical applica-
tions of this new technology are very encouraging; 
in particular, when used for breast imaging, SPECT/
CT correlative data have been demonstrated to be 
particularly useful in the more diffi cult cases, fa-
cilitating the interpretation of SPECT fi ndings with 
a more accurate anatomical assessment of sites of 
abnormal activity (Schillaci et al. 2005a). Moreover, 

from a technical point of view, images should be 
reconstructed using iterative algorithms instead of 
back-projection methods (Garin et al. 2001).

It is interesting highlighting that the less satis-
factory results were reported in studies employing 
SPECT prone dependent-breast imaging (Tiling et 
al. 1998; Buscombe et al. 1999). Good quality SPECT 
images can be obtained only with the patient in the 
supine position and the arms up, because SPECT 
with patients in prone position is clearly limited by 
geometric constraints of the patient, imaging table 
and gantry (Waxman 1997). The results of some 
studies using supine SPECT are more encouraging; 
in particular, in a study including 93 patients with 
breast lesions <1 cm, supine SPECT gave a signifi -
cantly higher sensitivity than planar images both in 
T1b and nonpalpable BCs, without any decrease in 
specifi city (Spanu et al. 2002).

The higher sensitivity of SPECT when compared 
to planar SM was reported in a recent paper aimed 
to evaluate the impact of SM on the management of 
patients with a doubtful or discordant triple diag-
nosis: mammography, ultrasound and fi ne-needle 
aspiration cytology (Mathieu et al. 2005). The study 
included 104 patients, either at initial presentation 
or after treatment. BC was proven in 69 cases: SM 
SPECT had a sensitivity of 88.4% and a specifi city 
of 67%. Eleven cancers were detected by SPECT, al-
though planar images were negative. SM SPECT cor-
rectly evaluated multicentricity or bilaterality in 8 of 
11 patients and resulted in an increased tumour size 
in 8 patients. Overall, SM SPECT modifi ed the patient 
management in 49% cases: SM made the diagnosis of 
cancer in 30 cases with doubtful or discordant triple 
diagnosis and ruled out malignancy in 28 cases. 

6.5 
Dedicated Breast Gamma Cameras

The problem of detecting small tumours is critical 
for the future development and clinical acceptance 
of SM, given that the other breast imaging modali-
ties are increasingly used for the early identifi cation 
of small suspicious lesions. Currently, SM is usually 
performed with a standard Anger camera, which is 
limited by its relatively poor intrinsic spatial reso-
lution and by the sub-optimal detection geometry, 
because of the distance between the detector and 
the imaged breast. 
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The use of small fi eld of view high-resolution 
cameras allows both greater fl exibility in patient 
positioning (improving breast imaging by limiting 
the fi eld of view and reducing image contamina-
tion from other organs, i.e., liver and heart) and 
breast compression, with an important increase 
in the target-to-background ratio (Schillaci et al. 
2005b). In fact, the detector can be placed directly 
against the chest and a mild compression is pos-
sible, to reduce breast thickness and improve the 
camera’s sensitivity. Moreover, by design, the dedi-
cated cameras are also able to provide better intrin-
sic and extrinsic spatial resolution than standard 
ones, with an enhancement in contrast resolution 
of small lesions (Brem et al. 2002). These cameras 
can be easily attached to an adapter that fi ts on 
most upright mammography machines, replacing 
the radiographic Bucky.

The results obtained in a limited number of 
patients indicate a better sensitivity of high-reso-
lution cameras when compared to conventional, 
large fi eld of view cameras, especially in detecting 
small breast cancers (Brem et al. 2002; Scopinaro 
et al. 1999). In particular, the results of a study 
specifi cally designed to evaluate the usefulness of 
a dedicated breast-specifi c camera as a screening 
modality have been recently reported. In 37 women 
clinically and mammographically negative, with 
dense breasts and a family history of breast car-
cinoma (Coover et al. 2004), cancer that was oth-
erwise undetectable by conventional methods was 
visualized in 3 out of 5 SM positive cases; only one 
of the three carcinomas identifi ed with the specifi c 
gamma camera was detectable also with a standard 
camera. An important advantage is also the possi-
bility of acquiring scintigraphic scans in the same 
mammographic views (craniocaudal and lateral 
oblique), making the comparison of the two kinds 
of images simpler.

Using the dedicated camera LumaGEM 3200S 
(Gamma Medica, Inc., Northridge, USA), 29 pa-
tients with lesions <1 cm were prospectively evalu-
ated with a conventional gamma camera and the 
dedicated device (Schillaci et al. 2006). Four out of 
nine (44%) of the malignant lesions were detected 
with the standard gamma camera, whereas the high-
resolution camera visualized all the BCs. The stand-
ard gamma camera and the dedicated one showed 
the same specifi city: 19 out of 20 (95%) benign le-
sions were negative. The same dedicated device was 
used in a group of 40 women: Tc-99m sestamibi SM 
detected 33 out of 36 malignant lesions (sensitivity 

92%) in 26 patients (Rhodes et al. 2005). In partic-
ular, the sensitivity was 86% in tumours sized less 
than 1 cm and 100% in larger ones, and 75% in T1a 
and 89% in T1b tumours. The specifi city result was 
64%, due to fi ve false-positive fi ndings (two fi broad-
enomas, one infl ammatory fat necrosis, one radial 
scar and one normal breast parenvyma). Their data 
indicate that high-resolution imaging is able to visu-
alise smaller and deeper breast cancers, overcoming 
the main limitations of conventional SM. To pro-
spectively evaluate a high-resolution breast-specifi c 
gamma camera for depicting occult breast cancer in 
women at high risk for breast cancer, but with nor-
mal mammographic and physical examination fi nd-
ings, 94 women have been recently evaluated with 
Tc-99m sestamibi SM (Brem et al. 2005). Sixteen 
patients had abnormal scintigraphy: 14 of them had 
either benign fi ndings at biopsy or no abnormality 
at US; in two patients, invasive carcinoma was di-
agnosed at US-guided biopsy. These results confi rm 
that high-resolution breast-specifi c scintimammog-
raphy can depict small (<1 cm), mammographically 
occult, nonpalpable lesions in women at increased 
risk for BC not otherwise identifi ed.

6.6 
Specifi city

The specifi city of SM is high both for palpable and 
nonpalpable lesions, due to the low number of false-
positive results, which are mainly due to focal areas 
of radiopharmaceutical uptake in local infl amma-
tion, fi broadenomas and fi brocystic changes. The 
most common pathologic feature among false-posi-
tive fi ndings is the hypercellularity of the lesions. 
Tc-99m sestamibi uptake in benign pathologies is 
strongly correlated with the presence of prolifera-
tive changes (Gupta et al. 1996). Because it has been 
shown that patients with hyperproliferative breast 
disease have a higher relative risk for development 
of cancer than those with nonproliferative benign 
breast, Waxman speculates that the false-positive 
scintimammographic results can refl ect a prema-
lignant potential. In particular, patients with atypi-
cal hyperplasia show higher incidence of positive 
scintigraphic fi ndings (Waxman et al. 1997). Nev-
ertheless, a negative SM in patients with palpable or 
>1-cm-sized lesions signifi cantly reduces the prob-
ability of proliferative breast disease. In a recent 
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paper aimed to assess tissue-specifi c effects on the 
uptake of Tc-99m sestamibi by breast lesions (Tiling 
et al. 2004), a targeted analysis of false scintigraphic 
diagnoses has been done. Surgical specimens from 
75 patients (30 benign lesions, 8 of which had shown 
false-positive scintigraphic fi ndings) were subjected 
to a distinct histopathologic/immunohistochemical 
reevaluation. Tissue-specifi c parameters, including 
cellular density, vascularity, signs of infl ammation 
and proliferative activity, were visually scored and 
correlated with Tc-99m sestamibi uptake on scinti-
mammograms. Only for a few specifi c histopatho-
logic parameters, the authors found a statistically 
signifi cant correlation with the uptake behaviour of 
a lesion; overall, the uptake pattern was determined 
by a combination of factors, with the extent of the 
infl ammatory component of benign lesions playing 
a major role.

To improve the specifi city of breast scintigraphy 
in differentiating malignant from benign lesions, 
a semiquantitative analysis with calculation of the 
count ratio of the target lesion to the controlateral 
normal area has been proposed. However, discord-
ant results have been reported, because many be-
nign abnormalities exhibit ratios similar to those of 
malignant ones (Khalkhali et al. 2001). 

Moreover, also the phase of the menstrual cycle 
in which SM is performed has to be taken into ac-
count for improving specifi city of the method in 
premenopausal women. In fact, we have noticed 
signifi cant differences in tracer uptake pattern in 
the breast in the same patients evaluated in dif-
ferent phases of the cycle (personal observations), 
with less uptake in the mid-menstrual cycle period. 
However, this issue requires further evaluations to 
defi ne the best time of imaging, also if a prelimi-
nary study indicated that SM is more specifi c if per-
formed between 10 and 15 days following the last 
day of the menstrual cycle (Horne et al. 1999). The 
timing of acquiring SM in pre-menopausal women 
may also affect the performance of SM. In fact, 
when dichotomising patients as <50 or >50 years, 
despite a comparable sensitivity, higher specifi city 
in the older population with palpable masses has 
been observed (Khalkhali et al. 2000). Other stud-
ies, however, have shown a much better sensitivity 
of SM in younger women when compared with MM, 
presumably due to the higher prevalence of high-
grade ductal carcinomas in this age group, which 
displays the highest uptake of Tc-99m sestamibi, 
but often presents without calcifi cation (Buscombe 
et al. 2002).

6.7 
Clinical Indications

But, who is a candidate for SM? Breast scintigra-
phy is not a screening tool for BC; however, after a 
physical breast examination, MM and ultrasound 
are performed, SM may be appropriate for certain 
patients and helps in determining whether a patient 
has a suspicious breast lesion that would require 
a biopsy or not, thus decreasing the number of 
negative breast biopsies (Schillaci et al. 2005c). The 
appropriate clinical indications of SM are listed in 
Table 6.1, and the subgroups of patients that can 
really benefi t from breast scintigraphy are now ex-
amined.

Table 6.1. Clinical indications of scintimammography. From 
Schillaci and Buscombe 2004

� Equivocal mammograms

� Dense breast

� Palpable abnormalities that cannot be imaged well 
with mammography

� Axillary lymph-node metastases of an adenocarcinoma 
of unknown primary origin

� Breast implants

� Parenchymal distortions of the breast.

� Doubtful microcalcifi cations

� Assessment of multicentric disease

� Breast iatrogenic architectural distortion 

� Monitoring the response to neoadjuvant chemotherapy

6.7.1 
Patients with Equivocal Mammograms

Breast scintigraphy was performed in 90 patients af-
ter classifying their mammograms as having a low, 
indeterminate or high probability of malignancy 
(Prats et al. 1999). SM was positive in all cancers with 
a low and indeterminate mammographic suspicion 
of malignancy and in 83.3% of highly suspicious 
cancers; specifi city was 84.2%, 77.8% and 70% in 
the three groups, respectively. Based on these fi nd-
ings, the authors proposed a protocol with biopsy 
performed only on highly suspicious abnormalities 
and on those with low-indeterminate suspicion and 
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positive breast scintigraphy or with negative SM and 
less than 1 cm in size. This approach would have 
resulted in a 34% reduction of the total number of 
biopsies performed and in a 65% reduction in the 
number of biopsies performed in the low-indeter-
minate groups.

The usefulness of SM in evaluating patients with 
low or indeterminate likelihood of cancer at MM is 
confi rmed by a prospective study including 75 pa-
tients with minimal mammographic or physical ex-
amination fi ndings (Polan et al. 2001). The overall 
sensitivity and specifi city of breast scintigraphy in 
this series were 90% and 93.8%, respectively, sug-
gesting that SM is useful both in early detection of 
breast cancer and in decreasing the number of un-
necessary biopsies. 

In the previously cited study (Sampalis et al. 
2003), MMs were classified according to the Amer-
ican College of Radiology (ACR) Breast Imaging 
Reporting and Data System (BI-RADS), which 
provides a standardised reporting system for MM 
(Amercian College of Radiology 1995). On the ba-
sis of the level of suspicion, mammographically 
detected lesions are placed into one of five assess-
ment categories (Table 6.2). Of the 696 BI-RADS 
1 and 2 mammograms, SM accurately identified 
77% of true-positive and 88% of true-negative le-
sions for malignancy, and falsely detected 2.3% 
of benign lesions as positive and 23% of malig-
nant ones as negative. Among the 348 BI-RADS 
3 and 4 mammograms, breast scintigraphy cor-
rectly diagnosed 88% of true-positive and 91% of 
true-negative lesions for malignancy, and falsely 
detected 8.8% of benign abnormalities as positive 
and 12.2% of malignant lesions as negative. In the 
199 BI-RADS 5 lesions, SM accurately detected 
98% of true positive and 67% of true negative ab-
normalities for malignancy, and falsely detected 
33% of benign lesions as positive and 2% of ma-
lignant lesions as negative. The highest accuracy 
of SM (i.e., 90.5%) is reached in the group of BI-
RADS 3 and 4 mammograms, including prob-
ably benign and suspected breast lesions. These 
results in a very large study population with a low 
prevalence of breast cancer (13%) indicate that a 
positive scintigraphy significantly increases the 
capacity to predict the presence of malignant 
disease. Moreover, the implementation of SM as 
an adjunct diagnostic tool could reduce both the 
number of unnecessary biopsies (a reduction of 
62.1%) and the number of missed cancers (a re-
duction of 86%).

6.7.2 
Patients with Dense Breast

Radiographically dense breast tissue accounts for a 
large percentage of the cases of mammographically 
“missed” cancers (Birdwell et al. 2001). In partic-
ular, breast cancers presenting as masses without 
speculations or calcifi cations can be missed in dense 
breasts (Thurfjell 2002). Considering that about 25% 
of women have dense breasts, but that an elevated 
number of postmenopausal women receive hor-
mone replacement therapy that causes an increase 
in breast density and younger women are included 
in screening protocols, this is an important prob-
lem. Moreover, women with dense breasts are also 
at increased risk for cancer because in a dense breast 
there is more glandular tissue and so more cells 
with the potential of a malignant transformation 
(Thurfjell 2002). SM can play a clinical role in this 
kind of patient because both Tc-99m sestamibi and 
Tc-99m tetrofosmin uptake is independent of the 
presence of dense breast tissue on MM (Schillaci and 
Scopinaro 1999; Schillaci et al. 1997b) (Fig. 6.1).

In a group of 67 patients with a suspicious pal-
pable breast lesion but indeterminate MM due to 
extremely dense breast (grade IV according to the 
ACR classifi cation), Tc-99m sestamibi imaging 
showed a sensitivity of 93.5%, a specifi city of 91.7% 
and a diagnostic accuracy of 92.5% (Schillaci et al. 
1999). Similar results were reported in patients with 
palpable breast masses that could not be adequately 
evaluated by MM due to radiographically dense tis-
sue (Cutrone et al. 1999). MM yielded a sensitivity, 
specifi city and accuracy of 73.9%, 53.3% and 63.2%, 
respectively, whereas SM resulted in a sensitivity of 
95.6%, specifi city of 91.1% and accuracy of 92.6%.

Table 6.2. BI-RADS fi nal assessment categories. From Schillaci 
and Buscombe 2004

Category Assessment Description

1 Negative Nothing to comment on

2 Benign fi ndings A benign fi nding 
described

3 Probably benign 
fi ndings

Short-term follow-up
recommended

4 Suspicious
abnormality

Biopsy should be urged

5 Highly suggestive
of malignancy

Appropriate action 
should be taken
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The accuracy of Tc-99m sestamibi breast imag-
ing as an adjunct to MM and physical examination in 
detecting BC in patients with dense and fatty breast 
has been evaluated in a prospective multicenter study
(Khalkhali et al. 2002). Of the 558 women enrolled, 
47% had dense breasts according to the ACR criteria. 
The overall results showed that the accuracy of SM 
in visualizing breast cancer was similar for fatty and 
dense breasts. This fi nding confi rms that the accuracy 
of breast scintigraphy is not affected by breast density 
and that the sensitivity of SM in dense breasts appears 
to be higher than that of mammography. Moreover, 
this study indicates that in women with dense breasts, a 
palpable mass and a negative mammography, a positive 
scintigraphy increases the probability of cancer from 
15.6% before the nuclear medicine test to 37.5% after, 
whereas a negative SM decreases the probability of can-
cer from 15.6% to 6.9%. In patients with dense breasts, 
a palpable mass and a positive mammogram, a negative 
scintigraphy decreases the probability of cancer from 
60.4% to 31.2%, whereas a positive SM increases the 
probability of cancer to 78%. In conclusion, in patients 
with a palpable mass that is not detected by mammog-
raphy due to dense breast tissue, SM is appropriate be-
cause of its high sensitivity in palpable lesions.

6.7.3 
Patients with Palpable Abnormalities
that cannot be Imaged Well with MM

It is possible that a palpable mass is diffi cult to study 
with mammography, in particular in patients with 
lumpy breasts or fi brocystic changes. Glandular lumpy 

breasts with diffuse areas of increased and decreased 
density and fi brocystic breasts where it is diffi cult to 
determine the exact reason for highlighted abnormali-
ties may often result in equivocal or not diagnostic 
MM. These patients are candidates for a breast bi-
opsy or for a follow-up. Considering the very high 
accuracy of breast scintigraphy in evaluating palpable 
breast masses, this examination could be performed 
just after MM. The inclusion of SM in the work up of 
these patients would reduce their anxiety during the 
follow-up period (usually 6 months) and would be use-
ful, especially in patients reluctant to undergo biopsy 
or when this procedure is relatively contraindicated 
(Waxman et al. 1997). Therefore, due to its higher 
specifi city, SM rather than contrast-enhanced MRI 
may be suitable to further assess patients with inde-
terminate mammograms and to reduce the number of 
biopsies that give benign results (Tiling et al. 2005). 

6.7.4 
Patients with Axillary Lymph-Node Metastases 
of an Adenocarcinoma of Unknown Primary 
Origin

BC can manifest as isolated axillary node metas-
tases, with negative MM and ultrasound and no 
clinical evidence of a primary tumour in the breast. 
In these patients, the frequency of fi nding an occult 
BC at MM is low. SM may be useful in this subset 
of the population for detecting the possible pri-
mary tumour within the breast. However, further 
study is needed to support this clinical indication 
of breast scintigraphy, in particular a comparison 

Fig. 6.1. A 44-year-old 
patient with very dense 
breast tissue in the right 
breast. Little can be seen 
on MM (left-hand im-
age); however, SM (right-
hand image) clearly 
reveals a 25-mm ductal 
carcinoma with two adja-
cent sites of DCIS. (Note 
that the transmission 
mammogram points in 
the opposite direction to 
the emission SM images). 
From Schillaci and Bus-
combe 2004
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with MRI in the same group of patients would be 
of value, given that MRI results are satisfactory in 
this application (Orel and Schnall 2001).

6.7.5 
Patients with Breast Implants

At MM, large portions of breast tissue can be ob-
scured in patients with breast implants even when 
special compression techniques are employed. SM is 
not affected by the attenuation from the implant and 
can visualise any lesion within the breast tissue, and 
so can be useful when MM is not feasible or non-diag-
nostic (Fig. 6.2). A comparison with MRI in this group 
of patients would be very interesting, considering the 
diagnostic role of this technique in evaluating breast 
lesions overlying implants (McMahon et al. 2001).

6.7.6 
Patients with Parenchymal Distortions
of the Breast

In patients with focal architectural distortion, asym-
metric breasts or ductal asymmetry, especially if at 
high risk for BC, SM may be advantageous compared 
to mammography because the diagnostic accuracy 
of scintigraphy is independent of structural charac-
teristics and the anatomical appearances of breast 
tissue (Waxman et al. 1997). 

6.7.7 
Patients with Doubtful Microcalcifi cations

BI-RADS classifi cation of breast microcalcifi cations 
include clusters of tiny calcifi cations, all round or 
oval (category 3, probably benign lesions), granu-
lar microcalcifi cations (category 4, lesions with 
low-to-intermediate suspicion) and heterogeneous, 
allomorphic, branching, or casting calcifi cations 
(category 5, lesions highly suspect for malignancy). 
Despite the fact that microcalcifi cations are some-
times the only sign of the presence of cancer, the 
majority of them are benign; therefore, an exami-
nation able to accurately differentiate benign from 
malignant lesions, especially in category 4, would 
avoid many unnecessary biopsies. 

The accuracy of breast scintigraphy in distin-
guishing between benign and malignant isolated 
clusters of microcalcifi cations has been evaluated 
in a series of 97 patients (Marini et al. 2001). Based 
on the level of suspicion of malignancy, the results 
of MM, SM and the combination MM-SM were di-
vided in fi ve groups. Seventy-four per cent of lesions 
with high scintigraphic suspicion of malignancy 
and only 9% with a low suspicion resulted in malig-
nancy. These fi ndings suggest that SM contributes 
to enhancing the diagnostic capability of MM and, 
in combination with mammography, may play a role 
in characterizing isolated clusters of microcalcifi ca-
tions in the breast (Fig. 6.3). If properly used, breast 
scintigraphy seems able, in selected cases, to help 
radiologists in choosing the follow-up rather than 
submitting patients to biopsy.

6.7.8 
Assessment of Multicentric Disease

An accurate determination of the extent of BC is of 
the utmost importance in choosing the best surgical 
treatment. The ability in identifying the presence of 
multicentric disease preoperatively would assist in 
selecting the appropriate candidates for breast-con-
serving surgery, because mastectomy is indicated if 
there is multicentricity.

Like breast MRI, nuclear medicine may also be 
helpful to determine if multiple breast tumours 
are present. In fact, in those patients clinically and 
mammographically suspected of having unifocal 
carcinoma, up to 63% will have an additional ma-
lignant focus in the ipsilateral breast after detailed 
serial sectioning of the mastectomy specimen. It has 

Fig. 6.2. Tomographic sagittal image showing a small fo-
cal area of Tc-99m sestamibi on the outside edge of a cos-
metic breast prosthesis in a 32-year-old female. Excision 
confi rmed a 15-mm ductal carcinoma. From Schillaci and 
Buscombe 2004
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been shown that SM will identify nearly three times 
the number of multi-focal tumours compared to MM 
and ultrasound alone (Cwikla et al. 2001). Although 
the overall sensitivity of breast scintigraphy in de-
tecting BC is superior to that of physical examina-
tion and MM in identifying multicentric disease, it 
is not so high, especially in imaging small tumours 
(Vargas at al. 2001). Therefore, in this respect, nu-
clear medicine breast imaging is often of poor 
value; however, considering that MRI is sub-optimal
(Tillman et al. 2002), SM may have limited applica-
tions in selected cases (Fig. 6.4).

6.7.9 
Patients with
Breast Iatrogenic Architectural Distortion

MM is less accurate in evaluating breasts that have 
been previously submitted to surgery, biopsy, radia-
tion therapy or chemotherapy. Patients who have 
a scar within the breast due to these iatrogenic in-
terventions are often diffi cult to study with MM, 
whereas a functional imaging technique such as 
breast scintigraphy is not affected by these morpho-
logic changes. The only consistent series looking at 

Fig. 6.3a–d. Craniocaudal view MM (a) of the right breast showing increased density and widespread microcalcifi cations, 
but no abnormality at the site of a palpable lesion. Planar prone lateral SM (b) shows a single area of focal uptake at the site 
of a 22-mm ductal carcinoma, confi rmed by biopsy. The patient also underwent SPECT imaging (c), and focal uptake was 
seen in the left axilla; this was reported, but not biopsied. The patient had a right mastectomy and right axillary clearance. 
Follow-up MRI performed 6 months later (d) shows an abnormal left axillary lymph node (marked X). This was removed 
and found also to contain ductal breast cancer. From Schillaci and Buscombe 2004
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a simple region of interest method, it was possible 
to compare activity before and after the last cycle 
of cytotoxic chemotherapy. There was a reduction 
in activity in all patients after chemotherapy, but an 
additional drop was seen in those in whom there was 
a histological response (Cwikla et al. 1997, Takamura 
et al. 2001). Moreover, scintigraphic changes were a 
better predictor of the fi nal histological response than 
MM or clinical examination. In particular, scintigra-
phy demonstrated clear superiority to MM in assess-
ing patients with positive responses to neoadjuvant 
chemotherapy (Maini et al. 1997).

Tc-99m sestamibi imaging before the fi rst chem-
otherapy and after the fi rst or second cycle was 
used to predict the fi nal result at the end of the 
treatment (Mankoff et al. 1999). This is important 
in breast cancer, as the response rate for neo-ad-
juvant chemotherapy in locally advanced disease 
is about 40%: therefore, 60% will not only risk po-
tential side effects, but do so without any benefi t. 
The patients would also have to wait for defi nitive 
and possibly curative surgery delayed until the end 
of the chemotherapy treatment. After 2 months the 
mean change in radiopharmaceutical uptake was 
-35% in patients with a fi nal histological response 
compared to a mean increase of 17% in those ones 
who did not respond to therapy. When a complete 
pathologic response was obtained, the mean drop 
in Tc-99m sestamibi activity was 58%; moreover, a 
decrease of >40% in tracer activity after the second 
cycle allowed the identifi cation of all patients with a 
complete response. It was more diffi cult to predict 

Fig. 6.4. Composite MRI image (left image) performed after gadolinium contrast showing the same mul-
ticentric tumour in the left breast as revealed on Tc-99m sestamibi SM (right image). From Schillaci and 
Buscombe 2004

recurrence within the breasts have shown that either 
alone or in combination with mammography, Tc-
99m sestamibi SM is able to fi nd almost double the 
number of intra-breast recurrences than relying on 
MM and ultrasound alone (Cwikla et al. 2000b; Yildiz 
et al. 2001). In addition other loco-regional disease 
outside of the breast such as lymph nodes may also 
be seen. Based on these results, the accuracy of SM 
in the assessment of patients with suspected recur-
rent BC is similar to that observed in patients with 
primary tumour. Recently, also Tc-99m tetrofosmin 
scintigraphy, in particular SPECT imaging, has been 
demonstrated to be useful in the follow-up of surgi-
cally treated BC patients for the detection of both 
loco-regional and distant recurrences (Spanu et al. 
2003). Therefore, breast scintigraphy is an accurate 
non-invasive method to differentiate recurrent dis-
ease from fi brosis and scarring in patients previously 
submitted to surgery with or without radiotherapy; it 
can play a complementary role to conventional imag-
ing procedures in this subset of patients.

6.7.10 
Monitoring the Response to 
Neoadjuvant Chemotherapy

SM can be useful and effective in monitoring the re-
sponse to neoadjuvant chemotherapy in patients with 
locally advanced breast cancer. In a series of patients 
in whom Tc-99m sestamibi scans were performed 
before and after neoadjuvant chemotherapy, using 
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patients with a partial response, probably due to the 
small number of cases evaluated.

These fi ndings are confi rmed in a study in which 
patients with locally advanced and infl ammatory 
BC were submitted to a scintigraphy protocol in-
cluding two studies before and after neo-adjuvant 
chemotherapy. SM proved accurate in predicting 
tumour presence or absence after treatment, and 
useful for the in vivo detection of intrinsic and ac-
quired chemo-resistant breast cancers, which is a 
very important factor for planning the best thera-
peutic options (Mezi et al. 2003). Moreover, it has 
been recently reported that high primary BC Tc-99m 
sestamibi uptake after neoadjuvant chemotherapy 
predicted poor survival, suggesting serial SM imag-
ing may provide a useful quantitative surrogate end 
point for neoadjuvant chemotherapy trials in locally 
advanced BC (Dunnwald et al. 2005).

6.7 
Cost Eff ectiveness

The cost effectiveness of SM has been extensively 
analysed in an article based on Medicare reimburse-
ment values and quantitative methods of decision 
analysis (Allen et al. 2000). Decision-tree models 
were constructed to account for differences in com-
peting strategies for BC diagnosis (MM alone or SM 
and MM). The use of the strategy including breast 
scintigraphy after MM demonstrated cost effective-
ness over a large range; the cost saving comes at the 
expense of a small reduction in life expectancy. In 
particular, performing SM signifi cantly lowered the 
number of breast biopsies in healthy patients. There-
fore, these fi ndings quantitatively verify the useful-
ness of SM in minimizing unnecessary biopsies.

6.8 
Conclusions

MM remains the fi rst imaging modality for the early 
detection of BC. SM can be a useful adjunct to non-
diagnostic MM in some specifi c clinical applica-
tions, to improve patient selection for breast biopsy 
and reduce the number of negative biopsies, due to 
its capability to differentiate benign from malignant 

lesions. The main advantage of SM is its functional 
basis that makes radiopharmaceutical uptake not 
related with breast tissue density or with the pres-
ence of scar tissue or implants. The main limita-
tion of SM is the low sensitivity for lesions sized 
less than 1 cm; the detection rate of small BCs will 
be improved by larger availability and diffusion of 
dedicated high-resolution breast-specifi c cameras.
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7.1 
Introduction

Scintigraphic in vivo evaluation of complex cellu-
lar processes such as proliferation, apoptosis, re-
ceptor/ligand interactions, transport of substrates 
and metabolism of nutrients in human cancers is a 
wide and continuing evolving area of investigation 
in nuclear medicine (Denoyer et al. 2006; Been et al. 
2004; Corsten et al. 2006; Weissleder 2006). A major 
purpose in this area is the non-invasive detection of 
well-known biochemical, molecular and histologi-
cal markers of tumor aggressiveness, invasiveness 
and resistance to therapy, which may provide ratio-
nal criteria for a fi ne tuning of therapeutic strategies 
in individual patients.

In the last decade, 99mTc-labeled lipophilic cat-
ions, originally developed as myocardial perfusion 
agents and subsequently used as tumor-seeking 
agents in a variety of human neoplasms, emerged as 
suitable tools to explore specifi c cellular processes 

and functions in malignant tumors. The class of 
99mTc-labeled lipophilic cations includes several 
tracers such as 99mTc-MIBI, 99mTc-tetrofosmin and 
99mTc-furifosmin, which share common biophysical, 
chemical and pharmacokinetic properties (Sharma 
2004). In particular, 99mTc-MIBI and analogous 
99mTc-labeled agents share similar mechanisms of 
uptake in both normal and malignant cells. A num-
ber of studies consistently show the passive infl ux of 
these lipophilic cations in response to large negative 
plasma membrane and mitochondrial membrane 
potentials as well as the reversible accumulation 
within mitochondria of both normal and malignant 
cells (Piwnica-Worms et al. 1990;  Delmon-Moingeon 
et al. 1990; Carvalho et al. 1992). 

Another common property of these tracers is the 
ability to interact with P-glycoprotein (Pgp), which 
is responsible for their active outward transport in 
the extracellular compartment (Piwnica-Worms et 
al. 1993). Human P-glycoprotein is a 170-kDa trans-
membrane protein that is encoded by the MDR1 gene 
and acts as an energy-dependent drug effl ux pump 
of broad specifi city (Szakacs et al. 2006). Overex-
pression of this protein confers resistance to a large 
number of chemotherapeutic agents including an-
thracyclines, Vinca alkaloids, epipodophyllotox-
ins, actinomycin D and taxol. A number of studies 
document that 99mTc-MIBI is a transport substrate 
of Pgp in a variety of tumor cells, and similar Pgp 
recognition properties have been reported for 99mTc-
tetrofosmin and 99mTc-furifosmin (Sharma 2004) as 
well as positron-emitter labeled compounds (Bigott 
et al. 2005; Sharma et al. 2005; Elsinga et al. 2004). 
Several studies report that 99mTc-MIBI is a also a 
substrate for the multidrug resistance associated 
protein (MRP1), a multispecifi c organic anion trans-
porter that differs from Pgp in that it has a substrate 
specifi city for glutathione-, glucuronate- or sulfate-
conjugates of drugs, and it is sensitive to glutathione 
depletion (Hendrikse 2000).
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Because of the extensive literature on the use of 
99mTc-MIBI for the biological characterization of 
breast lesions, the present chapter will primarily fo-
cus on the ability of this compound to trace specifi c 
cellular processes in breast cancer. However, the 
principles outlined for 99mTc-MIBI can be equally 
applicable to other agents of the same class of com-
pounds. Clinical studies performed to correlate 
99mTc-MIBI uptake or clearance with histological, 
molecular and biochemical markers of several cel-
lular processes including apoptosis, proliferation, 
P-glycoprotein expression and neoangiogenesis 
will be reviewed and discussed. Since the existence 
of such correlations does not necessarily imply a 
direct dependence of the imaging fi ndings from a 
specifi c cellular process or a cause-effect relation-
ship, attempts will be made to defi ne which cellular 
process directly affects 99mTc-MIBI uptake or clear-
ance. Furthermore, efforts will be made to explain 
the apparent discrepancy in the results of different 
studies and to address specifi c issues such as the 
clinical relevance of correlations and the possibility 
to set criteria for daily clinical applications. Finally, 
the opportunity to translate the same principles to 
other human neoplasms will be taken into account 
by reporting parallel evidence of similar correla-
tions in other types of cancer.

7.2 
99mTc-MIBI and Apoptosis: 
Biological Signifi cance of False Negatives

Apoptosis is an energy-dependent, highly regu-
lated process leading to selective cell death. Several 
stimuli including drugs, toxins, gamma irradiation, 
cytokines of the TNF family and growth factor with-
drawal may trigger an apoptotic response. Three 
main apoptotic pathways originating from three 
different subcellular compartments have been iden-
tifi ed as the death receptor-mediated pathway, the 
mitochondrial apoptotic pathway and the recently 
recognized endoplasmic reticulum pathway (Danial 
and Korsmeyer 2004). All pathways lead to the ac-
tivation of the executioner caspases, which in turn 
cleave cellular substrates and cause the biochemical 
and morphological changes that are characteristic of 
apoptosis (Igney and Krammer 2002). 

The mechanisms involved in the induction of 
apoptosis by most anticancer agents are believed to 

be largely mediated by the mitochondrial pathway 
(Johnstone et al. 2002). However, it has been increas-
ingly recognized that the endoplasmic reticulum 
(ER) cooperates in drug-induced apoptosis and the 
interaction between mitochondria, and ER is an 
emerging topic of investigation (Bassik et al. 2004; 
Scorrano et al. 2000). When a death signal converges 
onto mitochondria, it causes an early increase in the 
permeability of the mitochondrial membrane and 
the release of cytochrome-c and other apoptogenic 
factors that trigger the downstream sequence of re-
actions (Kroemer and Reed 2000). Consistent evi-
dence indicates that mitochondrial membrane per-
meabilization is regulated by the opposing actions 
of pro- and anti-apoptotic members of Bcl-2 family 
(Cory and Adams 2002). Although the complex in-
terplay among these members remains controversial 
and several competing models have been proposed 
to explain how apoptogenic factors are released into 
the cytosol, it is generally accepted that this event re-
sults in mitochondrial dysfunction and dissipation 
of mitochondrial membrane potentials ( Kroemer 
and Reed 2000; Cory and Adams 2002).

Due to the reversible accumulation of 99mTc-MIBI 
within mitochondria and the dependence of tracer 
uptake on mitochondrial membrane potentials, the 
relationship between 99mTc-MIBI uptake and apopto-
sis has been explored both in vivo and in vitro. In par-
ticular, we obtained consistent evidence that breast 
carcinomas that fail to accumulate 99mTc-MIBI, have 
high levels of the anti-apoptotic protein Bcl-2 (Del 
Vecchio et al. 2003). The expression of the anti-apop-
totic protein was also inversely correlated with the 
early tumor-to-background ratio in malignant le-
sions capable of accumulating 99mTc-MIBI. A cause-
effect relationship between Bcl-2 overexpression and 
reduction of 99mTc-MIBI uptake in breast carcinomas 
has also been confi rmed by transfecting breast can-
cer cell lines with the human bcl-2 gene (Aloj et al. 
2003). A dramatic reduction of 99mTc-MIBI uptake 
was observed in Bcl-2 overexpressing clones as com-
pared to control cells. Interestingly, treatment with 
staurosporine, a potent inducer of apoptosis, caused 
an early, partial and transitory recover of tracer up-
take in transfected cells.

Overexpression of the anti-apoptotic protein Bcl-
2 has been reported in various types of cancer and 
correlates with relative resistance to chemotherapy 
and radiation therapy due to a defective apoptotic 
program (Reed 2006). In the breast, Bcl-2 is ex-
pressed in normal glandular epithelium and is up-
regulated by estrogen possibly by direct transcrip-
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tional induction (Teixeira et al. 1995). High levels 
of Bcl-2 have been found in a considerable percent-
age of breast carcinomas ranging between 32% and 
86% (Arun et al. 2003). Recently, the expression of 
13 biomarkers including Bcl-2 was evaluated in 930 
breast cancers by immunohistochemistry on a tis-
sue microarray, and positivity for Bcl-2 was reported 
to be a favorable prognostic marker in breast cancer 
independently of lymph node status, tumor size and 
grade combined in the Nottingham Prognostic Index 
(Callagy et al. 2006). Another recent study reported 
an inverse correlation between bcl-2 levels and rate 
of proliferation as determined by protein profi ling 
using tissue microarray technology including Ki67 
staining (Ruiz et al. 2006). Despite the recent reports 
on the positive prognostic role of Bcl-2, it remains 
controversial whether Bcl-2 overexpression is a sig-
nifi cant independent predictor of response to treat-
ment in breast cancer. There is evidence indicating 
that the ratio between Bcl-2 and the pro-apoptotic 
protein Bax, which is reported to be modulated in 
a p53-dependent manner, is a more reliable predic-
tor of tumor response (Ziyaie et al. 2000). Also, pro-
apoptotic members of Bcl-2 family were reported to 
be included in the clusters of genes associated with 
a pathological complete response to chemotherapy 
(Gianni et al. 2005). Finally, several studies reported 
that the absence of Bcl-2 in locally advanced breast 
cancer was signifi cantly associated with a better 
pathological response to chemotherapy (Ogston et 
al. 2004; Pusztai et al. 2004; Prisack et al. 2005).

The exact mechanism by which Bcl-2 overex-
pression prevents 99mTc-MIBI uptake in breast car-
cinoma is presently unknown. However, a clue can 
emerge considering that Bcl-2 is an integral protein 
of the outer mitochondrial membrane and endoplas-
mic reticulum. At the mitochondrial level, it exerts 
a strong inhibitory effect on the permeabilization of 
mitochondrial membrane. Bcl-2 is reported indeed 
to inhibit cytochrome c release from mitochondria 
(Yang et al. 1997), the opening of mitochondrial per-
meability transition pore (Hirsch et al. 1997; Marzo 
et al. 1998), and the disruption of mitochondrial 
membrane potentials (Shimizu et al. 1998). How-
ever there is growing evidence that the Bcl-2 family 
controls apoptosis from the ER by regulating Ca2+ 
dynamics and crosstalk with mitochondria (Bassik 
et al. 2004; Scorrano et al. 2000; Oakes et al. 2005). At 
the endoplasmic reticulum level, the anti-apoptotic 
protein Bcl-2 can bind and sequester proapoptotic 
proteins, thus preventing the oligomerization and 
insertion of “multidomain” pro-apoptotic proteins 

such as Bax and Bak into the outer mitochondrial 
membrane and therefore pore formation and cyto-
chrome-c release (Bassik et al. 2004; Scorrano et al. 
2000; Oakes et al. 2005). Furthermore phosphory-
lated Bcl-2 predominantly localizes to the ER where 
it is reported to physically interact with inositol tri-
sphosphate receptors I and III and directly or indi-
rectly control the phosphorylation status and Ca2+ 
leak through these receptors (Oakes et al. 2005; Chen 
et al. 2004; Orrenius et al. 2003). Thus high levels 
of Bcl-2 in breast carcinomas may similarly affect 
the traffi cking of 99mTc-MIBI cations across endo-
plasmic reticulum and prevent tracer uptake within 
mitochondria despite the stabilization of mitochon-
drial membrane potentials (Fig. 7.1).

There are several reports in the literature address-
ing the issue of 99mTc-MIBI uptake in cells or tumors 
undergoing apoptosis after exposure to drugs or 
gamma irradiation (Zhu et al. 2002;  Vergote et al. 
2001; Moretti et al. 2005). In particular, 99mTc-MIBI 
uptake has been reported to decrease in breast can-
cer cell lines after treatment with anti-cancer drugs 
(Vergote et al. 2001). The decrease of tracer uptake 
has been reported to be dose-dependent and time-
dependent usually reaching a maximum at 72 h. Al-
though cells may still appear viable, the downstream 
progression through the apoptotic cascade may lead 
to the disruption of mitochondrial membrane po-
tential and dissipation of the driving force behind 
99mTc-MIBI uptake. 

Recently, we have obtained evidence that treat-
ment of Bcl-2 transfected breast cancer cells and 
control parental cells with different anti-cancer 
agents results in opposite changes of 99mTc-MIBI 
uptake (unpublished data). After 24 h of drug expo-
sure, Bcl-2 overexpressing clones show an increase 
of 99mTc-MIBI uptake as compared to untreated con-
trols. Conversely, parental cells with no detectable 
levels of Bcl-2 show a reduction of tracer uptake af-
ter treatment. 

The picture emerging from these fi ndings is that, 
in the absence of biological barriers limiting the free 
diffusion of the tracer from blood to tumor, the up-
take of 99mTc-MIBI refl ects the status of mitochon-
drial membranes and endoplasmic reticulum. In 
particular it refl ects the permeability of mitochon-
drial membrane, the preservation of mitochondrial 
membrane potentials and likely the integrity of 
interorganelle cross-talk. Alterations of these fac-
tors normally occur in cancer during drug-induced 
apoptosis and fi nally result in mitochondrial dys-
function with consequent reduction of 99mTc-MIBI 
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uptake. Overexpression of the antiapoptotic protein 
Bcl-2, with its dual inhibitory role on mitochondrial 
permeability and disruption of mitochondrial mem-
brane potentials as well as its potential ability to 
control mitochondrial function from the endoplas-
mic reticulum, prevents 99mTc-MIBI accumulation 
in untreated breast carcinoma, and this effect may 
be counteracted during the early phases of drug-
induced apoptosis allowing a transitory increase of 
tracer uptake.

Many well-known factors including tumor size, 
cellularity, blood supply and cell viability can cause 
false-negative results at scintimammography. How 
and when false-negative results at 99mTc-MIBI scan 
may provide a piece of information on breast cancer 
biology? A possible way to address this issue is to 
perform a stress test. In other words, a 99mTc-MIBI 

scan performed before and immediately after treat-
ment with anti-cancer agents may reveal changes in 
tracer accumulation, which depends on Bcl-2 levels 
in mitochondrial and ER membranes. For instance, 
99mTc-MIBI negative lesions, which become positive 
early after treatment with anti-cancer agents, would 
presumably express high levels of Bcl-2. A decrease 
of tumor-to-background ratio in 99mTc-MIBI positive 
lesions after treatment would indicate the absence 
of signifi cant levels of Bcl-2. Further studies are 
needed to validate this hypothesis and to translate 
this approach into clinical applications. However, 
many clinical studies have highlighted the prognos-
tic value of absent or reduced early 99mTc-MIBI up-
take in different types of tumors. In particular, the 
absent or reduced early 99mTc-MIBI uptake in lung 
cancer predicts poor response to chemotherapy and 

Fig. 7.1. Schematic representation of the uptake and effl ux modalities of 99mTc-MIBI. Uptake: the 
passive movement of 99mTc-MIBI from the extracellular to the intracellular compartment and its 
reversible accumulation within mitochondria is driven by the electronegative plasma membrane 
and mitochondrial membrane potentials. Mitochondria are also main executioners of apoptosis, 
and mitochondrial membrane permeabilization is required for apoptosis. Permeability of mito-
chondrial membrane is regulated by the opposing actions of pro- and anti-apoptotic members of 
Bcl-2 family. The pro-apoptotic members such as Bax and Bad promote release of cytochrome c, 
whereas the anti-apoptotic members such as Bcl-2 and Bcl-XL inhibit permeabilization of mito-
chondrial membrane and release of cytochrome c. Once in the cytosol, cytochrome c activates 
caspase-9 (casp-9) by binding to Apaf-1. High levels of Bcl-2 prevent 99mTc-MIBI to accumulate 
within mitochondria. Effl ux: overexpression of P-glycoprotein in resistant tumor cells represents 
a powerful mechanism of 99mTc-MIBI extrusion from cells. The Pgp-dependent outward transport 
of the tracer can be visualized and estimated in 99mTc-MIBI positive malignant lesions
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radiation therapy independently of tracer clearance 
(Bom et al. 1998; Yamamoto et al. et al. 1998; Yuksel 
et al. 2002; Nishiyama et al. 2000). Also, lymphoma 
lesions not visualized at 99mTc-MIBI scan are refrac-
tory to subsequent chemotherapy (Kapucu et al. 
1997; Kao et al. 2001). 

7.3 
99mTc-MIBI and Proliferation: 
Biological Signifi cance of True Positives

Several studies have been undertaken to elucidate 
the relationship between 99mTc MIBI uptake and 
proliferation in breast cancer. Cutrone et al. (1998) 
evaluated several histological variables, including 
tumor cell proliferation, in 42 surgical excised breast 
lesions. They found a moderate, but signifi cant cor-
relation between degree of 99mTc-MIBI uptake and 
cellular proliferation in such lesions. In malignant 
lesions with a diameter lower than 1.5 cm, Bonazzi 
et al. (2001) found that breast carcinomas with de-
tectable 99mTc-MIBI uptake showed an increased 
proliferative activity as compared to 99mTc-MIBI 
negative malignant lesions. In 42 breast carcino-
mas with a diameter higher than 1.8 cm, we could 
not fi nd any signifi cant difference in mitotic index 
between MIBI-positive and MIBI-negative lesions, 
but the apoptotic index was dramatically reduced 
in MIBI-negative malignant lesions (Del Vecchio 
et al. 2003). Furthermore, a strong, signifi cant and 
direct correlation between the rate of proliferation 
and the apoptotic index was found in MIBI-positive 
lesions, and the apoptotic index was signifi cantly 
and directly correlated with the early tumor-to-
background ratio, whereas proliferation showed a 
borderline correlation. Evidence of a strong and di-
rect correlation between the proliferation rate and 
99mTc-MIBI uptake has been reported also for brain 
tumors (Nagamachi et al. 2001; Ak et al. 2003).

These observations, taken together, raised the 
question whether proliferation is more important 
than apoptosis in determining the degree of 99mTc-
MIBI uptake in malignant breast tumors. Although 
cell proliferation and cell death appear to be op-
posing and mutually contradictory processes, sub-
stantial evidence indicates that their pathways are 
generally coupled in human malignancies (Lowe 
et al. 2004). Many dominant oncogenes, which are 
well known promoters of cell proliferation, actually 

also possess proapoptotic activity, and their mito-
genic and pro-apoptotic properties are often geneti-
cally inseparable (Pelengaris et al. 2002; Nahle et al. 
2002). Similar fi ndings have been reported for cer-
tain functionally inactive tumor suppressors (Lowe 
et al. 2004;  Hickman et al. 2002). Therefore in cells 
with deregulated oncogenes or inactive suppres-
sors, the activation of the proliferative machinery 
by appropriate growth signals primes also the cel-
lular apoptotic program or alternatively sensitizes 
growing cells to apoptotic signals. In the absence of 
further alterations impairing the apoptotic response 
such as, for instance, Bcl-2 overexpression, the en-
hanced proliferative activity in response to growth 
signals is accompanied by an enhanced apoptotic 
response to death signals in malignant tumors. In 
this respect, a direct and signifi cant correlation be-
tween the proliferative and apoptotic index has been 
reported in breast cancer (de Jong et al. 2000; Archer 
et al. 2003). Therefore it is not surprising that both 
the proliferative and apoptotic indexes have been 
found to correlate directly with 99mTc-MIBI uptake. 
Furthermore, detection of apoptosis in tumor tissues 
is usually performed by staining of DNA fragments 
or by counting cells with peculiar morphological 
changes and identifi es the fraction of cells that had 
already completed the apoptotic program. Although 
directly correlated to the rate of proliferation, this 
fraction is usually limited in breast cancer, account-
ing for less than 5–10% of total tumor cells. At pres-
ent, we do not have any marker to recognize cells 
that have been primed for apoptosis or sensitized 
to death signals by deregulated oncogenes or inac-
tive suppressors. It remains to be elucidated whether 
early 99mTc-MIBI uptake can be a surrogate marker 
to identify such cells.

7.4 
99mTc MIBI and P-Glycoprotein Expression: 
Biological Signifi cance of Tracer Clearance

Despite the large number of anticancer drugs that 
have been developed and tested, multidrug resis-
tance remains the primary cause of treatment fail-
ure in cancer patients. Multiple cellular mechanisms 
may contribute to the development of the multi-
drug-resistant phenotype using different modes of 
action. Reduced uptake of water-soluble drugs, al-
tered metabolism of drugs, increased repair of DNA 
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damage, reduced apoptosis and enhanced effl ux of 
hydrofobic drugs through energy-dependent trans-
porters may potentially cause resistance of cancer 
cells (Szakacs et al. 2006). One of the most exten-
sively studied mechanisms of multidrug resistance 
in human tumors involves the overexpression of P-
glycoprotein (Pgp), a member of the ATP-binding 
cassette (ABC) family of transporters. A number of 
physiological, biochemical and genetic studies indi-
cates that high levels of Pgp enable cancer cells to ex-
trude many chemotherapeutic agents, circumvent-
ing their lethal effects (Gottesman et al. 2002). The 
human genoma contains 48 genes that encode ABC 
transporters, which have been divided into seven 
subfamilies named from ABCA through ABCG, and 
at least 12 ABC transporters have a role in drug 
resistance in cultured tumor cells. Whether each of 
these transporters has a role in clinical anticancer 
drug resistance in patients remains to be established 
(Leonard et al. 2003). The association of high levels 
of Pgp (ABCB1) with poor clinical outcome appears 
to be consolidated in many human cancers includ-
ing breast carcinoma, sarcoma and certain types of 
leukemia. In particular, a meta-analysis of 31 breast 
cancer trials showed a three-fold reduction in re-
sponse to chemotherapy among tumors expressing 
Pgp after treatment (Trock et al. 1997).

 The clinical relevance of Pgp in determining 
breast cancer response to treatment and the avail-
ability of 99mTc-labeled compounds such as 99mTc-
MIBI, 99mTc-tetrofosmin and 9mTc- furifosmin 
prompted investigating whether these tracers could 
detect and monitor Pgp expression and function in 
vivo (Fig. 7.1).

The fi rst issue addressed by clinical studies in 
breast cancer was whether 99mTc-MIBI uptake is re-
duced in Pgp-overexpressing tumors (Moretti et al. 
1996; Kostakoglu et al. 1997; Sun et al. 2000; Kao et 
al. 2001). Although the results of these studies in-
dicated an inverse relationship between net tracer 
uptake and Pgp levels, the time-dependence of such 
relationships was not proven since delayed images 
were not obtained in these studies. 

A tracer kinetic analysis was performed over a 
4-h period in a series of 30 untreated patients with 
99mTc-MIBI-positive breast carcinomas and re-
vealed a direct statistically signifi cant correlation 
between tracer effl ux and Pgp levels (Del Vecchio et 
al. 1997). A threshold value could also be established 
to discriminate Pgp-overexpressing tumors from 
breast carcinomas with basal levels of Pgp, and this 
threshold corresponded to a time to half clearance 

of 204 min. Tracer clearance was also tested for its 
ability to predict response to subsequent treatment 
in patients with locally advanced breast cancer can-
didates for neoadjuvant chemotherapy (Ciarmiello 
et al. 1998). A rapid clearance of 99mTc-MIBI from 
tumors was signifi cantly associated with a highly 
cellular macroscopic residual tumor at pathologi-
cal examination of surgical specimens indicating 
a lack of tumor response to neoadjuvant chemo-
therapy. On the contrary, the prolonged retention 
of the tracer was associated with an effective patho-
logical tumor response to treatment in two-thirds 
of the patients. Similar fi ndings have been obtained 
by Sciuto et al. (2002) in 30 patients with locally ad-
vanced breast cancer undergoing neoadjuvant che-
motherapy. They used early (10 min) and delayed 
(4 h) 99mTc-MIBI uptake ratio to derive the wash-
out rate and found that a cut-off of 45% provides 
a satisfactory discrimination between responders 
and non-responders. 

Takamura et al. (2001) evaluated 46 patients 
with locally advanced or recurrent breast carci-
noma and determined both early and delayed tu-
mor-to-background ratios on SPECT images. After 
chemotherapy, tumor response was determined by 
clinical examination. Both early and delayed tu-
mor-to-background ratios were signifi cantly higher 
in responders than in non-responders. Conversely, 
Pgp levels determined by immunoperoxidase on bi-
opsy specimens prior to treatment were signifi cantly 
lower in responders than in non-responders.

Mubashar et al. (2002) evaluated early and de-
layed uptake ratios in 20 patients with breast carci-
noma before and after treatment with toremifene, 
an antiestrogen with Pgp-modulating property. An 
inverse correlation between the delayed uptake ratio 
and Pgp expression in tumors was confi rmed before 
treatment. Although a clear cut-off value of tumor-
to-background ratio between Pgp-overexpressing 
and Pgp-negative tumors could not be established, 
analysis of the change between early and delayed 
scan appeared to be a better predictor of Pgp status. 
After toremifene treatment, the authors found that 
the delayed uptake ratio signifi cantly increased only 
in Pgp-overexpressing tumors, whereas it decreased 
in tumors with low Pgp levels. Interestingly, three of 
the four patients whose tumors were not visualized 
before toremifene failed to accumulate 99mTc-MIBI 
also after treatment with the Pgp-modulator. 

There are several reports in the literature corre-
lating a single early uptake ratio of 99mTc-MIBI with 
response to treatment (Cayre et al. 2002). Although 
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the absent or reduced uptake of 99mTc-MIBI in breast 
carcinoma is indeed correlated with a poor response 
to therapy, it is not clear, in the absence of a direct 
evidence of Pgp expression in individual tumors, 
whether resistance is due to the overexpression of 
Pgp or to other Pgp-independent mechanism of re-
sistance such as Bcl-2 overexpression altering MIBI 
uptake. In order to distinguish in vivo Pgp-depen-
dent from Pgp-independent mechanisms of multi-
drug resistance, the faster decline of tracer uptake 
over time should be demonstrated and estimated in 
individual patients. This should be taken into ac-
count when setting the criteria for a standardized 
procedure allowing the functional imaging of Pgp 
in clinical practice and the selection of patients that 
may benefi t from treatment with Pgp inhibitors.

Once patients with high effl ux of Pgp substrates 
have been identifi ed, two alternative approaches 
can be adopted, namely inhibition of Pgp func-
tion or use of drugs that are able to evade effl ux. 
Despite the considerable efforts to develop drugs 
that inhibit the function of effl ux transporters that 
lead to the identifi cation of fi rst, second and third 
generation of Pgp inhibitors, clinical trials with 
these drugs did not show signifi cant clinical ben-
efi t in term of overall survival and response rate 
(Szakacs et al. 2006). However, phase III trials with 
the last generation of inhibitors showing greater 
substrate specifi city, lower toxicity and improved 
pharmacokinetic profi les are currently ongoing. 
99mTc-MIBI has been used to test the effect of Pgp 
inhibitors in patients. An enhanced liver uptake of 
99mTc-MIBI was reported following administration 
of several Pgp inhibitors (Chen et al. 1997; Peck et 
al. 2001; Agrawal et al. 2003). This fi nding has been 
ascribed to Pgp inhibition at physiological sites of 
protein expression and considered as a surrogate 
marker of effective Pgp inhibition (Wong et al. 
2005;  Hendrikse et al. 2004). An increased accu-
mulation of 99mTc-MIBI in drug resistant tumors 
has also been reported after the administration of 
third generation inhibitor XR9576 (Agrawal et al. 
2003; Pusztai et al. 2005).

On the other end, the number of drugs that are 
able to evade effl ux is currently limited, and most an-
ticancer agents of the MDR spectrum are practically 
irreplaceable in chemotherapy regimens (Szakacs et 
al. 2006). Therefore the clinical impact of functional 
imaging of multidrug resistance still remains unex-
ploited and appears to mainly rely upon the develop-
ment of novel anticancer agents designed to escape 
effl ux mechanisms.

7.5 
99mTc-MIBI and Tumor Blood Supply

Since a prerequisite of 99mTc-MIBI uptake is an ef-
fective delivery of the tracer to the tumor mass, sev-
eral studies have been undertaken to evaluate the 
relationship between 99mTc-MIBI uptake and tumor 
blood supply. Mankoff et al. (2002) evaluated 99mTc-
MIBI kinetics and blood fl ow in locally advanced 
breast carcinoma. They studied 37 patients with 
99mTc-MIBI and 15O-water PET imaging and found 
a direct correlation between early 99mTc-MIBI up-
take and blood fl ow in agreement with the fi ndings 
reported for myocardial perfusion studies. Confl ict-
ing results have been reported on neoangiogenesis 
as a factor affecting 99mTc-MIBI uptake. The forma-
tion of new blood vessels is invariably required for 
growth of breast cancer, and it has a recognized 
role as an indicator of node metastases and survival 
(Weidner et al. 1991; Neri and Bicknell 2005; Jain et 
al. 2006). Cutrone et al. (1998) found no signifi cant 
difference in microvessel density in 99mTc-MIBI-
positive and 99mTc-MIBI-negative malignant lesions. 
When neoangiogenesis was compared with tumor-
to-background ratio, a direct correlation has been 
found in 31 untreated breast cancer patients (Yoon 
et al. 1999). Scopinaro et al. evaluated microves-
sel density in 19 untreated breast carcinomas and 
correlated this histological variable with nodal me-
tastases and 99mTc-MIBI fi ndings (Scopinaro et al. 
1994). The enhanced density of newly formed blood 
vessels was associated with both nodal metastases 
and detectable 99mTc-MIBI uptake in the primary 
tumors. No correlation between intratumoral mi-
crovessel density and 99mTc-MIBI uptake ratio could 
be found in patients with breast carcinomas in two 
independent studies (Kim et al. 2002; Bekis et al. 
2005). These fi ndings, taken together, indicate that, 
although a preserved blood supply is required for 
tracer delivery to breast carcinoma, it is still con-
troversial whether 99mTc-MIBI uptake can be used 
as an indicator of tumor angiogenesis.

7.6 
Clinical Implications

All the cellular processes that have been examined 
in relation to scintigraphic fi ndings with 99mTc-MIBI 
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are indeed relevant for tumor response to treatment. 
Most anticancer drugs exert their lethal effect by in-
ducing apoptosis mainly through the mitochondrial 
pathway that is governed by members of the Bcl-2 
family. The lack of 99mTc-MIBI uptake in palpable 
malignant lesions of the breast may indicate the 
presence of high levels of the anti-apoptotic pro-
tein Bcl-2 in the mitochondrial membrane or en-
doplasmic reticulum. Whether this observation is 
relevant to predict poor tumor response in breast 
carcinomas remains to be established in perspective 
clinical studies. 

Conversely, a high early uptake in untreated 
breast carcinoma is correlated with the rate of pro-
liferation. A high growth fraction usually indicates 
a more aggressive tumor behavior, but also a bet-
ter and more rapid tumor response to treatment. 
An orthodox concept in oncology suggests indeed 
that cytotoxic agents are more effective against 
rapidly proliferating cells. Therefore a high early 
99mTc-MIBI uptake ratio in breast cancer, when as-
sociated with high tracer retention, would indicate 
an effective tumor response to subsequent chemo-
therapy.

In addition, an enhanced tracer clearance in 
99mTc-MIBI-positive malignant lesions of the 
breast is indicative of a Pgp-mediated outward 
transport of the tracer. Therefore tumors with a 
fast tracer clearance are likely to become refrac-
tory to subsequent chemotherapy due to the drug 
transport activity of Pgp. Since the clearance of 
99mTc-MIBI cannot be obviously evaluated in nega-
tive 99mTc-MIBI malignant lesions, the expression 
of Pgp in those tumors will remain indeterminate. 
An important step toward the clinical applica-
tion of functional imaging of Pgp in breast cancer 
is the standardization of the procedure. On the 
basis of the reported observations, the most reli-
able and direct index of Pgp function appears to 
be the tracer washout or clearance. Furthermore, 
some cut-off values of clearance and washout have 
been reported to correctly discriminate between 
responders and non-responders in patients with 
locally advanced breast cancer, and these values 
may be used in larger clinical studies with the aim 
to confi rm this evidence. 

Although the infl uence of neoangiogenesis on 
99mTc-MIBI uptake is still controversial, it is worth 
to noting that a preserved tumor blood supply is rel-
evant not only for tracer delivery, but also to limit 
tumor hypoxia, which can contribute to treatment 
failure. 

7.7 
Conclusions

Both the uptake and effl ux mechanisms of 99mTc-
MIBI and analogous 99mTc-labeled agents in breast 
carcinomas involve cellular processes that are im-
portant for tumor response to treatment. The tracer 
uptake refl ects the status of mitochondria and en-
doplasmic reticulum, in terms of permeability of 
mitochondrial membrane, preservation of mito-
chondrial membrane potentials and integrity of 
cross-talk between the two cellular organelles. Mu-
tations or altered expression of key molecules par-
ticipating in the apoptotic process may profoundly 
affect the function of mitochondria and endoplas-
mic reticulum and hence tracer uptake both in basal 
conditions and during drug-induced apoptosis. In 
the absence of such alterations, apoptosis and pro-
liferation are coordinately modulated in breast can-
cer, and this may explain the additional relationship 
between the tracer uptake and rate of proliferation. 
Although apparently contradictory, both processes 
are considered important to sensitize cells to the le-
thal effects of drugs. Accordingly, malignant breast 
lesions, which are able to accumulate and retain the 
tracer, will likely respond to therapy. The role of 
99mTc-MIBI and analogous agents in predicting tu-
mor response is reinforced by a number of studies 
evaluating its ability to trace the activity of Pgp. In 
this case the tracer effl ux refl ects the Pgp-mediated 
outward transport of the tracer, and this clearance 
mimics the kinetic behavior of anti-cancer drugs of 
the MDR spectrum.

In conclusion, on the basis of the imaging pa-
rameter chosen for the analysis of the 99mTc-MIBI 
scan in breast cancer patients, the biological infor-
mation provided may be related to different cellular 
processes, but all of them appear ultimately related 
to the susceptibility of breast carcinoma to treat-
ment. Nevertheless it remains important to dis-
criminate on the images alterations of the uptake 
mechanism from enhancement of tracer clearance 
because these observations may orient clinicians 
towards a very different adjustment of therapy. 
A number of efforts have been focused on the de-
velopment of Pgp-inhibitors and Bcl-2 antagonists. 
The appropriate selection of patients based on the 
mechanism primarily involved in the development 
of a multi-drug resistant phenotype would hope-
fully improve the effi cacy of individually tailored 
therapeutic strategies.
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Subsequently this technique was proposed as a 
method of disease staging in breast cancer patients 
(Giuliano et al. 1997) in order to permit the use of less 
aggressive surgical treatment that would not com-
promise quality of life. In fact, removal of axillary 
nodes in the presence of breast cancer is performed 
for staging and not with curative intent (Fisher et 
al. 2002), and axillary dissection is burdened by a 
signifi cant rate of immediate and delayed possible 
complications such as lymphoedema, paraesthesia, 
pain and restriction of arm motion. Nevertheless, 
information on axillary nodes is important in de-
termining the appropriate type of adjuvant treat-
ment, and SLNB has been proposed as an alternative 
to routine axillary clearance for the determination 
of nodal status. Today, more than 10 years after the 
pioneering reports of Krag (Krag 1993; Giuliano 
1994), SLNB has become a new standard of care for 
axillary node staging in breast cancer. A widely ac-
cepted consensus exists in the literature that SLNB is 
“feasible and accurate, works well in a wide range of 
practice settings, is suffi ciently robust to withstand 
variations in technique, increases staging accuracy 
by allowing enhanced pathologic analysis, has less 
morbidity than complete axillary lymph node dis-
section (CAD), and gives local control comparable 
of that of CAD” (Cody 2003). 

Despite the fact that for several years SLNB has 
been routinely performed in clinical practice, the 
correct indications for SLNB still represent an un-
solved question. In fact, to ensure a high SLN ac-
curacy and a low false-negative rate, in the early 
experience of the 1990s (the developmental phase 
of validation) SLNB was strictly limited to patients 
with small unique invasive tumours and clinically 
negative axillary lymph nodes. Nevertheless, with 
the increased experience gained and the widespread 
use of the technique, the indications for SLNB have 
since been extended to encompass most patients 
with non-metastatic disease previously excluded 

8.1 
Introduction

Sentinel lymph node (SLN) localisation and biopsy 
represent one of the most important developments 
in surgery and have already produced important 
changes in the management of patients affected by 
early infi ltrating breast carcinoma. Sentinel lymph 
node biopsy (SLNB) was fi rst applied in melanoma 
patients by Morton and colleagues (Morton et al. 
1992); they intra-operatively injected the patent with 
vital blue dye close to the primary lesion, and the 
blue-stained SLN was later found by dissection, fol-
lowing tracer diffusion.
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for technical or theoretical reasons. So, most of the 
“historical” relative contraindications for SLNB are 
now being questioned, and the initial restrictive se-
lection of patients is now progressively enlarging. 
Several new clinical situations are presenting in the 
clinical practice as possible, previously unexpected, 
indications so that someone is actually asking “does 
anybody not need a SLNB?” (Cody 2003). 

The concept of the “sentinel lymph node” implies 
that lymphatic metastasis is not a random event, but 
rather is based on an orderly and predictable pattern 
of lymph fl ow from the primary site to the regional 
lymph node basin. Sequential progression of tumour 
cells is assumed to occur, with the fi rst lymph node 
(the SLN) fi ltering the afferent lymph and thereby 
entrapping the tumour cells. Both experimental 
evidence and clinical data support the hypothesis 
that there is an orderly and predictable pattern of 
lymphatic drainage from the breast to the regional 
lymph nodes and progressive involvement of the ax-
illary lymph nodes. In fact, lymphatic spread within 
the axilla generally proceeds from the fi rst Berg 
level to the third, and skip metastases are infrequent
(Veronesi et al. 1990; Zurrida et al. 1999).

Several studies have demonstrated that lympho-
scintigraphy in combination with gamma probe-
guided surgery is the best procedure to identify and 
remove the SLN in breast cancer patients (Veronesi 
et al. 1997), being more suitable and sensitive than 
blue dye mapping. The method of lymphoscintigra-
phy to be used for SLN localisation is still controver-
sial. We have already described a reliable lymphos-
cintigraphic technique in previous works (Paganelli 
et al. 1998; De Cicco et al. 1998).

8.2 
Lymphoscintigraphy

In recent years, hundreds of studies have been pub-
lished on lymphoscintigraphy in breast cancer, and 
the reported experience and data have often been 
discordant. The main areas of controversy concern 
radiopharmaceuticals, the site of injection and mode 
of administration, the optimal activity and the ap-
propriate radiotracer volume.

Three types of radiopharmaceutical preparations 
are commonly employed for lymphoscintigraphy: 
99mTc-sulphur colloid is the most commonly used 
in the United States, either unfi ltered (size about 

15–5,000 nm) or fi ltered. Some authors (Hill et al. 
1999; Cody and Borgen 1999) still claim the superi-
ority of the unfi ltered over the fi ltered preparation 
(Krag et al. 1993). In Europe, 99mTc-nanocolloid is 
more frequently used, with particles between 4 and 
about 100 nm (95% of the particles are <80 nm). 
Finally, 99mTc-antimony trisulphide (3–30 nm) is 
widely employed for SLN procedures (Wilhelm et al. 
1999) in Australia and Canada. It is generally con-
sidered that radiocolloid with most of the particles 
ranging between 100 and 200 nm in size represents 
the best compromise between fast and effi cient lym-
phatic drainage and satisfactory retention in the 
SLN (Mariani et al. 2001).

The site of injection is the most crucial param-
eter, and heavily affects the fi nal choice of the other 
two main parameters, volume and activity. Intra-
tumoural injection (Tanis et al. 2003) represents a 
natural extension of the technique developed earlier 
with vital blue dye: it is generally characterised by a 
relatively large volume of radiotracer (at least 4 ml) 
and a relatively high injected activity of radiocol-
loid (37–370 MBq). Interstitial administration can 
be performed using peritumoral/intraparenchy-
mal injection and subdermal/intradermal injection
(Roumen et al. 1999) (Fig. 8.1). The principle of intra-
parenchymal administration is to inject the tracer in 
a site immediately adjacent to the tumour, that is, in 
the space with a supposedly normal lymphatic sys-
tem, which is the only possible drainage pathway for 
fl uids, particles and cells leaving the tumour via the 
extravascular route. Finally, peri-areolar/subareolar 
tracer injection (Klimberg et al. 1999) is based on the 
existence of a lymphatic plexus around each lobule 
of the mammary gland that follows the path of the 
galactophore ducts, converging to the areola to form 
the Sappey subareolar plexus, which is part of the 
general subcutaneous plexus (Spratt et al. 1965). It is 
in fact reasonable to assume that these various tech-
niques are complementary (Alazraki et al. 2000). 

Several technical aspects of lymphoscintigraphy 
have been optimised by our group, based on detailed 
investigations (De Cicco et al. 1998; Paganelli et al. 
2002; De Cicco et al. 2004; Luini et al. 2002). In a large 
series of patients we performed a comparative study 
using antimony sulphide colloids with a particle size 
of <50 nm, colloidal particles of HSA sized <80 nm 
and colloidal particles of HSA sized 0.2–1 �m, ad-
ministered either subdermally or peritumourally in 
a volume ranging from 0.2 to 3 ml and with very low 
activity (De Cicco et al. 1998). The results suggested 
the use of larger colloidal particles (0.2–1 �m) to be 
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most appropriate because while only one or two SLNs 
were identifi ed, smaller colloids were often trapped 
in several nodes and retained in the lymphatic chan-
nels, which would cause the surgeon problems in 
distinguishing between the true SLN and other ra-
dioactive sources (Paganelli et al. 1998).

The likelihood of visualising a lymphatic duct 
and a draining lymph node increases when the ra-
diocolloid is injected in the skin overlying the mam-
mary gland, because lymphatic drainage from the 
skin is richer and faster than drainage from the re-
maining breast parenchyma (Borgstein et al. 1998). 
Axillary SLNs can therefore be effi ciently visualised 
as early as 20–30 min after intradermal injection of 
radiocolloid, thus making the entire lymphoscinti-
graphic procedure highly practicable. Nevertheless, 
convenient timing is not the only factor that makes 
the intradermal administration route such an at-
tractive option for SLNB in early breast cancer. Re-
liability of this approach for SLN identifi cation has 
a sound anatomical and physiological basis. With 
this administration approach, a small volume of 
tracer (between 0.2–0.3 ml), containing 10–15 MBq 
of 99mTc-colloid, is injected as a single aliquot in the 
skin directly overlying the tumour. Based on how 
deeply the injection is performed, tracer adminis-
tration is defi ned as intradermal when the needle is 
almost tangential to the skin surface and a classical 
urticarial wheal ensues, and as subdermal when in-
jection is a little deeper (this is signalled by reduced 
resistance to penetration of the needle) and the 
wheal is less obvious. Clearly, there is some overlap 
between these two modalities and the two terms are 
often used interchangeably, also because of the wide 
variation in the thickness of the skin overlying the 

breast as a function of individual characteristics, 
breast size and age of the patient.

Some investigators perform peri-areolar tracer 
injection (usually with the injection of four aliquots) 
as a modifi cation of the subdermal route. However 
sound its pathophysiological basis may be (due to 
the rich connections of the subareolar plexus with 
the general subcutaneous plexus), we do not favour 
this technique, in part because it causes some dis-
comfort to patients. This approach may also dem-
onstrate sites of drainage of the breast per se as op-
posed to specifi c drainage of the tumour.

Advantages of the intradermal-subdermal injec-
tion technique are its practicability (it requires a 
minimum of training), the administration of a small 
volume using a single injection, the fast visualisa-
tion of lymphatic drainage pathways and the low ad-
ministered activity, which results in fewer technical 
problems during lymphoscintigraphic imaging and 
intraoperative gamma probe counting. Some stud-
ies have compared the lymphoscintigraphic pattern 
and the performance in respect of SLN identifi cation 
when using both the intradermal and the peritumoral 
approach in the same patients (Klimberg et al. 1999; 
Borgstein et al. 1997; Borgstein et al. 2000; Roumen et 
al. 1999). Although the two techniques are reported 
to yield virtually equivalent results in the vast major-
ity of patients (Klimberg et al. 1999; Borgstein and 
Meijier 1998; Keshtgar and Ell 1999), some authors 
have reported a sizeable proportion of discordant 
results concerning SLNs in the axilla and/or in the 
internal mammary chain (IMC) (Roumen et al. 1999; 
Morton and Chan 2000). Whatever method is used, 
we believe that, with rare exceptions, lymphoscintig-
raphy must be able to localise axillary SLNs.

Fig. 8.1a,b. Right anterior oblique view early (a) and delayed (b). Injection site at the inferior internal quadrant. Note that 
the lymphatic route drains around the areola to the axillary SLN. Nipple is marked with +

a b
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8.3 
Internal Mammary Chain

The internal mammary lymphatic trunks originate 
from the anterior pre-pericardial lymph nodes lying 
upon the upper surface of the diaphragm. These 
nodes receive the lymph from the anterior and su-
perior portion of the liver via the falciform liga-
ment, from the anterior portion of the diaphragm, 
and from the upper portion of the rectus abdominis 
muscle, as well as from the lower inner sector of the 
adjacent mammary gland (Handley and Trackray 
1954). The main efferent lymphatic vessels from the 
breast to the internal mammary route emerge from 
the deep portion and from the medial edge of the 
mammary gland.

When lymphoscintigraphy is performed after 
subdermal/intradermal radiocolloid injection, the 
detection of SLNs outside the axilla is an unlikely 
event, occurring in 1–2% of cases (Noguchi et al. 
2000; Cox et al. 1999). We performed a pilot study in 
order to establish whether a deep injection can visu-
alise the IMC nodes in a high percentage of cases, ac-
cording to our standard lymphoscintigraphic proto-
col. Three points emerged from this study as regards 
to IMC lymphoscintigraphy and localisation: 

A deep injection (under the tumour) is a suitable 
way of administering 99mTc-colloids to visualise 
IMC nodes;

Uptake by the IMC nodes occurred in 65% of le-
sions located in the inner quadrant;

An involved SLN in the IMC was found in 8.5% of 
the evaluated cases. According to the UICC staging 
classifi cation, these cases “migrated” from N0 (two 
cases) and N1 (three cases) to N3. Without internal 
mammary sampling, these patients would have been 
understaged (Paganelli et al. 2002).

8.4 
Randomised Trials

Six prospective randomised trials have been de-
signed to validate SLNB. Actually, most centres 
and surgeons adopted SLNB as standard practice 
in the treatment of early breast cancer before the 
publication of these trials. This approach has been 
accepted because it has been clearly demonstrated 
that axillary clearance is performed for information 

purposes rather than with curative intent (Fisher et 
al. 2002).

The results of the fi rst prospective randomised 
study have been published by Veronesi and co-work-
ers (2003). Five hundred and sixteen women with 
primary breast cancer <2 cm in size were randomly 
assigned to undergo either SLNB and simultaneous 
axillary dissection (AD) or SLNB followed by AD 
only in the event of a positive SLNB. The primary 
endpoint of the study was the predictive power of 
the status of the SLN, measured in terms of the per-
centage of cases of axillary involvement detected by 
SLNB in relation to the percentage found by routine 
AD. A SLN was positive in 32.3% in the AD group 
and in 35.5% in the SLN group. In the AD group, the 
overall accuracy, the sensitivity and the specifi city 
of the SLN was 96.9%, 91.2% and 100%, respectively. 
The false negative rate of 8.8% and the negative pre-
dictive value of 95.4% were consistent with previous 
studies (Veronesi et al. 1997; Giuliano et al. 1994; 
Krag et al. 1998). There was less pain and better arm 
mobility in patients who underwent SLNB only than 
in those who also underwent AD. After a median fol-
low-up of 46 months, disease-free and overall sur-
vival rates were not signifi cantly different between 
the two groups. In particular, overt axillary metas-
tases were not detected in patients who had under-
gone SLNB only.

In the U.S. two studies have been launched 
(Wilke and Giuliano 2003; Ross 2001). The Na-
tional Surgical Adjuvant Breast and Bowel Project 
(NSABP) trial B-32 (Krag and Julian 2002) has been 
designed in order to evaluate whether SLNB alone 
is equivalent to AD in terms of long-term control 
of regional disease, disease-free survival and over-
all survival, as primary end-points, with accrual of 
5,500 patients with clinically negative axillae and 
a pathologically negative SLN. The American Col-
lege of Surgeons- Oncology Group (ASOCOG) study 
(protocol Z0011) has now stopped accrual for a trial 
evaluating survival in women with pathologically 
positive SLNs who are randomly assigned to either 
AD or observation alone (Grube and Giuliano 2001; 
Brady Breast Study 2003).

In Europe three additional trials are ongoing. 
The European Organisation on Research and Treat-
ment of Cancer (EORTC) is enrolling women in the 
AMAROS (After Mapping of the Axilla: Radiother-
apy or Surgery?) trial comparing complete AD with 
axillary radiotherapy in women with positive SLNs; 
the target is accrual of 3,485 patients within 3 years 
(Hurkmans et al. 2003).
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The Medical Research Council in the United 
Kingdom has funded the Axillary Lymphatic Map-
ping Against Nodal Axillary Clearance (ALMA-
NAC) trial, where around 1,300 women with clini-
cally negative axillary nodes are expected to be 
randomised either to conventional surgery or to 
SLNB. The primary endpoints are axillary morbid-
ity, health economics and quality of life following 
SLNB as compared to conventional axillary proce-
dures (Clarke et al. 2001).

Finally, the clinical and prognostic value of SLN 
micrometastases is being evaluated in the Inter-
national Breast Cancer Study Group (IBCSG) trial 
23.01, in which about 1,960 women with a diagnosis 
of micrometastases or isolated tumour cells only in 
the SLN are being randomly assigned to either com-
plete AD or no further axillary treatment.

8.5 
Sentinel Lymph Node Biopsy:
When and Where?

The rapid spread of SLNB has led to its use in clinical 
settings previously considered contraindications to 
SLNB. All these clinical scenarios are now listed and 
discussed separately. 

8.6 
SLNB after Primary Chemotherapy

Former papers on SLNB after primary chemotherapy 
(PC) reported that the false negative rate of SLNB was 
higher in patients who had received PC than in those 
who had not (Bedrosian et al. 2000; Cohen et al. 2000; 
Nason et al. 2000; Brady 2002). More recent and larger 
studies have demonstrated that, with increasing ex-
perience, the identifi cation and false-negative rates of 
SLNB are similar to those reported in the absence of 
PC (Breslin et al. 2000; Stearns et al. 2002; Mamounas 
2003; Schwartz and Meltzer 2003). The paper with 
the largest cohort published on this topic reports 
the experience collected within the National Surgi-
cal Adjuvant Breast and Bowel Project multicentric 
trial (Krag and Julian 2002), in which 428 patients 
underwent lymphatic mapping after neoadjuvant 
chemotherapy. Success rate for the identifi cation and 

removal of a sentinel node was 84.8%. Success rate 
increased signifi cantly with the use of radioisotope 
(87.6% to 88.9%) versus with the use of lymphazurin 
alone (78.1%, P=0.03). Of the 343 patients who had 
SLNB and axillary dissection, the SLNs were positive 
in 125 patients and were the only positive nodes in 
70 patients (56.0%). Of the 218 patients with negative 
SLNs, nonsentinel nodes were positive in 15 (false 
negative rate, 10.7%, 15 of 140 patients). There were 
non signifi cant differences in false-negative rate ac-
cording to clinical patient and tumor characteristics, 
method of lymphatic mapping or tumor response to 
chemotherapy. The authors concluded that the re-
sults were comparable to those obtained in multicen-
tric studies evaluating SLNB before systemic therapy 
and that the sentinel node concept is also applicable 
after neoadjuvant chemotherapy.

Therefore, in women with a clinically negative ax-
illa before the start of PC, SLNB might be considered 
after the completion of medical treatment if no pro-
gression has occurred. In patients with suspicious ax-
illary nodes at presentation which have been “down-
staged” to N0 by medical treatment, SLNB might also 
be considered an option in the hands of surgeons with 
extensive experience in this procedure. SLNB is obvi-
ously not recommended for patients whose axillary 
nodes remain clinically suspicious after PC. PET scan 
might be an useful tool to properly select those pa-
tients in which SLNB can be performed, even though 
this still represents a matter of research.

Some considerations might be added regarding 
the opportunity to gain pathological information 
on the nodal status before starting preoperative 
treatment. Axillary status before PC provides prog-
nostic information that could be missed following 
PC, therefore it would be wise to perform axillary 
staging before PC in the event of a clinically nega-
tive axilla. Afterwards, if the node(s) were negative, 
axillary dissection following PC could be avoided, 
whereas in the case of a positive SLN, AD would be 
part of the surgical plan after medical treatment. 
This approach might also overcome the concern 
regarding the debated lower identifi cation rate and 
sensitivity of SLNB after PC (Sabel et al. 2003).

On the other hand, it is conceivable that the 
prognostic value of axillary staging following PC 
is even higher, since it already mirrors response to 
treatment. Moreover, performing SLNB before PC 
would lead to AD in patients with positive SLNs, 
thus increasing the frequency of AD since PC may 
“sterilise” axillary node metastases in about 20% of 
patients (Fisher et al. 1997).
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8.7 
Multicentric/Multifocal Breast Cancer

Multifocal disease seems to be associated with a 
higher rate of nodal involvement than unifocal le-
sions of similar size (Andea et al. 2002). Multiple 
foci of carcinoma, particularly when located in dif-
ferent quadrants of the breast, have been considered 
a relative contraindication to SLNB because of con-
cerns that these tumours might involve more than 
one dominant lymphatic trunk draining to axillary 
nodes, and thus lead to an increased false-negative 
rate (Anderson 2003; Reintgen et al. 2002). In our 
initial experience with 163 women, 2 of the 4 patients 
with false-negative SLNB had multifocal disease 
( Veronesi et al. 1997). Ozmen et al. (2002), in a study 
conducted on 111 patients, 21 of whom had multifo-
cal tumours, reported an accuracy of 93.7% with a 
false negative rate of 11.3% in the whole cohort of 
patients. Multifocality and tumour size (>2 cm) were 
signifi cantly associated with decreased accuracy and 
increased false negative rates. Klimberg et al. (1999), 
however, reported that the rate of identifi cation of the 
SLN was equal following either subareolar or peritu-
moural injection, and therefore multicentric cancers 
might drain fi rst to the subareolar area and then to 
the SLN in the axilla, through a network of lymphatic 
vessels connecting different quadrants with the sub-
areolar area (Grant et al. 1959). Schrenk and Wayand 
(Schrenk and Wayand 2001) performed SLNB with 
either blue dye alone or blue dye and radiolabelled 
colloid injected in the subareolar area in 21 women 
with multicentric breast carcinoma who were pro-
spectively evaluated and candidates for standard AD. 
The authors found a 100% identifi cation rate of SLNs 
and no false-negative SLNBs.

Two papers from the Memorial Sloan-Kettering 
Cancer Center have addressed the issue of SLNB in 
multicentric breast cancer. In the fi rst (Kim et al. 
2002), fi ve patients with two tumours in distinct 
quadrants were injected at one site with techne-
tium-labelled sulphur colloid and at the second site 
with isosulphan blue dye. Having identifi ed at least 
one node that was both hot and blue within the ax-
illa in all cases, the authors suggested that the lym-
phatic drainage of the entire breast coincides with 
the drainage of the tumour bed, regardless of its lo-
cation. In the second paper, Tousimis et al. (2003) 
considered 70 patients with multicentric/multifocal 
breast carcinoma who were submitted to mastec-
tomy and SLNB with planned AD. The accuracy of 

SLNB was 96%, and the sensitivity, 92% (false nega-
tive rate 8%); these results are comparable to those 
of published studies carried out in women present-
ing with unifocal disease. All three patients with 
inaccurate SLNB had dominant invasive tumour 
larger than 5 cm, and in one case axillary disease 
was palpable at surgery.

In the study by Kumar et al. (2003) on 48 patients 
with multicentric/multifocal breast carcinoma, suc-
cess rate, sensitivity, negative predictive value and 
accuracy were 93%, 100%, 100% and 100% using the 
radiocolloid probe, 87%,100%, 100% and 100% us-
ing blue dye, and 93.5%, 100%, 100% and 100% us-
ing combined methods. The authors concluded that 
SLN localisation maintained a high negative predic-
tive value in multicentric/multifocal breast cancer, 
as opposed to the common belief that a higher rate 
of false negative results occurs in this subset of pa-
tients, and they proposed its routine use instead of 
AD in these patients, too.

Recently a multi-institutional validation study 
has been published by the Austrian Sentinel Node 
Study Group (Knauer et al. 2006), comparing 142 
patients with multicentric cancer to 3,216 patients 
with unicentric breast cancer. The authors reported 
sensitivity, negative predictive value and overall 
accuracy of 96.0%, 93.3% and 97.3%, respectively, 
concluding that multicentric breast cancer is a new 
indication for SLNB without routine ALND in con-
trolled trials. 

The initial experience of our institute has been 
also recently reported (Gentilini et al. 2006). Between 
2001 and 2004, 42 patients with multicentric breast 
cancer and a clinically negative axilla underwent 
lymphatic mapping either by a single subareolar or 
a double peritumoral/subdermal injection of 99 Tc-
HAS nanocolloids. Mean number of SLNs identifi ed 
by lymphoscintigraphy was 1.36 (range 1–5) and 
mean number of SLNs removed at surgery was 1.55 
(range 1–5), with an identifi cation rate of 100%. The 
mean number of hot spots identifi ed by lymphoscin-
tigraphy was similar in patients who underwent sin-
gle or double injections (1.36 and 1.35, respectively). 
In 21 of 42 patients the SLN was positive, and in 7 of 
these 21 patients the SLN was the only positive node. 
After a median follow-up of 24 months no overt ax-
illary metastases occurred in patients with negative 
SLN. We concluded that the number of SLNs is not 
dependent on the number and site of injections. In 
our institute SLNB is our standard procedure for 
nodal staging in patients with multicentric breast 
cancer and a clinically negative axilla.
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8.8 
Previous Breast Biopsy

Some authors have suggested that altered lymphatic 
drainage decreases the likelihood of successful lym-
phatic mapping and, indeed, that SLNB for breast 
cancer may be less accurate after excisional biopsy 
of the primary tumour (Borgstein et al. 1998; Mc-
Master et al. 1998; Ollila and Giuliano 1998). Other 
authors (Wong et al. 2002; Miner et al. 1999) claim 
that neither biopsy type nor type of defi nitive surgi-
cal procedure signifi cantly affects the accuracy of 
SLN biopsy for breast cancer, and that SLNB can 
be performed accurately after excisional biopsy and 
is equally effective in patients undergoing partial 
mastectomy or total mastectomy. At EIO (Luini et 
al. 2005) we examined the accuracy of SLNB by fol-
lowing the axillary relapses after the procedure in 
543 patients who had undergone a breast biopsy be-
fore SLNB. All the patients received SLNB by lym-
phoscintigraphy performed on the biopsy area. We 
followed these patients with a clinical assessment 
every 6 months and instrumental examinations ev-
ery year, particularly focusing on the research of 
axillary relapse of disease. In 70.4% of cases, the 
sentinel node was negative, and only three patients 
underwent further axillary dissection. The sentinel 
node was identifi ed in 99% of cases and this was the 
only positive node in 61.5% of cases with positive 
axillary nodes. The median follow-up was 2 years; 
four nodal recurrences were observed: three axil-
lary lymph node relapses and one loco-regional. In 
conclusion, SLNB accuracy after a previous breast 
biopsy is comparable with the results obtained in 
validation studies. SLNB after a previous breast bi-
opsy can be considered a standard procedure. Lym-
phoscintigraphy identifi es the sentinel node in 99% 
of patients.

8.9 
Previous Axillary Surgery

Since SLNB is routinely performed in the clinical 
practice as standard procedure for axillary staging 
of patients with primary operable breast cancer and 
clinically uninvolved axillary lymph nodes, the oc-
currence of an ipsilateral breast tumour reappear-
ance (IBTR) in patients with previous histologic 

negative SLN represents a quite new clinical situ-
ation, destined to dramatically increase. In case of 
limited IBTR, the risk of metastases in the residual 
axillary nodes is very low and a complete axillary 
dissection could be an unnecessary over-treatment 
in the majority of these patients. Most authors con-
sider a previous axillary surgery, and in particular 
SLNB, a defi nitive contraindication to a new SLNB, 
but no data are currently available to support or 
refute this concept. Therefore, several inappropriate 
axillary dissections are commonly offered to IBTR 
patients.

In the Memorial Sloan-Kettering Cancer Center 
experience (Port et al. 2002), a previous axillary sur-
gery, either a partial level I-II axillary dissection or a 
previous successful or failed lymph node biopsy, did 
not hamper the identifi cation of a SLN, especially 
when fewer than ten nodes were removed during the 
earlier procedure. In their series the sec-SLNB was 
guided by using a combined dye-isotope mapping 
technique, the overall identifi cation rate was 75% 
and the number of sec-SLNs removed was 2.3/pa-
tient. The rate of SLN identifi cation is signifi cantly 
lower than in our series (100% of SLN identifi cation), 
probably due to the larger extent of previous surgical 
treatment on the axilla. In fact, when the sec-SLNB 
was performed after a level I-II axillary dissection 
or an inadequate axillary dissection, the identifi ca-
tion rate was only 66.6% while, if the sec-SLNB was 
performed after a previous SLNB, the identifi cation 
rate was higher (87.5%).

At the European Institute of Oncology in Milan, 
between January 2000 and June 2004, 79 patients, 
previously treated with BCS and a negative SLNB 
for early breast cancer, developed, during the fol-
low-up, a local recurrence amenable to re-opera-
tion (re- operative BCS or salvage total mastectomy). 
Eighteen of these patients, nine with invasive carci-
noma and nine with DCIS, were offered a sec-SLNB 
due to a clinically negative axillary status, after an 
average of 26.1 months from the primary event. We 
defi ned as true local recurrence (TLR) the tumours 
re-appearing close to the skin scar or in the index 
breast quadrant, and as new ipsilateral primary tu-
mours (NIPT) those occurring in the other breast 
quadrants. Accordingly, 12 tumours of our series 
were considered TLR and 6 NIPT. A sec-SLNB was 
not offered to the majority (61/79) of the patients 
with local recurrences due to the clinical presenta-
tion of the disease (multicentric disease, infl amma-
tory disease, metastatic disease, suspicious axillary 
lymph nodes at clinical examination) or simply be-
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cause a sec-SLNB was not considered, at that time, 
technically feasible or clinically acceptable. All the 
patients offered a sec-SLNB accepted the surgical 
procedure and signed an informed consent. 

Lymphoscintigraphy was performed using the 
standard technique in our institution. In case of 
NIPT the technique did not differ from that already 
described. The 10–12 MBq of 99mTc-labeled colloidal 
particles of human albumin were injected in cor-
respondence of the skin projection of the tumour, 
subdermally, the day before surgery or the same day. 
In case of TLR, the injection technique was the same 
used in presence of a skin scar for a previous surgi-
cal biopsy: one single subdermal injection close to 
the skin scar towards the axilla. In both cases, TLR 
and NIPT, lymphoscintigraphy was then carried out 
acquiring planar images in anterior and oblique an-
terior views, collecting 150 K counts, at 15 and 30 
after the injection. More delayed acquisition at 120 
min were carried out only if SLNs were not previ-
ously evident. 

Four of the nine patients with DCIS developed an 
invasive recurrence and two of the nine patients with 
invasive carcinoma developed a DCIS recurrence. In 
total, 7 DCIS and 11 invasive recurrences underwent 
sec-SLNB. At the preoperative lymphoscintigraphy, 
at least one new axillary SLN (total 20; average 1.1/
patient) was visualized in all 18 cases. No other sites 
of drainage outside the axilla (e.g., lymph nodes of 
the internal mammary chain) were observed. In all 
patients one or more SLNs were surgically removed 
(average 1.3/patient). Metastases were identifi ed in 
the SLNs of two patients with invasive recurrence 
and a complete axillary dissection followed. In 1 
patient the sec-SLN was the only metastatic lymph 
node, while in the other patient, 12 additional meta-
static axillary lymph nodes were identifi ed. Com-
paring the characteristics of the SLNs in the 12 TLRs 
and 6 NIPTs, in terms of number of SLNs visualized 
at lymphoscintigraphy or identifi ed at surgery, and 
interval time between radioisotope injection and 
scintigraphic visualization, no differences were ob-
served. In particular, the SLNs were visualised at 
lymphoscintigraphy within 120 min from the radio-
isotope injection in all 18 cases and no further ad-
ministrations were necessary. At a median follow up 
of 12.7 months, no axillary recurrences occurred in 
the 16 patients who had not undergone completion 
axillary dissection.

The SLN is, by defi nition, the fi rst node or nodes di-
rectly draining the lymph from the breast carcinoma 
area. Although usually an axillary node, and most 

commonly in the central group of level I, the SLN may 
be at level II (behind the pectoralis minor muscle) or 
level III (infraclavicular), or may even be an intra-
mammary node, an interpectoral (Rotter’s) node, 
or an internal mammary node. To be anatomically 
and oncologically effective and to correctly predict 
the histological status of the axilla, SLNB requires, at 
minimum, the presence of an intact lymphatic fl ow 
from the site of the primary tumour (or recurrence). 
A previous axillary surgery could partially and/or 
temporarily interrupt and modify the lymphatic 
fl ow, thus making it more diffi cult to correct identify 
the SLN. In case of partial interruption of the lymph 
fl ow, an axillary SLN may still be identifi ed. In fact, 
several studies (Goyal and Mansel 2004) support the 
hypothesis that breast tumours drain through a few 
common afferent lymphatic channels to a common 
axillary SLN, regardless of tumour location and num-
ber of tumour foci. The breast drains to the axilla as a 
single unit through few major lymphatic trunks com-
ing from a subareolar plexus. If one or more trunks 
are interrupted, an alternative path to the SLN may be 
utilized successfully for the radioisotope migration. 
In case of complete lymphatic interruption, the physi-
ological restoring of the anatomy of the lymphatic 
drainage makes the obstacle only temporary. In fact, 
when an adequate period of time elapses between the 
fi rst axillary surgery and the breast recurrence, the 
lymphatic net has time to be re-built and a new lym-
phatic “bridge” can connect the breast and the oper-
ated axilla. Such a post-operatively “collateralization” 
of lymphatics occurs as a physiological compensatory 
mechanism. The new lymphatic pathway allows iden-
tifying a novel SLN, true “sentinel” hic et nunc of the 
new tumour as the fi rst SLN was of the fi rst carcinoma. 
These considerations could introduce a new dynamic 
concept of SLN: not “one SLN for ever”, but “always 
a new SLN”. In our series, a new SLN was detected 
at lymphoscintigraphy in 99% of the patients after a 
median interval of 26.1 months (range 4–61 months) 
from the primary axillary operation.

What is the adequate period of time that must 
elapse from the fi rst SLNB to consider a sec-SLNB 
effective? Of course it is impossible to quantify the 
minimal interval of time between the two events, the 
time of the restoring of the anatomy of the lymphatic 
drainage being unkown. Nevertheless, a very early 
IBTR after BCS must probably be considered a re-
sidual tumour more than a true recurrence. In these 
cases, the fi rst SLN maintains the same predictive 
value for both the fi rst tumour and the recurrence, 
and a sec-SLNB could not be useful.
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In case of NIPT the technique did not differ from 
the one already described, implying a single sub-
dermal injection in correspondence of the projec-
tion of the tumour. In case of TLR, the radioisotope 
injection technique was the same used in case of a 
skin scar from a previous surgical biopsy, i.e., one 
single subdermal injection close to the scar towards 
the axilla. In our experience on 534 patients previ-
ously submitted to surgical biopsy, this method al-
lows identifying the SLN in 98.5% of cases. Compar-
ing the two groups of patients, no differences were 
observed in terms of number of SLNs visualized at 
lymphoscintigraphy and interval time between ra-
dioisotope injection and scintigraphic visualisation. 
In the NIPT group, the number of SLNs identifi ed at 
surgery was slightly higher than in the TLR group, 
but the small number of patients does not allow 
drawing any signifi cant conclusions. 

In conclusion, we recommend performing a lym-
phoscintigraphy in case of local recurrence after 
BCS, even if a SLNB has been previously performed. 
Whenever a SLN is identifi ed at lymphoscintigra-
phy, the axillary dissection, and its morbidity and 
sequelae, could be avoided also in these patients, 
without losing the important prognostic informa-
tion of the axillary status. Furthermore, it should 
be emphasized that the lymphoscintigraphic tech-
nique, adopted at EIO, allows to distinguish prior 
to surgery the patients candidate to SLNB or AD. 
In case of lack of preoperative visualization of SLN, 
the axillary dissection must be considered only 
after a careful evaluation of all the patient and tu-
moral characteristics, increasing the axillary met-
astatic risk. Moreover, axillary ultrasonography 
with fi ne-needle aspiration cytology and PET can 
be very useful tools to predict the axillary lymph-
nodal status.

8.10 
Ductal Carcinoma in Situ and SLNB

In the presence of ductal carcinoma in situ (DCIS), 
AD is not indicated since this is an intra-epithelial 
neoplasm that typically does not have the potential 
for metastasis. The prevalence of axillary metasta-
ses, which is lower than 2% (Schnitt et al. 1988), does 
not justify the signifi cant morbidity associated with 
lymph node removal. The techniques of lymphatic 
mapping and SLNB, however, have also been applied 

to patients with DCIS, resulting in some series in 
an unexpectedly high rate of detection of metasta-
ses. Pendas et al. (2000) reported a 5.7% rate in 87 
patients, though after exclusion of micro-invasion 
this rate decreased to 4.6%. Of the 76 patients with 
high-risk DCIS described by Klauber-DeMore et al. 
(2000), 12% had metastases in the SLN, but further 
evaluation allowed exclusion of patients with inva-
sion and the actual rate was lowered to 6.6%. In the 
paper by Cox et al. (2001), a 13% rate of positive SLNs 
was found in 195 patients with pure DCIS, but lack 
of data on the extent of sampling makes comparison 
diffi cult.

At European Institute of Oncology in Milan, 
between March 1996 and December 2003, 508 con-
secutive patients affected by pure DCIS (DCIS with 
microinvasion were excluded) were submitted to 
lymphoscintigraphy, SLN biopsy and histologic ex-
amination. SLN metastases were detected in 9 of the 
508 patients (1.8%). The SLNs were the only affected 
nodes in the eight patients who underwent subse-
quent complete axillary dissections. Five of the nine 
patients with SLN positive had only micrometastases 
(<2 mm). The low number of positive SLN patients 
and the subsequent imbalance in the two groups 
make impossible any kind of comparison between 
the two groups of patients, with the sole exception of 
histological pattern and tumour size. In particular, 
the risk of lymph node metastases does not seem to 
be correlated with clinical presentation, grade, sex 
steroid hormone receptor status, proliferative index 
(Ki67) or type of surgery. Only tumour size and sub-
histotype comedocarcinoma seem to be relevant in 
predicting the risk of SLN metastases: the median 
tumour size in the SLN-positive group was 22.3 mm, 
while in SLN-negative 12.1 mm. Furthermore, 22.2% 
in the SLN-positive group were comedocarcinomas, 
while 10.2% in the SLN-negative DCIS patient group. 
Another interesting observation is that seven (77.8%) 
out of the nine patients with a metastatic SLN had 
undergone a previous breast biopsy: two patients 
had undergone an open surgical biopsy elsewhere, 
and fi ve patients were subjected to vacuum-assisted 
biopsy in our institution. In two of these fi ve latter 
patients, an artefactual dislocation of tumour cells 
within the stroma along the needle tract was identi-
fi ed. On the other hand, only 58.9% of patients with 
negative SN were previously submitted to an inva-
sive diagnostic procedure. The chance of a passive 
transport of dislocated epithelial cells to the SLN 
following an invasive pre-operative manoeuvre has 
been reported, but still represents a hotly debated 
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issue, with unresolved clinical implications (Carter 
et al. 2000). However, a pre-operative invasive ma-
noeuvre could remove or hide micro-invasive foci 
in the sampled DCIS. After 46 months of follow-up, 
no loco-regional or systemic event was observed in 
the nine SLN-positive patients. In conclusion, due to 
the low prevalence of metastatic involvement (1.8%), 
SLNB should not be considered a standard proce-
dure in the treatment of all patients with DCIS. In 
pure non-comedo DCIS completely excised by radi-
cal surgery with free margins of resection, SLNB 
should be avoided since not only is it unnecessary, 
but it could also jeopardize a successive re-SLNB in 
case of invasive recurrence. A very extensive and 
accurate histological examination of the tumour 
in DCIS is compulsory to exclude micro-invasive 
foci and, fi nally, to decrease the prevalence of un-
expected SLN metastases. Less thorough sampling 
and examination of large tumours may miss (micro) 
invasive foci. SLNB could be considered in case of 
DCIS where there exists a strong doubt of invasion at 
the defi nitive histology, such as large solid tumours 
or diffuse or pluricentric microcalcifi cations under-
going mastectomy. In this case a successive SLNB 
could not be proposed. Moreover, if the trend is sta-
tistically confi rmed with a wider population, large 
comedo-DCIS, presenting superior risk of SLNs me-
tastasis, could be scheduled for SLNB. If the SLN is 
micrometastatic complete axillary dissection is not 
unavoidable.

8.11 
SLNB in Men’s Breast Cancer

Male breast cancer is a rare disease, accounting for 
fewer than 1% of all breast cancers and fewer than 
1% of all annual cancer deaths in males (Greenlee 
et al. 2000). Because of the low number of patients 
with this disease, treatment for breast cancer in 
males has been extrapolated from treatment pro-
tocols for breast cancer in females. Men are more 
likely than women to have a delay between the on-
set of symptoms and a diagnosis of breast cancer, 
possibly because of the limited public awareness of 
breast cancer in men. This delay in diagnosis may 
contribute to men presenting at later stages than do 
women and nodal involvement is present in up to 
60% of male breast cancer patients (Joshi et al. 1996). 
Despite recent advances in the application of SLN 

biopsy for axillary staging in female breast cancer 
patients, modifi ed radical mastectomy remains the 
standard of care for male breast cancer patients in 
most institutions. Men are at no less risk for the 
development of the morbidities associated with axil-
lary dissection. The potential impact for the male, 
though no more or less than the female, may be 
somewhat different. For males, since they frequently 
have vocations in which the physical activity may be 
more pronounced the impact may be more devas-
tating. So far six papers have been published about 
SLNB in males (De Cicco et al. 2004; Cimmino et 
al. 2004; Albo et al. 2003; Port et al. 2001; Gennari 
et al. 2001; Mullan and Kissin 2001) with only a few 
patients reported. The detection rate was 100% in 
all the studies. We reported the largest experience 
with 18 male patients who underwent SLNB with 
ALND performed only in case of positive SLN (De 
Cicco et al. 2004). Other groups performed a backup 
ALND in some patients with no false negative in a 
very limited and not signifi cant sample of patients 
so that it is impossible to draw conclusions about 
the false negative rate of SLNB in male patients with 
breast cancer. Although a large clinical trial on the 
use of SLNB in male breast cancer patients would 
be interesting, we do not believe it is necessary to 
design a specifi c study to validate SLNB in males. 
Tumour biology, prognostic factors, and outcomes 
have been reported to be equivalent in male and 
female breast cancer patients, providing a scientifi c 
basis for the extrapolation of treatment for males 
with breast cancer from treatment algorithms for 
females with this disease (Gradishar 2000). Since 
there are no biological or anatomical issues that 
would alter the lymphatic drainage in men with re-
spect to women, SLNB should be applied also to male 
patients with breast cancer and a clinically negative 
axilla, unless there is an overwhelming evidence to 
prove the opposite. 

8.12 
Pregnancy

In a recent review on BCdP, it was stated that axil-
lary dissection is preferred because nodal metasta-
ses are commonly found, nodal status affects the 
choice of adjuvant chemotherapy and SNB poses an 
unknown risk to the foetus from the radioisotope 
(Woo et al. 2003). 
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Indeed, when breast cancer is diagnosed during 
pregnancy axillary lymph nodes are frequently pos-
itive, but when the tumour is diagnosed at an early 
stage a considerable proportion of patients have a 
node-negative disease. Therefore they might benefi t 
from the sentinel node biopsy procedure.

Furthermore, the decision-making process re-
garding adjuvant treatment in pregnancy is limited. 
In fact, tamoxifen and other endocrine agents are 
generally not recommended (Halakivi-Clarke et 
al. 2000), and some drugs such as metotrexate are 
strongly contraindicated during pregnancy, whereas 
anthracyclines can be administered during the sec-
ond and the third trimester (Berry et al. 1999). From 
this standpoint, axillary staging gives important 
prognostic information and allows better local con-
trol, but should not infl uence the type of adjuvant 
treatment during pregnancy.

In order to evaluate the safety of lymphoscintig-
raphy and SLNB in pregnant patients, we carried out 
a study (Gentilini et al. 2004) by conducting a simu-
lation in 26 premenopausal non-pregnant patients, 
who underwent peritumoral injection of approxi-
mately 12 MBq of 99mTc-HSA nanocolloids. Static 
(15 min and 16 h post injection (p.i.) and whole body 
(16 h p.i.) scintigraphic images were acquired. Activ-
ity concentration in the urine (0–2, 2–4, 4–8, 8–16 h 
p.i.) was evaluated by a gamma-counter. Activity 
in the blood stream was measured at 4 and 16 h p.i. 
Thermoluminescent dosimeters (TLD) were placed 
on the injection site before tracer injection, the epi-
gastrium, and at the umbilicus and hypogastrum, 
and were removed before surgery. 

Scintigraphic imaging showed no diffusion of 
radiotracer except in the injection site and in the 
sentinel node. The biological pharmacokinetic 
data showed that a very small amount of the in-
jected activity circulates in the blood pool and 
is excreted by the urinary system (less than 2%). 
Considering the physical decay of the radiotracer, 
we can confirm that the level of radioactivity in 
the body is absolutely negligible at each time af-
ter the administration, proving no significant risk 
to the foetus. In 23/26 patients, all absorbed dose 
measurements resulted lower than TLD sensitiv-
ity (<10 Gy); in the remaining 3 patients, the ab-
sorbed doses to the epigastrium, umbilicus and 
hypogastrium resulted to be 100–1,000 fold lower 
than the threshold for a deterministic effect. We 
concluded that, according to our protocol, lym-
phoscintigraphy and sentinel node biopsy can be 
safely performed also during pregnancy, since 

specific evaluations of radiation protection do 
not indicate significant risks to the foetus at any 
phase of a potential pregnancy.

Moreover, some practical recommendations 
might be given in order to further minimise the ex-
posure of the foetus, such as avoiding contact with 
other patients being potential sources of radioactiv-
ity (e.g., by scheduling pregnant patients as the fi rst 
procedure of the day, and keeping the patient in a 
single-bed room), and reducing the time interval 
between lymphoscintigraphy and surgery, with a 
subsequent possible reduction of the administered 
activity. Thus, in pregnant patients SLNB can be 
performed within 2–3 h post injection of 3–5 MBq 
of 99mTc radiocolloids.

Consistent results were reported also by the M.D. 
Anderson group (Keleher et al. 2004). The maxi-
mum absorbed dose to the embryo/foetus in preg-
nant women undergoing breast lymphoscintigraphy 
with 92.5 MBq (2.5 mCi) of technetium Tc-99m sul-
phur colloid was found to be 0.0043 Gy under the 
most adverse conditions in the theoretical model 
(all the injected radiopharmaceutical travels imme-
diately to the bladder and is eliminated through the 
process of physical decay). The potentially largest 
absorbed dose with lymphoscintigraphy remained 
approximately 12 to 23 times less than the thresh-
old associated with reported risk of foetal adverse 
effects associated with radiation exposure. The au-
thors concluded that the use of technetium Tc-99m 
sulphur colloid for pregnant patients with a clini-
cally negative axilla is theoretically safe for the de-
veloping embryo/foetus.

8.13 
Pathology

The histopathological examination of each SLN 
must be particularly accurate to avoid a false-nega-
tive or a false-positive diagnosis. We have devised a 
very accurate protocol for the examination of axil-
lary SLNs, which can be applied either to frozen sec-
tions for an intraoperative diagnosis or to fi xed and 
embedded SLNs (Viale et al. 1999). Upon receipt of 
the SLN, the pathologist must remove the perinodal 
fi brous-fatty tissue and bisect the lymph node along 
the major axis. Small lymph nodes (up to 5-mm 
thick) may be processed uncut, while larger lymph 
nodes are sliced in 3- to 4-mm-thick slices.
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From each moiety or slice of the SLN, 15 pairs of 
sections are cut at 50-mm intervals; whenever lymph 
node tissue is left, additional pairs of sections, cut at 
100-mm intervals, are obtained until the node has 
been completely sectioned. One section from each 
pair is stained with haematoxylin and eosin (H&E) 
and examined. The mirror section is kept for possible 
immunohistochemical staining to ascertain the na-
ture of any atypical cells, suspicious for malignancy, 
that are detected in the H&E preparations. We per-
form a rapid assay (Chilosi et al. 1994), based on a 
single incubation step with a monoclonal antibody 
to cytokeratins (MNF116) directly coupled to peroxi-
dase via a polymer (EPOS Dako, Glostrup, Denmark). 
We normally avoid performing a traditional intraop-
erative examination of the SLNs, whereby only one to 
three frozen sections are examined and the rest of the 
node is left for the subsequent examination of perma-
nent sections. In this event, a high rate of false-nega-
tive intraoperative diagnoses is to be expected, with 
the need for a second operation to achieve complete 
AD in almost 17% of patients.

The above-described extensive histopathologi-
cal examination of the SLN has been designed to 
identify in the SLNs even micrometastatic disease 
(i.e., tumour foci up to 2 mm in size) or isolated tu-
mour cells (ITCs), which can escape detection by 
less accurate evaluation. ITCs are defi ned as single 
neoplastic cells or small clusters of cells not larger 
than 0.2 mm that do not typically show evidence 
of metastatic activity (e.g., proliferation or stromal 
reaction) or penetration of vascular or lymphatic 
sinus walls (Hermanek et al. 1999). These cells are 
more commonly identifi ed with the use of immuno-
histochemical reactions, but may also be recognised 
in routinely stained sections. The actual prognostic 
value of axillary lymph node micrometastases is 
still the subject of debate, though most recent fi nd-
ings indicate that they correlate with a worse overall 
survival (International Breast Cancer Study Group 
1990; Dowlatshahi et al. 1997; Cote et al. 1999). From 
a practical point of view, however, the fi rst question 
to be addressed is whether the detection of micro-
metastases in the SLN should dictate completion of 
AD, or whether the risk of additional metastases to 
non-sentinel lymph nodes is low enough to allow ax-
illary clearance to be spared, as has been suggested 
(Chu et al. 1999; Reynolds et al. 1999). We (Viale et 
al. 2001) and others (Turner et al. 2000) have dem-
onstrated that the risk of additional metastases to 
non-sentinel axillary lymph nodes in the presence 
of micrometastatic disease in the SLN actually 

ranges from 22% to 25%, and that when ITCs are 
present in the SLN, patients have no less than a 15% 
risk of additional metastases. Accordingly, outside 
of randomised clinical trials designed to test the 
value of AD in these patients, the current practice in 
our institute is to complete AD in all patients with 
SLN micrometastases or ITCs. A randomised clini-
cal trial has recently been launched by the Interna-
tional Breast Cancer Study Group (IBCSG) to assess 
whether patients with micrometastatic SLNs should 
necessarily undergo complete AD for a more exten-
sive evaluation of the lymph node status, or whether 
the information obtained by examination of the SLN 
only, coupled with the morphological and biological 
characteristics of the primary tumour, is suffi cient 
to plan proper adjuvant treatment.

More recently, molecular biology assays have also 
been adopted for the identifi cation of so-called occult 
metastases, i.e., metastases not detected by morpho-
logical methods, including immunohistochemistry 
(Masuda et al. 2000; Bostick et al. 1998; Bostick et al. 
1998; Kataoka et al. 2000). Micrometastases in axil-
lary lymph nodes detected by RT-PCR have been re-
ported to be clinically signifi cant, being an indepen-
dent predictor of survival in a retrospective series of 
patients (Viale et al. 2001). Some researchers have 
indicated that detection of tumour mRNA mark-
ers in the SLNs of breast carcinoma patients may 
be more accurate than histological examination in 
predicting axillary lymph node status, or have rec-
ommended reverse transcription-polymerase chain 
reaction (RT-PCR) as a more feasible and practical 
assay than extensive histological examination for an 
accurate diagnosis of SLN metastases, with a similar 
detection sensitivity (Turner et al. 2000; Masuda et 
al. 2000; Bostick et al. 1998).

We have compared the results of RT-PCR assays 
with those obtained by our extensive histopatho-
logical examination of the SLN from 123 patients
(Manzotti et al. 2001). A multiple-marker RT-PCR 
assay of fi ve different tumour mRNA markers (cyto-
keratin 19, CEA, maspin, mammaglobin and MUC-1) 
showed a good sensitivity (95.6%), but a poor speci-
fi city (66.3%) when compared with histology, and a 
lower predictive value with respect to the status of 
the remaining non-sentinel axillary lymph nodes. In 
particular, we observed a high prevalence of positive 
RT-PCR assays in histologically uninvolved SLNs, 
possibly due to the occurrence of low-level expres-
sion of genes by illegitimate transcription in normal 
resident cells of the SLN. To overcome this limita-
tion, we are currently exploiting the use of quanti-
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tative real-time RT-PCR assays for differentiating 
the low-level “illegitimate” transcription of some 
mRNA markers by non-neoplastic tissues from the 
expected higher expression in neoplastic cells. 

8.14 
Conclusion

In the near future, new and more precise evaluations 
of the gene expression profi ling of breast cancer prob-
ably will allow all the complete prognostic informa-
tion we need to understand the biological behaviour 
of the tumour, and will make pointless whatever 
diagnostic surgical invasive procedure on the axilla 
(microarray). Waiting for this moment, when clini-
cally and oncologically it appears indicated or useful 
to know the histologic status of the axilla, SLNB is 
a reasonable option for most breast cancer patients 
with nonmetastatic disease. The suitability of SLNB 
has been studied and established in the settings of 
DCIS, in multifocal and multicentric disease, fol-
lowing neo-adjuvant chemotherapy, after excisional 
or core-needle biopsy or after small or large volumes 
of resection and fi nally after a previous SLNB when 
a local recurrence occurs. SLNB has been recently 
demonstrated to be safe and sure in pregnancy and 
can be also considered in patients with clinically 
suspicious axillary nodes if preoperative palpation 
or US-guided FNA is nondiagnostic (Specht et al. 
2005). Only for a small subset of patients at both ends 
of the tumoral spectrum, those with pure low grade 
DCIS radically resected and those with infl amma-
tory cancer, the jury is still out. Moreover, due to the 
high sensitivity that PET showed to predict the axil-
lary SLN status when it was applied preoperatively 
before performing SLNB, an axillary positive PET 
should directly suggest a CAD. 

Of course, in order to guarantee the best results, 
more and more a large amount of SLNB experience 
and a correct standardisation and validation of all 
the phases of the technique (surgery, pathology, 
radiology and nuclear medicine) are required. In 
fact, it should be considered that introduction of the 
SLNB procedure in any given institution requires a 
combined effort that involves at least three differ-
ent specialties, nuclear medicine, surgical oncology 
and pathology, with the addition of health physics. 
However experienced a specialist is, there will be a 
defi nite, signifi cant learning curve that depends on 

how rapidly the different operators develop the at-
titude that they are working as a single team. Thus, 
the learning curve should be related to the team 
rather than to the individual specialists, who will 
have to gain confi dence in all the various steps of the 
procedure and at the same time rely on each other’s 
contribution to the entire process.

Paradoxically, in the most breast cancer patients 
the new fundamental question seems to be not “is 
SLNB correct in this patient?” but “am I able to cor-
rectly perform SLNB in this patient?” Probably, the 
inability to correctly perform SLNB actually remains 
the only contraindication to SLNB.
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9.1 
Introduction: a Critical Analysis of the 
Diagnostic Methods in Breast Diseases

The risks of unjustifi ed use of such techniques 
and the lack of rational clinical application have 
increased with the availability of many diagnostic 
techniques. Errors of this nature would affect the 
diagnostic accuracy and therefore reduce the possi-
bilities for treatment. It is not uncommon for women 
and also for general practitioners to be misinformed 
about which is the most suitable technique, or rather 
what is the best combination of the various tech-
niques; for this reason, inappropriate tests are often 
requested or tests which would in fact make a useful 
contribution to safeguarding the women’s health. 
This work has the following aims: to state precisely 
the real diagnostic contribution of each method, 
both radiological and otherwise, and suggest meth-
ods of application and indications consistent with 
the state of the art and to suggest the most effective 
and rational blends of the various techniques and 
organisation of diagnostic activities. 

9.1.1 
Breast Self-Examination

Women are still being advised to carry out periodic 
breast self-examination (BSE) although it has been 
well documented that this test does not provide early 
diagnosis (though it may anticipate the diagnosis) 
and that there is no evidence of a reduction in the 
mortality of women who practice BSE compared to 
those who do not (Hartmann 2005; Weiss 2003). In 
informing women how to carry out BSE, general 
practitioners and specialists should ensure that 
both its advantages and its limitations are explained 
( Table 9.1), so as to avoid both false reassurance and 
false alarms. Women should not be blamed for not 



100 C. Di Maggio

wishing to carry out BSE. Since BSE may provide 
useful information in certain cases (when the lesion 
appeared, its volumetric development over time, 
etc.), the clinician would do well not to overlook 
fi ndings reported by women who practice BSE.

From the methodological viewpoint, it is time to 
set aside commonplaces and teach women that BSE 
consists of two parts: an inspection to be carried out 
in front of the mirror and palpation to be carried out 
in the supine position and not in the shower, as often 
happens. Because of the length of time it takes for 
the tumour to grow, it would be better to explain to 
women that almost monthly self-palpation not only 
creates anxiety, but may actually delay the percep-
tion of nodes because the hand becomes accustomed 
to their slow growth. For this reason, it would be 
more logical to suggest that checks should be per-
formed every 3 months during the fertile period, at 
the end of the menstrual stage.

9.1.2 
Clinical Examination

The clinical examination should only be performed 
by trained medical personnel in a suitable environ-
ment (Lamarque et al. 1997) and should be preceded 
by careful examination of the patient’s case history, 
including the assessment of possible risk factors 
(Cuzick 2003).

9.1.2.1 
Signs and Medical Report

The most typical signs of cancer are the presence of 
a hard swelling with irregular or indistinct edges, 
skin involvement, fi xation to the pectoral muscle 
or the chest wall, bloody discharge, axillary ade-
nopathy (which is, however, non-specifi c if N2 cases 
are excluded) and the eczematous appearance of 
the nipple in Paget’s disease. The relevant signs 
of the benign or malignant lesions (Figs. 9.1, 9.2) 
should be described in the concluding report. As 
regards nodular lesions, the report should always 
state the dimensions in centimetres, measured with 
callipers, and the site, with reference to the four 
quadrants and the areolar region. The conclusive 
diagnostic judgement (negative, benign or suspi-
cious) should always be precisely indicated. In the 
case of suspicious signs, it is necessary to supply 
the data for the staging system or the TNM category 
directly.

9.1.2.2 
Results

Sensitivity is relatively low for T1 forms (approxi-
mately 70%, but considerably lower for lesions of less 
than 1 cm) and therefore the clinical examination 
is of little use for the early diagnosis of tumours 
(Kolb et al. 2002). Its contribution is often limited 
to the perception of the existence of pathology, but 
it greatly facilitates the search for and recognition 
of lesions, preventing them from being overlooked. 
The specifi city of this test is also somewhat limited; 
there would be a high bioptic cost if the decision on 
whether to perform a biopsy were to be based solely 
on the clinical examination.

It is obvious, therefore, that the clinical examina-
tion alone is not suffi cient to exclude the presence 
of tumours and that any clinical signs, even if they 
are in the slightest way suspicious, should lead to the 
performance of other tests. Even today, a strong clin-
ical suspicion of neoplasia constitutes good grounds 
for a biopsy, except in cases where mammography or 
other diagnostic techniques afford a sure diagnosis 
of benignity, as may occur in the presence of lipoma, 
calcifi c fi broadenoma, fat necrosis, etc.

It should be borne in mind that although the di-
agnostic contribution of the clinical examination 
is limited, its contribution in terms of giving accu-
rate information to women, stimulating active in-
volvement and renewing the relationship between 

Table 9.1. Breast self examination (bse)

Limitations

does not provide early diagnosis

no proof of effi cacy

creates anxiety if carried out or feeling of guilt if not 

Advantages 

awareness of own breasts

getting to know the problems of breast cancer

women performing self examination give a diagnostic 
contribution to clinicians

early diagnosis in the absence of other more sensitive and 
effective techniques

Conclusions

encourage women particularly those younger than 40 to 
carry out periodic self-examination 

not blame women for not wishing to carry out BSE
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Fig. 9.1a–d. Examples 
of benign alterations. 
a, b Thin subcutaneous 
cords due to throm-
bophlebitis, c inverted 
nipples, d coloured dis-
charges

c

ba

d
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doctor and patient, is irreplaceable (Berlin 2001). 
Under the pressure of economic problems, the 
human contribution which stems from the clini-
cal examination is often overlooked. The effort to 
achieve lower mortality rates at an acceptable cost 
has made us forget that perhaps the greatest ben-
efi t of diagnostic activity lies not so much in the 
detection of disease as in the peace of mind that 
is derived from a negative diagnosis (Di Maggio 
1993).

9.1.2.3 
Indications

As well as offering an opportunity to talk to the pa-
tient about the problem of breast cancer, the clinical 
examination provides a guide to the performance of 
instrumental diagnostic investigations and helps in 
their interpretation. It is still a fundamental and ir-
replaceable examination when a symptom is present. 
In such cases, the clinical examination should always 

b

c

d

a

Fig. 9.2a–d. Examples of malignant lesions. a Paget’s disease, 
b haematic discharge, c swelling and reddening of skin due 
to infl ammatory carcinoma, d spontaneous skin retraction
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precede instrumental investigations and should re-
ceive equal attention in the interpretative summary. 
For this reason, it is essential that the clinical exami-
nation is carried out by the physician who is to per-
form the instrumental investigation even if the patient 
has already been examined by other physicians.

9.1.3 
Mammography

Mammography should be performed using the right 
equipment and methodology in order to acquire im-

ages which contain a wealth of information while 
delivering a limited radiation dose (ISTISAN 1995; 
EUREF 1999; Hendrick et al. 1999; Perry 2001; Cole 
et al. 2003; Gambaccini and Baldelli 2003; Gennaro 
et al. 2003; Gennaro and di Maggio 2006). In many 
diagnostic centres, digital technology is now widely 
used. The advantages of digital mammography in-
clude the possibility of obtaining high-quality im-
ages at lower doses than are required for analogue 
mammography, the capacity to compensate for er-
rors in exposure (Fig. 9.3a,b) and the broader dy-
namic range. However, while digital mammography 
provides images of a medium to high standard and 

Fig. 9.3. a Film-screen mammography: different parameters of exposure generate images with different optical density (underex-
posure leads to false radio density and subsequently the masking of possible small lesions), b screening/fi lm versus digital mam-
mography: in digital mammography the optical density of the images is always the same despite the different exposure values

a

b
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facilitates perception of possible alterations above 
all in dense breasts (James 2004; Pisano 2000; Di 
Maggio et al. 2004; Pisano et al. 2005), the spatial 
resolution of digital images is currently lower than 
that of analogue ones; this sometimes makes it more 
diffi cult to categorise a lesion. The availability of 
numerous second-level diagnostic tests minimises 
this drawback, since the chief requirement for a fi rst-
level test is its ability to detect the presence of a pos-
sible lesion. Indeed, the task of basic mammogra-
phy, whether performed in the course of a screening 
programme or in a clinical context, is mainly that 
of selection. Attempting a diagnosis almost always 
comes later, on the basis of supplementary radio-
graphs or further investigations.

The advantage of the easier perception of the signal 
afforded by digital mammography is increased by:

the use of a review workstation that, thanks to 
the elaboration of the images on the monitor, 
makes it possible to optimise the brightness and 
contrast of the interested area, rotate images, 
electronically magnify small areas, on the spot 
use of software capable of visualising the images 
with different algorithms and thus emphasize 
small differences in density (contrast enhance-
ment);
the possibility of using software (CAD: com-
puter-aided detection) (Baker et al. 2003; Brem et 
al. 2003; Ciatto et al. 2003; Freer and Ulissey 2001; 
Lechener et al. 2002; Stines et al. 2002) capable 
of circumscribing with greater sensitivity small 
changes in density with morphological features 
suggestive of tumours. Such systems do not have 
a diagnostic task; their job is only to show items 
which might escape the radiologist’s attention, 
but which the radiologist must later interpret 
without being infl uenced by the results obtained 
using CAD.

The most promising development in digital mam-
mography is the “TOMOSYNTHESIS”. This method 
is based on the successive automatic acquisition of 
multiple radiograms with different obliquities; the 
digital reconstruction of images seems to be able to 
highlight those lesions that are masked by overlap-
ping structures (Fig. 9.4).

The carcinogenic risk from mammography is 
similar to that which can be hypothesised for all 
other radiological investigations and should al-
ways be assessed on a cost/benefi t basis (Feig 1997; 
Gregg 1977). In the case of mammography, the 
danger of not recognising small carcinomas, in the 

�

�

Fig. 9.4. Summary of how the tomosynthesis works

highest risk age group, is vastly greater than the 
hypothetical risk posed by exposure to small doses 
of radiation. At our current state of knowledge, we 
can state that, while every effort should be made to 
keep radiation doses as low as possible or to reduce 
them still further (Dendy and Brugmans 2003; 
Law and Faulkner 2002), the decision on whether 
or not to resort to mammography should be based 
above all on quantifi cation of the expected ben-
efi t rather than on the possible hypothetical risk. 
A special case is that of women with deleterious 
mutation BRCA1 since their breasts may be subject 
to greater sensitivity to ionising radiation (Sharan 
et al. 1997). The decision to use mammography on 
these patients, especially if they are young, should 
be made with care, and numerous trials are taking 
place to clarify whether magnetic resonance imag-
ing may be used as a routine technique instead of 
mammography.

9.1.3.1 
Signs and Medical Report

The most common signs of neoplasia are nodular 
opacities (64%), microcalcifi cations (19%) and struc-
tural distortions (17%) (Tavassoli and Devilee 2003) 
(Fig. 9.5a,b). Other indirect signs of neoplasia, such 
as cutaneous inspissation and retraction, nipple re-
traction or an increase in vascularisation, are of little 
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diagnostic importance since they are often associated 
with voluminous and clinically evident neoplasia.

Special cases are lobular carcinomas and in-
fl ammatory carcinomas. Owing to the preservation 
of the glandular architecture and the limited stro-
mal reaction, lobular carcinomas frequently do not 
show particular features on mammography (Amici 
et al. 2000). Infl ammatory carcinomas almost al-
ways begin acutely with clinical signs, and it is of-
ten impossible to fi nd even minor signs of them on 
previous radiographs. The mammography report 
should be drawn up according to the requirements 

for rationalisation and clarity of the informational 
content: 

Less signifi cant fi ndings (benign calcifi cations, 
microcysts, intramammary lymph nodes, etc.) 
may be omitted since they are often a source of 
needless anxiety. It is better to indicate the pres-
ence and extension of the anatomical radiopaque 
structures that can mask the mass (Fig. 9.6).
Noteworthy fi ndings should be clearly reported, 
with precise indication of the site of the lesion, 
its dimensions, the possible presence of several 
lesions and lesion location(s). No indelible marks 

�

�

Fig. 9.5a–d. Examples of breast carcinomas. a Mass with irregular edges, b nodular opacities, c structural distortions, 
d microcalcifi cations 

a b c

d
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should be made on the original radiograph. In the 
presence of clinical signs, it should be specifi ed 
whether or not there are corresponding changes 
on the mammogram.
The radiologist must clearly indicate both the 
diagnostic orientation and, especially in the case 
of small subclinical lesions, whether the fi nding 
requires further investigation or a biopsy. In such 
situations it is always best to specify which type 
of guide (ultrasound or stereotactic) is preferable 
for taking the cyto-/histological specimen.

In order to avoid distorted interpretations as re-
gards both the diagnostic hypothesis and the possible 
continuation with tests for diagnosis, the radiologist 
must sum up the conclusions in a fi ve-category clas-
sifi cation ranging from negative (class 1) or certainly 
benign (the diagnostic strategy stops) to an ever-in-
creasing possibility of pathology (BI-RADS classes) 
(American College of Radiology 2003; ANAES 1998; 
Lattanzio and Simonetti 2002) (Table 9.2): 

In the presence of a lesion classifi ed as benign 
(BI-RADS 2), no further tests are required and, 
if carried out, would only give rise to anxiety and 
false positives.
In the presence of a probably benign picture 
(BI-RADS 3) (less than a 2% risk of malig-

�
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nancy), the radiologist should clearly indicate 
whether s/he feels it necessary to order other 
diagnostic tests or whether a short-interval 
follow-up is sufficient. In view of the conse-
quences of a possible error of interpretation, 
the radiologist should keep track not only of 
the symptoms, but also of the dimensions of 
the alterations found. In these cases the radiol-
ogist, wherever s/he may be operating (clinical 
diagnostics or screening), must never forget 
that s/he is the only person responsible for the 
successive choices since they are based on the 
radiological semeiotics. These choices should 
be clearly communicated to and shared with 
the patient and other specialists.

Fig. 9.6. Example of different distribu-
tions of radio-opaque structures (mor-
phologic variant): radio density may 
mask some lesions

Table 9.2. Assessment Of Breast Lesions Based On ACR-BIRADS 
Categories

Negative/
benign fi nding 

(cat. 1-2) Stop

Probably 
benign fi nding 

(cat. 3) Additional Tests/Initial short-
term (6 months) follow-up

Suspicious 
abnormality 

(cat. 4) Percutaneous Needle Sampling

Suggestive of 
malignancy 

(cat. 5) Surgical Treatment
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In the presence of a lesion classifi ed as BI-RADS 
4 (risk of malignancy between 2% and 70%), fur-
ther diagnostic tests should be carried out (ultra-
sound, fi ne-needle aspiration cytology). If these 
tests prove negative, the radiologist should re-
examine the radiographs and write a new report 
leading to an “integrated conclusive summary”.
In the presence of a lesion classifi ed as BI-RADS 
5, it is imperative to indicate surgical removal and 
therefore the histological diagnosis of the entire 
lesion. Other diagnostic tests may be useful only 
to assist in planning the surgical operation or to 
confi rm the diagnosis in the case of non-surgical 
treatment.

In conclusion, in many cases the refi ned semeiotics 
of mammography permit diagnosis of the histologi-
cal type, but the particular tasks of mammography 
are above all (1) the detection of possible lesions, (2) 
the search for “objective signs” of deviation from as-
sumed normality (pathological semeiotics), and (3) 
the classifi cation of the fi ndings into one of the fi ve 
categories mentioned above so that both the diagnos-
tic hypothesis and the appropriate course of diagnos-
tic and therapeutic action are clearly identifi ed.

9.1.3.2 
Results

Mammography has a sensitivity of more than 85%. 
However, the results are affected by the technical 
execution and the methodology used in the test. The 
accuracy is reduced if the adipose component is not 
well represented. In such cases it is very useful and 
sometimes indispensable to combine the test with 
a clinical examination or ultrasound (Burrel et al. 
1996). Carrying out a clinical examination at the 
same time may also reveal the presence of possible 
neoplasia in peripheral sites which might not be in-
cluded in the standard routine projections.

9.1.3.3 
Indications

Mammography enables exploration of the entire 
breast and offers the greatest sensitivity, in particu-
lar for tumours in the initial stage of development. 
For this reason it is the only test which can be used 
as the basic technique in a screening programme.

If the clinical examination produces evident fi nd-
ings, it is always appropriate to carry out mammog-
raphy in patients older than 35–40 years. It enhances 
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the diagnostic accuracy of the clinical signs, better 
defi nes the extension of possible suspicious lesions 
and enables the discovery of non-palpable contigu-
ous or contralateral lesions.

9.1.4 
Ultrasound

Ultrasound involves the use of high-frequency 
probes (greater than or equal to 10 MHz), linear or 
annular, and surface focussed. The recent introduc-
tion of machines with a digital platform has greatly 
improved the defi nition and detail of the ultrasound 
image, thanks in particular to the use of new multi-
frequency broad-band transducers, the possibility of 
recording the harmonic tissue frequencies, and the 
use of a wide fi eld of view and compound scanning 
(Giuseppetti 2002; Merritt 2001; Rizzatto 2001).

The examination should be performed carefully, 
exploring both breasts, in every quadrant, using dif-
ferent angles and exercising different pressure. Now-
adays, the ultrasound scan may be enhanced by echo 
signal amplifi ers, substances injected intravenously 
which increase the acoustic signal (Fig. 9.7a). Using 
special impulses, these substances generate harmonic 
frequencies which reveal both the macro-circulation 
and the micro-circulation and therefore give a more 
precise evaluation of vascularisation, if employed 
with the latest equipment with the appropriate soft-
ware. The ability of this technique to detect the more 
homogeneous and regular vascularity of benign le-
sions as compared with carcinomas, where it is pos-
sible to reveal the presence of arteriovenous shunts, 
improves the accuracy of diagnostic differentiation 
between benign and malignant lesions on the basis of 
the signal/time intensity curve (Fig. 9.7b) ( Jakobsen 
2001; Martinez et al. 2003; Moon et al. 2000; Wittin-
gam 1999). The use of echo signal amplifi ers is, how-
ever, still at the stage of clinical validation. The cur-
rent literature shows that the use of these substances 
improves sensitivity, but leads to a considerable re-
duction in specifi city and an increase in costs.

The elastosonography is a recently introduced 
ultrasound technique. Dedicated instruments allow 
assessing variations in tissue elasticity during man-
ual compression (Fig. 9.8a). By means of the chro-
matic scale utilised, the stiff tissue, typical of carci-
nomas, is highlighted in blue and the benign tissue 
in green. Instead, different to the other lesions, the 
colours of cysts appear in different layers (Figs. 9.8b, 
9.9) (Itoh et al. 2006; Giuseppetti et al. 2005). 



108 C. Di Maggio

Fig. 9.7. a Ultrasound scan before and after echo-amplifi ers (marked increase of the acoustic signal in the lesion). b Wash-
in/wash-out curve in the benign lesion (slow initial increase in enhancement and slow wash-out) and in the malignant lesion 
(fast initial increase in enhancement and fast wash-out) 

Fig. 9.8. a Method of elastosonography. b Elastosonography. The Italian 
score based on the chromatic-morphology of the breast lesions

a

b

a

b
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9.1.4.1 
Signs and Medical Report

Differential diagnosis is based on the morphology, 
structure, vascularisation and perilesional reaction. 
The American College of Radiology, in the fourth 
edition (2003) of BI-RADS, subdivided the ultra-
sound diagnostic hypotheses into fi ve categories 
with an increasing probability of risk of carcinoma, 
similar to what already occurs for mammography. 
More specifi cally, the fi ndings relevant to classifi -
cation of nodules as suspicious or benign may be 
summarised as follows: 

Nodules of a very suspicious nature: irregular 
morphology, poorly defi ned edges, inhomoge-
neous echo structure, posterior acoustic attenu-
ation, hyperechogenicity of the surrounding fat, 
anarchic and plentiful vascularisation with more 
than one pole (Fig. 9.10)
Benign type nodules: regular or oval morphology, 
well-defi ned edges, internal echoes absent (cysts) 
or weak and uniform, underlying echoes enhanced 
(cysts) or normal, surrounding echo structure 
preserved, vascularisation absent or peripheral 
and limited with only one pole (Fig. 9.11).

Problems in the diagnosis derive, as usually hap-
pens, from ultrasound images that are diffi cult for 
the radiologist to classify as either malignant or defi -
nitely benign (Fig. 9.12a). The colour-power Doppler 
may prove to be useful, even if not decisive in these 
cases. In the presence of vascular peduncles needle 
aspiration is recommended (Fig. 9.12b), whereas, in 
the absence of vascular peduncles, a careful short-
term follow-up would be more advisable especially 
if the lesion is less than 6–7 mm in diameter, has 
morphological ultrasound structure type cysts and 
the patient is on hormonal therapy (Fig. 9.12c).

The operator should describe the site of the le-
sions found, their nature (whether solid, liquid or 
mixed), their dimensions, their depth and possible 
involvement of the skin and the pectoral muscle. 
The description of the lesions as regards their physi-
cal acoustic features (anechoic, hyperechoic, hy-
poechoic, etc.) is optional and of no great utility, 
whereas it is essential to include diagnostic conclu-
sions. The conclusions drawn from the ultrasound 
scan are essential since they are the result of direct 
evaluation of the images on the monitor by the op-
erator and cannot be deduced from photographic 
reproductions.

Where there are also clinical or mammographic 
lesions, the report should also state whether they 
correspond to the lesion identifi ed by ultrasound.

9.1.4.2 
Results

When used together with mammography, ultrasound 
improves diagnostic accuracy, increasing both the 
sensitivity (to as high as 90%) (Fig. 9.13 a,b) and the 
specifi city (to as high as 98%) (Fig. 9.13c,d) (Cilotti 
et al. 1997; Kaplan 2001; Moy et al. 2002; Zonderland 
et al. 1999). Despite the continuing technological 
development, ultrasound remains a complementary 
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Fig. 9.9a–c. Paradigmatic fi ndings of elastosonography: 
a cyst, b benign node, c carcinoma
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Fig. 9.11a–d. Conventional B-mode ultrasound: fi ndings of benign lesions: a cyst, b lypoma, c fi broadenoma, d intramam-
mary lymph node 

Fig. 9.10. Conventional B-mode ultrasound: fi ndings of lesions highly suggestive of malignancy 

a

c d

b
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Fig. 9.12. a Undeter-
mined ultrasound 
benign-like lesions: 
unhomogeneously 
hypoechogeneity, mi-
crolobulated or quite 
well-defi ned edges, 
also with posterior 
enhancement. b Un-
determined lesions at 
standard ultrasound, 
but with numerous 
vascular peduncles 
(histological diagnosis: 
carcinomas). c Unde-
termined lesions at 
standard ultrasound, 
but not vascularised 
(benign lesions at 
needle sampling)

b

a

c
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examination to mammography and cannot be used 
as a sole diagnostic test, except in certain specifi c 
situations (Feig 1992). 

The most obvious limitations of ultrasound lie in 
the identifi cation and characterisation of preclinical 
tumour lesions. On the other hand, it possesses ex-
tremely high specifi city in the diagnosis of cysts and 
may be considered a fi rst-line technique for non-on-
cological situations as well, such as infl ammation 
and trauma. In screening programmes, there is no 
scientifi c justifi cation for the use of ultrasound as 
the exclusive or preliminary diagnostic test (Balu-
Maestro et al. 2003).

The use of colour power Doppler provides addi-
tional, but still debatable information, in the dif-
ferential diagnosis between benign and malignant 
pathologies. It is, however, of use in the diagnostic 
differentiation between fi brosis and relapse.

The main contribution of the elastosonography 
consists in the characterisation of the small lesions 
almost certainly benign identifi ed at ultrasound 

(e.g., small dense cysts, benign solid nodes) avoid-
ing needle sampling (Fig. 9.14).

9.1.4.3 
Indications

The indications for breast ultrasound suggested by 
the American College of Radiology in 1995, and up-
dated in 1999 and 2001 (American College of Radiol-
ogy (2000\2001) may be summed up as follows: 

Identifi cation and characterisation of the lesions 
(whether palpable or not) and the further investi-
gation of dubious clinical and/or mammographic 
fi ndings.
Guidance for interventional procedures (preop-
erative marking of lesions, cytological or histo-
logical sampling). One of the most recent indica-
tions is ultrasound-guided needle aspiration of 
axillary lymph nodes found to be suspicious on 
ultrasound, in order to prevent the excision of the 
sentinel lymph node if positive

�

�

Fig. 9.13. a,b Examples of mammographic dense breasts; the carcinoma is identifi able only with ultrasound. c,d Examples of 
suspect lesions at mammography. Ultrasound instead characterises the lesion as cysts and provides an accurate diagnosis. 
No need for the patient to undergo needle sampling.

b
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Evaluation of breast implants.
First-level investigation for evaluation of lesions 
in young women (under circa 30 years of age) and 
women who are breastfeeding or pregnant.

The use of ultrasound as a method of screening 
should at present be regarded as the exclusive prov-
ince of clinical research.

9.1.5 
Pneumocystography

Pneumocystography consists in obtaining radio-
graphs after the emptying of a cyst and injection of 
air into it; the walls of the cyst can thus be studied 
and possible vegetation revealed. At present, pneu-
mocystography should be performed only to resolve 
doubts which persist after the ultrasound scan.

9.1.6 
Ductogalactography

Ductogalactography consists in the injection of a 
radiopaque hydrosoluble contrast medium into the 

�
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secretion duct followed by radiography. It reveals 
defects in the fi lling of the duct due to vegetation 
within the duct (Fig. 9.15), but cannot provide cer-
tain differential diagnosis between benign and 
malignant lesions. This test is indicated in cases 
of bloody, mixed serous and bloody, or transparent 
secretions, especially if unilateral and from a single 
duct and when occurring in the presence of suspi-
cious cytology. It is not indicated when there are 
other types of secretion since the probability of oth-
erwise hidden neoplasia in such cases is negligible.

9.1.7 
Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) of the breast 
may only be performed with the appropriate equip-
ment, including suitable hardware and software. The 
examination should be simple, fast and panoramic 
(a simultaneous bilateral study). It should guarantee 
high-quality images and provide a dynamic investi-
gation with the possibility of subsequent processing 
of the images (subtraction, MIP, MPR, etc.) as well 
as measurement of the signal intensity-time (SI/T) 
curves.

Fig. 9.14. Small nodes presenting as benign at elastosonography (cytological confi rmation)
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The diagnostic accuracy of MRI depends on the 
technical and acquisitional features, but also to a 
very great extent on the image processing. Process-
ing should therefore be considered one of the main 
stages of the technique (Del Maschio et al. 2002; 
Morris 2002).

Reparative processes lead to focal or diffuse 
infl ammatory reactions, with hypervascular ar-
eas and a consequent enhancement effect which is 
sometimes diffi cult to distinguish from that due to 
malignant lesions. MRI should therefore generally 
be performed at least 6 months after surgery and 
12 months after radiotherapy. If necessary, however, 
the examination may be carried out in the few days 
immediately following the operation (since, during 
the fi rst 30–70 h, none of the reparative processes 
have taken place), and it is useful when there is some 
doubt as to whether the lesion has been removed.

Hormone, physiological and pharmaceutical 
stimulation greatly affects the MR image. For this 
reason the examination should preferably be per-
formed in the second or third week of the menstrual 
cycle, and, in menopausal patients, 1 or 2 months 
after possible replacement hormone treatment has 
been suspended. If this methodology is not ob-
served, there is an increased risk of false positives. 
When MRI reveals lesions which did not appear 
on the conventional investigations, the matter can 
often be resolved by a second targeted ultrasound 
scan, guided by the MR images. When diagnostic 
doubt persists and cannot be resolved by second-
look ultrasound (or mammography), it is advisable 
to repeat MRI 1 or 2 months later, in the suitable pe-
riod for fertile women, before undertaking surgery 
(Teifke et al. 2003).

It is also generally advisable for MRI to precede 
needle aspiration or needle biopsy since these ma-
noeuvres may alter the behaviour of the precontrast 
signal and contrast enhancement. However, the 
methodological timing is still a matter of debate. It 
is believed to be best to take the specimen using the 
needle prior to MRI where there are unifocal lesions: 
if the specimen proves negative and the integrated 
negative diagnosis is deemed suffi ciently accurate, 
normal follow-up with ordinary fi rst-level tests may 
be considered suffi cient. In contrast, where suspi-
cious or clearly multifocal lesions exist, MRI should, 
if possible, precede needle aspiration.

9.1.7.1 
Signs and Medical Report

Identifi cation of lesions is based on visualisation of 
the areas of greatest vascularisation on images pro-
duced by subtraction. Once the possible lesions have 
been identifi ed, the images are evaluated from the 
morphological viewpoint and the functional charac-
teristics are assessed by means of SI/T curves.

Characterisation of breast lesions using MRI is 
based above all on contrast enhancement dynamics 
after the administration of paramagnetic contrast 
medium. The presence of enhancement is closely cor-
related with the dynamics of the contrast medium 
in the lesion, which appear to be determined by the 
volume and permeability of the vessels, as well as by 
the width of the interstitial space. Since these charac-
teristics are intrinsic to the process of angiogenesis of 
malignant lesions, MRI of the breast may be assumed 
to be a suitable method for the discovery and quanti-
fi cation of the angiogenic process itself.

Fig. 9.15. Galactography: presence of defects in the fi lling of the duct due to intraductal proliferation.
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The parameters to consider are: morphology, 
edges, enhancement characteristics (homogeneous, 
inhomogeneous, centripetal, centrifugal), the inten-
sity of the initial signal, and the course of the SI/T 
curve (Fig. 9.16). As regards morphology, the crite-
ria for malignancy are the same as for conventional 
techniques: irregular lesions with ill-defi ned edges. 
The functional aspect of malignant lesions is char-
acterised by the enhancement features: inhomo-
geneous, with a centripetal, rapid and intense, but 
brief course. A typical feature of malignant lesions 
is intense enhancement at the fi rst measurement 
after injection of the contrast medium, with an in-
crease in signal intensity of more than 70%–100% 
compared to the initial value; there is therefore an 
initially steep SI/T curve which decreases rapidly, 
giving an early wash-out, i.e. a fading out of the con-
trast medium. Benign lesions have a regular mor-
phology and regular edges and show homogeneous 
enhancement with a slow and progressive course.

The report should state the presence of areas of 
enhancement, the lesion site, the lesion dimensions, 
the hypothesis as to its nature and the relation of the 
lesion to the surrounding tissue. Since MRI is often 
performed to resolve diagnostic doubts emerging 
from conventional methods, such tests should be 
referred to, a diagnostic conclusion should be ex-

pressed and specifi c suggestions should be made for 
further possible investigations.

It should be stressed that MRI cannot be pro-
posed as the fi rst diagnostic examination for breast 
pathologies and that the specifi c indications for this 
modality should be followed in order to prevent an 
excess of doubtful cases and false positives.

9.1.7.2 
Results

MRI of the breast is characterised by very high sen-
sitivity, of between 95% and 100% for infi ltrating 
carcinomas and approximately 80% for in situ duc-
tal carcinomas. The negative predictive value for 
infi ltrating carcinomas approaches 100%. All au-
thors agree on these values, but there is incomplete 
agreement on the specifi city, which is approximately 
80% using state of the art equipment.

9.1.7.3 
Indications

Currently, breast MRI should be regarded as a tech-
nique to be used only in combination with mam-
mography and ultrasound. There are a number of 
principal indications: 

Fig. 9.16. Example of carcinoma highlighted at MRI in mammographic dense breast
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The study of women with a genetic or high family 
risk of breast carcinoma. Owing to the ability of 
MRI to detect characteristics associated with the 
process of angiogenesis, use of MRI in conjunc-
tion with conventional techniques allows the 
identifi cation of some tumours which would not 
otherwise be recognised (the contribution in this 
respect is particularly valuable in women with 
radiologically dense breasts) (Kuhl et al. 2000; 
Podo et al. 2002; Tilanus-Linthorst et al. 2000).
The search for unknown primitive carcinomas 
when conventional methods are negative (Schorn 
et al. 1999).
Preoperative assessment or local staging in the 
case of breast carcinomas diagnosed using tra-
ditional techniques. MRI is the most accurate 
technique for correctly defi ning the relation-
ship between surrounding tissue and the size 
and number of lesions, thus affording the iden-
tifi cation of multifocality/multicentricity and 
contralateral lesions. The literature reports that 
multifocal/multicentric lesions not detected by 
conventional imaging techniques were identifi ed 
using MRI in 16–37% of cases and that synchro-
nous occult contralateral lesions were identifi ed 
in 5–10% of the patients studied. In brief, MRI 
changed the therapeutic approach to the patient 
in between 11% and 51% of cases (Oellinger et al. 
1993; Slanetz et al. 1998).
Monitoring of breast lesions treated with neoad-
juvant presurgical chemotherapy (MRI permits 
more precise defi nition of the dimensions of 
the residual tumour and its differentiation from 
necrotic and fi brotic components) (Panizza et al. 
1997; Rieber et al. 1997; Wasser al. 2003).
Follow-up after breast-conserving surgery and/
or radiotherapy, wherever conventional methods 
raise doubts regarding the differential diagnosis 
of fi brosis and relapses. The sensitivity of MRI 
in distinguishing between relapse and fi brosis 
ranges from 93% to 100%, and the specifi city 
from 88% to 100% (Dao et al. 1993; Solomon et 
al. 1998).
Evaluation of women with breast implants. MRI 
is the most effective technique for studying the 
state of the implant (integrity, fi brous capsule, 
dislocation, silicon migration); according to the 
literature, MRI has a 75% sensitivity and speci-
fi city in the recognition of ruptured implants. In 
addition, MRI allows assessment of the native 
breast and especially the regions hidden by the 
implant that are diffi cult to explore using mam-
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mography or ultrasound (Ahn et al. 1993; Gorzica 
et al. 1994; Reynolds et al. 1994).
Evaluation of breasts that are diffi cult to inter-
pret using conventional techniques or for which 
different diagnostic approaches have yielded dis-
crepant fi ndings.
As a guide for the taking of cyto-/histological 
specimens of lesions that can only be revealed 
by MRI. Combined use of new stereotactic equip-
ment and surface bobbins and non-magnetic 
needles now makes it possible to perform cyto-
logical and microhistological sampling pre-oper-
ative marking of lesions (Liberman et al. 2003; 
Panizza et al. 2003; Wald et al. 1993).

Contra-indications to MRI include inf lamma-
tion, which is indistinguishable from malignant 
alterations, and all the other usual contra-indications 
(pacemakers, metallic plates, etc.).

At our present state of knowledge, the most de-
bated issue as regards the indications for MRI is 
whether or not it should be routinely used when a 
breast carcinoma has been diagnosed by conven-
tional techniques and breast-conserving treatment 
proposed. The literature would appear to suggest 
that MRI should routinely be performed prior to 
conservative surgical interventions. However, it is 
clearly too early to impose such a protocol, both 
because it would be diffi cult to offer the test to ev-
ery woman with a carcinoma in its initial phase and 
above all because we still do not have clear scien-
tifi c evidence of the advantages in terms of survival. 
Until such evidence becomes available, each case 
should be carefully assessed and, before a decision 
is made on whether to use MRI, the patient should be 
made fully aware that if further foci are discovered, 
it will no longer be possible to avoid mastectomy, 
even though quadrantectomy and radiotherapy 
might offer the same results.

9.1.8 
Needle Sampling

9.1.8.1 
Fine-Needle Aspiration for Cytological Analysis

Cytology is performed on: secretions from the nip-
ple, the contents of cysts, material obtained from 
scarifi cation of erosive lesions of the nipple, and 
aspiration samples of palpable or non-palpable solid 
tumefaction when it is not defi nitely benign. The 

�

�



  State of the Art of Current Modalities for the Diagnosis of Breast Lesions 117

slide should bear the data essential for identifying 
the patient, placed there prior to the test.

Fine-needle aspiration cytology (FNAC) may in-
volve the use of a needle alone or a needle attached 
to a syringe, with the syringe mounted on a handle. 
Complications are typically negligible (infection, 
haemorrhage) and more serious complications 
(pneumothorax) are extremely rare if the methodol-
ogy is appropriate. In theory, it is possible that dis-
semination of neoplastic cells might occur as a re-
sult of FNAC, but no such cases have been described 
in the literature on breast carcinoma.

Signs and Medical Report

A descriptive diagnosis is optional and, in this case, 
the cytopathological report should be clear and suc-
cinct. By contrast, the diagnostic conclusion is oblig-
atory and should be codifi ed into fi ve classes: 

C1: fi ndings insuffi cient for a diagnostic judge-
ment
C2: fi ndings negative for tumour cells
C3: fi ndings dubious; lesions probably benign, 
but presence of atypia
C4: suspicious fi ndings, peremptory indications 
for surgical biopsy
C5: positive fi ndings for malignant tumour cells 
(an area of tumour cells unequivocally malig-
nant, already recognisable when only slightly 
enlarged) with almost absolute positive predic-
tion (>99%).

Results

The sensitivity of FNAC for breast cancer (suspi-
cious + positive cases, excluding insuffi cient fi nd-
ings from consideration) is 90–95%, and it has a 
positive predictive value of more than 99%. The rate 
of insuffi cient fi ndings in cases of cancer is less than 
10%. When FNAC yields a positive fi nding, intra-
operative histological confi rmation may be omit-
ted. When a suspicious fi nding is obtained (in the 
literature the predictive value of suspicious fi ndings 
ranges between 40% and 80%), surgical biopsy is 
required, regardless of the clinical evidence. Given 
the possibility of false-negative cytology, a negative 
cytological analysis is not suffi cient to avoid a surgi-
cal biopsy if other diagnostic tests are either dubious 
or suspicious (Di Maggio et al. 2003; Helbich et al. 
2003; Pisano et al. 2001; Sauer et al. 2003).

If the sensitivity, specifi city and predictive values 
achieved at a treatment centre are not comparable 
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with the foregoing rates, it is necessary to critically 
review sampling, smear staining and interpretation 
and possibly to compare one’s own practice with 
that at a more experienced centre.

9.1.8.2 
Needle Biopsy for Histological Analysis 
(Percutaneous Biopsy)

The specimen is taken using a wide-calibre needle 
and therefore special methodological precautions 
are required (informed consent, accurate anam-
nesis regarding coagulation disorders or allergy to 
anaesthetics, local anaesthesia and possible general 
sedation, cutaneous incision, subsequent manual 
compression for 10_15 min and radiography of speci-
mens). In fact, not all of these precautions should 
always be carried out, but the methodology is un-
doubtedly more invasive than in FNAC. The average 
time for the procedure ranges from 15 to 60 min; 
a report is only available several days later.

Nowadays, various techniques are available for 
percutaneous biopsy, including multiple sampling 
with automatic or semi-automatic guillotine cut-
ting needles with a 14- to 20-G calibre, the advanced 
breast biopsy instrumentation (ABBI) system, which 
allows removal of a core of breast tissue up to 2 cm 
in size, and the Mammotome breast biopsy system, 
allowing removal of samples with gentle suction.

Percutaneous biopsy allows histological analysis 
of the lesion, providing information on tumour in-
vasiveness and certain parameters related to its ag-
gressiveness; it yields a low number of insuffi cient 
fi ndings. The expected results are infl uenced by the 
type of lesion (node or calcifi cation), by the calibre 
of the needle and by the number of pieces taken. It 
should always be borne in mind, in the interests of 
correct programming of surgery and treatment, that 
in 10–30% of cases with a microhistological diag-
nosis of carcinoma in situ, subsequent surgical re-
moval will reveal the presence of invasive carcinoma 
(Jackman et al. 2001).

9.1.8.3 
Indications for Needle Aspiration/Biopsy and 
Choice of Method

Palpable lesions: Although FNAC almost always en-
ables the diagnostic problem of palpable lesions to 
be resolved, it is preferable, except in certain specifi c 
cases, to use aspiration not as a sole clinical test, but 
after evaluation of the mammogram (or at least the 
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ultrasound scan). This ensures that FNAC is carried 
out only when necessary, at the right time and in 
the right place.

Non-Palpable Lesions

Needle aspiration should be performed with an 
ultrasound or a radiostereotactic guide. In some 
centres, it is possible to use an MRI guide. In all 
cases where the lesion, though discovered through 
mammography, can be recognised with a targeted 
ultrasound scan and where there is certainty that the 
lesion on the ultrasound image corresponds to that 
on mammography, ultrasound-guided aspiration is 
to be preferred because it is simpler, faster, more 
agreeable for the patient and less expensive.

The increasingly frequent fi ndings of non-pal-
pable lesions and their small size require that diag-
nostic procedures should be very strictly applied, 
that the recommendation for aspiration must be 
justifi ed, and that the choice of method (FNAC ver-
sus percutaneous biopsy) must be rational (Deurloo 
et al. 2003; Di Maggio et al. 2003; Nori 2003; Parker 
et al. 2001). In the presence of lesions of a dubious 
nature, therefore, the radiologist should use second- 
and third-level examinations (targeted radiography, 
mammographic enlargement, possible ultrasound 
scan studies with a contrast medium, digital pro-
cessing, MRI, etc.) to try to characterise the lesions 
as well as possible.

The following considerations may justify aspira-
tion and help in selection of the method: 

Needle sampling should be deemed neces-
sary if the expected fi ndings might change the 

�

subsequent diagnostic approach or treatment 
(follow-up control or excision, interval between 
check-ups). In the presence of nodes with a 
diameter of less than 1 cm, classifi ed 3 or 4A 
at mammography or ultrasound according to 
BI-RADS and classifi ed negative or benign at 
needle aspiration, it is advisable to avoid sur-
gical excision and perform only a short-term 
follow-up: this choice reduces anxiety in the 
majority of patients, reduces costs and avoids 
possible alterations in structural scarring that 
may cause diagnostic diffi culties in future 
check-ups (Fig. 9.17). Similar considerations 
should be adopted in the case of hyperplasia 
without atypia (Jacobs 2002). 

Instead, in the case of atypical ductal hyper-
plasia, surgical excision is always recom-
mended since the differential diagnosis 
between ADH and low-grade DCIS is diffi cult 
and in many cases foci of ADH can be found 
at DCIS margins. When ADH is diagnosed at 
needle aspiration subsequently a diagnosis of 
DCIS in a reasonable number of cases is made 
(from 19% to 44%) (Hartmann 2005).
Needle sampling may also be recommended 
even when the mammogram is clearly suspi-
cious or positive, in order to obtain a defi nitive 
preoperative diagnosis so that the patient can 
be better informed as to the type of surgical 
operation that will be performed or to avoid a 
two-stage operation (fi rst, a diagnostic biopsy 
and then a radical intervention).

The choice among the various methods should 
be based both on the scientifi c evidence avail-

�
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Fig. 9.17a,b. Images simulating a carcinoma, but caused by scar alterations after surgery

ba
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able (evaluation of the contributions they offer 
for diagnosis, knowledge of the prognostic fac-
tors and knowledge of the invasiveness of the 
carcinoma) and on personal experience.

It is always worth bearing in mind that, if a choice 
can or has to be made, it is best to employ the less 
invasive method in cases in which the results will 
tend to coincide or in which the particular informa-
tion that may be obtained using the more invasive 
technique (e.g., tumour invasiveness or aggressive-
ness, histological type) is not indispensable or can 
be obtained during the surgical intervention with-
out prejudicing it and the prognosis.

To sum up, the following guidelines may be sug-
gested: given the grounds for needle aspiration, the 
method of choice to obtain further diagnostic infor-
mation will in most cases be FNAC (less invasive, 
less costly), with percutaneous biopsy reserved for 
cases without a defi nitive diagnostic evaluation 
(cases that are classifi ed as C1/C3, or which are the 
subject of disagreement between the radiologist and 
the pathologist) and cases in which information is 
required that cytology cannot provide (invasive-
ness, aggressiveness).

It should be stressed that the choice of method lies 
with the operators (the radiologist, pathologist and 
surgeon), who may prefer FNAC or percutaneous 
biopsy, according to their own experience. In many 
cases, moreover, the choice should be discussed and 
agreed upon on a case-by-case basis in the multidis-
ciplinary unit.

9.2 
Suggested Diagnostic Procedure for 
Self-Referrals

9.2.1 
Women Who are Symptom-Free

9.2.1.1 
Under 40 Years of Age

There are no particular recommendations regarding 
the preventive control except to note that the women 
involved are at high risk (genetic/familial high risk) 
and are part of a specifi c programme of diagnos-
tic surveillance. Rigorous check-up is also recom-
mended in women submitted to previous treatment 

for Hodgkin’s disease (Hill 2005; Travis 2003, 2005). 
Routine ultrasound scans are unjustifi ed in the ab-
sence of objective signs.

9.2.1.2 
Over 40 Years of Age

It is recommended that mammography should be 
performed at intervals of between 1 and 2 years. 
Mammography at 1-year intervals, in combination 
with routine breast and ultrasound examination, 
is justifi able for women with radiologically dense 
breasts owing to the greater diffi culty in discovering 
a possible tumour and because the radiological den-
sity appears to be associated with a greater risk of 
tumour development (Boyd et al. 1995, 2002; Harvey 
and Bovbierg 2004; Mandelson et al. 2000).

As regards the clinical and instrumental surveil-
lance of the group of women with a genetic risk of 
breast carcinoma, there are as yet no recommenda-
tions grounded in hard scientifi c evidence. It is ad-
visable for such women to attend centres where there 
are working groups devoted to the problem.

Given that mammography has limitations, espe-
cially in younger women, the usefulness of routinely 
combining MRI with ultrasound and mammography 
is currently being assessed. At present it is widespread 
practice to advise that check-up visits should begin at 
30 or at the same age as the youngest family member 
affected. Currently, diversifi ed diagnostic procedures 
and intervals according to the level of risk (e.g., ge-
netic risk for breast cancer) are being evaluated. Peri-
odic tests may also be advisable in males over the age 
of 50 when there is a family history of breast cancer.

9.2.2 
Women with Symptoms

9.2.2.1 
Under 35 Years of Age

Due to the low incidence of breast carcinoma in 
patients aged less than 35 years, the clinical exami-
nation performed by the general practitioner may 
be suffi cient to clear up any doubts and allay need-
less anxiety. In the presence of real focal pathology, 
which is not suspicious clinically, ultrasound and 
possible needle aspiration may be deemed suffi cient. 
If the suspicion persists, the diagnostic evaluation 
should continue with mammography and other 
techniques if necessary.
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9.2.2.2 
Over 35 Years of Age

In patients aged over 35 years who have relevant 
symptoms, mammography in combination with 
clinical examination and, preferably, ultrasound 
will afford a correct diagnosis in most cases. The 
use of ultrasound has the advantage that it will avoid 
failure to diagnose carcinomas that cannot be re-
vealed radiographically. Ultrasound is indispens-
able both when there is diffi culty in exploring the 
breast radiographically (dense breasts) and when 
mammography or the clinical examination reveals 
nodules whose nature is unclear.

If the diffi culty in classifying the images persists 
or if suspicious elements emerge, needle aspiration 
should be performed (percutaneous cytology or bi-
opsy). It will be necessary to decide on a case-by-
case basis whether or not needle aspiration should 
be preceded by MRI or breast scintigraphy.

9.3 
Operational Models 
(Organisation of Diagnostic Procedures)

The organisation of the procedures used in diagnos-
ing breast pathologies should take account of three 
objectives: 

To diagnose most small tumours at an early stage 
so as to ensure a reduction in the mortality and 
a better quality of life
To achieve correct diagnosis of benign growths 
in order to avoid additional anxiety and unneces-
sary biopsies
To reassure healthy women and give them peace 
of mind

From the methodological point of view, two ways of 
proceeding can be considered: 

Creation of breast diagnostic units (BDUs)
Implementation of mammographic screening 
programmes

9.3.1 
Breast Diagnostic Units (BDUs)

Only the centralisation of diagnostic activity in a 
single site (a BDU), catering for both women who 
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present spontaneously, with or without symptoms, 
and women selected through screening, enables ad-
ministrators to optimise resources and to provide 
personalised procedures so that a defi nitive diagno-
sis can be obtained at low cost and with minimum 
inconvenience for the patient (Di Maggio 1991). It 
is convenient to arrange for two sets of procedures: 
one set for women with symptoms and another for 
those without (Di Maggio 1996, 2004).

Patients with evident clinical symptoms are in-
ducted into a set of procedures that includes a pre-
liminary clinical examination, then mammography 
and, in rapid succession, any other tests (ultrasound, 
needle sampling) needed to reach a conclusive diag-
nosis. Communicating rooms need to be available.

Naturally, the sequence of the diagnostic proce-
dures may require modifi cation in accordance with 
the presumed pathology and the patient’s age. The 
result is given to the patient at the end of the tests, 
except in cases in which it is necessary to take a sam-
ple with a needle (the analysis of which should also 
be carried out in the same centre).

In the event of a positive result, it is the radiologist 
who provides the fi rst explanations and prepares the 
patient for the subsequent therapeutic procedures 
(Figs. 9.18, 9.19). The referring doctor is, of course, 
informed immediately (with the patient’s consent) 
and is directly involved.

Women without clinical symptoms who spontane-
ously present with a view to prevention undergo the 
same set of diagnostic procedures on the fi rst occa-
sion as patients with symptoms. In most cases, clini-
cal examination and mammography are suffi cient to 
conclude the diagnostic process in these women. The 
date of the next check-up and follow-up procedures 
are established when the results are given.

Women without symptoms who are found to be in 
a healthy state are offered one of two differing sets of 
subsequent procedures: 

Women with breasts that are more diffi cult to 
examine are invited to return for annual check-
ups with mammography and ultrasound.
Women with breasts that are mainly adipose 
can be monitored by mammography alone at 2-
yearly intervals. In this case, interpretation of 
the radiographs is deferred and double reading 
is essential.

The diagnostic activity must be carefully moni-
tored. The patient should come away from the BDU 
with a defi nitive diagnosis and not with a request for 
further diagnostic testing.

�

�
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9.3.2 
Mammographic Screening

The purpose of mammographic screening is not di-
agnosis as such, but the selection of women “prob-
ably affected by a tumour”. The sole objective of 
the screening programme is to obtain a reduction 
in mortality at an acceptable cost; it is therefore 
to be undertaken only if its effectiveness has been 
demonstrated, if funds are available, if the cost is 
acceptable and if it is competitive in relation to other 
public health initiatives. For the same reasons, the 
programme is not directed at all women, but only at 
those in the age band at greatest risk.

As far as breast cancer is concerned, screening 
programmes have now been operative for very many 
years and their effectiveness is proven; the cost per 
life saved would also appear to be acceptable (Duffy 
2002; Nystrom et al. 2002; Peto et al. 2000; Shapiro 
1977; Vanara et al. 1995). Screening programmes can 
be credited with having demonstrated that prompt 
diagnosis results in a reduction in mortality and 
that good results can be obtained only if all steps of 
the programme are optimised and all results are pe-
riodically checked. Although the effi cacy of mam-
mographic screening has been proven over many 
years, it cannot be said that the population is ade-
quately covered. However, it has to be borne in mind 
that is not possible, within a limited time, to fully 
implement a programme that requires broad par-
ticipation among the population, growth of aware-
ness, suffi cient economic resources and an adequate 
number of well-trained professional fi gures (ra-
diologists and radiographers) (EUREF 2001/2006; 
 Sickles et al. 2002).

The negative aspects of a programme of mammo-
graphic screening are well known (di Maggio et al. 
1994; Fletcher and Elmore 2003; Wald et al. 1993): 
prolonged awareness of illness when therapy is not 
able to yield the desired results, over-diagnosis and 
over-treatment, false reassurance in the event of 
false-negative results, anxiety inducement in the 
event of false-positive results and the possible risk 
associated with radiation, over-diagnosis and over-
treatment (De Koning et al. 2006; Warren and Eleti 
2006; Zackrisson et al. 2006).

Overdiagnosis is: the diagnosis of a tumour 
through screening that would never have been di-
agnosed if screening had not been carried out since 

Fig. 9.19. Consultation with the patient at the end of the exam 
reduces anxiety that may occur from the moment of the di-
agnosis until the start of therapy

Fig. 9.18. Practice guidelines in breast 
disease assessment 
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progression is very slow. Overdiagnosis leads to: 
surgical interventions, useless drug therapy, inten-
sive follow-up and negative psycho-physical conse-
quences.

Overdiagnosis should not be confused with early 
diagnosis (excess of observed incidence with screen-
ing), which means anticipating the diagnosis of tu-
mours that would have become clinically evident in 
the future.

The operating methodology for a screening pro-
gramme is today rigorously codifi ed (Advisory 
Committee on Cancer Prevention 2000; American 
Cancer Society 1999–2003; Piscioli and Cristofolini 
1996; Bancej et al. 2003) exclusive mammography 
bi-annually, deferred reading, recall with further di-
agnostic testing of women with a doubtful diagnosis 
expressed even by only one of the two readers, and 
limitation to women aged between 50 and 69.

Some considerations with respect to current 
screening methodology include: Mammography 
is offered as the sole test, at 2-yearly intervals and 
with deferred reading. This allows a reasonable 
number of examinations per hour to be completed 
and reduces the number of working hours required 
of radiologists, but it leads to less thorough and 
sensitive diagnostics, as well as to the need for fol-
low-up in uncertain cases. The limited sensitivity of 
mammographic screening used as the sole test on 
a bi-annual basis is clearly attested to by the rather 
high rate of so-called interval cancers (Maijd et al. 
2003; Marra et al. 1999; Raja et al. 2001; Sylvester et 
al. 1977). It has been suffi ciently documented that a 
good proportion of these cancers would be picked 
up if shorter intervals were used (Bauce et al. 1998; 
Feig 1997; Michaelson et al. 1999; Rosen et al. 2002; 
Zappa et al. 2002) if the screening were combined 
with other tests (Cilotti et al. 1997; Kaplan 2001; Kolb 
et al. 1998; Moy et al. 2002; Zonderland et al. 1999). It 
therefore seems reasonable to consider the possibil-
ity that, for women with breasts that are not amena-
ble to X-ray scanning, the screening protocol should 
be modifi ed to include routine ultrasound scans.

Very useful, but perhaps less feasible for reasons 
of cost and lack of personnel, would be the inclu-
sion of the medical radiologist at the time of the 
fi rst examination. The implementation of a con-
current clinical examination and ultrasound scan, 
when necessary, would lead to a 7–10% reduction 
in diagnostic errors (Bancej et al. 2003; D’Angelo et 
al. 1996) and thus also in the incidence of interval 
cancers (Kopans 2004; Guthrie 1999). Furthermore, 
it would obviate the need to recall patients for sec-

ond-level tests, which causes anxiety, and would of-
fer the woman receiving the information the kind of 
human contribution that can only be ensured by the 
presence of the doctor.

As stated above, women aged 50–69 are priori-
tised as subjects for screening, but in view of the 
longer life expectancy of women in good health and 
past the age of 70, it may be advisable to continue ac-
tively screening women who attended previous tests 
up to the age of 74.

The decision as to whether the age at which the 
fi rst “invitation to screening“ is offered should be 
lowered to 45 can be left to the health authorities, 
taking into account available resources and work-
ing in collaboration with the scientifi c society. There 
is a general consensus that women should be given 
the opportunity to undergo periodic tests at this age 
since the results of recent studies, although not con-
clusive, have indicated the possible effectiveness of 
early diagnosis in this age range as well. Naturally, 
the women concerned must be adequately informed 
of the possible benefi ts, but also of the possible nega-
tive effects (diagnostic overestimation of risk, anxi-
ety) (Bjurstam et al. 1997; Smart et al. 1995).

9.4 
Concluding Considerations on Procedures 
for Timely Diagnosis of Breast Cancer

Procedures for early diagnosis must be implemented 
in such a way that the entire geographic area in ques-
tion is adequately covered, and women who undergo 
checkups, whether spontaneously or as directed by 
their own doctors, must be assured of good quality 
diagnosis. In order to obtain the greatest advantage 
from the diagnostic activities while containing the 
negative effects, every procedure aimed at achieving 
a timely diagnosis must take place within the con-
text of a well-organised and supervised programme 
and must be supported by thorough training pro-
grammes for the operators. All the diagnostic pro-
grammes must therefore be backed up by adequate 
planning, and all the necessary resources, in terms 
of both professional support and institutional struc-
tures, must be guaranteed, including the health care 
functions subsequent to the diagnosis, namely ther-
apy and follow-up to an appropriate standard.

Whenever the prerequisites for implementation 
of a high-quality screening programme within a 
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limited period are lacking, it is essential that prior-
ity is given to measures aimed at reorganising and 
rationalising the diagnostic activities already avail-
able within that geographical area, reconstituting 
them into dedicated structures in the form of BDUs. 
It is necessary to create a network of BDUs evenly 
distributed across the territory since a network of 
this kind represents an indispensable preliminary 
phase in a programme that will extend to the popu-
lation as a whole. The institution of a BDU network 
and the initiation of a screening programme may be 
perceived as a single project to be implemented at 
the regional level.

In view of the fact that the diagnosis of breast le-
sions is currently based on tests that rely largely or 
exclusively on the expertise of the radiologist, and 
given that the apparatus is costly and that its use 
must be supervised and carried out in an integrated 
fashion, it is appropriate for clinical and organisa-
tional responsibility for the diagnostic procedures 
to be entrusted to the radiologist, assisted by a phy-
sician or general practitioner and a pathologist. It is 
also necessary, when disease is found, for interdis-
ciplinary expertise to be available so that the most 
suitable form of treatment can be identifi ed more 
easily.

Possible non-standard modes of organisation 
should also be carefully evaluated (Dilhuydy et al. 
2003; Di Maggio et al. 2001); this lies within the remit 
of the respective technical committees. Similarly, 
the diagnostic protocol to be used can be modifi ed 
with a view to increasing the sensitivity of screening 
(Consiglio dell’Unione Europea 2003).

Finally, it would be desirable for each region to set 
up an interdisciplinary body of reference for qual-
ity assurance. The function of such a body would 
be to ensure that work on breast pathology reaches 
a high level of quality and that this level is main-
tained throughout the region in question. Naturally, 
in order to guarantee the desired quality, it is neces-
sary to allocate adequate resources and to ensure the 
availability of suitably qualifi ed personnel.

One of the most urgent problems is to guarantee 
the quality of the procedures employed in breast pa-
thology diagnostics, both in the clinical context and 
in screening. Attention needs to be paid specifi cally 
to the need to extend quality control to diagnostic 
centres that do not operate under the auspices of a 
screening programme, since today most women still 
undergo tests autonomously outside the organised 
programmes. Some quality assurance activities can 
be undertaken as part of the activities of the health 

service, but others will require specifi c, targeted 
funding and will need to cover training activities, 
data collection and the compilation of proper an-
nual reports to be presented at the regional level.
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fl ow of contrast material and in a major permeabil-
ity leading to a precocious wash out of gadolinium.

In radiological practice, the angiogenetic conse-
quence is then represented by the early and stron-
ger uptake of contrast medium within cancer foci. 
This fundamental concept led to establishing a new 
manner of diagnostic approach that introduces the 
dynamic analysis of breast parenchyma beside its 
morphologic evaluation. Dynamic analysis consists 
of the acquisition of one pre-contrast and a series 
of post-contrast sequences, covering both breasts, at 
the highest possible temporal resolution.

The earliest studies were performed with T1-
weighted spin echo sequences with an imaging time of 
approximately 5 min and slice thickness of 5 mm. Lim-
ited numbers of slices were available for the dynamic 
evaluation, and slices were interleaved by a small gap. 
The result was a reduction in spatial resolution.

With the development of fast T1-weighted gradi-
ent echo pulse sequences, dynamic imaging of the 
entire breast with thinner and contiguous sections 
has become possible. The analysis of the same voxel 
over several minutes generates a signal intensity 
curve that quantifi es the rate and velocity of any en-
hancing region. Starting from this double possibility 
of morphologic and dynamic analysis, two different 
schools evolved, both of them with good results in 
terms of diagnosis. The European school focused at-
tention on dynamic evaluation and the distinction 
of benign from malignant lesions on the basis of 
their enhancement characteristics at high temporal 
resolution. The US school based the diagnosis on the 
analysis of morphological characteristics exhibited 
by malignant disease at high spatial resolution.

At the dawn of MR imaging, optimization of both 
spatial and temporal resolution was impossible: high 
temporal resolution implied a sensible loss in number 
and thickness of slices, thus compromising the sensi-
tivity for small and multifocal breast carcinomas. On 
the other hand, the cost of high spatial resolution was 

10.1 
Introduction

Magnetic resonance imaging (MRI) was fi rst applied 
to the evaluation of breast parenchyma in the late 
1980s, mainly in women with proven carcinomas. 
Heywang and coworkers (1986) discovered that 
breast cancer is associated with signifi cant enhance-
ment following the intravenous injection of contrast 
medium (gadolinium dimeglumine, e.g., Gd-DTPA). 
The pathophysiological basis of this enhancement 
has been extensively investigated. Folkman fi rst de-
scribed the biological rule of capillary vessels for the 
nutrition of normal tissues and arrived at the dis-
covery that malignant tissues need a supplementary 
infl ow of nutritional factors. For this reason, they 
are able to release some specifi c proteins that induce 
new vessel growth (vascular endothelial growth 
factor, VEGF) (Folkman 1985, Folkman et al. 1987; 
Folkman 2002; Weidner et al. 1991; Hanahan et al. 
1996; Gimbrone et al. 1972).

The new, malignant vascular dragnet has an anar-
chic distribution, and the single capillary structure 
shows pathological wall architecture. The results of 
angiogenetic activity in MRI are then summarized 
in an increased vascularity leading to a grown in-

New Trends of MRI in Breast Cancer Diagnosis 10
Daniele Vergnaghi, Giovanna Trecate, and Siranoush Manoukian



128 D. Vergnaghi, G. Trecate, and S. Manoukian

represented by a sensible elongation of time acquisi-
tion for each sequence. Moreover, high anatomical 
resolution analysis needs in general to be performed 
only on one breast and in the sagittal plane. Beside 
to improve the detectability of smaller enhancing le-
sions, the US school prefers fat suppression sequences, 
adding further scan time. Thanks to progressive 
technology advances, the two strategies today can 
converge rather than compromise each other.

New emerging techniques such as parallel imag-
ing that uses multiple MRI received coil elements to 
encode spatial information, and new macromolecular 
contrasts that diffuse less rapidly than gadolinium 
may in fact improve very high spatial and temporal 
resolution. Nowadays, a satisfactory compromise is 
attempted between time acquisition sequences that do 
not exceed 1 min and are provided with slice thickness 
of 1 or 2 mm and a 512 matrix. Both breasts are repre-
sented in axial or coronal plane. The main advantage 
of coronal acquisition is the reduction of acquisition 
time as it allows a rectangular FOV. This plane allows 
also a better view of the axilla, and it is thus preferable 
after breast conservative therapies. On the other hand, 
it is more sensible than the breathing motion.

The axial plane follows vascular structures of the 
breast parenchyma better, which is helpful in distin-
guishing blood vessels from ductal disease. Further, 
it better describes the region of the nipple. On the 
other hand, it is more sensible than cardiac pulsa-
tion artifacts.

Maximum intensity projection (MIP) is a dedi-
cated software that can be very helpful in distin-
guishing blood vessels from suspicious lesions. 
Moreover, new diagnostic strategies always continue 
to be improved by imaging technology.

For non-palpable breast lesions that are only de-
tectable on MRI, it may be diffi cult to obtain adequate 
material for pathological examination. Thus, MRI-
guided wire localization and needle biopsy have been 
developed to obtain interesting results (Landheer et al. 
2006). Recently, also spectroscopy has been applied to 
breast evaluation searching for molecular peak differ-
ences between malignant lesions and benign or normal 
tissues (Hsiang et al. 2005; Manton et al. 2006).

 Last introduced was diffusion-perfusion imag-
ing (Charles-Edwards et al. 2006; Marini et al. 2007). 
Based on thermal movement of the molecules, diffu-
sion of water in tissues is measured to obtain diffu-
sion imaging in MR. Diffusion contrast on MRI rep-
resents the strength of water molecular microscopic 
motion. To create diffusion contrast, there are some 
dedicated sequences that switch to different gra-

dients giving a specifi c coeffi cient. The diffusion 
coeffi cient is a measure of the velocity of diffusion 
within different tissues. Diffusion imaging calcu-
lates the average of diffusion coeffi cient for each 
voxel, deriving the so-called apparent diffusion co-
effi cient map. The ADC map is exploitable today to 
differentiate benign from malignant lesions, where 
the augmented cellularity of cancer restricts water 
motion into reduced extracellular spaces.

As introduced before, both morphological and 
dynamic parameters have to be integrated to bet-
ter assess the characterization of enhancing lesions. 
The fi rst distinction should be between mass and 
non-mass enhancement. In the fi rst case morpho-
logic patterns to consider are the characteristics of 
margins (smooth or spiculated) and edges (well or 
ill defi ned) and enhancement uptake (homogeneous 
or inhomogeneous rim enhancement). Also the dis-
tribution of the enhancement mass is important 
(single, multiple, scattered or clumped). If non-mass 
enhancement is recognized, this can be regional, 
diffuse, linear or branching. Dynamic patterns are 
represented on the time/intensity curve, where we 
can read the precocity and rate of enhancement, sig-
nal intensity behavior and eventual wash out.

Kuhl distinguishes three types of time/intensity 
curve according to the most common behavior of 
signal intensity within breast lesions. In synthesis, 
she points out how these curves refl ect angiogenetic 
processes. Within this group, the most suggestive 
for malignancy is in fact the curve with rapid, strong 
and early wash in that raises up to signifi cant rates 
and is followed by a typical washout. The current 
trend is to follow the recently published MRI Lexi-
con (MRI BIRADS) (Ikeda 2001).

High soft tissue contrast and high spatial resolution 
are the most important factors at the basis of high sen-
sitivity of MRI, even in dense breast tissue. Faced with 
high sensitivity, MRI specifi city achieves less encour-
aging results. In fact, both morphologic and dynamic 
overlaps exist between benign and malignant lesions.

Benign diseases in fact are often well vascularized. 
MRI semiology aims at the detection of foci with quan-
titative major infl ow of gadolinium, but MRI software 
cannot make a qualitative distinction between high 
benign vascularization and neoangiogenetic vessels.

According to these considerations, it should be un-
derlined that MRI cannot be proposed as the fi rst diag-
nostic approach to breast analysis. To reduce false-pos-
itive results sometimes related to hormonal infl uences, 
it must be remembered that breast MRI examination 
should be performed within the 2nd or the 3rd week of 
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the ovarian cycle and eventually 1 or 2 months after 
suspension of replacement hormone treatment.

Current indications where MRI is believed to 
integrate with conventional imaging for ruling out 
more information include:

evaluation of patients with axillary metastatic 
lymph nodes and undetectable primitive cancer 
by means of mammography or sonography
staging of the extent of cancer when a single focus 
has been diagnosed and breast conservative ther-
apy is considered
follow-up after breast conserving surgery and 
radiotherapy
surveillance of women at a high risk of genetically 
induced breast cancer
assessing tumor response to neoadjuvant chemo-
therapy
evaluation of breast implants
evaluation of breast with questionable fi ndings at 
conventional imaging

Among these indications, staging of DCIS and 
invasive cancer, detection of cancer recurrence and 
surveillance of high-risk women are more often ap-
plied in clinical diagnostics.

10.2 
Staging

Accurate staging of breast carcinoma is of primary 
relevance to plan the best treatment options. Knowl-
edge of the tumor extent can decide which patients 
can be addressed to mastectomy and which others to 
breast conservation. The main factors that infl uence 
the choice of surgical therapy include fi rst of all tumor 
size and tumor volume related to breast volume. Tu-
mor location and its relationship with the surround-
ing anatomical structures are also relevant features. 
Psychological factors cannot be underestimated, and 
they may also infl uence therapeutic strategies. Con-
traindications for breast conservation include mul-
ticentric disease (cancer involving multiple quad-
rants) and a previous surgical conservative action
(Winchester and Cox 1992). Multifocal disease (mul-
tiple cancer foci within the same quadrant) can theo-
retically be addressed to quadrantectomy. Breast con-
servative surgery combined with radiation therapy 
has been shown not to change mortality in patients 
with stage 1 and 2 (following the tumor node metas-
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tasis system), but the recurrence frequency is higher 
(1%–2% per year) than recurrence rate in patients 
who undergo mastectomy (Veronesi et al. 1981).

Incomplete excision of eventual smaller cancer 
foci not detected at conventional imaging may be the 
reason for these relapses. The incidence of multicen-
tric focal breast cancer is reported to range from 9% 
to 75% (Baker 1982; Holland et al. 1985). In patients 
with clinically occult, non-palpable breast cancer de-
tected by mammography, Schwartz et al. (1980) re-
ported a multicentricity incidence rate of 44%. More-
over, accurate assessment of the disease decreases 
the rate of positive margins after lumpectomy.

It has been demonstrated that incomplete tumor 
excision can be another reason for higher recurrence 
rates (Scmidt-Ullrich et al. 1989; Blamey 1989). Hence, 
the more detailed the information about the true ex-
tension of the disease is, the lower the possibility of 
cancer recurrence. Possible pitfalls for conventional 
imaging are related to parenchyma density, nodu-
lar structure, presence of scar related to previous 
surgery or biopsy and prosthesis. Moreover, some 
histology may easily remain undetected. This hap-
pens for lobular infi ltrative cancer, which infi ltrates 
without signifi cant stoma reaction and for extensive 
intraductal non-calcifi ed component associated with 
the more evident infi ltrative component.

MRI imaging gives more diagnostic opportunities 
because of its high spatial resolution, which allows 
the depiction of smaller lesions and high soft tissue 
contrast that removes the problem of breast density.

At the basis of MRI global major sensitivity is the 
fact that this technique recognizes cancer by detect-
ing its pathologic vascularization, known as neoan-
giogenesis, while conventional imaging demonstrates 
only morphologic changes within the parenchyma. 
Moreover, MRI is a multiplanar diagnostic tool, and 
this is very helpful to recognize the involvement of 
other anatomical structures surrounding the paren-
chyma, such as skin, musculature or chest wall.

Many studies have documented the high sensitiv-
ity of MRI in the detection of invasive breast cancer. 
The reported rates rise up to 94–99% (Oellinger et al. 
1993; Harms et al. 1989; Heywang et al. 1989; Boetes 
et al. 1995; Mumtaz et al. 1997). This sensitivity al-
lows a better measurement of the primary tumor, 
which determines the chemotherapy choice, and a 
better evaluation of the margins of cancer.

Concerning multifocal-multicentric disease, some 
authors confi rmed the superiority of MRI in detect-
ing unsuspected smaller cancer foci not detectable at 
conventional imaging (Oellinger et al. 1993; Harms
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et al. 1989; Heywang et al. 1989; Boetes et al. 1995; 
Mumtaz et al. 1997).

Nowadays, in clinical practice, when conventional 
imaging has demonstrated a probably malignant le-
sion and breast-conserving therapy is considered, 
preoperative breast MRI should be recommended to 
localize additional breast cancer foci.

Moreover, MRI is indicated in case of lobular can-
cers, knowing the diffi culties of diagnosing this path-
ological histotype at mammography and sonography. 
Recently, some authors (Fischer et al. 1999; Lee et al. 
2003; Liberman et al. 2003) indicated that MRI pre-
operative analysis introduces some relevant informa-
tion about the true extent of the disease (Fig. 10.1).

Concerning axillary lymph nodes, there is still 
little information that we can receive by MRI analy-
sis both because of the site of the axilla that is ex-
posed to cardiac pulsation artifact and because ac-
tual contrast medium cannot differentiate between 
benign or malignant nodes.

It has to be remembered that the sensitivity for de-
tection DCIS is reported to be lower than that for inva-
sive carcinoma (Gilles et al. 1995; Orel et al. 1997; Soder-
strom et al. 1996; Ikeda et al. 2000). This can be related 
both to the kind of sequences applied at the study of 
the breast and to the too many tiny angiogenetic fac-
tors associated with the smaller lesion. For this reason, 
a suspicious mammographic fi nding should be biop-
sied despite a negative MRI examination (   Westerhof 
et al. 1998). In contrast with high sensitivity, false-
positive fi ndings have to be accounted for. Specifi city 

rates range in fact from 37% to 97% (Harms et al. 1989; 
Heywang et al.1989; Fischer et al. 1999; Orel et al. 1995; 
Kaiser and Zeitler 1989; Orel et al. 1994).

At the basis of this problem, there is the fact that if 
MRI can demonstrate focal areas of major vascular-
ization, it still gives only a quantitative evaluation 
without discrimination between high benign vas-
cularization (infl ammatory disease, dysplasia) and 
neoplastic neoangiogenesis.

The false-positive fi ndings may become a serious 
problem when it is necessary to decide whether to 
apply conservative or radical surgery or when there 
is a suspected lesion in the contralateral breast. For 
this reason, histological proof of all suspected le-
sions seen on MRI must be taken by percutaneous 
or surgical biopsy before deciding on conservative 
or demolitive surgery.

For smaller lesions, seen only at MRI, there are 
two possibilities. The fi rst is a careful ultrasound 
second look on the basis of the MRI report (Panizza 
et al. 1997). Sometimes this procedure leads to rec-
ognizing the foci of cancer. The second choice is the 
MRI-guided wire localization and needle biopsy.

In conclusion, MRI can be very helpful in staging 
breast cancer and thus in planning the therapeutic 
approach. Due to the high sensitivity of MRI in de-
tecting invasive carcinoma, a negative MRI evalu-
ation can reliably exclude the presence of cancer 
(Morris et al. 1997). Because of its lower specifi city, 
MRI cannot replace conventional imaging, but it re-
mains a complementary analysis.
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Fig. 10.1a–j. Mass enhancement due to a ductal invasive carcinoma in the upper medial quadrant of the right breast. T1 (a) 
and T1 intermediate postcontrast sequence (b) with slice thickness of 1.8 mm. c–e T1 intermediate postcontrast sequence. 
Both breasts show also a highly suspicious multiple clumped foci of enhancement in the outer quadrants of both breasts that 
histology confi rmed to be intraductal extension of the disease. Notice the high anatomical detail provided with very small 
slice thickness. f Note on MIP reconstruction the higher vascularity of the invasive histotype. g,h Wash-in and wash-out 
maps point out the high vascularity of larger tumor lesions. i This image represents an assemblage of MIP reconstruction 
and diffusion map. It highlights the different vascularization between normal parenchyma and neoplastic tissue. j Time 
intensity curve on the larger lesion confi rms its suspected nature
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10.3 
DCIS

Microcalcifi cations can be the only sign of clinically 
occult breast carcinoma, and in most cases such 
fi ndings are supported by ductal carcinoma in situ 
(DCIS). DCIS is a neoplastic, but not infi ltrative le-
sion, and it consists of an atypical proliferation of 
epithelial calls without invasion through the base-
ment membrane into the periductal connective tis-
sue (Page and Rogers 1992).

DCIS is not a single entity, but a heterogeneous 
group of lesions that may differ in biological behav-
ior, growth pattern and histopathological features. 
Several schemes of classifi cations have been pro-
posed for DCIS.

Traditionally, it was classifi ed on the basis of the 
architectural growth pattern and cell type within 
two main subgroups: comedo type if associated 
with the presence of comedonecrosis within ducts 
and non-comedo type. More recently, Holland et al. 
(1994) introduced a new pathologic classifi cation 
based on the cytonuclear and architectural growth 
pattern, which distinguishes among well, interme-
diate or poorly differentiated DCIS. Silverstein pro-
posed the Van Nuys classifi cation, which considers 
the presence or the absence both of high nuclear 
grade and comedo-type necrosis.

These histopathological classifi cations are di-
rected at recognizing the degree of aggressiveness 
of DCIS for better therapeutic management. Due to 
the peculiarity of its calcium deposits, mammogra-
phy is the most sensitive technique to depict DCIS. 
With the advent of mammographic screening, the 
percentage of diagnosed DCIS breast cancer has 
risen from about 1% to 15–25% (Ernster et al. 1996;
Silverstein et al. 1996). The mammographic clas-
sifi cation follows the LeGal scheme, which distin-
guishes microcalcifi cations in fi ve subtypes on the 
basis of their morphology and with growing malig-
nant predictive value (LeGal et al. 1984).

Although it has high sensitivity, mammography 
may “lose” both multifocal non-calcifi ed lesions 
and wider intraductal extent (Stomper and Connolly 
1992; Holland et al. 1990). Moreover, radiological pat-
terns can be non-specifi c in distinguishing those be-
nign entities that can also produce calcium deposits. 
With the advent of MRI, huge hope was addressed 
to the resolution of these diagnostic problems. If 
sensitivity of MRI in depicting invasive carcino-
mas rose to satisfactory results (Heywang et al.1989;

Kaiser and Zeitler 1989; Drew et al. 1999), sensitiv-
ity rates were less encouraging (Gilles et al. 1995; 
 Viehweg et al. 2000; Heywang 1994).

The analysis of these data (Orel et al. 1997; Zuiani 
et al. 2002) led us to fi nd that the reason for these 
differences were the tumor size, the tumor grade, 
some tumoral histological features or different MRI 
parameters applied in MR imaging. Concerning tu-
mor size, if the DCIS is smaller than the voxel of MR 
imaging, breast normal parenchyma may hide the 
lesion. However, some DCIS greater than 1 cm have 
been described as not enhancing at MRI (Boetes et 
al. 1995; Stomper et al. 1995).

This directed attention to possible biological dif-
ferences, mainly on the differences between comedo 
and non-comedo types. Boetes fi rst underlined that 
non-comedo enhanced less than the comedo type 
(Boetes et al. 1995), but later other authors found 
the same behavior (Gilles et al. 1995; Orel et al. 1995; 
Heywang 1994; Stomper et al. 1995) in both of these 
subtypes. Last, angiogenesis has once again been 
demonstrated to be the most important factor for 
MR imaging.

It has been established that malignant lesions 
release angiogenetic factors (vascular endothelial 
growth factor, VEGF) that induce sprouting and 
growth of pre-existing capillaries and the forma-
tion of new vessels. However, angiogenesis starts for 
tumor lesions exceeding 2 mm in diameter. Thus, 
very small lesions with a few angiogenic changes 
may not enhance at MRI evaluation (Gilles et al. 
1995). Thanks to the development of MRI machines, 
breast coils and sequences, it has become easier to 
detect and better diagnose even smaller foci of DCIS 
(Fig. 10.2).

Nowadays, with the most modern MRI devices 
that allow applying a slice thickness of 1 or 2 mm, 
it is possible to reveal the smaller intraductal exten-
sion (Figs. 10.2, 10.3).

When associated with enhancement, DCIS may 
reveal slight differences both in morphologic and 
dynamic behavior if compared with invasive carci-
nomas. Considering morphology, DCIS may appear 
as a linear enhancement, simple or branched accord-
ing to the anatomy of the ducts (Figs. 10.3, 10.4).

It may show a nodular enhancement, single or 
multiple. Nodular enhancement representing DCIS 
mainly has well-defi ned margins, while spiculated 
edges and rim enhancement are more frequently 
associated with invasive cancer. In our experience, 
when the morphological pattern is represented by 
multiple nodular enhancement, these are usually 
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unilateral, very small (3D sequences mandatory), 
more frequently clumped (Trecate et al. 2002), and 
very close each other, representing an organized 
pathological entity, growing along the architecture 
of ducts. The last morphological pattern of DCIS is 
represented by a regional enhancement (Fig. 10.5).

Multiple nodular and regional enhancements 
are unfortunately also often associated with be-
nign disease, especially with the group of dysplasia 
(Fig. 10.6).

There are some factors that can help the differ-
ential diagnosis. Multiple, stippled or regional en-
hancement represented in both breasts and with 
a scattered, anarchic distribution is in fact more 
frequently related to dysplasia. Despite these pa-
rameters, it is often quite impossible to distinguish 
between the benign and malignant nature of en-
hancement.

Also considering dynamic curves, DCIS may ex-
hibit two orders of differences if compared to infi l-
trative carcinoma. These differences may even stress 
the diffi culty in the differential diagnosis between 
DCIS and dysplasia.

The fi rst is represented by dynamic curves that 
may mimic benign lesions: lack of early contrast 
enhancement and absence of a peak within the fi rst 
2 min (Kuhl et al. 1999; Trecate et al. 2002). The ex-
planation of this phenomenon is given once more 
by angiogenesis. Lesions that are too small with 
few angiogenic changes seem unable to provide the 
MRI device’s software with enough valuable pixels 
to allow elaboration of a typically malignant curve 
shape. The quantitative analysis of these curves, 
however, reveals in general a signifi cant increase in 
signal intensity (in our experience =/˜70%) (Trecate 
et al. 2002).

The second problem is represented by those well-
vascularized benign diseases whose dynamic curves 
reproduce the malignant shape: speed of uptake, 
peak of enhancement and signifi cant percentage of 
uptake. A possible explication for such behavior is 
still debated.

Some authors underline that some benign lesions 
have been demonstrated to be able to induce angio-
genesis (Heywang 1994). It must be remembered 
that many benign lesions are simply associated with 
high vascularization. This behavior is at the basis of 
the decrease in specifi city registered for MRI. MRI 
signal intensity and dynamic curves correspond in 
fact to quantitative parameters, but they are not able 
to distinguish between the benign or malignant na-
ture of the enhancement.

In conclusion, MRI cannot be considered as a 
reliable technique to state the nature of microcalci-
fi cations because there are too many morphologic 
and dynamic overlaps between benign and malig-
nant lesions. The practical consequence is that MRI 
is not recommended for evaluating mammographic 
indeterminate microcalcifi cations. On the other 
hand, when mammographic microcalcifi cations are 
suspected, the high sensitivity of MRI may be very 
helpful in determining the true extent of the disease 
and its eventual multifocality.

10.4 
Breast Cancer Recurrence

Several studies have demonstrated no differences 
in disease-free survival for tumorectomy and 
radial therapy versus mastectomy (Veronesi et 
al. 1981; Sarrazin et al. 1984; Fisher et al. 1985) 
with better cosmetic and psychological outcomes. 
Breast conservative surgery combined with radia-
tion therapy has therefore become the treatment 
of choice for early stage T1 and T2. The remaining 
breast parenchyma is however at risk of recurrence. 
Follow-up for these patients includes a periodical 
physical examination and mammography every 
6 months during the fi rst 2 years and every year 
thereafter. The rate of local tumor recurrence is 
1–2% year (Dershaw 1995; Neff et al. 1996). Some 
patients are at higher risk for inadequate treatment 
mostly in the presence of invasive cancer with an 
extensive intraductal component or for large pure 
intraductal carcinomas. Moreover, previous cancer 
is known as a risk factor for cancer in the contro-
lateral breast (Gajalakshmi et al.1999; Belli et al. 
2002) (Fig. 10.7).

Because the survival rate is directly related to 
the size of tumor recurrence, its early detection 
should be mandatory to improve the prognosis. Sev-
eral studies have demonstrated a lack of specifi c-
ity of mammography in detecting local recurrence 
(Stomper et al. 1987; Dershaw et al. 1990; Solin et al. 
1990). Breast parenchyma encounters in fact some 
changes after surgery and irradiation. Post-irradia-
tion mammographic fi ndings are related fi rstly to 
vascular dilatation and capillary damage that pro-
mote increased blood fl ow with edema and later to 
parenchyma retraction due to fi brosis. Also calcifi -
cations may occur.
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Fig. 10.2. a–c Suspicious microcalcifi cations of the left breast. Microcalcifi cations are located in the deepest portion of the 
parenchyma, almost close to pectoral fascia. Note their low visibility on middle oblique projection because of their position. 
d–g Subtraction images with slice thickness of 2.5 mm. MRI revealed tiny pathological multiple foci even anteriorly to the 
site of microcalcifi cations, both between upper and between lower quadrants of the left breast. Note the lower anatomical de-
tail with thicker slices. h Time-intensity curves of small enhancing foci. Histology confi rmed intraductal extended DCIS

Postoperative mammographic changes are rep-
resented by hematoma, fat tissue necrosis, scar tis-
sue development and parenchyma distortion. All of 
these fi ndings may hide or mimic true cancer re-
lapse (Fig. 10.8).

Heywang-Köbrunner (1993) fi rst investigated 
MRI enhancement of breast tissue during variable 
time intervals after therapy. She described that up 
to 9 months after therapy differentiation between 
post-therapeutic changes and recurrence is fre-
quently impossible because of the strong enhance-
ment of the all-glandular tissue. Ten to 18 months 
after therapy, this enhancement subsides slowly, 
while after 18 months, no signifi cant enhancement 
was encountered in normal breast in her study.

Nowadays, conventional ranges of 6 months after 
surgery and 12 months after radiotherapy are com-
monly considered as acceptable to avoid problematic 
enhancement post-therapy. Morphologic and dy-
namic patterns of cancer recurrence are the same as 
cancer at its fi rst presentation: nodular, linear or re-
gional enhancement, with early and intense uptake.

However, because of a possible previous scar 
or fibrosis, fader enhancement within morpho-
logic suspected patterns should be considered 
with caution. In case of suspected recurrence, the 
MRI rule is to establish a differential diagnosis 
between cancer tissue supported by angiogenesis 
and fibrotic scar known to have a very poor vas-
cularization.

For this reason, beside the high sensitivity of the 
technique, also specifi city raises up to interesting 
levels within this chapter of breast disease.

In conclusion, contrast-enhanced MRI has been 
demonstrated to improve the diagnostic accuracy 
in cancer relapse detection, especially in those cases 
where mammographic or clinical diagnosis is un-
certain due to dense or irregularly shaped tissue. 
In case of mammographic, sonographic or clinical 
suspicion of local tumor recurrence, MRI should be 
performed before biopsy is planned. If non-contrast 
enhancement occurs, biopsy may not be necessary 
because of the high negative predictive value of the 
technique.

10.5 
MRI in Women with High Genetic Risk of 
Breast Cancer

Although the majority of breast cancer is con-
sidered sporadic, arising in women without a 
significant family history, nearly 5% to 10% of 
all breast cancers are actually attributable to an 
inherited predisposition. Today some highly pen-
etrant genes have been discovered, and although 
BRCA1 and BRCA2 are actually the main genes 
identified, they explain less than one third of all 
the hereditary breast cancer cases; the remaining 
genes are still to be identified (Narod and Foulkes 
2004).

BRCA1 and BRCA2 germline mutations confer 
a lifetimerisk of breast cancer ranging from 60 to 
80% in different studies. BRCA carriers usually
develop breast cancer at a younger age, with much 
of this risk occurring between 30 and 50 years 
(Antoniou et al. 2003). Moreover, carriers face an 
almost 30% risk of contralateral breast cancer at 
10 years following a fi rst diagnosis (Pierce et al. 
2006). BRCA mutations also confer a lifetime risk 
for ovarian cancer, about 40% for BRCA1 muta-
tions and 20% for BRCA2 mutations, respectively 
( Antoniou et al. 2003). Breast cancer associated 
with BRCA1 mutations often shows adverse histo-
pathological features such as a high proliferation 
rate, high nuclear grading and hormone recep-
tor negativity, and may display a more aggressive 
biological behavior than sporadic breast cancer 
( Foulkes et al. 2006) (Fig. 10.9).

Given the substantial risk faced by women 
with a hereditary predisposition to breast cancer, 
adapted strategies are crucial for their manage-
ment. Primary prevention, based on prophylac-
tic bilateral mastectomy, appears to be the most 
effective way to avoid breast cancer, with a risk 
reduction of at least 90%. Although marked dif-
ferences exist between different countries, pro-
phylactic mastectomy is not usually considered 
the first choice for the majority of carrier women, 
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Fig. 10.3. a–c In this patient, mammography revealed the pres-
ence of microcalcifi cations in the right breast. In detail, there 
is a major focus within the inner inferior quadrant of the right 
breast, but there are also other scattered mainly retroareolar 
microcalcifi cations that may suggest multicentric disease. d–f 
T2 (d), MIP reconstruction in axial (e) and sagittal plane (f). 
MRI confi rmed the inner inferior quadrant as the site of a 
prevalent extension of the disease. Note the branching mor-
phology of the enhancement, with linear, multiple, almost 
contiguous irregular ducts. They are shown within the pa-
renchyma as ductal structures stuffed with pathological cells. 
Moreover, there are other multiple nodular small enhance-
ments in the external lower quadrant and in the middle of 
the parenchyma. These are less organized, very small, and 
more diffi cult to correctly identify as benign or as extension 
of the disease
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Fig. 10.4a,b. Ductal retroareolar images. Some examples of ductal hyperintensity on T1 sequences within some main ducts 
in patients with hematic nipple discharge

Fig. 10.5. a Regional non-mass enhancement on a subtracted image in the upper external quadrant of the left breast close 
to some benign fi broadenomas. b The same fi nding after MIP reconstruction

Fig. 10.6. Typical multinodular diffuse bilateral enhance-
ment. This presentation is often associated with highly vas-
cularized benign dysplasia. It is also true that among all of 
these enhancing lesions, it is quite impossible to rule out 
eventual small intraductal foci
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Fig. 10.8. a,b Suspected microcalcifi cations appeared on mam-
mography along surgical scar 3 years after breast conservative 
treatment. c,d T1 postcontrast image (c) and MIP reconstruc-
tion (d). On the fi rst image notice the typical “signal void” 
related to previous surgery. After contrast medium injection, 
MRI confi rmed the suspicion of cancer recurrence revealing 
the presence of nodular multiple foci of enhancement and al-
lowing the diagnosis of its true and complete extension

Fig. 10.7. a T2 in axial plane, T1 (b) and T1 postcontrast (c) in coronal plane and subtracted (d) coronal images. Patient with 
previous left mastectomy for invasive ductal carcinoma and contemporary right breast reduction. MRI executed to analyze 
left breast implant integrity revealed cancer recurrence in the right breast
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because of its irreversibility and its strong psycho-
logical and emotional impact. Considering other 
preventive measures, beside an unquestionable 
impact on ovarian and tubal cancer, prophylac-
tic annexiectomy also appears to reduce the risk 
of breast cancer in premenopausal women. On 
the side of chemoprevention, the effectiveness of 
tamoxifen is still under investigation (Smith and 
Robson 2006).

For all these reasons, secondary prevention is 
still a fundamental strategy in high risk women. 
Routine mammography is currently the most 
effective screening method within the general 
population, and especially for postmenopausal 
women in whom involution of the parenchymal 
tissue has started. However, due to the early onset 

of hereditary breast disease, these women need to 
begin screening at a much younger age, when the 
breast parenchyma is dense and mammography is 
less sensitive in disease detection. Consequently, 
mammographic screening in young women, even 
if associated with US, might not be sufficient to 
guarantee an early diagnosis of genetically related 
breast cancers (Smith and Robson 2006; Saslow et 
al. 2007). Furthermore, BRCA-related gene prod-
ucts are implicated in the repair mechanism of 
DNA damage and, although the possible biologi-
cal effect of frequent mammograms is still un-
known, there is concern about a possible increase 
in radiosensitivity in this group of women. The 
need for these women to start diagnostic surveil-
lance at a young age and continue for their whole 

Fig. 10.9a–f. Aggressive biological behavior of breast cancer associated with BRCA mutation. In this BRCA1 mutated 54-
year-old patient, 2 cm ductal invasive cancer sprouted within 1 year. a,b T2 image (a) and MIP reconstruction (b) . Negative 
MRI evaluation at the enrollment of the patient. c–f T2 in axial plane (c), T1 (d) , T1 postcontrast (e) in coronal plane and 
MIP reconstruction (f). One year later a 2-cm ductal invasive cancer had sprouted in the left breast. Notice very high T2 
hyperintensity as usually seen in benign disease and rim enhancement that is typical for malignancy
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lifetime should be taken into account, considering 
the possible biological damage from X-ray over a 
more sensitive background (Narod and Foulkes 
2004). For these reasons the attention has moved 
to other investigative techniques, and recent stud-
ies show that US and MRI, compared with mam-
mography, improve early breast cancer detection 
in women at a high genetic risk (Kuhl et al. 2000; 
Sim et al. 2004; Warner et al. 2001; Leach et al. 
2005; Sardanelli et al. 2007).

The major advantages of the technique are related 
to a better evaluation of dense breast in comparison 
with mammography, to the avoidance of X-ray-based 
methods, to the possibility of vascular characteriza-
tion of very small lesions and to the availability of 
easier biopsy tools under US guidance. In our expe-
rience (Trecate et al. 2006), BRCA cancer-related pat-
terns showed no signifi cant differences in regards to 
sporadic breast cancer, both for mammography and 
ultrasound.

Considering MRI, an interesting fi nding in these 
hereditary cancers is that the lesions often show a 
very high T2 signal intensity, which in the general 
population is mostly indicative of benign lesions. 
Kuhl (2000) also underlined this possible behav-
ior in breast cancer in a high-risk population. The 
biological explanation is unknown, but it repre-
sents another features of the natural history of this 
disease, which signifi cantly differs from sporadic 
breast cancer. In our experience genetically predis-
posed population, it was present in 7 of 11 detected 
cancers (63%) among genetically predisposed 
women. The fi rst published results on the inclusion 
of MRI in secondary prevention confi rmed that the 
sensitivity of MRI in detecting genetically related 
breast cancers is very high, certainly higher than 
that of mammography (Sim et al. 2004; Warner et 
al. 2001; Leach et al. 2005; Sardanelli et al. 2007). 
The high spatial and contrast resolution of MRI al-
low detection of very small lesions without any in-
fl uence of breast parenchymal density (Fig. 10.10). 

For these reasons it may happen that some can-
cers are depicted only by MRI. It frequently happens 
when the lesions are smaller than 1 cm, the glan-
dular parenchyma is irregularly nodular at mam-
mography or scar tissue due to previous surgery 
and radiotherapy is present. Lobular carcinoma or 
reconstructive prosthesis may also hide cancer foci 
at conventional imaging. Such favorable sensitivity 
values, which refl ect MRI’s capacity to depict very 
tiny breast abnormalities, imply on the other hand a 
reduction of specifi city.

False-positive results are often related to hor-
monal inf luences within normal parenchyma. For 
this reason current diagnostic protocols prescribe 
second-look ultrasound in case of suspicious MRI 
results when conventional imaging and clinical 
examination are negative. A positive result on 
second look justifies ultrasound-guided biopsy, 
while a negative result prompts to repeat MRI af-
ter an interval shorter than 6 months (Sardanelli 
et al. 2007).

At the beginning of our experience, we accounted 
for one 43-year-old patient who was BRCA2 mu-
tated. All conventional images and clinical exami-
nation were negative, while MRI showed two areas 
of intense and irregular enhancement within the 
left parenchyma. The right breast was completely 
negative, while dysplasia or benign disease related 
to hormonal infl uences is generally observed in the 
parenchyma of both breasts. The left breast lesions 
were suspect for malignancy. At a careful second 
look with ultrasound, both parenchyma were still 
judged negative for neoplastic disease. It was de-
cided to keep the patient under surveillance with an 
additional MRI examination after 3 months. At this 
time, the result was impressive as both breasts were 
completely negative.

These observations, together with similar find-
ings in other young women seen at our institu-
tion, led us to some considerations. It may hap-
pen that breast parenchyma, although evaluated 
by MRI in the correct period of the ovarian cycle 
(Kuhl 2000), shows suspicious enhancing areas 
that are related to hormonal inf luences. This 
phenomenon may be observed uni- or bilaterally. 
Therefore, when MRI shows any focal or diffuse 
uncertain enhancing area that is confirmed as 
negative by conventional images even at a care-
ful second look, it seems better to repeat MRI af-
ter 3 to 6 months to avoid unnecessary biopsies. 
As the specificity of MRI can never be as high as 
its sensitivity, the introduction of MRI screening 
for individuals at high genetic risk should not en-
courage women at average risk to undergo regular 
MRI as a screening tool. On the other hand, for 
individuals at high genetic risk for whom inten-
sive screening starting at a young age is recom-
mended, the integration of MRI in surveillance 
protocols has become of primary importance as it 
seems to achieve the largest number of early diag-
noses (Kuhl et al. 2000; Lee et al. 2003; Warner et 
al. 2001; Stoutjesdijk et al. 2001; Podo et al. 2002;
Tilanus-Linthorst et al. 2000).
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Fig. 10.10. a,b Early detection of a small cancer focus in a 
BRCA2 mutated patient , 47 years old, with negative mam-
mographic fi ndings. c–f T1 (c) and T1 postcontrast (d) , 
subtracted images (e) in the axial plane, and MIP recon-
struction (f). Thanks to its high soft tissue contrast, MRI 
could depict a very suspicious cancer focus. The patients 
underwent MRI-guided biopsy that revealed the presence 
of ductal invasive carcinoma

a

b

d

c

e

f
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A biomarker can be defi ned as a measurable 
variable of a molecular, biological or functional 
process that can also be used as a measure of phar-
macologic response to treatment. Biomarker im-
aging refl ects endogenous molecular/genetic pro-
cesses in normal and pathologic tissues, making 
it a particularly attractive technique to obtain mo-
lecular information that can be rapidly translated 
into clinically useful information. Biomarkers have 
proven highly useful for identifying malignant le-
sions and staging disease extent. In some cases, 
they can also be used as sensitive indicators of 
treatment response. Complementary to biopsy and 
circulating biomarkers assay, biomarker imaging 
is applied to stage patients and to assess therapeu-
tic response repeatedly in single lesions, as well as 
to evaluate the global tumor burden at any stage of 
disease. Many potential imaging targets have been 
discovered through research in modern genomics 
and proteomics.

11.1 
The Basis of Diagnostic Procedures in 
Breast Cancer

Biochemical and histological changes, along with 
their macroscopic anatomical effects, can be as-
sessed with a variety of different non-invasive im-
aging tools: X-ray computed tomography (CT), mag-
netic resonance imaging (MRI), magnetic resonance 
spectroscopy (MRS), positron emission tomography 
(PET) and single photon emission computed to-
mography (SPECT). Anatomical imaging (CT and 
MRI) defi nes tumor size and site and invasion into 
surrounding structures, while functional imaging 
(MRS, PET, SPECT) is better suited for character-
izing a tumor’s biological properties. 

Abstract

Cancer produces major biochemical changes in 
the cell’s energy metabolism, altering utilization 
of glucose and other substrates, protein synthesis 
and expression of receptors and antigens. Tumor 
growth also leads to hypoxia, with heterogeneity in 
blood fl ow owing to focal necrosis, neoangiogenesis, 
as well as disruption of transport mechanisms of 
substrates across cell membranes and other physi-
ological boundaries. Molecular changes result in 
cell cycle dysfunction, altered apoptosis and cell 
differentiation, neovascularization, and tumor cell 
migration and invasion. Understanding tumorigen-
esis is crucial for developing molecular therapeu-
tic targets that can overcome current therapeutic 
limitations. As our understanding of the molecular 
nature of cancer improves, better methods are be-
ing developed to monitor cancer progression and 
regression in response to treatment. Insights from 
research into disease-specifi c biochemical processes 
have advanced the development of molecular bio-
markers as targets for molecular imaging.
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The identifi cation of a tumoral mass and the as-
sessment of its size and degree of vascularization are 
best achieved with CT and MRI, while functional 
imaging provides additional information crucial 
for tumor classifi cation, differential diagnosis and 
follow-up. Thus, molecular and functional imag-
ing plays a key role in diagnosis, prognosis, therapy 
monitoring and follow-up of most cancers.

The goals of diagnostic procedures in oncol-
ogy include: primary diagnosis, ideally obviating 
the need for biopsy; planning of biopsy and surgi-
cal resection; radiation therapy planning for target 
volume defi nition; evaluation for chemotherapy in 
selected cases and experimental therapies; post-
treatment re-evaluation. When clinical signs and 
symptoms raise suspicion of a tumor, the fi rst di-
agnostic evaluation is based on radiologic imaging. 
When the diagnosis of cancer is highly suspicious, 
the type of tumor and its grade of malignancy need 
to be characterized, as morphologic imaging alone 
is not specifi c enough to fully identify the nature of 
the cancer. The gold standard for diagnosis is histo-
pathological evaluation. However, because of tumor 
heterogeneity, even biopsy does not always hit the 
site of highest malignancy that would best defi ne the 
tumor grade. Hence, histological evaluation yields a 
minimum grading that does not always refl ect the 
real grade of the tumor. In this situation, non-inva-
sive molecular imaging techniques can be applied to 
characterize the more subtle tissue differences and 
enable successful targeting of the biopsy to the site 
of highest malignancy.

11.2 
PET in Breast Cancer

PET permits the assessment of biomarkers char-
acteristic of a neoplastic cell or related to its ac-
tivity or its environment. The cellular biomark-
ers of breast cancer reveal changes in glucose 
metabolism, amino acid transport and protein 
synthesis, DNA synthesis and cell proliferation, 
receptor expression (epidermal growth factor re-
ceptor, estrogen and progesterone receptors), and 
induction of apoptosis. Variations in tumor blood 
fl ow, vascular permeability and neoangiogenesis, 
along with hypoxia, are, instead, biological pro-
cesses that take place in the tissues surrounding 
the cancer. The oncological biomarker most com-

monly assessed with PET is [18F]2-deoxy-2-fl uoro-
d-glucose ([18F]FDG) uptake. PET with [18F]FDG 
is currently used for tissue characterization and 
to derive helpful information for patient staging, 
prognosis, treatment planning and monitoring. 
With [18F]FDG-PET, benign breast tumors can be 
differentiated from malignant ones (Avril et al. 
1996, 2001), and metastases detected in patients 
with locally advanced and/or lymph node spread 
of disease (Schirrmeister et al. 2001). PET with 
[18F]FDG is complementary to conventional meth-
ods for assessing breast cancer patients. There are 
various applications of [18F]FDG in tumor assess-
ment. Prior to treatment, PET scan with [18F]FDG is 
a useful part of the diagnostic workup of suspected 
tumors and metastases as it may identify focal hy-
permetabolic abnormalities.

11.2.1 
Cellular and Molecular Correlates of
FDG Uptake in Breast Cancer

[18F]FDG differs from glucose only in the replace-
ment of the hydroxyl group on the second carbon 
atom by radioactive fl uorine. Glucose and [18F]FDG 
share the same saturable carriers between blood 
and tissue, and [18F]FDG competes with glucose for 
hexokinase. Since [18F]FDG-6-phosphate is trapped 
in cells in proportion to the glucose metabolic rate, 
its accumulation can be detected by PET. Further-
more, glucose utilization in neoplasms is altered 
in comparison with normal tissue. In vitro tumor 
cells have a high rate of glucose degradation into 
lactic acid even in the presence of oxygen (Warburg 
1924). In vitro studies indicate that FDG uptake is 
determined mainly by the number of viable tumor 
cells (Higashi et al. 1993). Similarly, FDG uptake 
in breast cancer correlates well with the number of 
viable cancer cells in vivo (Brown et al. 1995; Bos 
et al. 2002). While necrotic or fi brotic tissue may 
reduce tracer uptake, the presence of infl ammatory 
cells potentially increases [18F]FDG accumulation 
(Bos et al. 2002, Kubota et al. 1990) and there is a 
percentage of FDG uptake that is related to non-
tumoral tissue (Kubota et al. 1992; Hatanaka 1974) 
(Table 11.1).

Alterations in glucose transport in experimental 
cancer cells is related to an increased metabolism 
and an increased number of existing glucose trans-
porters (Hatanaka 1974). Activation of the gene en-
coding the synthesis of glucose transporter Glut1 is 
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a major early marker of malignant transformation. 
[18F]FDG uptake into malignant cells results from 
the increased expression of glucose transporter mol-
ecules and from glycolysis. The molecular mecha-
nism of [18F]FDG accumulation within cells has been 
investigated in vitro and in vivo. FDG enters the cell 
by the same membrane transport mechanism as 
glucose. Phosphorylation by hexokinase is a rate-
limiting step reaction because, unlike glucose-6-
phosphate, [18F]FDG-6-phosphate is not a substrate 
of glucose-6-phosphate isomerase and does not un-
dergo further metabolism in the glucose pathway, 
so that [18F]FDG remains entrapped within the cells. 
Increased glucose utilization in breast cancer is 
caused by the overexpression of membrane glucose 
transporters, especially Glut-1 and Glut-3 (Bos et al. 
2002; Maschauer et al. 2004; Reske et al. 1997; Brown 
and Wahl 1993), and increased hexokinase activity 

(Bos et al. 2002; Rempel et al. 1996). Moreover, lev-
els of glucose-6-phosphatase can also affect the rate 
of glucose utilization (Caraco et al. 2000). What re-
mains to be determined is which of these steps is the 
most important rate limiting in [18F]FDG uptake in 
breast cancer. The overexpression of Glut-1 in nearly 
all human cancers has led to speculation that glu-
cose metabolism is predominantly regulated by glu-
cose transporters. Overexpression of Glut-1 has also 
been reported as a common feature of breast cancer 
that contributes to increased [18F]FDG uptake (Bos 
et al. 2002;Brown and Wahl 1993;Brown et al. 1996). 
The phosphorylation step appears to be rate-deter-
mining in the uptake of FDG in breast cancer (Tori-
zuka et al. 1998). A signifi cant correlation has been 
found between [18F]FDG uptake and hexokinase I, 
but not hexokinase II and III expression (Bos et al. 
2002; Mathupala et al. 2001; Brown et al. 2002).

Table 11.1. Biological correlates of FDG uptake in breast cancer

Variable Correlation References

Histology ductal +++ Avril et al. 2001; Bos et al. 2002; Crippa et al. 1998; Buck et al. 2002

Histology lobular + Avril et al. 2001; Bos et al. 2002; Crippa et al. 1998; Buck et al. 2002

Viable tumor cells +++ Higashi et al. 1993; Brown et al. 1995; Bos et al. 2002

Tumor grading + Bos et al. 2002; Crippa et al. 1998; Adler et al. 1993

Glut-1 expression + Bos et al. 2002; Maschauer et al. 2004; Reske et al. 1997;
Brown and Wahl 1993; Brown et al. 1996

Hexokinase I expression ++ Bos et al. 2002; Rempel et al. 1996

Proliferation fraction (Ki-67, MAI) + Bos et al. 2002; Dettmar et al. 1997; Keshgegian and Cnaan 1995; 
Barnard et al. 1987; Crippa et al. 1998; Buck et al. 2002

Microvessel density +++ Bos et al. 2002; Buck et al. 2002

Lymphocitic infi ltrate ++ Bos et al. 2002

p53 expression + Crippa et al. 1998; Buck et al. 2002; Smith et al. 2006

Axillary lymph node status NS Avril et al. 2001; Crippa et al. 1998; Buck et al. 2002; Crowe et al. 1994

Tumor size NS Avril et al. 2001; Crippa et al. 1998; Crowe et al. 1994

Estrogen receptor status NS Avril et al. 2001; Dehdashti et al. 1995; Crippa et al. 1998;
Buck et al. 2002; Crowe et al. 1994

Progesterone receptor status NS Avril et al. 2001; Crippa et al. 1998; Buck et al. 2002; Crowe et al. 1994

HIF-1 α NS Bos et al. 2002

VEGF NS Bos et al. 2002

c-erb B-2 NS Buck et al. 2002

NS, non-signifi cant/controversial
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11.2.2 
[18F]FDG Data Analysis

By fi tting the data of [18F]FDG accumulation in a 
region of interest in a dynamic study, three con-
stants may be derived: the glucose transport from 
blood to tumor, the reverse transport from tumor 
to blood and the phosphorylation of glucose. Quan-
titative assessment of glucose metabolism with 
PET, based on this model, is considered highly re-
producible, but cumbersome. However, doubt has 
been raised as to the usefulness of quantitation or 
even semiquantitation in a clinical setting, where 
simple visual assessment of tracer accumulation 
by an experienced reader or measurement of the 
radioactivity distribution ratio between tumor and 
normal tissue has proven suffi cient in most cases. 
Semiquantitative analysis of solid cancer [18F]FDG 
uptake is a recognized standard method in eval-
uating cancer lesions: standard [18F]FDG uptake 
values (SUVs) of breast lesions are higher in malig-
nant (SUV=4.5) than in benign lesions (SUV=1.0) 
(Dehdashti et al. 1995). Furthermore, there is a 
signifi cant difference in SUVs between dense and 
non-dense normal breast. However, the maximum 
SUV in dense breasts is largely below the threshold 
of 2.5, a widely used cut-off value for malignancy. 
Menopausal status and age do not signifi cantly 
affect the [18F]FDG cancer uptake ( Kumar et al. 
2006).

11.2.3 
Relationship between [18F]FDG Uptake and 
Molecular Markers of Malignancy

Because the grade of tumor malignancy is a cru-
cial variable, different studies have focused on the 
relationship between the grade of malignancy and 
the rate of [18F]FDG uptake. Anaplasia is consid-
ered a determinant factor for the elevated uptake 
of [18F]FDG. Accordingly, PET has been proposed 
as a tool to guide biopsy in the high metabolic 
area, where sampling is most likely to provide di-
agnostic results. In the early postoperative period, 
[18F]FDG-PET can be used to differentiate residual 
tumor from the effect of surgery. A decline in tu-
moral uptake of [18F]FDG weeks or months after 
therapy is suggestive of a good response to treat-
ment, indicating either a reduction in the number 
of viable cells or in the metabolism of damaged 
cells. After treatment, [18F]FDG may differentiate 

recurrence from other therapy-related changes. 
Ki-67, a marker of cell proliferation, is a nuclear 
antigen expressed in the G1, G2 and S phases of 
the cell cycle (Dettmar et al. 1997). Determination 
of Ki-67 by immunohistochemistry is currently 
employed to predict clinical outcome in breast 
cancer (Keshgegian and Cnaan 1995; Barnard et 
al. 1987). The mean value of Ki-67-positive cells in 
lobular breast cancer ranges between 0 and 35%. 
Far fewer Ki-67-positive nuclei are found in the 
lobular than in the ductal breast cancer subtype. 
This difference is shown by the signifi cant corre-
lation between [18F]FDG uptake and Ki-67 expres-
sion in ductal breast cancer (Avril et al. 2001), 
whereas no correlation between the two has been 
observed in lobular cancer. A signifi cant corre-
lation between [18F]FDG uptake and the mitotic 
activity index has also been described (Bos et al. 
2002), further confi rming a relationship between 
proliferation and glucose metabolism (Crippa et 
al. 1998). The thymidine labeling index (TLI) was 
used for determining proliferative activity in the 
tumoral S-phase fraction, but no correlation be-
tween the TLI and the SUV was found. Why the 
results of determining tumor proliferation with 
Ki-67 and with TLI differed might be explained 
by the hypothesis for increased glucose consump-
tion during the G1, G2 and S phases of the cell 
cycle. However, the weak correlation coeffi cient 
indicates that only 40% of tumoral [18F]FDG up-
take is related to proliferative activity.

Mutations and overexpression of tumor sup-
pressor gene p53 can be frequently observed in 
malignant breast tumors (Barbareschi 1996). Over-
expression of p53 is thought to refl ect tumor ag-
gressiveness and to be indicative of a lower survival 
rate (Barbareschi 1996; Alred et al. 1993; Overgaard 
et al. 2000). Few studies have correlated p53 expres-
sion in breast cancer with [18F]FDG uptake (Buck 
et al. 2002; Crippa et al. 1998), so far, but available 
data suggest that abrogation of p53 in breast cancer 
is associated with specifi c changes in glucose me-
tabolism detected by PET (Smith et al. 2006). Over-
expression of c-erbB-2 has also been suggested 
as an independent prognostic marker (Pich et al. 
2000; Rudolph et al. 2001). However, no signifi cant 
correlation was found between tumoral [18F]FDG 
uptake and c-erbB-2 expression (Buck et al. 2002). 
Because of the limited data available, no fi nal con-
clusion can be drawn about possible correlations 
between p53 or c-erbB-2 expression and [18F]FDG 
uptake.
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Another important question is the relationship 
between histological subtype and [18F]FDG uptake in 
breast cancer. In ductal or lobular carcinoma in situ 
(DCIS or LCIS), tumor cells are located within the ter-
minal duct lobular unit and adjacent ducts and have 
not yet broken through the basal membrane: high-
resolution [18F]FDG PET with compression positron 
emission mammography (PEM) has been reported 
as highly accurate in depicting primary breast can-
cer (Berg et al. 2006). Invasive ductal breast cancer 
is the most common tumor entity, accounting for 
80% of all breast carcinomas, whereas invasive lobu-
lar carcinoma is diagnosed less frequently (10–20%) 
(Masood and Chiao 1998). Tumor to background ra-
tio (TBR) is another possible index for grading breast 
cancer malignancy. In ductal breast cancer, a mean of 
17.3 (range 1.6–122.7) was observed. In lobular breast 
cancer, the mean TBR was 6.5 and signifi cantly lower 
(range 1.4–22.7) (Avril et al. 2001; Bos et al. 2002; 
Crippa et al. 1998; Buck et al. 2002). This fi nding can 
be explained by a lower tumor cell density, a low level 
of Glut-1 expression and a decreased proliferation 
rate (Bos et al. 2002). The lower [18F]FDG uptake in 
lobular carcinoma may also account for decreased 
detection rates on [18F]FDG PET: up to two-thirds of 
lobular breast cancers are false-negative (Avril et al. 
2000). False-negative PET results are based on tumor 
size and tumor grade as independent factors: cancer 
dimension (≤10 mm) and/or low grade of malignancy 
are a possible explanation for false-negative FDG-
PET results (Kumar et al. 2006).

Accurate determination of tumor stage and 
prognosis is necessary for assessing a patient’s in-
dividual risk of developing recurrent disease. It 
has recently been reported that prognosis may be 
estimated with [18F]FDG PET (Oshida et al. 1998). 
Axillary nodal status (N+, node positive; N–, node 
negative), size of the primary tumor, tumor grad-
ing and estrogen and progesterone receptor status 
are established clinical and biological prognostic 
markers (Hayes et al. 2001). A variety of additional 
prognostic markers and parameters potentially 
predicting therapeutic outcome are currently un-
der investigation, including expression of onco-
genes and tumor suppressor genes (c-erbB-2, p53, 
bcl-2, c-myc), plasminogen activator (uPA) and 
plasminogen activator inhibitor (PAI-1), adhesion 
molecules (integrins, CD 44), proliferation mark-
ers (S-phase fraction, Ki-67 expression) and DNA 
ploidy (Loprinzi and Thome 2001; MacGrogan et 
al. 1996; Kumar et al. 2006) . Despite this variety 
of biological markers, few parameters have been 

demonstrated to be clearly associated with prog-
nosis in breast cancer. The prognostic signifi cance 
of detectable tumor cells in bone marrow or axil-
lary lymph nodes is also controversial (Gebauer et 
al. 2003; den Bakker et al. 2002).

The most important clinical prognostic markers 
are axillary nodal status and primary tumor size. 
The high specifi city of PET imaging indicates that 
patients who have a PET-positive axilla should un-
dergo axillary lymph node dissection rather than a 
sentinel node biopsy (SNB) for axillary staging. By 
contrast, [18F]FDG-PET showed poor sensitivity in 
detecting axillary metastases, thus confi rming the 
need for SNB in those instances where PET is nega-
tive in the axilla (Veronesi et al. 2007). It has been 
shown that [18F]FDG uptake in the primary tumor is 
not signifi cantly different in patients with axillary 
lymph node involvement compared to nodal nega-
tive patients (Buck et al. 2002). Also, there was no 
correlation between tumor size and [18F]FDG up-
take. A tendency towards lower [18F]FDG uptake in 
differentiated cancer was demonstrated in tumor 
grading (Adler et al. 1993). However, this fi nding was 
again not statistically signifi cant (Buck et al. 2002). 
[18F]FDG uptake in grade 3 carcinomas (SUV=6.2) 
was signifi cantly higher than in grade 1–2 carcino-
mas (SUV=4.9) (Crippa et al. 1998), and a correla-
tion between tumor grade and [18F]FDG uptake in 
soft tissue metastases from breast cancer has been 
reported as well (Crowe et al. 1994).

Besides these uses, there is an increasing need to 
measure treatment effi cacy as soon as possible after 
initiation because, with so many potential effective 
treatments to choose from, early identifi cation of 
therapy ineffectiveness is important. [18F]FDG-
PET is currently used for treatment monitoring. 
But relatively little is known about the expression 
of key genes and proteins involved in glycolysis 
shortly after chemotherapy: it has been proven that 
after therapy (doxorubicin and 5-fl uorouracil, two 
commonly used agents) the relationship between 
[18F]FDG uptake and viable cell number can be un-
coupled, with transient declines in [18F]FDG uptake 
in excess of the decline in cell number despite in-
creased Glut-1 mRNA levels. This transient effect 
has potential implications for the interpretation of 
[18F]FDG studies, especially soon after treatment is 
initiated (Engles et al. 2006). However, [18F]FDG re-
mains a generally valid marker of viable cell num-
ber after cancer chemotherapy and an aid to dif-
ferentiate responders from non responders early in 
the course of therapy.



150 E. Brugola et al.

11.2.4 
Radiotracers for Imaging Breast Cancer
Other than [18F]FDG

A series of peptides other than FDG have been op-
timized with respect to endogenous analogues with 
regard to in vivo stability, affi nity, binding specifi c-
ity, unspecifi c uptake and excretion (Table 11.2).

The most direct measure of tumor growth and 
proliferation is the rate of DNA synthesis. Because 
thymidine is present in DNA, but not in RNA, many 
tracer approaches to measuring tumor growth 

against the rate of DNA synthesis are based on a 
labeled form of thymidine. The most widely used 
compound for this purpose is [18F]fl uoro-L-thymi-
dine ([18F]FLT) (Grierson and Shields 2000; Shields 
et al. 1998; Buck et al. 2002) . This tracer is a marker 
for thymidine kinase activity and for cellular pro-
liferation, potentially making it a more accurate 
predictor of the long-term effect of chemotherapy 
on tumor viability. Thymidine is incorporated into 
DNA; in the tumor it serves as a specifi c marker of 
cell growth. [18F]FLT-PET correlates strongly with 
the Ki-67 labeling index in breast cancer (Kenny 

Table 11.2. Radiopharmaceuticals for imaging specifi c characteristics of breast cancer

Radiopharmaceutical Biomarker References

[18F]FDG (2-deoxy-2-fl uoro-d-
glucose)

Glucose metabolism Avril et al. 1996, 2001; Schirrmeister et al. 2001; Warburg 
1924; Higashi et al. 1993; Brown et al. 1995; Bos et al. 2002; 
Kubota et al. 1990, 1992 ; Hatanaka 1974; Maschauer et al. 
2004; Reske et al. 1997; Brown and Wahl 1993; Rempel et al. 
1996; Caraco et al. 2000; Brown et al. 1996; Torizuka et al. 
1998; Mathupala et al. 2001; Brown et al. 2002; Dehdashti et 
al. 1995; Kumar et al. 2006; Dettmar et al. 1997; Keshgegian 
and Cnaan 1995; Barnard et al. 1987; Crippa et al. 1998; 
Barbareschi 1996; Alred et al. 1993; Overgaard et al. 2000; 
Buck et al. 2002; Smith et al. 2006; Pich et al. 2000; Rudolph 
et al. 2001; Berg et al. 2006; Masood and Chiao 1998; Avril 
et al. 2000; Kumar et al. 2006; Oshida et al. 1998; Hayes et 
al. 2001; Loprinzi and Thome 2001; MacGrogan et al. 1996; 
Gebauer et al. 2003; den Bakker et al. 2002; Veronesi et al. 
2007; Adler et al. 1993; Crowe et al. 1994; Engles et al. 2006; 
Clavo et al. 1995; Burgman et al. 2001; Pedersen et al. 2001; 
Bos et al. 2001

[11C]methionine Amino acid metabolism, 
protein synthesis

Isselbacher 1972; Kubota et al. 1995; Leskinen-Kallio et al. 
1991; Jansson et al. 1995

[18F]FES(16-fl uoro-17-estradiol) Hormone receptor
expression

Wester 2007; McGuire et al. 1991; Mortimer et al. 2001; 
Linden et al. 2006

[18F]FLT(fl uoro-L-thymidine) Proliferative activity Grierson and Shields 2000; Shields et al. 1998; Kenny et al. 
2005, 2007; Cobben et al. 2002; Been et al. 2006; Pio et al. 
2006

[18F]Annexin V Apoptosis Yagle et al. 2005

[18F]MISO (fl uoromisonidazole) Hypoxia  Bos et al. 2001; Rajendran et al. 2005

[18F]FETA (fl uoroetanidazole) Hypoxia Barthel et al. 2004

[18F]FAZA (fl uoroazomycin 
arabinoside)

Hypoxia Piert et al. 2005

[64Cu]ATSM (diacetyl-bis-N(4)-
methylthiosemicarbazone)

Hypoxia Rajendran et al. 2005

[18F]Galacto-RGD Angiogenesis Hanahan and Folkman 1996; Hasan et al. 2002; Weidner et 
al. 1991; Wolf et al. 2004; Beer et al. 2006

[11C] Iressa Signal transduction 
processes

Hanahan and Folkman 1996; Hasan et al. 2002; Weidner et 
al. 1991; Wolf et al. 2004; Wang et al. 2006

[15O]H2O Perfusion Beaney et al. 1984; Wilson et al. 1992; Zasadny et al. 2003
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et al. 2005, 2007). Breast cancer and large axillary 
lymph-node metastases can be visualized with 
[18F]FLT and PET (Cobben et al. 2002; Been et al. 
2006). Radiotracers specifi cally refl ecting prolifera-
tive activity may be suitable for evaluating treatment 
response: it has been shown that a 10-min [18F]FLT-
PET scan acquired 2 weeks after the end of the fi rst 
course of chemotherapy is useful for predicting the 
longer-term effi cacy of therapy regimens (Been et 
al. 2006; Pio et al. 2006). Imaging with radiolabeled 
amino acids visualizes protein synthesis and amino 
acid transport phenomena, which are accelerated 
in tumors (Isselbacher 1972). Because the uptake of 
amino acids in macrophages and other infl amma-
tory cells is low, these tracers might be more tumor 
specifi c than [18F]FDG for assessing abnormal tis-
sue. In principle, the use of carbon-11 methionine 
obviates many of the problems related to the tumor/
non-tumor uptake ratio that are encountered with 
[18F]FDG, and it overcomes the diffi culty in differ-
entiating tumors from other pathologies that may 
cause abnormal [18F]FDG uptake, i.e., infection, 
radiation necrosis and edema (Kubota et al. 1995). 
For this reason, [11C]methionine PET has been used 
to image primary breast cancer and for treatment 
monitoring. Accumulation of this tracer may corre-
late with the proliferation rate of breast carcinoma. 
However, methionine uptake is not exclusively re-
lated to malignancy (Leskinen-Kallio et al. 1991; 
Jansson et al. 1995).

Receptor agonists have been shown to be more 
suitable tracers than antagonists: intracellular ac-
cumulation of the ligand in endosomal and lyso-
somal compartments due to internalization of the 
receptor agonist complex usually results in high tar-
get-to-background ratios. Radiolabeled antagonists, 
on the other hand, because they lack this ability of 
receptor-mediated internalization, have not been 
counted as promising tracers in oncology (Wester 
2007). Estrogen receptor (ER) expression in breast 
cancer is an indicator of prognosis and predicts the 
likelihood of response to antiestrogen therapy. PET 
imaging of ER expression provides a new method for 
evaluating the status of breast cancer in either pri-
mary tumor or metastatic lesions. 16-[18F]fl uoro-17-
estradiol ([18F]FES) is an estrogen receptor substrate 
that can be utilized for specifi c receptor imaging 
with PET (McGuire et al. 1991; Mortimer et al. 2001). 
A signifi cant correlation between [18F]FES uptake in 
tumors and respective ER expression was demon-
strated (McGuire et al. 1991). Additionally, a signifi -
cant reduction in lesional [18F]FES uptake was dem-

onstrated in patients receiving antiestrogen therapy 
(Mortimer et al. 2001). However, receptor-negative 
tumors could not be visualized with [18F]FES and 
PET. Since this approach does not target estrogen-
negative tumors, this agent can predict response to 
hormonal therapy and may help guide treatment se-
lection (Linden et al. 2006). Studies using [18F]FES-
PET have shown heterogeneous [18F]FES uptake 
within the same tumor and between different meta-
static lesions. This method can also be useful in pa-
tients with recurrent metastatic cancer where tissue 
sampling at all sites is not feasible (Wester 2007).

Apoptosis plays an important role in cancer biol-
ogy, its etiology and clinical treatment. Cells defi -
cient in apoptotic response can potentially become 
tumorigenic. Radiotherapy and chemotherapy gen-
erally kill tumor cells by inducing apoptosis (pro-
gramed cell death). Thus, a probe that non-invasively 
measures apoptosis in cancer patients could have an 
important role in clinical oncology. Annexin V is a 
36-kDa protein that binds with high affi nity to phos-
phatidylserine lipids in the cell membrane. Because 
one of the earliest measurable events in apoptosis is 
the eversion of phosphatidylserine from the inner 
membrane leafl et to the outer cell surface, annexin 
V has proven useful for detecting the earliest stages 
of apoptosis. Apoptosis-detecting radioligands are 
18F-Annexin V, 64Cu-Annexin V, 67Ga e, 68Ga-Dota-
Annexin V (Yagle et al. 2005).

11.2.5 
Breast Tumor Cell Environment and Role of PET

Hypoxia, an important variable in the regulation 
of cancer growth and development, is a resistance 
factor for radiotherapy; it promotes tumor aggres-
siveness via genomic changes that produce resis-
tance to a variety of therapies by either remodeling 
tumor vasculature or inducing direct phenotypic 
changes in the tumor cells themselves. Spontane-
ous necrosis suggests the presence of hypoxic re-
gions that are radioresistant. It has been found that 
cancer overexpresses vascular endothelial growth 
factor (VEGF) and other stress-related proteins 
or signaling molecules such as IL-1, TNF-alpha 
or TGF-beta. It has recently been suggested that 
hypoxia increases the uptake of [18F]FDG through 
activation of the glycolytic pathway (Clavo et al. 
1995; Burgman et al. 2001). Glut-1 transporters are 
twofold upregulated in hypoxic breast cancer cells 
(Burgman et al. 2001). Hypoxia causes upregula-
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tion of transcription factor HIF-1alpha (hypoxia 
inducible factor-1), which is overexpressed in in-
vasive breast cancer (Pedersen et al. 2001) and has 
been demonstrated to induce glycolysis, angio-
genesis and erythropoiesis (Bos et al. 2001). How-
ever, a signifi cant correlation between HIF-1alpha 
protein expression and [18F]FDG uptake in breast 
cancer has not been shown (Bos et al. 2002). A 
possible explanation might be that HIF-1 medi-
ated upregulation of Glut-1 is more important for 
glucose metabolism than upregulation of HIF-1 
itself. Although hypoxia probably contributes to 
increased rates of glycolysis and upregulation of 
Glut transporters, this cannot be inferred from 
[18F]FDG uptake alone. One of the most widely used 
PET agents is [18F]fl uoromisonidazole ([18F]MISO), 
a hypoxia agent for in vivo imaging with PET. 
[18F]FMISO is not retained in non-hypoxic tissues, 
and high-grade lesion uptake of [18F]FMISO is 
frequently heterogeneous and incompletely over-
laps with [18F]FDG uptake. A new clinical PET 
marker of tumor hypoxia is [18F]fl uoroetanidazole 
([18F]FETA): tumors are suffi ciently visualized by 
PET within 30–60 min, refl ecting a higher percent-
age of pO2 values <1 mmHg, lower vessel density 
and higher radiobiological hypoxic fraction of tu-
mors (Barthel et al. 2004). Another hypoxia tracer 
is [18F]fl uoroazomycin arabinoside ([18F]FAZA): In 
all tumor models tested so far this tracer displayed 
signifi cantly higher tumor-to-muscle and tumor-
to-blood ratios than [18F]MISO, indicating faster 
clearance from normal tissues and superior bio-
kinetics (Piert et al. 2005). 64Cu-diacetyl-bis-N(4)-
methylthiosemicarbazone ([64Cu]ATSM) is another 
hypoxia tracer that shows the best contrast early 
after injection, but these images are confounded 
by blood fl ow and their mechanism of localiza-
tion is one step removed from intracellular oxygen 
concentration. [18F]MISO images show less contrast 
than those of Cu-ATSM because of the lipophilicity 
and slower clearance of [18F]MISO. But attempts to 
increase the rate of clearance led to tracers whose 
distribution is contaminated by blood fl ow effects 
(Rajendran et al. 2005). Tumor hypoxia measured 
by PET is highly predictive of patient outcome; pa-
tients with hypoxia demonstrated by PET had con-
siderably earlier tumor relapse or progression. In 
this way, PET may suggest alternative therapeutic 
strategies in tumors resistant to standard treat-
ment and it may direct patients to locoregional 
therapy and/or agents selective for hypoxic tissue 
(Wester 2007).

Solid tumors can grow to more than 1–2 mm only 
when supplied with suffi cient oxygen and blood by 
newly formed blood vessels: this angiogenic switch 
is also the basis for the invasive growth of carcino-
mas and metastasis (Hanahan and Folkman 1996). 
Clinical studies report a signifi cant correlation be-
tween microvessel density and tumoral [18F]FDG 
uptake (Bos et al. 2002, Oshida et al. 1998): mi-
crovessel density turned out to be an indicator of ag-
gressiveness (Hasan et al. 2002) and an independent 
predictor of prognosis in breast cancer ( Weidner et 
al. 1991). For this reason, neoangiogenesis has been 
investigated as a key step in tumorigenesis and as 
a target for cancer therapy. Overexpressed in breast 
cancer, VEGF is an endothelial cytokine that stimu-
lates proliferation and migration of vascular-de-
rived endothelial cells. A 936C > T polymorphism 
in the gene for VEGF has been associated with VEGF 
plasma levels and breast cancer risk: VEGF CC, CT 
and TT genotypes were found in many patients with 
cancer, and VEGF genotype was signifi cantly associ-
ated with [18F]FDG uptake scores (Wolf et al. 2004). 
Integrin alpha(v)beta 3 plays a key role in angiogen-
esis and tumor cell metastasis: [18F]Galacto-RGD is 
a new, highly alpha(v)beta selective tracer for PET, 
and its uptake correlates with the expression of this 
integrin (signifi cant correlations between SUV and 
TBR with immunohistochemical staining inten-
sity, as well as with microvessel density) (Beer et al. 
2006). SUV in tumors ranged from 1.2 to 9.0. Tumor-
to-blood and tumor-to-muscle ratios increased over 
time, with peak ratios of approximately 3 and 8 at 
70 min after injection (Wester 2007). Another new 
tracer is [11C]Iressa (Gefi tinib), an imaging agent for 
EGFR-TK involved in cell signal transduction pro-
cesses critical to cancer cell proliferation, apoptosis, 
repair and angiogenesis (Wang et al. 2006).

The fi rst study of breast cancer imaging with PET 
evaluated tumor blood fl ow and oxygen extraction 
in nine patients using a [15O]oxygen steady-state in-
halation technique. Furthermore, in this series the 
regional blood fl ow was measured by means of 11C-
labeled carbon monoxide. Regional blood fl ow in 
the tumors was reported to be signifi cantly higher 
than in the surrounding normal tissue (Beaney et al. 
1984). Blood fl ow in breast cancer can also be mea-
sured by [15O]H2O PET and has been reported to be 
fi ve to six times higher than that in normal tissue 
(Wilson et al. 1992). Recently, a strong correlation 
of tumoral blood fl ow as measured by [15O]H2O PET 
and [18F]FDG uptake has been observed (Zasadny et 
al. 2003). 
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11.3 
Conclusions

[18F]FDG-PET offers the unique advantage of assess-
ing tumor metabolism and has been used for defi n-
ing prognosis in many types of cancer. [18F]FDG is 
particularly useful in localizing occult primary tu-
mors or for staging disease when metastases might 
be missed. The interpretation of [18F]FDG signals 
can be confounded by tumor fl are of infl ammation 
following the treatment of certain tumor types, 
whereas cell proliferation tracers such as [18F]FLT 
are more sensitive than [18F]FDG to the effects of 
cytostatic therapy. Determining receptor status by 
PET allows non-invasive, in-vivo correlation with 
treatment benefi t, albeit initially validated by cor-
relating it with ex vivo histology. Moreover, the tech-
nique might be more reliable than biopsy because of 
heterogeneity within and across tumor masses. The 
multimodal combination of PET and CT provides 
metabolic assessment with optimal spatial resolu-
tion. 

The aim is to develop and evaluate new bio-
markers for imaging that target specific molecules 
(DNA, mRNA, proteins) or activated enzyme sys-
tems in specific signal transduction pathways. 
Although a direct limit to biomarker imaging 
strategies is the need to develop a specific probe 
for each molecular target, validate its sensitivity 
and specificity, and then use the probe in specific 
applications before it can be introduced into clini-
cal routine (Blasberg 2007), the advantage of this 
approach is the development of a biomarker spe-
cific for each targeted therapy useful for clinical 
application for cancer treatment individual moni-
toring.

Multidimensional imaging adds precision, 
whereas multimodal imaging adds quantifi cation 
of metabolic activity or receptor status. PET al-
lows non-invasive quantitative studies of various 
biologic processes in tumoral tissues. Pharmacoki-
netics of anticancer drugs, therapeutic targets and 
monitoring of inhibition of these targets can be 
studied. Furthermore, PET provides various mark-
ers to assess tumor response early in the course of 
therapy.
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FDG-PET staging and treated or not with ALND ac-
cording to FDG negative or positive uptake.

The main reason for the discussions in the fi eld is 
the limitation of FDG-PET in depicting the small me-
tastases spread to axillary lymph nodes. This lack in 
sensitivity has become particularly evident since the 
introduction of very aggressive pathologic techniques 
with SLNB, such as multi-slice sectioning and immu-
nocytochemistry staining. These approaches have 
signifi cantly increased the rate of detection of mi-
crometastases shown in the biopsies from the studies 
on the clinical validation of SLNB and ALND. On the 
contrary, the detection of micrometastases with FDG-
PET is very critical, being limited by the spatial reso-
lution of the PET scanner. Any discussions about this 
indication for PET in clinical oncology should take 
into consideration the fact that at present the stan-
dard method for staging axilla remains the ALND, 
which does not entail any intrinsic risk of downstag-
ing the axillary status. The SLNB plays an important 
role in selecting patients that should undergo ALND 
due to its high sensitivity, also for micrometastases, 
even if the SLNB also has a non-negligible false-nega-
tive rate in almost all studies.

The combined used of SNLB and FDG-PET is a 
new strategy that has been recently proposed. Ac-
cording to the conclusions of some recent studies, 
this means that FDG-PET does not have to be con-
sidered as an alternative diagnostic tool instead of 
SLNB, but in those patients with clinically nega-
tive axillary lymph nodes, PET could discriminate 
patients eligible for ALND from the patients who 
should undergo SLNB. This is based on the FDG 
axillary uptake and on the high positive predic-
tive value of PET. Therefore, breast cancer patients 
with FDG-positive uptake should directly undergo 
ALND rather than SLNB for axillary staging. On the 
contrary, those cases without FDG uptake in the ax-
illa should be examined with SLNB in order to select 
candidates for ALND. This approach of course has 

Abstract

PET and PET/CT have revealed a good diagnostic ac-
curacy in visualizing both primary cancer and meta-
static lesions, and many clinical studies demonstrate 
that they can compete with the morphological con-
ventional diagnostic modalities mainly in staging, 
detecting tumor relapses, evaluating tumor response 
to therapy and giving useful prognostic indications. 
Data about the usefulness of PET to stage axillary 
nodes in breast cancer patients are controversial, also 
considering that another nuclear medicine technique, 
the sentinel lymph nodes biopsy (SLNB) after local-
ization with lymphoscintigraphy, is very reliable for 
this indication. It is well known that SLNB today is 
considered the standard nuclear medicine method 
for staging axilla. This chapter is focused on the di-
agnostic potential of PET in studying lymph node 
axillary metastases that are one the most important 
prognostic factors affecting the therapeutic strate-
gies. The diagnostic results of the most important 
clinical trials carried out with FDG-PET in axillary 
staging of breast cancer patients have been examined 
and reported. However, the position of FDG-PET in 
studying the loco-regional lymph nodal involvement 
still has to be completely evaluated, since the main 
problem is the absence of long-term prospective stud-
ies able to evaluate the outcome of the patients after 
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to be validated through adequate large prospective 
studies with a follow-up evaluation, but it is impor-
tant to stress the fact that in this way it is possible to 
take advantage of the strength of the two methods. 

Probably the role of PET, even in this new clinical 
perspective, should be reconsidered due to the im-
provements of the scanner technology, such as with 
the hybrid system PET/CT or other more sophisticated 
advances in the detectors and/or dedicated software. 

12.1
Background

The role of nuclear medicine in breast cancer has 
been extensively studied in recent years. The imag-
ing of primary breast cancer and its loco-regional 
metastases has been investigated at the beginning 
with scintimammography, without a satisfactory ac-
curacy, in spite of some improvements obtained by 
SPECT and the recent development of some dedicated 
breast gamma cameras (Liberman et al. 2003; Hus-
sain and Buscombe 2006; Sampalis et al. 2003; Brem 
et al. 2002; Schillaci et al. 2005; Rhodes et al. 2005). 
PET and PET/CT revealed a great diagnostic accuracy 
in visualizing both primary and metastatic lesions, 
and a great deal of clinical evidence demonstrates 
that they can compete with the morphological con-
ventional diagnostic modalities in staging, detecting 
tumor relapses, evaluating tumor response to therapy 
and giving useful prognostic indications (Endo et al. 
2006; Zangheri et al. 2004; Rodesse et al. 2005).

Data about the usefulness of PET to staging axil-
lary nodes are more controversial, also considering 
that another nuclear medicine approach, the sentinel 
lymph node biopsy (SLNB) after localization with lym-
phoscintigraphy is very reliable for the same indica-
tion. For this reason SLNB has been proposed by sev-
eral authors as a standard nuclear medicine method 
for staging axilla. This chapter is focused on the diag-
nostic potential of PET in studying lymph node axil-
lary metastases, which are one of the most important 
prognostic factors that affects the therapeutic strate-
gies. The imaging of lymph node invasion by a nuclear 
medicine modality can be carried out also by SPECT 
with gamma-emitting radiopharmaceuticals using a 
pinhole collimator; however, this approach, even if 
successful in some studies published by a few authors, 
has been overcome by FDG-PET due to the worldwide 
application of this technology (Schillaci et al. 2002).

12.2 
Sentinel Lymph Node Biopsy (SLNB)

The goal of every diagnostic tool to investigate the 
axillary status is to avoid the axillary node dissec-
tion (ALND), which is not curative; it is an invasive 
method and brings a signifi cant rate of complica-
tions (Giuliano et al. 1997). Among nuclear medi-
cine methods the sentinel lymph node biopsy has 
been extensively studied as an alternative method 
to routine ALND to detect axillary node status. The 
conclusions of many clinical studies in the majority 
of oncological institutions have proposed SLNB as 
a standard method for axillary lymph node stag-
ing in breast cancer patients (Krag et al. 1993). The 
diagnostic accuracy of SLNB cannot be discussed; 
lymphoscintigraphy in combination with gamma-
probe-guided surgery is feasible everywhere, im-
proves both the staging and the pathological analy-
sis and shows less morbidity than axillary lymph 
node dissection (Cody 2003; Veronesi et al. 1997). 
However, at present the protocols for lymphoscin-
tigraphy are different in the various institutions, 
and several controversies still exist about the size of 
radiocolloid used, the injected activity, the volume 
of injection and the site of injection (intratumoral, 
intraparenchimal, periareolar/subareolar and in-
tradermal/subdermal) (Krag et al. 1993; Cody 2003; 
Veronesi et al. 1997; Cody and Borgen 1999; Wilhelm 
et al. 1999; Mariani et al. 2001). In spite of a lot of 
discussions about the optimal technique that should 
be carried out, the general thought is that whatever 
method is used, lymphoscintigraphy followed by in-
traoperative gamma-probe detection is always able 
to localize the axillary SLNs. It should be stressed 
that lymphoscintigraphy can also visualize the in-
ternal mammary chain. This happens in 2% of cases 
when it is performed after subdermal/intradermal 
injection of radiocolloid, up to 10% or more when 
the injection is carried out in the tumor mass or 
when the tumor is located in the inner quadrant 
(Paganelli et al. 2002; Clarke et al. 2001).

Today SLNB is routinely performed in clinical 
practice; however, the clinical indications for SLNB 
nowadays still represent a matter of study. Many on-
cological and surgical institutions consider SLNB 
as a standard practice in the treatment of patients 
with early breast cancer and clinically negative 
lymph nodes. Other proposals are under evaluation 
in order to extend and validate its indications since 
the available data derive mainly from retrospective 
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studies. Some major randomized clinical trials have 
been designed with the goal to better validate the 
clinical indications of SLNB. These prospective tri-
als want to give an answer to the three fundamental 
critical questions about SLNB: (1) Is the predictive 
power of the axillary status using SLNB the same as 
using ALND? (b) Does SLNB reduce complications 
of breast surgery? (3) What is the effect of SLNB on 
long-term survival and on the local control of the 
axilla (Sato 2007)? Even if the overall data from these 
trials are still not completely available and conclu-
sive, the SLNB technique has been adopted as the 
standard technique by the majority of surgical in-
stitutions since the axillary clearance does not have 
a curative intent, but represents only diagnostic in-
formation. The problem is to understand if SLNB is 
the only reliable method for loco-regional staging of 
breast cancer or if there is some role for PET, consid-
ering its diagnostic performances. 

12.3 
PET with 18F-Fluorodeoxyglucose
(FDG-PET)

FDG-PET in breast cancer was fi rst studied to in-
vestigate glucose metabolism. Breast cancer tis-
sues have proved to have particularly avidity for 
FDG due both to their elevated metabolic rate and 
the overexpression of some glucose transporters 
such as GLUT-1 and GLUT-3 (Som et al. 1980; 
Brown and Wahl 1993; Pauwels et al. 2000). FDG 
at 40 min after the injection reaches good tumor/
background ratio in the tumor (mean value above 
10), which leads to a clear visualization of cancer 
lesions. The relatively long half-life of 18F makes it 
possible to study the FDG distribution, improving 
the identifi cation of malignancy (Wahl et al. 1991). 
Clinical evidence has demonstrated that FDG-PET 
has a great diagnostic effi cacy in staging and re-
staging breast cancer patients, detecting local or 
distance recurrences after surgery and assessing 
the response to the treatment (Bombardieri and 
Crippa 2001). FDG-PET was demonstrated to be 
useful also to study and characterize primary 
breast cancer lesions; however, PET as a diagnostic 
approach at the fi rst presentation of a breast mass 
did not show a higher sensitivity than mammog-
raphy, ultrasonography and RMI, except in some 
particular situations.

The loco-regional breast cancer staging, and in 
particular the study of the axillary region, has been 
an area of a very intensive investigations with FDG-
PET since this technique has revealed good capabil-
ity to depict the lymph node invasion in patients 
with pathological nodes (Fig. 12.1). This opportu-
nity resulted in great interest, because the preopera-
tive FDG-PET could be considered as the diagnostic 
modality to select patients who are candidates for 
ALND or not. The data from the clinical studies 
immediately showed great differences in the diag-
nostic sensitivity, which ranged from 60 to 100%. 
Utech et al. (1996) studied 124 patients with T1-T3 
breast cancer before ALND, and PET correctly iden-
tifi ed all 44 patients with axillary metastases with an 
overall sensitivity of 100%. These impressive results 
were not repeated in other clinical studies, which in 
different series of patients found a sensitivity rang-
ing from 67 to 92% (Holle et al. 1996; Crowe et al. 
1994; Scheidhauer et al. 1996; Dehdashti et al. 1995). 
Of course many factors determine this variability, 
fi rst of all the size of the tumor and consequently the 
probability of metastases and the extension of lymph 
node invasion. Avril et al. (1996) demonstrated an 

Fig. 12.1a,b. PET/CT image (transaxial section) of a breast 
cancer patient with an intense uptake in the left breast and in 
the corresponding axillary region. The pathology revealed a 
ductal infi ltrating carcinoma with lymph nodal metastases

b

a
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overall sensitivity of 79%, which dropped to 33% in 
a subset of patients with T1 tumors. In an American 
multicenter and prospective study including a very 
large series of cases (360 patients), the mean sensi-
tivity and the negative predictive value of FDG-PET 
were 61% and 76%, respectively (Wahl et al. 2004). 
As we mentioned above, these very important dif-
ferences in PET performances might be explained by 
the different characteristics of the patients studied, 
such as the prevalence of small and less easily de-
tectable axillary metastases, or the protocols used 
to reconstruct PET images, or again the pathological 
method used in depicting lymph nodal metastases 
that enclose the multi-slice sectioning of the lymph 
nodes’ range and the staining technique ranging 
from the standard hematoxylin-eosin method to the 
immunohistochemistry.

At the National Cancer Institute of Milan we per-
formed a large study on breast cancer patients, and 
we obtained very good results with FDG-PET (Greco 
et al. 2002). We prospectively studied 167 consecu-
tive breast cancer patients (mean tumor size 21-mm 
diameter, range 5–50 mm), all non-pre-treated, with 
tumors T1–T2 scheduled for complete ALND dis-
section. FDG-PET images were evaluated by nuclear 
medicine physicians blinded to pathological results, 
and PET results were compared with pathological 
fi ndings. The overall sensitivity, specifi city and accu-
racy of PET were 94.4% (PET detected 69 of 72 patients 
with axillary involvement), 86.3% (PET was negative 
in 82 out if 95 patients without axillary involvement) 
and 89.8% (PET gave correct results in 150 out of 167 
patients with breast cancer), respectively (Table 12.1). 
The positive and negative predictive values were 84% 
(68 out of 81) and 95.3% (82 out of 97), respectively. 
False-negative results were observed only in a few pa-
tients with a low tumor burden or microscopic lymph 
node metastases. The four false-negative FDG-PET 
results were three non-palpable and one palpable ax-

illary node; the type of histological involvement was 
embolic in two cases and partial infi ltration in the 
other two cases. Among the 72 patients with axillary 
metastases, PET detected three or fewer metastatic 
nodes in 27 patients (37.5%), about 80% of whom had 
no clinically palpable axillary lymph nodes. When 
the PET results were analyzed in relation to the pri-
mary tumor size (patients were grouped according to 
T classifi cation in T1a–b, T1c and T2), the diagnostic 
accuracy was similar for all groups, with higher sen-
sitivity in patients with larger tumors of 21–50 mm 
(98%) and higher specifi city in patients with tumors 
of 10 mm or less (87.8%) (Table 12.2). The range for 
negative predictive values was 93.5 to 97.3% and 54.5 
to 94.1% for positive predictive values. Therefore, 
our data do not exclude using PET for staging axilla. 
However, it is well known that the limitations of FDG-
PET in preoperative axillary staging consist of two 
critical points: the spatial resolution limits of PET 
that do not allow detection of lesions under 4–5 mm 
in diameter and the competition with SLNB, which 
shows a general sensitivity superior than that of 
FDG-PET for the smallest metastases. In fact, the role 
of FDG-PET in the axillary staging of breast cancer 
has been particularly doubted in some recent studies 
where immunochemistry and multistep sectioning 
were used by the pathologist in order to increase the 
rate of pathological detection of axillary microme-
tastases (i.e., clusters of malignant cells >0.2 mm to 
<2.00 mm in diameter). In these studies, including a 
large number of patients with a microscopic lymph 
node invasion, FDG-PET proved to have a very poor 
sensitivity ranging from 20 to 43% (Kelemen et al. 
2002; Guller et al. 2002; van der Hoeven et al. 2002; 
Lovrics et al. 2001). 

For these reasons several studies were designed 
with the goal of comparing FDG-PET versus SLNB 
in the same patients. At our institute a comparative 
study between FDG-PET and SLNB in patients with 

Table 12.1. Experience of the National Cancer Institute of Milan on FDG-PET diagnostic performances in staging axillary lymph 
nodes in breast cancer

Diagnostic parameter N0 (n =129) N1(n =39) Overall (n=167)

Sensitivity 92.9% (39/42) 96.7% (29/30) 94.4% (68/72)

Specifi city 87.4% (76/87) 75.0% (6/8) 86.3% (83/95)

Accuracy 89.1% (115/129) 92.1% (35/38) 89.8% (150/167)

Positive predictive value 78.0% (39/50) 93.5% (29/31) 84.0% (68/81)

Negative predictive value 96.2% (76/79) 85.7% (6/7) 95.3% (82/86)
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T1 breast cancer is ongoing (Agresti et al. 2004). FDG-
PET is carried out no later than 48 h before surgery; 
lymphoscintigraphy is carried out within 6 h before 
ALDN. Breast surgery is followed by radio-guided 
SLNB, and ALND is decided in case FDG-PET and/
or SLNB is positive. Metastatic involvement of the 
sentinel node of the other non-sentinel nodes is as-
sessed by histology comparing PET imaging and 
SLNB. Seventy-one patients have been studied; all 
patients had pT1 breast cancer with the exception 
of ten whose tumors were pT2. The average histo-
logical tumor size was 15 mm (range 2–25 mm). All 
lymph nodes detected by lymphoscintigraphy were 
located in the axillary region, and the detection rate 
was 100%. All nodes were identifi ed with an intra-
operative gamma probe and then examined by pa-
thology. When ALND was performed, an average of 
ten lymph nodes was removed. Thirty-one of the 71 
patients (43%) had nodal metastases; 18 of these 31 
patients had only one metastatic node 58%). SLNB 
gave 6 false-negative results, while FDG-PET failed 
to detect 11 instances of axillary node involvement 
(histology described some isolated tumor cells, mi-
cro-embolic or pluri-embolic metastases). Only two 
patients with clear axillary lymph node involvement, 
one with partial and one with massive involvement, 
were not identifi ed by FDG-PET. There were three 
false-positive PET scans. Our preliminary results 
stress the different sensitivity between FDG-PET 
and ALNB, especially in the presence of very lim-
ited axillary involvement, whereas for metastases 
exceeding 2 mm in size the sensitivity of the two 
methods is similar. 

Zornoza et al. (2004) evaluated FDG-PET for the 
detection of lymph node status in 200 breast cancer 
patients. All patients had a FDG-PET scan, but in a 
subgroup of 100 patients, FDG-PET was comple-
mented with the detection of the sentinel node when 
FDG-PET was negative for axillary uptake. The diag-
nostic sensitivity and specifi city of FDG-PET in the 

diagnosis of axillary involvement were good, equiva-
lent to 84.1 and 97.8%, respectively. Seventeen false-
negative cases were described, and the author ex-
plained this failure with the low metabolism of breast 
cancer tissue since a low SUV value was measured in 
those negative tumors. The discussion on FDG-PET 
as a diagnostic tool for loco-regional staging has led 
to the following conclusions. Since the diagnostic 
specifi city of FDG-PET had excellent results, PET 
should be proposed in substitution of routine SLNB 
in those cases presenting with axillary uptake. On the 
contrary, in those patients who had a negative axilla, 
FDG-PET should be complemented by SLNB.

With a prospective blinded protocol, Lovrics et al. 
(2004) investigated women with stage I or II breast 
cancer and compared FDG-PET to SLNB and ALND 
in staging axilla. The samples of lymph nodes after 
ALND were stained with standard hematoxylin and 
eosin staining, while lymph nodes depicted by SLNB 
were also studied by pathologic techniques able to 
identify micrometastases. A total of 90 patients were 
enrolled. PET fi ndings were compared with histol-
ogy after ALND, and the diagnostic sensitivity was 
40%, the positive predictive value 75%. The same 
fi gures were similar when compared with positive 
sentinel node analyzed with standard hematoxylin 
and eosin staining. A few false-positive scannings 
were observed. Multiple logistic regression analysis 
demonstrated that the accuracy of PET was better in 
patients with high grade and larger tumors. The au-
thor’s conclusion was that the diagnostic sensitivity 
of PET is lower than that of SLNB and ALND. On the 
contrary, PET scanning showed a high specifi city 
and consequently a high positive predictive value. 
Also this study suggests that PET cannot replace 
the histological staging in early stage breast can-
cer. However, the low rate of false-positive fi ndings 
supports the role of FDG-PET in identifying women 
who should forego SLNB and require full axillary 
dissection. 

Table 12.2. Changes of diagnostic parameters of FDG-PET according to the tumor size of primary breast tumor

Diagnostic parameter T1 a-b (n =48) T1c (n =50) T2 (n =69)

Sensitivity 85.7% (6/7) 87.5% (14/16) 98% (48/49)

Specifi city 87.8% (36/41) 85.3% (29/34) 85.0% (17/20)

Accuracy 87.5% (42/48) 86.0 (43/50) 94.2% (65/69)

Positive predictive value 54.5% (6/11) 73.7% (14/19) 94.1% (48/51)

Negative predictive value 97.3 (36/37) 93.5% (29/31) 94.4% (17/18)
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A similar approach was adopted by Gil-Rendo et 
al. (2006) who evaluated 275 women with breast can-
cer in order to study the metastatic involvement of 
axillary lymph nodes by comparing FDG-PET and 
ALND. In the fi rst group of 150 patients, ALND was 
performed regardless of the PET results. In a second 
group of 125 patients, FDG-PET was complemented 
with SLNB only in those who did not demonstrate 
any pathological FDG uptake in the axilla. The di-
agnostic sensitivity and specifi city of FDG-PET in 
detecting axillary involvement were 84.5 and 98.5%, 
respectively, in the whole series of 275 patients, with 
only 2 false-positive, but with 22 false-negative re-
sults. The high positive predictive value of PET, 
98.4%, supports the concept that FDG uptake in the 
axilla could represent an indicator for full ALND 
without previous SLNB.

The question whether PET could obviate the 
necessity for SLNB and for ALND in patients with 
breast cancer has been recently studied by Kumar 
et al. (2006). A total of 80 females with breast can-
cer and clinically negative nodes underwent an 
FDG-PET and SLNB or ALND for staging the ax-
illa. SLNB and axillary dissection were performed 
together in 72 patients, while 8 patients had ALND 
without SLNB. Among these 80 patients, 36 re-
vealed pathologic axillary metastastic involve-
ment. SLNB was positive for metastases in 35 (97%) 
of 36 patients (29 macrometastases and 7 micro-
metastases). The false-negative cases at SLNB were 
due to the fact that lymph nodes were completely 
replaced by tumor. The FDG-PET determined 16 
of 36 patients were true positive (diagnostic sen-
sitivity 44%). Two false-positive studies were de-
scribed with FDG-PET, resulting in a specifi city of 
95%. The positive predictive value and accuracy of 
FDG PET for the detection of axillary lymph node 
metastases were 89 and 72%, respectively. The 
statistical analysis revealed that a higher grade 
of tumor, increased size and number of axillary 
lymph nodes were signifi cantly associated with 
positive FDG PET results. This study concluded 
that FDG PET cannot replace histological staging 
with SLNB. Therefore, FDG-PET should be consid-
ered as a reliable axillary staging only in those pa-
tients with larger size, higher grade of tumor and 
higher number of axillary lymph node. FDG-PET 
has confi rmed its high diagnostic specifi city and a 
good positive predictive value, and for this reason 
the value of a positive uptake should be consid-
ered a highly reliable indicator for the presence of 
metastatic lymph nodes.

Another important diagnostic study was carried 
out by Veronesi et al. (2007) who investigated the di-
agnostic performances of PET compared with SLNB 
and ALND. The author enrolled 236 patients with 
breast cancer and clinically negative axilla in the 
study. FDG PET was carried out before surgery, and 
SLNB was carried out after identifi cation through 
lymphoscintigraphy. Patients underwent ALND 
in cases of positive FDG-PET or positive SNB. The 
results of PET scan were compared with pathology 
of SNB and ALND. The clinical results showed that 
203 of 236 patients (44%) had metastases in axillary 
nodes. Sensitivity of FDG-PET scan for detection of 
axillary lymph nodes metastases in this series was 
very poor (37%). However, specifi city and positive 
predictive values were acceptable (96% and 88%, 
respectively), and the fi gures were similar to those 
described by other authors in these clinical observa-
tions. The conclusions of the author can be summa-
rized as follows: the high specifi city of PET imaging 
supports the indication that patients with FDG-PET-
positive axilla should have an ALND rather than a 
SLNB for axillary staging. In contrast, the poor sen-
sitivity shown by FDG-PET in the detection of axil-
lary metastases supports the need for SLNB in those 
cases where PET is negative in the axilla.

All of this clinical evidence demonstrates a general 
lack in sensitivity of FDG-PET in respect to the SLNB, 
and at present there are no studies in breast cancer 
that demonstrate that the recent availability of the 
hybrid system PET/CT can improve the FDG-PET re-
sults for axillary staging. From the theoretical point of 
view PET/CT could enhance PET accuracy for detect-
ing lymph nodal invasion (von Schulthess 2004; Veit 
et al. 2006). However, until now these kinds of data 
have been reported in neoplasms other than breast 
tumors, such as head and neck cancer and esophageal 
cancer (Yuan et al. 2006; Joeng et al. 2007). Probably 
we will have to wait until the near future before hav-
ing an exhaustive evaluation in this area. 

On the basis of the observations of the literature 
on axillary staging, there is a general agreement 
about the high diagnostic specifi city of FDG-PET, 
despite the well-known occurrence of false-positive 
results in diagnostic oncology with FDG-PET ow-
ing to concomitant infl ammatory alteration. Nearly 
all recent investigations report a false-positive rate 
ranging from 0–6%, and this is one of the reasons 
why several authors suggest that patients with FDG-
positive uptake should avoid SLNB, and they should 
be directly addressed to ALND. In this case, FDG-
PET can represent an alternative to SLNB.
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Another advantage of FDG-PET is its potential to 
image the abnormal fi ndings that are consistent with 
supraclavicular or internal lymph nodes metastases 
(Fig. 12.2). Eubank et al. (2001) found a higher sensi-
tivity of PET versus CT (85 versus 54%) in the detec-
tion of mediastinal or internal mammary metastases 
by means of a retrospective evaluation of 73 patients. 
Zornosa et al. (2004) in 15 of 200 patients with pri-
mary breast cancer visualized abnormal foci of FDG 
uptake in the internal mammary lymph nodes con-
sistent with metastases. In the study by Gil Rendo et 
al. (2006), FDG-PET showed pathological uptake in 
21 women corresponding to the internal mammary 
lymph node chain. This issue remains a very critical 
item, since the diffi culty in obtaining histopathologi-
cal confi rmation of PET results precludes estimation 
of the real contribution of PET in this respect. Besides 
this, also lymphoscintigraphy, mainly in certain con-
ditions and adopting particular techniques of ra-
diocolloid injection, is able to show some focal up-
take corresponding to the internal mammary chain 
( Paganelli et al. 2002; Clarke et al. 2001). The clinical 
usefulness of these aspects both for FDG-PET and 
SLNB still has to be understood.

12.4 
Discussion

The position of FDG-PET in studying the loco-re-
gional lymph nodal involvement in breast cancer 
patients still has to be completely evaluated, since 
the main problem is the absence of long-term pro-

spective studies able to evaluate the outcome of the 
patients staged with FDG-PET and treated or not 
with ALND according to FDG negative or positive 
uptake (Crippa et al. 2004).

The main reason for this is the limitation of FDG-
PET in depicting the spread of small metastases to 
axillary lymph nodes (van der Hoeven et al. 2002; 
Barranger et al. 2003). This lack in sensitivity has 
become particularly evident since the introduction 
of very aggressive pathologic techniques, such as 
multi-slice sectioning, immunocytochemistry stain-
ing and RT-PCR assay (Viale et al. 2006; Dell’Orto 
et al. 2006). These approaches have signifi cantly 
increased the rate of detection of micrometastases 
shown in the biopsies from the studies on the clini-
cal validation of SLNB and ALND.

It has been well demonstrated, also by our group, 
that the detection of micrometastases with FDG-PET 
is very critical, being limited by the spatial resolu-
tion of the PET scanner.

In a study carried out on melanoma patients, we 
observed that the diagnostic sensitivity we obtained 
for lymph nodal metastases with a PET with a full-
ring BGO detector system was 100% for metastases 
larger than 10 mm, 83% for lesions ranging from 6 
and 9 mm, and 23% for localizations smaller than 
5 mm (Crippa et al. 2000) (Table 12.3). Also the type 
of histological involvement of the lymph nodes de-
termines different rates of sensitivity (Table 12.4). 
These limitations did not affect the sensitivity of 
FDG-PET in our previous study on axillary staging, 
probably owing to the low incidence of micrometas-
tases detected by histopathology with hematoxylin-
eosin staining, which at that time was the standard 
method in our institute.

Fig. 12.2. FDG-PET (coronal section) of a breast cancer patient with clear evidence of multiple foci of FDG uptake in the 
left axillary, supraclavicular and parasternal area. These fi ndings corresponded to lymph node metastatic involvement, 
confi rmed with histology on axillary nodes sample
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On the basis of these indisputable results, many 
authors have concluded that FDG-PET cannot be 
routinely used for axillary staging of operable breast 
cancer. However, any discussion about this indica-
tion for PET in clinical oncology should take into 
consideration the fact that at present the standard 
method remains the ALND that does not entail an 
intrinsic risk of down-staging the axillary status. 
As we have discussed above, the SLNB can play an 
important role in selecting patients that should not 
undergo ALND, due to its high sensitivity, also for 
micrometastases, even if also the SLNB has some 
false-negative rate in almost all studies (Veronesi et 
al. 2005).

Combining the different diagnostic value of 
SNLB and FDG-PET, several interesting propos-
als to associate the use of both strategies are under 
discussion. In other terms, according to the con-
clusions of some recent clinical trials, FDG-PET 
should not to be considered as an alternative diag-
nostic tool instead of SLNB, but in those patients 
with clinically negative axillary lymph nodes PET 

could select patients eligible for ALND from the 
patients who should go fi rst to SLNB. This is based 
on FDG axillary uptake and the high positive pre-
dictive value of PET. In other terms, breast cancer 
patients with FDG-positive uptake should undergo 
ALND directly rather than a SLNB for axillary stag-
ing. On the contrary, those cases without FDG up-
take in the axilla should be examined with SLNB in 
order to select candidates for ALND. This strategy 
of course has to be validated through adequate large 
prospective studies with a follow-up evaluation, but 
it is important to stress the fact that in this way it 
is possible to take advantage of the strength of the 
two methods.

Probably the role of PET, even considering this 
new clinical perspective, has to be reconsidered if 
some future improvement comes from the scanner 
technology. We are still waiting for the results of the 
clinical applications of PET/CT in this area or for 
other more sophisticated advances in the detector 
systems and/or dedicated software. Also the com-
bined use of FDG-PET with MRI using ultra-small 

Table 12.3. Sensitivity of FDG-PET according to the and size of metastases in mm

Size in mm of metastases Metastases found with histology
(no.)

Metastases found by PET 
no. (%)

≤5 44 10 (23)

6-10 29 24 (83)

11-15 13 13 (100)

16-20 15 15 (100)

21-25 9 9 (100)

>25 4 4 (100)

Total 114 75 (66)

Table 12.4. Sensitivity of FDG-PET according to the type of metastatic involvement

Type of metastases Nodes involved histologically
(no.)

Nodes involved by FDG-PET no. (%)

Embolic, pluriembolic 11 3 (27)

Partial 48 18 (37.5)

Subtotal 15 14 (93)

Massive 21 21 (100)

Perinodal infi ltration 19 19 (100)

Total 114 75 (66)
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super paramagnetic iron oxide (USPIO) seems to 
achieve 100% sensitivity in staging axillary lymph 
nodes preoperatively (Stadnik et al. 2006). However, 
in spite of this possible realistic progress, we believe 
that it should be expected and accepted that a lim-
ited number of patients with axillary micrometas-
tases will always remain undetected by any FDG-
PET system or combination of tests. Nevertheless, 
a false-negative FDG-PET result will represent a 
very small number of lymph node metastases with 
very limited invasion of the lymphatic structures. 
Finally, this limitation should be analyzed in rela-
tion to the importance of such axillary metastases 
for the outcome of the patients with breast cancer. 
There are no defi nitive data about the role of micro-
metastes in the natural history of breast cancer. In 
our institute a prospective non-randomized study 
was carried out on 401 patients with T1-2N0 breast 
cancer who had undergone breast surgery without 
ALND and were monitored with a median follow-
up of 5 years. Only 27 (6.7%) patients had axillary 
recurrence of the disease. This would suggest that 
only a few axillary micrometasases become clini-
cally evident during such follow-up, and further 
analysis of these patients revealed that these axil-
lary relapses had no major impact on overall sur-
vival (Greco et al. 2000).

However, today the current knowledge in this 
area seems to give relevance to the combined use 
of FDG-PET and SLNB, excluding or not the second 
test on the basis of the presence/absence of the FDG 
uptake. This means that all patients with small pri-
mary tumors and clinically negative axilla should 
undergo FDG-PET or FDG-PET/CT as preoperative 
staging, with the goal of sparing the patient SLNB 
and the eventual following ALND, and have con-
servative breast surgery. Also patients with larger 
primary tumors and clinically doubtful or positive 
axilla should have PET or PET/CT, but in this case 
with the aim to stage the whole body for disease, 
searching for metastases. Only a large clinical ex-
perience and the evaluation of the outcome of the 
patients will be able to give a defi nitive solution 
about the correct use of this available diagnostic 
tool.
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Abstract

In this chapter the fi ndings of response-monitor-
ing studies in breast cancer, using [18F]2-fl uoro-
2-deoxy-D-glucose (FDG) and positron emission 
tomography (PET), are summarised. These studies 
indicate that there is a strong relationship between 
response and decrease in FDG signal even at an 
early stage of therapy. The review concentrates on 
methodological aspects of monitoring response 
with FDG: timing of serial scans, ROI defi nition 
approach, method of quantifi cation, pitfalls of FDG 
and future directions in functional imaging. For 
the sake of optimal clinical applicability there now 
is need to standardise methodology. This is neces-
sary to establish fi rm cut-off values for discrimi-
nating responders from non-responders, which in 
turn will provide a means for optimal treatment 
for as many patients as possible. 

13.1 
Introduction

The diagnosis of locally advanced breast cancer 
(LABC) is based on characteristics of the primary tu-
mour (larger than 5 cm, infl ammatory breast cancer, 
skin or chest wall involvement) and/or the presence 
of fi xed axillary lymph node metastases (N2/N3). 
LABC has a relatively poor prognosis, mainly due to 
the high risk of locoregional recurrence and devel-
opment of distant metastases. At present, standard 
treatment consists of neo-adjuvant chemotherapy, 
usually anthracycline-based, or more recently with 
taxanes or endocrine therapy (Eltahir et al. 1998; 
Dixon et al. 2003; Formenti et al. 2003; Hutcheon 
et al. 2003), followed by mastectomy with axillary 
lymphadenectomy and irradiation of the chest wall. 
The aim of such neo-adjuvant systemic therapy is 
to eliminate occult distant metastases (Pinedo et 
al. 2000) and to downstage tumour load prior to 
surgery, rendering previously inoperable breast can-
cer resectable, and/or to enable breast conserving 
surgery and sentinel node (SN) biopsy instead of 
axillary lymph node dissection (Fisher et al. 1998; 
Breslin et al. 2000; Moneer et al. 2001).

Several studies have shown that complete patho-
logical responses (pCR) in primary tumour and axil-
lary lymph nodes are independent predictors of better 
(disease free) survival (Honkoop et al. 1998; Kuerer et 
al. 1998; Machiavelli et al. 1998; Gajdos et al. 2002). In 
addition, residual tumour in axillary lymph nodes is 
an independent predictor of locoregional recurrence 
(Beenken et al. 2003; McIntosh et al. 2003). 

Patients who do not achieve pathological re-
sponse after induction therapy could benefi t from 
prolonged or alternative treatment before surgery. In 
addition, the option for less radical surgery (such as 
lumpectomy and SN) depends on presurgical evalu-
ation of clinical response. Clearly there is a need for 
correct preoperative identifi cation of both respond-
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ers and non-responders. Clinical examination alone 
is unreliable for post-therapy evaluation of primary 
tumour and axilla (Helvie et al. 1996; Herrada et al. 
1997). For mammography, ultrasound and MRI re-
sults are promising, but pathological determination 
of tumour specimens remains necessary (Cheung et 
al. 2003; Delille et al. 2003; Rosen et al. 2003). Usu-
ally, clinical evaluation combined with one or more 
imaging techniques is recommended to increase ac-
curacy. Waiting for changes in tumour volume, mor-
phology, density or vascularity to develop makes 
follow-up by conventional imaging time consum-
ing, and where cytostatic rather than cytoreductive 
therapies are concerned, inaccurate.

As an alternative, non-invasive measurement of 
metabolism rather than anatomy has been explored, 
in particular by using [18F]2-fl uoro-2-deoxy-D-glu-
cose (FDG) and serial positron emission tomography 
(PET). Cellular uptake of glucose is mediated through 
glucose transporters and hexokinase. Accordingly, 
biological correlates of FDG uptake have been identi-
fi ed, showing associations of FDG uptake with prolif-
eration rate and density of cells with enhanced glucose 
transporter/hexokinase activity. It has been shown 
that intense FDG uptake usually is an adverse prog-
nostic sign (Herholz et al. 1993; Higashi et al. 1993; 
Oshida et al. 1998; Mankoff et al. 2002; Buchmann et 
al. 2003; Spaepen et al. 2003). Using FDG to image and 

monitor glucose metabolism is currently the most 
common PET application in oncological studies, but 
with appropriate tracers imaging and quantifi cation 
of other aspects of tumour biology are possible, such 
as protein synthesis, regional blood fl ow, functional 
hormone status, hypoxia or proliferation. Overall, 
PET seems a suitable tool for response evaluation and 
prediction of ultimate pathological response or, pa-
tient outcome.

In the following review key aspects of response 
monitoring are discussed, specifi cally timing of 
serial scans, ROI defi nition approach, method of 
quantifi cation, pitfalls of FDG and future directions 
in functional imaging.

13.2 
Response Studies and Timing of Scans

In Tables 13.1 and 13.2 data from all LABC response 
monitoring studies published so far are summarised 
(Wahl et al. 1993; Bruce et al. 1995; Jansson et al. 1995; 
Bassa et al. 1996; Schelling et al. 2000; Smith et al. 
2000; Tiling et al. 2001; Mankoff et al. 2003; Kim et 
al. 2004). In Figure 13.1 the results of eight response-
monitoring studies are summarised graphically.

Table 13.1. Summary of data from all LABC response monitoring trials published so far using FDG PET

Reference No. of 
patient

Clinical tumour stage Quantifi cation method 
(acquisition interval, min)

ROI method Pixel counts

Wahl et al 
(1993)

11 Stage IIIB or LABC SUVW(50–60),
NLR, k3, Patlak

square 16 pixel ROI Max

Bruce et al 
(1995)

15 LABC TNT Manual Max

Jansson et al 
(1995)

16a LABC or stage IV SUVW(30–50) 50% isocount contour Mean

Bassa et al 
(1996)

16 LABC SUVW(40–60) Pixel-by-pixel color coded Mean

Smith et al 
(2000)

30 T3 or LABC SUVBSA(50–60),
Patlak

Manual, whole lesion Max

Schelling et al 
(2000)

22 LABC SUVW(45–60) 3 circular 15-mm ROIs Max

Tiling et al 
(2001)

7 LABC SUVW(45–60) Circular ROI, variable size Max and mean

Mankoff et al 
(2003)

35 LABC Patlak(30–60) 3 circular 15-mm ROIs Mean

Kim et al 
(2004)

50 T3 or LABC SUVW(>60) Manual, whole lesion Max

a12 with FDG PET; SUVW: standard uptake value, normalised for weight; SUVBSA: SUV normalised for body surface area; NLR: 
non linear regression method; TNT: tumour non-tumour ratio; ROI: region of interest
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Table 13.2. Overview of the timing and endpoints used in the nine response monitoring studies listed in Table 13.1

Reference Baseline 
PET

PET1 n, (cycles) PET2 n, (cycles) PET3 n, 
(cycles)

PET4 n, 
(cycles)

Tumour response 
predicted by PET 

Wahl et al. (1993) 11 <11a (day 8) <11 a (1 cycle) <11 a (2 cycles) <11 a (3 cycles) pPR, pCR

Bruce et al. (1995) 15 5 (2 cycles) pPR

Jansson et al. (1995) 12 7 (1 cycle) 7 (3–4 cycles) CR

Bassa et al. (1996) 16 13 (1–4 cycles) 14 (pre surgery) pPR

Smith et al. (2000) 30 28 (1 cycle) 19 (4 cycles) 21 (pre surgery) pCRmicro/macro

Schelling et al. (2000) 22 14 (1 cycle) 20 (2 cycles) MRD

Tiling et al. (2001) 7 7 (day 8) 7 (2 cycles) 7 (pre surgery) cCR, pCR

Mankoff et al. (2003) 35 21 (midway) pCRmicro/macro

Kim et al. (2004) 50 50 (pre surgery) pCR

n: no of patients scanned with FDG. a Only 47 out of the scheduled 55 scans were performed, but the number of actually per-
formed scans per time point are not specifi ed. CR: clinical response; PR: pathological response; cCR: clinical complete response; 
pCR: pathological complete response; pCRmicro/pCRmacro: microscopic/macroscopic pCR; pPR: pathological partial response; 
MRD: minimal residual disease

Fig. 13.1a,b. Graphic summary 
of the results of eight response-
monitoring studies

a

b
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Wahl et al. (1993) scanned 11 women (stage IIIB 
and localised stage IV) at baseline, after 8 days of 
chemohormonotherapy and after one, two and 
three cycles. In responding tumours (partial or 
complete pathological response) a signifi cant de-
crease in FDG uptake as early as 8 days after therapy 
was found. This preceded any decrease in tumour 
volume as assessed by mammography. Further-
more, only patients with persistently declining FDG 
uptake achieved complete pathological response 
(pCR), whilst persistent residual uptake during 
therapy was a poor prognostic sign.

Bruce et al. (1995) scanned 15 women (LABC) at 
baseline, but only 5 after 2 cycles of therapy, 4 of 
whom underwent surgical tumour resection. Using 
the tumour to non-tumour ratio (TNT) as a semi-
quantitative index, a decrease in TNT corresponded 
with a subsequently demonstrated pathological re-
sponse.

Jansson et al. (1995) compared 11C-methionine 
(11 patients) with FDG (12 patients) in the assess-
ment of early response in patients with LABC, locore-
grional recurrence and stage IV patients. FDG PET 
was performed before therapy and after the fi rst and 
third cycle. Clinical response was determined by 
palpation and/or imaging (mammography, ultraso-
nography or computed tomography). A decrease in 
FDG uptake preceded clinical response and clinical 
responders demonstrated a continuing decline in 
FDG uptake.

Bassa et al. (1996) evaluated PET in the assess-
ment of preoperative response of primary (LABC) 
tumours and axillary lymph nodes. Sixteen LABC 
patients were scanned at baseline, halfway through 
therapy and just before surgery. Visual evaluation 
and standard uptake values (SUV) of PET data were 
compared with mammography and ultrasound, and 
correlated with histology and clinical follow-up for 
up to 3 years. Just before surgery, sensitivity of PET 
for detection of residual viable tumour in breast and 
axillary nodes was 75 and 42%, respectively. Corre-
sponding values for mammography were 71 and 71% 
and for ultrasound 88 and 67%, respectively. Smaller 
size and less FDG uptake were visible as early as the 
second study in 11 patients, but no patient achieved 
pCR. Finally, an elevated SUV just before surgery 
corresponded with poor clinical outcome.

Smith et al. (2000) performed baseline and three 
follow-up scans (after one and four courses and after 
completion of therapy) in 30 LABC patients. After 
chemotherapy both primary tumours and axillary 
lymph nodes were evaluated by pathology. Signifi -

cantly greater reduction in FDG uptake was found 
in tumours achieving partial or complete micro-
scopic or macroscopic pathological response (pPR, 
pCRmicro and pCRmacro, respectively) than patho-
logical non-responders. A 20% reduction from base-
line FDG uptake after one course of chemotherapy 
predicted primary tumour pCR (macro and micro 
combined) with a sensitivity of 90% and a specifi city 
of 74%. Mean decrease in FDG uptake was signifi -
cantly greater in responding than in non-respond-
ing lymph nodes.

Schelling et al. (2000) assessed changes in FDG 
uptake in 22 LABC patients scanned before therapy 
and after one and two cycles of chemotherapy. Using 
a cut-off value of 55% of baseline FDG uptake, mini-
mal residual disease (MRD) (Honkoop et al. 1998) 
could be predicted with a sensitivity and specifi c-
ity of 100 and 85%, respectively, after one cycle. The 
corresponding values after two cycles were 83 and 
94%, respectively.

Tiling et al. (2001) performed serial FDG PET 
scans in seven LABC patients at baseline, after 8 days 
of therapy, and after the second and fi nal course of 
chemotherapy. After the second cycle, there was a 
decline in FDG uptake of more than 60% compared 
with baseline in three patients with clinical com-
plete response (cCR) or pCR. Small residual tumour 
(3 mm) identifi ed at pathology could not be visual-
ized with FDG PET.

Mankoff et al. (2003) compared FDG and 15O-
water (blood fl ow) in the assessment of tumour re-
sponse during therapy, scanning 35 LABC patients 
before and after 2 months of therapy. The reduction 
in FDG uptake was larger in pCR patients than in 
patients with only partial or no response, but the 
difference was not signifi cant. With blood fl ow, 
however, the differences between pathological re-
sponders and partial or non-responders were highly 
signifi cant.

Finally, the largest study so far is by Kim et al. 
(2004), involving 50 LABC patients who were scanned 
at baseline and preoperatively after completion of 
chemotherapy. Response was determined clinically 
(physical examination, mammography, ultrasound 
or CT) and pathologically (pCR, pPR, pNR). In pa-
tients with pCR the reduction of SUV from baseline 
was statistically greater than those with pPR or pNR. 
At a threshold of -79% of baseline, pCR could be dif-
ferentiated from pPR/pNR with a sensitivity and 
specifi city of 85.2% and 82.6%, respectively. 

In summary, even though PET methodology and 
clinicopathological endpoints are heterogeneous 
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(see Table 13.1 and Fig. 13.1), and despite the lack of 
a uniform quantitative cut-off point, current data 
suggest that early decrease in FDG uptake, e.g., after 
only one course of chemotherapy, can predict path-
ological response. Furthermore, persistent decline 
in FDG uptake, demonstrated by serial scans, may 
also predict (complete) clinical and pathological re-
sponse. In contrast, persisting focal FDG uptake is 
likely to be indicative of either only partial patho-
logical response or poor clinical outcome.

13.3 
Axillary Lymph Node Evaluation

Only a limited number of studies have looked spe-
cifi cally at response of axillary lymph nodes (ALNs). 
Smith et al. (2000) found a signifi cantly greater mean 
decrease in FDG uptake after one cycle of therapy in 
lymph nodes with pCRmicro than in non-responding 
nodes. Bassa et al. (1996) and Burcombe et al. (2002) 
reported sensitivities for detecting residual ALN in-
volvement after completion of therapy of 42 and 0%, 
respectively. Specifi city was 100% in both studies. 

The low sensitivities for detection of residual axil-
lary tumour activity post-treatment are problematic 
in a response monitoring setting. In a review on ALN 
staging with PET, however, Crippa et al. (2004) con-
cluded that a false-negative PET scan generally repre-
sented very few and/or very small node metastases.

13.4 
Region of Interest Defi nition

It will be clear that defi nition of the tumour region of 
interest (ROI) will be of crucial importance in moni-
toring tumour uptake of FDG during therapy. In 
general, partial volume effects should be minimised, 
as these will reduce the measured tumour signal to 
a variable degree. This might lead to erroneous re-
sults if tumour dimensions change during therapy. 
Given the variety of ROI methods being used, there 
appears to be no consensus about the optimal type of 
ROI for the purpose of monitoring response during 
therapy. Reproducibility, user-independence and, to 
a lesser degree, simplicity are important consider-
ations for choosing a ROI method.

Either using the same small square (Wahl et al. 
1993) or circular (Schelling et al. 2000) ROI in sub-
sequent scans or using the maximum pixel in a ROI 
have been proposed as solutions to the above prob-
lem. In a recent simulation study comparing several 
ROI methods (Boellaard et al. 2004), however, it was 
demonstrated that use of a ROI with fi xed dimen-
sions resulted in the poorest estimate of response in 
small tumours. In many cases, the maximum pixel 
value within an ROI was a reasonable alternative. If 
uptake is low (e.g., low injected dose, tumour with 
low uptake, obese patient), however, signifi cant 
overestimation of measurements might occur with 
the use of a maximum pixel ROI (Krak et al. 2005). 

Both studies postulated that use of an isocount 
contour ROI possibly offers the best solution to 
all requirements for a suitable ROI method (Boel-
laard et al. 2004).

13.5 
Quantitative Measurement of
Glucose Metabolism

Over the years, several methods for analysing FDG 
data have been proposed (Hoekstra et al. 2000). In 
general, methods can be divided in those requir-
ing a dynamic scanning protocol and those requir-
ing only a static scan. In theory, the fi rst group of 
methods attempt to measure glucose metabolic rate 
(MRglu), by using either non-linear regression (NLR) 
of the operational equation derived from a two-tis-
sue compartment model or Patlak graphical analy-
sis (Patlak et al. 1983). The second group provides 
measures of FDG uptake that are thought to be an 
index of MRglu (i.e., semi-quantitative). 

All dynamic protocols require arterial input to 
enable full quantifi cation. For LABC studies, how-
ever, the thorax will be in the fi eld of view of the 
scanner and consequently the required arterial in-
put function can be obtained from the dynamic scan 
itself rather than from (invasive) arterial sampling. 
Although, in theory, several large arterial structures 
can be used for deriving this image derived input 
function (IDIF), the best results (for FDG) are ob-
tained using the ascending aorta (van der Weerdt et 
al. 2001; de Geus-Oei et al. 2006). It is important to 
note that, due to possible spill-over from the myo-
cardium, the left ventricle is less suited for FDG 
studies. 
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The two-tissue compartment model was derived 
from the original autoradiographic method that 
was developed for measuring MRglu (Sokoloff et al. 
1977; Reivich et al. 1979). MRglu is obtained by esti-
mating rate constants (K1, k2, k3 and k4) depicting 
exchange between blood and tissue and transport 
rates between the two tissue compartments. K1 
and k2 represent rates of forward and reverse cap-
illary glucose transport, respectively, while k3 and 
k4 represent phosphorylation (by hexokinase) and 
dephosphorylation (by dephosphatase), respec-
tively (Huang et al. 1980; Phelps et al. 1979). The 
decision to use three or four rate constants is re-
lated to the question whether glucose is irreversibly 
trapped as glucose-6-PO4 (k4 = 0) or not (k4 > 0). 
In most tumours the effect of dephosphatase activ-
ity is negligible and, therefore, usually three rate 
constants suffi ce. For accurate results, however, a 
blood volume (Vb) term to account for intravascu-
lar activity should be included in the model. The 
rate constants are estimated by non-linear regres-
sion of the resulting operational equation (Huang 
et al. 1980). These rate constants are then used to 
calculate the net infl ux constant Ki (of FDG), which 
is given by:

Ki = K1 ⋅ k3/(k2 + k3)  (Eq. 13.1)

Finally, MRglu is calculated using:

MRglu = Cglu ⋅ Ki/LC  (Eq. 13.2)

Here Cglu is the plasma glucose concentration 
and the so-called lumped constant (LC) a correction 
factor that accounts for differences in affi nity be-
tween FDG and glucose for both glucose transporter 
and hexokinase.

Because of (potential) biological correlates of the 
rate constants, use of NLR might provide insight 
into biological tumour characteristics. The main 
drawbacks of NLR are the scan time needed together 
with the relatively complex scanning protocol. In 
addition, NLR is sensitive to noise and relatively 
slow, and therefore it is less suited for pixel-by-pixel 
analyses, precluding the generation of parametric 
(MRglu) images. Finally, the required LC is largely 
unknown for tumours outside the central nervous 
system (Spence et al. 1998; Graham et al. 2002; Wu 
et al. 2003) and has only been (directly) measured 
in normal human brain, skeletal muscle, heart and 
adipose tissue with values ranging from 0.65 to 1.35 

(Botker et al. 1997; Virtanen et al. 2001; Selberg et 
al. 2002).

In Patlak graphical analysis (Patlak et al. 1983) 
fi tting of individual rate constants is replaced by 
linear regression after transforming (linearising) 
the data. Here the ratio of tissue concentration to 
plasma concentration is plotted as a function of 
“normalised” time (i.e., ∫Cp/Cp). After a certain 
equilibration period (usually 10 min or more), the 
slope of this line equals the net infl ux constant Ki. 
After estimating Ki by linear regression of this line, 
MRglu can again be calculated using Eq. 13.2. The 
key assumption of the Patlak method is that FDG is 
irreversibly trapped as FDG-6-PO4 (i.e., k4 = 0). The 
validity of this assumption has been demonstrated 
for several tumours (Hoekstra et al. 2002; Krak et al. 
2003; Kroep et al. 2003).

Advantages of the Patlak method are a less de-
manding scanning protocol and less sensitivity 
to noise. The latter advantage allows for pixel-by-
pixel analyses and thus generation of MRglu images. 
These images might provide insight into tumour 
heterogeneity, which might be especially important 
in response studies (with different parts of the tu-
mour responding in a different manner). The main 
drawback is that no information about individual 
rate constants can be obtained, i.e., it is not possible 
to determine whether a change in MRglu is due to 
glucose transporter or hexokinase changes. Finally, 
uncertainty in the exact value of the LC also applies 
to Patlak.

An attempt has been made to improve tumour to 
non-tumour contrast in Patlak-derived parametric 
images by applying a threshold to the correlation 
coeffi cient of the (linear) regression of pixel Ki val-
ues (Zasadny et al. 1996). This approach was taken 
further in the so-called total lesion evaluation (TLE) 
method (Wu et al. 1996), in which the concept of 
metabolic volume was introduced.

In addition, an NLR-derived method, the so-
called 6P model (Wu et al. 1995), has been proposed 
in an effort to correct for possible tumour heteroge-
neity (i.e., mixture of tumour and relatively normal 
tissue within a tumour ROI) by using kinetics in a 
reference (normal tissue) region. 

Recently, TLE and 6P methods were compared 
with NLR for several types of cancer, including breast 
cancer (Hoekstra et al. 2002; Krak et al. 2003; Kroep 
et al. 2003). No advantages over standard NLR and 
Patlak methods were observed. In particular, the 6P 
method resulted in very noisy data.
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13.6 
Simplifi ed Clinical Protocols

In general, dynamic protocols are considered to be 
too time consuming and too complex for routine 
clinical use. This has resulted in the development of 
methods that require just a single (static) scan. Most 
static protocols require no blood sampling, and only 
provide a semi-quantitative estimate of MRglu.

At present, the standard uptake value (SUV) 
method is most widely used. This method requires a 
single scan (e.g., from 50 to 60 min after injection) to 
measure uptake (concentration) of FDG (Ct), which 
is then normalised to injected dose (I) and body 
weight (W) according to:

SUV = Ct/(I/W)  (Eq. 13.3)

Corrected only for body weight, SUV does not 
take into account the relatively lower FDG accumu-
lation in fatty tissues. In theory, normalisation to 
body surface area (BSA) or lean body mass (LBM) 
should be better (Hoekstra et al. 2000; Erselcan et 
al. 2002; Shankar et al. 2006), because these nor-
malisations potentially account for the effects of 
weight loss during therapy on subsequent SUV es-
timations and because LBM normalisation offers 
the additional advantage of sex-specifi c correc-
tions. In practice, different normalisation proce-
dures perform better for different tumours when 
compared to the ‘gold standard’ NLR (Hoekstra et 
al. 2002; Krak et al. 2003; Kroep et al. 2003). The 
reason for this fi nding is not clear, but it is prob-
ably related to differences in the composition of the 
various patient groups (gender, patient habitus, fat 
and non-fatty tissues).

Originally, the EORTC PET Study Group (Young 
et al. 1999) did not recommend correction for 
plasma glucose, because of the lack of accuracy of 
most methods routinely used for glucose measure-
ment. As (corrected) SUV is directly proportional to 
plasma glucose, an error of 10 to 15% in the latter 
measurement would compromise the assessment of 
response by 20 to 30%. Correcting SUV for (varia-
tions in) plasma glucose consistently provides better 
results, i.e., better correlation with NLR (Hoekstra 
et al. 2002; Krak et al. 2003; Kroep et al. 2003). It is 
now recommended to correct SUV for plasma glu-

cose using an accurate technique to measure plasma 
glucose (e.g., the hexokinase method). For large 
multicentre clinical trials, such a correction could 
possibly be omitted, provided that serum plasma 
glucose concentration remains within the reference 
range. 

The main advantages of SUV are its simplicity 
and the signifi cant reduction in scanning time. The 
drawbacks are well documented (Keyes et al. 1995; 
Huang et al. 2000). As SUV is dependent on uptake 
time, it is very important to keep this fi xed. Never-
theless, as plasma clearance of FDG might change 
due to therapy, a corresponding change in the re-
lationship between SUV and MRglu should be kept 
in mind (Freedman et al. 2003; Lammertsma et al. 
2006).

To reduce sensitivity to plasma clearance, 
Hunter et al. (1996) proposed an alternative 
method, the so-called simplifi ed kinetic method 
(SKM), in which one or a few venous blood samples 
are taken during the static scan. These samples 
provide a means to correct for changes in plasma 
clearance. By assuming that the peak of the (blood) 
FDG curve can be described by a population mean, 
the integral of the plasma curve until time of scan-
ning can be calculated for individual studies using 
these samples. Rather than normalising to injected 
dose, FDG uptake can now be normalised to the 
plasma integral, i.e., to the total amount of FDG 
delivered to the tumour. In theory, this method 
provides an index of MRglu that is independent of 
uptake time.

Sadato et al. (1998) introduced a ‘SUV-based’ 
method to derive the net infl ux constant (Ki). In this 
method a population mean for the plasma curves is 
used to translate SUV into Ki. The advantage is that 
units are now compatible with those of MRglu. In es-
sence this method employs a constant scaling factor 
and therefore it suffers from the same problems and 
disadvantages as SUV.

Of the single scan methods SKM seems to be the 
most robust from a methodological point of view. In 
addition, in several reports it consistently performed 
better than SUV for different cancers ( Graham et al. 
2000; Hoekstra et al. 2002; Krak et al. 2003; Kroep et 
al. 2003). Therefore, if a single scan protocol is used, 
response studies can be improved by using SKM 
rather than SUV at the cost of only a few venous 
blood samples.
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13.7 
Pitfalls of FDG PET

FDG is not a tumour-specifi c tracer. In untreated 
breast cancer, lymphoid infi ltration contributes to 
the tracer signal (Bos et al. 2002). Such infi ltration 
is present in 30% of breast cancers and may vary 
within a tumour (Pupa et al. 1996; Steele et al. 1985). 
It is unlikely that this will remain constant dur-
ing therapy. Known causes for false-positive fi nd-
ings are infl ammation and physiological uptake in 
bowel, muscle and brown adipose tissue (Lind et 
al. 2004).

In contrast, very small (<1 cm) (Avril et al. 2000), 
less aggressive tumours and lobular carcinomas 
show less FDG uptake, which can result in false-neg-
ative PET scans. Furthermore, in tumours, marked 
effects have been observed after neo-adjuvant ther-
apy, including presence of ductal carcinoma in situ 
(DCIS), cytoplasmic vacuolization, changes in the 
number of mitoses and localized fi brosis (Honkoop 
et al. 1997; Moll et al. 1997). In axillary lymph nodes 
fi brosis, mucin pools and foamy histiocytes have 
been observed (Newman et al. 2003). It is conceiv-
able that these effects will result in dilution of the 
FDG signal during therapy.

13.8 
Other Tracers and Future Directions

Although FDG is currently the most widely used 
PET tracer, glucose metabolism refl ects only one 
aspect of tumour biology. In addition, it is not tu-
mour specifi c (see Pitfalls, above). Combinations 
of FDG with other tracers may offer more insight 
into tumour biology and/or add new applications to 
FDG. Mortimer et al. (2001) scanned 40 patients with 
advanced ER-positive tumours with FDG and the 
oestrogen analogue 16α-[18F]-17β-fl uoroestradiol 
(FES). After tamoxifen therapy only responding tu-
mours demonstrated a signifi cant hormone-induced 
rise in FDG uptake. This ‘metabolic fl are’ can thus be 
an indicator of tumour responsiveness to tamoxifen 
therapy. Alternatively, one should be aware of this 
phenomenon if a patient is scanned within 2 weeks 
of starting a combination of hormone and chemo-
therapy. Mankoff et al. (2002) scanned 31 LABC pa-
tients treated with neo-adjuvant chemotherapy with 

FDG and H2
15O and found a low MRglu/BF ratio to 

be an independent predictor of pCR and a putative 
predictor of disease-free survival.

Apart from increased glycolysis, increased prolif-
eration, hypoxia, angiogenesis and alterations in pro-
grammed cell death (apoptosis) are also hallmarks 
of malignancy. There is a trend towards more spe-
cifi c and individualised treatment of breast cancer 
patients. Immunohistochemical typing of tumours 
prior to therapy can reveal a certain biological pro-
fi le (e.g., hormone receptor status, proliferation fac-
tors, HER2-status and angiogenesis factors), which 
may then offer specifi c targets for therapy. With ap-
propriate tracers, PET allows for imaging and quan-
tifi cation of these targets. In theory, this provides for 
the ideal situation of giving therapy and monitoring 
subsequent response using the same target.

An example is the pyrimidine-analogue 3-18F-
fl uoro-3-deoxythymidine (FLT), which after uptake 
into the cell is phosphorylated into FLT-5-P by the 
enzyme thymidine kinase 1 (TK1), the activity of 
which is principally increased during the S phase of 
DNA replication. This makes FLT a specifi c cellular 
proliferation marker. In a recent study comparing 
FDG to FLT, Pio et al. (2005) scanned 14 metastatic 
breast cancer patients at baseline, after one cycle of 
antiproliferative chemotherapy and after comple-
tion of chemotherapy (or 1 year after baseline PET) 
and found a signifi cant correlation between early 
change in FLT uptake and late changes (i.e., after 
completion of therapy) in both CA 27.29 tumour 
marker levels and tumour size as measured by CT.

Her2 imaging and early response monitoring have 
been successfully performed in mice bearing BT474 
breast tumour xenografts (Smith-Jones et al. 2006). 

Tumours may become resistant to chemo-,  radio- 
or hormone therapy as a result of hypoxia (Teicher et 
al. 1994; Greijer et al. 2005; Kurebayashi et al. 2005). 
Scanning with 18F-fl uoromisonidazole (FMISO) can 
identify tumours that are intrinsically resistant 
or become so after therapy (Rajendran et al. 2004; 
Richin et al. 2006).

Recently, 124I-annexin V has been used to im-
age apoptosis in an animal model of liver apoptosis 
(Keen et al. 2005). This tracer binds to phosphatidyl-
serine on the surface of apoptotic cells.

Finally, use of radiolabelled drugs has heralded 
a new phase in the design and development of new 
drugs or a better understanding of existing drugs 
by imaging and quantifying drug delivery, (hetero-
geneity of) distribution and mechanisms of drug re-
sistance (Hendrikse et al. 1999; Aboagye et al. 2000; 
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Bading et al. 2000), although at present mainly in 
animal models. By direct measurement of tumour 
uptake of a radiolabelled chemotherapeutical agent 
such as 11C-docetaxel (van Tilburg et al. 2004), it 
should be possible to predict tumour response to 
this specifi c treatment and to select responders from 
non-responders at an early stage of or even prior to 
treatment. It is conceivable that in the future, testing 
drug avidity of a tumour prior to treatment through 
labelled drug imaging will become routine, thereby 
offering the possibility to provide truly individu-
alised treatment. 

13.9 
Discussion and Conclusions

From the studies published so far (Table 13.1, 
Fig. 13.1) the following can be concluded: 
1. Accumulated evidence suggests that early changes 

in FDG uptake, e.g., after a single course of che-
motherapy, can predict the ultimate pathological 
response in primary LABC tumours. Inter-study 
differences in PET methodology and clinico-
pathological endpoints, however, impair robust 
conclusions on the applicability of PET criteria 
of response. In other words, postulated thresh-
olds for accurate prediction of pathological 
response, which vary from 20–60% reduction in 
FDG uptake from baseline (Schelling et al. 2000; 
Smith et al. 2000; Tiling et al. 2001), still need 
to be validated in future prospective response-
monitoring studies. At the same time it could be 
argued whether patient outcome should be the 
endpoint in such future studies, rather than only 
pathological response.

2. An additional third scan (e.g., after two cycles or 
halfway through completion of therapy) may be of 
value in demonstrating either persistent decrease 
in FDG uptake, thereby improving accuracy of 
prediction of pathological outcome (Schelling et 
al. 2000), or persistent or increasing FDG uptake 
after therapy, indicating poorer clinical or patho-
logical outcome (Wahl et al. 1993; Jansson et al. 
1995; Bassa et al. 1996).

3. Although the presence of residual tumour in 
axillary lymph nodes after chemotherapy is an 
independent risk factor for locoregional recur-
rence in LABC (Beenken et al. 2003; McIntosh 
et al. 2003), data on the accuracy of FDG PET to 

defi ne axillary status after systemic therapy are 
relatively scarce and reported post-therapy sen-
sitivity for residual ALN tumour detection quite 
variable (0–88%) (Bassa et al. 1996; Smith et al. 
2000; Burcombe et al. 2002).

4. Defi nition of ROIs should be automated, user-inde-
pendent and ideally insensitive to partial volume 
effects due to therapy-induced changes in tumour 
dimension. Based on a comprehensive simulation 
study, there is evidence that a tumour ROI using 
a percentage threshold of maximum activity, cor-
rected for background activity, is the best ROI 
method for response-monitoring studies (Boellaard 
et al. 2004). Small (1.5 cm) fi xed ROIs (Schelling et 
al. 2000; Mankoff et al. 2002) should only be used 
if tumour size does not fall below 2 cm.

5. Of all methods that can be used for response 
monitoring in breast cancer, Patlak, SKM and 
glucose-corrected SUV compare well with the 
“gold standard” NLR. This is a consistent fi nding 
for several tumours (Hoekstra et al. 2002; Krak et 
al. 2003; Kroep et al. 2003). For new therapeutic 
agents or when better insight in tumour biology 
is needed, it is recommended that full quantifi ca-
tion be used, either with NLR or Patlak, depending 
on the specifi c research question. When the heart 
is in the fi eld of view the required arterial input 
function can be obtained from the dynamic scan 
itself, preferably from the ascending aorta (van 
der Weerdt et al. 2001; de Geus-Oei et al. 2006), 
rather than from invasive arterial  sampling.

6. Static protocols are more practical for routine use 
in a busy clinical PET department. Conceptually, 
SKM is preferable to SUV as it takes individual 
plasma clearance of FDG into account, making it 
independent of uptake time and less sensitive to 
changes in plasma clearance due to therapy. The 
collection of one to three venous blood samples 
during scanning seems only a small price to pay 
for the increased accuracy it provides, especially 
since correcting SUV for plasma glucose levels 
require venous blood samples anyway. 

7. Although FDG will continue to play an important 
role in diagnostic and response-monitoring stud-
ies, it is to be expected that in the future more 
specifi c PET tracers will come into play, assessing 
more specifi c tumour processes.

In summary, since 1993, approximately 200 (lo-
cally advanced) breast cancer patients have been 
entered in nine FDG PET studies. Clearly the proof 
of principle has been well established, namely that 
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there is a strong relationship between decrease in 
FDG uptake at an early stage of therapy and response. 
For clinical applications there is now a need to stan-
dardise methodology in order to establish fi rm cut-off 
values for discriminating between responders and 
non-responders.
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for FDG-PET is the evaluation of therapy response. 
Above that the proof of viability of tumour tissue 
after termination of chemotherapy is another indi-
cation for PET. The evaluation of therapy response 
is usually done by CT, sonography or MRI (Bier-
sack and Palmedo 2003). These imaging procedures 
allow the detection of changes of the tumour size 
or volume. Because the majority of cells within a 
tumour mass are in a resting state, reduction of 
tumour volume requires time and might be masked 
by unspecifi c effects (edema as a result of necrosis). 
In contrast, cellular uptake of FDG is a function of 
cell viability and seems to be associated with the 
increased cell turnover. Animal models have shown 
that, after therapy, the amount of tumour FDG up-
take refl ects the number of viable tumour cells pres-
ent (Haberkorn et al. 1987). 

Already in 1989, Minn et al. (1989) studied pa-
tients with breast cancer before and after therapy 
using FDG-PET. Even using a planar gamma cam-
era equipped with thick lead collimators, they could 
show that increasing FDG uptake over time was 
associated with tumour progression. These data 
make evident that new cumbersome sophisticated 
FDG imaging procedures may further increase 
the diagnostic signifi cance of FDG-PET in therapy 
 monitoring.

14.1 
FDG-PET before and after Radiotherapy

PET scans before, during and after treatment may 
provide information that is useful for manag-
ing patients undergoing radiation therapy (Lowe 
2003; Kumar and Alavi 2004; Zangheri et al. 2004). 
A pre-treatment PET study allows not only to evalu-
ate metabolic tumour activity, but also treatment 

Abstract

Fluorine-18-fl uorodeoxyglucose positron emission 
tomography (FDG-PET) has been used successfully 
for the staging and re-staging of breast cancer. 
Another signifi cant indication is the evaluation of 
therapy response. There are only few data on FDG-
PET in breast cancer after radiation therapy. The 
same holds true for chemotherapy. Only the therapy 
response in locally advanced breast cancer after che-
motherapy has been investigated thoroughly. His-
topathologic response could be predicted with an 
accuracy of 88–91% after the fi rst and second course 
of therapy. A quantitative evaluation is of course 
a prerequisite when FDG-PET is used for therapy 
monitoring. Only few studies have focussed on hor-
mone therapy. Here, a fl are phenomenon with in-
creasing SUVs after initiation of tamoxifen therapy 
has been observed. More prospective multicenter 
trials will be needed to make FDG-PET a powerful 
tool in monitoring chemotherapy in breast cancer. 

Whole body imaging with fl uorine-18 deoxyglucose 
PET (FDG-PET) has gained widespread acceptance 
for the staging and restaging of breast cancer (Bi-
ersack et at. 2001; Kostakoglu and Goldsmith 2003; 
Grahek et al. 2004). Another signifi cant indication 
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planning. The overlay of the PET image onto the 
CT allows the target to be hit precisely, even in CT 
negative fi ndings (Bockisch et al. 2003). The high 
occurrence of recurrences within the primary target 
volume in some tumours necessitates a dose escala-
tion to improve the probability of tumour control. 
However, radiotoxicity to healthy tissue limits its 
strategy. Therefore, there is a need to increase the 
dose in the target volume. Because of the biological 
effect, this is only possible by reducing the irradi-
ated volume. As a consequence, as safety margins 
are to be reduced, the extent of the disease has to 
be determined more precisely. PET adds valuable 
information in this context. The PET fi ndings can 
be translated into morphologic coordinates only by 
the fusion of PET and CT as is realized with PET-CT. 
PET data are utilized directly by mapping accurately 
into the spatial coordinate system of the treatment 
planning system. Thus, treatment planning using 
PET gives reliable estimates of the tumour volume 
and improves isodose tumour coverage (Lowe 2003). 
PET during radiation therapy may cause some prob-
lems in so far as radiotherapy may induce early 
acute infl ammatory hypermetabolism that can be 
confused with tumour hypermetabolism. In addi-
tion, it has been concluded that an early decrease 
in FDG uptake does not necessarily indicate a good 
prognosis. This phenomenon highlights the need 
for a detailed time course and treatment response 
parameter evaluation as the FDG uptake may be 
infl uenced by a variety of metabolic changes that 
may be unrelated to tumour response.

Immediately after completion of radiation ther-
apy, PET may demonstrate continued uptake in the 
periphery of the tumour. This FDG accumulation 
was found to correlate pathologically with the for-
mation of a fi brous pseudocapsule rather than re-
sidual disease (Lowe 2003; Jones et al. 1996). In cases 
where more than 90% of tumour cells were killed, 
such residual hypermetabolism was seen, but was 
usually found to be less pronounced than the pre-
treatment PET. 

Radiotherapy response will of course be associ-
ated with reduction in tumour size. Complete re-
sponse is generally felt to be the only standard for 
indicating tumour control. A partial response is 
considered to be a radiotherapeutic failure in most 
cases (Lowe 2003). The defi nition of complete re-
sponse can be problematic as complete disappear-
ance of the tumour may only occur rarely, and more 
commonly residual tissue, whether it be scar or re-
sidual tumour, can remain (Fig. 14.1).

PET has been used to assess the therapeutic re-
sponse to radiation therapy. FDG-PET can iden-
tify changes in glucose uptake after treatment and 
may prove to be a better indicator of a favourable 
response of therapy (Lowe 2003). However, it may 
be important to differentiate between a decrease in 
FDG uptake and the complete absence of FDG up-
take. Posttreatment normalization of FDG uptake 
will probably be a good prognostic sign. Usually, a 
PET tumour complete response will be predictive of 
improved survival (Lowe 2003).

A major problem of post-radiation therapy PET is 
that normal tissues can manifest radiotherapy tox-
icity to different degrees. Some tissues will demon-
strate toxicity in a few days. These tissues are bone 
marrow, gonads, lymph nodes, salivary glands, 
gastrointestinal tract, larynx and skin. Other tis-
sues demonstrate radiation damage in weeks to 
months, and some examples are lung, liver, kidney, 
spinal cord and brain (Lowe 2003). Because of these 
effects, signifi cantly increased FDG uptake can be 
seen in selected soft tissue regions that are irradi-
ated. Data suggest that radiotherapy may induce 
early acute infl ammatory hypermetabolism on PET 
that is likely related to healing of tissues damaged 
by radiation (Lowe 2003). This effect will of course 
depend on the radiosensitivity of the normal tis-
sue being irradiated. For example, increased FDG 
uptake may be found at 12–16 months after treat-

Fig. 14.1. FDG-PET after radiation therapy of breast cancer: 
positive PET due left axilla to tumour recurrence
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ment. Some studies showed that normal tissue ac-
tivity infl ammatory responses are at maximum at 
about 6 months, but can be seen for at least 1 year 
(Lowe 2003). A study by Jones et al. (1996) showed 
that immediately following radiation, a hypermet-
abolic pseudo capsule can be seen that may appear 
to falsely represent tumour, at least in sarcoma. 
Lowe (2003) suggests that a fair compromise may 
be to recommend PET imaging 4–6 months after 
completion of radiation, if possible. This would al-
low for assessment of early recurrence and prob-
ably give high accuracy of treatment assessment. 
If infl ammatory hypermetabolism is confusing, a 
follow-up scan may be required to see if the activity 
diminishes over time.

There are only very few data available on FDG-
PET after radiotherapy of breast cancer. Minn et al. 
(1989) studied ten patients with breast cancer before 
and after therapy (systemic therapy alone in seven 
and in combination with radiotherapy in three pa-
tients) and showed that an increased FDG uptake in 
breast cancer over time is a sign of tumour progres-
sion. There are no other reports dealing with radio-
therapy. These data make evident that a lot of work 
is ahead of us to evaluate the usefulness of PET after 
radio- or radiochemotherapy. 

Tumour hypoxia has been established as a resis-
tance factor for radiotherapy, and it has been sug-
gested that it promotes tumour aggressiveness and 
resistance to different treatment modalities ( Eubank 
and Mankoff 2005). Some data suggest that up to 30% 
of larger or more advanced breast cancers exhibit se-
vere hypoxia at least in parts of the cancer. Although 
hypoxia may contribute to increased rates of glycol-
yses, it could not be proven that hypoxia could be 
simply predicted by FDG uptake. Thus, PET agents 
specifi cally designed to image tumour hypoxia have 
been tested for hypoxia imaging, and especially for 
(F-18)-fl uoromisodinazole, its ability to image hy-
poxia has been proven (Rasey et al. 1989).

14.2 
Chemotherapy and PET

The prediction of response to therapy after its 
completion has been addressed by several authors. 
In a retrospective study of 61 patients,  Vranjesevic 
et al. (2002) compared the value of FDG-PET with 
conventional imaging to predict outcome in breast 

cancer patients who had previously undergone pri-
mary therapy. FDG-PET was more accurate than 
conventional imaging for predicting outcome, 
with positive and negative predictive values of 
93% und 84% (FDG-PET) versus 85% and 59% 
(conventional imaging). Prognostic accuracy of 
FDG-PET reached 90%. Jansson et al. (1995) per-
formed FDG studies before and after three or four 
courses of polychemotherapy. Eight of the 12 clini-
cal responders had a signifi cant decrease in tracer 
uptake at the fi rst PET scan performed 6–13 days 
after the fi rst polychemotherapy course, and these 
reductions were further augmented after the third 
or fourth course and corresponded to the conven-
tional therapy evaluation with other imaging pro-
cedures. These data show that PET may be able to 
detect therapy response even 1 week after the be-
ginning of therapy. Similar data had already been 
published in 1993 by Wahl et al. (1993) who also 
could show that already at day 8 of the fi rst cycle 
of chemotherapy a response could be documented. 
Gennari et al. (2000) investigated 13 patients with 
metastatic breast cancer who were referred for 
treatment protocols with gemcitabine/epirubicin/
paclitaxel or epirubicin/paclitaxel chemotherapy 
regimens. All metastatic sites were visualised on 
the baseline FDG-PET scan. Nine patients were 
available for fi nal evaluation. In the six patients 
who seemed to respond to treatment, median SUV 
was 7.65 at baseline, 5.7 at day 8 after the fi rst 
course and 1.2 at the end of the courses. Three pa-
tients had stable disease and showed no signifi cant 
decrease in tumour glucose SUV compared to the 
baseline level. 

In a small series of patients, Tiling et al. (2001) 
performed FDG-PET (in addition to Tc-99m MIBI) 
before and after neoadjuvant chemotherapy. All 
three patients with complete remission showed de-
creasing FDG as early as 8 days after therapy. Three 
patients had partial remission and presented with 
persisting focal FDG uptake. One non-responder 
remained unchanged during chemotherapy. Tiling 
et al. (2001) could also show that increased tracer 
uptake after the fi rst cycle did not exclude a partial 
tumour response. Only after the second chemo-
therapeutic cycle FDG-PET (and MIBI imaging) was 
able to distinguish between complete and partial/no 
response.

Krak et al. (2003) performed studies in 20 women 
with locally advanced (n=10) or metastasized (n=10) 
breast cancer. Follow-up PET scans were obtained 
after 8 days and after one, three and six courses of 
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chemotherapy. Mathematical models were used 
for measurement of FDG uptake. It turned out that 
SUV was the least accurate procedure in predicting 
changes in FDG uptake over time during therapy. 
The authors propose a quantitative evaluation pro-
cedure including Patlak graphical analyses, SUV 
and a kinetic procedure.

Eubank and Mankoff (2005) again focussed on 
the evaluation of therapy response. Smith et al. 
(2000) showed by quantitative methods that a sig-
nifi cant reduction of axillary nodule FDG uptake 
after neoadjuvant chemotherapy can predict com-
plete microscopic pathologic response. Here it has 
to be noted that axillary nodule response to therapy 
might be an important marker for prognosis since 
nodule disease refl ects the presence of occult dis-
seminated disease. 

In a retrospective study, Staffort et al. (2002) eval-
uated the response of skeletal metastases to therapy 
using serial FDG-PET. These authors found a strong 
correlation between the quantitative change in FDG 
SUV and overall clinical assessment of response and 
change in tumour markers.

Again, it is evident that PET shows potential 
for evaluation of chemotherapy in breast cancer 
(Figs. 14.2, 14.3). However, all presented studies 
lack signifi cant numbers of patients. We strongly 
believe that only multicentre trials may solve this 
problem.

14.3 
Monitoring of Primary Chemotherapy in 
Locally Advanced Breast Cancer (LABC)

While – as has already been mentioned – data on 
FDG-PET in radio- and chemotherapy in general are 
scarce, some valid data are available regarding the 
monitoring of primary chemotherapy. An impor-
tant advantage of primary chemotherapy in breast 
cancer is that it can increase the rate of breast-con-
serving surgery by preoperatively reducing tumour 
volume (Fisher et al. 1997). 

Neoadjuvant chemotherapy has been used in pa-
tients with LABC to improve primary tumour re-
sectibility, including the use of breast-conserving 
surgery and assess in vivo response to selected che-
motherapy (Eubank and Mankoff 2005).

Because of the excellent results of this procedure, 
chemotherapy before defi nitive surgical therapy 
(neoadjuvant, primary or induction chemotherapy) 
has also been applied to the treatment of lower-
stage breast cancer. Recent trials reported clinical 
response rates greater than 70%, but only in a small 
fraction of patients a macroscopic complete response 
to therapy had been achieved (Booser and Hortoba-
gyi 1992). In patients with macroscopic complete 
response a signifi cantly better prognoses than in 
patients presenting with residual tumour after com-

Fig. 14.2a,b. FDG-PET before and after chemotherapy: multiple mediastinal lymph node metastases before therapy (a); 
reduction of metastases in number and activity after therapy (b) (Biersack et al. 2001)

a b
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pletion of chemotherapy has been observed (Ma-
chiavelli 1998). Furthermore, patients with minimal 
residual disease had signifi cantly higher disease-
free and overall survival rates compared to patients 
with gross residual disease. Partial or complete re-
gression proven by histopathologic tissue analysis is 
achieved in only 20–30% of patients (Chollet et al. 
1997). From these data it is evident that clinical re-
sponse does not necessarily refl ect histopathologic 
response. Thus, tumour markers may be used to de-
termine the therapeutic effect until defi nitive breast 
surgery is performed. Considering the side effects 
of primary chemotherapy, there is a need for early 
therapy monitoring to identify non-responding 
patients. Imaging procedures such as mammogra-
phy, ultrasonography and MRI have been used for 
evaluating tumour size in relation to response to 
therapy. As has been shown before, tumour shrink-
age as evidenced by morphologic imaging does not 
refl ect response to therapy, which causes a certain 
delay between initiation of therapy and proof of tu-
mour response. In addition, these procedures do not 
allow differentiation between viable tumour tissue 

and fi brotic scar tissue (Vinnicombe et al. 1996). 
Although clinical evaluation and tumour markers 
might be useful for this purpose, they have not yet 
been applied in larger patient populations (Mankoff 
et al. 2002).

For these reasons, nuclear medicine procedures 
offer opportunities for the evaluation of the success 
of chemotherapy. Tiling et al. have used Tc-99m ses-
tamibi imaging – in addition to FDG-PET – for the 
evaluation of therapy success (Tiling et al. 2001). 
Furthermore, this procedure offers the opportunity 
to detect multi-drug resistance (Palmedo 2002). 

One of the factors that may infl uence responses to 
systemic chemotherapy is tumour perfusion (Sagar 
et al. 1993), which may of course be evaluated by 
15 O-water PET (Mankoff et al. 1999). Good perfu-
sion is crucial for the delivery of chemotherapy to 
the tumour cell (Chollet et al. 1997). Tumours with 
low perfusion may be hypoxic, and hypoxia has been 
related to aggressive tumour behaviour and poor re-
sponse to chemotherapy (Teicher 1994). Mankoff et 
al. (2003) have thus estimated changes in blood fl ow 
and metabolism in locally advanced breast cancer 

Fig. 14.3a,b. FDG-PET/CT before (a) and after (b) chemotherapy: a,b rib metastasis (right thorax) responds to therapy; 
however, a new rib metastasis can be seen under therapy, again right thorax (b)

b

a
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treated with neoadjuvant chemotherapy. Addition-
ally, FDG has been used for calculating the meta-
bolic rate. Both parameters were used for attempt-
ing to predict the outcome by a baseline study alone 
(Mankoff et al. 2003). A second procedure offered 
by nuclear medicine is FDG-PET, which has previ-
ously been shown to be benefi cial in monitoring the 
response to chemotherapy (Wahl et al. 1993; Smith 
et al. 2000; Teicher 1994; Bassa et al. 1996; Schelling 
et al. 2000; Weber et al. 2002). The experiences with 
FDG-PET are encouraging, but somewhat contro-
versial. Despite these drawbacks, FDG-PET allows 
prediction of the response to chemotherapy in 
LABC even shortly after the onset of the therapy. 
Thus, FDG-PET is expected to be useful for reduc-
ing the costs of cytotoxic therapy and the unnec-
essary side effects of chemotherapy, which are not 
useful. These economic and clinical advantages will 
certainly outweigh the expense of PET. A prerequi-
site for monitoring therapy response is, of course, a 
quantifi cation of PET data. Wahl et al. (1993) were 
the fi rst to use FDG-PET for metabolic monitoring 
of breast cancer chemohormonotherapy. Bassa et 
al. (1996) presented the fi rst data concerning FDG-
PET studies in 16 patients with LABC. All patients 
had PET studies before chemotherapy, 13 patients 
between the end of the fi rst cycle and at the mid-
point of chemotherapy, and 14 patients before sur-
gery. Visual diagnoses and SUVs of PET scans were 
compared with pathology fi ndings at surgery and 
with the results of mammography, ultrasonography 
or both, which were performed before chemother-
apy and before local surgery for residual disease. 
Each patient’s clinical course was monitored for 
up to 3 years. Sensitivity (in general) for detection 
of pathologically proven primary lesions was 100% 
for FDG-PET, and sensitivity for detection of initial 
nodal involvement was 77%. Sensitivity for the de-
tection of residual primary tumour was 75%, and 
sensitivity for detection of residual nodal involve-
ment was 41.6%. Clinical improvement of primary 
lesions was seen in all patients, improvement with 
smaller size and less FDG uptake as early as at the 
second study in 69%. Mean SUV values decreased 
signifi cantly. These data were extended by Schelling 
et al. (2000) and Smith et al. (2000). Usually, SUVs 
are used for quantifi cation of PET. Because a tumour 
shrinks during response, the placement of regions of 
interest (ROIs) is crucial. It has been proposed that 
circular ROIs with a diameter of 1.5 cm should be 
placed (Schelling et al. 2000). This procedure has 
been chosen to reduce partial volume effects, which 

play a substantial role if ROI is placed visually around 
the entire tumour and tumour size changes after the 
baseline study (Sagar et al. 1993). Smith et al. (2000) 
have used a cumbersome protocol in performing a 
time-consuming dynamic imaging study and col-
lecting sequential arterial blood samples. The infl ux 
constant was calculated for each voxel of the image 
resulting in a parametric map of FDG uptake. The 
dose to uptake ratio (DUR) was also calculated for 
each voxel from the fi nal frame of the dynamic data. 
It has also been proposed to calculate the metabolic 
rate of FDG using the tracer infl ux constant Ki (ml/
min/g), resulting in units of micromoles per minute 
per 100 gram. 

All quantitative FDG protocols require constant 
glucose levels; thus, the glucose level has to be deter-
mined before injection. The follow-up data also have 
to be normalized to the blood glucose level. Most 
studies have focussed on serial PET scans. Mankoff 
et al. (2002) attempted to predict the outcome by a 
baseline study alone. However, they combined both 
15O and FDG-PET in one study.

Bender et al. (1999) have shown that at least in 
non-resectable liver metastases of colorectal cancer 
early identifi cation of non-responders is possible. 
Smith et al. (2000) obtained four PET scans: at base-
line, before the second and fi fth doses of chemother-
apy, and shortly before surgical excision of the pri-
mary tumour and axillary lymph nodes. Schelling 
et al. (2000) used a protocol including a PET scan 
10 days after the fi rst course and 9 days after the 
second course of chemo therapy in addition to the 
baseline study. Mankoff et al. (2003) added to the 
previous protocol a follow-up scan after 2 months 
of chemotherapy. The results of these studies may 
be sum ma rised as follows: Smith et al. concluded 
that the decrease in FDG uptake is a marker of tu-
mour response (Smith et al. 2000). They concluded 
that FDG-PET imaging of primary metastatic breast 
cancer after a single course of chemotherapy may be 
of value in predicting pathologic treatment response 
with a sensitivity of 90% and a specifi city of 74%. 
However, in metastatic lesions this effect could not be 
observed. The mean pre-treatment FDG uptake val-
ues of the lesions that achieved a microscopic com-
plete pathologic response were signifi cantly higher 
than those from less responsive lesions. Schelling et 
al. (2000) also correctly identifi ed responders by fol-
low-up PET, with a sensitivity of 100% and a specifi c-
ity of 85%. A threshold was set by an SUV decrease 
below 55% of the baseline scan. At this threshold, 
histopathologic response could be predicted with an 
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accuracy of 88% and 91%, respectively, after the fi rst 
and second course of therapy. 

In contrast to these results, Mankoff et al. (2003) 
did not fi nd differences between responders and non-
responders using FDG-PET alone. Using water PET, 
the change in blood fl ow after 2 months of therapy 
predicted disease-free and overall survival. While 
cumbersome techniques such as a combination of 
FDG with water PET imaging may be restricted to 
research, FDG-PET alone has to be recommended 
for predicting response to chemotherapy in LABC in 
a clinical setting. The estimation of SUVs (in defi ned 
circular ROIs) should be recommended for clini-
cal purposes. These SUVs will not be hampered by 
partial volume and tumour shrinkage effects. The 
SUVs of baseline and follow-up investigation should 
be normalised to the blood glucose level. With the 
increasing availability of clinical PET, the use of this 
powerful technology for monitoring primary che-
motherapy is expected to become routine.

14.4 
FDG-PET during Hormone Therapy

Some researchers have used 18F-labelled estradiole 
(McGuire et al. 1991) and other radiolabelled estro-
gens and progestins (Jonson and Welch 1998) as well 
as fl uoro-tamoxifen (Inoue et al. 1996). In 1999, De-
hdashti et al. (1999) performed fl uoro-estradiole and 
FDG-PET before and 7–10 days after initiation of 
tamoxifen therapy. The PET results were correlated 
with follow-up evaluation and continued until the 
patient became unresponsive to hormone therapy 
(3–24 months). There were seven responders and 
four non-responders. With respect to FDG, it could 
be proven that none of the responders had a clini-
cal fl are reaction, but all demonstrated metabolic 
fl are with the mean standard deviation increase 
in tumour SUVs of 1.4 ± 0.7. No evidence for fl are 
was noted in the non-responders. The fi ndings of a 
metabolic fl are by FDG-PET early after institution 
of tamoxifen treatment appeared to predict respon-
siveness to antiestrogen therapy in patients with 
receptor-positive breast cancer. To our knowledge 
the fl are phenomenon has never been observed af-
ter chemotherapy. If hormono-chemotherapy is per-
formed, this fi nding should be kept in mind. 

In another study, Mortimer et al. (2001) have 
again described a “metabolic fl are”. 

14.5 
Conclusion

Although FDG-PET has been used as tracer in many 
entities of tumours after radiation and chemother-
apy, data in breast cancer are still scarce. The only 
indication where valid data are obtainable is the 
monitoring of primary chemotherapy in locally ad-
vanced breast cancer. Here, it could be proven that 
the FDG uptake is reduced even after the fi rst cycle 
of chemotherapy. Quantitative evaluation of the data 
is a prerequisite. The estimation of SUVs in defi ned 
circular ROIs of approximately 1.5-cm diameter is 
recommended for clinical purposes. These SUVs 
will not be hampered by partial volume and tu-
mour shrinkage effects. The SUVs of baseline and 
follow-up investigations have to be normalised to 
the blood glucose level. Whenever hormone therapy 
(tamoxifen) is being performed, one should keep 
in mind that a metabolic fl are phenomenon with 
an increase in tumour SUVs for FDG has been ob-
served in responders. Another problem that should 
be addressed is secondary effects such as neovascu-
larisation and infl ammatory cell infi ltration, which 
may lead to changes in tumour blood fl ow and may 
mask tumour response. However, these changes will 
be observed mainly after radiation therapy and not 
after chemotherapy in breast cancer. 
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tablished role in the diagnosis of recurrences; it has 
an established role in therapy monitoring, alone or 
in association with other diagnostic tools; it is still 
under study as a predictor of response to therapy. 
Several international guidelines help physicians in 
using tumour markers giving practical recommenda-
tions for the appropriate interpretation of circulating 
tumour markers. CEA and cytokeratins markers are 
so far less specifi c than mucinic markers; therefore, 
they are sometimes tested for evaluating breast can-
cer patients.

The association of tumour marker tests with a di-
agnostic imaging modality such as FDG-PET today is 
of great interest, because sometimes the patients pres-
ent with a tumour marker increase and do not show 
clinical symptoms or signs of cancer, or on the con-
trary some others subjects present with some doubt-
ful symptoms or signs of cancer, and the association 
with a biochemical test for malignancy can be help-
ful to make the fi nal diagnosis. FDG-PET is known 
as a metabolic imaging modality, that, contrary to 
radiological techniques, reveals cancer not on the 
basis of morphology like the radiological methods, 
but because of the uptake and/or processing of a ra-
dioactive tracer in cancer tissue. The visualization of 
cancer by PET depends on the viability and activity 
of the tumour, and this requirement is very close to 
the function of synthesis and secretion of tumour 
markers as products of cell metabolism. One can say 
that FDG-PET and tumour marker tests describe can-
cer activities in different ways, and their diagnostic 
added value takes advantage of this combination.

This chapter overviews the results of the associa-
tion of FDG-PET with elevated or progressively in-
creasing tumour markers. Tumour-marker-guided 
PET has demonstrated a diagnostic effectiveness in 
detecting cancer lesions with variable sensitivity, 
both at presentation (staging) and during the follow-
up (discovery of relapses, metastases and re-stag-
ing). It is well known that tumour marker increase 

Abstract

Circulating tumour markers for breast cancer can 
be classifi ed in different groups: mucins such as CA 
15.3, CA 27.29 and CA 549, carcinoembryonic antigen 
(CEA), cytokeratins (TPA, TPs, Cyfra 21.1), enzymes 
(LDH), hormones and their subunits. All of them have 
been proposed over the years for the diagnosis and 
monitoring of breast cancer at different stages. It is 
well known that tumour marker tests lack in sensitiv-
ity at the earliest stage of cancer and also in specifi c-
ity. False-negative results are rare in patients with 
advanced disease and metastases; on the contrary 
they are most frequent in the fi rst stages. Besides 
this, false-positive results can be due to different non-
malignant conditions. At present CA 15.3 is the most 
widely used tumour marker in breast cancer patients. 
Its use follows the general concepts everywhere ac-
cepted for mucinic markers: the CA 15.3 test is not 
useful in screening and early diagnosis; it has an es-

*The authors have written this paper on behalf of the Group 
of Immunometric Assays of the Italian Association of Nuclear 
Medicine and Molecular Imaging (AIMN).
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is a reliable signal of the presence of occult disease, 
and this suspicion can be explored by FDG-PET. For 
this reason some authors have proposed that whole 
body PET may become the method of choice for the 
assessment of asymptomatic patients with elevated 
tumour marker levels. The recent development of 
hybrid systems, allowing the concomitant examina-
tion of the patient by combining PET with CT, has 
increased the accuracy of diagnostic imaging, and 
several papers support the evidence that PET/CT 
is able to add incremental diagnostic confi dence 
to PET and detects more lesions than CT or PET 
alone. A discussion is still open about the question 
if FDG-PET or PET/CT can substitute the entire bat-
tery of tests routinely used for staging breast cancer 
or detecting relapse in all breast cancer patients. At 
present, it is very diffi cult to draw a fi nal conclu-
sion, since one should consider the cost of the test, 
the non-complete availability of this examination in 
all clinical centres, and the problem of the limited 
sensitivity of PET in early stages, which is not able to 
rule out the microscopic metastases. There is still a 
need for further prospective clinical trials for evalu-
ating the impact of this approach on patient man-
agement and survival, according to the different risk 
groups. However, in spite of several controversies in 
this fi eld, there is no doubt that the association of 
tumour marker tests with PET or PET/CT seems to 
provide useful information, and this approach is in-
dicated, mainly in the follow-up of patients at risk, 
in re-staging patients with symptoms and in evalu-
ating the response to treatments. 

15.1 
Background

The defi nition of tumour markers includes different 
substances that are secreted by the cancer cells in the 
blood stream and can be interpreted as a biochemi-
cal signal of the presence and of the growth of a 
malignant tumour (Seregni et al. 1999). The mea-
surement of these substances, usually performed by 
immunoradiometric assays, offers functional infor-
mation about the clinical evolution of the disease, 
and its most important role consists in the diagno-
sis of metastases and the evaluation of response to 
treatment (Bombardieri 1998).

These substances for breast cancer can be di-
vided in different groups: (1) mucins (mucin-asso-

ciated antigens such as CA 15.3, CA 27.29 and CA 
549); (2) carcinoembryonic antigen (CEA); (3) cyto-
keratins (TPA, TPs, Cyfra 21.1); (4) enzymes (LDH); 
(5) hormones and their subunits (HCG). All of them 
have been proposed over the years for the diagnosis 
and monitoring of breast cancer at different stages 
(Seregni et al. 2004).

Mucinic markers, CEA and cytokeratins are not 
strictly specifi c for breast cancer, such as other tu-
mour markers (PSA, thyroglobulin, hormones, etc., 
that correlate with histology), and at the same time 
they are not specifi c for breast cancer, since they can 
be associated with other neoplastic conditions and 
are often increased in several non-malignant con-
ditions. False-positive results can be due to some 
infl ammatory situations, autoimmune diseases, 
chronic liver diseases and also some physiological 
situations. 

It is well known that tumour markers are not al-
ways elevated in the presence of cancer, since their 
increase over the cut-off levels is associated with the 
mass and the growth of the tumour. This means that 
the smallest tumours at the fi rst stages of disease are 
not frequently associated with a signifi cant increase 
of marker levels. Therefore, false-negative results 
are rare in patients with advanced disease and me-
tastases; on the contrary they are most frequent in 
the fi rst stages. This is a reason why tumour markers 
are not recommended for screening cancer, except 
in some particular conditions, for some tissue-spe-
cifi c markers and in the group at high-risk of disease 
(Gion et al. 1993). 

Among the wide spectrum of the circulating tu-
mour markers developed for clinical use in oncol-
ogy, those that obtained the major attention from 
the oncologists were CA 15.3, CEA and cytokeratins 
(Hayes et al. 1985, 1986; Berling et al. 1990; Benchi-
mol et al. 1989; Steiner and Roop 1988; Nagle 1988). 
At present CA 15.3 is the most widely used tumour 
marker in breast cancer patients; other similar mu-
cins have been studied, namely MCA and CA 549, 
but they have had limited clinical applications. 
Their use follows the general concepts everywhere 
accepted for mucinic markers: (1) the CA 15.3 test is 
not useful in the screening and early diagnosis; (2) 
some studies suggest that the elevated levels of CA 
15.3 can have a role as an independent prognostic 
factor; (3) CA 15.3 has an established role in the diag-
nosis of recurrences; (4) CA 15.3 has an established 
role in therapy monitoring, alone or in association 
with other diagnostic tools; (5) CA 15.3 is still under 
study as a predictor of response to therapy (Seregni 
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et al. 2004). There are several international guide-
lines that help physicians in using tumour markers, 
and the recommendations for the appropriate use 
of circulating tumour markers in breast cancer pa-
tients are included (Bast et al. 2001; Basuyan et al. 
2000; Cheung et al. 2000; Duffy 2001; Sturgeon 2002; 
Duffy 2006).

The association of the tumour marker test with a 
diagnostic imaging modality such as FDG-PET is of 
great interest because sometimes the patients present 
with some tumour marker increase and do not show 
clinical symptoms or signs of cancer, or on the con-
trary some other subjects present with some doubt-
ful symptoms or signs of cancer, and the association 
with a biochemical test for malignancy can be helpful 
to make the fi nal diagnosis. This is particularly true 
for those tumour markers with a good tissue speci-
fi city such as thyroglobulin (TG) in thyroid cancer, 
prostate-specifi c antigen (PSA) in prostate cancer, 
chromogranin A (CgA) in neuroendocrine tumours, 
alpha fetoprotein (AFP) in endodermal sinus tu-
mours and hepatoblastomas, and human chorion 
gonadotropin (HCG) in tumour deriving from tro-
phoblast, since these substances give an additional 
specifi c indication about the tissue of production 
( Ugrinska et al. 2002). Even if the mucinic tumour 
markers, such as CA.15.3, CA 125 and CA 19.9, do not 
show the optimal tissue specifi city, their clinical use 
has been validated in association with breast cancer, 
ovarian cancer and gastrointestinal cancer, respec-
tively, and therefore at present they are considered 
as tumour markers preferentially associated with 
these histotypes. CEA and cytokeratin markers are 
so far less specifi c than mucinic markers; therefore, 
they are currently tested for the diagnosis of many 
tumours, including breast cancer.

On the other hand, FDG-PET is known as a met-
abolic imaging modality that, contrary to radio-
logical techniques, reveals cancer not on the basis 
of morphology like the radiological methods, but 
because of the uptake and/or processing of a radio-
active tracer by cancer tissue (Delbeke et al. 2004). 
Therefore, the visualization of cancer by PET de-
pends on many variables. For this reason the viabil-
ity and activity of the tumour are essential, and this 
requirement is very close to the function of synthe-
sis and secretion of tumour markers as products of 
cell metabolism (Rohren et al. 2004). One can say 
that FDG-PET and tumour marker tests describe 
some cancer activities in different ways, and their 
diagnostic added value takes advantage of these two 
different dynamic mechanisms.

15.2 
Screening and Diagnosis of Early Cancer

At present there are no tumour markers that are use-
ful for screening or early diagnosis of breast cancer. 
In fact the diagnostic accuracy of tumour marker 
tests is limited by the low sensitivity in early-stage 
disease and by the lack of specifi city. For the CA 15.3 
assays, different studies have demonstrated that the 
diagnostic sensitivity is about 10–15% in patients at 
stage I, 20–15% in patients at stage II and 30–50% in 
patients at stage III. The rate of false-negative results 
is very relevant. Besides this, one should consider 
that a certain number of false-positive results can be 
observed in patients with benign breast pathology, 
hepatic diseases and autoimmune diseases. 

It is generally known that FDG-PET in the diag-
nosis of primary breast cancer has shown a satisfac-
tory sensitivity only for tumours >0.8 cm in size that 
are palpable with a high probability of malignancy. 
It is well known that these cancers can be easily vi-
sualized by other diagnostic modalities; some of 
them (like digital mammography, MRI) have very 
high resolution limits, around 2 mm in diameter. 
The major factors limiting the accuracy of PET are 
the physical detection limits of the available scan-
ners and also the different rate of utilization of glu-
cose by the breast tissue (Bender et al. 1998; Avril 
et al. 1996). On the contrary some false-positive up-
takes have been observed in different benign disease 
such as fi broadenoma, severe fi brocystic mastopa-
thy, ductal ectasia and tubular angiomyoepitelioma 
(Palmedo et al. 1997; Avril et al. 2000; Scheidhauer 
et al. 2004). The association of a tumour marker test 
for the diagnosis of small primary breast cancer 
does not improve the diagnostic accuracy signifi -
cantly, since a negative CA 15.3 test cannot exclude 
the presence breast cancer, and a positive CA 15.3 
test is not suffi cient to confi rm malignancy. 

The screening of breast cancer does not have to 
be proposed by a diagnostic imaging modality with 
a relatively low sensitivity for the small tumours. 
In the recent literature there is only one paper that 
evaluates FDG-PET in cancer screening on a large 
series of asymptomatic subjects. This study has been 
carried out by Shen et al. (2003) on 1,283 patients 
who underwent FDG-PET with the additional infor-
mation coming from the measurement of circulat-
ing tumour markers. The fi nal diagnosis in those 
subjects with positive FDG-PET was confi rmed by 
other imaging modalities or pathological fi ndings, 
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while cases with negative FDG-PET were evaluated 
with a follow-up of at least 6 months. A total of 18 
subjects (1.4%) had cancer, and FDG-PET showed 
pathological uptake in 15 (1.2%). The three false-
negative cases included one hepatoma (with high 
serum levels of AFP 129.6 ng/ml), one prostate can-
cer (with high serum levels of PSA 25.1 ng/ml) and 
one breast cancer (with CA 15.3 and CEA under the 
normal cut-off levels). The false-positive FDG-PET 
studies resulted in 24 (1.9%); however, none had 
abnormal levels of tumour markers. In spite of the 
conclusions of the author about the potential of tu-
mour marker tests in reducing the rate of false-nega-
tive and false-positive results in cancer screening, 
this kind of study should not be encouraged because 
of the low positive predictive value of PET in the 
healthy population, the cost of the program and the 
poor clinical impact of the results.

15.3 
Diagnosis of Loco-Regional and
Distant Metastases at Tumour Presentation

The best sensitivity of the tumour marker test is 
found in metastatic disease, since the elevation of 
circulating levels is related to tumour mass. The 
most widely accepted indication of FDG-PET is the 
diagnosis of metastases, with PET being a whole 
body test that allows the depiction of metastases in 
the lymph nodes, bone and visceral organs. Many 
clinical studies have demonstrated that FDG-PET in 
breast cancer staging is able to discover a signifi cant 
number of metastases that would have been missed 
or incorrectly diagnosed by CT, US, MRI and also 
by bone scintigraphy, which is still widely used in 
breast cancer. The recent availability of the hybrid 
system PET/CT has led to registering better perfor-
mances when compared with PET or CT alone, and 
these new instruments have improved the diagnos-
tic accuracy in several situations (Zangheri et al. 
2004; Adler and Bakale 2001).

The incidence of loco-regional metastases is re-
lated to the size of primary breast cancer. Only 5% of 
patients with primary tumour <1 cm in diameter has 
axillary lymph node involvement; this rate increases 
to 25% in patients with primary tumour from 1 to 
2 cm in diameter. The involvement of the internal 
mammary chain is around 30% in T1-T2 patients 
with tumours located in the internal quadrant, and 

this frequency reaches 30–50% in patients with T3 
tumours. The presence of distant metastases defi nes 
stage IV; the frequency of the topographic distribu-
tion of metastases in bone is 70–80%, in lung 65%, in 
liver 60% and in brain 25%. Other sites are the ovary 
up to 45%, thyroid 20%, kidney 15% and gastroin-
testinal organs 20%. It goes without saying that the 
diagnosis of metastases is very important because 
it obviously affects the prognosis and can modify 
the therapy. The diagnostic modalities to image me-
tastases currently adopted in the clinical practice 
are: (1) for loco-regional metastases lymphoscin-
tigraphy with sentinel lymph node biopsy (SLNB), 
scintimammography or FDG-PET, mammography, 
US and RMI; (2) for distant metastases chest X-rays, 
US, CT, bone scintigraphy and FDG-PET. 

The diagnostic performances of the conven-
tional radiological modalities show some limita-
tions, mainly in depicting lymph node metastases 
or studying breast lesions in areas with anatomical 
distortions or alteration due to dense breast, previ-
ous surgery, radiotherapy or breast implants. How-
ever some of them (mammography, US and MRI) 
are considered the standard methods to study breast 
tumours. Lymphoscintigraphy with sentinel node 
biopsy has been shown to be the best diagnostic mo-
dality to stage the loco-regional lymph node inva-
sion, since its sensitivity is very high in depicting 
also the microscopic localisations (Krag et al. 1993; 
Cody 2003; Veronesi et al. 1997). Even this technique 
until now has not been completely standardised; it 
has been adopted by a wide number of surgical insti-
tutions and represents the routine approach in pa-
tients with small breast cancer mass (<2 cm in diam-
eter) and clinically negative lymph nodes, in order 
to avoid the axillary lymph node dissection (ALND), 
which still remains the reference method for staging 
axillary nodes. Scintimammography with 99mTc ses-
tamibi has lower diagnostic sensitivity than SLNB, 
even if some authors, using single photon emission 
computerised tomography (SPECT) and special col-
limators, have obtained very satisfactory results 
(Sampalis et al. 2003; Liberman et al. 2003; Brem et 
al. 2002; Schillaci et al. 2002, 2005). FDG-PET is much 
more successful than scintimammography for loco-
regional staging. This has been demonstrated by the 
many studies describing excellent results mainly in 
terms of a high specifi city and good positive pre-
dictive value (Greco et al. 2001; Agresti et al. 2004; 
Zornoza et al. 2004; Lovrics et al. 2004). Therefore, 
in spite of its variable diagnostic sensitivity, rang-
ing from 60% to 90% in different series published, 
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FDG-PET should not be considered as an alternative 
tool to SLNB, but it can be proposed for patients with 
non-palpable lymph nodes to select patients who 
should directly undergo ALND (with positive axil-
lary FDG uptake) from those who should previously 
undergo SLNB (with negative FDG axillary uptake) 
prior to receiving ALND or not ( Veronesi et al. 2007; 
Gil-Rendo et al. 2006). There are no studies about 
the association of tumour marker tests and SLNB 
or FDG-PET for loco-regional staging, since the fre-
quency of high levels of breast cancer tumour mark-
ers in these early stages is very low, and the clinical 
indication deriving from tumour marker measure-
ments has no clinical value.

Schirrmeister et al. (2001) studied the value of 
FDG-PET as a staging procedure on 89 breast can-
cer patients at tumour presentation and compared 
PET with other conventional methods (chest X-ray, 
liver US and bone scintigraphy) for depicting distant 
metastases. In six patients FDG-PET showed distant 
metastases, and the accuracy of PET resulted in be-
ing higher than conventional methods, irrespective 
of metastatic localisations. Another study confi rmed 
the superior sensitivity of FDG-PET in visualising 
distant metastases when it was compared to the as-
sociation of chest X-rays, US and bone scintigraphy 
(Dose et al. 2002). Different authors found that FDG-
PET for the diagnosis of bone metastases had sensi-
tivity comparable to that of bone scintigraphy, but 
the specifi city was so far better, with the advantage 
of also being able to image metastases in soft tissues 
(Ohta et al. 2001; Yang et al. 2002). 

To summarise the general thought about the 
use of whole body PET as a single staging modal-
ity in primary breast cancer, one should say that 
we do not see any important clinical advantages 
in the fi rst stages of disease (I and II), due to the 
low incidence of metastases. The use of FDG-PET 
or PET/CT in our opinion could be justifi ed only 
in patients with T3–T4 tumours, palpable lymph 
nodes and high risk of distant metastases. Besides 
this, a critical issue about the association of the 
CA 15.3 test with PET at cancer presentation con-
sists of the evidence that low levels of CA 15.3 do 
not exclude metastases and elevated levels are not 
able to determine the cancer extent with accuracy. 
Therefore, the combination of tumour marker tests 
with PET should not be recommended as the stan-
dard examination in patients with primary breast 
cancer. In addition, on this subject there are not 
adequate prospective trials to evaluate the clinical 
impact of these procedures.

15.4 
Diagnosis of Relapses and Metastases

In patients treated with surgery, loco-regional and 
distant metastases occur in 35% of cases within 
10 years of surgery (Voogd et al. 2001). The follow-
up of the patients is intended to make a diagnosis of 
cancer recurrence, with the goal to treat metastases 
at the earliest stage of development. Different kinds 
of follow-up approaches have been proposed: only 
clinical control in asymptomatic patients, intensive 
and aggressive periodic examinations with a bat-
tery of imaging and biochemical tests in asymp-
tomatic patients, diagnostic tests only in presence 
of symptoms, etc. However at present no differences 
in survival rates have been demonstrated among 
the different groups of asymptomatic patients un-
dergoing different follow-up regimens (Danforth et 
al. 2002).

In spite of this evidence, it is clear that the cor-
rect identifi cation of the localisation of metastases 
affects the choice of therapy and can contribute to 
optimising the treatment. Local metastases, iso-
lated metastases and lymph node metastases can be 
treated with surgery or radiation therapy. Distant 
or multiple metastases should be treated with che-
motherapy, hormone therapy, immunotherapy or 
high-dose chemotherapy with bone marrow stem 
cell transplantation according to the different prog-
nostic factors. 

Siggelkoff et al. published a recent good overview 
of the diagnostic value of FDG-PET guided by a tu-
mour marker increase, and he discussed the results 
published in different papers (Siggelkow et al. 2004) 
(Table 15.1).

Lonneaux et al. studied 39 breast cancer patients 
with FDG-PET; 34 were included because of asymp-
tomatic tumour marker increase (Lonneux et al. 
2000). PET fi ndings were confi rmed by other imaging 
modalities of biopsy. PET depicted 37 out of 39 sites 
in 31 out of 33 patients with recurrences. PET missed 
one loco-regional recurrence, and one patient devel-
oped a peritoneal carcinomatosis 6 months after a 
negative PET. False-positive PET corresponded to 
lung infections, arthrosis and a synthetic implant.

Pecking et al. obtained similar results on 132 pa-
tients, treated for breast cancer, all presenting an 
isolated increase of CA 15.3 test without any other 
evidence of disease. One hundred nineteen patients 
were eligible for correlation (Pecking et al. 2001). PET 
was performed by means of a PET camera.  Positive 
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PET scans were obtained in 106 patients, including 
89 with a single lesion and 17 with more than one 
lesion. The overall sensitivity in identifying occult 
lesions resulted in 93.6% and the positive predictive 
value was 96.2%. The smallest lesion detect by PET 
was a lymph node metastasis sized 6 mm in diam-
eter. PET was able to localize tumours in 85.7% of 
cases suspected for clinically occult metastatic dis-
ease on the basis of an increase of tumour marker 
levels. 

Suarez et al. studied 45 women with histologi-
cal diagnosis of breast cancer who underwent a tu-
mour-guided whole-body PET (Suarez et al. 2002). 
All patients were in remission without any signs of 
relapses except for a progressive increase of CA 15.3 
or CEA. FDG-PET results were controlled by pathol-
ogy when possible, by other conventional imaging 
methods and by clinical follow-up. PET fi ndings 
were evaluated in 38 patients: 27 resulted positive. 
Among these 27 positive patients 24 were true posi-
tive and 3 true negative. Tumour-marker-guided 
PET was able to discover three unknown neoplasms 
not visualised by other modalities. The diagnostic 
performances of tumour-marker-guided PET per 
patient resulted as follows: sensitivity 92%, specifi c-
ity 75% and accuracy 87%.

Liu et al. evaluated 30 patients with suspected 
recurrent breast cancer and asymptomatic tumour 

marker increase (CA 15.3 or CEA), but negative or 
equivocal other imaging modality results (Liu et al. 
2002). The fi nal diagnosis of recurrent breast can-
cer was established by biopsy or clinical follow-up. 
Among the 30 patients the fi nal diagnosis of recur-
rent breast cancer was established in 38 sites in 28 
patients. Pet accurately detected 35 out of 38 sites in 
25 out of 28 patients with recurrence. The diagnos-
tic sensitivity and accuracy of FDG-PET in patients 
with suspected recurrent breast cancer and asymp-
tomatically elevated tumour marker levels were 96% 
and 90%, respectively.

Kamel et al. (2003) evaluated FDG-PET in 60 pa-
tients with suspected local recurrence. In 25 patients 
the elevation of CA 15.3 was compared with PET re-
sults. Disease relapse was proven in 40 patients on 
the basis of histology and follow-up. Additionally in 
three patients a second cancer was diagnosed with 
(in one case) and without (in two cases) concomi-
tant disease relapse. PET missed local recurrences in 
three patients and was false positive in four. In pa-
tient-based analysis PET sensitivity, specifi city and 
accuracy for loco-regional recurrence were 89%, 
84% and 87%, while for distant metastases they 
were 100%, 97% and 98%, respectively. The author 
concluded that FDG-PET was more sensitive than 
serum tumour marker CA 15.3 in detecting relapsed 
breast cancer.

Table 15.1. Results of tumour marker-guided FDG-PET in different studies on breast cancer

Author 
(year and ref.)

No. of patients 
studied 

Diagnostic 
sensitivity

Diagnostic 
specifi city

Remarks

Lonneaux et al. 
2000 

39 93% – PET missed only a locoregional recurrence 
and a peritoneal carcinosis

Pecking et al. 
2001

132 93.6% –

Suarez et al. 
2002

45 92% 75% Clinical management was modifi ed in 
patients with unsuspected primary or 
tumour relapse

Liu et al. 
2002

30 25/28*
35/38°

90% Demonstrated an impact in patient man-
agement

Kamel et al. 
2003

35 89% 84% PET was more sensitive than serum tumour 
markers in detecting relapses

Siggelkoff et al. 
2003

35 80.6% 97.6% PET had impact on staging and manage-
ment in case of suspicion and in follow-up 
setting

Radan et al. 
2007

47 90%*
99%°

71%*
72°

PET/CT led to changing clinical manage-
ment in 51% of patients

*Patient-based analysis; °lesion-based analysis
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Siggelkoff et al. studied 35 patients suspected of 
having recurrent disease or elevated tumour mark-
ers (Siggelkow et al. 2003). Depending on the region 
of suspicion, conventional imaging included chest 
X-ray, MRI, CT and US. All patients had at least a 
period of 12 months of follow-up. In patients exam-
ined because of elevated tumour marker CA 15.3, 
PET was able to detect recurrence or metastatic dis-
ease in six of the eight patients (sensitivity 75%). PET 
missed three tumour sites in three patients: two su-
praclavicular lymph node metastases and one lung 
metastasis. The overall sensitivity and specifi city for 
PET on the whole series of patients were 80.6% and 
97.6, respectively.

The role of PET/CT in the follow-up of patients 
who presented with elevated levels of tumour mark-
ers has been recently studied by Radan et al. (2006). 
Forty-seven consecutive FDG/PET studies of 46 
women with a history of breast cancer presented 
with elevated levels of tumour markers and were 
retrospectively evaluated. PET/CT results were con-
fi rmed by pathology, further imaging and follow-up 
(mean 17.2 months). Changes in further manage-
ment were recorded. Thirty (65%) patients had tu-
mour recurrence and 16 (35%) patients showed no 
further evidence of disease. The performance in-
dices of PET/CT for recurrent breast cancer in 47 
studies on patient-based analysis obtained on over-
all sensitivity, specifi city and accuracy of 90%, 71% 
and 83%, respectively. The site-based analysis gave a 
sensitivity, specifi city and accuracy of 99%, 72% and 
96%, respectively. PET/CT was compared with con-
trast-enhanced CT and had better diagnostic per-
formances. PET/CT also had an impact on patient 
management in 24 cases (51%). 

15.5 
Some Problems in the Interpretation of the 
Marker Level Test during Follow-Up

Circulating tumour markers can be considered ele-
vated when their blood concentration is higher than a 
conventional analytical cut-off. This is currently es-
tablished for each tumour marker in correspondence 
with the 95th centile of the concentrations measured 
in a population of healthy subjects. Therefore it is 
generally accepted in the clinical practice that 5% 
of the normal population has tumour marker levels 
higher than the threshold of normality, usually be-

cause of the effect of several physiological variables, 
or the presence of some benign pathologies that can 
cause false-positive results. Using the common im-
munoradiometric assays, the cut-off for CA 15.3 is 
approximately 35 mU/ml, for CEA it is 5 ng/ml, and 
for TPA it is 70 U/l. This knowledge is very important 
for the clinical interpretation of these laboratory 
tests. Another relevant issue for tumour marker in-
terpretation lies in the meaning of the absolute con-
centrations of the tumour marker that are related to 
tumour mass and therefore to tumour stage. In fact 
the highest levels of tumour makers can be found 
mainly in patients with advanced disease and in the 
presence of large or multiple metastatic lesions, and 
this is the reason why the positive predictive value 
of the tumour marker tests is more reliable when the 
concentrations are very high.

Besides this, in recent years great importance has 
been given to the dynamic behaviour of the tumour 
marker levels. In other terms the changes observed 
during the time assume more clinical value than the 
isolated single measurements. In the presence of a 
progressive increase of tumour marker concentra-
tion in patients treated for breast cancer who are 
clinically tumour free, there is a very strong likeli-
hood of a concomitant occult tumour growth deter-
mining the rising levels in the blood stream. It has 
been demonstrated that the progressive elevations 
of mucinic tumour markers, even under the cut-off, 
can anticipate the discovery of the tumour relapses 
some months before (Chan et al. 1997). In this fi eld 
there are also non-concordant opinions supported 
by clinical studies (Nakamura et al. 2005).

The analysis of the progressive changes of tumour 
marker levels of course should take into account the 
physiological individual variability of serum levels 
and also the analytical coeffi cient of variations (CV) 
existing among laboratory assays. A general agree-
ment among pathologists accepts as signifi cant the 
progressive changes of circulating tumour marker, 
when the registered increase results in being at least 
two times superior to two CVs (around 20%) when 
compared to the levels of the previous test. Therefore, 
in the presence of any asymptomatic patient already 
treated for cancer, and with occasional elevated high 
levels of CA 15.3, the clinical experience suggests re-
peating the same measurement at least two times 
every month in order to confi rm that this serum ab-
normality is really related to a cancer growth or evo-
lution. According to this thought some authors have 
considered the rate of marker increase, the marker 
doubling time and the association of marker levels 
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with doubling time ( Soletormos et al. 2004; Aide et 
al. 2007). Aide et al. (2007) demonstrated that the 
probability of depicting breast cancer recurrence is 
infl uenced by the CA 15.3 marker levels and marker 
level doubling time.

The patient-based sensitivity of CA 15.3 results in 
the depiction of metastases in the follow-up in the 
literature ranges from 33% to 78% and specifi city 
from 60% to 90% (Gion et al. 2002, 1995). As already 
mentioned above, much clinical evidence indicates 
that the tumour marker tests have low effi cacy in 
detecting early breast cancer relapse (Kokko et al. 
2002; Valenzuela et al. 2003; Molina et al. 2005). In 
order to defi ne which group of patients should un-
dergo serial measurements of tumour markers dur-
ing follow-up, Ravaioli et al. identifi ed two groups 
of patients: patients stage pT1-3, N0-1 and patients 
stage pT4, N2 (Ravaioli et al. 2002). The second se-
ries of patients should be considered as high-risk 
metastases and tumour marker measurements can 
be recommended, as the rate of detection resulted in 
up to 11% of the population. The highest sensitivity 
of CA 15.3 in case of disease progression has been 
shown in the presence of bone and liver metastases 
and multiple metastatic sites (Molina et al. 1999). 
On the contrary tumour marker tests do not seem 
appropriate in low-risk groups due to the very poor 
diagnostic sensitivity of the assays.

In spite of the open controversies in this area, 
the general opinion is that no breast cancer tumour 
marker either as an isolated value or as a dynamic 

measurement is suffi cient for the oncologists to de-
cide on a cancer treatment. Laboratory data should 
always be confi rmed by other diagnostic positive 
fi ndings such as diagnostic imaging or pathology. 
The combined used of FDG-PET with breast can-
cer tumour marker tests provides this opportunity 
with several points of strength and some limitations 
(Table 15.2).

15.6 
Conclusions

The data reported in this overview agree on the evi-
dence that FDG-PET carried out in the presence of 
elevated or progressively increasing tumour markers 
has demonstrated a diagnostic effectiveness in de-
tecting cancer lesions with variable sensitivity, both 
at presentation (staging) and during the follow-up 
(discovery of relapses, metastases and re-staging) 
(Santiago et al. 2006). It is well known that tumour 
marker increase is a reliable signal of the presence 
of occult disease, and this is a suspicion that can 
be explored by FDG-PET. Therefore, some authors 
have proposed that whole body PET may become 
the method of choice for the assessment of asymp-
tomatic patients with elevated tumour marker levels 
(Ugrinska et al. 2002; Siggelkow et al. 2004; Trampal 
et al. 2000) (Fig. 15.1).

Table 15.2. Advantages and limitations of FDG-PET for the diagnosis of breast cancer recurrences and metastatic disease (*)

Added value Limitations

Diagnosis of metastatic disease at 
tumour presentation

PET seems more accurate than con-
ventional imaging in the diagnosis of 
metastatic disease at cancer presentation 
(except for loco-regional lymph node 
invasion) 

PET usefulness is related to the stage of 
disease.
The sensitivity of tumour markers is 
very low at early stages. Tumour marker 
tests are not recommended at tumour 
presentation in low-risk patients. 

Detection of recurrent disease Suffi cient sensitivity of PET in depiction 
of loco-regional recurrences (few data 
available).
High accuracy (around 90%) for the 
detection of metastatic disease. 

Inadequate detection by PET of ana-
tomical details. PET/CT overcomes this 
problem and increases the diagnostic 
accuracy.

Unclear elevation of tumour mark-
ers in asymptomatic patients 
during follow-up

High sensitivity (more than 90%) for 
the detection of occult recurrence in 
asymptomatic patients with a progres-
sive increase of tumour marker levels

Some false-negative results in breast 
cancer with low metabolism (lobular car-
cinoma). Additional diagnostic conven-
tional confi rmatory methods sometimes 
are necessary

(From Siggelkow et al., modifi ed)
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Fig. 15.1. a Progressive increase of CA 15.3 levels in a women with previous history of tumor-
ectomy presenting with axillary adenopathy. Diagnostic imaging was performed after some 
months on the basis of a progressive increase of CA 15.3. b PET imaging showing focal uptakes 
in the axillary region and in the left breast. Pathological analysis demonstrated infi ltrating 
ductal carcinoma of the breast with lymph nodal metastases

a

b
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The recent development of hybrid systems, allow-
ing the concomitant examination of the patient by 
combining PET with CT, has increased the accuracy 
of diagnostic imaging, and several papers support 
the evidence that PET/CT is able to add incremental 
diagnostic confi dence to PET and accurately detects 
more lesions than CT or PET alone (Tatsumi et al. 
2006). This is also the reason why recently the dis-
cussion has been renewed about the possible role of 
PET/CT also for screening breast, prostate and lung 
cancers, even if the clinical and statistical relevance 
of the occasionally detected cancers is likely to jus-
tify large screening efforts with these imaging mo-
dalities (Schoder and Gonen 2007). 

Besides this, the controversial question if FDG-
PET or PET/CT can substitute the entire battery of 
tests routinely used for staging breast cancer or de-
tecting relapse in all breast cancer patients remains 
unsolved. There is a need for perspective clinical 
trials for evaluating the impact of this approach 
on patient management and survival, according to 
the different risk groups. At present it is very dif-
fi cult to draw a fi nal conclusion, since one should 
consider the high cost of the test, the incomplete 
availability of this kind of examinations in all clin-
ical centres, and the problem of the sensitivity of 
PET in early stages that is not able to rule out the 
microscopic metastases. On the contrary tumour-
marker-guided PET or PET/CT seems to work bet-
ter in the follow-up of patients at risk, in re-staging 
patients with symptoms and in evaluating the re-
sponse to treatments. 
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and 77%, respectively. In most studies the sensitiv-
ity of FDG PET is higher than that of a combination 
of conventional imaging methods. 

Limitations of FDG PET in the follow-up of breast 
cancer patients include the relatively low detection 
rate of bone metastases, especially in case of sclerotic 
subtype, and the relatively high rate of false-posi-
tive results. The rather low specifi city of FDG PET 
can be improved/increased by utilizing combined 
anatomical-molecular imaging techniques, such as 
a PET/CT tomograph. First results using PET/CT 
imaging in the follow-up of breast cancer patients 
demonstrate increased specifi city compared to FDG 
PET alone. Both imaging modalities, however, of-
fer the detection of recurrent and metastatic breast 
cancer disease at an early stage and thus continue 
to demonstrate the effi cacy of molecular imaging in 
patient management, despite the limited therapeutic 
options in recurrent and metastatic breast cancer. 

16.1 
Introduction

Breast cancer is the most prominent cancer and the 
second most prominent cause of mortality in women. 
In recent years the incidence of breast cancer has in-
creased to 102 per 100,000 per year. Early diagnosis 
and accurate follow-up of these patients is important 
for effi cient patient management. Standard imaging 
techniques include radiological examinations, such 
as X-ray mammography, ultrasonography (US), 
computed tomography (CT) and magnetic reso-
nance imaging (MRI). Nuclear medicine techniques 
also play an increasing role in diagnosing and stag-
ing breast cancer. In the past only bone scintigraphy 
was used for follow-up of women with breast cancer 
to detect bone metastases at an early stage (Cook and 

Abstract

F-18 FDG PET in breast cancer was evaluated for the 
characterization of primary breast tumors, lymph 
node staging and the follow-up of patients after sur-
gery, chemotherapy and/or external radiotherapy. 
Despite the low sensitivity and moderate specifi city 
of FDG PET in the initial detection and character-
ization of breast cancer and the low lesion-based 
sensitivity for lymph node staging, the results from 
using FDG PET in re-staging breast cancer patients 
are very promising. 

A major advantage of FDG PET imaging com-
pared to conventional imaging is to screen the entire 
patient for local recurrence, lymph node metastases 
and distant metastases during a single whole-body 
examination using a single injection of activity with 
a reported average sensitivity and specifi city of 96% 
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Fogelman 1999). More than 10 years ago immunos-
cintigraphy became available with the introduction 
of monoclonal antibodies against CEA and other 
antigens expressed in breast cancer (e.g., 170H.82). 
However, with only a moderate sensitivity and with 
the development of human anti-mouse antibodies 
immunoscintigrapy was not introduced in routine 
follow-up of breast cancer (Lind et al. 1991, 1997). 
In the early 1990s kationic complexes such as Tc-
99m tetrofosmin or sestamibi became available and 
were used in breast cancer patients with reasonable 
success in detecting primary and recurrent disease 
(Lind et al. 1996; Spanu et al. 2003). At the same time 
F-18-fl uoro-2-deoxy-D-glucose positron emission 
tomography (FDG-PET) was introduced in clinical 
oncology, and the fi rst results were discussed also 
for breast cancer (Wahl et al. 1991). 

Since then FDG-PET was shown to be an effec-
tive and accurate imaging technique for a variety of 
diagnostic oncology tasks in breast cancer, lymph 
node staging, staging and restaging of recurrent and 
metastatic disease, and for monitoring treatment 
(Flanagan et al. 1998; Avril et al. 1999;  Bombardieri 
and Grippa 2001; Czerin 2002). However, FDG-PET 
is of limited value in the characterization of primary 
breast lesions due to its moderate sensitivity that is 
lower than that of MRI (Heinisch et al. 2003). This 
technique has demonstrated its value in the detec-
tion of breast cancer especially in case of dense 
breasts or breast implants because of the low sen-
sitivity of X-ray mammography. FDG-PET imag-
ing is superior to conventional imaging techniques 
since it allows for accurate detection of lymph node 
involvement in the axilla and in the internal mam-
mary nodes (Alder et al. 1993;  Hathaway et al. 1999; 
Goerres 2003). However, neither the number of in-
volved lymph nodes nor the presence or absence of 
micrometastatic disease can be determined suffi -
ciently with FDG-PET alone (Hathaway et al. 1999). 
Although the Third German Consensus Conference 
defi ned staging and restaging in recurrent and met-
astatic breast cancer as a class 2 and 3 indication 
only (Reske and Kotzerke 2001), there is recent evi-
dence that these patients still may benefi t from an 
FDG-PET examination, since no other imaging mo-
dality can demonstrate either the absence or the ex-
tent of the disease within a single investigation. This 
overview discusses the advantages and limitations 
of FDG-PET imaging in the follow-up of breast can-
cer. We describe the technical considerations of PET 
and PET/CT imaging briefl y and point out potential 
advantages of using PET/CT for this particular im-

aging scenario. Multiple literature reviews revealed 
that FDG PET is also a useful tool for detecting small 
breast tumors but most lesions have been larger than 
1 cm (Adler and Wahl 1995; Rigo et al. 1996). Yasuda 
et al. reported smaller breast cancer less than 1 cm 
as also detectable on FDG PET in an asymptom-
atic individual who was initially missed during the
conventional method of screening breast cancers 
(Yasuda et al. 1999). Other reports of FDG PET 
depicting breast cancers less than 1 cm were also 
documented in other articles (Crippa et al. 1998; 
 Schneiderhauer et al. 1996).

16.2 
Technical Considerations and
Acquisition Protocols for FDG-PET and 
FDG-PET/CT Imaging

16.2.1 
Whole-Body FDG Imaging Using PET

The methodology of PET imaging in breast cancer 
is based primarily on the ability of PET to detect, 
visualize and quantify extensive disease by means 
of whole-body FDG studies (Hoh et al. 1993). Careful 
patient preparation (Hamblen and Lowe 2003) and 
choice of imaging parameters are paramount for an 
accurate diagnosis. Minn and Soini (1989) presented 
the fi rst results of using FDG imaging in breast 
cancer in 1989. Most of the studies conducted since 
then have employed 2D emission scanning mostly in 
conjunction with a separate transmission scan for 
attenuation correction (Kamel et al. 2003; Liu et al. 
2002; Eubank et al. 2002; Hathaway et al. 1999). It is 
well known that attenuation correction is required 
for a quantitative assessment of tumor response to 
therapy and for accurate lesion localization (Wahl 
1999; Coleman 2001).

In the lack of comprehensive PET imaging stan-
dards for breast cancer patients we have performed 
a literature search on Ovid for publications between 
1989 and 2004 on the following keywords: breast 
cancer, glucose and positron. The resulting 201 cita-
tions were reviewed for methodological aspects on 
PET imaging, such as total FDG activity adminis-
tered, emission and transmission scan time, patient 
positioning, image review and additional scans. 
The range of acquisition parameters is given in
Table 16.1, which also contains the recommenda-
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tions for standardized PET imaging of breast cancer, 
as suggested by Avril et al. (2000) and Palmedo et al. 
(2003) for comparison.

An important methodological aspect of PET im-
aging in breast cancer is to ensure that the activ-
ity is injected in the arm vein contralateral to the 
suspected breast lesion in order to avoid artifi cial 
tracer retention in the ipsilateral axilla. Whole-
body PET examinations with BGO- and NaI-based 
PET tomographs typically last for 45 min or lon-
ger, and therefore patients are positioned head fi rst 
supine with the arms close to the trunk. Most re-
ports (Table 16.1) indicate an average FDG activity 
of 375 MBq that is administered 40–60 min prior to 
the emission scan, although Boerner et al. showed 
that by prolonging the uptake time to 90 min lesion 
detectability of breast lesions is improved (Boerner 
et al. 1999). Emission scans were performed in 2D 
whole-body mode in the majority of studies over up 
to eight bed positions with an individual scan time 
of as short as 4 min (Kamel et al. 2003; Langsteger et 

al. 2002) and as long as 10 min (Baslaim et al. 2003) 
per bed position. Attenuation correction by means 
of measured rod-source transmission scans was also 
performed in most studies. There have been reports 
on dynamic emission scanning (Smith et al. 2000; 
Yang et al. 2001), albeit the axial imaging range was 
limited to one or two bed positions covering the 
breast and the axilla.

16.2.2 
Dedicated Breast Exams in Prone Position

While the supine position is adequate for general 
whole-body imaging, the search for small lesions 
in the breast and the axilla mandates high signal-
to-noise imaging situations. In addition the breasts 
are compressed and deformed in the supine posi-
tion, which makes it diffi cult to register the PET im-
ages of that area with complementary MRI images 
( Pietrzyk et al. 1995; Pietrzyk 2003). Complementary 

Table 16.1. Range of acquisition parameters for PET imaging protocols for breast cancer as determined from a Medline search 
of publications between 1989 and 2004. For comparison the recommendations by Avril et al. (1999) and Palmedo et al. (2003) 
are given in the right column

Parameter Review of 1989–2004 Recommendations

Patient preparation Fasted for ˜7 h Fasted for >6 h

FDG activity [MBq] ˜ 375 (190–630) 300–400, contra-lateral arm vein

Uptake time [min] 40–60 (min 30, max 90) 45–60, up to 90

Whole-body and/or
dedicated breast scan

WB and dedicated breast scans 
are equally frequent

WB + breast

Whole body 

Patient positioning Supine in most cases Supine

Attenuation correction? Yes

Emission acquisition mode Mostly 2D 

Em/Tx scan time [min] 4–10/2–10

Image reconstruction Filtered back-proj, iterative

Breast scan 

Patient positioning Prone Prone with the arms at the side
(Avril et al. 2000) or raised (Palmedo 2003)

Attenuation correction? yes Yes

Em/Tx scan time [min]
per bed position

2 beds of 4–15 min/10 min 10–15 in 2D (Palmedo 2003) 15–20 in 2D 
(Avril 2000), 5–10 min in 3D (Palmedo 2003), 
3–5 min for TX (Avril 2000),
>1.5 10e6 counts/slice

Image reconstruction Iterative Iterative 4 iter, 8 subsets

Image interpretation (Visual, SUV) Visual and SUV Visual and SUV



204 P. Lind et al.

MRI can be used to substitute the lack of anatomical 
information of the PET images with high-resolution 
anatomical information of a very high soft tissue 
contrast in the breast (Hathaway et al. 1999). Several 
groups have suggested acquiring an independent 
PET scan in prone position with the breast hanging 
and the arms at the side or raised above the head to 
increase the quality of the PET imaging results in 
the breast region (Avril et al. 2000). This dedicated 
breast examination sometimes replaces the whole-
body PET imaging session (Dose et al. 2002; Krak et 
al. 2003), but frequently is complementary (Goerres 
et al. 2003; Langsteger et al. 2002; Brix et al. 2001). 

16.2.3 
3D-PET and Emission Scan Time

Other aspects of PET imaging to increase patient 
comfort as well as to potentially increase the ac-
curacy of the diagnosis include the introduction 
of faster PET scintillation detectors (LSO, GSO) in 
fully 3D PET and PET/CT tomographs. Lartizien et 
al. (2002) discussed the benefi ts of 3D-PET imaging 
in terms of noise characteristics of whole-body ac-
quisitions, although not specifi cally for a dedicated 
breast exam. Palmedo et al. (2003) discuss the ben-
efi t of a 3D emission protocol in breast cancer im-
aging for reducing the total scan time, which seems 
particularly benefi cial in dedicated breast imaging 
situations with the patient in prone position. Using 
LSO-based 3D-PET technology, for example, a pa-
tient-weight adjusted emission scan time of 1–2 min 
per bed position can be used for routine whole-body 
imaging, as discussed by Halpern et al. (2003). GSO-
based PET systems also allow for a signifi cant reduc-
tion in emission scan time (Muehllehner et al. 2002), 
and thus prone scans for dedicated breast examina-
tions seem feasible within 5–10 min for two bed po-
sitions including the transmission scan for absolute 
tracer quantifi cation.

16.2.4 
PET/CT Systems

Further reduction in total scan time can be achieved 
by employing a combined PET/CT system (Townsend 
et al. 2004) in substitution of the dedicated PET scan. 
Dual-modality PET/CT tomographs allow almost 
simultaneous acquisition of anatomical (CT) and 
molecular (PET) information without moving the 

patient off and on the table in between exams. The 
CT transmission information can be used not only 
for an anatomical localization and radiological as-
sessment of lesions, but also for attenuation correc-
tion of the complementary emission data (Kinahan 
et al. 2003). Since the X-ray CT tube is equivalent to a 
high-fl ux transmission source (Zaidi and Hasegawa 
2003), transmission scan times per bed position are 
reduced to a few seconds. Total PET/CT imaging 
times are thus reduced by 30% (Schulthess 2000), 
assuming an optimized emission/transmission scan 
time partition (Holm et al. 1996; Beyer et al. 1997).

In our experience (Beyer et al. 2004; Antoch et al. 
2004), PET/CT scanning of the breast and axilla is 
feasible in routine diagnostic oncology (Fig. 16.1), al-
though prospective studies to estimate the diagnostic 
accuracy of PET/CT in breast cancer are still needed. 
When a dedicated PET/CT exam of the breast is per-
formed in addition to the whole-body PET/CT exam-
ination, total patient exposure should be accounted 
for by optimizing the co-axial imaging range and by 
modulating the X-ray tube current (Tack et al. 2003). 
We hypothesize that the availability of full set of CT 
images from a combined PET/CT exam will be helpful 
in the registration of the molecular information with 
anatomical information from high-contrast MRT, 
when available, and for subsequent follow-up.

16.2.5 
Alternative Developments for
Dedicated Breast Imaging Devices

Since the early 1990s alternative hardware concepts 
have been proposed that seek to take advantage of 
the high specifi city of PET imaging relative to mam-
mography, while improving the sensitivity of PET by 
increasing the image resolution and system sensitiv-
ity relative to standard whole-body PET tomography 
designs. By moving the detectors closer to the object 
of interest (breast), image blurring is reduced and 
spatial resolution is improved. The effi ciency of the 
detection system is also increased because a greater 
solid angle is subtended. Thompson et al. fi rst pre-
sented a feasibility study for a positron emission 
mammography (PEM) device in 1994 (Thompson 
et al. 1994). The anticipated device consisted of two 
detector arrays of BGO, and simulations showed that 
the effi ciency of the proposed PET design was about 
ten times that of a conventional brain scanner and 
that spatial resolution of about 2 mm should be pos-
sible. It was also foreseen to place this device in a 
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conventional mammography unit. The breast would 
be positioned in between the two horizontal detector 
arrays for the PET system, and the top array would 
be removed to give way to the X-ray tube during the 
mammography measurement without moving the 
breast. Weinberg et al. (1996) presented fi rst results, 
and Murthy et al. (2000) were able to demonstrate 
the advantages of combined focal-plane emission to-

mography and mammography in 14 patients. With-
out going into detail, other groups have developed 
the idea of a dedicated, dual-modality functional/
anatomical breast imaging platform further by in-
corporating alternative PET detector arrays (Doshi 
et al. 2000; Freifelder and Karp 1997) or by propos-
ing the incorporation into a stereotatactic biopsy 
table (Raylman et al. 2001).

Fig. 16.1a–c. PET/CT imaging of breast cancer patients. 
When patients are positioned head fi rst supine the breasts 
appear condensed (a) with average CT attenuation values on 
the order of 47 HU (L, lesion) and -88 HU (B, background). 
In prone position (b) lesion-to-background ratios in the 
mamma decrease slightly (L: 40 HU, B: -96 HU), but visual 
contrast is improved somewhat due to the elongation of 
the mamma. PET/CT examinations in prone position over 
1 (c, sagittal images) or 2 bed positions are feasible when 
the patient is positioned on low-density support structures 
(e.g., vacuum lock bags, MedTec, USA) with the mamma 
hanging freely and with the arms raised above the head 
and resting on the cranial support. (Data from University 
 Hospital Essen, Germany)

a

b

c
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Thus, dedicated PET imaging devices in combi-
nation with mammography, or separate, appear to 
substitute a number of performance disadvantages 
of standard whole-body PET tomographs. Neverthe-
less, whole-body PET tomographs are more widely 
available and continue to play the dominant role in 
diagnostic PET imaging for the diagnosis and fol-
low-up of breast cancer. Dedicated PET and PEM 
systems, however, have the potential of playing a 
major role in dedicated examinations of the breasts 
(and possibly the axilla), particularly when a com-
bination of molecular and anatomical information 
is desirable (screening), or when registration with 
morphological information is crucial for the assess-
ment of inconclusive fi ndings.

16.3 
Advantages of FDG PET in the Follow-Up of 
Breast Cancer

A number of imaging examinations such as X-ray 
mammography, US, CT, MRI and bone scans are 
performed frequently during the follow-up of breast 
cancer patients. In contrast to morphological imag-
ing, which aims at detecting primary, recurrent and 
metastatic disease based on observable differences 
or changes in density and size, PET is a molecular im-
aging technique sensitive to functional or metabolic 
changes tissues. Since functional changes precede 
anatomical changes FDG-PET has the potential to 
detect viable tumor tissue early through its elevated 
glucose metabolism in comparison to surrounding 
normal tissues (Warburg et al. 1924). For a single 
injection of a given amount of FDG PET imaging 
can be performed in whole-body mode, which al-
lows screening the entire patient from head to toe for 
re-/staging of the full body (Hoh et al. 1993). While 
there are an extensive number of reports available 
on the characterization of primary breast lesion and 
lymph node staging, only few studies discuss the use 
of FDG-PET in recurrent and metastatic disease.

For recurrent breast cancer and assessment of 
loco-regional lymph node metastases, FDG-PET 
was compared mainly with MRI. Hathaway et al. 
compared FDG-PET and MRI in ten patients with 
clinical suspicion of recurrent loco-regional breast 
cancer (1999). Nine patients had evidence of loco-
regional metastases from breast cancer. MRI was di-
agnostic in fi ve and indeterminate in four patients. 

FDG-avid tumor was identifi ed in all nine patients. 
In a similar study Goerres et al. (2003) compared 
FDG-PET and MRI in 32 patients with suspicious 
loco-regional recurrence, chest wall recurrence or 
suspicion of secondary tumor on the contralateral 
side. Sensitivity, specifi city and accuracy were 79%, 
94% and 88% for MRI, respectively, compared to 
100%, 72% and 84% for FDG-PET, respectively. In 
fi ve patients (15%) PET detected metastases outside 
of the axial fi eld-of-view of the MRI. 

In a retrospective study Moon et al. (1998) investi-
gated 57 patients using FDG-PET with clinical suspi-
cion of recurrent or metastatic disease after a history 
of breast cancer. On a patient basis they reported a 
sensitivity and specifi city of 93% and 79%, respec-
tively. On a lesion basis sensitivity was only 85%, 
which was explained by the low sensitivity of detect-
ing bone metastases. Similar results were also found 
at our department (Gallowitsch et al. 2003) and by 
others (Kamel et al. 2003; Dose et al. 2002). In a retro-
spective study of 62 patients after surgical resection 
of breast cancer, we have compared FDG-PET with 
conventional imaging, including X-ray mammogra-
phy, US, CT, MRI and bone scans (Gallwitsch et al. 
2003). Patient-based sensitivity, specifi city, NPV, PPV 
and accuracy were 97%, 82%, 92%, 87% and 90%, re-
spectively. For comparison, the corresponding values 
for conventional imaging were 84%, 60%, 75%, 73% 
and 74%, respectively. Similar to the study by Moon 
et al. (1998), the lesion-based sensitivity was much 
lower due to the low sensitivity in detecting bone 
metastases (57%). This can be explained by the fact 
that sclerotic lesion are visualized less well than os-
teolytic or mixed osteoplastic/osteolytic metastases. 
Bender et al. compared the diagnostic accuracy of CT 
and MRI with that of whole-body FDG-PET in 75 pa-
tients with suspected recurrent or metastatic disease 
(Bender et al. 1997). PET imaging correctly identifi ed 
28/29 patients with lymph node metastases (97%), 
5/6 patients with lung metastases (83%) and 2 patients 
with liver metastases. In contrast to other authors and 
our experience, bone metastases were detected in all 
patients (15/15). FDG-PET detected eight lymph node 
and seven bone metastases that were not detected by 
CT or MRI. Suarez et al. (2002) performed FDG-PET 
studies in 45 patients with increased tumor markers 
(CEA and/or Ca 15–3) in case of clinical remission and 
no sign of relapse in conventional imaging. FDG-PET 
was evaluated in 38/45 patients. PET was positive in 
27 patients (24 true positive and 3 false positive); PET 
was negative in 11 patients (9 true negative, 2 false 
negative). Tumor marker-guided FDG-PET resulted 
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in a sensitivity, specifi city, PPV and NPV of 92%, 75%, 
89% and 82%, respectively. A similarly high sensitiv-
ity of 96% was found by Liu et al. (2002) for tumor 
marker guided FDG-PET in restaging of breast can-
cer. In a meta-analysis of FDG-PET for the evaluation 
of breast cancer recurrence and metastases from Isasi 
et al. (2005) including 18 studies, 16 studies reported 
patient-based data, two studies reported lesion-based 
data, and fi ve studies reported both. Among the stud-
ies with patient-based data, the median sensitivity 
was 92.7%, ranging from 56 to 100%, and the speci-
fi city was 81.6%, varying from 0 to 100%. A summary 
of sensitivities, specifi cities, PPVs, NPVs and accura-
cies of FDG-PET in restaging breast cancer is given in 
Table 16.2. Figure 16.2 visualizes recurrence of breast 
cancer in the thoracic wall and in multiple lymph 
node metastases as detected by FDG-PET. Smith et al. 
(2000) found in their study that [18F]-FDG PET may 
be a useful method in predicting pathologic breast 

cancer response to a variety of chemotherapy agents 
at an early stage in a treatment regimen. This method 
is also a useful tool for semi-quantitative PET assess-
ment of [18F]-FDG uptake to predict the pathologic 
response of metastatic tumor within axillary lymph 
nodes after a single dose of primary chemotherapy. 
These fi ndings, together with the primary tumor 
response in the FDG PET study, may be clinically 
relevant if PET is to be used as a routine method of 
predicting cancer response to therapy. Several other 
recent reports have suggested that axillary lymph 
node status demonstrated changes during the course 
of a primary chemotherapy regimen, and this change 
may be of considerable value in determining prog-
nostic signifi cance. Thus, the results of this study 
indicate that PET may be used before and during a 
chemotherapy regimen to assess the status of locore-
gional lymph nodes during treatment (Fisher et al. 
1998; Kuerer et al. 1999; Mamounas 1999). 

Table 16.2. Sensitivity, specifi city, positive predictive value (PPV), negative predictive value (NPV) 
and accuracy [%] of FDG-PET in the follow-up of breast cancer

Year Patients Sensitivity Specifi city PPV NPV Accuracy

Goerres 2003 32 100 72 – – 84

Gallowitsch 2003 62 97 82 87 96 90

Suarez 2002 45 92 75 82 89 87

Moon 1998 57 93 79 – – –

Average 94 77 85 93 87

Fig. 16.2. A 62-year-old female 
after breast surgery and axil-
lary lymph node dissection due 
to breast cancer on the left side. 
A thoracic wall recurrence was 
treated by surgery followed by 
external radiation and chemo-
therapy. A follow-up CT detected 
a nodular lesion on the lateral 
rim of the pectoralis muscle. 
FDG-PET demonstrated three ar-
eas with circumscribed uptake-
suspicious for recurrent disease. 
All lesions were confi rmed by 
histology
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16.4 
Limitations of PET in the Follow-Up of 
Breast Cancer

The major limitation for the widespread acceptance 
of FDG-PET is the lack of appreciation that PET imag-
ing is given by the government and healthcare provid-
ers in a number of European countries. For example, 
as of today PET is not reimbursed in Germany and 
Austria. Irrespective of the outcome of the restag-
ing procedures of breast cancer therapeutic options 
are limited in case metastatic breast cancer has been 
detected, although novel therapy concepts using tax-
anes, aromatase inhibitors and anti-erb-B2 receptor 
antibodies demonstrate encouraging results. By com-
parison molecular imaging has a higher accuracy and 
detects recurrent and metastatic disease earlier than 
conventional imaging, which translates into earlier 
and likely more effi cient treatment. 

Additional methodological limitations can be 
divided into false-negative results because of scle-
rotic bone lesions and interpretation pitfalls in 
physiologic tracer distributions. While soft tis-
sue and organ metastases are detected with higher 
sensitivity and accuracy by FDG-PET compared to 
conventional imaging, the detection of bone metas-
tases by FDG-PET depends primarily on the sub-
type (osteolytic or osteoplastic) of a metastasis. The 
lesion-based sensitivity for FDG-PET in recurrent 
breast cancer is signifi cantly lower than the patient-
based sensitivity due to the lower detection rate of 
bone metastases (Moon et al. 1998; Gallowitsch et al. 
2003). When comparing FDG-PET to conventional 
bone scintigraphy in patients with skeletal metasta-
ses from breast cancer, Cook et al. (1998) reported 
that more bone metastases were reported with FDG-
PET. However, in a subgroup of patients with osteo-
blastic lesions, bone metastases frequently remained 
undetected in FDG-PET. Therefore, FDG-PET must 
be combined with bone scans using either Tc-99m-
labeled diphosphates or F-18 PET, in case it should 
substitute conventional imaging techniques. Nakai 
et al. (2005) performed a study regarding the diag-
nosis of osteoblastic bone metastases in 89 patients 
with breast cancer by comparing FDG-PET with 
bone scintigraphy. The bone metastases were classi-
fi ed by multi-slice CT into four subtypes: osteoblas-
tic, osteolytic, mixed and invisible. The visualization 
rate of bone scintigraphy/FDG-PET was 100%/55.6% 
for the blastic type, 70.0%/100.0% for the lytic type, 
84.2%/94.7% for the mixed type and 25.0%/87.5% 

for the invisible type, which means once again that 
FDG PET suffers from limitations in depicting me-
tastasis of the osteoblastic type. This means that on 
bone scintigraphy increased accumulation in blastic 
metastases is usually observed owing to an osteo-
blastic bone reaction to cancer cells; however, the 
cause of the decreased and absent, respectively, FDG 
uptake by osteoblastic bone metastases on FDG-PET 
is largely unknown (Person et al. 2003). 

A general limitation of FDG-PET is the number 
of false-positive results due to interpretative pitfalls 
and the non-specifi city of FDG that lead to specifi ci-
ties that rarely exceed 80%. Apart from the known ar-
eas and organs with physiological uptake, the causes 
for interpretative pitfalls (e.g., intense focal FDG 
uptake) may be divided into (1) granulomatous and 
infectious diseases, (2) muscle activity, (3) brown fat 
and (4) and bowel activity. The reason for the intense 
FDG uptake in the lung and mediastinum (1) may 
be tuberculosis and sarcoidosis. Sometimes other 
infectious diseases may cause focal uptake patterns, 
especially in lymph nodes, which reduce the speci-
fi city for staging and restaging of breast cancer. In 
most cases longitudinal F-18 FDG uptake in dense 
muscles (2) (e.g., musculus sternocleidomastoideus) 
does not represent an interpretative problem. How-
ever, intense focal uptake is seen sometimes within 
the muscle, or at the insertions of the muscle, thus 
mimicking bone or soft tissue metastases. This up-
take pattern is most frequently observed in head and 
neck muscles, but also in the diaphragm. 

With the introduction of PET/CT it became evi-
dent that some FDG uptake patterns in the cervical 
region were caused by fatty tissue in the neck re-
gion (Hany et al. 2002) rather than muscle activity. 
Rousseau et al. (2006) performed a study regarding 
brown fat and analyzed 163 PET images in 33 female 
breast cancer patients receiving neoadjuvant che-
motherapy. Seventy-four PET/scans (45%) revealed 
abnormal uptake in the supraclavicular area. There 
was no signifi cant relationship between abnormal 
FDG uptake and outdoor temperature, age or time 
interval between chemotherapy and PET. Abnormal 
FDG uptake in the neck seemed to predominantly 
occur in patients with a low body mass index. In our 
experience circumscribed FDG uptake may also be 
observed in the paracardial fat, which may also lead 
to false-positive interpretations without morpho-
logical correlation (Fig. 16.3). Similar to longitudi-
nal muscle uptake, bowel-shaped FDG uptake does 
not cause problems for the interpretation of the PET 
images (4). However, sometimes there is intense fo-
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cal uptake in the bowel, which may cause false-posi-
tive results. A combination of PET and CT might be 
helpful, but negative oral CT contrast is needed for 
proper bowel distension. The issue of false-negative 
and false-positive interpretations with FDG-PET in 
the follow-up of breast cancer leads to the question 
whether combined PET/CT may increase specifi city 
and, if so, is there is an impact for the therapeutic 
management of breast cancer patients. Yang et al. 
(2001) carried out a study and found that the in-
traoperative frozen biopsy result of sentinel lymph 
node detection was superior to preoperative PET 
in determining the diagnostic accuracy of axillary 
lymph node metastases. The detectability of breast 
cancer by PET does not depend solely on tumor size. 
A study using transplantable tumors showed that 
the principal sites of FDG uptake are viable cancer 
cells and that the degree of FDG uptake depends on 
tumor cellularity (Brown et al. 1995). Another re-
port by Carter et al. (1989) stated that the tumor size 
was closely related to the nodal metastasis and, as a 
result, a smaller tumor has a lesser metastatic rate 
and smaller number of metastatic nodes. Also, if the 
node is smaller than the resolution power of PET, it 
could not be identifi ed by PET scan. False-positive 
PET fi ndings may occur in infl ammatory lesions, 
and the specifi city has not been fully determined in 
a large number of benign lesions, including fi bro-
cystic diseases and fi broadenomas.

16.5 
Is There an Advantage Using PET/CT?

Up to now few PET/CT studies have been performed 
concerning the value of combined PET/CT in the 
follow-up of breast cancer patients. In general the 
problem of FDG-PET is that an exact localization of 
an area with increased FDG uptake is often very dif-
fi cult. The combination of metabolic and morpho-
logic imaging within the same position of the patient 
following image fusion should be advantageous in 
terms of an exact localization of lesions and, in turn, 
reducing any interpretative pitfalls. 

Therefore, PET/CT can improve both sensitivity, 
as is the case for mildly hypermetabolic lesions, and 
specifi city due to accurate localization of hyper-
metabolic foci to normal tissues, such as brown fat, 
muscle, bowel and others.

In a retrospective study by Tatsumi et al. (2005) 
with 75 patients with known breast cancer, the FDG 
PET/CT was compared with PET alone. In 69 of the 
75 patients PET/CT and CT fi ndings were compared 
regarding lesion characterization and staging. PET/
CT added incremental diagnostic confi dence to PET 
in 60% of patients and in more than 50% of regions 
with increased FDG uptake. In the comparison of 
PET/CT and CT fi ndings PET/CT demonstrated a 
signifi cantly better accuracy than CT (P<0.05). This 
initial evaluation suggests that PET/CT is preferable 
to PET or CT in the diagnosis of breast cancer.

Fueger et al. (2005) investigated the added di-
agnostic value of PET/CT over PET for restaging of 
breast cancer patients. Fifty-eight female patients 
were included in the study. PET/CT tended to im-
prove the restaging accuracy when compared to PET 
alone by slightly raising both sensitivity and speci-
fi city. The difference, however, did not reach statisti-
cal signifi cance.

In a fi rst series of 50 PET/CT patients at the De-
partment of Nuclear Medicine in Klagenfurt, we 
were able to show that the combination of PET/CT 
provided  additional (albeit not always relevant for 
assessing the primary disease) information in 78% 
compared to each modality alone. In 10% of patients 
the combination of PET/CT led to a change in pa-
tient management (Igerc et al. 2003). In contrast, 
PET/CT was able to reduce false-positive results and 
pitfalls in 32% of all patients (lesion-based) (Kum-
nig et al. 2003). This was due mainly to localization 
of FDG uptake in the bowel, muscles, infl ammatory 
processes, cavity of the uterus and brown fat tissue 

Fig. 16.3. Fused PET/CT of a 54-year-old female referred for 
restaging of breast cancer after a slight increase of Ca 15–3. 
A circumscribed FDG uptake in the FDG-PET correlated 
with paracardial fat in the combined PET/CT image. No 
other pathology was found in this patient
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Fig. 16.4a,b. A 43-year-
old female after breast 
surgery and axillary 
lymph node dissection 
due to breast cancer in 
1998 on the right side. 
Follow-up CT demon-
strated a lesion in the 
right lower lobe of the 
lung. FDG PET showed 
FDG uptake in the lung 
lesion, but also several 
areas with circum-
scribed FDG uptake 
in the right axilla, left 
hilus, in the ventral 
lower mediastinum 
and several sternal and 
parasternal bone me-
tastases (a). PET/CT was 
able to exactly localize 
the FDG PET-positive 
lesions (b)

(Figs. 16.4, 16.5). The exact localization of increased 
FDG uptake within fatty tissue in the neck and up-
per mediastinal region is important to avoid false-
positive interpretation in lymph node metastases 
(Kumnig et al. 2003). In a study by Buck et al. (2003) 
78 patients with a history of breast cancer underwent 
a PET/CT exam for restaging after a rise in tumor 
markers or recurrent disease was suspected from 
clinical follow-up. Malignant lesions were detected 
by means of the PET/CT in 77% of patients. In 36% 

of the patients FDG-PET/CT led to a change of the 
therapeutic management. 

From August 2003 to January 2004 our depart-
ment (Klagenfurt) examined 41 patients with a 
history of breast cancer and suspected recurrence 
using FDG-PET/CT (biograph LSO duo, Siemens 
Medical Solutions, Erlangen, Germany). FDG-PET 
detected malignant lesion in 22/41 patients (54%). 
Five patients had local recurrence (two additional 
distant metastases), seven patients lymph node me-

a

b
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tastases (fi ve additional distant metastases), ten pa-
tients bone metastases including seven patients with 
metastases in various locations including lung, soft 
tissue, adrenal gland (Fig. 16.6, Fig. 16.7). Patient-
based sensitivity and specifi city of FDG-PET/CT was 
96% and 89%, respectively. While the sensitivity was 
similar to our previous study using FDG-PET alone, 
the specifi city was signifi cantly higher for PET/CT. 
However, there were still some false-positive results. 

In one patient an infl ammatory fi brinoid local lesion 
was reported, and in another patient FDG uptake 
within the thoracic wall early after external radiation 
was interpreted as positive. In patients with multiple 
bone metastases not all bone lesions demonstrated 
increased FDG uptake, which was explained by the 
well-known phenomenon that sclerotic metastases 
are visualized better using bone scintigraphy than 
FDG-PET. 

Fig. 16.6a–c. A 43-year-old female with ductal invasive breast cancer diagnosed in 2003. In the PET images there is a focal 
FDG uptake in the pelvis, suggesting a lymph node or bone metastasis. The combined PET/CT localizes the FDG spot into 
bowel activity and therefor reduces false positive results

a b c

Fig. 16.5. Female breast 
cancer patient with a sol-
itary bone metastasis in 
the bone scintigraphy (a). 
In the FDG PET (b) the 
bone metastasis in the 
left trochanteric region 
is not visualized. There 
are a lot more lesions in 
the bone (in the right 
humerus, in the sacro-
iliac joint, in the spine 
and the right femur) and 
additional several hyper-
metabolic lymph node 
metastases

a b
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16.6 
Conclusion 

There is increasing evidence that FDG-PET has an 
important role in the follow-up of breast cancer pa-
tients. Several studies have demonstrated that whole-
body FDG-PET is superior to conventional imaging 
in detecting recurrent and metastatic disease from 
breast cancer. A major strength of FDG-PET is that 
recurrent disease, lymph node involvement or dis-
tant metastases can be detected at an early stage 
when metabolic changes precede and dominate 
morphological changes or anatomical alterations. 
Therefore, FDG-PET should be performed as early 
as possible in case of any suspicion of recurrence or 
metastases, i.e., slightly increased tumor markers 
or any clinical suspicion of recurrent disease. As 
patient-based sensitivity of FDG-PET is very high 
for detecting recurrent and metastatic disease, it is a 
reliable imaging technique for restaging breast can-
cer. However, due low detectability of sclerotic and 
mixed sclerotic/osteolytic bone metastases FDG-
PET results in a somewhat low lesion-based sensi-
tivity. Furthermore, specifi city is limited due to the 
non-specifi city of FDG, which has been discussed in 
the literature before. Therefore, FDG uptake in gran-
ulomatous disease, infl ammation, post-therapeutic 
repair processes, muscles and brown fat tissue may 
lead potentially to false-positive results. With the 

introduction of combined PET/CT tomographs and 
subsequently combined anatomical and metabolic 
interpretation false-positive readings are expected 
to be reduced, and overall accuracy of diagnosis is 
increased. Assuming that restaging of breast cancer 
is a sensible pre-requisite for breast cancer patient 
management, FDG-PET/CT appears to be the imag-
ing modality of choice.
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17.1 
PET/CT or PET Alone?

In principle, clinical applications of PET/CT in on-
cology are those of PET, i.e., diagnosis, staging, re-
staging and follow-up of a wide number of malig-
nancies, including breast cancer. 

The integrated PET/CT system consists of a CT 
and PET scanner assembled together. This com-
bined system has some advantages over CT alone, 
as functional information is added to morphologi-
cal data, and over PET alone, mainly due to bet-
ter accuracy in localizing pathological areas of 
tracer uptake and to a shorter image acquisition 
time. In the PET/CT system, the CT scan is used 
for attenuation correction of PET emission images. 
By using the CT scan instead of PET transmission 
scan, a gain in time (more than 10 min/patient) is 
obtained, even when segmentation techniques are 
used (Bettinardi et al. 1999). A shorter acquisition 
time allows a better compliance of the patient, im-
proving patient comfort and reducing possible ar-
tifacts due to movements. 

According to the literature, the PET/CT system 
is more accurate for tumor staging than either PET 
alone or CT alone (Vansteenkiste et al. 1998; Kluetz 
et al. 2000). Antoch et al. (2003) evaluated the accu-
racy of PET/CT in lung cancer in comparison to PET 
alone and to CT showing a change in tumor stage in 
26% of patients when compared to PET alone and 
in 30% when compared to CT. Pelosi et al. (2004), 
in a retrospective study conducted on 210 neoplastic 
patients, showed that PET/CT improves the diag-
nostic accuracy in lesion localization compared to 
the combination of PET and morphologic imaging, 
the number of lesions with an uncertain localization 
being lower by using PET/CT (3.4%) than by using 
PET and separate morphological imaging (15.3%). 
These data are in agreement with other studies 
where a lower rate of lesions with uncertain local-

Abstract

During the last decade, the application of positron 
emission tomography (PET) has remarkably im-
proved the management of cancer patients. The ra-
diotracer most widely used in clinical practice is the 
glucose analogue 2-[18F]-fl uoro-2-deoxy-D-glucose 
(FDG). FDG-PET is showing increasing usefulness 
in the distinction between malignant and benign 
lesions, in disease staging, re-staging and therapy 
planning. Due to the lack of precise anatomic land-
marks, PET may present limitations in lesion lo-
calization. In contrast, PET/computed tomography 
(CT), by directly combining functional and morpho-
logical aspects, provides more reliable anatomical 
details. The main advantage of combined PET/CT 
imaging is, in fact, its ability to accurately correlate 
abnormal metabolic changes detected on PET imag-
ing to anatomic structures defi ned at CT imaging 
(Townsend 2001). 

With this chapter, the impact in breast cancer di-
agnosis of PET/CT will be evaluated and compared 
with PET alone, visually correlated with morpho-
logic imaging obtained in a separate session.
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ization was found using PET/CT with respect to PET 
alone. Hany et al. (2002) reported that 21% of all le-
sions detected by PET were classifi ed as undecided, 
whereas an additional 9% of lesions could have been 
properly classifi ed when using PET/CT. Lardinois et 
al. (2003) showed that PET/CT provided additional 
information in 41% of patients who underwent stag-
ing or re-staging evaluation for non-small cell lung 
cancer. Furthermore, they found a better diagnostic 
accuracy of PET/CT in comparison with PET alone, 
CT alone and visual correlation of PET and CT. Bar-
Shalom et al. (2003) reported that PET/CT provided 
additional information over the separate interpre-
tation of PET and CT in 49% in their series of pa-
tients.

The major conclusion of all these studies is the 
superiority of PET/CT compared to PET alone in 
the detection of recurrence or metastatic disease in 
patients with high suspicion of disease, but negative 
morphological imaging studies. 

Breast cancer represents the most frequent dis-
ease in women and the second cause of cancer death 
in western countries. Breast cancer is often curable, 
when diagnosed in an early stage. Currently, diag-
nostic procedures for both primary staging and re-
staging include mammary echography, mammogra-
phy, magnetic resonance (MR) imaging, thorax CT 
and bone scan scintigraphy (Jemal et al. 2003).

Published experience reporting the role of PET 
in breast cancer is now extensive, and populations 
mainly include primary breast cancer, recurrent 
and metastatic disease, axillary nodal metastases 
and monitoring response to therapy (Santiago et al. 
2006). However, only few PET/CT studies have been 
performed (Buck et al. 2003; Tatsumi et al. 2003; 
Fueger et al. 2005; Tatsumi et al. 2006). Recently, 
the added diagnostic value of PET/CT over PET in 
re-staging patients with breast cancer has been es-
tablished. The reported sensitivity, specifi city and 
accuracy are 94%, 84% and 98%, respectively, for 
PET/CT vs. 85%, 72% and 79%, respectively, for PET 
(Fueger et al. 2005). 

In general, the principal applications of PET 
in breast cancer are disease re-staging and treat-
ment monitoring (Fueger et al. 2005; Tatsumi et 
al. 2006; Avril et al. 2000; Bombardieri et al. 2003; 
Leung 2002). However, other possible indications 
are preoperative staging and primary diagnosis 
(Santiago et al. 2006; Tatsumi et al. 2006; Avril et 
al. 1999, 2000;  Bombardieri et al. 2001, 2003; Leung 
2002; Mankoff et al. 2003; Crippa et al. 1998; Wahl 
et al. 2004;  Landheer et al. 2005; Tran et al. 2005). 

PET/CT clinical applications vs. PET alone for all 
these indications will be reviewed. In addition, as 
for the relevant role of PET/CT in radiotherapy (RT), 
the possible use of PET/CT in that fi eld will also be 
evaluated.

17.2 
Re-Staging and Follow-Up

Local or regional recurrence after initial diagnosis 
and treatment of breast cancer occurs in 7–30% of 
patients (Santiago et al. 2006). Follow-up exami-
nations for early detection of local recurrence are 
thus required. However, the conventional imaging 
modalities usually performed, such as mammogra-
phy, CT and MR imaging, may present limitations 
in distinguishing between anatomical modifi cations 
induced by therapy and relapse of disease (Moore et 
al. 1990; Goerres et. al. 2003). In contrast to morpho-
logical imaging, assessment of disease with FDG-
PET is made on functional rather than anatomical 
criteria. FDG-PET is, in fact, a method based on the 
increased glucose metabolism of malignant tumor 
tissue. In recurrent or metastatic breast cancer FDG-
PET shows a high diagnostic accuracy (Santiago et 
al. 2006; Moon et al. 1998). One of most important 
prognostic factors for recurrence in breast cancer 
is the axillary lymph node involvement. In fact, a 
number of studies have focused on PET accuracy in 
axillary staging, and the reported sensitivity and 
specifi city ranged between 85% and 100% and be-
tween 66% and 100%, respectively (Santiago et al. 
2006).

PET/CT has been shown to be superior to PET 
alone in re-staging disease of patients previously 
treated for various tumors, including breast cancer 
(Fueger et al. 2005), particularly in those cases where 
the only indicator of recurrence of disease is a rise of 
serum tumor markers such as CA 15–3 (Suarez et al. 
2002). In those cases, PET/CT may allow an earlier 
diagnosis and a prompt treatment of disease. When 
compared to PET alone, PET/CT has been reported 
to improve the accuracy by raising both sensitivity 
and specifi city (Fueger et al. 2005). In general, as 
previously reported, the advantages of PET/CT are 
mainly due to the improved anatomical localization 
of hypermetabolic foci. As for sensitivity, the addi-
tion of CT may help in correctly defi ning doubtful 
hypermetabolic PET lesions. In addition, one of the 
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most common causes of PET false-negative fi ndings 
is the presence of sclerotic bone metastases. It is well 
known that PET may detect lytic bone metastases 
with a high accuracy. However, PET sensitivity in 
detecting osteoblastc lesions is limited. This limita-
tion may be overcome by PET/CT as CT may properly 
detect sclerotic bone lesions with an accuracy even 
higher than that of conventional radiography. As for 
specifi city, the morphological information provided 
by CT allows the correct anatomical localization of 
normal tissue, such as brown fat, muscle and bowel 
that may represent PET false-positive lesions. The 
information derived by CT may also improve speci-
fi city in cases such as fatty necrosis and artifi cially 
focal FDG uptake due to low count statistics that 
may wrongly be interpreted as false-positive results 
at PET (Fueger et al. 2005). Conversely, the limited 
specifi city of PET due to increased metabolic ac-
tivity of infl ammatory tissue may be only partially 
overcome by PET/CT. In fact, enlarged infl amma-
tory lymph nodes may have a positive result at PET 
such as at PET/CT. 

A suggestion that PET/CT could provide more 
accurate diagnosis in re-staging breast cancer can 
be extrapolated by the work of Pelosi et al. (2004). 
Out of the 210 patients recruited, 40 were affected 
by previously treated breast cancer and examined 
by PET/CT (n=19) or PET with morphological imag-
ing (n=21). In the 19 PET/CT patients, 45/47 (96%) 
lesions were correctly localized. The remaining two 
lesions with uncertain localization, both located in 
the mediastinum, could be referred to either lymph 
node or pleura. In the 21 patients studied by PET 
only, 58/63 (92%) lesions could be correctly local-
ized with separate morphological imaging. Of the 
remaining fi ve, four were located in the thorax and 
could be referred either to bone or soft tissue, and 
either to lymph node or lung. In the remaining one, 
located in the abdomen, the focal FDG uptake could 
be referred either to lymph node or physiological 
urinary/intestinal uptake. Additional studies in 
breast cancer and PET/CT have yielded similar re-
sults (Fueger et al. 2005; Quon and Gambhir 2005). 
In particular, Fueger et al. (2005) recently suggested 
that integrated PET/CT presents a higher accuracy 
than PET alone in re-staging breast cancer patients, 
even if only marginally (P=0.059).

PET is a whole body study and provides an effec-
tive and convenient method for assessing multiple 
sites of the body at one time. In patients who have a 
newly diagnosed recurrence, PET may be useful in 
identifying additional sites of disease not detected 

by conventional imaging modalities. This is par-
ticularly important in patients who have a local re-
currence, as a regional disease may be treated with 
curative intent. Weir et al. (2005) recently described 
the capability of PET to detect additional distant me-
tastases in 30% of patients studied, thus providing 
relevant information for management decisions. 

Examples of PET/CT images in re-staging patients 
with local recurrence (Fig. 17.1) and distant metasta-
ses (Fig. 17.2) are reported.

In conclusion, the utility of using PET/CT in re-
staging and in establishing the correct management 
of breast cancer patients is evident both in early re-
staging of patients after primary treatment and in 
follow-up. In particular, PET appears particularly 
valuable in the evaluation of patients who are sus-
pected of having a tumor recurrence and to exclude 
multifocal or distant sites of malignancy in patients 
who appear to have an isolated, potentially curable, 
local recurrence (Weir et al. 2005). 

Fig. 17.1a,b. Patient surgically treated for breast cancer: 
 recurrences in the left mammary region were detected by 
PET/CT during follow-up

b

a
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17.3 
Treatment Monitoring

One of the most challenging aspects in cancer imag-
ing is the assessment of therapy response. Tradition-
ally, response is determined at the end of treatment 
by measuring changes in tumor size, assessed by CT 
or MR imaging. The early diagnosis of a relapse is 
an important issue, as it ensures a fast therapeutic 
reaction. However, after treatment, morphological 
imaging may fail in differentiating between viable 
tumor tissue and either fi brotic or necrotic tissue. In 
contrast to morphological imaging techniques, PET 
is a functional imaging modality that allows the visu-
alization and the quantitative calculation of regional 
glucose metabolism within the body. As PET may 
detect the increased metabolic rate, the assessment 
of the presence of viable tumor tissue is possible in-
dependently on morphological criteria. The use of 
FDG-PET in monitoring tumor response to chemo-
therapy is gaining increasing interest. Its role in the 
assessment of response at the end of chemotherapeu-
tic treatment has been established in different neo-
plasms, including breast cancer (Baum and Przetak 
2001). In particular, in patients with locally advanced 
breast cancer, PET may provide important prognostic 
information regarding disease-free and overall sur-
vival (Avril et al. 1999; Stafford et al. 2002). Since 
PET imaging seems to be highly useful for monitor-
ing therapeutic effects earlier than any other imaging 
procedure actually available, the early identifi cation 
of non-responders would signifi cantly improve pa-

tient management by reducing ineffective therapies, 
preventing side effects, reducing delay in initiating a 
more effective treatment and minimizing the costs. 
The possibility to predict response during the early 
phases of treatment is a major challenge in oncology, 
in particular for the recent clinical introduction of 
individualized treatment regimens that require im-
proved early risk stratifi cation. Several studies have 
shown the prognostic value of FDG-PET after the fi rst 
cycles of chemotherapy in different cancers (Stafford 
et al. 2002; Dose et al. 2005). In particular, in breast 
cancer, PET may differentiate responding and non-
responding patients as early as after the fi rst cycle of 
chemotherapy. The FDG standardized uptake value 
(SUV) is considered the most widely prognostic fac-
tor for assessing the response in breast cancer, even 
in the early phases of treatment (Tran et al. 2005). As 
an example, a good correlation between SUV changes 
and clinical response was described by Stafford et al. 
(2002). Although these studies involved a relatively 
small number of patients, there is evidence that PET 
may be used for early therapy evaluation of patients 
with breast cancer (Quon and Gambhir 2005), in par-
ticular in patients with bone-dominant metastatic 
disease, and in those with locally advanced breast 
cancer undergoing primary chemotherapy (Weir et 
al. 2005).

On the basis of the already mentioned advantages 
of PET/CT compared to PET alone, PET/CT is sup-
posed to further improve the accuracy in the evalu-
ation of treatment response by directly defi ning 
metabolic and morphologic changes.

Fig. 17.2a,b. Patient surgically treated for breast cancer and presenting an increasing serum marker value: a single liver 
metastasis was detected by PET/CT

a b
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17.4 
Preoperative Staging

Preoperative staging of breast cancer is extremely 
important as it infl uences the treatment decision. 
In particular, the evaluation of local staging is an 
indicator of prognosis and a relevant factor to de-
termine the choice of surgical treatment, which can 
include the axillary dissection or not (Quon and 
Gambhir 2005; Sloka et al. 2005). Since conven-
tional morphological imaging modalities cannot 
accurately detect axillary lymph nodal metasta-
ses, patients with advanced breast cancer routinely 
undergo lymphoscintigraphy, axillary lymph node 
dissection and histological examination. However, 
the axillary dissection procedure is still controver-
sial as no clear survival advantages on its routine 
use have been reported. In addition, this procedure 
is associated with a high incidence of morbidities 
(Quon and Gambhir 2005; Sloka et al. 2005). There-
fore, the role of FDG-PET in the evaluation of axil-
lary lymph node status has been largely assessed 
(Crippa et al. 1998; Wahl et al. 2004; Avril et al. 
1999; Quon and Gambhir 2005; Utech et al. 1996). 
In a prospective study on 124 patients, preoperative 
FDG-PET showed a sensitivity and a specifi city in 
detecting metastatic axillary lymph nodes of 100% 
and 64%, respectively (Utech et al. 1996). More 
recently, an overall sensitivity, specifi city and accu-
racy of 88%, 92% and 89%, respectively, have been 
reported (Quon and Gambhir 2005). Wahl et al. 
(2004), in a prospective study on 360 women with 
primary breast cancer, showed that PET, performed 
before surgery, may frequently miss small metas-
tases in the axilla, thus suggesting that detection 
of micro-metastases and small tumor-infi ltrated 
lymph nodes is limited by the currently achievable 
spatial resolution of PET imaging. Sensitivity in 
lymph-node detection is mainly related to primary 
tumor size: PET sensitivity rises from 79% to 94% 
if only large tumors (>2 cm) are considered (Avril 
et al. 1996). Although high values of PET sensitiv-
ity have been reported (Quon and Gambhir 2005; 
 Utech et al. 1996), the general opinion is that FDG-
PET is not suffi ciently accurate in axillary lymph-
node staging, mainly due to the unfeasibility of PET 
in detecting micro-metastatic disease. In addition, 
when metastatic lymph nodes are detected, PET 
imaging does not allow the determination of the 
number of neoplastic lymph nodes, which is impor-
tant for subsequent therapy strategy.  Conversely, 

PET may be highly predictive for nodal tumor in-
volvement when multiple intense foci of tracer up-
take are identifi ed. Wahl el al. (2004) suggest that 
axillary node dissection may be omitted in patients 
with highly positive PET. Except for these cases, 
PET is not yet sensitive enough to replace axillary 
lymph node dissection as a staging method for the 
axilla (Wahl et al. 2004; Quon and Gambhir 2005; 
Weir et al. 2005).

If the role of PET in axillary status evaluation is 
still controversial, many studies have consistently 
demonstrated that FDG-PET is superior to CT in 
the detection of internal mammary and mediastinal 
lymph nodal metastases (Quon and Gambhir 2005; 
Bellon et al. 2004). The reported values of sensitiv-
ity, specifi city and accuracy are 85%, 90% and 88%, 
respectively, for PET vs. 54%, 85% and 73%, respec-
tively, for CT (Quon and Gambhir 2005; Eubank et 
al. 2001; Wu and Gambhir 2003). PET/CT could fur-
ther improve the staging of breast cancer patients 
in the detection of metastases of the internal mam-
mary node chain. In our own clinical experience 
with PET/CT, the fi nding of pathological focal up-
take in the region of the internal mammary chain 
appears to be more frequent than when using PET 
alone (Fig. 17.3). This could be due to the higher lo-
calization accuracy of PET/CT vs. PET, which allows 
the detection of lesions previously disregarded as 
non-specifi c uptakes.

In breast cancer patients, PET has also proved 
effective in detecting distant lesions (Quon and 
Gambhir 2005). In fact, as previously reported, 
with FDG-PET being a whole body technique, it 
provides additional information on all body re-
gions, including lymph nodes, liver, lung, bone and 
bone marrow, and it may detect distant metasta-
ses that are not detected by conventional methods. 
Several investigators have shown that in the evalu-
ation of distant metastases, PET is relatively sensi-
tive, reporting values between 84% and 93%, and 
presenting a negative predictive value higher than 
90% (Quon and Gambhir 2005). Thus, it could be 
suggested to include FDG-PET in the preoperative 
work-up of mammary carcinomas, particularly in 
patients with high risk of metastatic disease. Con-
versely, specifi city and positive predictive values are 
not quite as high, being in the range of 55% to 86% 
and 82%, respectively. These values are mainly due 
to the presence of possible false-positive fi ndings, 
including physiological muscle and FDG bowel 
uptake (Quon and Gambhir 2005). PET/CT may 
overcome those limitations, but only preliminary 
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analyses are currently available. Wang et al. (2003) 
reported the results of PET/CT in staging breast 
cancer patients, including 15 patients with lesion 
size ranging between 3.1–8.0 mm. They described 
values of sensitivity, specifi city and accuracy in 
the diagnosis of primary tumor of 93%, 91% and 
100%, respectively, and in detecting lymph-node 
metastases of 80%, 90% and 87%, respectively. 
They suggested that PET/CT diagnosis of both pri-
mary tumor and axillary lymph-node involvement 
is more accurate than that of mammography, ul-
trasound and PET alone, due to the combination 
of the metabolic information provided by PET and 
the high spatial resolution of CT. In a recent study 
on 75 patients with known breast cancer (Tatsumi 
et al. 2006), comparing PET/CT with PET and CT 
alone, PET/CT was suggested to add incremental 
diagnostic confi dence to PET in more than 50% of 
patients and to accurately detect more neoplastic 
regions than CT did. This preliminary evaluation 
suggests that PET/CT is preferable to PET and CT in 
the diagnosis of breast cancer. In addition, PET/CT 
reduces the number of equivocal interpretations 
(Lardinois et al. 2003) and increases reader confi -
dence (Fueger et al. 2005). As for bone metastases, 
PET is known to be superior to bone scintigraphy 
in the detection of osteolytic lesions, but inferior 
in the detection of osteoblastic lesions (Abe et al. 
2005). As previously reported, the use of PET/CT 
may help in the detection of sclerotic bone lesions. 

In fact, even if negative by PET, those lesions may 
be readily identifi ed on CT images. In addition, 
PET/CT can reliably assign normal or pathological 
tissues areas of mild hyperglicotic activity (Fueger 
et al. 2005).

Although the prevalence of distant metastases 
increases with the stage of the primary tumor at di-
agnosis, the diagnosis of distant metastases at the 
screening examinations in women who are asymp-
tomatic is relatively uncommon (Weir et al. 2005). 
Weir et al. (2005) reported that unsuspected distant 
metastases may be detected in 5% of asymptomatic 
patients by PET at the time of primary diagnosis. 
Therefore, a PET scan is unlikely to be useful as a 
screening test for distant metastases at the time of 
initial diagnosis in patients with early stage breast 
cancer.

The impact of PET on clinical management in 
breast cancer patients was evaluated by Yap et al. 
(2001), showing a change of the clinical staging in 
36% of patients and of the clinical management in 
60%, with a change in treatment strategy, mainly 
due to the detection of a higher number of distant 
metastases by PET.

Although encouraging, PET/CT studies do not yet 
allow the evaluation of its possible impact in stag-
ing breast cancer of small size (<3 cm). At least for 
several years the main limitation of PET/CT spatial 
resolution will not be solved, and lesions smaller 
than 1 cm will remain diffi cult to detect.

Fig. 17.3a,b. Patient with breast cancer: a metastasis in a lymph node of the left internal mammary chain was detected 
by PET/CT

a b



  PET/CT and Breast Cancer 223

17.5 
Diagnosis of Primary Tumor

As a result of better screening procedures, the 
mortality rate for breast cancer is declining. How-
ever, the incidence of breast cancer continues to 
rise (Sloka et al. 2005). At present, the diagnosis 
of primary breast cancer is principally based on 
mammography. However, this technique has a low 
specifi city, and about 10% of breast carcinomas can-
not be identifi ed by mammography, even if palpable 
(>1 cm in diameter) (Tabar et al. 1987; Kopans 1992; 
Bird et al. 1992). To overcome this limitation, other 
diagnostic techniques such as ultrasounds and MR 
imaging are being used. Ultrasound specifi city is 
reported to be superior to that of mammography, 
especially in distinguishing solid and cystic lesions 
(Jackson 1995). MR imaging presents a sensitivity 
higher than 90%, but its specifi city is lower than that 
of mammography (Friedrich 1998). In conclusion, 
the combination of these examinations is not suf-
fi ciently conclusive to signifi cantly reduce invasive 
diagnostic procedures in the primary diagnosis of 
breast cancer.

Several investigations have been conducted to 
assess the role of FDG-PET in detecting primary 
breast cancer and in distinguishing malignant from 
benign disease. FDG-PET has yielded encouraging 
results showing a diagnostic sensitivity ranging 
between 80% and 96% and a specifi city between 
83% and 100% (Avril et al. 1996; Crowe et al. 1994; 
Scheidhauer et al. 1996; Tse et al. 1992; Buck et al. 
2002). Non-invasive breast cancer has been only 
defi ciently imaged by FDG-PET, and the major-
ity of PET research studies have been performed 
on patients with invasive breast cancer (Quon and 
 Gambhir 2005). The overall sensitivity, specifi city 
and accuracy of PET in the detection of primary in-
vasive breast cancer are 90%, 92% and 93%, respec-
tively (Wu and Gambhir 2003). 

Because of limitations in spatial resolution, PET 
is not recommended for lesions smaller than 1 cm 
in diameter. With the newest PET/CT system having 
a spatial resolution as good as 4 mm, the detection 
of smaller lesions may be partially improved (Quon 
et Gambhir 2005). Moreover, PET imaging accuracy 
is affected by tumor histology. Invasive breast can-
cer includes multiple histologic types mainly repre-
sented by ductal and lobular carcinomas. Infi ltrating 
ductal carcinoma has a higher level of FDG uptake 
and therefore is detected at a signifi cantly higher 

sensitivity than infi ltrating lobular breast cancer 
(Quon et Gambhir 2005). In addition, the identifi -
cation of non-invasive cancer such as carcinoma in 
situ can be missed by using FDG-PET (Wahl et al. 
2004). As for specifi city, overall values are relatively 
high, but false-positive fi ndings may occur in in-
fl ammatory tissues and in some benign conditions 
such as fi broadenoma (Weir et al. 2005).

Although the dual system PET/CT solves the 
problem of lesion localization, the high cost and the 
limit in spatial resolution discourage the applica-
tion of FDG-PET data in the screening and in the 
diagnosis of primary tumor. A possible role of PET/
CT in the primary diagnosis of breast cancer could 
be the selection of patients with dense breast where 
mammography presents a low sensitivity (Weir et al. 
2005). Finally, a new PET scanner utilizing a small 
gantry size specifi cally designed for breast imag-
ing is being developed, and it could signifi cantly 
increase the spatial resolution and sensitivity of the 
method (Weir et al. 2005).

17.6 
PET/CT and Radiotherapy

PET/CT can be successfully used in radiotherapy 
at different steps, including (1) patients selection 
by correct staging disease, (2) target volume and 
treatment planning defi nition by evaluating biologi-
cal target volumes (BTV) and (3) evaluation of RT 
biological effect by monitoring the disease.

As for patient staging and selection, PET accu-
racy in staging patients with cancer has been largely 
explored, showing to be higher than CT or MR in 
many tumors. The use of integrated PET/CT sys-
tems has further improved the diagnostic accuracy 
of PET (Wechalekar et al. 2005). As an example, 
in lung cancer, Lardinois et al. (2003) showed that 
PET/CT may provide additional information in 41% 
of patients compared with PET and CT viewed side-
by-side. In particular, they reported an overall di-
agnostic accuracy of PET/CT for tumor (T) staging 
of 88% and for node (N) staging of 81%. In addition, 
unsuspected metastases were found by PET in 16% 
of patients (Lardinois et al. 2003). In general, unsus-
pected metastases are found by PET and PET/CT in 
approximately 20% of patients. The high accuracy 
of PET/CT for N and M staging will certainly have 
an impact on RT treatment by reducing the num-
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ber of diagnostic investigations in patients who are 
candidates for radical RT and by excluding subjects 
from radical RT when unsuspected metastases are 
detected. This is particularly important as the most 
proper treatments can be proposed and ineffective 
treatments may be avoided. 

The role of PET in oncology is mainly focused 
on assessing lymph node and distant metastases 
rather than determining tumor extension and its 
relationship with surrounding tissues. However, 
PET/CT is changing such roles by integrating the 
information on tumor morphology provided by CT 
with those on its metabolism and, particularly, on 
the number of neoplastic viable cells. For modern 
radiotherapy, precise and accurate target delinea-
tion is an important step to achieve the delivery of 
a tumoricidal dose of radiation, sparing adjacent 
normal tissue. 

Recently, the use of functional imaging to obtain 
an accurate biological delineation of the BTV has 
been proposed, and PET/CT has been described to 
be successfully used in RT to defi ne the target vol-
ume and the treatment planning. The introduction 
of functional imaging into RT planning provides 
different information that may positively infl uence 
the treatment itself. In particular, PET/CT can reveal 
targets that are not detected by CT/MR morphologi-
cal imaging; it can detect additional regions outside 
the tumor volume defi ned by CT/MR imaging or it 
can reduce the probability of malignancy of regions 
whose appearance at CT/MR imaging is ‘uncertain’ 
(e.g., atelectasic areas). In addition, functional imag-
ing may show foci with increased biological activity 
within sub-regions of the tumor volume determined 
by CT/MR imaging. Sub-regions of the tumor may 
be selectively targeted at the molecular level. Of par-
ticular interest is the use of specifi c tracers studying 
specifi c biological parameters such as those for tu-
mor hypoxia, angiogenesis and apoptosis. The iden-
tifi cation of sub-regions of the tumor with specifi c 
biological behavior may be particularly relevant to 
obtain tumor-specifi c therapies (Grosu et al. 2005).

PET/CT has been described to signifi cantly change 
treatment planning (22% to 64% changes in planning 
treatment volume – PTV) in a signifi cant number of 
patients (22% to 100%) (Messa et al. 2005; Paulino 
et al. 2005; Nestle et al. 2005; Yaremko et al. 2005). 
Such modifi cations are due to changes in both N and 
M, but also in T staging. The use of the most recent 
PET/CT technology with improved image quality 
(sensitivity, spatial resolution, lesion detectability) 
combined with the use of the integrated information 

from PET and CT with or without contrast media are 
expected to further improve the detection rate of tu-
mor extension, lymph nodal and distant metastases 
as well as the specifi city of the signal, thus reducing 
the number of diagnostic investigations in patients 
who are candidates for radical RT.

As for monitoring the disease, response to RT 
treatment may be evaluated by PET when a persis-
tent tissue mass is shown by morphological imag-
ing by differentiating between viable tumor tissue 
and scar. However, after RT, PET may result falsely 
positive as radiation-induced infl ammation accu-
mulates with FDG. In fact, it has been frequently 
recommended that PET should not be performed 
until several months after the end of RT treatment. 
Nevertheless, as emphasized by Weber (2005), there 
is a surprising lack of data to support this recom-
mendation. No data are currently available on the 
role of PET in predicting early response after RT in 
breast cancer patients. However, recent data on lung 
cancer patients (Erdi et al. 2000) are very promising, 
and the use of PET during RT or the early phases 
after treatment could be further implemented also 
in other neoplasms.
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choices in order to plan more aggressive systemic 
treatments whose effi cacy could have impact even 
on survival. Besides this, the recent development of 
nuclear medicine modalities, the evolution of PET 
and PET/CT systems has brought new elements of 
discussion in this area, since at present the depiction 
of skeletal metastases can be carried out with 99mTc-
phosphonates and also with 18F-PET, 18F-FDG-PET, 
and 18F-FDG-PET/CT . Therefore, the clinical prob-
lem today is not only when and whether bone scans 
should be used, but the question has also become 
which diagnostic modality can be used? In our opin-
ion the choice of the modality has to consider differ-
ent general and local factors such as the diagnostic 
accuracy, the availability, the economic costs, and 
so on. The most important issue is that every new 
diagnostic approach should be validated by large 
randomised prospective clinical trials with the goal 
to measure the effective impact on the course of the 
disease and on patient management. Nowadays, we 
do not have a suffi cient amount of this kind of data, 
in spite of much clinical evidence that demonstrates 
the excellent sensitivity of bone scintigraphy in dis-
covering skeletal metastases.

18.1 
Physiopathology of
Metastatic Breast Cancer

Metastatic bone disease is frequent in patients 
with advanced (and/or node-positive) breast can-
cer (Goldhirsch 1997; Kamby and Senegelov 1997). 
Osteolytic bone lesions are quite common in breast 
cancer, due to the predominant activity of the os-
teoclasts. After the diagnosis of bony metastases, 
the mean survival time generally ranges from 2 to 
3 years (Martin and Moseley 2000). In this period 

Abstract 

Bone scintigraphy with radiolabelled phosphonates 
shows a high sensitivity in detecting breast cancer 
metastases. For this reason it has been considered 
the most useful tool for early diagnosing and moni-
toring the metastatic spread of breast cancer. In the 
past years, there has been wide debate on its im-
pact on survival time, morbidity and quality of life. 
The results of some studies on the asymptomatic 
patients during follow-up have led to the adoption 
of an almost minimalist policy for breast cancer 
surveillance including only a few procedures (breast 
self-examination, history, physical examination, pa-
tient education on symptoms, and abdomen ultraso-
nography). The routine use of additional tests, such 
as tumour markers, chest X-rays, bone scintigraphy, 
and computed tomography (CT), has not been rec-
ommended, except in those cases with clinical sus-
picion or in patients at high risk of metastases. On 
the other hand, the early diagnosis of bone involve-
ment may reduce the risk of skeletal-related events, 
thus leading to a signifi cant improvement in quality 
of life and opening the options of the new therapy 



228 L. Maffi  oli et al.

they suffer from signifi cant cumulative osseous 
morbidity and discomfort, mainly due to skeletal-
related events, such as pathologic fracture, spinal 
cord compression, occurrence of bone pain (that re-
quires palliative radiation therapy, radiometabolic 
treatments and surgery to bone) or hypercalcemia 
(Hortobagyi et al. 1998; Cook and Major 2001). Ver-
tebrae are the most common site of spread, followed 
by the ribs, skull and proximal long bones (Mundy 
1995), even if peripheral metastases account for 7% 
of cases (Corcoran et al. 1976).

18.1.1 
Vessels and Metastases

Bone metastases result from hematogenous dis-
semination of cancer cells associated with com-
plex interaction between metastatic cells and 
tissue. Batson et al. (1940) first described the evi-
dence of a venous connection between vertebral 
veins and systemic circulation. Their model is 
representative of a network of longitudinal and 
valveless vessels, forming anastomoses with si-
nusoidal structures of the vertebral marrow and 
epidural venous channels. The absence of valves 
in these venous plexuses allows a double direction 
of the blood f low dependently upon the changes in 
hemodynamic pressure arising from the normal 
daily activity.

Other studies suggest that this network could 
involve other vascular districts. From this point 
of view, one could imagine the existence of a link 
between Batson’s system and azygos and hemi-azy-
gos systems and the internal mammary system, by 
means of thoracic wall veins (i.e., lateral and inter-
costals veins). This could explain the spread from 
breast cancer to bone (Morgan-Parkes 1995). A par-
ticular site of dissemination is the sternum: its in-
volvement can result from local dissemination from 
a pathologic internal mammary chain (O’Sullivan 
and Cook 2002).

18.1.2 
Natural History of the Disease

Valagussa et al. (1978) demonstrated that in most pa-
tients with axillary lymph-node involvement there is 
a progressive increase in the frequency of bone me-
tastases during the fi rst 10 years after mastectomy. 
Starting from an initial occurrence rate of 8.9% at 

3 years, this value rises up to 11.2% at 5 years, and 
up to 14.4% at 10 years. So, as previously stated, skel-
eton is the most frequent site of metastatic spread 
from breast cancer. Bones are often involved by 
metastatic spread in about 5–10% of patients in the 
fi rst stages. In advanced diseases, bone metastases 
may be detected in up to 70% of cases at autopsy 
(Coleman and Rubens 1987).

The Danish Breast Cancer Group demonstrated 
that this rate is still higher if one considers the dis-
tribution at the time of the fi rst recurrence. In a pop-
ulation of 1,259 patients, they found that the bone 
metastases are present in one third of cases (Kamby 
1990).

This can explain the interest in bone scintigra-
phy in the follow-up of breast cancer. In fact, even 
if the role of bone scintigraphy in the follow-up of 
breast cancer is still a matter of controversy, its role 
in every nuclear medicine department is of primary 
importance for oncological purposes. This evidence 
should suggest to the clinician to perform bone scan 
in the follow-up of women not only with advanced, 
but also with early breast cancer.

18.2 
Bone Scintigraphy

Large clinical trials demonstrated that this proce-
dure is very sensitive and, in skilled hands, can be 
also very specifi c. The adoption of technical guide-
lines can help in producing high quality images 
(Bombardieri 2003). Crippa and coworkers (1993) 
carried out a 10-year follow-up study involving 
260 patients with 1,971 scans. They demonstrated 
that, in a dedicated center (such as the National 
Cancer Institute of Milan), bone scan shows a 
sensitivity of 98.2%, a specifi city of 95.2% and a 
positive predictive value of 72.8%, while the nega-
tive predictive value approximates 100% (99.8%) 
( Table 18.1). This specifi city is, obviously, increased, 
when the “pre-test” probability increases (e.g., in 
case of onset of bone pain). In a meta-analysis by 
Hamaoka et al. (2004), a combination of level II and 
level III evidence indicates that the detection rates 
of bone scan for skeletal metastases increase with 
the stage (Wickerham et al. 1984; Coleman et al. 
1988; Kunkler et al. 1985; Khansur et al. 1987; Brar 
et al. 1993; Yeh 1995; Samant and Ganguly 1999; 
Koizumi et al. 2001) (Table 18.2). 
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In order to improve the specifi city of the scin-
tigraphy, in selected cases, a SPET study should be 
acquired in addition to the standard whole body 
scan. In fact, when a solitary doubtful uptake of 
the tracer is detected in correspondence with a ver-
tebra, a SPET study of this area can result in par-
ticular usefulness. Keeping in mind the particular 
arterovenous vertebral anatomy, it is clear that the 
part of the vertebral body most frequently involved 
by metastasis is the posterior (Algra et al. 1992). 
Twenty to 50% of solitary spine lesions are due to 
metastatic dissemination, and 30–50% of patients 
do not present symptoms. These rates demonstrate 
that the only clinical analysis is inadequate to diag-
nose the presence of bone metastases. In a recent pa-
per, Savelli et al. (2001) underlined the added value 
of bone SPET in solitary spine lesions, in order to 
differentiate degenerative disease from malignancy, 
obtaining results similar to those obtained by MRI 
studies (Fig. 18.1). However, MRI could be more ef-
fective in the early diagnosis of distant metastases. 
This is due to the following facts: (1) metastases of-
ten originate from red marrow, (2) MRI can visual-
ize the cortical involvement and (3) scintigraphic 
evidence depends on the cortical infi ltration that 
happens after the localization of disease into the 
red marrow. There is no doubt that, due to diffu-
sion, high costs and the long time for a whole body 

study, MRI cannot be routinely used as a standard 
procedure for follow-up. Similar considerations can 
be made for CT and PET scans (www.senologia.it/
foncam/). In particular, F-18 FDG PET (as discussed 
elsewhere in this issue), even if it is characterized by 
higher specifi city and allows detection of both bone 
and visceral disease, still presents high costs and 
a relative geographic availability. Therefore, these 
procedures are used only as third level procedures 
when other investigations are not able to produce a 
fi nal diagnosis. 

It should be noted that (as discussed elsewhere in 
this book) FDG-PET is, in general, superior to bone 
scan in detecting skeletal metastases (Bury et al. 
1998). However, the detection rate varies depending 
on the type of lesions (Table 18.3; Fig. 18.2) (Nakai 
et al. 2005).

This is due to the fact that Tc99m-MDP accumu-
lation represents the osteoblastic reaction to cancer 
cells. The lack of 18F-FDG uptake has been postu-
lated by Nakai et al. (2005) to be related to the in-
creased bone matrix and reduced cell density due to 
the osteoblastic proliferation. 

The aim of follow-up in breast cancer patients is 
addressed to early detection and treating relapses 
and metastases. It is believed by both patients and 
clinicians that if a metastasis is detected when the 
tumor mass is small, there is a higher probability of 
obtaining a better control of the disease and a longer 
survival time. Under these conditions, an early di-
agnosis of tumor metastasis can allow an early treat-
ment and, consequently, a better quality of life. The 
extent and site of disease at recurrence infl uences 
the response to treatment and determines possible 
changes in therapy planning. Some authors, how-
ever, believe that this is true for recurrent localized 
disease, and it does not seem to be true for estab-
lished metastatic disease (Loprinzi et al. 2003). Im-
proved survival is dependent on the time of diagno-
sis of recurrence (early diagnosis of disease), sites of 
metastases and the most adequate treatment (based 

Table 18.1. Characteristics of bone scintigraphy in the follow-
up of breast cancer (from Crippa and coworkers, 1993, modi-
fi ed)

%

Sensitivity 98.2

Specifi city 95.2

Accuracy 95.5

Positive predictive value 72.8

Negative predictive value 99.8

Table 18.2. Detection rate of bone metastases by bone scintig-
raphy in breast cancer (from Hamaoka et al. 2004, modifi ed)

STAGE %

I 0.82

II 2.55

III 16.75

IV 40.52

Table 18.3. Detection rate of metastases with bone scan or 
FDG PET (from Nakai et al 2005, modifi ed)

CT type BS FDG-PET

Blastic 100% 55.6%

Lytic 70% 100%

Mixed 84.2% 94.7%

Invisible 25% 87.5%
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Fig. 18.1a–c. Some papers report that bone SPECT can im-
prove the specifi city of the scintigraphy (Savelli et al 2001). 
In this fi gure total body scan (a) shows an area of doubtful 
uptake in a lumbar vertebra, while the SPECT (b) indicates a 
pathologic accumulation of the tracer in the posterior part of 
the vertebral body and pedicles, as confi rmed by MRI (c)

a

b

c

on site, extent, receptor status and several other 
variables) (Cocconi 1994). Furthermore, it has to be 
remembered that several patients may have asymp-
tomatic lesions (59% of positive scans) (Crippa et al. 
1993), and the scintigraphic diagnosis may precede 
radiological evidence by several months. This aspect 
is well known, because the bisphosphonate uptake 
depends upon the local blood fl ow and osteoblastic 
activity: therefore, the events evaluated and detect-
able by bone scan are the causes of the epiphenom-
ena revealed by X-rays. 

Moreover, the time on study and rate of occur-
rence of skeletal-related events (as stated above) in 
large series of patients are extremely variable. 

An aid in the early diagnosis of tumor relapse can 
be the association of serum marker (such as CA 15–3) 
to bone scan, as reported in a study carried out in 864 
patients at the National Cancer Institute of Milan. 
They demonstrated that the circulating levels of the 
marker are proportional to the number of metasta-
ses. The positive predictive value of the double test 
is greater than that of each test (Crippa et al. 1992). 
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A similar study, performed in patients with equivocal 
bone scan, showed that CA 15.3-CEA-TPA determi-
nation has high value in revealing patients with bone 
metastases or at high risk of developing clinically 
evident bone metastases (Nicolini et al. 1999). More 
recently, Rajic et al. (2005) compared bone scan with 
CA 15.3 and the alkaline phosphatase serum level 
in 129 patients with breast cancer. They concluded 
that bone scans cannot be replaced by tumor mark-
ers because they did not correlate with the number of 
metastases. Thus, the determination of serum tumor 
markers alone cannot overcome the need to perform 
bone scans in order to detect skeletal involvement 
early (Bombardieri et al. 1997; Younsi et al. 1997).

18.3 
A Minimalist Policy and the Guidelines

Since the early 1990s great debate has involved 
the oncology community regarding the intensity 

of the follow-up of patients with breast cancer. In 
the same issue of JAMA two papers explained the 
pros and cons of a minimalist policy for these pa-
tients ( Schapira and Urban 1991; Wertheimer 1991). 
Against the minimalism there was the old position 
of the clinician that refl ected the need for a wide 
study of the patient regardless of economic con-
straints. On the other hand, some important stud-
ies clearly demonstrated that an intensive follow-
up does not improve the survival of patients with 
early breast cancer. They showed that there is no 
difference between detection of symptomatic and 
asymptomatic skeletal metastases, and there is no 
impact on the prognosis (at least after a follow-up 
period of 5 years) (Rosselli del Turco 1994). More-
over, the GIVIO study (Interdisciplinary Group for 
Cancer Care Evaluation) demonstrated that there is 
no difference in 5-year mortality between a large 
group of patients submitted to an “intensive” and 
another identical group submitted to a “minimalist” 
policy. It is to be noted that an intensive follow-up 
(bone scan every 6 months) can detect more bone 
metastases than does clinical follow-up alone (84 vs. 

Fig. 18.2a–c. Some studies demonstrated that bone scan is superior to FDG-PET in detecting osteoblastic bone metastases. 
In this fi gure (from Nakai et al.2005) the CT scan in a 75-year-old female with bone metastases from breast cancer shows 
sclerotic areas in multiple vertebral bodies (a). Posterior view of a bone scan shows increased uptake in correspondence of 
these areas (b), whereas no pathological uptake of FDG is present in the PET study (c) 
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53 patients at 5 years). The relevance of the results 
of two retrospective studies with level III evidence 
is worth mentioning. These papers indicate that 
early detection of an asymptomatic bone metasta-
sis allows a 14% improvement of overall survival 
at 4 years and 10% at 5 years (Komaki et al. 1979; 
Tomin and Donegan 1987). The GIVIO study dem-
onstrated also that neither quality of life nor psycho-
logical considerations were better in the “intensive” 
group. Anyway, when asked, 70% of patients treated 
for breast cancer expressed the need to be periodi-
cally evaluated by the clinician and to be re-studied 
with a panel of diagnostic tests that included bone 
scan regardless of the presence of symptoms. From a 
psychological point of view, it is obvious that when a 
patient undergoes diagnostic tests (e.g., bone scan), 
she has a fear of the “sentence”, but the reassurance 
that arises when the test proves negative is of great 
impact on the quality of life of the patient. A doubt-
ful fi nding of the exam can be a problem. It can 
generate anxiety and fear until a further test that 
clarifi es the condition is done. In order to minimize 
patient’s anxiety and reduce the number (and costs) 
of additional testing, the nuclear physician should 
be, in some cases, more defi nitive in diagnosing the 
abnormality detected on the bone scan. Finally, in 
most cases, the same clinician needs the support 
of some examinations when in doubt (the GIVIO 
Investigators 1994). 

So, to be realistic, a completely minimalist fol-
low-up protocol cannot be carried out in clinical 
practice, even if also the last version of the Ameri-
can Society of Clinical Oncology (ASCO) guidelines 
strongly suggests reducing the procedures to be 
performed during follow-up to the minimum (www.
asco.org). Concerning bone scan, ASCO guidelines 
that aim to determine an effective, evidence-based, 
postoperative surveillance strategy for the detection 
and treatment of recurrent breast cancer state that 
“the data are insuffi cient to suggest the routine use 
of bone scans” (Smith et al. 1999).

The ASCO guidelines have been made on the ba-
sis of the evidence. However, it is a common feel-
ing that, at least in Europe, these guidelines are in 
practice not completely implemented, and, except 
for some very early breast cancer, the bone scan is 
routinely used in clinical practice for the staging 
and the surveillance of breast cancer. 

The lack of evidence of usefulness of the bone 
scan is mainly due to an analysis performed on 
studies carried out regardless of a specifi c consid-
eration of the impact of some diagnostic tools, such 

as scintigraphy, on the management of the patient. 
Since scintigraphy is characterized by high sensi-
tivity, and, in skilled hands, high specifi city, there 
is no reason to exclude it from the body of tests to 
be performed during the follow-up. To exclude bone 
scan from the follow-up test, one should admit that 
there is an inability of the clinician to effectively 
treat overt metastatic breast cancer. And this con-
cept could be underlined by the statement that once 
the patients develop metastases they are essentially 
incurable and that the instrumental follow-up does 
not allow an earlier detection of metastases and 
does not affect the cure rate (Schapira and Urban 
1991). These statements are based on the diffi culty 
to establish the improvement in survival for pa-
tients with recurrent or metastatic disease, despite 
the important advances in supportive care and the 
introduction of several new antineoplastic or hor-
monal drugs. Fortunately, something has changed 
in the last years. Overall breast cancer mortality 
has been decreasing (-3.2% per year) from 1995 to 
1999 (Jemal et al. 2003), and there is evidence that 
the prognosis for patients with recurrent or meta-
static breast cancer is improving ( Giordano et al. 
2004).

Recently, the Swedish Cancer Registry reported 
the epidemiologic results from a comprehensive 
study of cancer survival in Sweden across 4 de-
cades (1960–1998). The paper demonstrated that 
the expectation of life for a person diagnosed with 
cancer today is greatly longer than that of one di-
agnosed during the mid-1960s. The survival of pa-
tients affected by breast cancer improved during 
the 1990s (even if this period was shorter than that 
observed for patients with other tumors). The nat-
ural development of cancer, as well as the measures 
to fi ght the disease, can be long processes, which 
need rather long follow-up. The newest therapies 
determined a general improvement in survival 
and in disease control. Therefore, longer follow-up 
periods than the traditional 5 years are generally 
needed to evaluate the trend in survival. In par-
ticular for some tumors, such as breast cancer, 15–
20 years after diagnosis seems to be an appropriate 
time for epidemiological purposes (Talbäck et al. 
2003). Probably, this time is too long for a clinical 
follow-up, but today a 5-year period is to be con-
sidered a period too short to evaluate the impact of 
some procedures in the survival and quality of life. 
In this context, it is obvious that bone scans cannot 
be abandoned and are to be used to survey the state 
of bone in these patients. 
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18.4 
Economic Considerations

The widespread economic restrictions in the west-
ern countries are one of the most important con-
straints to the extensive use of follow-up in medicine. 
Cost/benefi ts ratios and, more generally, cost effec-
tiveness analyses are becoming a usual tools for the 
physicians. Therefore, it has to be taken into account 
whether a patient should undergo a medical proce-
dure (in particular when the a priori probability of a 
positive test is low). When the reader faces the state-
ments of a guideline that emphasizes the relevance of 
the economic problems, he/she should consider that, 
most often, several parameters can vary country by 
country. Thus, the social impact of the implementa-
tion of a procedure in the work up of the patient 
may be different and should be calculated for each 
individual region. To better explain this point, many 
readers can appreciate and agree with the paper by 
Wikenheiser and Silberstein (1996). However, in this 
study, the analysis was made in the USA, considering 
a cost of a total body scan of about 600€, but in many 
countries the cost is much lower (e.g., about 150€ in 
Italy and 90€ in Spain-Public Health Service). The 
same considerations can be valid considering, step by 
step, the cost of the physician, structure and, eventu-
ally, social impact of a delayed or missed diagnosis 
(Drummond et al. 1992). In fact, recently Hortoba-
gyi demonstrated that patients with bone metastases 
who showed one skeletal complication had a higher 
probability to develop a clustering phenomenon with 
many events occurring closely in time (Hortobagyi 
et al. 1998; Major et al. 2002). However, the compli-
ance with guidelines produces a reduction of the risk 
of over-prescriptions (Simon et al. 1996; Mille et al 
2000). Therefore, these aspects are worthy of further 
investigations, with particular attention to the impact 
of bone scans in early and in advanced breast cancer, 
in order to integrate these results into the develop-
ment of appropriate guidelines (Williams 1994).

18.5 
New Trends and Bone Scan

Over the years many new therapies have been ap-
proved that can palliate metastatic breast cancer. 
With the introduction of these new drugs over the 

past years, post-recurrence treatment has changed; 
the survival and the quality of life of these patients 
have improved.

If there is an early diagnosis of bone metasta-
sis, early aggressive treatments are possible and, to 
avoid skeletal-related events (SRE), treatment with 
bisphosphonate is indicated (Grenberg et al. 1996; 
Nieto et al. 2002; Hortobagyi et al. 1996; Hortobagyi 

2002; Chen et al. 2003; Lipton 2003). Bisphosponates 
inhibit the osteoclast activity and reduce bone re-
sorption (Riccardi et al. 2003). Moreover, the effect 
of bisphosphonates is hypothesized to be additive to 
the effect of antineoplastic drugs as adjuvant ther-
apy. In fact, bisphosphonates can reduce the release 
of growth factors from microfoci of bone destruc-
tion: with this mechanism they could reduce bone 
absorption and decrease stimuli of micrometastatic 
breast cancer (Kanis 1995; Nemoto et al. 1987).

The International (Ludwig) Breast Cancer Study 
Group found, in a large series of patients (6,792), 
the incidence of bone metastases is higher in sub-
jects with 4+ nodes positives (Colleoni et al. 2000). 
Among these, the cumulative incidence of bone 
metastases as fi rst metastases was 12.2% after ran-
domization and 26.8% at 10 years. If one considers 
the onset of bone metastases at any time as a pos-
sible target for therapy with bisphosphonates, the 
cumulative incidence raises up to 14.9% at 2 years 
and 40.8% at 10 years. However, also in node-nega-
tive patients the number of bone metastases is not 
negligible (202 of 1,275 patients). The ASCO Guide-
lines on the role of bisphosphonates in breast cancer 
conclude that this treatment is indicated in order 
to reduce skeletal complications (pathologic frac-
tures, spinal cord compression and hypercalcemia) 
and their treatment (with surgery or radiation) for 
women with evidence of lytic lesions. Bisphospho-
nate as an adjuvant treatment is not recommended. 
Moreover, the ASCO suggests not to start bisphos-
phonates in patients with only non-osseous metas-
tases, despite a high risk for future bone metastasis. 
The evaluation of the role of this treatment as an 
adjuvant setting in preventing bone metastases and 
to better determine their cost-benefi t consequences 
are worthy of further research (Hillner et al. 2000). 
The ASCO, in these guidelines, states that to start 
the therapy with bisphosphonates it is necessary 
not only to have an abnormal bone scan, but also 
the evidence of a lytic lesion demonstrated by CT or 
MRI (even if the plain X-ray is normal). There is a 
general feeling refl ected in the literature that leads 
some authors to raise criticism on the specifi city of 
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bone scans in detecting bone metastases (Hamaoka 
et al. 2004). The main drawback mentioned is the 
possible increase of osseous turnover by other dis-
eases (trauma, arthritis, metabolic bone disease, os-
teomyelitis and osteoporosis). This aspect must be 
overcome. Based on widely adopted guidelines (e.g., 
SNM or EANM guidelines), it is mandatory to col-
lect the most complete clinical information before 
any diagnostic procedure. An anamnestic report of 
a bone fracture or infection cannot be missed, and it 
is easy to interpret the scintigram. Similarly, arthri-
tis is a focal process involving an articulation: this 
site is rarely involved in neoplastic dissemination, 
and in doubtful cases, a SPECT can be effective in 
the diagnosis, as previously discussed (e.g., a single 
hot-spot). Moreover, the recent introduction of hy-
brid cameras (SPECT-CT) can lead to a substantial 
diagnostic improvement. The data obtainable by 
single- or multi-slice diagnostic CT, integrated with 
a SPECT gamma-camera, are valuable not only for 
attenuation correction, but also as anatomic land-
marks of scintigraphic fi ndings coupled with a de-
tailed morphology of the lesion (Even-Sapir 2005; 
Keidar et al. 2003).

A particular improvement could be achieved in 
case of small lesions when bone metastasis is near to 
physiologic uptake sites. It is our opinion that if this 
can be correct in some cases, it cannot be the rule 
due to the good characteristics of sensitivity and 
specifi city of the scintigraphy in skilled hands.

In any event, for patients with high risk of skel-
etal involvement and/or bone pain, bone scintig-
raphy seems to continue to play an important role 
in selecting patients for further specifi c therapies, 
thereby reducing the risk of (and the cost for) skel-
etal-related events (Plunkett et al. 2000).

Another indication for bone scan is before radio-
metabolic treatment (as discussed in other parts of 
this issue) with radio-labeled bisphosphonates.

In this case, bone scan usefulness goes beyond 
the consolidated role to demonstrate the presence 
of osteoblastic metastases. In a favorable future of 
nuclear medicine therapies, correlation studies on 
effi cacy or toxicity of a radiometabolic treatment 
will be based on the adsorbed dose rather than ad-
ministered activity (Fig. 18.3). 

The introduction of ICRU Report 67 (2001) “Ab-
sorbed dose specifi cation in nuclear medicine” 
states: “The absorbed dose is used to correlate ra-
diation-induced biological and clinical effects and 
is thus a fundamental quantity in radiation ther-
apy, nuclear medicine and radiation protection.” 
Then, with the need for treatment optimization, 
“patient specifi c dosimetry should be performed 
when radioactivity is administered for therapeutic 
purposes.”

Moreover, it has to be pointed out that the Eura-
tom Directive 43/97 on patient radioprotection stated 
that (article 4, comma 2) “for all medical exposure 
of individuals for radiotherapeutic purposes…ex-

Fig. 18.3. Correlation between 99mTc-MDP and 153Sm-EDTMP uptake in patients with bone
metastases
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posures of target volumes shall be individually 
planned; taking into account that doses of non-tar-
get volumes and tissues shall be as low as reasonably 
achievable and consistent with the intended radio-
therapeutic purpose of the exposure.”

In the treatments of painful bone metastases, 
effi cacy and toxicity correlation studies should be 
done with dose to metastases and red marrow, re-
spectively. The red marrow dose is proportional to 
skeletal uptake. Therefore, a provisional study to es-
timate skeletal and metastases uptakes of the radio-
labeled bisphosphonates used in therapy allows the 
personalization of the radiometabolic treatment. 

Some recent studies (Graham et al. 1999; Israel et 
al 2000; Kendler et al 2004), demonstrate that skel-
etal metabolisms of 186Re-HEDP and 153Sm-EDTMP 
are similar to that of technetium-99m-labeled bone 
scanning agents, such as MDP and HDP. These stud-
ies underline also the existence of a correlation be-
tween mielotoxicity and red marrow dose and effi -
cacy and dose to metastases, emphasizing the great 
potentiality of bone scanning in treatment optimi-
zation.

A simple method to calculate red marrow dose 
in order to personalize 153Sm-EDTMP administra-
tion is described in a recent work of Maffi oli et al. 
(2005) performed in patients with bone pain from 
metastatic cancer.

Bone scintigraphy with 99mTc-Medronate (MDP) 
was routinely performed to verify the correspon-
dence between bone pain and the presence of an in-
creased uptake of the tracer into metastases within 1 
month prior to radiometabolic treatment.

Additional early (10 min p.i.) and delayed (6 h 
p.i.) whole body scans were acquired with a double-
headed gamma camera in order to evaluate the skel-
etal uptake and personalize the radioactive amount 
of 153Sm-EDTMP for the treatment.

On the bases of the MDP skeletal uptake (Ut), 
the injected activity of Samarium was calculated in 
order not to exceed the 2-Gy red marrow dose con-
straint with this equation:

A(MBq)=(2 Gy * 848.17 MBq/Gy )/Ut

After therapeutic administration of 153Sm-
EDTMP, a double total body scan, 10 min and 24 h 
p.i., was performed to calculate EDTMP skeletal up-
take (Us). 

As shown in Table 18.4, the difference between 
Us and Ut was less then 5% in all patients but two. 
In these two cases, the error was higher than 20%. 

These subjects were the only two patients with a 
concomitant therapy based on zoledronate infu-
sion. The remaining subjects had no third genera-
tion bisphosphonate treatment ongoing.

These data demonstrate that a double MDP scan 
is an appropriate and simple approach to preview 
Samarium skeletal uptake and, subsequently, the red 
marrow dose. However, particular attention must be 
made to concomitant third-generation bisphospho-
nate therapies that could impair bone uptake.

18.6 
Conclusions

Bone scan represents a diagnostic procedure char-
acterized by very high accuracy in the detection 
of skeletal metastases from breast cancer. Its role 
has been crucial for an early detection of meta-
static dissemination to bone. At present, interna-
tional clinical guidelines and some trials limit its 
use in the follow-up of asymptomatic early breast 
cancer, due to a lack of evidence of clinical impact 
(on survival, prognosis and quality of life) of this 
procedure (and others) in these patients. Bone scan 
has to be performed in patients with bone pain, in 
advanced breast cancer and whenever an osseous 
involvement is suspected, in order to minimize the 
risk of skeletal-related events. A new role can be 
played in planning new treatments (particularly 
with pamidronate, zoledronate, other bisphospho-
nates or new antineoplastic drugs). Furthermore, a 
scintigraphic follow-up of patients during treatment 
can be indicated in order to evaluate the response 
to conventional anti-neoplastic or hormonal therapy 
(even if, rather rarely and early after treatment, a 
fl are phenomenon can occur) (Koizumi et al. 1999; 
Vogel et al. 1995; Cook and Fogelman 2001). An-
other indication of bone scan is prior radiometabolic 
treatment (as discussed in other parts of this is-
sue) with radiolabeled bisphosphonates. Eventually, 
since this nuclear medicine technology can precede 
the radiological evidence of a metastasis, we would 
like to encourage the oncologist to proceed with 
more aggressive therapies on the basis of the only 
positive scintigraphy.

In conclusion, the clinical usefulness of bone 
scintigraphy has to be re-evaluated, possibly with 
large randomized prospective trials that could elu-
cidate these aspects.
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psychological consequences of radical mastectomy 
to the majority of breast cancer patients. The sen-
tinel node technique is rapidly expanding and will 
further reduce the extent and the consequences of 
surgery. 

Several clinical and pathologic factors are used 
to discriminate among patients at low (<10%), av-
erage (10–40%) and high risk of relapse, and inter-
national guidelines have been established to help 
clinicians to choose the appropriate postoperative 
treatments. Nodal status, tumor size, tumor grade, 
age and HER2 expression are universally accepted 
as important factors to defi ne risk categories. 
Newer factors such as uPA/PAI-1, cyclin-E and 
other proliferative indices and the gene expression 
profi le are promising and will allow a better dis-
crimination among patients at different risk. Their 
generalized use is, however, not yet recommended 
because of lack of reproducibility, necessity of 
fresh tumor samples, limited data and follow-up. 
Endocrine manipulation with tamoxifen, ovarian 
ablation or aromatase inhibitors is the preferred 
option in case of endocrine-responsive tumors. 
Tamoxifen administered for 5 years has been con-
sidered for many years the standard treatment for 
postmenopausal patients; tamoxifen plus ovarian 
ablation is more effective than tamoxifen alone for 
premenopausal women. Recent data demonstrate 
that, for postmenopausal patients, the aromatase 
inhibitors are superior to tamoxifen with a differ-
ent safety profi le. At the present time aromatase 
inhibitors represent the preferred option for post-
menopausal patients.

Chemotherapy is the treatment of choice in case of 
steroid receptor negative tumors. Polychemotherapy 
is superior to single agents, and anthracycline-con-
taining regimens are superior to CMF. Six courses of 
FEC or FAC or the sequential administration of four 
doses of anthracycline followed by four CMF are the 
recommended regimens.

Abstract

Breast cancer represents a major health problem 
with more than 1,000,000 new cases and 370,000 
deaths yearly worldwide. In the last decade, in spite 
of increasing incidence, breast cancer mortality is 
declining in the majority of developed countries. 
This is the combined result of better education, 
widespread screening programs and more effi ca-
cious adjuvant treatments.

The better knowledge of breast cancer biology 
nowadays allows sparing the cosmetic, physical and 
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New regimens including the taxanes have pro-
duced a further improvement in risk reduction and 
are reasonable therapeutic options. These agents are 
currently approved for adjuvant therapy in the US 
and European countries.

Chemotherapy followed by endocrine therapy 
represents the standard adjuvant treatment of high-
risk patients with endocrine responsive tumors. 
For Her2-neu overexpressing tumors, the addition 
of trastuzumab, a monoclonal antibody directed 
against the extra-membrane portion of the Her2 re-
ceptor, signifi cantly reduced the risk of recurrence 
and death.

Primary chemotherapy is increasingly used in the 
treatment of locally advanced and operable breast 
cancer. The upfront administration of chemotherapy 
signifi cantly increases the rate of breast-conserving 
surgery and allows an in vivo chemosensitivity test-
ing. A proportion of patients achieve a pathologic 
complete response, and these patients have signifi -
cantly better long-term outcomes.

Twenty-fi ve to 40% of breast cancer patients even-
tually develop distant metastases. At this stage the 
disease is incurable; however, treatments can assure 
a signifi cant prolongation of survival, symptomatic 
control and maintenance of quality of life. In case 
of hormone receptor positivity and in the absence 
of visceral, life-threatening disease, endocrine ma-
nipulation is the treatment of choice. Active treat-
ments include tamoxifen, ovarian ablation, aroma-
tase inhibitors, pure antiestrogens and progestins. 
Aromatase inhibitors are the most active agents; 
however, the choice and the sequence of endocrine 
therapies are also dictated by prior adjuvant treat-
ment. Chemotherapy has to be preferred in case of 
receptor-negative tumors, acquired resistance to 
hormones and aggressive visceral disease. Combi-
nation regimens are usually associated with higher 
response rates and sometimes survival prolonga-
tion, and this approach should be recommended in 
young patients with good PS and visceral disease. 
On the contrary, single agents have a better toler-
ability profi le and should be the treatment of choice 
when a careful balance between activity and toler-
ability is needed. In case of Her2-positive tumors, 
the combination of trastuzumab and chemotherapy 
is signifi cantly superior to chemotherapy alone both 
in terms of response rates and survival. Other use-
ful palliative treatments include the bisphospho-
nates for the control of the metastatic bone disease 
and radiotherapy for painful bone lesions or local 
relapses.

19.1 
Introduction

Breast cancer represents the most common cancer 
in women in the world, with more than 1,100,000 
new cases and approximately 410,000 deaths each 
year. In Europe, in the year 1998, there were 210,000 
new diagnoses, and about 73,500 women have died 
because of breast cancer (Ferlay et al. 2004, 1999). 
However, in the last decade breast cancer mortality 
has been declining in most Western countries as a 
consequence of better education, implementation of 
screening programs and more effective therapies.

In this review we will summarize the state of the 
art in the management of early and advanced dis-
ease and will discuss the more promising research 
approaches.

19.2 
Treatment of Early Disease

19.2.1 
Locoregional Treatment

Breast cancer is a systemic disease, and the mi-
crometastatic process can occur early, even inde-
pendently from lymphatic spread. These biological 
considerations, earlier diagnosis and the availability 
of effi cacious adjuvant treatments have drastically 
changed the surgical approach to early breast can-
cer. Several trials have shown that breast-conserving 
surgery followed by external radiotherapy produces 
local control and survival rates equivalent to those 
produced by radical or modifi ed radical mastectomy 
(Veronesi et al. 1990; Jacobson et al. 1995; Fisher et 
al. 2005). Breast-conserving surgery must now be 
considered the standard surgical procedure for the 
majority of the patients; it is contraindicated in cases 
of macroscopic multicentric disease or positivity of 
surgical margins, and for all conditions exposing 
the patients to unacceptable risk from radiation 
therapy, such as early pregnancy, prior radiation 
therapy and collagenous disease (Kurtz et al. 1990; 
Park et al. 2000; De Naeyer et al. 1999). Relative 
contraindications to breast-conserving surgery are: 
high probability of subsequent breast cancer, as in 
BRCA1–2 mutation carriers (Pierce et al. 2000), poor 
cosmetic results, as when there is a high tumor-to-
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breast ratio, medial lesions or necessity of nipple-
areolar complex removal. The extent of surgery can 
be further reduced with the increasing use of the 
sentinel node biopsy. Here again, well-designed and 
conducted trials have shown that in early stage dis-
ease, sentinel node biopsy is an accurate predictor of 
axillary nodal status and allows conservation of the 
physiological lymphatic drainage with no additional 
risk of local or systemic failure (Guliano et al. 1997, 
Krag et al. 1998). Recently published guidelines of 
the American Society of Clinical Oncology state that 
sentinel node biopsy is an appropriate alternative to 
staging axillary node dissection for early breast can-
cer patients with clinically negative axillary nodes 
and is associated with less morbidity. It is, however, 
reinforced that this procedure must be performed by 
experienced clinicians only (Lyman et al. 2005).

19.2.2 
Systemic Treatment

19.2.2.1 
Defi nition of Risk

Adjuvant systemic treatment signifi cantly improves 
disease-free and overall survival in the majority of 
breast cancer patients, although the magnitude of the 
effect is greater in patients at high risk of relapse. 
Various efforts have been made to identify clinical 
and pathological factors able to discriminate low- and 
high-risk patients in order to avoid unnecessary treat-
ments or underestimation of probability of relapse.

At present, internationally recognized prognostic 
parameters are: age, nodal status, tumor size, histo-
logical grade, steroid receptor expression, HER2-neu 
expression and presence of linfovascular invasion. 
Newer prognostic factors such as uPA/PAI-1, cyclin-
E and other proliferative indices are not yet rou-
tinely used, even if there is enough evidence to sup-
port their potential role in discriminating between 
low- and high-risk patients, in particular in cases of 
node negativity (Spyratos et al. 2002, Lindahle et al. 
2004). The impressive advances in the microarray 
technique now allow the rapid evaluation of thou-
sands of genes with a single procedure. Initial data 
on the possible usefulness of gene profi ling to iden-
tify patients at different risk of relapse or different 
sensitivity to anticancer drugs look very promising 
( Sorlie et al. 2001, Van de Vijver et al. 2002, Ayers et al. 
2004). According to the 2005 Consensus Conference 
of St. Gallen, node-negative patients are categorized 

as low risk of relapse in the presence of all the fol-
lowing features: pT ≤2 cm, histologic and/or nuclear 
grade 1, absence of peritumoral vascular invasion, 
HER2-neu gene neither overexpressed nor ampli-
fi ed, and age ≥35 years. Patients without lymph node 
involvement are considered at intermediate risk in 
the presence of at least one of the following features: 
pT >2 cm, or grade 2–3 or presence of peritumoral 
vascular invasion, or HER2-neu gene overexpressed 
or amplifi ed, or age <35 years; also patients with 1–3 
positive lymph nodes are considered at intermediate 
risk in case of HER2-neu negativity. The high-risk 
category includes patients with four or more posi-
tive lymph nodes, or patients with one to three in-
volved nodes and HER2-neu gene overexpressed or 
amplifi ed (Goldhirsch et al. 2005).

Patients are also subdivided into three disease 
responsiveness categories: (1) endocrine responsive, 
(2) uncertain endocrine responsiveness and (3) en-
docrine non-responsive. The following sections will 
briefl y summarize treatment options according to 
risk and responsiveness categories. 
1. Endocrine responsive patients: This category 

includes patients whose tumors clearly express 
estrogen receptors (ER) and progesterone recep-
tors (PgR), and for those it is reliable that the 
major benefi t of disease-free and overall survival 
derives from endocrine therapy. In case of low-
risk patients, hormonal therapy alone is recom-
mended, while no therapy can be considered a 
reasonable option in case of contraindication to 
hormonal therapy. In patients with intermediate 
risk, hormonal therapy alone is considered appro-
priate as well as the combination of chemotherapy 
and hormonal therapy. For patients at high risk 
of relapse, the appropriate treatment is chemo-
therapy followed by hormonal therapy. 

2. Endocrine response uncertain: Patients whose 
tumors have features suggesting uncertainty of 
endocrine responsiveness, such as low expression 
of ER, absence of PgR, HER2-neu overexpression 
or amplifi cation, increased proliferation markers 
or high expression of uPA/PAI-1 are included in 
this category. Because any detectable HR is asso-
ciated with some degree of endocrine responsive-
ness, these patients are candidates for hormonal 
therapy; however, the addition of chemotherapy 
is recommended for all the patients who are at 
intermediate or high risk of relapse.

3. Endocrine non-responsive: In the case of tumors 
without detectable expression of hormone receptors, 
chemotherapy alone is the appropriate treatment.
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19.2.2.2 
Endocrine Therapy

Endocrine options for steroid receptor-expressing 
tumors include tamoxifen, ovarian ablation/sup-
pression, and, more recently, for postmenopausal 
women, aromatase inhibitors. Adjuvant tamoxifen 
has represented the standard of care for both pre- 
and postmenopausal women over several years. As 
reported from the last EBCTCG overview, which 
reported the 15-year recurrence and breast can-
cer mortality rate combining six meta-analyses of 
adjuvant chemo and hormonal therapy, 5 years of 
tamoxifen reduces the annual breast cancer death 
rate by 31%, irrespective of age, chemotherapy use 
and expression of PgR. It is also clear that 5 years 
of tamoxifen treatment are superior to 1 or 2 years; 
however, the use of tamoxifen beyond 5 years is not 
recommended because the increasing partial ago-
nist effects on coagulation, the endometrium and 
breast cancer growth outweigh the possible benefi ts 
(EBCTCG 2005, 1998).

Ovarian ablation (OA) was the fi rst example of 
systemic therapy for breast cancer (Beatson 1898). 
Permanent OA can be achieved with radiotherapy 
and surgical oophorectomy, while a temporary 
ovarian suppression can be achieved with gonado-
tropin-releasing hormone (Gn-RH) agonists. In 
patients with ER-positive or unknown tumors and 
less than 50 years at study entry, OA alone induces 
an improvement in 15-year survival (59.7% vs. 
56.5%, 2p=0.004), and in recurrence-free survival 
(52.7% vs. 48.4%, 2p=0.00001) (EBCTCG 2005). 
Some studies have shown that OA is as effective as 
CMF (cyclophosphamide, methotrexate and 5-fl uo-
rouracil) in premenopausal patients with ER-posi-
tive tumors (SCTBG 1993, Kaufman et al. 2003; von 
Minckwitz et al. 2006; Ejertsen et al. 2006); how-
ever, there are no data comparing the effect of OA 
with anthracycline-based regimens. The addition 
of OA to chemotherapy does not improve survival 
as compared to CT alone, probably because the 
effect of chemotherapy by itself on ovarian activ-
ity might limit the benefi t of ovarian suppression 
(EBCTCG 1996; Rivkin et al. 1996). In conclusion, 
OA can be considered an acceptable adjuvant treat-
ment for premenopausal patients with endocrine-
responsive tumors in case of contraindication to 
tamoxifen; if ovarian suppression is achieved with 
Gn-RH agonists, it should be maintained for at 
least 2 years even if data on the optimal duration of 
ovarian suppression are lacking. In intermediate- 

or high-risk very young patients, or for high-risk 
premenopausal patients who are not amenorrhoeic 
following chemotherapy, a combined treatment in-
cluding tamoxifen and OA is a reasonable thera-
peutic strategy.

More recently, several large randomized trials 
have shown superiority of the aromatase inhibitors 
over tamoxifen in postmenopausal patients with 
endocrine-responsive tumors. Three different ap-
proaches have been tested: the upfront utilization 
of aromatase inhibitors, the switch to an aromatase 
inhibitor after 2 to 3 years of tamoxifen and the ex-
tended therapy with aromatase inhibitors following 
5 years of tamoxifen.

The ATAC trial (Arimidex, Tamoxifen Alone or in 
Combination) evaluated tamoxifen or anastrozole 
or the combination of the two drugs for 5 years in 
more than 9,000 women. Anastrozole has shown a 
signifi cant reduction in the risk of relapse, while the 
anastrozole-tamoxifen combination was not better 
than either agent alone. At a median follow-up of 68 
months, the relative risk reduction with anastrozole 
was 13% (P=0.01) and time to recurrence was sig-
nifi cantly increased (Baum et al. 2002; Howell et al. 
2005).

The switch to aromatase inhibitors following 2 to 
3 years of tamoxifen represents another interesting 
approach. The BIG 1–98 is an ongoing four-arm ran-
domized trial, comparing the upfront treatment with 
(1) tamoxifen or (2) letrozole for 5 years, (3) tamoxi-
fen for 2 years followed by letrozole for 3 years, or 
(4) letrozole for 2 years followed by tamoxifen for 
3 years. At a median follow-up of 25.8 months, letro-
zole signifi cantly prolonged DFS as compared with 
tamoxifen (Thurlimann et al. 2005).

In the IES trial (International Exemestane Study), 
which is so far the largest such study, switching to 
exemestane after 2–3 years of tamoxifen improved 
DFS as compared to 5 years of tamoxifen (Coombes 
et al. 2004). These results have been recently con-
fi rmed after a median follow-up of 58 months, at 
the last ASCO meeting. In particular, in ER+ or un-
known subgroups, exemestane signifi cantly reduces 
the risk of death (HR 0.83, P= 0.05) (Coombes et al. 
2006).

A further confi rmation of the superior effi cacy 
of aromatase inhibitors comes from an Italian trial 
(ITA), where patients on adjuvant tamoxifen after 
2–3 years were randomized to complete 5 years of 
tamoxifen or to receive 2–3 years of anastrozole. 
Here again, anastrozole induced a signifi cant reduc-
tion in the risk of relapse (Boccardo et al. 2005).
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The results of a meta-analysis including ITA, 
ARNO 95 and ABCSG 8 trials have shown a survival 
advantage for switching to anastrozole after 2–3 years 
of tamoxifen (Jonat et al. 2006). The MA17 trial has 
explored the role of extended adjuvant therapy with 
an aromatase inhibitor after tamoxifen. More than 
5,000 postmenopausal early breast cancer patients 
were randomized to letrozole or placebo for 5 years 
at the completion of 5 years of tamoxifen. The trial 
was closed prematurely because of a clear benefi t in 
RFS for patients receiving letrozole with a hazard ra-
tio for the letrozole group of 0.57 (P=0.00008) (Goss 
et al. 2003). The updated results after a median fol-
low-up of 54 months have confi rmed the advantages 
in terms of disease recurrence for letrozole over pla-
cebo (Ingle et al. 2006).

In general, as compared to tamoxifen, aromatase 
inhibitors are better tolerated regarding the risk 
of endometrial cancer, vaginal discharge, vaginal 
bleeding and thromboembolic events; on the con-
trary, these agents are associated with higher inci-
dence of muscle and osteoarticular pain, cardiovas-
cular disorders and fractures.

In summary, these agents have become the treat-
ment of choice for postmenopausal patients with 
receptor-positive tumors; however, their long-term 
side effects can be of concern. The best way of ad-
ministration (upfront, sequentially after or before 
tamoxifen, for 5 years or lifetime) is still under in-
vestigation, and, to date, no comparative trial be-
tween the different aromatase inhibitors has been 
completed.

19.2.2.3 
Chemotherapy

The majority of the data on the effects of chemo-
therapy on the risk of relapse and death derive 
from the EBCTCB meta-analyses (the Oxford Over-
views), which include all randomized adjuvant tri-
als conducted worldwide from 1985 (EBCTCB 1988, 
1992, 1998, 2005). In particular, the 1998 overview 
revealed that poly-chemotherapy yields a signifi -
cant improvement in both long-term disease-free 
survival (DFS) and overall survival (OS); the effect 
is greater in patients younger than 40 years (37% 
reduction in risk of relapse, 27% reduction in risk 
of death); however, this advantage remains signifi -
cant even in patients aged 60–69 (with 18% and 8% 
reductions, respectively). The benefi t derived from 
systemic chemotherapy is generally not affected 
by estrogen receptor status, even if the magnitude 

of the effect is greater for patients younger than 
50 years and for hormonal receptor-negative tumors 
(30% versus 18%).

For patients older than 70 years, no defi nitive con-
clusions can be drawn, owing to the limited number 
of patients included in the studies. Nevertheless, 
combination chemotherapy remains a valid option 
for elderly patients with good PS and poor prognostic 
features in the absence of signifi cant co-morbidities.

CMF administered for six courses over several 
years has been considered the standard adjuvant 
treatment; however, due to their clear superiority 
in the metastatic setting, anthracycline-containing 
regimens have been extensively studied as adjuvant 
treatment. According to the 2000 overview, about 
6 months of anthracycline-containing regimens 
(e.g., as FAC or FEC) have shown a moderate, but sig-
nifi cant benefi t over CMF (recurrence rate ratio 0.89, 
P=0.001; breast cancer death ratio: 0.84, P<0.00001). 
The absolute difference in recurrence and mortal-
ity is about 3% at 5 years and 4% at 10 years. This 
benefi t seems to be as great for older as for younger 
women (EBCTCB 2005). 

More recently, results from three randomised 
trials of epirubicin-based chemotherapy have rein-
forced the superiority of anthracycline over CMF. 
The NCIC MA 5 trial compared six courses of FEC 
(5-fl uorouracil, epirubicin, cyclophosphamide) ver-
sus six courses of CMF and showed that FEC yielded 
a signifi cant improvement in both 10-year DFS (HR 
0.69, P=0.005) and 10-year OS (HR 0.82, P=0.047) 
(Levine et al. 2005). At the 2003 ASCO meeting, the 
data of the pre-planned joint effi cacy analysis of the 
NEAT and STCBG BR 9601 trials were presented, 
showing a signifi cant relapse-free survival and OS 
advantage for the sequential ECMF (epirubicin plus 
CMF) over CMF (HR 0.69 for RFS, 0.65 for OS) (Poole 
et al. 2003). Six courses of FEC (with an epirubicin 
dose of 100 mg/m2) or four courses of anthracycline 
(epirubicin 100 mg/m2 or doxorubicin 60 mg/m2) 
followed by four courses of CMF can be considered 
the best standard options. 

19.2.2.4 
Role of Taxanes

The taxanes, which represent the most effective 
single anticancer agents since the introduction of 
anthracyclines, have been tested in several random-
ized trials, exploring both the sequential and con-
comitant strategies. To date, the results from four 
large randomized trials are available. 
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The CALGB 9344 is the largest trial reported to 
date, with 3,170 node-positive breast cancer patients 
randomized to receive four courses of AC (cyclo-
phosphamide plus doxorubicin) at different doxo-
rubicin doses, followed by four additional courses 
of paclitaxel versus no further treatment. The 
fourth interim analysis, after a median follow-up 
of 69 months, has shown a signifi cant reduction in 
both risk of recurrence and death, by 17% and 18%, 
respectively, in favor of the paclitaxel arm; no dif-
ference was reported according to the doxorubicin 
dose (Henderson et al. 2003).

The NSABP-B28 trial had a similar study design: 
four AC courses randomly followed by four doses of 
paclitaxel or no further therapy. The differences in 
comparison with the CALGB study were the fi xed 
doxorubicin dose, the inclusion of patients at lower 
risk of relapse and the concomitant administration 
of tamoxifen to all the patients. This trial enrolled 
3,060 node-positive patients between 1995 and 1998. 
The addition of paclitaxel signifi cantly improved 
the hazard for a DFS event by 17% (P=0.006), while 
the improvement in OS was small and not signifi -
cant (Mamounas et al. 2005). 

The MD Anderson Cancer Center trial evaluated 
eight courses of 5-fl uorouracil, doxorubicin and cyclo-
phosphamide (FAC) versus four courses of paclitaxel 
followed by four courses of FAC (P-FAC) in 524 oper-
able breast cancer patients. At a median follow-up of 
60 months, the estimated 4-year DFS was 83% for the 
FAC arm and 86% for the P-FAC (P: 0.09) (Buzdar et 
al. 2002). More recently, in the GEICAM 9906 trial, six 
courses of FEC have been compared to four courses 
of FEC followed by eight doses of weekly paclitaxel in 
1,249 node-positive breast cancer patients, showing a 
signifi cant improvement in DFS (Martin et al. 2005).

Similar results have been observed with docetaxel: 
5 years DFS was improved by three courses of FEC 
followed by three courses of docetaxel as compared 
to six courses of FEC, as shown in the PACS01 trial, 
which enrolled 1,999 patients (Roche et al. 2004). 
However, in a smaller series by far, the sequential 
administration of epirubicin, docetaxel and CMF 
(E→T→CMF) yields only a borderline improvement 
in DFS as compared to E→CMF (Bianco et al. 2006). 
In the BCIRG 001 trial, 1,491 node-positive patients 
were randomized to six courses of FAC or six courses 
of docetaxel-doxorubicin-cyclophosphamide (TAC). 
At a median follow-up of 55 months, there was a sig-
nifi cant improvement in DFS (HR 0.72, P=0.001) and 
OS (HR 0.70, P=0.008) for the TAC regimen (Martin 
et al. 2005b). 

In the ECOG 2197 trial, four courses of doxo-
rubicin-docetaxel failed to show any advantage 
in terms of DFS and OS as compared to AC times 
four ( Goldstein et al. 2005). On the other hand, four 
courses of docetaxel-cyclophosphamide have shown 
an improved DFS over four courses of AC (Jones et 
al. 2005). 

A direct comparison of paclitaxel and docetaxel 
administered weekly or every 3 weeks has been per-
formed in a large four-arm randomized trial. A total 
of 4,988 patients were randomized to receive four 
courses of AC followed by: (1) paclitaxel 175 mg/
m2 every 3 weeks times 4; (2) paclitaxel 80 mg/m2 
weekly for 12 weeks; (3) docetaxel 100 mg/m2 every 
3 weeks times 4; (4) docetaxel 80 mg/m2 weekly for 
12 weeks. No differences were observed in DFS com-
paring taxane or schedule (Sparano et al. 2005). 

Currently, taxanes are approved for adjuvant 
treatment; docetaxel and paclitaxel can be consid-
ered equally active, and a taxane-based combination 
represents to date a reasonable strategy for high-risk 
patients. A sequential approach might represent a 
good balance between activity and safety. 

19.2.2.5 
Dose Dense and High Dose Chemotherapy

Ongoing research aims to increase the effi cacy 
of chemotherapy by exploiting the dose-dense or 
high-dose concept. Recently, the dose-dense ap-
proach was evaluated by the CALGB C9741 Inter-
group trial, which compared sequential doxorubi-
cin (A), paclitaxel (T) and cyclophosphamide (C) 
with concurrent (AC) followed by paclitaxel (T). 
A total of 1,972 women with axillary node-positive 
breast cancer were randomized to four arms: (1) 
sequential regimen every 3 weeks, (2) sequential 
regimen every 2 weeks plus G-CSF, (3) concurrent 
regimen every 3 weeks and (4) concurrent regimen 
every 2 weeks plus G-CSF. At a median follow-up 
of 6.5 years, dose-dense treatment signifi cantly im-
proves disease-free survival and overall survival 
rates as compared to the 3-weekly regimens. There 
was no difference in either DFS or OS between the 
concurrent and sequential schedules (Hudis et al. 
2005). However, when taxanes are not incorporated 
in the chemotherapy regimen, the results are not so 
encouraging. In a phase III randomized trial includ-
ing more than 3,000 patients, sequential A every 
2 weeks followed by C every 2 weeks failed to show 
the pre-planned 30% improvement in DFS as com-
pared with concurrent AC every 3 weeks (Charles 



  Progress in the Treatment of Early and Advanced Breast Cancer 245

et al. 2002). More recently, dense FEC every 2 weeks 
has been compared to standard FEC every 3 weeks 
in 1,214 node-positive (less than 10 positive nodes) 
or high-risk node negative breast cancer patients. 
At a median follow-up of 10.4 years, no statistically 
signifi cant difference in the hazard of recurrence or 
death was observed ( Venturini et al. 2005). To date, 
dose-dense regimens might be a reasonable option 
for selected high-risk patients. 

The role of high-dose chemotherapy in patients 
with early high-risk disease has been explored for 
many years, with disappointing results in the ma-
jority of the trials. A recently published analysis in-
cluding 15 randomized trials comparing high-dose 
chemotherapy and auto-graft (2,535 patients) ver-
sus conventional chemotherapy (2,529 patients) has 
shown a statistically signifi cant benefi t in event-free 
survival for the high-dose group at 3 and at 4 years. 
However, this benefi t is lost at 5 and 6 years, and no 
differences in terms of overall survival have emerged 
(Farquhar et al. 2005). High-dose chemotherapy re-
mains an interesting research tool in selected very 
poor prognosis categories.

19.2.2.6 
Trastuzumab

Between 20% and 25% of breast cancers overex-
press HER2-neu, a receptor of the EGFR family; 
HER2-neu signalling plays a crucial role to sustain 
tumor proliferation, inhibition of apoptosis and 
chemotherapy resistance. Overexpression is de-
fi ned as 3+ immunohistochemical staining (IHC 
3+) or positive in situ hybridization (FISH posi-
tive). The availability of a humanized monoclonal 
antibody (trastuzumab) directed onto the external 
portion of this receptor has profoundly changed 
the treatment and prognosis of these patients. This 
agent, which has been approved for HER2-positive 
metastatic breast cancer since 1998, has been re-
cently tested in the adjuvant setting, with exciting 
results.

Four large randomized trials have been com-
pleted and reported. The HERA trial is exploring 
the effi cacy of 1 or 2 years of trastuzumab admin-
istered at the completion of adjuvant chemotherapy. 
To date, only data from the 1-year arm have been 
presented: at a median follow-up of 2 years, treat-
ment with trastuzumab signifi cantly decreases the 
risk of relapse (HR 0.64, P<0.0001) and death (HR 
0.66, P=0.0115) (Piccart-Gebhart et al. 2005; Smith et 
al. 2007).The BCIRG006, the N9831 and the NSABP 

B31 trials are evaluating the role of trastuzumab ad-
ministered in combination with chemotherapy. In 
the BCIRG 006 trial, the addition of trastuzumab to 
chemotherapy resulted in a signifi cant improvement 
in DFS (Slamon et al. 2005). The joint analysis of the 
N9831 and NSABP B31 has shown an absolute ben-
efi t in DFS of 12% between the trastuzumab and the 
control group, with a 33% reduction in the risk of 
death at 3 years (Romond et al. 2005). More recently, 
the FinHer trial has evaluated trastuzumab admin-
istered in combination with chemotherapy for a very 
limited period (9 weeks), showing a signifi cant im-
provement in the 3-year DFS for the trastuzumab 
arm (Joensuu et al. 2006). Despite the very limited 
number of HER2-positive patients randomized in 
this trial, which is a concern, these results raise the 
debate of the optimal duration of trastuzumab in 
the adjuvant setting, which is not a secondary issue 
taking into account the costs of this therapy, and the 
potential for cardiac toxicity. The results of the 2-
year arm of the HERA trial will help to clarify this 
question. To date, trastuzumab is approved in the 
US and in the majority of European countries as ad-
juvant therapy for HER2-neu-positive breast cancer 
patients.

19.3 
Primary Chemotherapy for
Operable Breast Cancer

Preoperative systemic treatment was fi rst intro-
duced for locally advanced breast cancer, with the 
primary aim of achieving operability. In subsequent 
years, it has become widely accepted also in earlier 
stages. The up-front utilization of primary systemic 
therapy can allow for breast conservative surgery 
when up-front mastectomy would be recommended, 
or can offer a better cosmetic result in case of unfa-
vorable breast-to-tumor size ratio (Bonadonna et al. 
1990; Fisher et al. 1997). Moreover, this strategy per-
mits an in vivo evaluation of treatment effi cacy and 
allows the identifi cation of subgroups of patients 
with different prognoses: the patients who achieve 
a pathological complete response (pCR) benefi t most 
from the treatment and have an excellent prognosis, 
while those with residual breast and/or nodal dis-
ease after primary chemotherapy have a worse prog-
nosis (Fisher et al. 1998; Pierga et al. 2000;  Hennessy 
et al. 2005).
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To date, several tumor characteristics have been 
identifi ed as predictors of the probability of pCR: 
poorly differentiated tumors with a high prolifera-
tion rate and without expression of HR are more 
likely to respond to chemotherapy (Colleoni et al. 
2004; Fisher et al. 2002; Guarneri et al. 2006).

Several studies have been performed to improve 
the rate of breast conservative surgery and of pCR, 
and to date the more promising results have been ob-
tained with anthracyclines and taxanes, in particu-
lar with the sequential schedules (Gianni et al. 2005; 
Smith et al. 2002; von Minkwitz et al. 2005; Bear 
et al. 2006). More recently, preoperative endocrine 
therapy, which has been limited for several years to 
elderly patients unfi t for chemotherapy with locally 
advanced disease, is becoming increasingly studied 
also in younger patients and in earlier stages. In fact, 
it has been clearly demonstrated that the likelihood 
of obtaining a pathologic complete response to che-
motherapy is signifi cantly lower in case of hormone 
receptor positive tumors. Therefore, endocrine ma-
nipulation may represent an attractive therapeutic 
option for these patients. As compared to tamoxifen, 
the aromatase inhibitors have shown superiority in 
both advanced and early disease, and have shown 
very interesting results in the preoperative setting 
(Eiermann et al. 2001; Smith et al. 2005).

To date, preoperative hormonal therapy with 
aromatase inhibitors can be considered a safe op-
tion for patients with endocrine-sensitive tumors 
not suitable for chemotherapy and a reasonable al-
ternative to chemotherapy for aged or unfi t patients. 
In younger postmenopausal patients with hormone 
receptor-positive tumors, this approach represents 
an interesting research tool.

It is, however, clear that primary systemic therapy 
represents the best scenario to test the new targeted 
agents for several reasons: the molecular target can 
be measured in the individual tumor at baseline and 
after treatment; the interactions between the targeted 
treatment and tumor biomarkers can be evaluated in 
vivo; the rate of pCR is a validated, early measure of 
treatment effect. The most remarkable results have 
been achieved by combining trastuzumab with che-
motherapy in HER2-positive patients: as compared 
to chemotherapy alone, the addition of trastuzumab 
resulted in a more than doubled pCR rate (66.7% vs. 
25%) (Buzdar et al. 2005). 

In a randomized trial including patients se-
lected for the expression of EGFR and hormone 
receptor, gefi tinib monotherapy induced a tumor 
shrinkage in 54% of the patients, while the combi-

nation gefi tinib+anastrozole vs. gefi tinib alone re-
sulted in a higher inhibition of tumor proliferation 
( Polychronis et al. 2005).

In conclusion, primary systemic therapy can in-
crease the rate of breast-conserving surgery, assuring 
an outcome as least as good as compared to standard 
adjuvant therapy. Moreover, the achievement of pCR 
is a short-term surrogate marker for survival, and 
the observed response to primary systemic therapy 
can be helpful in selecting patients still at high risk 
of relapse, and thus suitable for further therapies. 
Because of the opportunity to collect tumor samples 
before and after therapy, and the possibility to ob-
serve the treatment effects on tumor biology in a 
relatively short time, this model represents the ideal 
model to develop treatment strategy including tar-
geted agents.

19.4 
Locally Advanced Breast Cancer

In spite of screening programs, about 10% of breast 
cancer patients are still diagnosed with a large 
(>5 cm) tumor size, skin or chest wall infi ltration, 
and fi xed axillary node or internal mammary node 
involvement. The defi nition of locally advanced 
breast cancer (LABC) includes disease that is either 
extensive within the breast and/or ipsilateral lymph 
nodes. Because the breast cancer staging system has 
varied over time, the LABC categorization slightly 
changes across different studies, including in some 
cases all the AJCC stages > IIB, while according to 
the EBTCG, the stages IIB-IIIA are considered early 
breast cancer. Historically, all cases not eligible for 
radical surgery were considered to be LABC. In-
fl ammatory breast cancer (IBC) is defi ned clinically 
by erythema, skin warmth, peau d’orange and ridg-
ing in the breast skin, and pathologically by dermal 
lymphatic invasion. IBC represents a distinct clini-
cal entity with different presentation, natural his-
tory and prognosis; however, it is usually included 
in this category because the therapeutic approach 
is similar. The management of LABC has evolved 
from a loco-regional treatment that included radia-
tion therapy surgery to a multimodality approach 
with chemo-hormonal therapy, surgery and radia-
tion therapy (Brito et al. 2001; Perloff et al. 1988; 
Bartelink et al. 1997). Even if data from random-
ized trials are scanty, the general consensus favors 
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a preoperative chemotherapy with anthracycline 
or anthracycline-taxane combinations, followed by 
total mastectomy, axillary lymph node dissection 
and radiation therapy (Ueno et al. 1997). Conserva-
tive surgery can be considered for good responders. 
Postoperative adjuvant therapy includes hormonal 
therapy in cases of steroid receptor positivity. Fur-
ther chemotherapy can be considered, taking into 
account the number of preoperative courses and 
the response obtained. For elderly patients or pa-
tients with signifi cant co-morbidities, preoperative 
hormonal therapy is an acceptable option in the 
presence of steroid receptor positivity (Preeca et al. 
1982). This multimodality approach has substan-
tially changed the prognosis of these patients, with 
5-year survival rates now in the range of 40–60% 
as compared to less than 10% with loco-regional 
treatments alone (Zucali et al. 1976; Hortobagy et 
al. 1988; Baldini et al. 2003). Novel targeted agents 
such as trastuzumab, lapatinib or bevacizumab in 
combination with chemotherapy are currently un-
der investigation, showing very promising results 
(Montemurro and Aglietta 2005; Cristofanilli et al. 
2006; Wedam et al. 2006).

19.5 
Metastatic Disease

About 25–40% of breast cancer patients develop dis-
tant metastases during the course of their disease, 
while less than 5% of patients have metastases at the 
time of initial diagnosis. Median survival of meta-
static breast cancer patients ranges from 2 to 4 years; 
the life expectancy is more prolonged for patients 
with limited metastatic disease (e.g., lymph nodes, 
skin and isolated lung metastases) or bone disease 
only, while patients with multiple visceral lesions 
or CNS metastases have a median survival ranging 
from 4 to 13 months.

In spite of therapeutic advances, metastatic 
breast cancer is still an incurable disease; therefore, 
a careful balance between treatment effects and tol-
erability must be taken into consideration. At this 
stage the disease is heterogeneous with respect to 
patient characteristics such as age, performance 
status, co-morbidities, prior adjuvant therapies and 
tumor features such as disease-free interval, site and 
extension of metastases, hormonal sensitivity and 
HER2-neu status. 

Aims of treatment must therefore be tailored to 
individual patient needs: from survival prolongation 
to symptomatic control and maintenance of qual-
ity of life. The choice between endocrine treatment 
and chemotherapy is mainly dictated by the steroid 
receptor status; however, other factors such as per-
formance status and relapse-free interval are im-
portant in the decision-making process. The avail-
ability of new active agents has produced a clinically 
meaningful survival advantage, as demonstrated by 
a recent analysis performed by the British Columbia 
Cancer Agency (Chia et al. 2003).

This study evaluated the effect on survival of 
population-based access to new chemotherapeu-
tic or hormonal agents since 1990. A total of 2,145 
patients were assigned to four cohorts based on 
the dates of introduction of new agents: paclitaxel 
and vinorelbine, docetaxel and aromatase inhibi-
tors, capecitabine and trastuzumab. There was a 
statistically significant longer survival for more 
recent cohorts, showing that the access to new 
therapeutic agents results in improvement in sur-
vival. 

19.5.1 
Treatment Options for
Hormone-Sensitive Metastatic Breast Cancer

Because of its effectiveness and the excellent toxicity 
profi le, endocrine therapy is the treatment of choice 
in hormone receptor-positive metastatic disease; the 
possible exception is the case of life-threatening 
visceral metastases with impending organ failure, 
where chemotherapy can assure more rapid tumor 
shrinkage.

Several trials and clinical observations have 
clarified some important features of hormonal 
therapies: (1) response to one line of hormonal 
manipulation predicts the activity of further hor-
monal therapies, (2) prolonged disease stabiliza-
tion (>24 weeks) is frequent and is as clinically 
worthwhile as tumor response and (3) combined 
hormonal treatments are not superior to their se-
quential use, with the possible exception of Gn-
RH agonists plus tamoxifen for premenopausal 
patients. For many years the accepted standard 
sequence of hormonal therapies was tamoxifen 
followed by progestins and, in patients with prior 
response and slowly growing disease, a third line 
with aminoglutethimide, a first-generation aro-
matase inhibitor.
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For premenopausal women, a meta-analysis of 
randomized trials comparing total estrogen block-
ade with Gn-RH agonists plus tamoxifen versus 
Gn-RH agonists alone suggested that the com-
bined approach might result in an improved clini-
cal outcome (Klijn et al. 2001). For postmenopausal 
women, the third-generation aromatase inhibi-
tors, anastrozole, letrozole and exemestane, have 
shown a better tolerability and effi cacy as com-
pared with megestrol acetate (Buzdar et al. 1998, 
2001; Kufmann 2000). More recently, the two non-
steroidal aromatase inhibitors anastrozole and le-
trozole have been compared with tamoxifen as fi rst 
line hormonal treatment. Overall, the data indicate 
that aromatase inhibitors are more active in terms 
of clinical benefi t (which includes the objective re-
sponse rate and the stable disease for longer than 
24 weeks) and time to progression (Nabholtz et al. 
2000). It is of interest that the steroidal aromatase 
inhibitor exemestane can still induce prolonged 
disease stabilization after failure of a non-steroidal 
aromatase inhibitor (Lonning et al. 2000). A further 
endocrine option is represented by the estrogen re-
ceptor down-regulator fulvestrant. This drug is a 
pure anti-estrogen and is therefore devoid of the 
partial agonist activity of tamoxifen on end organs 
such as the endometrium and vascular system. Two 
randomized trials have shown that fulvestrant is 
as active as tamoxifen as fi rst-line treatment, and 
as anastrozole in postmenopausal patients with 
disease progression during endocrine treatment 
(Howell et al. 2004; Osborne et al. 2002). In par-
ticular, this agent has shown similar effi cacy in pa-
tients with or without visceral metastases, and can 
provide clinical benefi t even in heavily pre-treated 
patients (Howell et al. 2002; Perey et al. 2007). A re-
cently reported study conducted in patients pro-
gressing on non-steroidal aromatase inhibitor has 
shown that both exemestane, a steroidal aromatase 
inhibitor, and fulvestrant, a pure antiestrogen, are 
equally effective, providing a clinical benefi t in 
around 30% of patients (Gradishar et al. 2006).

In conclusion, for pre-menopausal patients, the 
optimal sequence of hormonal treatment is tamoxi-
fen in association with OA until disease progres-
sion, followed by aromatase inhibitor, fulvestrant 
and megestrol acetate. For post-menopausal women 
the appropriate fi rst-line treatment is an aromatase 
inhibitor. Upon failure of aromatase inhibitors, the 
other active endocrine drugs include tamoxifen, ful-
vestrant and megestrol acetate; however, the optimal 
sequence has yet to be established. 

19.5.2 
Treatment Options for Hormone Resistant/
Refractory Metastatic Breast Cancer

Chemotherapy represents the treatment of choice 
for patients with hormone-resistant/refractory met-
astatic breast cancer; however, it must be considered 
the fi rst treatment option for patients developing a 
rapidly progressive and life-threatening disease re-
quiring a rapid reduction of tumor burden. Besides 
age and performance status, the main determinant 
of chemotherapy choice is prior exposure to adju-
vant chemotherapy. Anthracyclines represent the 
most active agents, and anthracycline-containing 
regimens are more effective in terms of response 
rates, complete remission rates, remission dura-
tion and survival (Fossati et al. 1998). However, an-
thracycline regimens are increasingly used in the 
adjuvant setting; therefore re-treatment with an-
thracyclines, even if effective, is limited to patients 
exposed to low cumulative anthracycline doses and 
with a relapse-free survival after adjuvant chemo-
therapy of longer than 12 months (Gennari et al. 
2004). The main limitation to anthracyclines is their 
dose-dependent cardiac toxicity; patients should not 
exceed the cumulative dose of 450–550 mg/m2 for 
doxorubicin and 800–900 mg/m2 for epirubicin, re-
spectively (Pawan et al. 1998; Gennari et al. 1999). 
Conventional fi rst-line regimens include two- or 
three-drug combinations such as doxorubicin and 
cyclophosphamide, EC, FAC and FEC.

In this context, new formulations of anthracy-
clines have been studied: for example, pegylated 
liposomal doxorubicin has provided comparable 
effi cacy to doxorubicin with a signifi cantly reduced 
incidence of cardiotoxicity in the fi rst-line therapy 
of metastatic breast cancer (O’Brien et al. 2004). 
Besides anthracyclines, the taxanes represent the 
most active agents in the treatment of breast can-
cer. However, in the fi rst-line setting, the random-
ized trials comparing anthracycline/taxane combi-
nations versus anthracycline-based regimens have 
failed to demonstrate a clear advantage of the for-
mer: in most of the cases the anthracycline/taxane 
combination was superior in terms of response rate, 
but a progression-free or overall survival advantage 
was observed in only some of the trials (Nabholtz et 
al. 2003; Mackey et al. 2002; Bonneterre et al. 2004; 
Bontenbal et al. 2005; Sledge et al. 2003; Luck et al. 
2000; Langley et al. 2005; Jassem et al. 2001; Zielinski 
et al. 2005; Biganzoli et al. 2002). The limited num-
bers of patients included in many trials, the use of 
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suboptimal doses in combination and the activity of 
salvage chemotherapy may account for this incon-
sistency regarding the superiority of more aggres-
sive versus less aggressive combinations or combina-
tions versus single-agent chemotherapy. In order to 
overcome some of these limitations and to achieve a 
better estimate of the impact of new drugs/combina-
tions, several meta-analyses have been performed. 
The results from these analyses clearly indicate that 
combinations are superior to single agents, that an-
thracycline regimens are superior to non-anthracy-
cline combinations and, fi nally, that combinations 
including taxanes are better than non-taxane treat-
ments (Howell et al. 2004; Ghersi et al. 2006). These 
results are in line with a retrospective analysis con-
ducted in our institution on 640 patients with meta-
static breast cancer enrolled in prospective clinical 
trials between 1994 and 2001. Multivariate analysis 
suggested that the epirubicin/paclitaxel (ET) combi-
nation was an independent predictor of progression-
free survival (HR=0.61; 95% C.I 0.51–0.74; P<0.0001) 
and overall survival (HR=0.59; 95% C.I. 0.47–0.74; 
P<0.0001) and was associated with a 40% reduction 
in the hazard of progression or death (Gennari et al. 
2005). 

After anthracycline failure, the taxanes have 
shown activity, and several trials have demon-
strated that single-agent docetaxel or a taxane com-
bined with antimetabolites can produce signifi cant 
time to progression or survival gain (Nabholtz et al. 
1999; Sjostrom et al. 1999; O’Shaughnessy et al. 2002; 
 Albain et al. 2004; Chan et al. 2005). All these studies 
have, however, shown that combination chemother-
apy is signifi cantly more toxic than single agents 
and cannot be considered the preferred option for 
all patients with hormone-refractory metastatic 
breast cancer. Several trials have demonstrated that 
the weekly administration of single agents such 
as paclitaxel, docetaxel or vinorelbine can assure 
an interesting balance between activity and toler-
ability (Perez et al. 2001; Zelek et al. 2001; Mey et 
al. 2003). A further advance in palliation comes 
from the availability of an oral fl uoropyrimidine, 
capecitabine, with activity in anthracycline and tax-
ane pre-treated patients (Blum et al. 2001).

Ixabepilone is a potent inducer of microtubule 
stabilization and has demonstrated effi cacy in tax-
ane-sensitive and taxane-resistant tumors and has 
also shown synergy with other cytotoxic agents (Lee 
et al. 2001). Results from phase II studies have shown 
a tolerable safety profi le and evidence of objective 
responses in pretreated metastatic breast cancer 

patients (Low et al. 2005). It is clear from all these 
data that chemotherapy can provide survival pro-
longation, symptomatic control and maintenance of 
quality of life. The clinician must identify the most 
desirable end point of treatment for the individual 
patient and make the appropriate therapeutic choice 
accordingly.

19.5.3 
Targeted Therapies for Metastatic Breast Cancer

The better understanding of the biology of breast 
cancer cells has led to the identifi cation of newer po-
tential target for anticancer therapy. So far, trastu-
zumab for the treatment of HER2 overexpressing tu-
mors represents the most successful example of this 
strategy. In fact, about 25% of advanced breast can-
cers overexpress HER2-neu, a receptor of the EGFR 
family that is associated with poorer outcome. The 
availability of trastuzumab, the humanized mono-
clonal antibody directed onto the external portion of 
this receptor, has profoundly changed the treatment 
strategy and prognosis of these patients. As a single 
agent trastuzumab can induce a 30% response rate 
in HER2-overexpressing tumors and the addition 
of trastuzumab to chemotherapy as compared with 
chemotherapy alone is associated with a signifi cant 
improvement in objective response rate, duration of 
response and overall survival (Sjostrom et al. 1999; 
Marty et al. 2005).

Many other new agents targeting receptors in 
the cancer cells or in the stromal cells are currently 
under clinical investigation in breast cancer. These 
include epidermal growth factor receptor (EGFR)-
targeted agents and angiogenesis inhibitors.

Lapatinib is an orally administered small-mol-
ecule tyrosine kinase inhibitor that targets both 
EGFR and HER-2 receptors. Studies have demon-
strated its activity as single agent and in combination 
with other agents in HER-2-positive patients whose 
disease was trastuzumab resistant. A phase III ran-
domized trial evaluating vs. capecitabine alone in 
patients refractory to trastuzumab has shown a sig-
nifi cant improvement in time-to-progression in the 
patients receiving lapatinib (Geyer et al. 2006).

Bevacizumab is a monoclonal antibody targeting 
vascular endothelial growth factor (VEGF). A ran-
domized phase III trial comparing the combination 
of bevacizumab plus capecitabine vs. capecitabine 
alone in metastatic breast cancer patients previously 
treated with anthracyclines and taxanes has shown 
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a signifi cantly increased overall response rate with-
out improvement in survival (Miller et al. 2005). On 
the other hand, the addition of bevacizumab to pa-
clitaxel versus paclitaxel alone as fi rst line therapy 
resulted in a signifi cantly higher overall response 
rate and signifi cantly prolonged disease-free sur-
vival (Miller et al. 2005).

19.6 
Treatment of Skeletal Metastases

The large majority of patients with metastatic 
breast cancer will develop bone metastases during 
the course of the disease, with several complica-
tions such as pain, hypercalcemia, fractures, spinal 
cord compression and consequent deterioration in 
performance status. External radiotherapy, radio-
metabolic therapy, surgery and pain medications 
can control symptoms, but these treatments are not 
devoid of toxicities, and their effects are usually 
shorter than the disease course. Bisphosphonates, 
initially developed to treat malignant hypercalce-
mia, inhibit the osteoclastic recruitment and activa-
tion, and can induce apoptosis of cancer cells while 
interfering with their attachment on bone matrix. 
Several bisphosphonates have been approved in the 
United States and Europe for the treatment of breast 
cancer patients with skeletal metastases. 

Pamidronate has been known to be effective since 
the early 1990s, following the results of two pivotal 
phase III randomized trials (Hortabagyi et al. 1998; 
Conte et al. 1996). In these trials, pamidronate sig-
nifi cantly reduced the incidence and delayed the on-
set of skeletal complications as compared to placebo. 
The more potent bisphosphonate zoledronic acid has 
been directly compared to pamidronate. The results 
of this trial have shown that zoledronic acid was at 
least as effective as pamidronate; furthermore, the 
multiple events analysis, which accounts for the oc-
currence of skeletal complications and for time be-
tween these events, zoledronic acid was signifi cantly 
more effective than pamidronate in the subset of 
breast cancer patients (Rosen et al. 2003). 

Ibandronate is a single-nitrogen bisphosphonate 
available in both intravenous and oral formulation. 
The effi cacy of ibandronate has been assessed in 
three placebo-controlled phase III randomized tri-
als (Body et al. 2003, 2004a,b). Both the i.v. and oral 
formulations signifi cantly reduced skeletal compli-

cations as compared to placebo and improved bone 
pain and patient quality of life. 

More recently, the Cochrane Collaboration has 
conducted a review of randomized controlled tri-
als of bisphosphonates in breast cancer. Twenty-one 
studies were included. Overall, i.v. bisphosphonates 
reduce the risk of skeletal-related events by 17% as 
compared to oral bisphosphonates, which reduce the 
risk by 16%. Zoledronic acid reduces the risk of skel-
etal-related events by 41%, compared with 33% by 
pamidronate, 18% by i.v. ibandronate, 14% by oral 
ibandronate and 16% by oral clodronate (Pavlakis 
2005). The last American Society of Clinical Oncol-
ogy guidelines recommend i.v. pamidronate or zole-
dronic acid for the treatment of documented skeletal 
metastases (Hilner et al. 2003). 
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bone lesions. Bone metastases are seldom solitary. 
They most commonly affect the spine, pelvis, ribs, 
proximal thigh and upper arm bones and skull.

The therapeutic options are rarely (if ever) cu-
rative, and at some point in time the vast majority 
of patients suffering from osseous metastases will 
develop progressive disease. Patients with progres-
sive disease require palliation for painful bone me-
tastases. Current options for palliation of bone pain 
in this group of patients include conventional anal-
gesics, external beam radiotherapy, chemotherapy 
and bisphosphonates. 

An alternative approach to the relief of multifo-
cal bone pain is the systemic administration of a ra-
dionuclide, which concentrates at sites of increased 
bone turnover. Bone metastases from breast cancer 
will excite an osteoblastic response in bone, leading 
to an increased uptake of the radiopharmaceutical. 
In this way therapeutic doses of radionuclides may 
be localized close to the tumor by utilizing uptake 
mechanisms in adjacent non-tumor tissue. Bone-
seeking radiopharmaceuticals have traditionally 
been used to image tumors in bone, but, depending 
on the carrier ligand and energy of the radioactive 
label, these agents can also be used to treat primary 
or metastatic tumors in bone (Lewington 1993).

20.1 
Rhenium-186-HEDP

186Re-hydroxyethylidene diphosphonate (HEDP) 
was developed at the University of Cincinnati. It 
is strongly adsorbed on hydroxy-apatite in vitro. 
HEDP is markedly concentrated in vivo by primary 
and metastatic bone lesions. In 1979 Mathieu et al. 
fi rst suggested the possible use of 186Re-HEDP in the 
treatment of osseous metastases. However, it took 

Abstract

Metastases in the skeleton are the most common 
of all bone neoplasms. The ultimate prognosis for 
patients suffering from bone metastases is poor. 
Therapy such as hormonal manipulation (for car-
cinomas of the breast and prostate) and cytotoxic 
chemotherapy (for breast cancer and lung cancer) 
may result in control of both the disease and the 
accompanying pain for months or possibly years, 
and it may improve the quality of life. 

In clinical practice pain caused by bone secondar-
ies is a common cause of cancer pain, because the in-
cidence of patients with bone metastases is very high. 
Common malignancies including breast, prostate 
and lung cancer frequently spread to the skeleton. 
Approximately 65% of patients with bone metastases 
suffer from bone pain. Two-thirds of patients with 
breast cancer will develop metastatic bone disease. 
The average survival time following the appearance 
of bone metastases varies between 2 and 4 years. 

Whereas osteoblastic metastases predominate 
in prostate cancer, patients with breast cancer usu-
ally present with mixed (osteoblastic and osteolytic) 
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until 1986 to generate therapeutically useful bone-
seeking compounds, when Deutsch and Maxon were 
able to purify the ineffective mixture originally re-
ported by Mathieu (Deutsch et al. 1986).

186Re is produced by irradiating enriched 185Re, 
and it is chemically similar to 99mTc. It can be read-
ily complexed with HEDP with a high radiochemical 
purity (>97%). 186Re is a beta-emitting radionuclide 
with a maximum beta emission of 1.07 MeV. It has 
a 9% abundant gamma emission of 137 KeV, which 
makes it suitable for diagnostic imaging. The physi-
cal half-life of 89.3 h is short when compared with 
some other isotopes. 

Short-lived radionuclides in therapy for bone me-
tastases could have potential advantages in compar-
ison with longer-lived isotopes. Radionuclides with 
long half-lives will produce a lower dose rate than 
those with short lifetimes. At low dose rates (long-
lived radionuclides), there is presumably more op-
portunity to repair radiation-induced damage, un-
less the repair system itself was inactivated. Fairly 
rapid delivery of therapeutic radiation is a potential 
method for obviating the DNA repair mechanism. 
Short-lived radionuclides provide opportunities for 
multi-dose deliveries and for bone marrow ablation, 
by allowing earlier reinfusion of the transplant mar-
row. Another important factor in the use of short-
lived radionuclides is that the onset of pain relief is 
reported to be more rapid in patients with painful 
bone metastases after the use of short-lived rather 
than longer-lived isotopes (Lewington 1993).

20.2 
Pharmacokinetics

The pharmacokinetics of 186Re-HEDP was previ-
ously investigated by our group in 11 patients (17 
treatments) with bone metastases from breast or 
prostate cancer (de Klerk et al. 1992). Half-life 
times of 186Re-HEDP in three blood fractions (whole 
blood, plasma and plasma water) were 40.1±5.0, 
41.0±6.0 and 29.5±6.4 h, respectively. This implies 
that repeated doses may be administered after a 
theoretical interval of 200 h (elimination of a drug 
is over 99% after fi ve half-lives). However, the op-
timal interval time between two doses will also 
depend on the overall clinical condition of the pa-
tient. With respect to the plasma water (free) half-
life time, this value is quite different from whole 
blood and plasma half-life times. This phenom-
enon is explained by non-constant protein bind-
ing. A time-dependent increase in plasma protein 
binding was observed, probably caused by in vivo 
decomposition of 186Re-HEDP. Total urinary 186Re-
HEDP excretion was 69±15%, of which 71±6% was 
excreted in the fi rst 24 h after injection. The post-
therapy 186Re-HEDP scintigram showed no uptake 
in organs other than the skeleton and kidneys. The 
186Re-HEDP images were identical to the 99mTc-
hydroxymethylene diphosphonate (99mTc-HDP), 
showing the same number and localization of the 
metastases (Fig. 20.1).

Fig. 20.1. A patient with 
breast cancer and skel-
etal metastases. Left: 
99mTc-HDP scintigram 
3 h post injection; right 
186Re-HEDP scintigram 
3 h post injection
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The Bone Scan Index (BSI) (i.e., fraction of the skel-
eton showing scintigraphic evidence of metastatic dis-
ease) closely correlated with the fraction of dose non-
renally cleared (R=0.98). This implies that the amount 
of radioactivity taken up by the skeleton, and hence 
the bone marrow absorbed dose, can be predicted 
from a diagnostic pretherapy 99mTc-HDP scintigram.

20.3 
Dosage and Toxicity

In using bone-seeking radiopharmaceuticals as a 
palliative therapeutic agent for bone metastases, it 
is important to know the maximum tolerated dos-
age (MTD). We previously reported our experiences 
with 186Re-HEDP in escalating dosages in prostatic 
cancer patients (de Klerk et al. 1994 and 1996). Our 
dose-escalation study in prostate cancer patients 
found a maximal tolerated dose (MTD) of 2960 MBq 

for prostate cancer patients with symptomatic bone 
metastases. Thrombocytopenia proved to be the 
dose-limiting factor, with the lowest point in platelet 
count being at 4 weeks post-treatment. Leucopenia 
played a minor role. 

We also conducted a dose escalation study with 
186Re-HEDP in patients suffering from metastatic 
bone pain originating from breast cancer (de Klerk 
et al. 1996). Hematological toxicity was limited to 
thrombocytopenia and leucopenia. The decline in 
peripheral platelet and leucocyte counts were re-
versible and returned to normal ranges in most 
patients. The mean value of platelet and leucocyte 
count are shown in Figures 20.2 and 20.3. The lowest 
point in platelet count occurred at week 4 (P<0.01) 
and in leucocyte count at week 5 (P<0.05). Englaro 
et al. (1992) reported a sustained decrease in both 
pain and analgesic intake in two patients treated 
with repeated sequential administrations of 186Re-
HEDP. Therefore, it is not only the grade of toxic-
ity that is an important factor for the clinical use of 
186Re-HEDP because of the possibility of carrying 

Fig. 20.2. Course of platelet count in breast cancer patients after 186Re-HEDP ther-
apy. Reprinted by permission of the Society of Nuclear Medicine from: de Klerk 
JM, van het Schip AD, Zonnenberg BA, van Dijk A, Quirijnen JM, Blijham GH et al. 
Phase 1 study of rhenium-186-HEDP in patients with bone metastases originating 
from breast cancer. J Nucl Med 1996;37(2):244–249
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out repeated administrations of 186Re-HEDP, but 
also the pattern of the peripheral platelet count re-
covery is of great importance. Our study indicates 
that the MTD in breast cancer patients is defi ned 
as 2,405 MBq 186Re-HEDP. This value appears to be 
lower for breast cancer patients than for prostatic 
cancer patients (2,960 MBq) (de Klerk et al. 1994). 
However, when the administered dose is normalized 
to a body surface area of 1.73 m2 (ADN), the ADNs of 
the 2,405 MBq group in breast cancer patients (ADN 
mean: 2,329±234 MBq, range: 2,176 to 2,598 MBq, 
n=3) and the 2,960 MBq group in prostate cancer pa-
tients (ADN mean: 2,509±194 MBq, range: 2,253 to 
2,720 MBq, n=6) are of the same order. 

Since it is diffi cult to assess the degree to which he-
matopoietic reserve has been compromised by prior 
chemotherapy and radiotherapy, it is of paramount 
importance to be able to assess toxicity prior to treat-
ment, in order to avoid serious myelotoxic sequelae. 
The study showed that the percentage of decrease in 
peripheral platelet count (%DEC) cannot be predicted 
adequately by the ADN alone, as is the case with pros-
tate cancer patients. In contrast to prostate cancer pa-

tients, the prediction of %DEC did not improve when 
the scintigraphic evidence of the metastatic load in 
the bone (BSI) was taken into account. In prostate 
cancer patients, the BSI proved to be a good predictor 
of the amount of 186Re-HEDP taken up by the skel-
eton, which explains the impact of the BSI as a pa-
rameter of the prediction of platelet toxicity (de Klerk 
et al. 1994). However, the BSI is not a good indicator 
of the amount of 186Re-HEDP taken up by the skel-
eton in breast cancer patients. This may be due to the 
fact that bone metastases of breast cancer are mostly 
of a lytic or mixed cell type–osteoblastic plus osteo-
lytic lesions–and rarely purely osteoblastic, such as 
bone metastases originating from prostate cancer. It 
is a known fact that bone-seeking radiopharmaceu-
ticals are only taken up by osteoblastic or mixed le-
sions. This may lead to low BSI values in breast cancer 
patients and an underestimation of their metastatic 
load, while the toxicity is in the same order as that in 
prostate cancer patients. Using the standard recom-
mended dosage of 1,295 MBq 186Re-HEDP, this treat-
ment is safe even for heavily pretreated breast cancer 
patients, and repeated treatment is possible.

Fig. 20.3. Course of leucocyte count in breast cancer patients after 186Re-HEDP 
therapy. Reprinted by permission of the Society of Nuclear Medicine from: de 
Klerk JM, van het Schip AD, Zonnenberg BA, van Dijk A, Quirijnen JM, Blijham 
GH et al. Phase 1 study of rhenium-186-HEDP in patients with bone metastases 
originating from breast cancer. J Nucl Med 1996;37(2):244–249
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20.4 
Dosimetry

Dosimetric studies with an injected dose of 1,295 MBq 
found a high tumor absorbed dose, with a mean dose 
to the tumor lesions of 35.3 Gy and a mean marrow 
dose of 0.92 mGy/MBq (Maxon et al. 1992). We cal-
culated bone marrow absorbed doses using a non-
invasive (based on urine collection) and a pharma-
cokinetic (based on urine and blood data) approach 
after 19 treatments. The mean bone marrow absorbed 
doses were 1.137±0.243 mGy/MBq and 1.092±0.247 
mGy/MBq, respectively (de Klerk et al. 1996). The 
tumor-to-non-tumor ratios have a high therapeutic 
index, with a mean value of 34:1 and a median value 
of 20:1 (Maxon et al. 1992). Israel et al. (2000) found a 
good predictive value by measuring the radiation dose 
using quantitative bone single photon emission com-
puted tomography (SPECT) for the prediction of pain 
relief. Furthermore, bone SPECT using 99mTc -MDP 
predicts radiation doses delivered by 186Re-HEDP.

20.5 
Effi  cacy

Using a computer-aided search of the literature, 21 
clinical studies evaluating 186Re-HEDP for the treat-
ment of painful osseous metastases were identifi ed. 
The studies included patients with painful osseous 
metastases from predominantly prostate and breast 
cancer. Table 20.1 gives a summary of the effi cacy re-
sults of all 186Re-HEDP studies. The overall response 
rate in these 21 studies was 73% (range 50-92%) after 
treatment with 186Re-HEDP for painful osseous metas-
tases. In addition to studies that concentrated solely 
on prostate cancer, many studies that concentrated on 
breast cancer and other tumors have been published.

Sciuto et al. (2000) studied the effi cacy of 186Re-
HEDP among different groups of patients with pre-
dominantly prostate and breast cancer. She found a 
global pain relief of 90% for breast cancer patients. 
In this study a pain assessment was used as pro-
posed by our group, using very strict pain response 

Table 20.1. The effi cacy results of 186Re-HEDP studies

References Year No. of 
patients

Group diagnosis Dosage
(MBq)

Response rate 
(%)

Maxon 1990 20 Prostate 1225±152 80

Maxon 1992 44 Prostate, breast, miscellaneous 1,258 77

Quirijne 1996 37 Prostate 1,295–3,515 54

Guerra 1997 5 Breast 1,406 80

Schoeneich 1997 44 Prostate, breast, miscellaneous 1,295 60

Limouris 1997 16 Prostate 1,400±100 81

Limouris 1997 14 Breast 1,400±100 71

Virotta 1997 14 Breast 1,300 80

Holle 1997 15 Prostate 1,810–2,590 87

Hauswirth 1998 17 Breast 1,295 59

Han 1999 24 Breast 1,295–2,960 58

Palmedo 1999 30 Breast 1,295 60

Giannakenas 2000 25 Prostate, breast, miscellaneous 1,300 80

Liepe 2000 13 Prostate, breast 1,336±166 77

Kolesnikov-Gauthier 2000 26 Prostate, breast 1,295 50

Tennvall 2000 14 Prostate 2,590 79

Kucuk 2000 31 Prostate, breast, miscellaneous 1,295 68

Sciuto 2000 60 Prostate, breast, miscellaneous 1,406 80

Sciuto 2001 25 Breast 1,406 92

Dafermou 2001 58 Prostate 1,295 86

Han 2002 43 Prostate 1,295–2,960 65
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criteria. We reported our results in breast cancer 
patients who entered a clinical phase I/II study 
using these criteria (Han et al. 1999). A total of 30 
patients entered this study. All patients had histo-
logically proven breast cancer, had been treated with 
hormonal therapy, chemotherapy or both, and had 
bone pain that required the use of analgesics. They 
had at least four scintigraphically and radiologically 
proven metastatic bone lesions. Adequate platelet 
count (>150×10 exp 9/l), leucocyte count (>4.0×10 
exp 9/l) and renal function were required for eligi-
bility. Karnofsky performance status was required to 
be >60% and life expectancy estimated to be at least 
3 months. Although no specifi c recommendations 
with regard to alteration of the analgesic treatment 
were made, the patients were requested to keep the 
analgesic regimen constant if possible. The injected 
doses ranged from 1,295 to 2,960 MBq (35 to 80 mCi). 
186Re-HEDP (total volume 2 ml) was injected as a 
bolus through a running intravenous saline drip, 
and patients were hospitalized for 24 h. After 186Re-
HEDP administration, patients were seen and exam-
ined weekly, usually on an out-patient basis.

For pain assessment, a paper-and-pencil diary 
was used to assess the patient’s pain. The diary con-
tained validated questions for 7 days and was kept 
twice a day. In order to determine the effi cacy of 
186Re-HEDP, strict criteria were formulated in which 
the pain intensity, medication index and daily ac-
tivities were included as core determinants. Based 
upon these criteria, a clinically relevant response 
was reached when (1) pain reduction was >25% for 
at least 2 consecutive weeks and when the medica-
tion index and daily activities remained at least con-
stant or (2) pain reduction was <25% for at least 2 
consecutive weeks, and one of the two other factors 
showed an improvement >25% for at least 2 consecu-
tive weeks, while the remaining factor remained at 
least constant. The studies were open label, so that 
the patients functioned as their own controls. For 
each patient, post-treatment data were compared 
with pretreatment data (baseline). Because scores 
fl uctuated considerably over the week, median 
scores for the aforementioned dependent variables 
were calculated: one median score over the 2-week 
pre-treatment period (baseline) and weekly median 
scores for the 6 or 8 weeks after treatment. After the 
186Re-HEDP administration, several patients com-
plained of a transient increase in pain intensity, 
compared with the baseline pain. Typically, this so-
called ‘‘fl are’’ reaction started within the 1st week 
post-therapy and lasted for no longer than a week. 

In this analysis, a ‘‘fl are’’ reaction is defi ned as an 
increase in pain intensity of more than 25% of the 
intensity of pre-treatment pain. The independent t-
test was used to test the infl uence of age, dosage and 
BSI on the response (P<0.05 was considered to be 
statistically signifi cant).

Thirty patients entered the study, of whom 24 
proved to be evaluable. The administered dose of 
186Re-HEDP was 1,295 MBq (35 mCi) in six patients, 
1,850 MBq (50 mCi) in six patients, 2,405 MBq (65 
mCi) in nine patients and 2,960 MBq (80 mCi) in 
three patients. Pain reduction >25% lasting for 
more than 2 consecutive weeks was achieved in 17 
patients (71%) (Fig. 20.4). The maximum follow-up 
period was 8 weeks. Duration of response ranged 
from 2 to 8 weeks (mean, 4 weeks). Response rate 
of pain reduction was not correlated to treatment 
dosage. Four patients (67%) in the 1,295 MBq (35 
mCi) group, four patients (67%) in the 1,850 MBq 
(50 mCi) group, seven patients (78%) in the 2,405 
MBq (65 mCi) group and two patients (67%) in the 
2,960 MBq (80 mCi) group had responses. Within 
this group of 17 patients, 2 patients increased their 
medication indices simultaneously. Improvement 
in daily activities was noted in 14 patients (58%). 
In six patients, daily activities remained constant. 
Three patients reported worsening of their daily 
activities, accompanied by progression of their 
pain and medication indices or both. One patient 
reported a worsening of her daily activities, despite 
a period of >25% pain reduction, lasting 6 weeks. 
Ten of 14 responders showed increases in daily ac-
tivity combined with reductions of the medication 
index. Based upon the criteria for determination of 
the overall effi cacy of 186Re-HEDP in 58% (n=14) of 
the patients in the total group, clinically relevant 
responses were reached. No responders were found 
with pain reduction of less than 25% in combina-
tion with >25% improvement of daily activity or de-
mand for pain medication (Fig. 20.5). All patients 
had received chemotherapy and/or hormonal ther-
apy before rhenium therapy, but responses were not 
related to previous chemotherapy and/or hormonal 
therapy. Transient worsening of bone pain, the so-
called ‘‘fl are’’ phenomenon, occurred in about 29% 
of patients. The incidence was similar for both re-
sponders and non-responders. The mean BSI of all 
patients was 37 (range 8–68). The BSI was not cor-
related to the chance of response, indicating that 
there was no relationship between the scintigraphic 
metastatic load and the response. The BSI was not 
correlated to the chance of fl are.
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Fig. 20.4. Number of responders in 
terms of at least 25% pain relief. Re-
printed by permission of the Society 
of Nuclear Medicine from: Han SH, 
Zonnenberg BA, de Klerk JM, Quiri-
jnen JM, van het Schip AD, van Dijk 
A et al. 186Re-etidronate in breast 
cancer patients with metastatic bone 
pain. J Nucl Med 1999;40(4):639–642

Fig. 20.5. Patients with less than 
25% pain reduction. Reprinted by 
permission of the Society of Nuclear 
Medicine from: Han SH, Zonnenberg 
BA, de Klerk JM, Quirijnen JM, van 
het Schip AD, van Dijk A et al. 186Re-
etidronate in breast cancer patients 
with metastatic bone pain. J Nucl Med 
1999;40(4):639–642
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This study showed an overall response rate of 
58%. Using the same pain response criteria a re-
sponse rate of 54% in prostate cancer patients was 
found by our group (Quirijnen et al. 1996). If pain 
reduction was considered to be the only parameter 
of response, we would have scored a 71% response 
rate, instead of the 58%, based upon our more strin-
gent criteria of response.

In another study by Sciuto et al. (2001) concerning 
25 patients with breast cancer, a high response rate 
of 92% was reported, this being the highest response 
rate found in the literature. This was a comparative 
study with 89Sr-chloride, in which a group response 
rate of 84% was found. A standard dosage of 1,400 
MBq 186Re-HEDP was used, and the onset of pain 
relief appeared signifi cantly earlier in this group 
(P<0.001). Clinically evident pain relief occurred 
within 1 month in the 89Sr-chloride group (median 
21 days) and within 1 week in the 186Re-HEDP group 
(median 4 days). The duration of pain relief ranged 
from 2 months to 14 months (mean value 125 days 
with a median value of 120 days) in the 89Sr-chloride 
group, and from 1 month to 12 months (mean dura-
tion of 107 days with a median value of 60 days) in 
the 186Re-HEDP group. However, the difference in 
duration was not statistically signifi cant (p=0.39). 
Duration of pain relief showed a signifi cant positive 
correlation with the degree of response (P<0.05) and 
Karnofsky performance status score (P<0.05).

In contrast Kolesnikov-Gauthier et al. (2000) (26 
patients: 12 breast, 14 prostate) reported an objective 
response of only 36% in breast cancer patients (67% 
response in prostate cancer patients) using a dosage 
of 1,295 MBq (35 mCi) 186Re-HEDP. All patients in 
this study were severely ill and had failed traditional 
treatments. The less favorable results in the breast 
cancer patients may refl ect more severely advanced 
disease, in comparison with those patients with pros-
tate cancer. The average survival of the breast cancer 
patients after treatment was only 88 days, with no 
survivors at 7 months. However, the average survival 
of all patients (12 men with prostate cancer, 16 women 
with breast cancer) after the fi rst 186Re-HEDP admin-
istration was 114 days, with 3 survivors after 1 year. 
Life expectancy of the patients is an important cri-
terion to consider when comparing results between 
different types of cancer or different studies. 

Palmedo et al. (1999) found a 60% response rate 
in breast cancer patients, using a pain assessment 
through daily documentation of the visual analog 
scale and analgesic consumption. A signifi cant re-
sponse to treatment was determined if the visual 

analog scale or analgesic consumption decreased 
signifi cantly for at least 2 weeks. A 1,295 MBq dosage 
of 186Re-HEDP was used. They also found that treat-
ment with 186Re-HEDP resulted in pain reduction if 
the patient experienced pain in a region where local 
external beam radiotherapy had previously been ap-
plied. Furthermore, after a single or repeated injec-
tion of 186Re-HEDP, they did not observe an intoler-
able toxicity (which was defi ned as grade 3) in any 
patient, although most patients had undergone pre-
vious chemotherapy. However, the interval between 
186Re-HEDP injection and chemotherapy was always 
at least 3 months. In a study conducted by Limouris 
et al. (1997) in 14 breast cancer patients using 1295 
MBq 186Re-HEDP, two patients became free of pain, 
6 experienced marked pain reduction and 2 showed 
some improvement, resulting in an 71% overall re-
sponse rate.

Schoeneich et al. (1997) studied 44 patients in 
total: prostate cancer, n=17; breast cancer, n=24; 
others (not specifi ed), n=3. Each patient received 
an injection of 1,295 MBq 186Re-HEDP. Twenty-six 
of the 44 patients (60%) observed pain reduction. In 
response to 186Re-HEDP therapy (n=26), there was 
no difference between patients with prostate and 
with breast cancer. Hauswirth et al. (1998) found a 
response rate of 59% (treating 17 breast cancer pa-
tients) and concluded that 186Re-HEDP can be used 
in conjunction with analgesics and external beam 
radiation in patients with painful bone metastases 
from breast cancer.

On treating 31 patients with various cancers, 
Kucuk et al. (2000) found an overall response rate 
of 67.5%. The group consisted of ten prostate cancer, 
ten breast cancer, four rectum carcinoma, fi ve lung 
cancer and two nasopharynx cancer. The pain relief 
was assessed in accordance with the Eastern Coopor-
ative Oncologic Group (ECOG), using the Karnofsky 
status index. The mean response rate was 87.5% in 
patients with breast and prostate cancer, 75% in pa-
tients with rectum cancer and 20% in patients with 
lung cancer. It should be stressed that the response 
rate mentioned in this study is not the percentage of 
responders, but the mean percentage of response in 
each group. For example, in the breast cancer and 
prostate cancer group, all patients showed a response, 
in breast cancer patients varying from 20% to 100%, 
with a mean value of 87.5%. In the prostate cancer 
group the range was 10 to 100, also with a mean of 
87.5%. The authors concluded that 186Re-HEDP ther-
apy is highly effective in prostate, breast and rectum 
cancer, but less effective in lung cancer.
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The activity used was approximately 1,295 MBq 
in the majority of studies. However, in the dose esca-
lating studies from our group, using dosages rang-
ing from 1,295 MBq to 2,405 MBq of 186Re-HEDP, a 
clear dose-response relationship could not be dem-
onstrated neither by us nor by other studies. Ten-
nvall et al. (2000) used 2,590 MBq 186Re-HEDP (i.e., 
twice the activity normally used) to evaluate the 
safety of intravenously administered 186Re-HEDP 
and to investigate whether the response rates would 
signifi cantly improve. In their study, pain relief was 
observed in 11 out of 14 evaluable patients (79%), 4 
of whom became completely free from pain.

Repetitive treatments with 186Re-HEDP were used 
in several studies, in order to prolong the duration 
of response, and there was a general agreement that 
further pain relief could be expected if the patient had 
responded previously to treatment with 186Re-HEDP. 
Length of response differed in most studies, with a 
wide range of up to several months in this diffi cult pa-
tient group in their very advanced stage of disease.

A few studies have concentrated on the difference 
in effi cacy of different radionuclides in the treat-
ment of painful osseous metastases. Dafermou et al. 
(2001) reported a multicenter study, in which from 
510 evaluable patients with painful bone metastases 
of prostate cancer, 453 patients were treated with 
89Sr and 58 patients were treated with 186Re-HEDP 
(one patient was fi rst treated with 89Sr and later with 
186Re-HEDP). They found no statistically signifi -
cant difference in palliative effi cacy of the two ra-
diopharmaceuticals. Sciuto et al. (2001) studied the 
difference in pain palliation of 186Re-HEDP and 89Sr, 
treating 50 patients with painful osseous metasta-
ses of breast cancer with either 89Sr (25 patients) or 
186Re-HEDP (25 patients). They found a response 
rate of 84% for 89Sr and 92% for 186Re-HEDP, which 
is an insignifi cant difference (P=0.66). In a group of 
44 patients (38 prostate, 6 breast), Liepe et al. (2000) 
treated 15 patients (11 prostate, 4 breast) with 89Sr, 13 
patients (12 prostate, 1 breast) with 186Re-HEDP and 
16 patients (15 prostate, 1 breast) with 188Re-HEDP. 
They recorded response rates of 80%, 77% and 81% 
for the 89Sr, 186Re-HEDP and 188Re-HEDP group, re-
spectively, which is also insignifi cant. 

In conclusion, the overall response rate in all 
studies that concentrated solely on breast cancer pa-
tients with painful osseous metastases ranged from 
58% to 92%. This is comparable with response rates 
found in studies that concentrated on prostate can-
cer (range 54% to 87%) and groups of mixed cancers 
(prostate, breast and miscellaneous; range 50% to 

80%). It should be mentioned that the contribution 
of patients other than prostate or breast cancer pa-
tients was very small.

20.6 
Discussion

Treatment of metastatic bone pain using bone-seek-
ing radiopharmaceuticals has become an important 
modality. In particular, patients with multiple pain-
ful osseous lesions or patients with recurrent pain in 
a radiotherapy fi eld may benefi t from this systemic 
treatment. Theoretically, the optimal characteris-
tics of a radiopharmaceutical for metastatic bone 
pain make 186Re-HEDP a potentially very useful iso-
tope providing: (1) a relatively short physical half-
life (90 h), (2) beta emission, (3) imageable gamma 
emission, (4) selective bone seeking properties, (5) 
rapid blood clearance and low extra osseous uptake, 
(6) economical and ready availability and (7) good 
chemical stability.

The toxicity of 186Re-HEDP is limited and revers-
ible. In breast cancer patients, the overall clinical 
response of 186Re-HEDP is reported to be up to 92%. 
Thrombocytopenia is found to be the dose-limiting 
factor in the treatment of painful bone metastases 
with bone-seeking radiopharmaceuticals. De Klerk 
et al. evaluated thrombocytopenia in patients with 
hormone refractory prostate carcinoma treated 
with 186Re-HEDP. As an index of the extent of bone 
involvement, the bone scan index (BSI) was deter-
mined from the pre-therapy 99mTc-HDP scintigram. 
They described a functional relationship (r=0.78; 
P<0.001) of the percentage of platelet decrease af-
ter treatment with the extent and distribution of 
skeletal metastases (BSI) and administered activity 
normalized to standard body surface area. Using 
this relationship, it is possible to predict thrombo-
cytopenia by pre-treatment bone scintigraphy and 
to adjust the dosage to each patient in order to avoid 
unacceptable toxicity. The formula of de Klerk may 
also be used to calculate an individually based opti-
mized dose (de Klerk et al. 1994).

In the 21 studies analyzed in this paper, the re-
sponse rate varied from 50% to 92%. No signifi cant 
differences in the range of response rate between 
different groups of patients (primarily prostate 
and breast cancer) exist. The rate of response may 
depend upon the pretreatment condition of the 
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patient, the etiology of the bone metastases, dif-
ferences in the population treated, extent of the 
disease and any previous local or systemic therapy 
given. In some studies it was not possible to differ-
entiate between whether single or repetitive injec-
tions with 186Re-HEDP were given either in order 
to extend the duration of relief or to enlarge the 
response of pain relief. However, it is more impor-
tant to know that treatment with 186Re-HEDP can 
be repeated several times when needed, due to its 
limited transient hematological toxicity and short 
physical half-life.

When using bone-seeking radiopharmaceuticals 
for metastatic bone pain, pain relief will occur in a 
high percentage of patients. Unfortunately, num-
bers of patients achieve incomplete pain resolution, 
and some patients obtain no pain relief at all. In 
addition, there is little evidence that this therapy 
results in improved survival, and relatively few 
patients exhibit evidence of signifi cant anti-tumor 
effect. McCready and O’Sullivan (2002) have sug-
gested possibilities for improvement of the thera-
peutic effi cacy. These include: (1) local dose escala-
tion: in a phase I study with dosages of 5,000 MBq 
186Re-HEDP using autologous peripheral blood 
stem cell rescue, O’Sullivan et al. (2002) reported 
a PSA response >50% lasting at least 4 weeks. (2) 
Enhancement of radionuclide uptake: an increased 
uptake of bone-seeking radiopharmaceuticals 
would appear to occur 4 weeks to 3 months follow-
ing the start of hormonal therapy. Administering 
the bone-seeking radiopharmaceutical at the time 
of this fl are-up reaction may increase the tumor-
absorbed dose. This is illustrated by the study of 
Bushnell et al. (1999), who reported an enhanced 
uptake of 99mTc-MDP in skeletal metastases from 
prostate cancer, following initiation of hormone 
treatment. They found that approximately 3 weeks 
following initiation of hormone blockade, most 
skeletal metastases from prostate cancer will 
demonstrate signifi cantly enhanced 99mTc-MDP 
uptake, relative to normal bone. (3) Chemosensi-
tization: Chemotherapeuticals can be used in com-
bination with bone-seeking radiopharmaceuticals 
in order to enhance the effect of the therapy. In 
the fi eld of external radiotherapy, chemosensiti-
zation is a well recognized, accepted, and widely 
used method for improving the overall effi cacy of 
treatment. The cytotoxic effect of chemotherapy 
makes cancer cells more susceptible to radiation 
damage. In the fi eld of bone-seeking radiophar-
maceuticals, chemosensitization may also lead to 

an overall improved effi cacy. Early studies have al-
ready suggested a synergistic effect (Mertens et al. 
1992). This synergism was shown in vitro by Gel-
dof et al. (1999), who studied the combined effect of 
186Re-HEDP and cisplatin in prostate cancer cells. 
The more than accumulative effect of the com-
bined treatment was also shown in human patients 
(Akerley et al. 2002; Nilsson et al. 2005; Pagliaro 
et al. 2003; Sciuto et al. 1996, 1998 and 2002; Tu et 
al. 2001). (4) Repeated administrations: Repeated 
administrations with a relatively short interval 
may lead to an enhanced effect compared to single 
treatments alone (Kasalicky et al. 1998; Palmedo et 
al. 2003). It is recognized that the therapeutic ef-
fect of radionuclide therapy is increased in patients 
with a less advanced stage of their disease (Sciuto 
et al. 2000; Kraeber-Bodere et al. 2000). Repeated 
dosing may be more effective on larger metastatic 
lesions in patients with a more advanced stage of 
disease. (5) Radionuclide “cocktails”: The combi-
nation of short-lived radionuclides, such as 186Re 
(or 188Re) and 153Sm-EDTMP, in combination with 
longer lived radionuclides (89Sr) and alpha emit-
ters, may enhance this effect on larger metastatic 
lesions. Henriksen et al. (2002) reported the use of 
the alpha-particle-emitting 223Ra in nude rats with 
skeletal metastases. A signifi cant antitumor effect 
was found, while sparing the bone marrow. A com-
bination of different radionuclides with different 
radiation energies, half-lives and ranges may be 
more effective for patients with osseous metasta-
ses, which are generally of all sizes. Toxicity may be 
kept low while offering high-dose treatment. 

In addition to these suggestions we would like 
to add (6) combined modality treatment: Due to 
their tolerability, effi cacy and ease of use, bone-
seeking radiopharmaceuticals may be adminis-
tered in combination with other anti-cancer agents 
or therapy. A combination for example of external 
beam radiotherapy and bone-seeking radiophar-
maceuticals could lead to synergy, with higher 
effi cacy in the radiation fi eld and prevention of 
new pain sites (Smeland et al. 2003; Porter et al. 
1993). Other agents such as bisphosphonates ex-
hibit a proven anti-tumor effect in several tumor 
cell lines, including carcinomas of the breast and 
prostate (Lee et al. 2001; Boissier et al. 2000; Oades 
et al. 2003). Although they are currently indicated 
for the prevention of skeletal related events, their 
anti-tumor effi cacy needs to be further evaluated. 
Concomitant administration of bone-seeking ra-
diopharmaceuticals and bisphosphonates in pa-
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tients with painful osseous metastases may lead to 
an increased clinical benefi t. Furthermore, it is of 
interest to note that several new anti-cancer agents 
are under investigation, which may have potential 
as monotherapy, but which may also be used in 
combination with bone-seeking radiopharmaceu-
ticals. The process of osseous metastasis offers a 
broad range of potential intervention (Smith et al. 
2005). New anti-cancer agents may be used in com-
bination with bone seeking radiopharmaceuticals 
with an aim to increase overall effi cacy.

20.7 
Conclusion

Patients with multiple symptomatic lesions ben-
efi t from the systematic approach of targeted ra-
dionuclide therapy with 186Re-HEDP. In breast 
cancer patients with painful bone metastases, 
186Re-HEDP is at least as effective as in those with 
metastatic prostate cancer. It is to be preferred 
above radiopharmaceuticals with a long physi-
cal half-life, which have a more extensive hema-
tological toxicity in this group of patients who 
have frequently been pretreated with bone mar-
row suppressive chemotherapy. 186Re-HEDP treat-
ment offers a safe and effective treatment option 
for patients with painful osseous metastases with 
an overall reported response rate of ±70%. It is a 
systemic, simple and well-tolerated single-session 
procedure that usually achieves good pain pallia-
tion and sometimes pain-free periods of several 
months. It is effective for fast palliation of painful 
bone metastases, and the effect tends to last lon-
ger the earlier patients are treated in the course 
of their disease. Because of the earlier onset of 
pain relief and the faster time to hematological 
recovery, 186Re-HEDP is indicated in patients with 
unbearable pain and with a lower estimated life 
expectancy. 186Re-HEDP therapy can also be used 
safely in patients where pain reoccurs in regions 
previously treated by local external beam radio-
therapy. Repeated treatments are also very effec-
tive and safe, with unlimited numbers of repeti-
tions, provided that some safety restrictions are 
respected such as adequate hematological reserve. 
These repeated protocols and the use of high activ-
ity 186Re-HEDP show promising results, not only 
for pain relief, but also for tumor control.
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and a low toxicity if the metastatic disease is not ex-
tensive, but the toxicity rapidly increases with wide 
irradiation fi elds (Hoskin 1995). Systemic radioiso-
tope therapy with radionuclides linked to a bone 
seeker agent may be the option of choice for the 
radiation treatment of patients with multiple skel-
etal localizations due to its effi cacy, low cost and 
low toxicity (Dearnaley et al. 1992). Nonetheless, it 
still appears to have a low priority among medical 
oncologists and remain underutilized. Physician 
education regarding radioisotope therapy should be 
improved, and clinical trials to evaluate newer treat-
ment paradigms including radionuclides should be 
strongly encouraged (Damerla et al. 2005).

Radionuclides suitable for systemic metabolic 
radiotherapy of bone pain, and commercially avail-
able, include 89Sr, 186Re chelated by HEDP and 153Sm 
chelated by EDTMP (Serafi ni 1994; McEwan 1997; 
Serafi ni 2001). The main physical characteristic of 
the three radionuclides are illustrated in Table 21.1. 
Beta emitters with short half-lives, such as 186Re 
and 153Sm, deliver their radiation dose at higher 
dose rates, which may be more therapeutically ef-
fective than equivalent doses given at lower dose 
rates. The short range of 153Sm beta emission, actu-
ally the shortest of the three available radionuclides, 
may be of advantage limiting red marrow irradia-
tion ( Serafi ni 2000, 2001). 153Sm-EDTMP was devel-
oped by Goeckeler at the University of Missouri as a 
1:1 chelation complex of radioactive 153Sm and a tet-
raphosphonate, (ethylenediamine-tetramethylene 
phosphonate), also known as lexidronam ( Goeckeler 
et al. 1987). 

153Sm-EDTMP shows high selective skeletal up-
take like conventional 99mTc bone scanning agents: 
its bone localization is by chemiabsorption of the 
tetraphosphate by hydroxyapatite and by the forma-
tion of samarium oxide involving oxygen of the hy-
droxyapatite. The therapeutic effect is due to the ir-
radiation by the short range beta emission of 153Sm. 

Abstract

Metastases to the skeleton occur in approximately 
75% of patients with advanced breast carcinoma, 
and skeletal metastases are present in >90 % of 
patients who die from breast carcinoma (Coleman 
and Rubens 1987; Hortobagyi 1991). Bone disease is 
most often lytic or mixed lytic/blastic, determining 
a series of disease-related events that have the most 
signifi cant impact on quality of life in these rela-
tively long-surviving patients (Kakonen and Mundy 
2003). The symptomatic treatment of skeletal pain 
due to metastases from breast cancer is a complex 
task that may require administration of drugs, in-
cluding bisphosphonates and analgesics, and exter-
nal beam radiotherapy (Lipton 2000; Hoskin 2003). 
Bisphosphonates target osteoclast-mediated bone 
resorption and reduce the skeletal complication rate 
arising from osteolytic metastases in breast cancer 
(Coleman 2000). External beam radiotherapy allows 
an effective pain control with a relatively low dose 
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Early phase I/II studies were published over 10 years 
ago (Turner et al. 1989; Podoloff et al. 1991; Eary et al. 
1993; Turner and Claringbold 1991), and since then 
this agent has been clinically used for pain pallia-
tion in symptomatic bone metastases from several 
cancers, mainly prostate and breast carcinoma.

This review will address the characteristics of 
153Sm-EDTMP as a radiopharmaceutical and its 
clinical applications for bone pain palliation in 
breast carcinoma. 

21.1 
The Radiopharmaceutical

21.1.1 
The Radionuclide

153Sm is a rare earth element, a reactor produced by 
thermal neutron irradiation of >99% enriched 152Sm 
in the form of Sm2O3. Production is quite effi cient 
as the thermal neutron cross-section is 210 barn and 
the resonance integral is 3,020 barn. 

A1÷2×1014 neutrons/cm2 per second fl ux applied 
for 50–60 h typically yields 153Sm with a specifi c 
activity up to 1.300 Ci/g; the maximal theoretical 
specifi c activity is 3.0 Ci/mg; radionuclide purity is 
practically 100%. 153Sm has a complex decay scheme 
with X-rays, gamma-rays and atomic electrons (Au-
ger and conversion) in addition to the dominant beta 
decay; its physical half-life is 46.3 h. The energy of the 
beta emissions is relatively low (Emax = 640 keV, 30%; 
710 keV, 50%; 810 keV, 20%. Emean = 233 keV), result-
ing in an average penetration range of 0.83 mm in wa-
ter and a maximum penetration range of 1.7 mm in 
bone and of 3.1 mm in soft tissue. The main gamma 
emission (103.2 keV, 29%) is well suited for imaging 
yielding scans comparable to 99mTc-MDP bone scans 
(Fig. 21.1) and for dosimetric estimates.

21.1.2 
The Radiopharmaceutical

153Sm is easily complexed with EDTMP (lexidro-
nate) in a single step leading to a percentage of 
complexed 153Sm exceeding 99%; the preparation 
is chemically stable and does not undergo any ap-
preciable decomposition for over 48 h (Goeckeler et 
al. 1987). 153Sm-EDTMP is commercially available 
(Quadramet®, Schering, Berlin) as monodose vials 
with a concentration of 1.3 GBq/ml and a specifi c 
activity of 28–65 MBq/microg of samarium; the sug-
gested dose is 37 MBq/Kg administered as a slow 
injection through an i.v. line to avoid extravasation. 
The registered indication is for pain palliation of os-
teoblastic skeletal metastases from any cancer pro-
vided that a previous 99mTc-MDP scan is positive for 
uptake. The radiopharmaceutical is shipped frozen 
in dry ice and must be thawed just before use. 

21.1.3 
Biodistribution and Dosimetry

153Sm-EDTMP binds to normal and pathologi-
cal bone like 99mTc-MDP and 99mTc-HDP. In fact, 
Singh et al. found lesion-to-normal bone ratios 
for 153Sm-EDTMP and 99mTc-HDP to be 4.04±2.62 
and 4.01±1.97, and lesion-to-soft-tissue ratios to be 
5.98±3.18 and 6.87±4.67, respectively (Singh et al. 
1989). Eary et al. (1993) reported similar data for 
99mTc-MDP. The total quantity that binds to bone 
is generally 50% or more of the injected dose de-
pending of course on the extent of metastatic dis-
ease, with the rest of the dose being rapidly excreted 
through the urine by glomerular fi ltration. Urinary 
excretion is essentially complete at 6 h, which is of 
practical interest for radiation safety if the treatment 
is administered in a day-hospital manner. There is 
no appreciable metabolism besides bone uptake and 
urinary excretion. 

Table 21.1. Physical characteristics of the three radionuclides

Physical T ½ 
(days)

β max energy 
(MeV)

β max range in 
soft tissue (mm)

β mean range in 
bone (mm)

γ Energy
(KeV - %)

89Sr Chloride 50.5 1.46 7–8 3.5 909 (0.02%)
186Re HEDP 3.7 1.07 4.7 1.0 137 (9%)
153Sm EDTMP 1.93 0.81 (20%)

0.71 (50%)
0.64 (30%)

3.4 1.7 103 (29%)
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After injection, 153Sm-EDTMP is cleared rapidly 
from the vascular space to be permanently bound 
without translocation on bone (Bayouth et al. 1994). 
The exact site of bone localization is important for 
red marrow dosimetry; as 153Sm has a short half-life 
diffusion of radioactivity into the bone mineral, if 
any, can be neglected, and thus a surface model of 
deposition is most appropriate (Heggie 1991). Pub-
lished dosimetric estimates have used the MIRD for-
malism with different S-factors and animal (Heggie 
1991;  Logan et al. 1987) or human (Eary et al. 1993; 
Bayouth et al. 1994) biokinetic data. It is of interest 
that Heggie has considered contributions from X-
rays, gamma-rays, Auger and conversion electrons 
in addition to the dominant beta-emission (Heggie 
1991). 

The urinary excretion and the bone uptake 
clearly identify the bladder wall and the red mar-
row as the critical organs. The radiation dose to the 
bladder wall has been reported as 12.5±3.0 cGy/GBq 

by Bayouth et al. (1994), 964±407 Gy/MBq by Eary 
et al. (1993), 1.23 mGy/MBq by Logan et al. (1987) 
and 0.793 mGy/MBq by the package insert. Actual 
bladder dose is of course inversely related to the 
extension of bone metastatic disease and critically 
dependent on the frequency of voiding so that a 
moderate hyperhydratation of the patient is gener-
ally advisable, and a catheter may be used in selected 
cases. Radiation dose to the red marrow is clearly a 
critical issue as marrow toxicity is the dose-limiting 
factor in clinical practice. Published dose estima-
tions are 64.1±18.7 cGy/GBq (Bayouth et al. 1994), 
1,514±261 Gy/MBq (Eary et al. 1993), 1.86 mGy/MBq 
(Heggie 1991), 1.03 mGy/MBq ( Logan et al. 1987) 
and 1.54 mGy/MBq by the package insert. Even if 
rapid plasma clearance makes the red marrow dose 
from activity in the blood negligible, actual mar-
row irradiation is probably not measurable in the 
individual patient because of: unknown partition of 
radioactivity between trabecular and cortical bone, 

Fig. 21.1a,b. Extensive skeletal disease in breast cancer patient with multiple focal uptakes and a superscan pattern. 99mTc-
MDP image (a) and 153Sm-EDTMP image (b)

a b
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heterogeneity of the activity within a given bone and 
heterogeneity of red marrow distribution. Whatever 
estimation of the red marrow dose is made, the ac-
tual biological response will also be critically de-
pendent on marrow reserve of the single patient. 
Again from the package insert for an injected dose 
of 2,590 MBq in a 70-kg patient, radiation doses are 
reported as follows: red marrow: 4 Gy; bladder wall: 
2.5 Gy; effective dose: 796 mSv; metastases: 86.5 Gy. 
For practical purposes, it is strongly suggested that 
empirical guidelines are used limiting injected dose 
to 37 MBq/kg after proper evaluation of platelet and 
white cells counts. Anticipating up to about a 50% 
drop, the former should be > 00×109/l and the lat-
ter >3.5×109/l; recent chemotherapy, external beam 
radiotherapy and in general actual trends in hema-
tological counts also have to be taken into account. 

21.2 
Clinical Applications in Breast Carcinoma

Available literature reporting clinical applications 
of 153Sm-EDTMP for bone pain palliation in breast 
cancer is less extensive than that regarding prostate 
cancer, and anyway many results of breast cancer 
have to be extrapolated from studies evaluating 
different tumors. Approximately only 5%–10% of 
patients reported in clinical trials on radiopharma-
ceutical treatment for bone metastases had meta-
static breast cancer versus 80%–90% of patients with 
metastatic hormone-refractory prostate cancer. To 
date, there is only one study performed specifi cally 
on breast cancer, but it is of limited value as it is 
written in Chinese (Wu et al. 2003). A summary 
of the published 153Sm-EDTMP clinical studies in-
cluding evaluation of breast cancer is reported in 
Table 21.2. 

21.2.1 
Early Phase I/II Trials

Several early phase I and II studies were performed 
between the late 1980s and 1990s to evaluate the 
safety and effectiveness of 153Sm-EDTMP used at 
doses ranging from 10.36 to 111 MBq/kg (Turner et 
al. 1989; Farhanghi et al. 1992; Collins et al. 1993). 
The fi rst clinical reports of effi cacy in breast cancer 
were two phase I studies of Turner et al., both pub-

lished in 1989 and partially overlapping (Turner et 
al. 1989a; Turner et al. 1989b). In these studies, us-
ing an individual dosimetric approach to provide 
an estimated red marrow exposure from 100 cGy 
to 280 cGy, a 75–85% response rate was observed 
in breast cancer with a similar response to retreat-
ments. The dose-limiting toxicity was delayed 
thrombocytopenia: the maximum tolerated marrow 
dose was 280 cGy, corresponding to an administered 
activity of 24.42–31.08 MBq/kg. No evidence of a 
dose-response relationship was identifi ed. The same 
authors further confi rmed these preliminary effi -
cacy data in a phase II study where the administered 
activity of 153Sm-EDTMP was determined fi xing the 
radiation adsorbed dose to bone marrow at 2 Gy 
(Turner and Claringbold 1991). This study reported 
also repeated treatment with the aim of prolonging 
the duration of pain control. Both the median dura-
tion of pain control and survival were substantially 
greater in the re-treated group (24 weeks vs. 8 weeks, 
and 9 months vs. 4 months, respectively), while ad-
ditional toxicity in the re-treated patients was con-
fi ned to anemia, which required blood transfusion 
in 60% of cases. Another phase I/II study (Alberts 
et al. 1997) focused on the evaluation of effi cacy and 
toxicity of multiple escalating doses from 27.75- to 
111 MBq/kg, again concluding that there is no evi-
dence of a clear dose-response relationship for pain 
control, tumor response and survival, while toxicity 
increased using higher doses of 153Sm-EDTMP. Mul-
tiple doses can be given with acceptable toxicity and 
pain control even if duration of pain control in this 
study resulted in being shorter for subsequent doses 
(31–35 days in subsequent treatments vs. 56 days in 
the fi rst treatment).

In conclusion, these preliminary studies, aimed 
primarily to evaluate the toxicity and the feasibil-
ity of the therapy with 153Sm-EDTMP, have shown 
that doses in the range of 10.36–111 MBq/kg pro-
vide rapid pain relief in a majority of patients with 
breast cancer (Turner et al. 1989a,b; Turner and 
Claringbold 1991; Alberts et al. 1997; Ahonen et al. 
1994). These trials, unfortunately involving a very 
small number of patients with breast cancer (up to 
a maximum of 15 patients), substantially confi rm 
the results observed in prostate cancer patients 
and other tumors (Farhanghi et al. 1992; Collins 
et al. 1993). The cumulative evidence observed in 
these early studies can be so summarized: there is 
no difference in the overall degree of pain pallia-
tion at doses ranging from 37 to 111 MBq/kg, while 
myelotoxicity is clearly dose-dependent; repeated 
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The self-patient evaluation was obtained by a 
pain diary that each patient completed daily speci-
fying several variables: (1) a multi-site pain inten-
sity (rated with the system of the visual analog scale, 
VAS); (2) the daily analgesic use, subsequently con-
verted to oral morphine equivalent dose; (3) sleep 
characteristics; (4)– fi ve-point level of discomfort; 
(5) a weekly statement on the help of a study drug to 
decrease pain. Finally, to obtain a meaningful over-
all score, the area under the curve (AUPC) scores for 
each 7-day period were computed moving from the 
transformed daily overall scores obtained according 
the method of Donaldson (1992). The PGA was based 
on patients’ overall conditions (including pain, dis-
comfort and daily activities) evaluated by unblinded 
(Resche et al. 1997) or blinded (Serafi ni et al. 1998) 
investigators and was rated as six categories: much 
worse, worse, no change, better, much better or com-
pletely better. The overall agreement between these 
two pain assessment methods was attested by the 
signifi cance (P<0.005) of the correlation coeffi cients 
(r>0.402) in the Serafi ni study. The results of these 
two studies can be so summarized:

Effi cacy: Effi cacy was generally evident with 
both doses in all patients; a clear superiority of 
the effect for the higher dose of 37 MBq/kg was 
confi rmed in both studies (a higher percent-
age of patients presenting a marked or complete 
response and with their response lasting up to 
16 weeks) (Serafi ni et al. 1998). The 37 MBq/kg 
dose of 153Sm-EDTMP also showed statistically 
signifi cant improvements over placebo in both 
patient self-evaluations (AUPC-VAS) and phy-
sician rate (PGA) effi cacy measures at each of 
the fi rst 4-week periods after administration. In 
contrast, no consistent signifi cant improvement 
over placebo occurred in patients treated with 
18.5 MBq/kg (Serafi ni et al. 1998). Interestingly 
enough, dose-related response was apparently 
higher in breast cancer than other tumors. Breast 
cancer treated with 37 MBq/kg had thus the most 
noticeable improvement. In the Resche study 40% 
of breast cancer treated with 18.5 MBq/kg and 80% 
of those treated with 37 MBq/kg were considered 
responders by the PGA evaluation, while in the 
overall population the corresponding responder 
fractions were 55% and 70%, respectively. This 
difference was further confi rmed by AUPC results 
at 4 weeks. In fact, the decrease of AUPC from 
baseline scores was larger with 37 MBq/kg than 
with 18.5 MBq/kg in all patients, but the differ-
ence between doses was greater for females and 

�

treatments are feasible and safe provided that the 
retreatment is deferred until full hemathological 
recovery from the initial treatment has occurred. 
Experimental evidence showed the optimum 
therapeutic dose range for 153Sm-EDTMP to be 
from 18.5–27.75 MBq to 37 MBq/kg (Holmes 1993). 
Therefore, subsequent studies were designed as 
dose-controlled clinical trials employing only 18.5 
and 37 MBq/kg doses in larger series of patients to 
assess the comparative effi cacy and safety of these 
doses in patients with bone metastases from a vari-
ety of primary tumors.

21.2.2 
Controlled Clinical Studies

To date only three controlled multicenter clinical 
studies assessing the effi cacy of 153Sm-EDTMP in 
breast cancer have been published in the current 
literature (Resche et al. 1997; Serafi ni et al. 1998; 
Tian et al. 1999). These pivotal studies have been 
conducted in North America, Europe and Asia and 
included a variety of tumors among which breast 
cancer represented only a small sample: a total of 
61 patients out of 337 patients. 

The fi rst study, called BA-108, is a multicenter 
single-blind dose-controlled randomized trial (Re-
sche et al. 1997). In this trial 114 patients with dif-
ferent tumors were randomized to receive either 
18.5 MBq/kg or 37 MBq/kg 153Sm-EDTMP. Among 
this cohort of patients, 36 were breast cancers and 
were randomized as follows: 16 patients received 
the lower dose and 20 patients the higher dose. The 
second study, called BA-106/110, is a multicenter 
double-blind placebo-controlled trial in which 
118 patients with painful metastases from a vari-
ety of tumors were randomized to receive either 
placebo, 18.5 MBq/kg or 37 MBq/kg 153Sm-EDTMP 
(Serafi ni et al. 1998). In particular, considering only 
breast cancer (n=21) four patients received placebo, 
11 patients 18.5 MBq/kg and 6 patients 37 MBq/kg 
153Sm-EDTMP. These two studies can be easily com-
pared because they used the same criteria for data 
collections and analysis, and all the study proce-
dures were designed in similar manner. Both evalu-
ated effi cacy, safety and excretion of the radionu-
clide during the 16 weeks after the treatment. The 
methodology used to assess 153Sm-EDTMP effi cacy 
included a double system of pain palliation check: 
a self- patient evaluation and a physician global as-
sessment (PGA).
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particularly for females with breast cancer than 
for males and males with prostate cancer. This 
trend was confi rmed also by the results of Serafi -
ni’s study (Serafi ni et al. 1998).
Survival: The survival of breast cancer patients 
who had received 37 MBq/kg was longer than that 
of patients receiving 18.5 MBq/kg.
Safety: A predictable level of dose-related mar-
row suppression was the only toxicity associated 
with 153Sm-EDTMP. Platelet and white blood cells 
counts are reduced by approximately 40–50% from 
baseline with nadirs at 3 to 5 weeks and recovery 
in 8 weeks. Grade III-IV mielotoxicity was 10–15%. 
Breast cancer patients presented generally lower 
platelet and white blood cell baseline values, but 
also a lower percentage of higher grades of toxic-
ity than males patients. All these results seem to 
suggest that a 37 MBq/kg dose would be expected 
to work well even in highly pre-treated patients 
such as breast cancer patients.

The third study is a multicenter single-blind dose-
controlled trial organized in China as a part of an in-
ternational coordinated research project sponsored 
by the International Atomic Energy Agency (Tian et 
al. 1999): 105 patients with a variety of tumors were 
randomized to receive 18.5 MBq/kg or 37 MBq/kg 
153Sm-EDTMP. In particular, breast cancer (n=14) 
received 18.5 MBq/kg (n=6) or 37 MBq/kg (n=8). 
The protocol of this study was similar to protocols 
employed by the two mentioned controlled studies, 
but the evaluation of therapy effi cacy was based on 
a new measurement system defi ned “sum of the ef-
fect product” (SEP). In this study both the response 
to 153Sm-EDTMP and the toxicity were suggested to 
be independent of the dose. Also, no statistically sig-
nifi cant differences were observed between SEPs in 
different primary tumors. 

In the last years several minor uncontrolled stud-
ies have also been published, often in languages other 
than English (Wu et al. 2003; Li et al. 2002; Dolezal 
et al. 2003) confi rming the effi cacy and safety of the 
treatment both with individually calculated and 
standard fi xed doses of 153Sm-EDTMP.

21.2.3 
Personal Experience

In the period from January 2000 until December 
2005 we performed in our Institute over 110 treat-
ments in 80 patients with painful bone metastases 

�

�

from different tumors: the primary histologically 
proven malignancy was breast cancer (20 patients), 
prostate cancer (46 patients) and other tumors (14 
patients) (Maini et al. 2003). Seventy-fi ve patients re-
ceived a fi xed dose of 37 MB/kg 153Sm-EDTMP once, 
and 18 patients (4 breast cancers and 14 prostate 
cancers) were treated twice. All breast cancers had 
been previously treated by at least three courses of 
chemotherapy and by at least two cycles of bisphos-
phonates; eight patients had been also treated by 
local external beam radiotherapy. A minimum of 
1 month from chemo-radiotherapy and of 15 days 
from bisphosphonate was required before 153Sm-
EDTMP therapy; hormonal therapy was not discon-
tinued. This series of patients was evaluated with 
the same homogeneous and clearly defi ned criteria 
for entry into the treatment and for response evalu-
ation according to the protocols widely validated 
at our Institute (Sciuto et al. 2000, 2001). Clinical 
follow-up was prolonged until patient’s death to 
evaluate long-term effects. Pain relief was evident 
within 2 weeks in 86% of breast cancer patients with 
a mean duration of 18 weeks (range: 9–40 weeks). 
This pattern of response is quite similar to the pat-
tern observed in the other tumors (83% response 
rate with mean duration of pain relief of 16 weeks). 
Neither overall global response rate nor complete 
response rate (6/20 patients, 30%) showed a sig-
nifi cant correlation with any pre-therapy variables, 
while duration of pain relief showed a signifi cant 
positive correlation with the Karnofsky perfor-
mance score (P<0.005) and a negative correlation 
with bone scan score (P<0.005). No patient showed 
any clinically evident acute adverse side effect fol-
lowing radionuclide administration, and only one 
patient experienced a mild increase in pain, i.e., a 
fl are-up response. A good correlation was found 
between the 99mTc-MDP images before therapy and 
the 153Sm images obtained 24 h after therapy. Toxic-
ity was generally mild with a mean decrease from 
baseline values of 25% for platelet and 20% for white 
blood cells counts, respectively, reaching the nadir 
value at 4 weeks. The mean time to recovery after na-
dir was 21 days and did not correlate with previous 
chemotherapy cycles. No breast cancer presented 
severe hematological toxicity (grade III–IV accord-
ing to WHO criteria), which is at variance with the 
severe and quite persistent myelotoxicity observed 
in 12/46 (26%) prostate cancer patients. The four 
breast cancer patients who received two treatment 
cycles presented a similar response and toxicity as 
after the fi rst treatment. 
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22.3 
Conclusions

153Sm-EDTMP radioisotope therapy for breast can-
cer bone metastases is indeed effective, but clini-
cal experience is still limited, and many issues still 
remain unresolved. To date, fewer than 250 breast 
cancer patients treated are partially evaluable in the 
11 published clinical trial compared with 730 pa-
tients enrolled in the same studies. This low per-
centage observed with 153Sm-EDTMP (34%) refl ects 
the general limited availability of clinical databases 
concerning all radioionuclide treatments in bone 
metastases from breast cancer as previously reported 
also for 89Sr and 186Re-HEDP (Sciuto et al. 2001). 
Additionally, the relatively short follow-up (up to 
16 weeks only in controlled studies), the small num-
ber of patients completing the study (only 30% and 
48% in Serafi ni’s and Resche’s studies, respectively) 
and the overall limited number of patients evaluable 
for effi cacy limit the validity of generalization of 
the reported results. Also, survival or bone progres-
sion issues have never been specifi cally addressed in 
breast cancer. All these criticisms could determine 
the lower priority assigned to radionuclide treat-
ments in oncological algorithms for treatment of 
breast cancer bone metastases. 

An intriguing result showed by available data is 
the more pronounced dose-response relationship 
evidenced in breast cancer in controlled studies. 
Doses tailored for prostate cancer may be not ad-
equate for breast cancer. In fact, pain palliation in 
breast cancer metastases shows peculiar features 
that could be justifi ed by a different biological re-
sponse. The radiation dose delivered to skeletal 
metastases has been demonstrated to be infl uenced 
by bone lesion density (Samaratunga et al. 1995), 
and bone metastases’ microenvironment is differ-
ent from prostate cancer with a prevalence of lytic 
or mixed lesions in breast cancer. Moreover, breast 
cancer radiosensitivity could be higher than prostate 
cancer (Mauch 1993). These issues could suggest the 
need of specifi cally targeted higher dose escalating 
studies in breast cancer to identify the “best dose.” 
Future clinical trial designs in breast cancer have to 
incorporate prospective whole-body and tumor do-
simetry to tailor a patient-specifi c activity in order to 
enhance response rates within predictable toxicity.

A number of possible improvements can be also 
explored to improve disease control and survival 
prolongation in breast cancer using 153Sm-EDTMP 

such as the radio-chemosensitization enhancement 
effect (Sciuto et al. 1996; Sciuto et al. 1998; Sciuto et 
al. 2002; Turner et al. 1992), interaction with cold 
bisphosphonates, earlier treatment/prophylaxis of 
subclinical micrometastes and different schedules 
with higher activities (McCready and O’Sullivan 
2002). A comprehensive and multidisciplinary clini-
cal approach could help to optimize radiopharma-
ceutical therapy for pain palliation in breast cancer 
and increase its awareness among oncologist. 

In conclusion, summarizing the evidence drawn 
from available data on 153Sm-EDTMP treatment in 
breast cancer bone metastases, the state of the art 
can be synthesized as follows: 

A dose of 37 MBq/kg has a better therapeutic ratio 
than 18.5 MBq/kg; 
the mean pain palliation rate after a single treat-
ment of 153Sm-EDTMP in breast cancer is about 
80%, and it is not signifi cantly different from that 
observed in other tumors; 
toxicity is generally mild and transitory and again 
not different from other tumors despite usually 
worse basal hematological baseline function; 
retreatments are effective and safe provided that 
hematological values have fully recovered; 
effi cacy is probably directly correlated to the 
intensity of uptake, while duration of palliation is 
inversely correlated to disease extension as evalu-
ated by 99mTc-MDP bone scan;
more well-designed controlled studies enrolling 
larger series of breast cancer patients are undoubt-
edly needed to fully characterize the role of 153Sm-
EDTMP in the short- and long-term follow-up and 
management of breast cancer.

Evidence-based and cost-effectiveness studies are 
also necessary to identify operative guidelines for 
systemic therapy with different radionuclides used 
alone and in combination with the more traditional 
treatment options.
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ance of useless surgical staging of the axillary lymph 
node status through the use of sentinel node biopsy. 
In addition, adjuvant and preoperative systemic 
therapy has been optimized in terms of drug avail-
ability and activity and refi nement of the criteria for 
administration, thus signifi cantly contributing to 
prolongation of survival in women with early breast 
cancer. The challenge at this time is to defi ne proce-
dures and tools that allow easy characterization of 
the tumor, its aggressiveness and its pattern of sen-
sitivity/resistance to drug therapy, so that treatment 
can be tailored to individual needs rather than to the 
average risk of the average patient. 

The technological development of the diagnostic 
imaging has been impressive in the fi eld of radiology 
and nuclear medicine allowing for the dependable 
detection of small lesions. These tools have gener-
ated new approaches permitting the successful dif-
ferential diagnosis of doubtful lesions and the rapid 
identifi cation of systemic metastases, and are pro-
viding a means for the non-invasive characteriza-
tion of biology of cancer tissue. It is likely that these 
advances will provide further contributions to the 
optimization of therapeutic strategies, considering 
that the metabolic information offered by nuclear 
medicine procedures, combined with the anatomi-
cal data provided by conventional radiological tech-
niques, should fi nd a place in predicting tumor re-
sponse and monitoring the outcome of patients. It 
is diffi cult to formulate conclusive diagnostic guide-
lines for application in the workup of breast cancer, 
since while the role of some examinations, such as 
mammography and US, is well established, that of 
others, such as MRI and PET, is still a matter of in-
vestigations. 

New technical instruments and laboratory tools 
have emerged in recent years that expand the options 
for the study of breast cancer at different stages. Such 
an improved platform requires a departure from 
standard approaches and prompts testing of the in-

Abstract

Substantial progress has been made in the diagnosis 
and treatment of primary and metastatic breast can-
cer in the last 20 years. New technical instruments 
and laboratory tools have emerged in recent years 
that expand the options for the study of breast can-
cer at different stages. Such an improved platform 
requires a departure from standard approaches 
and prompts testing of the innovative tools in the 
workup of women with breast cancer, with the aim 
of investigating at which stage, in the natural history 
of breast cancer, they should be applied to optimize 
clinical management.

It is known that the widespread use of routine 
mammography has led to an increase in the early 
detection of primary breast lesions that signifi cantly 
contributes to the decrease of mortality from breast 
cancer that is now measurable in Europe and North 
America. The dramatic shift in the stage of breast 
cancer at diagnosis has been associated with the 
successful application of less mutilating surgical 
procedures, with the widespread resort to breast-
conserving surgery and, more recently, with avoid-
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novative tools in the workup of women with breast 
cancer, with the aim of investigating at which stage, 
in the natural history of breast cancer, they should 
be applied to optimize clinical management.

Assessment may be simplifi ed by evaluating their 
role: (1) in screening for and in diagnosing of breast 
cancer; (2) for loco-regional staging; (3) for exten-
sive staging and follow-up; (4) for better character-
ization of the tumor; (5) for monitoring/predicting 
patterns of sensitivity or resistance to therapy. 

Clinical observation is the mainstay of evalua-
tion in each phase of the patient’s management, and 
histopathological analysis is the gold standard for 
diagnosis, but laboratory tests, radiological imaging 
and nuclear medicine imaging are assuming a grow-
ing role in the workup of patients with breast cancer 
(Table 22.1). 

22.1 
Screening and Diagnosis of Breast Cancer

Early detection of breast cancer is important to 
improve the prognosis and survival of patients, al-
lowing for the timely identifi cation of lesions at a 
curable stage. So an accurate screening and a correct 
diagnosis represent the most important outcome. 
Imaging in breast cancer has an important role at 
all stages of the disease, from initial screening of the 
women who are unaware they may have the disease, 
to the application in symptomatic women who pres-
ent a lump or other symptoms of breast disease or 
established breast cancer (Elmore et al. 2005; Liang 
et al. 2003; Gotzsche and Nielsen 2006).

Mammography remains the main screening tool 
and the most extensively studied screening modal-
ity that can be associated with clinical breast evalu-
ation and breast self-examination (Gotzsche and 
Nielsen 2006). Many randomized clinical trials show 
that screening mammography reduces breast cancer 
mortality, especially in women aged 50 to 69 years. 
Thus mammography represents the most sensitive 
and specifi c screening test, and it is recommended 
annually for women aged 50 through 70 years. Re-
cent trial results have indicated the possible benefi -
cial effects of screening mammography beginning 
at the age of 40 years (Moss et al. 2006). On the basis 
of these considerations, there is a general consensus 
that women should undergo to periodic test from 
the age of 45 years, every 2 years.

The principal predictors of mammography’s 
accuracy are the breast density and the age of the 
woman. So mammography may be less sensitive 
or not optimal in women with a dense breast or in 
young women at high risk for breast cancer (BRCA1 
and BRCA2 mutation) (Warner et al. 2004). In these 
cases other imaging modalities, such as magnetic 
resonance imaging (RMI) and ultrasound (US), are 
being studied as screening tests. In particular in 
women at high risk for breast cancer many clinical 
trials have reported a higher sensitivity for breast 
RMI than for ultrasound, mammography or both. 
Moreover, MRI can detect otherwise occult breast 
cancer in this subgroup of women (Kuhl et al. 2005; 
Kuhl 2006; Lehman 2006). 

In women with dense breast, ultrasound is usually 
performed as adjuvant of screening mammography 
(Crystal et al. 2003). This imaging test has some lim-
itations as a screening tool because it requires a well-
trained operator and it cannot detect microcalcifi -

Table 22.1. Options for breast cancer imaging 

Study of a breast mass Mammography–digital mammography
Ultrasounds
Magnetic resonance (MRI)
Nuclear medicine imaging :
– Lymphoscintigraphy (with 99mTc-colloids) and sentinel node
– Breast scintigraphy (scintimammography with 99mTc-sestamibi)
– PET or PET/CT with 18F-FD

Study of distant metastases Thorax X-rays
Bone scintigraphy (with 99mTc-phosphonates)
Ultrasounds of upper abdomen 
Computed tomography (CT)
Nuclear medicine imaging
– Bone scintgraphy (with 99mTc-phosphonates) 
– Whole body PET or PET/CT with 18F-FDG
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cations. Therefore, in clinical practice ultrasound 
is better used as a targeted diagnostic examination 
with the purpose of characterizing lesions that are 
palpable or detected by mammography, and of dis-
criminating cystic from solid lesions.

The guidelines for breast cancer screening vary ac-
cording to the age of the women. In women younger 
than 40 years who are symptom-free, no particular 
recommendation exists with respect to the need for 
preventive check-up, except for those women at high 
risk who should be involved in particular programs 
of diagnostic surveillance (RMI and mammogra-
phy) (Lehman et al. 2005). 

In women over 45 years of age, mammography is 
considered the standard screening examination that 
preferentially should be integrated with US, espe-
cially in women with dense breasts. The frequency 
suggested for such procedures is every 1–2 years. In 
this subgroup nuclear medicine techniques (breast 
scintigraphy or positron emission tomography PET) 
could contribute to solving some diagnostic prob-
lems unsolved with other radiological modalities 
(mammography or US).

The identifi cation of new breast symptoms or a 
suspicious mass requires a timely clinical examina-
tion by a well-trained physician, a careful examina-
tion of the patient’s history including the evaluation 
of risk factors, and an adequate diagnostic assess-
ment (Hackshaw and Paul 2003; Cuzick 2003; Kolb 
et al. 2002).

Mammography represents the principal diagnos-
tic examination, and its limitation can be overcome 
by combining it with RMI and US (Leconte et al. 
2003; Bedrosian et al. 2003; Kuhl et al. 2005). In this 
area, nuclear medicine imaging (breast scintigraphy 
or PET) can provide additional information on the 
presence of hyper-metabolic lesions (Liberman et al. 
2003; McDonough et al. 2004; Czernin 2002). 

The diagnostic procedures suggested for the as-
sessment of breast cancer vary according to age and 
symptoms (Mehta 2003; Prats et al. 2001; Adler et al. 
2003; De Gery et al. 2003). In women with symptoms 
and younger than 40 years of age, after a clinical ex-
amination, US and fi ne needle aspiration (FNA) are 
usually adequate to rule out or confi rm malignancy 
(Hall 2003). 

If clinical doubt about the nature of the breast le-
sion remains, the diagnostic workup should continue 
with RMI and mammography or other nuclear med-
icine tests. Here again, MRI and nuclear medicine 
approaches can supply additional and discriminat-
ing information. Several studies have demonstrated 

the potential of MRI in the detection of multicentric 
and multifocal disease not seen at mammography 
and the capacity to map the extension of the tumor 
(Schnall et al. 2006; Irwing et al 2004). Furthermore, 
MRI can better identify ductal carcinoma in situ 
(DCIS), particularly in a dense breast, and allows for 
dependably evaluating the breast tissue after prior 
radiation or surgery. 

For the detection of primary breast cancer, the 
role of PET with 18F-fl uoro-2-deoxy-D-glucose 
(FDG-PET) does not appear comparable with the 
standard imaging. In particular several studies 
showed that the sensitivity of PET for primary breast 
cancer was modest especially for detecting small 
tumors (<0.6 cm), well-differentiating histological 
subtype (tubular carcinoma and DCIS) and lobular 
carcinoma (Schoder et al. 2007). In the same way 
scintimammography with 99mTc sestamibi, after a 
large clinical evaluation, did not show a suffi cient 
diagnostic sensitivity to be proposed as the test of 
fi rst choice to study a breast mass. Some dedicated 
gamma cameras for breast imaging are under study, 
but until now this modality did not enter the clini-
cal routine.

The results of imaging procedures are key in de-
termining whether further tests such as biopsy are 
needed. Histological assessment is always suggested 
whenever doubtful fi nding or elements of suspicion 
persist in order to confi rm the malignancy and to 
characterize the tumor’s biology. Whether this will 
involve cytological examination of FNA or histo-
logical investigation of core biopsy (CB) depends on 
a combination of factors such as the type and size 
of the lesion, local expertise and operator’s choice 
(Liberman 2000). Guidelines usually recommend 
FNA for nodules smaller than 1 cm, and core biopsy 
in all other cases whenever possible. In case of an 
impalpable lesion identifi ed by radiological tests or 
lesions requiring more accurate sampling, the use of 
image-guided biopsy is recommended.

22.2 
Loco-Regional Staging

Staging after the diagnosis of breast cancer is obliga-
tory. At a loco- regional level, axillary lymph node 
involvement is still considered the single most im-
portant factor associated with prognosis and treat-
ment selection. Current practice requires that all 
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women with invasive breast cancer undergo a stag-
ing of axillary nodal status. Considering the large 
proportion of women with early breast cancer with-
out nodal metastasis, the role of routine axillary 
lymph node dissection (ALND) has been challenged. 
In the last 10 years, a new surgical technique, the 
sentinel lymph node biopsy (SLNBB) has progres-
sively gained the role of a minimally invasive and 
dependable procedure for staging axillary lymph 
node status in women with early breast cancer. This 
conservative surgical approach has a high level of 
accuracy in the identifi cation of axillary lymph node 
involvement that allows the selection of patients who 
will be candidates for ALND. Moreover, SLNBB bi-
opsy is associated with a lower risk of morbidity 
than full axillary dissection (lymphedema, sensory 
arm changes and wound complication) (Silberman 
et al. 2004). After adequate learning and with the 
appropriate experience, SLNBB biopsy has such a re-
liable negative predictive value that it allows sparing 
full axillary dissection in most cases with negative 
fi ndings (Jakub et al. 2003; Veronesi et al. 2006b).

The imaging approach also has been used to per-
form the loco regional staging. Particularly FDG-
PET has been proposed as an adequate radiological 
tool for the study of the axillary lymph node status 
(Schwarz et al. 2005). Different clinical trials reached 
confl icting conclusions as to the reliability of this 
imaging approach because the diagnostic sensitiv-
ity ranged from 60 to over 90%. Some authors re-
ported data almost as good as those expected from 
SLNB biopsy when performed by a well-trained sur-
geon in a well-equipped hospital (Greco et al. 2001; 
Smith et al. 1998; Kuehn et al. 2004; Veronesi et al. 
2006a). There is no doubt that the added value of 
PET consists of the possibility of also imaging su-
praclavicular or internal mammary lymph node re-
gions. In addition PET is a non-invasive technique 
that concomitantly allows staging of the entire body 
with high sensitivity. The hybrid systems PET/CT 
combining the detection of metabolic imaging (PET) 
and morphological imaging (CT) are under evalua-
tion. Some very recent clinical evidence on the use-
fulness of PET in loco-regional staging concluded 
that on the basis of the good specifi city of PET and 
its high positive predictive value, this test should 
not be considered as an alternative diagnostic tool 
instead of SLNB, but in patients with clinically nega-
tive axilla can select cases eligible for ALND (those 
with FDG positive axillary uptake) from those who 
should go previously to SLNB (those with FDG nega-
tive axillary uptake).

These considerations justify the investigation 
of PET for axillary staging in women with breast 
cancer. Where PET is not available, single-photon 
emission computed tomography (SPECT) could be 
a valid alternative. SPECT, especially if performed 
with special collimators and according to ad hoc 
protocols, can provide better anatomical informa-
tion of the breast than planar scintigraphy and re-
sults in more accurate detection of axillary lymph 
nodes (Spanu et al. 2001; Mankoff et al. 2006). 

Finally, MRI is the focus of great interest for loco-
regional staging. Final conclusions and recommenda-
tions were not as yet reached about its use as a routine 
test. However, a growing body of evidence suggests 
the value of MRI prior to breast-conserving surgical 
intervention (Walter et al. 2003). MRI is indeed ca-
pable of defi ning the size and the number of lesions 
and of assessing the possible presence of multifocal 
and multi-centric disease and of controlateral lesions 
that may escape over standard imaging approaches.

22.3 
Systemic Staging

The clinical evaluation of breast cancer and the sys-
temic staging are necessary in order to defi ne the 
disease clinical stage and consequently the correct 
approach, surgery or systemic treatment for primary 
breast cancer or metastatic disease.

Systemic staging usually requires a set of differ-
ent imaging strategies than those applied to loco-re-
gional staging. Currently, it is performed using chest 
X-ray, bone scintigraphy with phosphonates and 
liver US or abdominal CT (Newman and Sabel 2003; 
Kubota et al. 2003). CT may be preferred, especially 
in those patients who are considered for clinical 
trials. The other radiological exams (PET, PET/CT, 
RMI) may be used to better evaluate a doubtful le-
sion detected by conventional imaging. 

The utility of systemic staging for women with 
small tumors without clinical evidence of axillary 
involvement and in the absence of symptoms is not 
universally considered worth the cost of performing 
such examinations. For this reason it does not appear 
in the recommendations found in many guidelines 
developed by scientifi c societies in Europe (Mille et 
al. 2000; Williams 1994). 

In particular the value of bone scintigraphy in de-
tecting bone metastasis has been challenged, and the 
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conclusions from different study groups are contro-
versial. There is general agreement that the applica-
tion of the above diagnostic approaches at baseline 
depends on the individual risk of developing meta-
static spread, which is related to several prognostic 
factors, including clinical stage.

The availability of new prognostic tools based 
on the molecular characterization of the tumor will 
eventually lead to a better defi nition of risk and a 
more refi ned set of criteria for the application of in-
strumental systemic staging.

22.4 
Breast Cancer Follow-up

The optimal strategy for planning follow-up of 
breast cancer patients is also the subject of diverg-
ing opinions (Emens and Davidson 2003; Collins 
et al. 2004). The main goals of follow up are: (1) 
early diagnosis of metastases, (2) diagnosis of loco 
regional relapse and (3) diagnosis of controlateral 
breast cancer.

The measure of the impact of any successful strat-
egy should consist in the improvement of overall 
survival, disease-free survival or in the achievement 
of measurable changes in quality of life. There is no 
clear evidence that the early diagnosis of metastases 
affects survival, although the early identifi cation of 
solitary metastases has recently been proposed as a 
means to increase the proportion of metastatic pa-
tients (almost 10%) who are potentially curable with 
multimodality approaches including surgery, irra-
diation and drugs (Hortobagyi 2002).

Similarly, the early diagnosis of local relapse does 
not affect mortality, although this conclusion is in 
contrast with fi ndings suggesting that better loco-
regional control with irradiation after mastectomy 
may infl uence survival, and with claims that ipsilat-
eral breast cancer recurrence may adversely affect 
long-term outcome after breast-conserving pro-
cedures (Mamounas 2001). In such a controversial 
scenario, early detection of metastases and accurate 
restaging of recurrent breast cancer are clearly im-
portant for the selection of the most appropriate 
treatment and for early identifi cation of patients 
with limited disease who could benefi t from the 
multiple treatments with curative intent.

Different consensus conferences have proposed 
specifi c guidelines for the follow-up of breast can-

cer patients, and the American Society of Clinical 
Oncology (ASCO) published a recent update in 2006 
(Khatcheressian et al. 2006). The recommendations 
have been based on balancing the potential benefi ts 
for the health of patients against the psychological 
stress of undergoing serial assessments and the cost 
of the diagnostic procedures. 

Careful history and physical examination are 
considered the fi rst modality for a correct follow-
up that should be repeated every 3 to 6 months for 
the fi rst 3 years after primary therapy and every 
6 months for the next 2 years, and then annually. 
Every physician should research signs or symptoms 
related to local or distant recurrence such as new 
lumps, bone pain, chest pain, dyspnea or abdominal 
pain considering that more than half of breast can-
cer recurrence is symptomatic. 

During the follow-up, mammography is consid-
ered the only relevant radiological examination for 
the detection of recurrence in the residual breast for 
patients who underwent breast-conserving surgery, 
and in the controlateral breast (Grunfeld et al. 2002). 
It is recommended alone or, when necessary, in com-
bination with US every year. All other laboratory, ra-
diological and nuclear medicine tests should not be 
carried out in patients without symptoms and/or at 
low risk of metastatic tumor spread. Therefore, they 
are not recommended for the routine breast cancer 
follow-up.

The ASCO guidelines summarized above propose 
a minimalist breast cancer surveillance with physi-
cal examination and mammography, taking into ac-
count the results of clinical trials mostly published 
before 1998 as retrospective studies that showed no 
signifi cant survival advantage between intensive 
(conventional radiological exams and chemistry 
panel) and routine follow-up (physical examina-
tion and mammography) (Joseph et al. 1998; Palli 
et al. 1999).  Concurrently the authors underlined 
the need to conduct new prospective clinical trials 
in order to evaluate the main role of new radiologi-
cal imaging modalities such as CT, RMI and nuclear 
medicine tests (PET and PET-CT) in the follow-up 
of breast cancer.

In the current clinical practice the approach ad-
opted as fi rst choice for the surveillance consists in 
the performance of abdominal US for hepatic in-
volvement, thoracic X-rays for lung spread and bone 
scintigraphy for skeletal metastases, while other in-
strumental exams, such has CT, MRI and PET, are 
not considered for routine use. Such examinations 
should always be taken into account to help in solving 
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diagnostic uncertainties originating from conven-
tional imaging and may be of value when included 
in the follow-up during clinical trials. The advan-
tage of PET over conventional imaging is the ability 
to provide functional and metabolic features of the 
tumor. Such a limitation in spatial localization has 
been overcome by integrating the PET and CT sys-
tems (PET/CT), thus allowing collecting at the same 
time topographical and metabolic information’s of 
lesions (Fueger et al. 2005). FDG-PET and/or FDG-
PET/CT have really increased and evolved their role 
in all stages of the disease for staging purposes, for 
monitoring response to therapy and for defi ning the 
loco-regional and distant recurrence both in the 
clinical practice and in research setting (Esserman 
2005; Weir et al. 2005).

So PET is today considered a powerful technique 
capable of exploring the whole body and has great 
potential for staging the tumor with a single proce-
dure detecting both the primary tumor and axillary 
lymph node involvement and providing the presence 
of distant metastases (Isasi et al. 2005). Many clini-
cal studies have shown that FDG-PET is often supe-
rior to conventional imaging modalities in localizing 
tumor lesions and in the evaluation of anatomical 
regions that have been previously treated by radia-
tion or surgery and which could be problematic in 
the discrimination between tumour relapse and scar 
tissue (Bombarieri and Crippa 2002). In this case, 
the variability of tumor cells results in active uptake 
of radiopharmaceuticals, and therefore the scan de-
picts positive foci, while tissues with low metabolism 
or dying cells produce a faint or negative uptake

It is well known that PET is reliable in assessing 
soft tissue and visceral lesions (liver, lung, distant 
lymph nodes), whereas also providing information 
on possible bone metastases (Lind et al. 2004).

There is evidence in the literature that FDG-PET 
detects more osteolytic lesions than bone scan, al-
though bone scan is more sensitive than PET for im-
aging of osteoblastic lesions. Studies comparing the 
two methods have shown a high level of concordance 
and a minor number of discordant fi ndings (Peterson 
et al. 2003; Nakamoto et al. 2003; Quon and Gambhir 
2005). The difference between the bone scintigraphy 
and FDG-PET in detecting skeletal metastases is ob-
viously related to the different mechanisms of scin-
tigraphy detection. Bone scintigraphy visualizes the 
osteoblastic response to bone destruction by cancer 
cells, while FDG-PET visualizes metabolic activity of 
the tumor cells. Both processes are important, and 
the two techniques could theoretically be combined 

in view of the complementary information that they 
provide. Nevertheless, the real plus of FDG-PET is a 
high effi cacy in evaluating soft tissue and visceral 
lesions (liver, lung, distant lymph nodes) and in de-
tecting tumor recurrence from scar tissue due to ra-
diation or surgery. 

With the limitation we have highlighted for bone 
detection, FDG-PET therefore provides a single in-
strumental examination allowing complete tumor 
staging and re-staging and having the capability to 
detect metastases, which would have been missed or 
incorrectly diagnosed by CT, US, MRI or bone scin-
tigraphy.

The future role of whole body PET or PET-CT as a 
tool for comprehensive assessment of disease status 
in breast cancer at different times during the course 
of the disease will depend to a large extent on its 
availability, as costs will likely decrease. The exami-
nation may offer a rapid, non-invasive, sensitive and 
whole body approach to confi rmed metastases when 
they are suspected on the basis either symptoms or 
progressive increase in serum tumor markers in an 
otherwise healthy and well patient during follow-
up.

22.5 
Tumor Characterization

In the past few years there has been a growing body 
of evidence indicating the possible advantage deriv-
ing from appropriate molecular characterization of 
breast cancer (Hanahan and Weinberg 2000). Much 
is expected from new tools allowing for the most re-
fi ned characterization of gene expression in parallel 
with a potentially even more informative defi nition 
of patterns of protein function abnormalities associ-
ated with the tumor.

Overall these new molecular tools will likely 
contribute to a new classifi cation of breast cancer, 
to the redefi nition of prognosis and eventually to 
the a priori prediction of sensitivity or resistance to 
commonly prescribed drug therapies. Conventional 
laboratory and pathology tests have already con-
tributed to a signifi cant revision of many aspects of 
breast tumor characterization. In the last years, the 
imaging technique has demonstrated that it can play 
an increasingly important role also in this setting. 

The information provided by MRI is based on 
contrast enhancement dynamics after the adminis-
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tration of paramagnetic contrast medium. The en-
hancement is closely related to the volume and the 
permeability of the vessels, and to the width of the 
interstitial space.

US is also able to characterize some biological as-
pects because the imaging does not depend only on 
morphology and structure, but also on the vascu-
larization and the peri-lesional reaction. The use of 
color power Doppler and new bubble contrast agents 
provide additional information on the vascular fl ow 
(Tuncbilek et al. 2003; Maidment 2003). 

Nuclear medicine imaging is based on the me-
tabolism of the tumor, so it may have special ap-
plication in the study of the biological factors that 
infl uence prognosis. The radiopharmaceuticals 
mainly used for breast scintigraphy are lipophilic 
cations such as 99mTc-sestamibi or 99mTc-tetrafos-
min. The tumor’s accumulation of these traces de-
pends on specifi c mechanisms. The uptake of these 
cations is inversely correlated with the expression 
of the P-glycoprotein (Pgp), which is encoded by 
the multi-drug resistance gene (MDR-1) ( Moretti et 
al. 1996; Kostakoglu et al. 1997). Investigation has 
indicated that tumors with high uptake tend to re-
spond better to specifi c pharmacological therapies. 
It is also of interest that dynamic acquisitions in 
untreated breast cancer patients after injection of 
99mTc-sestamibi have demonstrated that the tumor 
release of the radiopharmaceutical seems directly 
correlated with the concentration of Pgp measured 
in the biopsy specimen. Such functional tests could 
be applied to differentiate between tumor pheno-
types that are resistant to chemotherapy and those 
that are sensitive to it (Del Vecchio et al. 1997; 
Ciarmiello et al. 1998). 

PET particularly is indicated for the study of the 
biological aggressiveness of the neoplastic tissue, 
especially if intense cellular proliferation is present 
with an associated increase in metabolic require-
ments. It should be remembered that radiopharma-
ceuticals labeled with positron emitters allow for the 
evaluation of a series of different biological param-
eters: glucose and protein metabolism, oxygen per-
fusion and/or consumption, persistence of integral 
blood brain barrier, proliferate activity and synthe-
sis of cell structures (Avril et al. 1999).

Established and validated radiopharmaceuticals 
are now available to explore various metabolic path-
ways of the cancer cell, such as amino acid uptake 
and metabolism (11C-methionine, 11C-aminoisobu-
tyric acid), membrane synthesis (11C-choline, 18F-
fl uoro-choline), nucleic acid synthesis (11C-thymi-

dine), dopamine synthesis (18F-fl uorodopa), cancer 
cell hypoxia (11C-fl uoromisonidazole) and hormone 
receptor expression (18F-16α-fl uorestradiol) ( Linden 
et al. 2006; Aboagye and Price 2003).  Furthermore 
these new tracers could allow the monitoring of dif-
ferent biological tumor processes, such as cell prolif-
eration, apoptosis and neoagiogenesis, or the assess-
ment of therapeutic target expression as estrogen 
receptor or HER2 receptor. 

The clinical experience of PET in oncology is pri-
marily based on FDG for glucose metabolism and 
on 11C-methionine for amino acid uptake. PET al-
locations in metabolic studies require measurement 
of the uptake radiopharmaceutical in the tumor 
with semi-quantitative or quantitative approaches 
( Crippa et al. 1998; Maisey 2002). The correlation 
between FDG uptake and tumor histology, micro-
scopic tumor growth patterns and tumor cell pro-
liferation is constant probably because metabolic 
changes after malignant transformation depend on 
so many and complex interactions between the cel-
lular energy requirements and the peri-tumoral mi-
croenvironment. The lack of correlation may in part 
explain why published results are heterogeneous and 
discordant. However, all studies show very clearly 
that FDG-PET can provide important information 
in vivo that could have prognostic interest and that 
fi ndings can sometimes be correlated with overall 
survival and disease-free survival. The promise is 
there, but for the time being the application of PET 
is still investigational and cannot be recommended 
outside a research project.

22.6 
Monitoring Response

Tumor response can be revealed measuring mor-
phological changes by means of radiological imag-
ing such as X-ray, MRI, CT and other techniques 
(Knopp et al. 2003; Pondero et al. 2004; Morakka-
bati et al. 2003).  The decrease in tumor size is cur-
rently the common way to evaluate the response to 
therapy in solid tumors according to the RECIST 
criteria. 

The use of morphological and metabolic imaging 
has revealed the possibility to provide an early and 
more accurate assessment of response than changes 
in tumor size associated with additional and rele-
vant information about tumor biology. 
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It is well known that metabolic tumor response 
to therapy always precedes the dimensional changes 
measurable with standard imaging. This is because 
the effects of anticancer treatment primarily infl u-
ence the tumor metabolism, which only in a second 
time is followed by a decrease in tumor mass. This 
information has relevance in measuring early re-
sponse of the tumor in order to predict the degree of 
clinical response. 

PET has demonstrated an early reduction in tis-
sue uptake of FDG in the course of treatment after 
the fi rst cycles of therapy that correlates with the 
response to treatment and to a subsequent morpho-
logical decrease in tumor diameter (Shelling et al. 
2000). On the other hand, unchanged or enhanced 
FDG uptake indicates tumor progression or resis-
tance to the delivered therapy. 

The early assessment of response or resistance 
has immediate application not only in the meta-
static setting, but also in women with operable 
breast cancer who are undergoing primary sys-
temic treatment before surgery (Mariani et al. 
1999; Schwarz et al. 2005; Biersack et al. 2004).  In 
the neoadjuvant setting, PET could be applied to 
identify those patients in whom pathological tu-
mor eradication will eventually be achieved (Smith 
et al. 2000; Rousseau et al. 2006).  It has already 
been reported that response on PET represents an 
independent variable associated with the likeli-
hood of favorable long-term outcome in terms of 
disease-free and overall survival ( Krak et al. 2003; 
Donckier et al. 2003; Inoue et al. 2004).  

Future application of PET and PET/CT using new 
tracers in addition to FDG could allow a better char-
acterization of tumor biology and a better evaluation 
of response to therapy in all the stages of the disease.

22.7 
Conclusions

Substantial progress has been made in the diagno-
sis and treatment of primary and metastatic breast 
cancer in the last 20 years. The widespread use of 
routine mammography has led to an increase in the 
early detection of primary breast lesions that sig-
nifi cantly contributes to the decrease of mortality 
from breast cancer that is now measurable in Europe 
and North America. The dramatic shift in the stage 
of breast cancer at diagnosis has been associated 

with the successful application of less mutilating 
surgical procedures, with the widespread resort to 
breast-conserving surgery and, more recently, with 
avoidance of useless surgical staging of the axil-
lary lymph node status through the use of sentinel 
node biopsy. In addition, adjuvant and preoperative 
systemic therapy has been optimized in terms of 
drug availability and activity and refi nement of the 
criteria for administration, thus signifi cantly con-
tributing to prolongation of survival in women with 
early breast cancer. The challenge at this time is to 
defi ne procedures and tools that allow easy charac-
terization of the tumor, its aggressiveness and its 
pattern of sensitivity/resistance to drug therapy, so 
that treatment can be tailored to individual needs 
rather than to the average risk of the average patient. 
Such a challenge can today be met.

The technological development of imaging tools 
has been impressive in the fi eld of diagnostic radiol-
ogy and nuclear medicine allowing for the depend-
able detection of small lesions. These tools have 
generated new approaches permitting the success-
ful differential diagnosis of doubtful lesions and the 
rapid identifi cation of systemic metastases, and are 
providing a means for the non-invasive character-
ization of the biology of cancer tissue. 

Several proposals for a diagnostic workup in 
breast cancer patients have been examined on the 
occasion of many interdisciplinary meetings, where 
the positions of different diagnostic modalities have 
been discussed and defi ned at the different steps of 
patient management. These indications can be con-
sidered only as possible choices that of course can 
change over time according to the resources, the fa-
cilities, the clinical situations and the evolution of 
knowledge about oncology (Table 22.2). 

All the studies in this fi eld are the basis of the con-
tinuous advances that will lead to the optimization of 
therapeutic strategies, considering that the metabolic 
information offered by nuclear medicine procedures, 
combined with the anatomical data provided by con-
ventional radiological techniques should fi nd a place 
in predicting tumor response and monitoring the 
outcome of patients. It is diffi cult to formulate con-
clusive diagnostic guidelines for application in the 
workup of breast cancer, since while the role of some 
examinations, such as mammography and US, is well 
established, that of others, such as MRI and PET, is 
still a matter of debate. There is a need for further and 
larger prospective evaluations with appropriate clini-
cal trials in order to establish the impact of these ap-
proaches in improving survival and quality of life.
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