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Abstract 

Background: Breast cancer is the most frequently diagnosed cancer and 
the leading cause of cancer death in females worldwide. Despite the growing 
body of randomized controlled trials (RCTs) regarding the use of various 
treatment strategies (chemotherapy, endocrine therapy, radiotherapy) in breast 
cancer, the efficacy of some strategies remains unclear and questionable. A 
meta-analysis, by combining the results of all available trials that studied the 
same question, could help to reduce the level of uncertainty and provide reliable 
conclusions about the role of various therapeutic choices for breast cancer 

patients. 

Objective: The purpose of this thesis was to identify controversial 
therapeutic strategies in the treatment of breast cancer and to perform, when 
possible, meta-analyses to find out which of these strategies are valuable in 
breast cancer therapy. We conducted 7 separate meta-analyses in order to 
answer to 7 different clinical questions. We choose 7 topics with controversial 
results in the therapeutic strategy of breast cancer patients, namely the role of 
bisphosphonates as antitumor therapy and as preventive agents against fractures 
in adjuvant setting, the risk of osteonecrosis of the jaw (ONJ) with the use of 
bisphosphonates in adjuvant setting, the use of fulvestrant in advanced breast 
cancer, the safety of partial breast irradiation (PBI) compared with whole-breast 
radiotherapy (WBRT), the role of bevacizumab in advanced breast cancer and 
finally the value of trastuzumab as neoadjuvant therapy in Her2-positive breast 

cancer patients. 

Materials and Methods: In all 7 meta-analyses we used the same basic 
principles of meta-analysis, with some minor but necessary changes in order to 
fit our methodology to specific aims of each trial. In general, we conducted 
systematic reviews of all English and non-English medical literature using 
MEDLINE, the Cochrane Controlled Trials Register and ISI Web of 
Knowledge. We set no year restriction. The references of all eligible trials were 
also searched in order to find any potentially eligible trial that it was not 
identified by our searching algorithm. Abstracts of major meetings were also 
searched. Eligible studies were identified according to prespecified criteria for 
each meta-analysis. Data extraction was conducted independently by two 
investigators. In case of discrepancy, consensus was reached by involvement of 
a third investigator. When data on the outcome were not available from trials, 
we contacted the primary investigators of the eligible trials. Data synthesis was 
perfomed by choosing the appropriate effect size measure (Odds Ratio, Risk 
Ratio or Hazard Ratio) for each outcome and by combining the results using 

fixed- or random-effects models. 

Results: Regarding bisphosphonates in adjuvant setting, pooled results 
showed no statistical significant differences with the use of bisphosphonates in 
early breast cancer versus non-use for the overall number of deaths (summary 
OR, 0.708; 95% CI, 0.482–1.041; p-value =0.079), disease recurrences 



(summary OR, 0.843; 95% CI, 0.602–1.181; p-value =0.321), and bone 
metastases (summary OR, 0.925; 95% CI, 0.768–1.114; p-value =0.413). 
Subgroup analyses for disease recurrences according to the type of 
bisphosphonate used showed a statistically significant lower risk for disease 
recurrences with zoledronic acid (6 trials, OR, 0.675; 95% CI, 0.479–0.952; p-
value = 0.025). In addition, bisphosphonates did not reduce fracture rate 
(OR=0.99, 95% CI=0.73–1.34) neither in postmenopausal women (OR=0.82, 
95% CI=0.55–1.20) nor in women with breast cancer receiving aromatase 
inhibitors (OR=0.79, 95% CI=0.53–1.17). Overall, treatment with 
bisphosphonates was significantly associated with the occurrence of 
osteonecrosis of the jaw (ONJ) (OR = 3.23, 95% CI = 1.7–8) compared with no 
use but it was a rare event, occurring in 13 (0.24%) of the 5,312 patients 
receiving bisphosphonates. 

Considering fulvestrant, we found no difference between fulvestrant 
versus other hormonal agents regarding overall survival (HR: 1.047, 95% CI: 
0.688–1.592; p-value = 0.830) and time to tumor progression (HR: 0.994, 95% 

CI: 0.691–1.431; p-value = 0.975).  

Partial breast irradiation (PBI) did not influence survival (OR 0.912, 
95% CI, 0.674–1.234, p-value = 0.550) compared with WBRT but it was found 
to lead to statistically significant higher risk for developing local recurrences 
(pooled OR 2.150, 95% CI, 1.396–3.312; p-value = 0.001) and axillary 

recurrences (pooled OR 3.430, 95% CI, 2.058–5.715; p-value < 0.0001). 

The combination of bevacizumab and chemotherapy resulted in a 
statistically significant improvement in progression-free survival compared with 
chemotherapy alone (HR = 0.70, 95% CI = 0.60–0.82, p-value = 9.3x10

-6
), 

especially when bevacizumab was combined with taxanes. However, the pooled 
HR for overall survival did not show significant advantage for the use of 
bevacizumab compared to placebo arm (pooled HR = 0.90, 95% CI 0.80–1.03, 

p-value = 0.119).  

Finally, the use of trastuzumab as neoadjuvant therapy lead to higher 
absolute pathologic complete response (pCR) rate (38% in trastuzumab arm in 
comparison with 21% in no trastuzumab arm) (RR 1.85, 95% CI: 1.39-2.46; p-
value < 0.001). Two out of 217 (0.9%) patients in the trastuzumab arms 
presented congestive heart failure compared with none in the chemotherapy 

alone arms. 

Conclusions: The meta-analysis of bisphosphonates in adjuvant breast 
cancer therapy showed that currently available randomized evidence does not 
support the hypothesis that using bisphosphonates in adjuvant treatment of early 
breast cancer alters the natural course of the disease. In addition 
bisphosphonates do not seem to prevent bone fractures. However, ONJ is a rare 

event in breast cancer patients treated with adjuvant use of bisphosphonates.  



Our meta-analysis of fulvestrant suggests that fulvestrant 250 mg is 
similar to other hormonal agents with respect to efficacy measures with equal or 

even better tolerability profile compared with other hormonal agents.   

Our meta-analysis of PBI, despite the fact that it is based on limited 
randomized evidence, suggests that PBI is a safe treatment modality as it does 
not seem to jeopardize survival compared with standard WBRT. Nevertheless, 

the issue of locoregional recurrence needs to be further addressed.  

The results of the meta-analysis of bevacizumab show that the addition 
of bevacizumab to chemotherapy offers a statistically significant improvement 
in progression free survival in patients with metastatic breast cancer but does 
not benefit overall survival. In addition, clinical significance of this 
improvement is questionable. As a result, bevacizumab treatment cannot be 

suggested for treatment of 1st line metastatic breast cancer,  

Finally, the meta-analysis of trastuzumab as neoadjuvant treatment 
underscores the beneficial effects of trastuzumab treatment in neoadjuvant 
regimens among HER2-positive breast cancer patients in terms of pCR. Of 

interest, no additional cardiotoxicity was documented in the trastuzumab arms.  





Περίληψη 

Εισαγωγή: Ο καρκίνος του μαστού είναι ο πιο συχνός τύπος καρκίνου 
και η κύρια αιτία θανάτου από καρκίνο παγκοσμίως. Παρά το γεγονός οτι ο 
αριθμός των τυχαιοποιημένων κλινικών μελετών που αφορούν τη χρήση 
διαφόρων θεραπευτικών μεθόδων (χημειοθεραπεία, ακτινοθεραπεία, 
ορμονοθεραπεία) στον καρκίνο του μαστού αυξάνεται συνεχώς, η αξία 
ορισμένων θεραπειών παραμένει υπό αμφισβήτηση. Η μετα-ανάλυση, 
συνδυάζοντας με στατιστικές μεθόδους τα αποτελέσματα κλινικών μελετών 
που έχουν μελετήσει το ίδιο κλινικό ερώτημα, μπορούν να βοηθήσουν στη 
μείωση της αβεβαιότητας και να παρέχουν αξιόπιστα συμπεράσματα για την 

αξία διαφόρων θεραπευτικών επιλογών στον καρκίνο του μαστού.  

Σκοπός: Σκοπός της διατριβής ήταν η διαπίστωση αμφιλεγόμενες 
θεραπευτικές στρατηγικές στον καρκίνο του μαστού και κατόπιν η εφαρμογή 
μετα-αναλύσεων ώστε να αξιολογηθεί ποιές από αυτές τις στρατηγικές είναι 
χρήσιμες στον καρκίνο του μαστού. Προχωρήσαμε σε 7 διαφορετικές μετα-
αναλύσεις ώστε να απαντηθούν 7 διαφορετικά κλινικά ερωτήματα. Επιλέξαμε 7 
θέματα με αμφιλεγόμενα αποτελέσματα, που περιλαμβάνουν το ρόλο των 
διφωσφονικών ως αντικαρκινική θεραπεία αλλά και ως θεραπεία προστασίας 
καταγμάτων όταν χρησιμοποιούνται σαν  μεταγχειρητική/προφυλακτική 
θεραπεία, τον κίνδυνο οστεονέκρωσης κάτων γνάθου με την χρήση 
διφψσφονικών, τη χρήση του fulvestrant στον προχωρημένο καρκίνο του 
μαστού, την ασφάλεια της χρήσης μερικής ακτινοβόλησης του μαστού μετά 
από τμηματεκτομή ή μερική μαστεκτομή αντί της θεραπείας επιλογής που είναι 
η ολική ακτινοβόληση του μαστού, το ρόλο του bevacizumab σε συνδυασμό με 
χημειοθεραπεία στον προχωρημένο καρκίνο του μαστου και τέλος την αξία του 

trastuzumab ως προεγχειρητική θεραπεία σε ασθενείς με Her2-θετική νόσο.  

Υλικό και Μέθοδος: Σε όλες τις 7 μετα-αναλύσεις χρησιμοποιήσαμε τις 
ίδες βασικές αρχές, με κάποιες μικρές διαφοροποιήσεις που ήταν απαραίτητες 
ώστε να ταιριάζει η μεθοδολογία μας στον ειδικό σκοπό της κάθε μετα-
ανάλυσης. Γενικά, προχωρήσαμε σε συστηματική ανασκόπηση της 
βιβλιογραφίας, χρησιμοποιώντας 3 βάσεις δεδομένων (MEDLINE, the 
Cochrane Controlled Trials Register, και ISI Web of Knowledge) χωρίς χρονικό 
ή γλωσσικό περιορισμό. Αναζητήσαμε τυχόν επιπλέον μελέτες μέσω του 
ελέγχου των βιβλιογραφικών αναφορών των επιλεγμένων μελετών και των 
περιλήψεων των κύριων διεθνών συνεδρίων Ογκολογίας. Οι μελέτες που ήταν 
κατάλληλες για τις μετα-αναλύσεις επιλέχθηκαν με βάση προ-αποφασισμένων 
κριτηρίων. Η εξαγωγή δεδομένων έγινε από 2 ανεξάρτητος ερευνητές, ενώ ένας 
τρίτος ερευνητής συμμετείχε στη διαδικασία για την επίλυση τυχών 
ασυμφωνιών. Σε περίπτωση μη διαθέσιμων δεδομένων, επικοικωνούσαμε με 
τους ερευνητές των πρωτογενών μελετών ώστε να μας τα παρέχουν. Η 
στατιστική σύνθεση των δεδομένων λάμβανε χώρο μετά από επιλογή του 
κατάλληλου στατιστικού μέτρου (Odds Ratio, Risk Ratio ή Hazard Ratio) για 
το κάθε αποτέλεσμα και εφαρμογή του κατάλληλου μετα-αναλυτικού μοντέλου 

(fixed- ή random-effects models). 



Αποτελέσματα: Αναφορικά με τα διφωσφονικά ως προφυλακτική 
θεραπεία, τα αποτελέσματα των μετα-αναλύσεων δε δείχνουν κάποια 
στατιστικά σημαντική διαφορά με τη χρήση τους στον αριθμό των θανάτων 
(OR, 0.708; 95% CI, 0.482–1.041; p-value =0.079), των συνολικών υποτροπών 
(OR, 0.843; 95% CI, 0.602–1.181; p-value =0.321), και των σκελετικών 
μεταστάσεων (OR, 0.925; 95% CI, 0.768–1.114; p-value =0.413). Σε ανάλυση 
υπο-ομάδων με βάση τον τύπο των διφωσφονικών διαπιστώθηκε οτι το 
zoledronic acid μειώνει τον κίνδυνο για υποτροπή (6 μελέτες, OR, 0.675; 95% 
CI, 0.479–0.952; p-value = 0.025). Επιπλέον, τα διφωσφονικά δεν μειώνουν τον 
κίνδυνο για κάταγμα (OR=0.99, 95% CI=0.73–1.34) τόσο στις 
μετεμμηνοπαυσιακές ασθενείς (OR=0.82, 95% CI=0.55–1.20) όσο και στις 
ασθενείς που λαμβάνουν αναστολείς της αροματάσης (OR=0.79, 95% 
CI=0.53–1.17). Συνολικά, η θεραπεία με διφωσφονικά σχετίζεται σε σημαντικό 
βαθμό με την εμφάνιση οστεονέκρωσης της γνάθου (OR = 3.23, 95% CI = 1.7–
8) αλλά η συγκεκριμένη παρενέργεια είναι ένα σπάνιο συμβάν που συνέβη σε 

13 (0.24%) από τις 5,312 ασθενείς που έλαβαν διφωσφονικά. 

Σχετικά με το fulvestrant, δε διαπιστώθηκαν διαφορές με τη χρήση του 
εν συγκρίσει με άλλες ορμονοθεραπείες σε σχέση με την ολική επιβίωση (HR: 
1.047, 95% CI: 0.688–1.592; p-value = 0.830) και το χρόνο ως την υποτροπή 

(HR: 0.994, 95% CI: 0.691–1.431; p-value = 0.975).  

Η μερική ακτινοβόληση του μαστού δεν επηρεάζει την επιβίωση των 
ασθενών με καρκίνο του μαστου (OR 0.912, 95% CI, 0.674–1.234, p-value = 
0.550) όταν συγκριθεί με την ολική ακτινοβόληση αλλά οδηγεί σε στατιστικώς 
σημαντικά μεγαλύτερο κίνδυνο για τοπικές (OR 2.150, 95% CI, 1.396–3.312; 
p-value = 0.001) και περιοχικές υποτροπες (OR 3.430, 95% CI, 2.058–5.715; p-

value < 0.0001). 

Ο συνδυασμός bevacizumab και χημειοθεραπείας οδηγεί σε σημαντική 
βελτίωση του  χρόνου ως την υποτροπή σε σύγκριση με μόνο χημειοθεραπεία 
(HR = 0.70, 95% CI = 0.60–0.82, p-value = 9.3x10-6), ειδικά όταν συνδιάζεται 
με ταξάνες. Αντιθέτως, δε διαπιστώθηκε καμία βελτίωση στην επιβίωση με την 

προσθήκη bevacizumab (HR = 0.90, 95% CI 0.80–1.03, p-value = 0.119).  

Τέλος, η χρήση trastuzumab ως προεγχηρητική θεραπεία οδηγεί σε 
αύξηση του αριθμού των παθολογοανατομικών πλώρων υφέσεων (38% στο 
σκέλος με trastuzumab, 21% στο σκέλος χωρίς trastuzumab) (RR 1.85, 95% CI: 
1.39-2.46; p-value < 0.001). Δύο από τους 217 (0.9%) ασθενείς που έλαβαν 

trastuzumab ανέπτυξαν καρδιακή ανεπάρκεια. 

Συμπεράσματα: Η μετα-ανάλυση των διφωσφονικών ως προφυλακτική 
θεραπεία στον καρκίνο του μαστού έδειξε οτι, με βάση τα υπάρχοντα 
τυχαιοποιημένα δεδομένα, η υπόθεση οτι τα διφωσφονικά μπορούν να 
επηρεάσουν τη φυσική ιστορία του καρκίνου του μαστού δεν επιβεβαιώνεται. 
Επιπλέον, τα διφωσφονικά δε φαίνεται να προλαμβάνουν τα κατάγματα σε 
αυτούς τους ασθενείς. Σχετικά με τον κίνδυνο οστεονέκρωσης της γνάθου, 



φαίνεται να είναι ένα σπάνιο γεγονός σε αυτόν τον τρόπο χρήσης 

διφωσφονικών.  

Η μετα-ανάλυση του fulvestrant προτείνει οτι το fulvestrant σε δόση 
250 mg έχει ίδια δραστικότητα με τις υπόλοιπες ορμονοθεραπείες, με παρόμοιο 

προφίλ παρενεργειών.  

Η μετα-ανάλυση της μερικής ακτινοβόλησης του μαστού, παρόλο το 
γεγονός οτι στηρίζεται σε περιορισμένα τυχαιοποιημένα δεδομένα, προτείνει 
ότι η μερική ακτινοβόληση είναι μια ασφαλής θεραπευτική επιλογή σε 
επιλεγμένους ασθενείς καθώς δε φαίνεται να επηρεάζει την επιβίωση σε 
σύγκριση με την ολική ακτινοβόληση του μαστού, που παραμένει πάντως 
θεραπεία επιλογής. Όμως. το θέμα των τοπικοπεριοχικών υποτροπών απαιτεί 

περαιτέρω διερεύνηση.  

Τα αποτελέσματα της μετα-ανάλυσης για το bevacizumab δείχνουν οτι 
η προσθήκη του συγκεκριμένου φαρμάκου στην χημειοθεραπεία σε ασθενείς με 
προχωρημένο καρκίνο του μαστού προσφέρει μια βελτίωση στον χρόνο ως την 
υποτροπή αλλά δεν επηρεάζει τη συνολική επιβίωση. Η κλινική αξία της 
βελτίωσης αυτής είναι αμφιλεγόμενη. Ως εκ τούτου, η θεραπεία με 

bevacizumab σε αυτούς του ασθενείς δε συνίσταται.  

Τέλος, η μετα-ανάλυση του trastuzumab ως προεγχειρητική θεραπεία 
υπογραμμίζει τη θετική επίδραση του φαρμάκου, σε συνδυασμό με τη 
χημειοθεραπεία, σε ασθενέις με Her2-θετική νόσο, προσφέροντας σημαντικό 
όφελος στην πλήρη ύφεση. Είναι άξιο λόγου το γεγονός οτι η προσθήκη του 
trastuzumab δεν προσθέτει επιπλέον καρδιοτοξικότητα για τους ασθενείς. 
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1. General Introduction 

During the last decades clinicians are confronted by an enormous 

body of medical information, much of it invalid or irrelevant to clinical 

practice. This phenomenon has led to the need of prioritizing information so 

as to provide the best possible care for patients. Evidence-based medicine 

(EBM) is the process of systematically reviewing, appraising and using 

clinical research findings to aid the delivery of optimum clinical care to 

patients [1].  

Evidence-based medicine seeks to prioritize information in a 

hierarchy of evidence by study design from the most biased to the least 

biased [2,3].  Randomized controlled trials (RCTs) represent the cornerstone 

of EBM and offer a high level of evidence (level I of evidence). 

Unfortunately, the results of RCTs can be inconclusive and misleading due 

to deficiencies in the study design, the small sample size and, consequently, 

the unavailability to show statistically significant differences in outcomes; 

moreover, the report of conflicting results among RCTs that address the 

same clinical question which could be due to the enrollement in the trials of 

heterogeneous patient populations further confound the answers to the 

clinical questions.   

Meta-analysis offers a quantitative synthesis of previously 

conducted studies. By pooling the quantitative results from all properly 

RCTs in a statistically valid fashion, it is possible to increase the power of 

the study and arrive at a more precise estimate of treatment effect. As a 

result, meta-analyses give the opportunity to address the above mentioned 

limitations and biases of RCTs. They are also considered level I evidence if 

the study is limited to randomized controlled trials. 

Despite the growing body of RCTs regarding the use of various 

treatment strategies (chemotherapy, endocrine therapy, radiotherapy) in 

breast cancer, the efficacy of some strategies remains unclear and 

questionable. Meta-analyses could help to reduce the level of uncertainty 

and provide reliable conclusions about the role of various therapeutic 

choices for breast cancer patients. 
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2. General Part 

2.1. Breast Cancer 

2.1.1 Breast Cancer Epidemiology 

 Breast cancer is the most frequently diagnosed cancer and the 

leading cause of cancer death in females worldwide, accounting for 23% 

(1.38 million) of the total new cancer cases and 14% (458,400) of the total 

cancer deaths in 2008 [4]. About half the breast cancer cases and 60% of the 

deaths are estimated to occur in economically developing countries [4]. 

 The well-documented geographical variation in breast cancer 

incidence worldwide, with higher incidence in Northern Europe, 

Australia/New Zealand, and North America; intermediate in South America, 

the Caribbean, and Northern Africa; and low in sub-Saharan Africa and Asia 

[4,5] can be explained by differences in known risk factors of the disease 

between those populations including reproductive and hormonal factors as 

long as socio-economic factors, alcohol consumption and the availability of 

early detection services [5]. 

In many Western countries, a large increase in breast cancer 

incidence was observed between 1964 and 2003 which, probably, could 

reflect the dramatic changes in exposures to reproductive and nutrition-

related determinants that occurred during this period in those countries [5-7] 

as well as the increasing diagnostic activity, due to mammography screening 

and increasing individual awareness of the disease [5,8]. However, the 

prevalence of the disease in some Western countries has been decreased 

from the beginning of millennium partly due to the lower use of combined 

postmenopausal hormone therapy [9, 10]. 

In most Western countries, the breast cancer mortality has been 

decreased in recent years; this could be attributed to the early 

implementation of organized mammography screening and to a high and 

relatively uniform standard of living, diagnosis and treatment [8,11]. This 

declining trend is predicted to continue in Europe in 2011 [12].  

2.1.2 Breast cancer diagnosis  

Breast cancer, at least in its early stage, does not cause any specific 

symptoms. Mastalgia and nipple discharge are rarely associated with breast 
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cancer. In locally advanced disease a clinical appearance with warm and 

thickened skin with ulceration and / or a peau d'orange (skin of an orange) 

appearance and retraction of the nipple may be presented. This clinical 

presentation can be confused with inflammatory breast cancer [13].  

 Breast self-examination (BSE) is considered to be an important 

method for breast cancer diagnosis and it was recommended by the most 

screening organizations as a routine screening modality before 2000 [14]. 

However, in two randomized trials [15] BSE failed to reduce breast cancer 

mortality and, in contrast, it was associated with unnecessary diagnostic 

procedures, due to false-positive results, as well as psychological 

consequences such as anxiety, worry and depression. Nevertheless, since a 

large amount of breast cancers are found by women themselves [16,17], self 

examination may optimize the chances of a woman to find a change from 

normal.  

 The most common route for identification of breast cancer is 

through screening. Mammography screening is sensitive (77-95%), specific 

(94-97%), and acceptable to most women [14]. Randomized trials of 

screening mammography demonstrate reduced mortality with screening 

[18,19].  

Magnetic resonance imaging (MRI) of the breast is not indicated as 

a routine procedure, but may be considered in cases involving diagnostic 

problems due to several reasons such as: dense breast tissue especially in 

young women, in cases of familial breast cancer associated with BRCA 

mutations or women with greater than 20% lifetime risk of developing breast 

cancer as defined by risk prediction models based on family history of breast 

or ovarian cancer, in patients with silicone gel implants, positive axillary 

lymph node status with occult primary tumor in the breast, in cases of 

suspected multiple tumor foci and especially in patients with lobular 

carcinomas [20,21]. 

In case of symptoms and / or a palpable finding on BSE the 

initiation of a triple assessment includking clinical examination, imaging and 

sampling of lesion for cytological/histological assessment provides the most 

accurate diagnostic algorithm [22]. Once a suspicious abnormality is 

detected on screening or imaging, a confirmatory cytological/histological 

diagnosis is essential.  



6 

 

 There are several breast biopsy techniques in current use ranging 

from minimal invasive percutaneous needle biopsies (fine-needle aspiration 

[FNA], core biopsy, vacuum-assisted breast biopsy) with or without image-

guidance (including ultrasound, mammography, MRI) to excisional biopsies. 

The type of technique performed in each case is based on the characteristics 

of the lesion (e.g., palpable versus nonpalpable; solid mass versus 

microcalcifications), as well as patient’s and physician’s preferences [23].  

FNA refers to the use of a needle to obtain samples from a solid 

mass for cytology. Drawbacks of FNA are that is limited to cytologic but not 

histologic examination and that it yields a higher false-negative rate [24]. 

Ultrasound or stereotactic guidance is used to assist in collecting an FNA 

from a non-palpable lump.  

Ultrasound-guided core needle biopsy is the modality of choice for 

most patients when a suspicious abnormality is visible on ultrasound [25]. 

This technique offers a high diagnostic accuracy rate since it provides 

sufficient material for histological assessment [26]. In some cases, the 

severity of disease can be underestimated by core-biopsy. In an attempt to 

reduce this under-estimation rate, a vacuum-assisted breast biopsy was 

developed in which vacuum suction is used to retrieve larger amount of 

tissue [27]. 

In case of breast masses visible only in mammography, a 

stereotactic core biopsy is performed [28]. In this technique, the target is 

located with the use of digital mammography. Recently, MRI-guided core 

biopsy is also available in case of masses visible only in MRI [29]. 

Excisional biopsy is done when needle biopsies are negative but the 

mass is clinically suspected of malignancy. Excision may be the initial 

procedure of choice if the probability of malignancy is high. If the mass is 

not palpable, wire localization of the mass can be done before the biopsy.  

2.1.3 Staging of breast cancer 

 Once breast cancer diagnosis is established, it is essential to 

accurately define the initial extent of disease since breast cancer stage affects 

subsequent treatment decisions. 

Breast cancer is classified according to the American Joint 

Committee on Cancer and the International Union for Cancer Control 
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(AJCC-UICC) TNM breast cancer staging system [30]. The TNM staging 

system was designed to be a useful instrument in determining the prognosis 

of cancer patients and in planning their treatment. The system is derived 

from tumour size (T), lymph node status (N) and distant metastasis (M). 

Clinical stage is based on all information, including physical examination 

and imaging before surgery. Pathological staging (pTNM) adds additional 

information gained by examination of the tumour microscopically by a 

pathologist. 

1. Primary tumour (T); Tx, primary tumour cannot be assessed; T0, 

no evidence of primary tumour; Tis, carcinoma in situ or Paget disease of the 

nipple; T1, tumour 20 mm or less; T2, tumour more than 20 mm but nor 

more than 50 mm; T3, tumour more than 50 mm; T4, tumour of any size 

with direct extension to chest wall or skin, or inflammatory breast cancer. 

2. Regional lymph nodes N0; no node metastasis (includes cases 

with only isolated tumour cells, or small clusters of cells, not more than 0.2 

mm); N1mi, micrometastasis (larger than 0.2 mm, but none larger than 2 

mm); N1, metastasis in 1-3 ipsilateral axillary node(s) and/or in ipsilateral 

internal mammary nodes with microscopic metastasis detected by sentinel 

lymph node dissection but not clinically apparent; N2 metastasis in 4-9 

ipsilateral axillary lymph nodes or in clinically apparent internal mammary 

lymph node(s); N3, metastasis in 10 or more ipsilateral axillary lymph 

nodes, or in infra- or supraclavicular lymph nodes, or in both ipsilateral 

axillary lymph nodes and clinically apparent ipsilateral internal mammary 

lymph nodes. 13. 

3. Distant metastasis (M); M0, no distant metastasis; M1, presence 

of distant metastasis 

2.1.4 Prognostic and predictive factors  

 A prognostic factor is defined as any indicator that correlates with 

the prognosis of disease. It is well documented that many patients with early 

breast cancer benefit from postoperative adjuvant therapy, a treatment 

strategy with view to eradicate distant micrometastatic deposits. The most 

important clinical challenge is to identify those patients and to avoid over-

treatment and as a result of treatment-related side effects in those who are 

not going to benefit from adjuvant therapy. The use of established prognostic 
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factors is therefore essential for the appropriate selection of adjuvant therapy 

in breast cancer patients. 

In addition, predictive factors, which are defined as factors that 

predict the responsiveness at a specific cancer therapy, may identify the 

appropriate therapy for an individual patient.  

There are several clinicopathological factors that are associated with 

breast cancer prognosis and treatment response including lymph node 

involvement, tumor size, grading, Ki-67 expression, ER and PR status, and 

Her2 status. Their determination is a critical element for the treatment 

decision making [31].  

Considering these factors in combination is of greater clinical value 

than viewing each in isolation, and the combined approach constitutes the 

basis of a number of schema used to group patients into various risk 

categories such as the St Gallen criteria [32], the NIH consensus criteria 

[33], the Nottingham Prognostic Index [34] and Adjuvant!Online 

(www.adjuvantonline.com) 

Lymph node involvement is the most important prognostic factor for 

survival in breast cancer patients and, consequently, information about it 

provides both staging information and guidance regarding treatment options 

[35]. 

Tumor size is associated not only with lymph node metastasis but 

also with distant recurrence. Indeed, larger tumors increase the risk for 

recurrences and worse survival [36,37]. 

In addition, the traditional pathologic subtyping and grading of 

breast cancer have also prognostic significance. Certain subtypes such as 

tubular, mucinous, and medullary have a more favorable prognosis than 

other types [38-40]. Tumor grade, as determined by the Nottingham (Elston-

Ellis) modification of the Scarff-Bloom-Richardson grading system, also 

known as the Nottingham Grading System (NGS) [41], is another prognostic 

factor. According to a grading system which based on certain morphological 

features (tubule formation, nuclear pleomorphism, and mitotic count) breast 

cancer can be classified as well differentiated (grade 1), moderately 

differentiated (grade 2) and poorly differentiated (grade 3). Patients with 

breast cancer classified as grade 3 have worse outcome compared with those 

with grade 1 and 2 breast cancer [42]. 
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In the last decades, various methods of measuring the proliferative 

rate of tumors have been evaluated in an attempt to correlate them with 

prognosis. The only proliferative biomarker that has found its role as 

prognostic factor in breast cancer is Ki-67 expression. High Ki-67 

expression in patients with early breast cancer confers worse prognosis [43].   

ER and PgR status are both prognostic and predictive factors. Their 

prognostic significance is difficult to evaluate because it is covered by their 

strong predictive role. The presence of ER and / or PgR receptors is strongly 

associated with better response to adjuvant endocrine therapy [44]. It has 

further been conclusively demonstrated that PgR status is independently 

associated with disease-free and overall survival; indeed, patients with ER-

positive/PgR-positive tumors have a better prognosis than patients with ER-

positive/PgR-negative tumors, who in turn have a better prognosis than 

patients with ER-negative/ PgR-negative tumors [45]. 

The c-erbB-2 (HER2/neu) proto-oncogene, which encodes for the 

transmembrane glycoprotein p185HER2 with intrinsic tyrosine kinase 

activity is homologous to the epidermal growth factor receptor 2 [46]; HER2 

was first identified to be an indicator of patient’s prognosis. In cases of 

HER2 overexpression, breast cancer patients were more likely to suffer from 

relapse and shorter overall survival [47,48]. Regarding the role of HER2 

overexpression as predictive factor, there is some evidence that its 

overexpression is associated with better clinical responsiveness to 

anthracycline-containing chemotherapy [49] and to the addition of paclitaxel 

after adjuvant treatment with doxorubicin [50]. The revolution, however, in 

the use of HER2 overexpression as predictive biomarker took place after the 

development of Trastuzumab, a monoclonal antibody directed against the 

extracellular domain of the HER2 molecule, has altered the natural history of 

HER2 positive breast cancer [51]. Recently, Lapatinib, a new tyrosine kinase 

dual inhibitor of EGFR and HER2, showed clinical efficacy in metastatic 

HER2 positive breast cancer and has been approved for clinical use [52]. 

Currently, other HEr2-targeting agents have been tested (i.e. Pertuzumab, 

TDM-1). In all those targeted agents, HER2 status is the absolute predictive 

biomarker.  

Despite the clinical usefulness of the above mentioned 

clinicopathological characteristics as prognostic and predictive factors, such 

factors have only limited ability to predict individual patient outcomes. 

Indeed, patients with same clinicopathological characteristics may have 
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completely different clinical courses. The understanding of human genome 

and the development of high-throughput technologies have led to the idea of 

analyzing breast cancer in a molecular basis by using molecular signatures.  

The performance of gene expression profiling studies, using DNA 

microarrays, in breast cancer indicated the existence of at least 4 molecularly 

distinct neoplastic subtypes, which appear to originate from different cell 

types: the basal-like  subtype, which is predominantly ER-negative, PgR-

negative and Her2-negative (often referred to as triple negative); the Her2-

like subtype , characterized by the increased expression of several genes of 

the Her2 amplicon at 17q22.24 including ERBB2 and GRB7 and, at least, 

two luminal-like subtypes, predominately ER-positive, the luminal A and 

B [53,54]. Importantly, the newly defined molecular subgroups have distinct 

clinical outcomes and responses to therapy. Indeed, the low-grade and low-

proliferation luminal A tumours are sensitive to endocrine therapy and have 

a more favourable prognosis than the ER-negative and high-grade basal-like 

tumours despite the fact that the ER-negative and high-grade basal-like 

tumours that are endocrine unresponsive respond better to chemotherapy 

[55]. 

Based on these results, two commercially available genomic tests 

based on genomic profiling have been developed. These include the 70-gene 

expression signature as used in the MammaPrint® (Agendia, Amsterdam, 

the Netherlands) assay [56], and the 21-gene profile used in the Oncotype 

Dx® (Genomic Health, Redwood City, CA, USA) assay [57]. The aim of 

these assays is to provide better prognostic information compared with 

traditional prognostic indicators so as to make the clinical decision making 

more accurate and individualized. The St Gallen International Expert 

Consensus [31] have concluded that the 21-gene signature (Oncotype DX) 

may be used where available to predict chemotherapy responsiveness in an 

endocrine responsive cohort where uncertainty remains after consideration 

of other tests [58,59]. Conversely, the chemopredictive properties of the 70-

gene signature (MammaPrint) were not yet sufficiently established. Two 

ongoing large prospective trials [MINDACT (Microarray In Node negative 

Disease may Avoid ChemoTherapy), TAILORx (Trial Assigning 

IndividuaLized Options for Treatment (Rx)] are going to assess the abilities 

of molecularly based assays to determine best adjuvant treatment for specific 

subsets of breast cancer patients. 
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2.1.5 Treatment strategies   

The treatment decision of breast cancer is based on the stage of the 

disease, the functional status and comorbid condition of the patient as long 

as the patient expectation that may impact treatment decisions.  

The treatment strategies for early breast cancer can be divided into 4 

categories: surgery, postoperative radiotherapy, postoperative / adjuvant 

chemotherapy and adjuvant endocrine therapy. Multidisciplinary treatment 

planning involving at least a breast surgeon, radiologist, pathologist, and 

medical and radiation oncologists should be used to integrate local and 

systemic therapies and their sequence [60]. 

The cornerstone of early breast cancer therapy is surgery. The major 

change in the surgical treatment of breast cancer was the effort to reduce 

surgical extent from mastectomy to breast conservation treatment (BCT). 

BCT refers to surgical removal of the tumor without removing excessive 

amounts of normal breast tissue. The aim of BCT was to provide a cancer 

operation equivalent to mastectomy and a cosmetically acceptable breast, 

with a low rate of recurrence in the treated breast. Indeed, a number of 

randomized trials documented that mastectomy with axillary lymph node 

dissection (ALND) is equivalent to BCT with lumpectomy, ALND and 

postoperative whole-breast radiotherapy [61,62]. Breast conserving surgery 

requires the complete excision of the tumour with clear margins and an 

acceptable cosmetic result following excision and radiotherapy. 

Although BCT has become the gold standard for patients with early 

breast cancer, mastectomy remains an option and it is necessary in at least 

one-third of those women because of tumor size (e.g. >4cm diameter), or 

tumor multifocality / multicentricity, central tumor site within the breast and 

prior radiation to the chest wall or breast [63]. The European treatment 

guidelines recommend that breast reconstruction should be available to those 

women requiring mastectomy [64] since reconstruction does not appear to be 

associated with an increase in the rate of local cancer recurrence or worse 

survival [65,66], and can yield psychological benefit [67,68]. Reconstruction 

can be performed either immediately following mastectomy and under the 

same anesthesia or in a delay fashion following mastectomy. 

Regarding axillary staging, sentinel lymph node biopsy (SLNB) has 

replaced ALND as the standard of care, unless axillary node involvement is 
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suspected clinically or on ultrasound. SLNB offers the same efficacy and 

accuracy in staging as ALND with lower morbidity [69,70]. Large 

randomized studies have confirmed that patients with negative sentinel node 

and no additional ALND have at least equivalent survival rates with node-

negative patients who performed ALND [71-73]. Thus, the omission of 

ALND in patients with negative SLNB seems completely justified.  

The presence of macrometastatic spread in the SLNB traditionally 

mandates conventional ALND. However, a recent randomized trial 

supported the safety of omitting ALND even in patients with a clinically 

node negative axilla but pathological macrometastatic involvement of one or 

two sentinel nodes in the context of breast-conserving surgery with 

tangential field radiation therapy [74]. Recently, the St Gallen International 

Expert Panel accepted the option of omitting axillary dissection for 

macrometastases in the context of lumpectomy and radiation therapy for 

patients with clinically node negative disease and 1–2 positive sentinel 

lymph nodes. However, in patients undergoing mastectomy, those who will 

not receive whole-breast tangential field radiation therapy, those with 

involvement of more than two sentinel nodes, and patients receiving 

neoadjuvant therapy, axillary dissection should remain standard of care [31]. 

This trend of minimizing the extent of surgical intervention in the axilla is 

similar to the trend observed in breast cancer surgery and led to the use of 

BCT instead of mastectomy.  

Recently, due to the advances of pathologic examination techniques 

and the use of immunohistochemistry for the examination of sentinel nodes, 

identification of sentinel nodes with low-volume metastatic disease 

(micrometastasis and isolated tumor cells) has been appeared These terms 

are defined by the American Joint Committee on Cancer (AJCC) as follows: 

micrometastases as clusters of cancer cells greater than 0.2 mm but not 

larger than 2.0 mm and isolated tumor cells as individual cancer cells or cell 

clusters no larger than 0.2 mm [30]. The optimal management of 

micrometastatis or isolated tumor cells in the sentinel node is the subject of 

ongoing active research. In general, there was a trend for management of 

micrometastasis as macrometastasis (ALND) while patients with isolated 

tumor cells were treated with no further axillary node dissection [75]. 

Recently, two large prospective studies, which failed to demonstrate 

clinically significant association between micrometastasis in sentinel node 

and overall survival [76,77], have altered the perceptions about the 
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usefulness of immunihistochemistry in the evaluation of sentinel nodes. 

Indeed, the St Gallen International Expert Panel proposed that isolated tumor 

cells, and even metastases up to 2 mm (micrometastases) in a single sentinel 

node, should not be constitute an indication for axillary dissection regardless 

of the type of breast surgery carried out [31].  

Considering the absence of data demonstrating superior survival 

with ALND or SLNB, these procedures may be considered optional in 

patients with co-morbidities, elderly patients or patients for whom the 

selection of adjuvant therapy is unlikely to be affected by the results of this 

procedure [78] 

 Postoperative whole-breast radiation therapy (WBRT) after breast-

conserving surgery (BCS) is known to reduce the rate at which the disease 

recurs in about 50% and the breast cancer death rate by about a sixth. [79]. 

Thus, WBRT is strongly recommended after BCS. However, in certain cases 

with patients >70 years of age who have endocrine-responsive invasive 

breast cancer with maximum stage pT1N0 and clear margins, it may be 

possible to omit radiation therapy without compromising survival [80,81]. 

Postmastectomy radiotherapy (to the ipsilateral chest wall, 

mastectomy scar and drain sites) in node negative breast cancer could be 

considered an option in case of large tumors (> 5 cm) with close or positive 

margins [82].  

Regional lymph node irradiation is strongly recommended for 

patients with 4 or more axillary lymph nodes involved regardless the type of 

surgery [60,78]. Radiation should be delivered to the chest wall (in case of 

mastectomy) or remaining breast tissue (in case of BCS), plus axillary, 

supraclavicular and infraclavicular lymph nodes; inclusion of internal 

mammary lymph nodes in the radiation field can be considered but should be 

included in the target volume in cases of metastatic spread to this area.  

Unclear recommendations exist about the role of radiotherapy in 

patients with 1-3 positive lymph nodes [60,78]. Radiotherapy may be 

considered as a treatment option in those patients regardless type of surgery. 

There is evidence that radiotherapy may have beneficial effect on survival 

both after mastectomy [83] and after BCS [84] in patients with 1-3 positive 

lymph nodes.  
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Adjuvant doses typically used for local and/or regional irradiation 

are 45 to 50 Gray (Gy), in daily, Monday-to-Friday fractions of 1,8-2,0 Gy, 

over a 5-week period. A boost to the tumor bed is recommended in patients 

at higher risk for local failure (age < 50 years old, close margins, 

multifocality) with an additional 10 to 16 Gy / 2 Gy fraction over 1 to 2 

weeks.  

Adjuvant systemic therapy refers to the administration of 

chemotherapy, hormone therapy and/or trastuzumab (a monoclonal antibody 

directed against HER2) following primary surgery for early breast cancer. 

The purpose is to eliminate or delay the subsequent appearance of clinically 

occult micrometastases, thought to account for distant treatment failures in 

women undergoing local therapy alone. Treatment is recommended if a 

relevant reduction of the estimated risk of recurrence and death can be 

expected with an acceptable level of treatment-related adverse effects. A 

number of prognostic factors and prognostic tools, as those described above, 

have been used in order to estimate the absolute benefit expected from 

systemic adjuvant therapy.  

Patients with invasive breast cancer that are ER- and / or PgR- 

positive should be considered for adjuvant endocrine therapy regardless of 

patient age, lymph node status or adjuvant chemotherapy. Possible exception 

from this recommendation is those patients with favorable prognostic 

features and tumor size less than 1 cm [78].   

In premenopausal patients tamoxifen alone (20 mg daily for 5 years) 

decreases the risk for disease recurrence and death [85]. In patients receiving 

tamoxifen and adjuvant chemotherapy, tamoxifen should be administered 

after chemotherapy [86]. At present, the role of ovarian suppression in 

addition to tamoxifen for premenopausal patients is not known. Ovarian 

suppression may be achieved either with bilateral oophorectomy which leads 

to irreversible ablation of ovarian function or with the use of Gonadotropin-

releasing hormone analogs (GnRHAs) which lead to reversible ovarian 

suppression. There is data supporting the usefulness of ovarian function 

ablation [87] but it has not gained acceptance among oncologists as standard 

of care [31].  

In postmenopausal women, aromatase inhibitors (AIs) should be 

used during the course of adjuvant treatment to lower recurrence risk, either 

as primary therapy or after 2 to 3 years of tamoxifen [88]. In the sequential 
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setting, patients should receive an AI after 2 or 3 years of tamoxifen for a 

total of 5 years of adjuvant endocrine therapy. Patients initially treated with 

an AI but who discontinue treatment before 5 years of therapy should 

consider incorporating tamoxifen for a total of 5 years of adjuvant endocrine 

therapy [89]. For patients who have completed 5 years of tamoxifen the 

addition of an AI for a further period of 2–5 years is recommended 

especially for patients with node-positive disease [90-92]. The extended 

adjuvant endocrine therapy strategy seems to offer benefit in reducing the 

recurrence rate but none of the studies revealed any survival benefit. In 

postmenopausal patients, 5 years of tamoxifen alone is still a viable option 

for certain patients at very low risk of recurrence. The total duration of 

adjuvant endocrine therapy should not exceed 5-10 years while there is no 

data for the use of AIs for more than 5 years [60]. 

  Chemotherapy as adjuvant therapy is recommended in patients with 

node positive disease, with unfavorable prognostic factors, Her2-

overexpression or with tumors unresponsive to hormone manipulations. 

Several chemotherapy regimens may be considered in the adjuvantr setting 

such as docetaxel-doxorubicin-cyclophosphamide (TAC), doxorubicin-

cyclophosphamide (AC), dose-dense AC with paclitaxel, AC followed by 

weekly paclitaxel, docetaxel-cyclophosphamide (TC), fluorouracil-

doxorubicin-cyclophosphamide (FAC), cyclophosphamide-epirubicin-

fluorouracil (FEC), epirubicin-cyclophosphamide (EC), AC with sequential 

docetaxel, FEC followed by docetaxel or weekly paclitaxel, and 

cyclophosphamide-methotrexate-fluorouracil (CMF) [78]. At present, the 

use of anthracyclines may be recommended for most patients [60]. In 

addition, the combination of anthracyclines and taxanes seems to offer some 

benefit especially when taxanes follow anthracyclines in a sequential setting 

[93].  

Recently, the integration of capecitabine into standard adjuvant 

chemotherapy with anthracyclines and taxanes was found to reduced breast 

cancer recurrence [94] and improve overall survival [95] especially in 

patients with high-risk breast cancer (triple negative [96] or high Ki-67 

expression [97]. 

Patients with breast cancers that overexpress Her2 or have Her2 

gene amplification benefit from adjuvant treatment with trastuzumab [98]. It 

seems that concomitant adjuvant trastuzumab therapy with taxanes gives a 

significant and greater benefit than sequential administration in both disease-
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free and overall survival [99]. However, the concurrent administration of 

anthracyclines and trastuzumab should be avoided due to the higher risk for 

cardiotoxic effect [100]. While randomized trials have excluded patients 

with small primaries of <1 cm, overexpression of Her2 confers a poorer 

prognosis even in these small tumors [101], and the use of trastuzumab 

should be discussed with women with small, node-negative breast cancers. 

The optimum duration of adjuvant trastuzumab has not yet been established, 

but for the time being 1 year is recommended [60].  

Preoperative (neoadjuvant) chemotherapy is a treatment option for 

women with locally advanced breast cancer including inflammatory breast 

cancer and for large operable tumors for reducing tumor size in order 

possibly to perform BCS [60,78]. The survival benefit gained from 

chemotherapy in breast cancer patients has been found to be equal regardless 

whether chemotherapy is administered preoperatively or postoperatively 

[102]. The chemotheraupetic regimens recommended in adjuvant setting can 

be used in neoadjuvant setting as well [78]. Primary systemic therapy should 

be followed by both surgery and radiation therapy according to the 

principles outlined above. In postmenopausal women with highly endocrine-

responsive disease, neoadjuvant endocrine therapy with aromatase inhibitors 

for a minimum of 4–8 months is a valid option [103,104]. If the tumor 

responds preoperatively, BCS can be performed. With multifocal disease or 

in the case that the tumor shrinkage is limited, mastectomy will still be 

required. 

In metastatic disease, the management should involve all appropriate 

specialties in a multi-/interdisciplinary team (medical, radiation, surgical and 

imaging oncologists, palliative care specialist, psychosocial support), and 

patients should be offered personalized appropriate psychosocial, supportive 

and symptom-related interventions as a routine [60]. The treatment goal is to 

prolong survival and improve quality of life. Thus, the use of treatments with 

minimal toxicity is preferred.  

A growing body of evidence supports the need for biopsy of 

metastatic lesions and re-assessment of biological and phenotypic 

characteristics of the tumor because of the risk for discordance in estrogen 

receptor / Her2 status between primary and metastatic tumor [105,106]. 

Biopsy of metastases should be considered in all patients, when safe and 

easy to carry out, since it is likely to impact treatment choice and, 

consequently, clinical outcome [107,108]. 
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Women with metastatic disease characterized by tumors that are ER- 

and / or PgR- positive are candidates for initial endocrine therapy. Limited 

studies document a progression-free survival benefit by adding trastuzumab 

or lapatinib to AIs in postmenopausal women with Her2 positive disease 

[109,110]. Women with metastatic breast cancer who respond to endocrine 

therapy should receive additional endocrine therapy at the time of disease 

progression [78]. Patients with clear evidence of endocrine resistance should 

be offered chemotherapy. 

Women with hormone-receptor negative tumors, symptomatic 

visceral metastases or endocrine resistance are candidates for cytotoxic 

treatment [60,78]. The only standard is the use of a taxane-based regimen as 

first-line therapy in patients progressing after adjuvant anthracycline-based 

chemotherapy [60]. A variety of chemotherapeutic regimens have a proven 

efficacy in metastatic breast cancer. The selection of the best agent/regimen 

should be individualized.  For the majority of patients, overall survival 

outcomes from the sequential use of single cytotoxic drugs is equivalent to 

that of combination chemotherapy, with less associated toxicity and better 

quality of life. Therefore, in the absence of the need for a rapid and 

significant response for symptom control or life-threatening disease, 

preference should be given to the sequential use of a sequential single 

cytotoxic agent approach [60].  

In patients with metastatic breast cancer and Her2-positive disease, 

trastuzumab is highly recommended [60,78]. After progression on first-line 

trastuzumab-containing treatment, the continuation of trastuzumab with a 

different chemotherapeutic regimen is recommended. Another valid option 

after trastuzumab progression can be the combination of lapatinib-

capecitabine [111]. 

In patients with bone metastases, bisphosphonates are recommended 

since their use is associated with fewer skeletal-related events, pathologic 

fractures and less need for radiation therapy or surgery to treat bone pain 

[112,113]. A recent study demonstrated superior activity in terms of skeletal-

related events and a favorable toxicity profile of the RANK-ligand antibody 

denosumab in breast cancer-related bone disease [114]. Consequently, both 

bisphosphonates and denosumab are considered drug of choice in patients 

with breast cancer and bone metastases.  
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2.1.6 Follow-up after breast cancer treatment 

 The purpose of follow-up is to detect recurrences at an early stage so 

as to begin treatment for any relapse quickly.  

A meta-analysis of randomized trials compared follow-up based on 

clinical visits and mammography with a more intensive scheme including 

radiological and laboratory tests could not reveal any differences in terms of 

overall or disease-free survival between the 2 follow-up methods [115]. 

Consequently, follow-up programs based on regular physical examinations 

and yearly mammography alone seems to be as effective as more intensive 

approaches. Other laboratory or imaging tests are indicated in case of 

suspected relapse.  

Whatever the follow-up protocol and the frequency of visits, every 

visit should include history taking, eliciting of symptoms and physical 

examination tests so as to assess not only the risk for recurrence but also the 

therapy-related complications and the need for psychosocial support in order 

to enhance returning to normal life after breast cancer [60]. 

2.2 Meta-analysis 

2.2.1 General Information 

 Meta-analysis has been defined as “the statistical analysis of a large 

collection of analysis results from individual studies for the purpose of 

integrating the findings.” [116]. Since their invention and subsequent 

application in the medical literature in the early 20th century [117], meta-

analyses have continuously evolved. In fact, a simple Medline search, 

limited in published studies before 2000, with the keywords “cancer” and 

“meta-analysis” revealed 1060 articles, while the same searching algorithm 

for the years 2001-2005 and 2006-2010 revealed 1143 and 2865 articles, 

respectively. It is, therefore, obvious that the number of meta-analyses in the 

cancer field has increased substantially. 

 A meta-analysis, by combining the results of all available trials that 

studied the same question, gives the opportunity to address certain biases 

and limitations that may exist in RCTs. Meta-analysis is part of a more 

general process known as systematic review, which involves identification 

of all the relevant papers, analysis of their quality and, a description of the 

trials. If the trials are similar enough and if the quality and the quantity of the 
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data are adequate, a quantitative synthesis of these data, ie a meta-analysis, 

can be carried out as the last step of a systematic review. 

 When conducted with appropriate statistical techniques and with 

high-quality data, findings from meta-analyses are considered to be the 

highest level of evidence (level 1a evidence) [118].  

The importance of meta-analyses in health care is shown by the fact 

that clinicians read them to keep up to date with their field [119,120] and 

they are often used as a starting point for developing clinical practice 

guidelines.  

2.2.2 Steps in Performing a Meta-Analysis 

The design of a high-quality meta-analysis requires the same careful 

planning and should meet the standards one would expect in the design of a 

high-quality RCT.  

As will all research, the quality of meta-analysis is an important 

consideration for the interpretation of the results. It has been found that the 

quality of reporting of systematic reviews and meta-analyses is not optimal 

[121-124]. In 1996, to address the suboptimal reporting of meta-analyses, an 

international group developed a guidance called the QUOROM Statement 

(QUality Of Reporting Of Meta-analyses), much like as the CONSORT 

guidelines for reporting RCTs in the peer-reviewed literature [125]. This 

guidance is focused on the reporting of meta-analyses of randomized, 

controlled trials [126]. A revision of these guidelines, renamed PRISMA 

(Preferred Reporting Items for Systematic reviews and Meta-Analyses) has 

been recently published [127]. The PRISMA Statement consists of a 27-item 

checklist with aim to help authors to improve the quality of reporting of 

systematic reviews and meta-analyses. 

The first step of any meta-analysis is to identify the clinical 

question. The question should contain the disease or condition of interest, 

the population of interest, the specific treatments or exposures being studied 

and the outcome measurements (efficacy, adverse reactions or both) being 

studied [128]. After a question has been identified, the protocol should be 

written specifying the aim of the study, the inclusion and exclusion criteria 

for the trials, the planned analyses and the statistical methods that will be 

used [129]. 
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The next step is to identify and select the trials that are potentially 

eligible to be included in the meta-analysis. Inclusion and exclusion criteria 

for studies are as necessary in a meta-analysis as they are in clinical studies 

to safeguard against selection bias. These criteria need to be specified in the 

meta-analysis protocol, just as inclusion / exclusion criteria are specified in a 

clinical protocol [128].  

Ideally, all trials on the question under study should be included in a 

meta-analysis, whether or not they are published. In order to achieve this 

goal, a comprehensive searching procedure is mandatory. A structured plan 

is necessary to manage the frequently large number of papers. Most meta-

analyses begin with an electronic search to more than one scientific database 

(Medline, Embase, Cochrane Clinical Trial Registry, ISI Web of 

knowledge). Use of computer searches to select the trials is insufficient 

because, in the past, indexing of trial publications was inadequate [130]. As 

a result, computer searches should be supplemented by screening for 

references in published trials and reviews, manual searching of proceedings 

from major conference in the field, and by personal contacts with 

investigators and with drug companies. This comprehensive searching 

approach is trying to ensure that even the so-called “grey literature” (i.e. 

literature that has not been formally published) will be included in the meta-

analysis. It has been found that published trials tend to be larger and show an 

overall greater treatment effect than grey trials [131]. The publication bias 

refers to a well-established phenomenon in medical literature in which trials 

showing statistically significant effects are more likely to be published 

[132]. Clearly, the exclusion of negative trials from the meta-analysis will 

substantially bias the results so that the treatment will appear more effective 

than it actually is [133]. Thus, the inclusion of both published and 

unpublished trials is essential in order to overcome this potential bias.  

Two reviewers using defined criteria to independently search and 

select studies can improve reliability of the selection process. A flow-chart 

diagram, which summarizes the results of the searching process, is necessary 

according to PRISMA statement.  

After the identification of potentially eligible trials and the selection 

of trials that will be included in the meta-analysis, based on the pre-specified 

inclusion / exclusion criteria, verification of the quality of each trial is 

essential because it is a component of the quality of the meta-analysis as a 

whole [129]. Recently, Cochrane Collaboration’s tool for assessing risk of 
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bias has been developed to assess the quality of RCTs included in a meta-

analysis [134]. This tool is taking into account the description of 

randomization model and allocation concealment, the blinding of 

participants and during the outcome assessment, the presence and handling 

of incomplete outcome data, the reporting of selective outcome and the 

presence of other potential biases. The assessment tool can be used in 

several ways: as a cutoff, which means that the meta-analysis is restricted 

only to studies at low risk of bias; as a stratifying method, in which meta-

analyses are presented stratified according to risk of bias; or as a descriptive 

characteristic of the study, used in explaining study variability and 

heterogeneity. The first two methods are preferable because the third one 

poses the risk that bias is downplayed in the discussion and conclusions of a 

review, so that decisions continue to be based, at least in part, on flawed 

evidence. 

The next step includes the data abstraction. Data should be 

abstracted onto structured forms designed to capture relevant information in 

a concise, focused fashion. The protocol should specify the items, the 

information to be collected for each item and the format for collecting the 

items [128]. The data abstraction form should be headed with a study 

number with the name of the study, the publication or source of data, the 

name and affiliation of the investigators. There should be descriptions of the 

study groups, including number of groups, size of group, age, gender 

distribution, diagnoses, clinicopathological features, treatments (including 

placebo), other treatment or descriptive variables and length of treatment. 

The summary of the results can be quite extensive, including descriptive 

statistics for all groups and all outcome measures. Two investigators should 

independently perform data abstraction for all the included studies. If 

consensus is not achieved, a third investigator can be consulted. In case of 

missing information from primary studies, principal investigators should be 

contacted in order to retrieve, if available, the missing data. 

 Data analysis is the last step of a meta-analysis. The analysis must 

include all eligible trials, published or not, and must be based on the 

intention-to-treat principle. This means that all patients in the treatment 

group defined by randomization must be included, whether or not they 

actually received the assigned treatment or whether they were excluded from 

the analysis done by the investigator. Data synthesis follows a 2-stage 

approach; in the first stage, effect size measures, together with their 
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confidence interval, are generated for each trial and in the second stage, 

these statistics are summarized in a final estimate of the treatment effect as a 

weighted average of the treatment effects estimated in the individual trials. 

The data from each individual study are weighted such that studies that have 

less variance (spread of data) or a larger sample size contribute more heavily 

to the overall estimate of effect. 

 There are effect size measures for dichotomous and continuous 

variables. Dichotomous (binary) outcomes are, for example, death yes ⁄ no, 

relapse yes ⁄no or therapy response yes ⁄ no, yielding such effect sizes as 

odds ratio, relative risk or risk difference [135]. “Odds” is defined as the 

ratio of events to nonevents, and the OR is defined as the odds in 1 group 

(eg, treatment group) divided by the odds in a second group (eg, control 

group). An OR greater than 1 means that the event is more likely in the 

treatment group, and therefore, the treatment group is favored if the “event” 

is desirable.  “Risk” is defined as the number of patients with an event 

divided by the total number of patients, and the risk ratio is defined as the 

risk in 1 group (eg, treatment group) divided by the risk in a second group 

(eg, control group). An RR less than 1 favors the treatment group if the 

“event” is not desirable. The risk difference is defined as the risk in the 

treatment group minus the risk in the control group, which quantifies the 

absolute change in risk due to the treatment.  

For continuous variables, measurements should be made on the 

same scale and the mean difference between the treatment and control 

groups is used.  

In case of time-to-event outcomes (disease-free survival, overall 

survival), a Hazard Ratio (HR) for each trial is estimated. HR less than 1 

indicates that the condition or event is less likely in treatment group when 

compared with control group. 

In combining single study results, two models can be approached: 

the fixed effects and the random effects model. In the fixed-effect model it is 

assumed that the true effect is the same or similar for each trial and that any 

variation is due solely to the play of chance. In contrast, the random effects 

model assumes that population effect sizes vary from study to study. 

Whenever there is significant heterogeneity between trials, it can be taken 

into account by use of a random-effect model, developed by DerSimonian 

and Laird, to estimate and test the overall treatment effect [136]. It leads to a 
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larger Confidence Intervals (CI), and a less powerful test than the fixed-

effect model when there is heterogeneity, because the variance of the overall 

effect is inflated to account for the variation between trials [137]. 

An important issue that should be assessed in any meta-analysis is 

the between-study heterogeneity. There are two possible sources of 

heterogeneity: i) the first is clinical heterogeneity and results from 

differences in the patients, interventions, and outcomes assessed in each 

study. Assessment of clinical heterogeneity requires critical appraisal and 

clinical sensibility, but not a statistical test; ii) the second is methodological, 

which refers to differences in treatment effects between studies that result 

from differences in methodological safeguards against bias. Before the data 

analysis, the presence of heterogeneity should be determined. The first 

method to determine methodological heterogeneity is by looking at a forest 

plot to see how well the confidence intervals overlap. If the confidence 

intervals of two studies don't overlap at all, there is likely to be more 

variation between the study results than what you would expect by chance 

(unless there are lots of studies), and you should suspect heterogeneity. The 

second method is by performing statistical tests. A test which was commonly 

used is Cochrane’s Q, a statistic based on the chi-square test [138]. The χ2 

test determines whether there is greater spread of results between the studies 

than is due to chance (hence, heterogeneity is present) and a value less than 

0.10 usually suggests this. Unfortunately, this test is thought to have low 

power; that is, it may sometimes fail to detect heterogeneity when it is 

present. To try to overcome this, a second test, the I
2
 statistic, was developed 

[139]. This test seems attractive because it scores heterogeneity between 0% 

and 100%. Further, a rule of thumb was proposed, with 25% corresponding 

to low heterogeneity, 50% to moderate and 75% to high. 

Several approaches have been proposed when heterogeneity is 

observed. If the results of the studies differ greatly then it may not be 

appropriate to combine the results at all. In this case, a critical appraisal of 

the literature should be preferred instead of meta-analysis. However, it is 

unclear how to ascertain the inappropriateness of performing meta-analysis. 

Another approach is to perform a meta-analysis by using the random-effect 

model, as described above. An alternative approach is to try to explore the 

between-study heterogeneity. This is possible with subgroup analysis and 

with meta-regression analysis. Subgroup analyses are meta-analyses on 

individual clinical subgroups that determine the specific effect for those 
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patients. Ideally, subgroup analyses should be limited in number and should 

be specified a priori [140]. By this technique, the reviewers could test 

whether grouping the studies according to certain characteristics reduces 

heterogeneity within each subgroup. If so, then this result indicates that the 

characteristic that defined the subgroup is related to treatment effect and that 

the pooled estimate within the subgroup may represent studies in this 

subgroup more sensibly. Meta-regression is a technique which allows 

researchers to explore which types of patient-specific factors or study design 

factors contribute to the heterogeneity. [141]. 

An easy way to report the combined data from meta-analyses is by 

using forest plots. The plot allows readers to see the information from the 

individual studies that went into the meta-analysis at a glance. [142]. Forest 

plots use boxes and "whiskers" (horizontal lines indicating the spread of the 

95% confidence interval) to represent individual trials. On close inspection, 

the reader will note that the size of the boxes varies among the different 

studies represented. In fact, box size correlates directly with the sample size 

(number of patients enrolled) of an RCT. As mentioned above, the whiskers 

represent the 95% CIs. These 95% CIs comprise the range of values for 

which you can be 95% confident that the true value is included, and help 

provide the reader with an appreciation of the reliability of the results. The 

wider the 95% CIs, the higher the uncertainty that the reported results are 

accurate In addition to providing information on the reliability of the results, 

the whiskers of a 95% CI can inform the reader as to whether the study was 

statistically significant. If the CI crosses the vertical line of no effect (0 for a 

difference between two groups and 1 for a ratio of two groups) then that trial 

result, taken individually, is not statistically significant. Conversely, if the CI 

does not cross the vertical line of no effect, the result is statistically 

significant. The overall result (summary effect) is represented by the 

diamond shape [143]. 

Several meta-analysis software and general statistical packages have 

been developed during the last decades and they are currently being used in 

the meta-analyses. Each available program has advantages and limitations 

that the user should be aware of in order to choose the most appropriate 

software depending on the user's needs and preferences [144].  
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2.2.3 Advantages and Potential biases in meta-analysis 

 The primary advantage of meta-analyses over RCTs is the ability to 

increase the statistical power of the study. The power of a study is defined as 

the probability of finding statistically significant result (i.e., rejecting the 

null hypothesis) in a study when a true difference exists between or among 

the groups of subjects being compared. RCTs frequently prove to be 

underpowered due to the small sample size or the limited number of 

observed events. This can lead to a statistically negative result which is 

unclear whether it truly reflects the fact that there is no difference between 

treatments, or whether the sample size was simply too small to demonstrate 

that a detected difference was significant. As mentioned earlier, meta-

analyses may overcome this limitation by combining different RCTs, 

thereby increasing overall sample size and as a result power of the study.  

Because of its power, meta-analysis is a good tool for studying 

interactions between subgroups of patients (depending on clinical or 

pathological characteristics) and treatment effect. Indeed, the larger the 

sample size available, the more precise the estimate of the effect, and the 

hypothesis of subgroup effects can be more reliably investigated. The results 

of such subgroup analyses should, however, being considered as tool for 

generating hypotheses requiring confirmation in a new randomized trial.   

Furthermore, meta-analysis is an extremely useful method for 

reconciling of contradictory results among various RCTs in a given area of 

interest. 

On the contrary, several drawbacks regarding the methodology of 

meta-analysis do exist and numerous criticisms about the validity of meta-

analysis have been raised.    

First, the meta-analytical combination of individual studies has been 

criticized as comparing “apples with oranges”; for instance, studies with 

different dose schedules, follow-up, types of participants, or modes of 

treatment. If studies are clinically (or methodologically) too diverse, the 

results of a meta-analysis may be meaningless. Clear inclusion criteria, the 

graphical presentation of the results in forest plots and heterogeneity 

statistics, as mentioned above, are an aid in keeping the apples separate from 

the oranges. 
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Second, the “Garbage in-garbage out” phenomenon refers to the fact 

that if a meta-analysis includes many low-quality RCTs, then fundamental 

errors in the primary studies will be carried over to the meta-analysis. 

Unfortunately, it is true that no amount of statistical technique can improve 

the fundamental quality of the data being combined for the meta-analysis. 

There is a series of biases that threaten the validity of clinical trials. These 

relate to systematic differences in the patients’ characteristics at baseline 

(selection bias), unequal provision of care apart from the treatment under 

evaluation (performance bias), biased assessment of outcomes (detection 

bias), and bias caused by exclusion of patients after they have been allocated 

to treatment groups (attrition bias) [145]. The use, however, of tools for 

assessing the risk of bias in primary studies is a valid way to overcome this 

phenomenon. 

Publication bias is a well-known potential threat in meta-analyses. It 

refers to the selective publication of research findings based on the 

magnitude, direction, or statistical significance of the study results [146]. 

The most common expression of publication bias is the fact that positive 

trials (studies that produce a statistically significant result) are much more 

likely to be published than so-called negative trials (studies producing no 

statistically significant association), or trials that produce equivocal results 

[147].  

There are several facets of publication bias [148]. Language bias 

may exist when literature searches fail to include foreign studies, because 

significant results are more likely to be published in English [149]. Database 

bias refers to the exclusion of relevant studies that merit inclusion in meta-

analysis due to their publication in journals not indexed in one of the major 

databases [148]. Citation bias refers to the fact that studies with significant 

findings tend to be cited more frequently, and those with negative or 

nonsignificant findings are less likely to be cited. Finally, multiple 

publication bias can occur if several publications are generated from a 

multicenter trial or a large trial reporting on a variety of outcomes. If the 

same set of patients is included twice in the meta-analysis, the treatment 

effect can be overestimated [148]. 

All these biases cause an unrepresentative sample of primary studies 

which may lead to overestimating the effect of the intervention being 

examined in the meta-analysis. In any meta-analysis, it is therefore important 

to assess publication bias. The simplest and most commonly used method to 



27 

 

detect such bias is the funnel plot [150]. In a funnel plot, the treatment effect 

of each individual study is plotted against some measure of its size, like the 

standard error or the overall sample size. In the absence of publication bias, 

these plots should be symmetrically shaped like a funnel, because the 

estimate of the effect of a treatment has a larger variability in smaller studies 

compared with the variability in larger studies. Since smaller and negative 

studies are less likely to be published, trials in the bottom left-hand corner of 

the plot are often absent, creating a degree of asymmetry in the funnel. 

A comprehensive searching of the literature, without language 

restriction, could help to overcome publication bias. Furthermore, the 

requirement that any RCT should be registered to an electronic database 

(www.clinicaltrials.gov) before patient accrual is another step towards 

minimizing risk for publication bias since it is mandatory for all studies to be 

published irrespectively study outcome [151].  

Finally, between-study heterogeneity is a serious drawback in meta-

analysis. The assessment, investigation and dealing of heterogeneity have 

been described above. 

2.2.4 Future in meta-analysis research 

 The field of meta-analysis is in a period of rapid development, with 

theoretical and methodological advances.  

Newer meta-analytical techniques have been developed. Individual 

patient data (IPD) meta-analysis involves the re-analysis of the actual raw 

data from all relevant RCTs. The researcher conducting the individual 

patient-level data study collects the data and re-analyzes it. When literature 

and IPD meta-analyses have been conducted on the same question, the 

literature-based method over-estimated the benefit associated with the 

experimental treatment in most cases. IPD meta-analysis offers advantages 

and, when feasible, should be considered the best opportunity to summarize 

the results of multiple studies [152]. Multiple-treatment meta-analysis is a 

meta-analytical technique that gives the opportunity to rank the effectiveness 

of many treatments in the same disease, even if no head-to-head comparison 

among all the treatments has been performed [153]. In addition, a 

prospective meta-analysis can be conducted if one designs a set of parallel 

randomized trials, comparing the same two treatments on similar 

populations, registering the same minimum dataset, and planning a pooled 

http://www.clinicaltrials.gov/
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analysis of the main outcome, eg overall survival or disease-free survival 

[154]. 

Finally, an important step for the improvement of quality and 

increasing confidentiality of systematic reviews and meta-analysis was the 

establishing of PROSPERO, an international database of prospectively 

registered systematic reviews in health and social care 

(www.crd.york.ac.uk/prospero). 
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3. Specific Part 

3.1 Bisphosphonates in adjuvant setting: rationale and risk for 

Osteonecrosis of the Jaw (ONJ) (Paper I-III) 

Female patients receiving adjuvant treatment for early breast cancer 

are at significant risk of cancer treatment-induced bone loss (CTIBL), 

including osteopenia and osteoporosis. Cytotoxic chemotherapy results in 

chemotherapy-induced menopause, which is associated with significant bone 

loss [155-157], whereas hormonal therapies with AIs can lead to bone 

metabolism changes including increased rate of bone loss which is, at least, 

double those reported during early menopause [158,159]. Patients with 

CTIBL, are at high risk for fractures, which are associated with chronic pain, 

loss of mobility and even shorter survival [160].  

Bisphosphonates are antiresorptive agents that inhibit osteoclast 

function and they are widely used in benign and malignant bone diseases 

[161]. Bisphosphonates have an established role in treating patients with 

bone metastases from breast cancer for preventing skeletal-related events 

[162].  

Evidence from clinical trials supports the efficacy of 

bisphosphonates for preventing bone loss in patients with early breast cancer 

during therapy with AIs or in patients with chemotherapy-induced ovarian 

failure [163]. Current guidelines recommend that patients at risk of 

developing chemotherapy- or hormone-induced osteopenia or osteoporosis 

should be considered for preventative bisphosphonates therapy [164]. 

However, the value of bisphosphonates in the prevention of fractures in 

average-risk early breast cancer patients is still under investigation. 

Except from the potential role of bisphosphonates as preventive 

agents against bone loss, a growing body of evidence from preclinical 

studies has shown that bisphosphonates may have antitumor activity through 

preventing tumor cell adhesion to bone [165,166], inducing tumor cell 

apoptosis [167], and inhibiting angiogenesis [168]. Furthermore, zoledronic 

acid has been found to alter the adhesion of breast cancer cells to 

mesenchymal cells which can theoretically reduce the metastatic potential of 

cancer cells [169].   
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Considering the potential dual role of bisphosphonates in breast 

cancer patients, both as antitumor treatment and as preventive therapy 

against bone loss, many randomized trials have been conducted examining 

the role of bisphosphonates in adjuvant setting with conflicting results. 

The use of bisphosphonates has been associated with an uncommon 

but serious side effect, the osteonecrosis of the jaw (ONJ). The incidence of 

ONJ varies with length of exposure, being 5% among patients treated for 4–

12 months, and rising to 7.7% after treatment for 37–48 months [170]. This 

complication has drawn the attention of the medical community due to the 

subsequent significant morbidity, ranging from discomfort to significant loss 

of bone and function, and the fact that bisphosphonates have become 

commonly prescribed drugs. Considering the long life expectancy of patient 

with primary breast cancer, ONJ complication may jeopardize the quality of 

life of these patients for all their life. Fortunately, dose intensity of 

bisphosphonates regimens used in the treatment of primary breast cancer, is 

notably lower than those used for metastatic disease, but no study to date 

was powered enough to estimate the incidence of this complication in 

adjuvant breast cancer setting. 

3.2 Fulvestrant: mechanism of action and role in advanced breast 

cancer (Paper IV) 

Hormone therapy is generally considered as treatment of choice for 

postmenopausal patients with newly diagnosed advanced breast cancer if the 

patient’s tumor is hormone responsive [60]. Currently, standard therapeutic 

options in breast cancer are the selective oestrogen receptor modulator 

tamoxifen, the third generation non-steroidal AIs, anastrozole and letrozole 

and the steroidal AI exemestane. 

While tamoxifen was the cornerstone of hormonal therapy for many 

years, several randomized trials [171-173] and a meta-analysis [174] 

demonstrated equivalence or superiority in terms of progression-free 

survival and overall survival for the AIs compared to tamoxifen. 

Despite the advances in hormonal therapy, the majority of patients 

with advanced breast cancer will experience a disease progression during 

endocrine therapy. It is therefore becoming extremely important to identify 

and evaluate new hormonal agents that are effective after disease 

progression. 
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Fulvestrant is a steroidal analog of 17β-estradiol, which 

competitively binds to the ER with high affinity [175]. Unlike tamoxifen, 

fulvestrant has no ostrogen agonist effect and it is considered a pure estrogen 

antagonist. Fulvestrant also has a novel mode of action since it binds, blocks 

and accelerates degradation of oestrogen and progesterone receptor protein, 

leading to an inhibition of oestrogen signalling [176]. Due to its unique 

action in downregulation of the ER, fulvestrant lacks of cross-resistance with 

other antiestrogenes. Indeed, a proposed mechanism of endocrine resistance 

includes the activation of ER, in the absence of estrogen, from epidermal 

growth factors, resulting in “cross-talk” or activation of other pathways 

which promote cell growth [177,178]. Fulvestrant may, at least partially, 

circumvent this mechanism of resistance by degradation of ER. Early 

preclinical data demonstrated both the superior inhibition of tumor cell 

growth with fulvestrant compared with tamoxifen [179] and its activity after 

tamoxifen resistance [180]. Fulventrant’s unique mechanism of action offers 

another theoretical advantage since the combination with other endocrine 

therapies may result in a synergistic effect, a concept that is supported by 

preclinical data [181].  

Based on the theoretical advantages of fulvestrant and the promising 

preclinical studies, several clinical trials were designed to evaluate 

fulvestrant in postmenopausal women with advance breast cancer. 

3.3 Partial breast irradiation: rationale and available techniques  

(Paper V) 

 In the past few decades, a major shift in the local management of 

breast cancer has occurred: mastectomy was replaced by BCS followed by 

post-operative WBRT [61,62]. A total dose of 45-50 Gy is delivered to the 

entire breast over 5 to 6 weeks (1.8 to 2 Gy per fraction). In some patients, a 

boost dose of 10-16 Gy to the tumor bed is added. Solid evidence from 

randomized trials supports that the combined treatment has equivalent 

results to mastectomy in terms of local control and survival rates [61,62]. 

This is a paradigm of a changing standard of care in favor of a new treatment 

that provides the same clinical results in terms of cure rates, decreased side 

effects, organ sparing and the prospect of a better quality of life. 

 Over the past several years, there has been growing interest in the 

use of accelerated partial-breast irradiation (APBI) as an alternative to 

WBRT. APBI consists of the irradiation of a limited volume of mammary 
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gland immediately surrounding the tumour bed offering decreased overall 

treatment time and several theoretical advantages over WBRT.  

 Indeed, it has been reported that many women who are candidates 

for BCS followed by WBRT either elects to have a mastectomy [182] or 

complete their local treatment with lumpectomy alone [183]. The limited use 

of WBRT could be explained by the fact that some women cannot or will not 

undergo the usual 6-7 week course of radiotherapy due to limited financial 

means, and/or long travel distances to the radiation facilities, and/or lack of 

time and/or due to poor ambulatory status of the patient [184,185]. 

Moreover, in countries with limited radiotherapy facilities, patients treated 

with BCS may wait for a long time before beginning radiotherapy. 

Consequently, there is a delay in the initiation of postoperative radiotherapy, 

which may affect not only local control [186] but also overall survival 

[187,188]. APBI offers increased convenience due to a shorter duration of 

radiation therapy (5-7 days versus 6 weeks). This significant shortening of 

the treatment time is extremely important in order to overcome the above 

mentioned socioeconomic and radiation therapy facilities-related barriers 

that negatively affect patient compliance with radiotherapy. 

 Along with the practical advantages, APBI offers some theoretical 

advantages as well, compared with WBRT. The stronger case for APBI has 

come from clinical [189] and pathological [190] observations of long-term 

studies reporting that the majority of breast tumour recurrences occur in 

proximity to the lumpectomy cavity. In addition, breast cancer relapses 

outside of the original tumour bed appear to occur with the same frequency 

following lumpectomy regardless of whether or not adjuvant WBRT is 

delivered [191]. Consequently, WBRT may not be necessary since most 

ipsilateral breast tumour relapses occur in the vicinity of the primary tumour 

and radiotherapy does not seem to prevent other quadrant relapses. 

 An additional theoretical advantage of APBI is a decreased dose to 

normal tissue. With a smaller target volume, it may be expected that adjacent 

organs such as the heart and lungs will receive less radiation. 

 APBI can be carried out with four principally different techniques: 

interstitial brachytherapy with multiple catheters, intracavitary 

brachytherapy, intraoperative radiotherapy and external 3D conformal 

radiotherapy. Each of these techniques has unique advantages and 

limitations and is in a different stage of development and acceptance. 
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 Multi-catheter interstitial brachytherapy is the APBI technique that 

has been utilized the longest and has the most extensive follow-up. In this 

approach, catheters are placed at 1–1.5 cm intervals through the breast tissue 

surrounding the lumpectomy cavity. The number of catheters is determined 

by the shape and the size of the target. Interstitial brachytherapy has been 

used with all possible dose rates, including low- and high-dose rates. This 

technique permits individual conformation of the irradiated volume precisely 

adapted to the anatomical conditions. However, this approach results in 

significantly heterogeneous delivered dose, the target coverage might be 

inferior to other PBI techniques and the skin dose might be increased [192]. 

 Intracavitary brachytherapy has been developed to be a less 

operator-dependent procedure compared with interstitial brachytherapy. The 

MammoSite is a balloon catheter, which consists of a double-lumen catheter 

with an inflatable balloon at the distal tip. The balloon is inserted in the 

lumpectomy cavity, either during or following breast-conserving treatment, 

and is then filled with saline and contrast material such that the surrounding 

tissue is stretched tightly around it. Treatment is delivered immediately in 

the lumpectomy cavity using a high-dose source, which is inserted into the 

centre of the balloon. The method is simple, with a short learning curve. 

Conversely, the limitations of the technique are that the target volume is 

standardized without allowing individual conformation and the therapeutic 

range is only 10 mm. In addition, the distance between the balloon and the 

skin appears to be the most important factor for achieving optimal cosmetic 

results. Moreover, catheters can be a source of discomfort and potentially 

promote bleeding, infections and late damage such as fibrosis and 

telangiectasia [193]. 

 Intra-operative radiation therapy (IORT) refers to the delivery of a 

single fractionated dose of irradiation directly to the tumor bed during 

surgery. Two modalities of IORT have been described using either electron, 

as developed in Milan [194], or photon beams (based on ‘soft’ X-rays of 

50kV) developed by the University College of London [195]. The potential 

advantages of IORT include delivering of the radiation before tumor cells 

have a chance to proliferate. Furthermore, tissues under surgical intervention 

have a rich vascularization, with aerobic metabolism, which makes them 

more sensitive to the action of the radiation (oxygen effect). Also, the 

radiation is delivered under direct visualization at the time of surgery. IORT 

has the potential for accurate dose delivery: by permitting delivery of the 
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radiation dose directly to the surgical margins, IORT eliminates the risk of 

geographical miss in which the prescribed radiation dose is inaccurately and 

incompletely delivered to the tumor bed. As this irradiation is performed 

during the same surgical procedure, there is no need for future 

hospitalization and transportation of patients. The major flaw of this 

technique is the lack of definite pathological data regarding resection 

margins, histological features and axillary nodal status at the time of 

radiation therapy [193]. 

 Three-dimensional (3-D) conformal external beam radiation therapy 

(EBRT) is a type of computerized radiation that uses computer-generated 

images to show the size, localization, and shape of the tumor. Some beams 

may be filtered to adjust the intensity of radiation delivered (intensity-

modulated radiation therapy (IMRT)). This adjustment allows concentration 

of the radiation in the region of the cancer, and minimizes the dose to the 

surrounding normal organs. This technique has some potential advantages 

over the other techniques [196] since it is a non-invasive technique, the 

learning curve for radiation oncologists is smaller and, it is intrinsically more 

likely to generate better dose homogeneity and, thus, resulting to a better 

cosmetic outcome. Despite the above appeal of EBRT APBI, many issues 

and questions remain unanswered. These include breathing motion which 

could affect the dose delivering, identification and contouring of the 

lumpectomy cavity and the fractionation scheme adopted. 

 Several phase II trials which supported the efficacy of APBI 

demonstrate comparable long-term local and regional control rates and 

significantly better cosmetic results when compared to the corresponding 

results of conventional WBRT. However, a small number of phase III trials 

comparing standard WBRT versus limited field irradiation have been 

already published.  

3.4 Bevacizumab in breast cancer: mechanism of action and role 

in metastatic breast cancer (Paper VI) 

The angiogenesis is an important developmental mechanism 

implicated in several physiological and pathological processes. Amongst the 

many factors implicated in angiogenesis most attention is catalyzed, during 

these years, by VEGF (vascular endothelial growth factor) system. 
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VEGF expression is increased in many tumor types including breast 

cancer [197]. In breast cancer, this increase is associated with poor clinical 

outcome, including decreased disease-free and overall survival [198,199].  

The VEGF-overexpression leads to several activities that promote 

the tumor growth including the growth of structurally chaotic and functional 

aberrant vessels into tumor burden [200], the raising of intratumoral pressure 

that prevents the penetration of chemotherapeutic agents into the tumor 

[201], and the prevention of the apoptosis of immature pericyte on vessels 

critical for tumor nutrition [202]. Moreover, overexpression of VEGF has 

been shown not only to enhance estrogen-dependent tumor growth, but also 

to have an estrogen-independent effect through an autocrine mechanism of 

growth stimulation [203].  

These observations, along with the limited role that VEGF plays in 

healthy adults, suggest that inhibition of VEGF could be a rational 

therapeutic approach for the treatment of breast cancer.  

The first VEGF antagonist was the monoclonal antibody 

bevacizumab (Avastin, Genentech, USA) which was approved by FDA for 

the treatment of metastatic colorectal patients (February 2004) and, after few 

months, worldwide with the same indication. Bevacizumab is a humanized 

mouse monoclonal antibody (93% human) that is composed of the mouse 

VEGF-binding site joined to a human IgG framework. Bevacizumab 

recognizes all isoforms of VEGF-A preventing the binding of the ligand to 

the receptor and, thus, leading to inhibition of angiogenesis and tumour 

growth. In vitro bevacizumab inhibits VEGF-induced endothelial cell 

proliferation and migration. In addition to anti-angiogenic effects, VEGF 

targeting may produce clinical benefit through other mechanisms, including 

direct action against tumor cells [204]. In preclinical studies, the anti-tumour 

activity of bevacizumab seems to be enhanced by the combination with 

cytotoxic chemotherapy [205].  In human breast cancer xenograft models 

either the A4.6.1, the murine precursor of bevacizumab or bevacizumab has 

demonstrated a certain activity in inhibiting angiogenesis and tumour growth 

and spreading, given alone or in combination with chemotherapeutics and 

other targeted agents (trastuzumab) [206].  

After demonstrating anti-angiogenic and anti-tumour activity in 

preclinical and animal models, bevacizumab produced anti-tumour activity 

in a number of frequently occurring tumour types in prospective phase II and 
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in phase III randomized clinical trials. Consequently, bevacizumab obtained 

regulatory approval for the treatment in first-line metastatic colorectal 

cancer, non-small cell lung cancer and renal cell carcinoma [207].  

In metastatic breast cancer patients, randomized controlled trials 

evaluated the combination of bevacizumab with chemotherapy in the first-

line setting and the results showed improvements in tumor response rate and 

progression-free survival (PFS). However, none of the trials showed 

significant survival benefit with the use of bevacizumab partially because all 

those trials were designed to detect differences regarding progression-free 

survival events. 

3.5 Trastuzumab in breast cancer: mechanism of action and role 

as neoadjuvant therapy (Paper VII) 

Neoadjuvant therapy is the standard of care in patients with locally 

advanced breast cancer [60,78]. The survival benefit gained from 

chemotherapy in breast cancer patients has been found to be equal regardless 

whether chemotherapy is administered preoperatively or postoperatively 

[102]. Neoadjuvant chemotherapy offers some attractive benefits since it can 

downstage the primary tumor in most women allowing higher breast-

conserving surgery rates or improving respectability [208] and it can also 

provide an in vivo assessment of tumor response to chemotherapy since 

pathologic complete response (pCR) to neoadjuvant treatment could be a 

reliable prognostic factor [209]. 

Approximately 20% of breast cancer tumors show overexpression of 

human epidermal growth factor receptor 2 (HER2). The HER-2/neu gene 

encodes a 185-kd transmembrane glycoprotein (p185HER–2/neu) that is a 

member of the family of epidermal growth-factor receptors with intrinsic 

tyrosine kinase activity. Overexpression of p185/HER2/c-neu in patients 

with primary breast cancer is associated with a number of adverse prognostic 

factors, including advanced stage axillary lymph node involvement, absence 

of estrogen and progesterone receptors, increased S-phase fraction, and high 

nuclear grade [47,48]. As a result, patients with HER2 overexpression have 

been found to have poor disease-free survival and overall survival [47,48].  

Based on the association between poor prognosis and HER-2 

overexpression, antibodies, specifically targeting HER-2, were developed 

and evaluated for their therapeutic efficacy. Trastuzumab (Herceptin; 
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Genentech, South San Francisco, CA) is a recombinant, DNA-derived, 

humanized, monoclonal antibody that selectively binds with high affinity to 

the extracellular domain of HER-2. Although it is not fully understood how 

trastuzumab inhibits HER2 activity, some studies have suggested that the 

drug might promote internalization and degradation of HER2 [210,211]. 

Another potential mechanism of action could be the induction of an immune 

system-mediated antitumor response. Indeed, data from several in vivo 

experiments have indicated that trastuzumab is capable of mediating the 

induction of immune responses such as antibody-dependent cellular 

cytotoxicity (ADCC) and complement-dependent cytotoxicity [212]. 

The administration of trastuzumab has improved the survival of 

HER2-positive breast cancer both in the adjuvant [213] and the metastatic 

settings [214]. Recent data showed that women with HER2/neu-positive 

disease who received trastuzumab with systemic therapy may have either 

comparable or even better prognosis compared with women with HER2/neu-

negative disease [51]. 

Considering the benefits from neoadjuvant chemotherapy and the 

well-documented effect of trastuzumab in HER2 positive breast cancer in the 

adjuvant and the metastatic settings, the addition of trastuzumab to 

neoadjuvant treatment appears to be appealing since it might also be 

associated with better overall responses and survival outcomes. Furthermore, 

preclinical data indicate that the use of trastuzumab prior to surgery might be 

of great benefit by limiting the proliferation and improving the control of 

residual tumor. 
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4. Aims of the study (specific aims) 

Paper I 

We performed a meta-analysis of randomized controlled trials to 

address whether the use of bisphosphonates in the adjuvant setting of breast 

cancer might have any effect on the natural course of the disease. Most 

specifically, we investigated for any beneficial effects on overall survival, 

prevention of disease recurrences, and occurrence of bone metastases. 

Paper II 

We conducted a systematic review and meta-analysis in order to 

examine the efficacy of bisphosphonates in preventing fractures among 

patients with early breast cancer. 

Paper III 

We planned a meta-analysis, in order to estimate the cumulative 

evidence for bisphosphonates to induce jaw osteonecrosis in primary breast 

cancer setting. Secondary outcome was the subgroup analysis by the use of 

each bisphosphonate agent. 

Paper IV 

We conducted a systematic review of the literature and meta-

analysis in order to compare both the efficacy and tolerability of the new 

agent fulvestrant versus other hormonal agents, such as tamoxifen and 

aromatase inhibitors, which are currently standard treatments for patients 

with advanced breast cancer. 

Paper V 

Due to the lack of sufficiently powered results from the existing 

phase III trials, we conducted a systematic review and meta-analysis to 

evaluate the current randomized evidence for the role of APBI in breast 

cancer treatment. 
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Paper VI 

 We conducted a meta-analysis to synthesize available evidence for 

use of bevacizumab in metastatic breast cancer patients in terms of overall 

survival, progression free survival and response rate. 

Paper VII 

We conducted a meta-analysis of randomized trials which evaluated 

the efficacy of incorporating trastuzumab into neoadjuvant chemotherapy for 

HER-2 positive breast cancer. We aimed to determine whether this approach 

improves pathologic complete response with acceptable toxicity. 
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5. Materials and Methods 

5.1 Paper I-III 

Identification of randomized trials 

We conducted a systematic review of all English and non-English 

medical literature using MEDLINE, the Cochrane Controlled Trials Register 

and ISI Web of Knowledge. We set no year or country restriction. The 

searching algorithm used in electronic database search was as follows: (early 

OR adjuvant) AND (breast OR mammary) AND (tumour OR malign* OR 

carcinoma* OR cancer) AND (biphosphonates OR bisphosphonates OR 

clodronate OR pamidronate OR zoledronic acid OR ibandronate). The latest 

search was done on January 2009. 

The reference lists of all studies included in the meta-analysis were 

examined for other relevant articles missed by the electronic searches.  

Abstracts from major scientific meetings were electronically 

searched (American Society of Clinical Oncology annual Meeting, San 

Antonio Breast Cancer Symposium, the European Cancer Conference). 

Eligibility criteria 

Eligibility and exclusion criteria were pre-specified. We included all 

phase III and randomized controlled trials that were published as full articles 

in peer-reviewed journals or that were presented at the aforementioned 

meetings up to January 2009 in which patients with primary breast cancer 

were randomized to receive any bisphosphonate in the adjuvant setting 

versus a control group receiving no treatment or placebo. We also included 

trials that randomized breast cancer patients to receive either upfront or 

delayed bisphosphonates. Trials fulfilling the above inclusion criteria were 

considered eligible irrespectively of the study sample size, the type and the 

dosage of bisphosphonates used. Nonrandomized studies were considered 

ineligible. 

When multiple records were related to the same study, end point 

data was extracted from the report with the longest follow-up (largest 
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number of events) to avoid duplication of information in the meta-analysis 

calculations. 

 

Data extraction 

Data extraction was conducted independently by two authors, and 

consensus was achieved for all data. When data on the outcome were not 

available from trials, we contacted the primary investigators of the eligible 

trials. 

From each eligible trial, we recorded authors' names, journal and 

year of publication, country of origin, inclusive dates of patient enrolment, 

number of centers involved and study design items (including whether there 

was a description of the mode of randomization, allocation concealment, and 

number of withdrawals per arm, blinding and whether any planned or 

unplanned interim analyses had been performed). Additionally, we recorded 

the following items for both arms of each eligible trial: number of patients 

randomly assigned to treatment and analyzed per arm, age, tumour stage, 

menopausal status, exact regimen, schedule and dosing scheme of 

bisphosphonate used and any additional breast cancer treatment given. 

Outcomes 

For Paper I, primary outcome was to evaluate whether the adjuvant 

use of bisphosphonates in breast cancer might have any effect on overall 

survival, disease recurrences, and occurrence of bone metastases compared 

with non-use. Furthermore, we pooled estimates for distant metastases, 

visceral recurrences, and occurrence rate of locoregional relapses. 

Considering that treatment outcomes may vary among different types of 

bisphosphonates, the investigators performed subgroup analyses for deaths, 

disease recurrences, and bone metastases according to the bisphosphonate 

used (zoledronic acid/clodronate/pamidronate/risedronate). 

For Paper II, the primary outcome was to evaluate the fracture rate 

in breast cancer patients receiving adjuvant bisphosphonates compared with 

patients receiving no treatment or placebo. Furthermore, we estimated the 

efficacy of bisphosphonates in reducing the fracture rate in patients at 

increased fracture risk: (a) postmenopausal patients and (b) patients 

receiving AIs. 
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Since our study analyzed the bone fracture occurrence in an ITT 

setting (intent to treat), only studies reporting the overall fracture rate (any 

cause) were included in our analysis. Since beneficial effects of 

bisphosphonates among metastatic patient with bone secondarisms had been 

clearly reported in literature, studies underreporting their fracture data and 

limiting their report only for patients who will develop bone secondarisms 

were excluded from analysis. This decision stems from the fact that in 

adjuvant setting only a minority of the patients become metastatic. 

Thereafter, the beneficial effects of bisphosphonates among patients who 

will develop bone metastasis might be heavily counterbalanced by potential 

detrimental effects of bisphosphonates on physiological bone metabolisms of 

“healthy” patients who want developed bone metastasis. Conversely, only a 

solid ITT analysis might have sense and drive to firm conclusions. 

 For Paper III, primary outcome was to estimate and compare the 

incidence of patients with osteonecrosis of the jaw in patients with breast 

cancer receiving adjuvant bisphosphonates compared with those without 

adjuvant bisphosphonates. Secondary outcome was the subgroup analysis of 

primary outcome according to the kind of bisphosphonate agent used. 

Statistical analysis 

For Paper I, the number of events (deaths, disease recurrences, and 

bone metastases) and the number of non-events in treated and control groups 

were retrieved from each primary study and 2x2 tables were constructed. 

Odds ratios (OR) of events for treated patients with respect to those who 

were not and the 95% CIs were calculated. Χ2 test was used to assess 

heterogeneity between studies (significance level set at 0.1). In the absence 

of heterogeneity, pooled estimates of ORs with their 95% CIs were 

calculated using the Mantel-Haenszel method. In the presence of 

heterogeneity, the DerSimonian and Laird random effects method was used 

to pool primary studies estimates [136]. Statistical software STATA 8.0 

(Stata Corporation, College Station, Texas) was used for statistical analysis. 

For Paper II, 2X2 tables were constructed and odds ratio (OR) was 

calculated for each primary study to estimate the relative risk of fractures in 

patients with breast cancer receiving adjuvant bisphosphonates compared 

with those receiving no treatment or placebo. For each eligible study group, 

we estimated the odds ratio for bone fractures between the groups in 

comparison and the 95% confidence interval (CI). Studies with zero events 
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in both groups (treatment and no treatment) were excluded from analysis. 

Between-study heterogeneity for the odds ratio was evaluated using the Q 

statistic. We then synthesized the data across studies using fixed effects 

(Mantel–Haenszel) or random effects (DerSimonian and Laird) modeling 

[136]. Analyses were performed in STATA SE 10.0 (Stata Corp, College 

Station, TX). All P-values are two-tailed. 

Pre-specified subgroup analyses were performed in order to assess 

the effect of treatment in groups of patients with accelerated bone loss and 

increased fracture risk. We estimated the effect of treatment in 

postmenopausal patients (a trial was considered eligible if ≥75% of enrolled 

patients in both arms was postmenopausal) and in patients receiving AIs (a 

trial was considered eligible if ≥75% of enrolled patients in both arms 

received an AI). 

For Paper III, the number of patients with osteonecrosis of the jaw in 

treated and control groups were retrieved from each primary study and 2X2 

tables were constructed. Because of the large number of empty cells found 

and the fact that the control arm had a total of one event, this problem 

presents itself as extremely sparse. The effect of such dataset is to render the 

effect of any kind of continuity correction or in general any compensation 

for the failure of the various approximations (e.g., normality assumption) 

used to compute estimates and variances relatively large. 

We thereafter performed a meta-analytical approach for rare events. 

Sweeting approach was used for the analysis of sparse data [215]. We 

discarded inverse variance methods and fixed effect simple Bayesian 

methods, since they are very likely to be biased, unstable or both for this 

type of data [215]. Since the studies analyzed were very well balanced, 

Mantel-Haenszel (M-H) pooled odds ratio using a small continuity 

correction and Peto’s should be the least biased, and were therefore used in 

the analyses [215]. Multiple approaches were used to provide a sensitivity 

analysis, i.e., to give a better idea of how the results depend upon the 

estimation method chosen. Q statistic was used to evaluate test 

heterogeneity. 



45 

 

5.2 Paper IV 

Identification of randomized trials 

 We searched MEDLINE, ISI Web of Science and the Cochrane 

Central Register of Controlled Trials, without year and language restriction. 

We used (fulvestrant OR faslodex) AND (breast OR mammary) AND 

(tumour OR malign* OR carcinom*ORcancer) as searching algorithm. The 

last search was updated in August 2008. On the basis of the title and 

abstract, we downloaded or requested full articles. Reference lists in these 

trials were checked to identify any other published or unpublished data.   

We hand-searched the references of review articles and evaluated 

symposia proceedings, poster presentations, and abstracts from major cancer 

meetings (including American Society of Clinical Oncology Annual 

meetings, San Antonio Breast Cancer Symposium). Cross searches were 

performed in MEDLINE using the names of investigators who were lead 

authors in at least one eligible trial. 

Eligibility criteria 

 Abstracts, full articles, and the grey literature that passed the 

primary screening were retrieved and scrutinized. For inclusion, an article 

had to be a randomized controlled trial. We considered eligible all 

randomized controlled trials comparing fulvestrant versus any other 

hormonal therapy in patients with advanced breast cancer. If multiple 

publications of the same trial were retrieved or if there was a case mix 

between publications, only the most recent publication was included. 

We excluded single arm studies and dose-escalation studies. Non-

randomized studies were also excluded, as were case reports, letters, 

editorials, commentaries, reviews, and abstracts with insufficient details to 

meet the inclusion criteria. 

Data extraction and outcomes 

From each eligible trial, we recorded the following items for both 

arms: authors’ names; journal and year of publication; years of patient 

enrolment; number of patients randomly assigned and analyzed per arm, age, 

BMI, site of measurable lesions, tumor stage, and menopausal status; 

hormonal receptor status; the exact regimens used and their dose and 
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schedule; the line of treatment; any additional treatments given to both arms. 

We recorded methodological quality items including whether there was a 

description of the mode of randomization, allocation concealment subject 

withdrawals, whether a description of the reason for withdrawal was 

reported and whether any planned or unplanned interim analyses had been 

performed. We also recorded whether all randomized women were included 

in the analysis according to intention-to-treat principle. 

The primary outcomes of our study were to compare overall 

survival, time to tumor progression (TTP), objective response and clinical 

benefit in patients receiving fulvestrant versus other hormonal agents 

(tamoxifen, exemestane, and anastrozole). 

Objective response was defined as the proportion of patients with 

complete response or partial response after treatment, and the clinical benefit 

as the proportion of patients with an objective response or stable disease 

lasting ≥24 weeks. 

The secondary outcome was to evaluate the safety of fulvestrant 

versus other hormonal agents comparing the number of adverse events in 

each arm. We analyzed only adverse events reported in three or more 

eligible trials. 

Statistical analysis 

 For the meta-analysis of overall survival and time to progression 

hazard ratios (HRs) were extracted from each study. For the meta-analysis of 

clinical benefit, objective response and all secondary outcomes, 2X2 tables 

were constructed and odds ratios (ORs) were calculated for each primary 

study. Heterogeneity of estimates between primary studies was statistically 

evaluated (chi-square test statistic, with a significance level of 0.1). In case 

of homogeneity of the estimates of effects between studies, pooled estimates 

(with 95% confidence intervals) were calculated according to Peto method 

(for log transformed HRs) or Mantel–Haenszel method (for ORs). In case of 

heterogeneity, pooled estimates and 95% confidence intervals were 

calculated according to DerSimonian and Laird random effects method. 

Standard errors of HR estimates were indirectly derived from the confidence 

intervals published in each study. Statistical analyses were done with 

statistical software STATA (version 8.0). 

5.3 Paper V 
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Identification of randomized trials 

 We electronically searched the Cochrane Central Trials Registry, 

PubMed and ISI Web of Science, without year and language restriction, by 

using the following searching algorithm: (partial OR accelerated partial OR 

APBI OR PBI OR multicatheter interstitial brachytherapy OR interstitial 

brachytherapy OR balloon catheter brachytherapy OR mammosite OR 

intracavitary brachytherapy OR intraoperative OR IORT OR conformal 

external beam OR 3D-CRT) AND (radiation therapy OR radiotherapy OR 

irradiation OR brachytherapy) AND (mammary OR breast) AND (cancer 

OR malign* OR neoplas* OR carcinom*). The last search was updated on 

June 2008.  

In addition, we tried to identify any previous systematic review of 

randomized trials in this field and we scrutinized the references of all 

eligible trials in order to find any potentially eligible trial that it was not 

identified by our searching algorithm. Cross-searches were performed in 

MEDLINE using the names of investigators who were lead authors in at 

least one eligible trial. 

Eligibility criteria 

 We considered eligible all randomized controlled studies comparing 

WBRT versus limited field or partial radiation therapy after BCS in patients 

with breast cancer. 

We excluded trials comparing two different partial irradiation 

techniques or two different schedules or doses of the same radiation 

technique. We also excluded meeting abstracts (because they have not 

undergone yet full peer review), single arm studies, non-randomized and 

pseudo-randomized trials (e.g. those with alternate allocation of subjects). 

Data extraction and outcomes 

From each eligible trial we recorded for both arms the following 

items: authors’ names, journal and year of publication, country of origin, 

years of patient enrollment, and number of centers involved; number of 

patients randomized and analyzed per arm, age, tumor size, nodal status, 

histologic type, tumor grade, percentage of estrogen-receptor and 

progesteron-receptors positive tumors. We also recorded the irradiation 

technique used, study design, randomization mode, allocation concealment, 
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withdrawals description, and blinding. Two investigators (Antonis Valachis, 

Davide Mauri) extracted independently the above items from each eligible 

trial. In case of discrepancy, consensus was reached by involvement of a 

third investigator (Nikolaos P Polyzos).  

The main outcome was the overall survival rate, whereas secondary 

outcomes included the number of local recurrences, true and elsewhere 

breast recurrences (EBR), axillary recurrences, supraclavicular recurrences, 

and distant recurrences between compared arms. 

Local recurrence was defined as any detection of cancer in the 

treated breast. We defined true recurrences [216] the ipsilateral local 

recurrences detected within 2 cm from the surgical clips. Recurrences 

detected at least 2 cm from the surgical clips were defined as elsewhere 

breast recurrences (EBR). 

When data required for analyses were lacking in original reports, we 

contacted the original authors. 

Statistical analysis 

 For every primary study, two by two tables were constructed and 

odds ratios (OR) of APBI versus WBRT were calculated for each outcome. 

Heterogeneity of OR’s between trials was analyzed using the chi-squared 

statistic (with a level of significance of 0.1). Pooled OR’s and their 95% 

confidence intervals (CI) were calculated, in case of homogeneous studies, 

with a fixed effects model, according to the Mantel-Haenzel method. 

Statistical analyses were done using STATA statistical software (version 8.0; 

Stata Corp LP, TX, USA). 

5.4 Paper VI 

Identification of randomized trials 

We searched PubMed, ISI Thompson, and The Cochrane Library to 

identify all relevant randomized controlled trials (RCTs), comparing 

chemotherapy with or without bevacizumab in metastatic breast cancer. 

Keywords employed in the search process included avastin; bevacizumab; 

breast or mammary; cancer, malign*, neoplasm*, or carcinoma. We set no 

language or year restriction. The last search update was on June 3, 2009. 
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The reference lists of all relevant articles of this topic were 

examined manually for other relevant articles missed by the electronic 

searches. Because recent trials with bevacizumab may still be unpublished, 

we also searched electronically the major international congresses 

proceedings (American Society of Clinical Oncology Annual Meeting, San 

Antonio Breast Cancer Symposium, European Cancer Conference). 

Eligibility criteria 

Eligibility and exclusion criteria were prespecified. We included all 

randomized controlled trials that evaluated the administration of 

bevacizumab plus chemotherapy versus chemotherapy alone. All cytotoxic 

chemotherapy regimens were considered eligible for the meta-analysis, 

provided that the same drugs were given at the same dose in all study arms 

and that the arms differed systematically only regarding bevacizumab 

administration. 

We excluded dose escalating studies, phase I or I/II trials and non-

randomized studies. We also excluded trials testing the neoadjuvant 

administration of bevacizumab. 

Data extraction and outcomes 

From each eligible trial, we recorded authors’ names, journal and 

year of publication, country of origin, years of patient enrolment, sample 

size, regimens used, chemotherapy and bevacizumab dosing and scheduling, 

line of treatment, additional treatments given to both arms, follow-up period, 

the number of outcome events and information pertaining to study design, 

mode of randomization, blinding, allocation concealment, and withdrawals 

description.  

Two authors (Antonis Valachis and Davide Mauri) extracted data 

independently and reached consensus on all items. Disagreement on specific 

studies between the two reviewers was resolved through discussion.  

The three outcomes of interest were  

(1) overall survival (OS), defined as the time from random 

assignment to death from any cause;  

(2) progression-free survival (PFS) defined as the time from 

randomization to disease progression or death from any cause; and  
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(3) objective response rate (ORR) defined as the sum of partial and 

complete response rates.  

For the overall survival and progression-free survival we 

synthesized extracted HRs and respective standard errors, whereas for the 

outcome of objective response rate we used available data from 2 x 2 tables. 

Statistical analysis 

Hazard ratios and their 95% confidence intervals (CI) for treated 

versus control groups were retrieved from each primary study. In case these 

data were not available in primary reports we derived HR and their 95% CIs 

using Tierney methodology when applicable. We used the Der-Simonian-

Laird random effects model [136] to calculate the overall effect size when 

more than two studies were available. A random effects model assumes that 

each study has its own true effect size, whereas a fixed effects model 

assumes that there is only one true effect size. Since most studies were 

expected to have differences in clinical settings, methodology, etc., we 

preferred a random effects model. The presence of statistical heterogeneity 

was assessed with Cochran’s Q test (considered significant for P=0.10) [138] 

and quantified using I
2
 and respective 95% CIs [139]. For I

2
 values >/= 50% 

indicate large heterogeneity and values >/= 75% indicate very large 

(extreme) heterogeneity [139]. Finally, we synthesized separately studies 

based on the type of comparative chemotherapy treatment used, e.g. taxanes. 

5.5 Paper VII 

Identification of randomized trials 

 We searched MEDLINE and the Cochrane Central Register of 

Controlled Trials, without year and language restriction, by using the 

following searching algorithm: (neoadjuvant OR preoperative OR induction 

OR primary systemic OR primary chemotherapy) AND (trastuzumab OR 

herceptin). The last search was updated in July 2010.  

Because recent trials with trastuzumab in neoadjuvant setting may 

still be unpublished, we also searched electronically the major international 

congresses’ proceedings (American Society of Clinical Oncology Annual 

Meeting, San Antonio Breast Cancer Symposium, European Cancer 

Conference). The reference lists of all studies fulfilling the eligibility criteria 
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were also examined for other relevant articles missed by the electronic 

searches. 

Eligibility criteria 

Eligibility and exclusion criteria were prespecified. Studies were 

considered eligible for our systematic review if they were randomized phase 

II or III and evaluated the administration of trastuzumab plus chemotherapy 

versus chemotherapy alone in the neoadjuvant setting. All cytotoxic 

chemotherapy regimens were considered eligible for the meta-analysis, 

provided that the same drugs were given at the same dose in all study arms 

and that the arms differed systematically only regarding trastuzumab 

administration. 

From the systematic review we excluded all the nonrandomized 

studies. If multiple publications of the same trial were retrieved or if there 

was a case mix between publications, only the most recent publication (and 

the most informative) was included. 

Data extraction 

Two authors (Antonis Valachis and Davide Mauri) extracted data 

independently and reached consensus on all items. Disagreement on specific 

studies between the two reviewers was resolved through discussion. 

From each eligible trial we recorded for both arms the following 

items: authors’ name, journal and year of publication, country of origin, 

years of patient enrollment, and number of centers involved; number of 

patients randomized and analyzed per arm, age, ER/PR status, node 

positivity, median follow up, technique used for HER2 identification, 

type/dose of chemotherapy and dose and duration of trastuzumab therapy. 

Primary and secondary outcome measures, as described below, were 

recorded. We also recorded, whenever possible, issues that reveal the quality 

of included studies: randomization model, allocation concealment, blindness, 

withdrawals description. 

Outcome definition 

The primary outcome of our study was the rate of pCR achieved. In 

case the primary study reported separate pCR rate in breast tissue and in 
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breast tissue plus axilla, we included the pCR rate from the combination of 

breast tissue plus axilla.  

Secondary objectives were the rate of breast-conserving surgery and 

the rate of toxicities including grade III-IV neutropenia, febrile neutropenia, 

overall cardiac adverse events, congestive heart failure (CHF) and treatment-

related deaths. 

We could not evaluate complete clinical response since only two 

trials presented such data. In addition, outcomes such as overall survival and 

disease free survival were not analyzed because only 2 trials presented 

sufficient data and a meta-analysis of two studies with enormous difference 

between observed events (deaths and recurrences) has no validity. 

Statistical analysis 

 2X2 tables were constructed, using the intention-to-treat (ITT) 

assignment when applicable, and risk ratio (RR) was calculated for each 

primary study to estimate the relative risk of each outcome in patients with 

HER2-positive breast cancer receiving chemotherapy plus trastuzumab 

versus chemotherapy alone as neoadjuvant therapy. For each eligible study 

group, we estimated the relative risk for the outcome measures between the 

groups in comparison and the 95% confidence interval (CI).  

We then synthesized the data across studies using fixed effects 

(Mantel and Haenszel) or random effects (Der Simonian and Laird) 

modeling when between-study heterogeneity was present. The significance 

of the heterogeneity test suggests a preference for the random-effect 

estimation for a more appropriate evaluation of the results. The RRs are to 

be interpreted as follows: an RR < 1.0 indicates fewer events in the 

trastuzumab arm.  

To test for heterogeneity between trials, the Q statistic was used. 

The presence of statistical heterogeneity was assessed with Cochran’s Q test 

(considered significant for p < 0.10) and quantified using I
2
 and respective 

95% confidence intervals. For I
2
 values, >50% indicate large heterogeneity 

and values >75% indicate very large (extreme) heterogeneity. The meta-

analysis calculations were accomplished by RevMan v 5.0 (Centre TNC: 

Review Manager (RevMan); In Version 5 for Windows edn. Copenhagen: 

The Cochrane Collaboration; 2008). All p-values are two-tailed. 
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6. Results 

6.1 Paper I 

Eligible Studies 

Literature search identified 21 potentially eligible trials [217-237] 

evaluating the adjuvant use of bisphosphonates compared with no use. Most 

of the trials were designed to analyze safety data and the impact of 

bisphosphonates on bone loss [220-234, 236]; data suitable for our analyses 

could be retrieved from only 13 studies [217-219,228-237]. 

A flow chart indicating the identification of randomized controlled 

trials for inclusion in the meta-analysis is reported in Figure 1. 

 

Figure 1. Flowchart diagram of study selection (Paper I) 

Characteristics of Trials 

Table 1 presents the characteristics of the 13 trials that met the 

eligibility criteria for this study; 6 studies used the bisphosphonate 
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zoledronic acid [218, 228,229,232-234], 4 trials used clodronate [219,235-

237], 2 trials used pamidronate, [217,230] and 1 used risedronate [231]. 

Among these trials, 3 were double-blinded [230,231,237], 3 

described in detail the mode of randomization [230,232,237], 2 reported 

allocation concealment [232,237], and 9 trials reported withdrawal 

description [217-219, 228, 229, 231, 232, 235, 236]. An intent-to-treat 

analysis was performed in all but 1 trial [236]. 

 

Table 1. Characteristics of eligible trials (Paper I) (number of references refers to citation in 

original paper) 
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Outcomes 

Meta-analysis included data on 511 deaths from 9 trials (5736 

patients) [218,219,228-231,234,235,237], 675 disease recurrences from 11 

trials (5631 patients) [218,219,228-235,237], and 545 bone metastases from 

8 trials (5571 patients) [217-219,228,230,234,235,237]. Although the 

primary investigators were contacted, additional data could not be retrieved. 

Pooled results showed no statistical significant differences with the 

use of bisphosphonates in early breast cancer versus non-use for the overall 

number of deaths (summary OR, 0.708; 95% CI, 0.482–1.041; P =0.079), 

disease recurrences (summary OR, 0.843; 95% CI, 0.602–1.181; P =0.321), 

and bone metastases (summary OR, 0.925; 95% CI, 0.768–1.114; P =0.413; 

Figure 2). A statistically significant heterogeneity was seen among trials in 

estimates for deaths and disease recurrences (P =0.034 and P =0.016 for 

heterogeneity, for deaths and disease recurrences, respectively). No 

statistically significant difference between study heterogeneity was observed 

for bone metastases. 
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Figure 2: Forest plot for overall survival (A), disease recurrence (B) and bone metastasis (C) 

between bisphosphonates and control group (number of references refers to citation in 

original paper) 
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Adjuvant treatment with bisphosphonates compared with no use was 

not associated with any statistically significant differences between arms for 

type of recurrences, including distant metastases (7 trials, 4618 patients; OR, 

0.896; 95% CI, 0.674–1.192; P =0..453) [218,219,228,230,234,235,237], 

visceral recurrences (4 trials, 1693 patients; OR, 1.051; 95% CI, 0.686–

1.609; P =0.820) [219, 230, 235,237], and local relapses (5 trials, 4276 

patients; OR, 1.056; 95% CI, 0.750–1.487; P =0.756) 

[218,228,234,235,237]. No significant between-study heterogeneity was 

observed. 

Subgroup analyses for disease recurrences according to the type of 

bisphosphonate used showed a statistically significant lower risk for disease 

recurrences with zoledronic acid (6 trials, OR, 0.675; 95% CI, 0.479–0.952; 

P =0.025) [218,228,229,232-234]. Use of zoledronic acid was not associated 

with any significant difference in death rate (OR, 0.642; 95% CI, 0.388–

1.063) or bone metastasis rate (OR, 0.661; 95% CI, 0.379–1.151; Table 2). 

 

Table 2: Subgroup meta-analyses by type of bisphosphonates: Estimates of effect in 23 

comparisons (Paper I) 
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6.2 Paper II 

Eligible trials characteristics 

A flow chart indicating the identification of RCTs for inclusion in 

the meta-analysis is reported in Fig. 3. 

 

Figure 3: Flowchart diagram of study selection (Paper II) 

We identified 21 different trials that were potentially eligible for our 

study [217,218,221-226,228-235,237-240]. Of these trials, 7 were excluded 

since data regarding fractures could not be retrieved. Finally, 14 trials were 

included in the meta-analysis [217,218,221-226,228,229,232,234,237,240]. 

A total of 7461 randomized women were included, of whom 3691 received 

bisphosphonates and 3770 received either placebo or no treatment. 

Table 3 presents the characteristics of the 14 trials that met our 

eligibility criteria. Seven studies used the bisphosphonate zoledronic acid 

[218,223,225,228,229,232,234], three trials used risedronate [221,224,226], 

two used clodronate [237,240], one pamidronate [217] and one ibandronate 

[222]. 
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Table 3: Characteristics of eligible trials (Paper II) (number of references refers to citation in 

original paper) 

Five of the trials were double blinded [221,223,226,232,237]. 

Randomization model, allocation concealment, withdrawal description and 

intention-to-treat analysis were evaluated in only nine eligible trials 

published in full text. Four [218,221,232,237] out of nine trials described in 

detail the mode of randomization and three trials [221,232,237] described in 

detail the mode of allocation concealment. Withdrawals were described in 

detail in all nine trials [217, 218, 221, 222, 228, 229, 232, 237, 240]. All but 

one trial [222] specifically reported performing an intention-to-treat analysis. 

Primary outcome 

Fig. 4 shows the pooled data from the 14 randomized controlled 

trials evaluating the number of fractures in breast cancer patients receiving 

bisphosphonates versus no bisphosphonate treatment. 
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According to our analysis, treatment with bisphosphonates did not 

reduce the fracture rate compared to no treatment (OR=0.84, 95% CI=0.65–

1.09). No between-study heterogeneity was observed (Q=11.97, P=0.287). 

Two eligible trials [237, 240] faced a serious bias when considering 

the number of fractures in each arm; according to the authors, fractures were 

evaluated and reported only in patients who developed bone metastasis 

during the study period. Consequently, we performed a meta-analysis for the 

remaining 12 studies including all the patients in an intention-to-treat 

analysis (Fig. 4). When pooling the data for these 12 trials, bisphosphonates 

did not reduce fracture rate (OR=0.99, 95% CI=0.73–1.34). No between-

study heterogeneity was observed (Q=5.75, P=0.675). 
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Figure 4: Meta-analysis plots comparing the risk of fractures between bisphosphonates and 

control group: all studies (A) and ITT studies (B) 

According to our protocol, we performed subgroup analysis in 

groups of patients with accelerated bone loss and increased fracture risk. 

Treatment with bisphosphonates did not reduce the fracture rate neither in 

postmenopausal women (OR=0.82, 95% CI=0.55–1.20) (Fig. 5) nor in 

women with breast cancer receiving AIs (OR=0.79, 95% CI=0.53–1.17) 
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(Fig. 5). For both outcomes, no between-study heterogeneity was observed 

(Q=3.28, P=0.772, and Q=2.83, P=0.727, respectively). 

 

 

Figure 5: Meta-analysis plots for fractures in postmenopausal women (A) and women who 

received aromatase inhibitors (B) 
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6.3 Paper III 

A flow chart indicating the identification of RCTs for inclusion in 

the meta-analysis is reported in Fig. 6. We identified 21 different trials that 

were potentially eligible for our study [217-237]. Of these trials, six were 

excluded since data regarding the osteonecrosis of the jaw could not be 

retrieved. Finally, 15 trials were included in the meta-analysis [217, 218, 

220, 222-226, 228, 229, 232-235, 237]. 

A total of 10,694 randomized women were included, of whom 5,312 

received bisphosphonates and 5,382 received either placebo or no treatment. 

 

 

Figure 6. Flow chart diagram of study selection (Paper III) 

Trials characteristics 

Table 4 presents the characteristics of the 15 trials that met our 

eligibility criteria. Nine studies (7,990 patients) used the bisphosphonate 

zoledronic acid [218, 220, 223, 225, 228, 229, 232-234], two (1,351 

patients) clodronate [235, 237], two (350 patients) risedronate [224, 226], 

one pamidronate (953 patients) [217] and one ibandronate (50 patients) 

[222]. 
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Four of the trials were double-blinded [222, 224, 226, 237]. 

Randomization model, allocation concealment, and withdrawal description 

were evaluated in only eight eligible trials published in full text. Two trials 

[232, 237] described in detail the mode of randomization and the mode of 

allocation concealment. Withdrawals were described in detail in all eight 

trials published in full text [217, 218, 222, 228, 229, 232, 235, 237]. 

 

Table 4. Characteristics of eligible trials (Paper III) (number of references refers to citation in 

original paper) 

Descriptive results 

Overall, osteonecrosis of the jaw was a rare event, occurring in 13 

(0.24%) of the 5,312 patients receiving bisphosphonates, and in one of the 

5,382 patients in the control group. 



65 

 

All the 13 events of osteonecrosis of the jaw reported among 

bisphosphonates arms occur in patients undergoing treatment with 

zoledronic acid (13/3,987, 0.33%). No events of osteonecrosis of the jaw 

were reported among patients randomized to receive clodronate (n = 669), 

pamidronate (n = 460), risedronate (n = 171), and ibandronate (n = 25). 

Due to the absence of events among patients randomized to receive 

treatment other than zoledronic acid, these studies were excluded from 

analysis since they provide no information concerning the odds ratio of 

developing osteonecrosis of the jaw. All they can tell us is that it is a rare or 

relatively rare event for both arms. 

Meta-analysis 

Fig. 7 shows the pooled data from the nine randomized controlled 

trials evaluating the number of osteonecrosis of the jaw in breast cancer 

patients receiving adjuvant treatment with zoledronic acid versus no use. 

If the cells of the studies are all summed together as if they were a 

single trial, the difference in risk is statistically significant with a CI of (0.1–

0.5%), and the risk estimated for the control arm is 0.02. 

When meta-analysis was performed, using M-H pooled odds ratio 

with a continuity correction of 0.5, we found that treatment with zoledronic 

acid was significantly associated to the occurrence of osteonecrosis of the 

jaw (OR = 3.23, 95% CI = 1.7–8) compared with no use. This means that, in 

the worst case, the probability of ONJ occurrence in treated patients may 

have eight times the odds of the event to happen.  

 

Figure 7: Meta-analysis plots comparing the risk of osteonecrosis of the jaw between 

zoledronic acid and control group. Mantel-Haenszel (M-H) statistics. 
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Multi-tests sensitivity analyses are reported in Table 5. No 

significant between-study heterogeneity was observed. 

 

Table 5: Sensitivity analysis (Paper III) 

6.4 Paper IV 

Eligible trials characteristics 

The electronic search yielded 1020 reports; 607 from MEDLINE, 

374 from ISI Thompson and 39 from Cochrane Central. Of those, 15 reports 

were scrutinized in full text. Seven reports were considered ineligible. 

Overall, eight reports [241-248] pertaining four randomized trials [245-248] 

were recorded. Two trials [245, 246] were double reported and in four 

reports [241-244] combined analysis of overall survival, time to tumor 

progression, clinical benefit and objective response were analyzed. In all, the 

four eligible trials included in the meta-analysis pertained a total of 2125 

patients; 1089 had been randomized to fulvestrant, and 1036 to other 

hormonal agents. All four studies included in the meta-analysis pertained to 

postmenopausal breast cancer patients. A flow diagram outlining the results 

from the search strategy is provided in Fig. 8. 
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Figure 8: Flow chart diagram of study selection (Paper IV) 

 

Design and quality characteristics 

 Table 6 shows the key characteristics of the four included studies. 

Three out of the trials were double blind [246-248]. Only one described in 

detail the mode of randomization [248] and some methods for ensuring 

allocation concealment.  
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Withdrawals were described in detail in three trials [245, 246, 248]. 

None of the trials were stopped early because of statistically significant 

outcome differences in an interim analysis. The definition of both objective 

response and clinical benefit recurrence was similar across studies. 

 

Table 6: Characteristics of eligible trials (Paper IV) (number of references refers to citation in 

original paper) 

Primary outcomes 

All of the eligible trials reported data regarding overall survival, 

time to progression, objective response and clinical benefit. 

In the meta-analysis, we found no difference between fulvestrant 

versus other hormonal agents regarding overall survival (HR: 1.047, 95% 

CI: 0.688–1.592; P = 0.830) and time to tumor progression (HR: 0.994, 95% 

CI: 0.691–1.431; P = 0.975) (Fig. 9). Additionally, there was no evidence of 

any difference in objective response (pooled OR: 1.044, 95% CI: 0.828–

1.315; P = 0.716) or clinical benefit (pooled OR: 0.949, 95% CI: 0.736–

1.224; P = 0.687) between the two arms (Fig. 10). 

No statistically significant between study heterogeneity was 

observed for any of the four primary outcomes. 
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Figure 9. Meta-analysis plots for overall survival and time to progression 
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Figure 10: Meta-analysis plots for clinical benefit (A) and objective response (B) 

Secondary outcomes 

Secondary outcomes are shown in Table 7. There was no greater 

reporting of either adverse events or serious adverse events in breast cancer 

patients taking fulvestrant compared with those taking other hormonal 

agents. Furthermore, deaths due to adverse events were not significantly 

different between the two arms (pooled OR: 0.754, 95% CI: 0.267–2.127; P 

=0.594). 
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Table 7: Secondary outcomes: Tolerability of fulvestrand compared with other hormonal 

agents 

Regarding specific treatment-related adverse events, it was observed 

that fulvestrant had significantly fewer joint disorders than those using either 

exemestane [246] or anastrozole [241] (pooled OR: 0.621, 95% CI: 0.424–

0.909; P =0.014). 

6.5 Paper V 

Eligible trials characteristics 

The electronic search yielded 3,093 hits; 1,776 from MEDLINE, 

1,160 from ISI Thompson and 157 from Cochrane Central. Of those 29 trials 

were scrutinized in full text. Twenty five reports were considered ineligible 

(Fig 11). Of the remaining four trials [249-252], three [250-252] presented 

updated results and cosmetic outcomes from the same Hungarian study. Two 

studies [253, 254] which presented updated results from the Manchester 

study were retrieved from cross-checking of references. For the meta-

analysis, we used the last peer-reviewed report for each study. Thus, three 

eligible trials [249, 250, 253] were included in the meta-analysis with a total 

of 1,140 patients: 575 had been randomized to whole breast irradiation and 

565 to limited field or APBI (Fig 11). 
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Figure 11: Flow chart diagram of study selection (Paper V) 

Table 8 shows the key characteristics of the included trials. Two out 

of three trials were conducted according to ‘‘intention-to-treat’’ analysis and 

described reasons for withdrawal from the study. In one trial, five patients 

were excluded for the analysis with description of the withdrawal reasons. 

Two trials described model of randomization and the model of allocation 

concealment. 
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Table 8: Baseline characteristics of eligible trials (Paper V) (number of references refers to 

citation in original paper) 

Meta-analysis of primary and secondary outcomes 

 Survival data were available for all the eligible studies. Overall 214 

deaths were included in the meta-analysis. No significant differences for the 

risk of death were observed between compared arms [OR 0.912, 95% CI, 

0.674–1.234, P =0.550] (Fig. 12). Odds Ratios [OR] were homogeneous 

between studies (heterogeneity x
2
 = 1.11, P =0.575). 

 

Figure 12: Meta-analysis of survival for the comparison between partial breast irradiation or 

whole breast radiation therapy  

Forest plots for secondary outcomes are presented in Fig 13. Partial 

breast radiation therapy resulted in a statistically significant higher risk for 

developing local recurrences [pooled OR 2.150, 95% CI, 1.396–3.312; P 
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=0.001] and axillary recurrences [pooled OR 3.430, 95% CI, 2.058–5.715; P 

<0.0001]. No difference was observed for supraclavicular recurrences 

[pooled OR 1.415, 95% CI 0.278–7.202, P =0.560] and distant recurrences 

[pooled OR 0.740, 95% CI, 0.506–1.082, P =0.120] among investigational 

arms. 

No statistically significant between-study heterogeneity was 

observed for any of the four secondary outcomes.  

 

Figure 13: Meta-analysis for secondary outcomes with partial breast irradiation compared 

with whole breast radiation. (a) Local recurrence, (b) Axillary recurrence, (c) Distant 

recurrence, (d) Supraclavicular recurrence 

Since only one study [250] clearly set the true recurrence and EBR 

rates, these issues were not included in final analyses. 
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6.6 Paper VI 

Description of eligible trials 

The trial flow is summarized in Fig. 14. The search yielded 723 

studies and after scrutinizing title and abstract 15 papers were selected for 

full text evaluation (Fig. 14). We identified two eligible trials published in 

full text [255, 256] and three eligible trials presented only in major 

conferences [257-259]. Even considering that survival data for two trials 

(AVADO and RIBBON-1) [257, 258] was premature at the time of abstract 

presentation (ASCO 2009), since only 2 months intercourse between abstract 

presentation and our data-analyses, no further data were requested from 

primary investigators. Thus, we included five studies in the meta-analysis, 

including a total of 3,163 patients, with 1,932 patients in the chemotherapy-

plus bevacizumab arm and 1,231 patients in the chemotherapy alone arm.  

 

Figure 14: Flow chart diagram of study selection (Paper VI) 
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Two of the studies were described as double-blinded [257, 258]. We 

were able to evaluate other quality characteristics of eligible trials in only 

two studies published in full text [255, 256]. Both studies provided in detail 

withdrawals description, only one [255] described in detail the mode of 

randomization while none of them reported allocation concealment.  

One of the studies was a three-arm trial [256]. In this trial, patients 

were randomized to receive placebo or bevacizumab in two different doses, 

15 or 7.5 mg/kg. Since hazard ratios for OS and PFS were given separately 

for the two dosage bevacizumab arms versus the placebo comparator arm, to 

avoid double counting of placebo arm, only data from 15 mg/kg dosage 

versus placebo arms were included in the meta-analyses for OS and PFS. 

The choice was driven by the fact that the same dose density of 15 mg/kg 

bevacizumab was used in all the other trials included in present meta-

analysis. The arm of 7.5 mg/kg was used instead of the 15 mg/kg in 

sensitivity analyses.  

In addition, one study [257] reported separate analyses for patients 

receiving capecitabine plus bevacizumab versus placebo and those who 

received anthracycline-based chemotherapy or taxanes plus bevacizumab 

versus placebo. We also considered this trial as two different two-arm 

studies. The key trial characteristics are listed in Table 9. 

 

Table 9: Key trial characteristics (Paper VI) (number of references refers to citation in 

original paper) 

Progression-Free Survival 
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All but one trial [258] reported this outcome representing a total of 

3,108 patients. The combination of bevacizumab and chemotherapy resulted 

in a statistically significant improvement in PFS compared with 

chemotherapy alone (HR = 0.70, 95% CI = 0.60–0.82, P =9.3x10
-6

) (Fig. 

15). There was significant statistical heterogeneity between individual trials 

(Q test P =0.023, I
2
 = 65%; 95% CI 8–87%). Using the 7.5 mg/kg instead 

yielded similar results.  

The subgroup analysis based on type of chemotherapy showed that 

the combination of bevacizumab with taxanes led to statistical significant 

improvement of PFS (HR = 0.63, 95% CI 0.56–0.71, P =2.4x10
-15

) while 

combination of bevacizumab with capecitabine does not improve PFS 

statistically significant (HR = 0.82, 95% CI 0.58–1.15, P =0.249). However, 

this difference did not reach statistical significance (P-value of difference 

between groups: 0.158). 

 

Figure 15: Forest plots for progression-free survival (PFS) for the use of bevacizumab versus 

non-use 

Overall Survival 

 Four studies [255-258] reported or had data available to calculate 

hazard ratio including totally 2,646 patients.  
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The pooled HR for overall survival did not show significant 

advantage for the use of bevacizumab compared to placebo arm (pooled HR 

= 0.90, 95% CI 0.80–1.03, P =0.119; Q test P =0.777; I
2
 = 0%, 95% CI 0–

85%) (Fig.16). Using the 7.5 mg/kg arm yielded borderline statistically 

significant results (HR =0.88, 95% CI 0.76–1.00, P =0.046; Q test P =0.433; 

I
2
 = 0%, 95% CI 0–85%). Only the subgroup of taxanes had enough studies 

to synthesize. The pooled HR was very similar to the overall one (HR: 0.92, 

95% CI 0.80–1.06). 

 

Figure 16: Forest plots for overall survival (OS) for the use of bevacizumab versus non-use 

Objective Response Rate 

All the five studies [255-259] included in the meta-analysis reported 

data on objective response rate. The RR was 1.26 with an associated 95% CI 

of 1.17–1.37 (P =9.96x10
-9

; Q test P =0.091; I
2
 = 47%; 95% CI 0– 79%), 

corresponding to a statistically significant increase in response for the 

addition of bevacizumab therapy (Fig 17). Differences in objective response 

rates were substantial independently by the type of chemotherapy use in 

combination with bevacizumab (taxanes agents, capecitabine or metronomic 

treatment with Methotrexate + Cyclophosfamide) (Fig 17). 
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Figure 17: Forest plot for objective response rate (ORR) for the use of bevacizumab versus 

non-use 

First and second line setting 

Only few data were available to evaluate the use of bevacizumab in 

first and second line of treatment. When response rate data were analyzed 

we found that three studies included in the meta-analysis reported first line 

data (n=2,646) [255, 257, 258] and two studies reported second-line data 

(n=517) [256, 259].  

The objective response rate RR for the use of bevacizumab in the 1st 

line of treatment was 1.23 with an associated 95% CI of 1.13–1.33 (P 

=3.87x10
-7

; Q test P = 0.136; I
2
 = 46%; 95% CI 0–82%) corresponding to a 

statistical significant increase in response for the addition of bevacizumab 

therapy. Analogous objective response rate advantages were observed for the 

use of bevacizumab in the second line of treatment: RR 1.466 with an 

associated 95% CI of 1.24–1.34 (P= 0.000011; Q test P =0.91; I
2
 = 0%). 

Unfortunately, no study reported OS data for second line of 

treatment, thereafter the retrieved data (HR=0.90, 95% CI 0.80–1.03, P 

=0.119; Q test P =0.777; I2 = 0%, 95% CI 0–85%) strictly pertain the first-

line setting. Similarly, when PFS was analyzed, only one study [256] 

reported data on second-line setting; consequently, no subgroup analysis was 

performed. 
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6.7 Paper VII 

Study selection 

Electronic search yielded 650 hits from PubMed and 32 from 

Cochrane. Five eligible randomized trials were retrieved, four from peer-

reviewed reports [260-263] and one from congress abstracts [264]. One 

eligible trial [261] was also presented in the American Society of Clinical 

Oncology Annual Meeting on two occasions, 2006 [265] and 2008 [266], 

but the data included in our meta-analysis was retrieved from a review 

article [261] from the same author, in which updated and unpublished data 

of the study were included. Furthermore, one eligible trial [260] has 

published updated results [267] and data regarding toxicity were extracted 

from the most recent publication.  

A flow chart indicating the identification of randomized controlled 

trials for inclusion in the meta-analysis is reported in Fig. 18. In total, 515 

patients were included in the meta-analysis; of those 259 patients had been 

randomized to trastuzumab plus chemotherapy arm, and 256 to 

chemotherapy alone arm. 
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Figure 18: Flow chart diagram of study selection (Paper VII) 

Study characteristics 

Table 10 presents the characteristics of the 5 trials that met the 

eligibility criteria for this study. Regarding study design, two studies [261, 

263] were phase II and three phase III [260, 262, 264]. Two studies [260, 

261] were single-institutional while 3 [262-264] were multicentre. We were 

able to evaluate quality of included studies only in those published in full 

text (4 studies). Two studies [260, 262] describe adequately the 

randomization model and only one [262] the allocation concealment. One 

study [260] was terminated early because the primary objective of the study 

had been reached in interim analysis.  

 

Table 10: Characteristics of the incuded studies (Paper VII) (number of references refers to 

citation in original paper) 

In all trials, except one [261], the treatment was based on a 

combination of anthracycline and taxanes concomitantly or sequentially. In 

two trials [261, 263] all HER2-positive patients received trastuzumab in the 

adjuvant setting, while in one study [262] adjuvant trastuzumab was 

administered only in patients randomized to receive trastuzumab 

preoperatively and only 16% of the HER2-positive patients in the 

chemotherapy alone arm received adjuvant trastuzumab. 

Table 11 presents the characteristics of the analyzed patients in each 

eligible table and an overview of the outcomes in each study. 
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Table 11: Characteristics of analyzed patients and outcomes in eligible studies (Paper VII) 

(number of references refers to citation in original paper) 

Overall effect of trastuzumab on pathologic complete response 

The pCR rates for each eligible trial were available. The pCR was 

defined as no evidence of residual invasive cancer, both in breast and axilla 

in two studies [260,263], while in two studies [261, 264] the definition of 

pCR was unclear. In one study [262] a separate pCR rate in breast tissue and 

in breast tissue plus axilla was reported and, based on our study protocol, we 

used in meta-analysis the pCR rate from the combination of breast tissue 

plus axilla (Figs. 19 and 20). 

In the overall population (515 patients; 5 RCTs), the absolute pCR 

rate was 38% (99 out of 259 patients) in trastuzumab arm in comparison 

with 21% (53 out of 256 patients). As a result, the probability to achieve 

pCR was higher for the trastuzumab plus chemotherapy arm (RR 1.85, 95% 

CI: 1.39-2.46; P =< 0.001). 

No recurrence and survival analysis was performed due to the short 

term follow up and lack of such data. 

 

Figure 19: Meta-analysis evaluating the pathologic complete response (pCR) rate 
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Overall effect of trastuzumab on breast-conserving surgery and toxicity 

profile 

 The number of patients who underwent BCS were available in four 

trials (280 patients).We found no difference in terms of breast-conserving 

surgery between the two treatment arms (OR: 0.98, 95% CI: 0.80-1.19, P 

=0.82). 

 

Figure 20: Meta-analysis evaluating the breast-conserving surgery rate  

Regarding toxicity, pooled relative ratios with 95% CI for the use of 

trastuzumab versus no trastuzumab in neoadjuvant setting are reported in 

Table 12.  

 

Table 12: Pooled analysis of adverse events (Paper VII) 

Overall, the incidence of neutropenia, neutropenic fever, and cardiac 

adverse events were similar between the two arms. Two out of 217 (0.9%) 

patients in the trastuzumab arms presented CHF compared with none in the 

chemotherapy alone arms. None of the patients either in trastuzumab or the 

chemotherapy only arm died due to treatment-related toxicities. 
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7. General discussion 

7.1 Modification of natural course of breast cancer due to 

bisphosphonate use as adjuvant therapy (Paper I) 

This meta-analysis showed no significant differences in terms of 

overall survival, overall disease recurrence, distant and visceral relapses, 

local relapses, and bone metastases rates for the use or non-use of 

bisphosphonates in the adjuvant setting of early breast cancer. Therefore, the 

currently available randomized evidence does not support the hypothesis that 

use of adjuvant bisphosphonates may alter the natural course of breast 

cancer. Nonetheless, because a positive but nonsignificant trend was seen 

favoring bisphosphonates use for reduction in death rate (OR, 0.708; 95% 

CI, 0.482– 1.041), further randomized studies are needed before the use of 

bisphosphonates in the adjuvant setting of breast cancer can be definitively 

supported or discouraged.  

Of interest, when different bisphosphonates agents were considered, 

the investigators noted that the use of zoledronic acid may be of benefit in 

decreasing the number of disease recurrences. However, these results should 

be interpreted cautiously because the statistical significance for this 

association was not adequately strong (OR=0.675; 95% CI, 0.479–0.952; P 

=0.025) and may be largely attributed to chance because of multitest 

analyses (1/21 analyses = 4.7%). Moreover, the observed decrease in the 

number of disease recurrences was not associated with a decrease in the 

occurrence of bone metastases. Conversely, the trend for overall survival 

improvement (OR=0.642; 95% CI, 0.388–1.063; P=0.085) noted in the zole-

dronic acid arm was far from reaching statistical significance.  

Currently, evidence on the role of zoledronic acid in the adjuvant 

setting is more reliable since larger randomized studies and studies with 

longer follow-up have been presented [268, 269]. Data from the AZURE 

trial, in which 3360 patients randomized to receive standard adjuvant 

systemic therapy either with or without zoledronic acid, did not reveal any 

statistically significant differences in terms of disease-free or overall 

survival in the overall population; however, a trend towards a better survival 

was observed in postmenopausal women who received zoledronic acid 

[268]. On the other hand, updated data from the ABCSG-12 randomised trial 

revealed that the addition of zoledronic acid improved disease-free survival 

in patients treated with anastrozole or tamoxifen [269]. A recent meta-
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analysis of all randomized trials regarding zoledronic acid in the adjuvant 

setting revealed a survival benefit (18% reduced risk for death) with the use 

of zoledrnonic acid compared with placebo or no use [270].  

Overall, this meta-analysis is consistent with the results of a 

previous study reported by Ha and Li [271] that examined the potential 

benefit of adjuvant oral clodronate in patients with early breast cancer. 

However, data from this early meta-analysis were feeble and unlikely to 

detect small differences between the arms because the study was relatively 

under-powered (only 3 trials were included involving 1653 patients and 

reflecting low number of events). Another limitation of the meta-analysis by 

Ha and Li [271] was that the results could not be extrapolated to 

bisphosphonates other than clodronate. 

Therefore, this more recent meta-analysis is the first to present solid 

data on the use of bisphosphonates in the adjuvant setting of early breast 

cancer.  

Several limitations must be considered when interpreting these 

results. First, this meta-analysis is based on published data and a meta-

analysis of individual level data might define more clearly treatment benefits 

[272]. Second, many trials identified were reported in abstract form only, 

making complete data difficult to extract for analyses. Third, small time-

dependent differences may have been lost in these analyses because most of 

the included studies did not report hazard ratios for overall and disease-free 

survival; therefore, this meta-analysis was mainly based on OR statistics 

[273]. Finally, 7 studies were excluded from survival analysis because no 

survival data could be retrieved. Furthermore, all but one studies were either 

small or had short follow-up, and were therefore unlikely to invalidate the 

conclusions. Likewise, the large study by Kristensen et al. [217] was 

unlikely to change the results because no overall survival differences were 

reported between the arms. 

7.2 Role of adjuvant bisphosphonates in fracture risk (Paper II) 

Recent data in adjuvant treatment suggest that fractures are 

increasingly recognized as important clinical issues for breast cancer patients 

since they might not only affect quality of life but also survival [160,274]. 

Our meta-analysis provides substantial evidence that 

bisphosphonates in the adjuvant setting among women with breast cancer do 
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not decrease the number of fractures compared with placebo or no treatment. 

Moreover, current evidence does not support bisphosphonate use neither in 

postmenopausal patients nor in patients receiving adjuvant AIs who are at 

increased risk for fractures. Nevertheless, since randomization process 

included all breast cancer patients and it was not limited to patients at higher 

bone fracture risk (e.g. patient with osteoporosis, osteomalacia, prior fracture 

history, low body weight or inactive lifestyle), we cannot exclude that 

patients at a higher risk for osteoporotic fractures could derive some benefit 

from the prophylactic use of bisphosphonate.  

Our results are in contrast with the solid hypotheses suggesting 

possible beneficial effects for bisphosphonate use in early breast cancer 

patients. First of all, large population-based studies have shown that BMD is 

a marker for fracture risk [275, 276]. Secondly, among breast cancer 

patients, rapid and profound bone loss may arise in both premenopausal 

individuals due to chemotherapy-induced ovarian failure or adjuvant ovarian 

suppression/ablation [277, 278] and in postmenopausal setting due to the 

increasingly use of adjuvant AIs [158]. Finally, there is a growing evidence 

from randomized studies that both intravenous and oral bisphosphonates can 

be effective in maintaining bone mineral density (BMD) in both 

premenopausal and postmenopausal patients with early breast cancer either 

if treatment with AIs [228,229] or chemotherapy [225, 226, 232] are 

considered. All this evidence leads to the belief that the use of 

bisphosphonates in early breast cancer may decrease the number of 

fractures. However, most of the abovementioned studies were small phase 

III studies evaluating bone mineral density changes, but none of them was 

designed to evaluate the fracture rate as primary outcome. 

Bone mineral density is only a surrogate outcome for the estimation 

of bone fracture and might not be a valuable predictive marker for fractures 

among patients receiving bisphosphonates. New indicators are therefore 

needed to indicate which breast cancer patients may benefit from the 

adjuvant use of bisphosphonates. 

Several limitations do exist in our meta-analysis. None of the 

eligible trials was prospectively designed or was powered enough to measure 

the risk of fractures as primary outcome. Moreover, no sufficient data were 

available to either determine the role of each bisphosphonate in reducing 

fracture rate or evaluate the activity of bisphosphonate among patients with 

different stage and at different risk for metastatic disease. Another limitation 
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is the short follow-up length, since most of the studies had 3 years or less 

follow-up period, narrowing the possibility to reliably detect a difference in 

fracture rates between treatment groups. In addition, there was a wide 

variation (ranged from 1 to 5 years) among the included studies regarding 

the duration of prophylactic bisphosphonates and this could have an impact 

on both BMD and osteoporotic fracture rates. Finally, we excluded seven 

eligible trials evaluating the role of bisphosphonates in the adjuvant setting 

due to lack of fracture data. Nonetheless, these studies are unlikely to change 

significantly our results, since they were either small or with short follow-

up. 

Considering the short follow-up and the fact that most of the 

randomized trials were under-powered to detect differences in fracture rate, 

studies with longer follow up or with larger number of randomized patients 

may influence the results of our meta-analysis. Indeed, data from the large 

AZURE trial, including 3360 patients, showed a 1,9% reduced risk for 

fracture in patients who received zoledronic acid [279] compared with no 

treatment. Consequently, further randomized trials with larger number of 

patients are essential in order to clarify if the lack of protective effect of 

bisphosphonates against fractures in adjuvant breast cancer setting observed 

in our meta-analysis  is true or due to under-powered data. 

7.3 Risk for osteonecrosis of the jaw by using bisphosphonates in 

adjuvant setting (Paper III) 

Our study indicates that the occurrence of osteonecrosis of the jaw 

during the adjuvant treatment of breast cancer is a rare event. Indeed data 

from pooled-randomized evidences indicated that it occurred in only 13 of 

the 5,312 patients receiving bisphosphonates (0.24%). The observed 

incidence of this phenomenon was up to 20 times lower than those observed 

in patients treated for metastatic disease or multiple myeloma [170]. This 

could be explained by the dose intensity of bisphosphonates regimens used 

in the treatment of primary breast cancer, that are remarkably lower than 

those used in metastatic disease. 

Updated results from AZURE trial, the largest trial that has been 

published about the role of bisphosphonates, specifically zoledronic acid, in 

adjuvant breast cancer setting, reported an incidence of 0,7 % (95% 

confidence interval (CI) 0.3–1.2%) which is somewhat higher than ours but 

still low [280]. In addition, a meta-analysis of all randomized trials 
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examining the use of zoledronic acid as adjuvant therapy in breast cancer 

revealed an incidence of ONJ 0,54% [270].   

The occurrence of osteonecrosis of the jaw appeared to be lower 

among patient receiving bisphosphonates different than zoledronic acid since 

no event was reported. This might be largely attributed to the low number of 

patients included in investigational arms, especially if pamidronate (n = 

460), risedronate (n = 171), and ibandronate (n = 25) are considered (the 

number of expected events, considering the .estimated incidence of 0.24%, is 

about one or smaller for these trials and still smaller than two evens for 

clodronate). Another explanation could be found in the greater potency of 

zoledronic acid as demonstrated by its larger reductions in collagen type-I 

degradation products (N-telopeptide) [281]. However, the data currently 

available do not allow us to address this question. 

Our meta-analysis provides substantial evidence that the use of 

zoledronic acid in the adjuvant setting among women with breast cancer 

statistically increase the number of events of osteonecrosis of the jaw. Even 

with this increment, the phenomenon remains rare with a maximum 

estimated risk (upper bound of risk CI of 0.5%).    

Several limitations do exist in our meta-analysis. None of the 

eligible trials was prospectively designed or was powered enough to measure 

the risk of osteonecrosis of the jaw as primary outcome. Analyses were 

based on rare events, thereafter sensitivity analysis was needed to confirm 

these results. Finally, we excluded six trials due to lack of data on jaw 

osteonecrosis events. Nonetheless, these studies were unlikely to change 

significantly our results, since they were either small or with short follow-

up. 

7.4 Role of fulvestrant in advance breast cancer (Paper IV) 

This meta-analysis showed that there is no difference in terms of 

efficacy parameters including overall survival, time to tumor progression, 

objective response and clinical benefit between fulvestrant, a new estrogen 

receptor antagonist, and other hormonal agents (tamoxifen, anastrozole and 

exemestane) in postmenopausal patients with advanced breast cancer. In 

terms of tolerability, the two treatment arms seem to have a similar 

tolerability profile with the exception of a higher incidence of joint disorders 
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in patients treated with AIs (anastrozole or exemestane) compared with those 

treated with fulvestrant. 

After the publication of our meta-analysis, an additional randomized 

study [282] performed in a Chinese population and compared fulvestrant 

versus anastrazole in patients with advanced breast cancer whose disease had 

progressed following prior endocrine treatment, revealed similar efficacy 

and tolerability among the 2 treatment arms. 

Fulvestrant is a new ER antagonist with a unique mode of action 

which offers several advantages compared with tamoxifen and AIs. First, 

fulvestrant lacks estrogen agonist effects in the endometrium [283] and is 

therefore unlikely to lead to an increased risk of endometrial cancer such as 

that produced by tamoxifen [284]. Second, due to the novel mode of action 

through binding, blockage and acceleration of degradation of ER protein 

[176], fulvestrant lacks of cross-resistance with other antioestrogens. 

Considering the fact that breast tumors often remain sensitive to subsequent 

endocrine therapy, despite disease progression to prior endocrine therapies, a 

different endocrine treatment with lack of cross-resistance would be of 

value. 

Another approach that makes fulvestrant an attractive endocrine 

therapy is the potential ability for combination endocrine therapy, a case 

which is supported by preclinical data [181]. It has been proposed that the 

circulating estrogen might be a potential competitive inhibitor of fulvestrant. 

Therefore, the use of an AI so as to minimize the estrogen could have a 

synergistic effect with fulvestrant. Currently, there are several ongoing trials 

evaluating fulvestrant plus anastrazole combination regimens. The first 

results from the FACT study could not reveal a superiority of combination 

fulvestrant and anastrazole versus anastrazole alone but further randomized 

data is coming to clarify this possibility [285]. Furthermore, preliminary data 

demonstrate that fulvestrant may be active in patients with HER-2-positive 

disease [286].  

Thereafter, fulvestrant showed to be at least not inferior to actual 

standard hormonal treatment in metastatic breast cancer and considering its 

pharmacological advantages, it constitutes a major drug for the management 

of hormone-sensitive metastatic breast cancer. Based on these randomized 

trials, fulvestrant gained FDA approval in 2002 and was licensed in Europe 
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in 2004 as an option in patients with hormone-sensitive advanced breast 

cancer.  

In all the studies included in our meta-analysis fulvestrant either at 

dose of 250 mg given by intramuscular injection every 28 days or loading-

dose regimen, consisting of 500 mg on day 1 and 250 mg on days 14 and 28 

and monthly thereafter. This dose was initially chosen because it was 

associated with substantial reductions in tumor expression of ER and 

proliferation (Ki-67) in a preoperative trial [287] and because of clinical trial 

evidence that a 125-mg dose was suboptimal [245,246]. However, a growing 

body of evidence supports that a higher dose of fulvestrant might be 

associated with increased efficacy. Indeed, two randomized trials have been 

published and indicate efficacy benefit in favor of fulvestrant 500 mg 

[288,289]. The first study by Di Leo et al (CONFIRM study) compared 

fulvestrant 500 mg versus 250 mg in women previously treated with 

adjuvant endocrine therapy. Fulvestrant 500 mg was associated with 

significantly longer PFS and improvement in clinical benefit [288]. In 

addition, Robertson et al in FIRST study, compared fulvestrant 500 mg 

versus anastrazole as first-line endocrine therapy for advanced hormone 

receptor–positive breast cancer [289]. Fulvestrant was at least as effective as 

anastrazole and was associated with significantly longer time to progression. 

Interestingly, the tolerability profile in both trials was comparable between 

treatment arms and even the injection site reactions were comparable despite 

there being twice as many injections per month with the 500 mg regimen 

[288,289].  

Based on these results, fulvestrant 500 mg became the approved 

monthly dose in 29 European countries and in the US [290]. 

Some limitations exist in our meta-analysis and should be discussed. 

Firstly, only four studies were available for the meta-analysis, at the time of 

last searching update, and there was considerable heterogeneity in the design 

and modes of treatment used in each study. Only one study evaluated 

fulvestrant as first-line treatment in advanced breast cancer compared with 

tamoxifen [248], while the other three trials [245-247] investigated the role 

of fulvestrant versus AIs as second or greater line of treatment. Furthermore 

only two trials were similar (comparing with anastrozole as second line 

therapy) and prospectively planned for combined analysis. The reported 

heterogeneity decreased the quality of our meta-analysis; anyhow, it should 

be taken into account that heterogeneity is not necessarily a disadvantage in 
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meta-analysis [291]. Secondly, in one study [247], close to one-third of 

randomized patients had hormone-resistant disease, so as to undermine the 

power of the study. Furthermore, some quality parameters of the studies 

included in our meta-analyses were not sufficiently reported in primary 

reports. Allocation concealment and randomization model were adequate in 

only one trial [248]. Moreover, our meta-analysis is based on data from trials 

that have published results in the literature and not on individual data. The 

use of such data might have further enhanced the accuracy and reduced the 

uncertainty of the estimates [272]. Finally, our meta-analysis was based on 

randomized data of fulvestrant 250 mg. The role of the currently approved 

higher dose of fulvestrant 500 mg in the sequencing of endocrine therapy in 

patients advanced breast cancer is still under investigation. 

7.5 Efficacy and safety of partial breast irradiation vs. whole 

breast radiotherapy (Paper V)  

 Our meta-analysis supports that PBI is a safe treatment modality 

since it does not seem to jeopardize survival when compared to standard 

WBRT. Indeed, risk for death is comparable among both treatment 

modalities. Anyhow, considering the relative short follow-up of the studies 

included in meta-analysis, studies with longer follow-up might be of value in 

order to confirm our result after a long term follow up. Supraclavicular and 

distant recurrences did not differ among PBI arms and WBRT arms. 

However, APBI was associated with statistically significant increased risk 

for local and axillary recurrences. 

 Partial breast irradiation is a new radiation technique which offers 

some advantages compared with WBRT. First, it offers increased 

convenience, due to shorter duration of radiation therapy (5–7 days versus 6 

weeks). Considering that limited access to radiation facilities is a major 

barrier for women to be treated with RT, the reduction of the period needed 

for radiation delivering is extremely important. One study in the United 

States found that when the travel distance was less than 10 miles, 82% of 

patients received RT after BCS; when it was 50 to 75 miles, 69% received it; 

and when it was more than 100 miles, only 42% received it [292]. By using 

accelerated PBI, more breast cancer patients will have the opportunity to 

undergo RT and conserve their breast. Furthermore, in countries with limited 

RT centers, patients treated with BCS may wait a prolonged time before 

beginning RT. As a consequence, there is a delay in the initiation of 

postoperative treatment when indicated. Two large population-based cohort 
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studies suggest that delaying the initiation of conventional RT more than 20 

weeks after surgery was associated with decreased survival [188, 293]. In 

addition, Punglia et al [186], in a retrospective cohort study that includes 

18,050 breast cancer patients, revealed a continuous relation between the 

interval from breast conserving surgery to radiotherapy and local recurrence 

in women with breast cancer, suggesting that starting radiotherapy as soon as 

possible could minimize the risk of local recurrence. Moreover, in APBI less 

radiation is delivered throughout normal breast tissue and other organs since 

treatment targets are more narrowly focused, and this could result in less 

adverse events and better cosmetic outcomes. Indeed, a preliminary analysis 

of an Italian study including 259 patients who were randomized to receive 

either WBRT or APBI demonstrated that APBI has very low acute skin 

toxicity [294]. 

 Although APBI seems to offer several advantages over WBRT, 

there are also data from studies that raise concerns in terms of the rationale 

for this new technology. Data from clinical [295] and histopathological 

[296] studies show that a considerable proportion of local recurrences after 

BCS occurred away from the primary tumor. Several studies have attempted 

to identify the pattern of ipsilateral breast tumour relapse after conservative 

surgery; however, the results are contradictory and not easily comparable, 

since the definition of same-site relapse has no generally accepted criteria 

and the extension of surgery varies. This means that a local recurrence close 

to the surgical cavity after a quadrantectomy corresponds to breast 

recurrence elsewhere if a lumpectomy had been performed [297]. Another 

concern is raised from detailed histopathological analysis of the entire 

specimen after mastectomy [296, 298] and magnetic resonance imaging 

[299] studies suggesting that multifocal-same-quadrant or multicentric-

other-quadrant foci are relatively common in patients with early-stage breast 

cancer. The extent of the disease in these patients cannot be encompassed 

using partial breast irradiation techniques. The clinical significance of 

multifocal and multicentric foci are uncertain; however, the reason these foci 

did not reach clinical significance may be that patients who suffer from the 

first local recurrence, which in the vast majority of cases occurs close to 

primary tumor, undergo mastectomy before a tumour focus becomes 

clinically apparent. Finally, evidence suggests that rates of ipsilateral 

recurrence away from the primary site after BCS and WBRT are lower than 

new breast cancer in the controlateral cancer [300]. Even if radiotherapy 

seems to increase the development of new primary cancer in the 
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controlateral breast, these data suggest that WBRT could have a protective 

effect on other areas of the breast. 

In respect of the concerns that accompany APBI, the key research 

question is whether the potential benefit gained with this technique is 

significant enough to outweigh a potential risk of recurrence within the 

untreated tissue in the breast receiving PBI, which could affect survival in 

breast cancer patients.  

In our study, we found that a statistically significantly higher risk of 

both local and axillary recurrences were associated with partial than with 

whole breast radiation. The recurrence risk needs to be considered with 

caution in terms of biases of the eligible studies. In two studies [249, 253] 

there were difficulties with target-volume definition. Furthermore, the study 

of Ribeiro et al. [253] has been heavily criticized for its older radiation 

technique and poor quality control, inadequate axillary and systemic 

management, and incomplete pathologic examination [301]. In the same 

study, a single field-size was used for all patients in limited-field arm, 

irrespective of the tumor dimensions or other characteristics, which could 

have resulted in several instances of ‘‘geographical miss’’. When the results 

were analyzed according to the type of the primary tumor, it was found that 

limited-field RT was inadequate only for patients with infiltrating lobular 

cancers or cancers with an extensive intra-ductal component. Polgar et al.’s 

[250] trial, which is the only study included in the meta-analysis with 

sufficient target-volume definition and modern radiation technique, showed 

no statistical significant differences in either local or axillary breast 

recurrences between the two arms.  

Recently, after the performance of this meta-analysis, the results of 

the Targeted Intraoperative Radiotherapy (TARGIT-A) trial, a large 

international randomized controlled trial of targeted IORT versus WBRT for 

breast cancer, were published [302]. In this study, 2,232 patients were 

randomised to receive either intraoperative targeted radiotherapy or whole 

breast external beam radiotherapy. With targeted radiation technique the 

surface of the tumour bed typically received 20 Gy that attenuated to 5–7 Gy 

at 1 cm depth. The study presents data in terms of local recurrences and 

toxicity with a median follow-up of four years. There were six local 

recurrences in the IORT group and five in the external beam radiotherapy 

group, with no difference between the two arms. In terms of frequency of 

complications and major toxicities, no differences were observed between 
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the two arms, while radiotherapy-related toxicities were significantly lower 

in targeted radiotherapy arm. This study represents the largest randomized 

trial on this topic and provides additional evidence about the safety of PBI 

and the potential benefits from the use of this technique in women with early 

breast cancer. In addition, this study supports our hypothesis that the higher 

rate of locoregional recurrences in APBI arm observed in the meta-analysis 

might be a result of biases (difficulties of target-volume definition, poor 

quality, and older radiation techniques) in two of the included studies [249, 

253] rather than an actual difference in outcome.  

The key question that needs to be clarified is whether APBI 

negatively affects survival of breast cancer patients. Our results indicate that 

APBI is a safe radiation delivering technique since the overall death rate 

compared with WBRT is comparable. Regarding supraclavicular and distant 

recurrences, there were no differences between the two radiation techniques. 

Some limitations do exist in our meta-analysis. First, the available 

randomized data for APBI is still limited, since only three randomized trials 

are available. Second, in the eligible studies a variety of APBI techniques 

were used and there may be differences in dosimetry, delivery, adverse 

effects, and outcomes among different modalities. Furthermore, despite the 

fact that the median follow-up time in eligible studies were 5 years in two 

studies [249, 255] and 8 years in one [253], median time needed to compare 

ipsilateral breast true recurrence frequencies after BCS plus APBI with those 

after BCS plus WBRT is thought to be at least 7 to 8 years and even longer 

in order to demonstrate the impact on mortality [302]. Our meta-analysis is 

based on data from trials whose results have been published, and we note 

that publication bias is a potential threat to the validity of the results. 

Moreover, we did not obtain up-dated individual patient data, the use of such 

data might have further enhanced the accuracy and reduced the uncertainty 

of the estimates [272]. However, we found no evidence of between-study 

heterogeneity. Finally, considerable shortcomings emerge regarding the 

methodological quality of the trials included in our systematic review. 

Several quality parameters of the studies were not sufficiently reported. 

Allocation concealment and randomization model were adequate in two 

trials [253, 255]. Additionally while two of the trials described scientific 

hypothesis and statistical power calculations [249, 255], none of the trials 

was powered enough due to low accrual rates. 
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7.6 Role of bevacizumab in metastatic breast cancer (Paper VI) 

This meta-analysis summarizes all the current randomized evidence 

of the potential benefit with the addition of bevacizumab to chemotherapy 

for metastatic breast cancer. Data from our meta-analysis confirm that the 

addition of bevacizumab to chemotherapy regimens provides substantial 

benefit for women with metastatic breast cancer in terms of progression-free 

survival and objective response but not in overall survival. We also found 

that the combination of bevacizumab with taxanes has beneficial effect in 

PFS while the combination of bevacizumab with capecitabine does not reach 

statistical differences. It is possible that taxanes may have synergistic effect 

with bevacizumab as proposed by preclinical data [304]. In any case, it 

should be considered that pooled HR results for capecitabine were 

influenced by Miller report [256], which used bevacizumab in heavily 

pretreated patients. Indeed, individually, all but Miller [256] trials contained 

in this study reported that bevacizumab improves PFS when added to 

chemotherapy for MBC, but all positive PFS trials used bevacizumab in the 

first line settimg. A possible explanation is that VEGF alone decreases in 

importance when more numerous and redundant pathways of angiogenesis 

become effective as breast cancer progresses [305, 306]. A direct 

consequence of this theory is that anti-VEGF agents might provide their 

greatest benefit in patients with early disease, which might be the rationale 

for recommending bevacizumab in first line setting. 

On the other hand, overall survival is the gold standard endpoint for 

clinical benefit in cancer patients, while PFS is a surrogate endpoint. In this 

setting, none of the trials included in our analyses revealed improvement in 

overall survival, and pooled HR analyses could not reach statistical 

significance. 

Surprisingly, based on E2100 study [255] both EMEA and FDA, 

with “accelerated approval”, approved the combination of bevacizumab plus 

paclitaxel as first-line therapy in patients with HER-2 negative metastatic 

breast cancer. This decision has a great impact in the decision making for the 

regulatory approval of oncological drugs since it recognizes progression-free 

survival as a surrogate end point for survival. The major concern with this 

approval is that if progression-free survival was accepted as a primary end 

point for approval of first-line therapies, data on overall survival might never 

be obtained, since no studies of sufficient duration would be conducted 

[307].  
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On the contrary, when data from 2 additional studies (RIBBON-1 

and AVADO) [258,259] were presented and demonstrated that the 

adsministration of bevacizumab was associated with a better response rate 

and a statistically significant but very small (<1 month) and clinically 

meaningless benefit in terms of progression-free survival, with no difference 

in overall survival, the Oncologic Drugs Advisory Committee (ODAC) of 

FDA recommended almost unanimously to remove this licensed indication 

from the product’s label [308]. FDA commission has accepted the 

Committee’s recommendation and the approval of Bevacizumab in breast 

cancer has been withdrawn.  

Our meta-analysis confirms the positive effect of bevacizumab in 

PFS as long as the lack of effect in overall survival and the authors, based on 

the results of the meta-analysis, share the skepticism about the approval of 

bevacizumab in metastatic breast cancer, based on the current randomized 

data. The final decision about bevacizumab is a matter of a complex risk-

benefit calculation and the decision-makers should take into account not 

only the effectiveness of bevacizumab but also the toxicity and the cost 

implications. Regarding toxicity, several safety concerns have arisen from 

the recent clinical trials and it has been suggested that the risk of serious side 

effects of bevacizumab overshadows the benefit of the drug [309]. In terms 

of cost implications, a recent economic evaluation concluded that the 

combination bevacizumab-paclitaxel was not cost-effective [310]. Under 

these assumptions, solid recommendation of bevacizumab in first-line MBC 

could not be given until significant advantage in overall survival will be 

revealed. 

Several limitations need to be considered when interpreting our 

results. First, our approach was based on data abstracted from publications 

and not on individual patient data (IPD) which might define more clearly 

treatment benefits [272]. Second, most trials that we identified were reported 

in an abstract form only, which made it difficult both to extract complete 

data for analyses and to examine study quality characteristics. Furthermore, 

two studies were excluded from survival analysis since we could not retrieve 

any survival data. In any case, these studies are unlikely to change our 

results since one study [259] had extremely small sample size and in the 

second one [256] no overall survival differences between the two arms were 

reported. Finally, we did not test formally for publication bias because we 

had few studies [311], but we cannot exclude the possibility of delayed 
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publication of negative studies or no publication at all. Furthermore, we have 

to consider that if different benefits are expected as first versus refractory 

therapy (or with different chemotherapy partners), the meta-analysis may 

decrease important differences, thus limiting the benefits of more effective 

settings (e.g. combinations or line of treatment). Similarly if the survival 

benefits of a drug are maintained in second or more line of treatment, the 

eventual crossover of the drug after disease progression may obscure and 

render null the survival benefits that were amenable with the former line of 

treatment. Thereafter, meta-analysis technique may sometimes be 

inappropriate to quantify the eventual benefits of a certain drugs. 

7.7 Role of trastuzumab as neoadjuvant therapy (Paper VII) 

This study, with the inclusion of all available randomized data 

regarding trastuzumab as neoadjuvant therapy, provides evidence that the 

addition of trastuzumab in the neoadjuvant setting in HER2-positive breast 

cancer patients offers significant benefit in terms of pCR with no additional 

toxicity. Nevertheless, this benefit could not change the rate of breast-

conserving surgery in favor of trastuzumab. Moreover, we were unable to 

analyze recurrences and survival for the neoadjuvant use of trastuzumab vs 

non use, due to the lack of data and short follow up of original studies. 

Several non-randomized phase II trials have examined the potential 

benefit of neoadjuvant trastuzumab combined with chemotherapeutic agents 

in patients with HER2-positive tumors and have reported pCR rates ranging 

from 7% to 78% [261, 312] with the largest Geparquattro trial, revealing a 

pCR rate of 31.7% [313]. Recently, an exploratory pooled analysis of eight 

German, both randomized and non-randomized, neoadjuvant studies was 

presented and showed a 3.2-fold improvement in pCR in HER2- positive 

patients receiving trastuzumab when compared with HER2-positive patients 

who did not received trastuzumab [314]. In addition, a Chinese meta-

analysis of three studies showed that neoadjuvant regimens combined with 

trastuzumab can significantly improve the pCR without increasing the 

toxicity [315]. However, this meta-analysis had several drawbacks, since one 

of the analyzed study was a cohort study and only two small randomized 

trials were included in the analyses. Therefore, no firm conclusions could be 

driven from the Liao’s analysis. 

Our meta-analysis, by including only randomized data, confirms and 

underscores the possible benefits for the use of trastuzumab in the 
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neoadjuvant setting when compared with no use. Therefore the actual 

available cumulative randomized evidence supports the current guidelines of 

the National Comprehensive Cancer Network (NCCN) for the inclusion of 

trastuzumab as a standard drug in neoadjuvant regimens for the treatment of 

HER2-positive breast cancer [316]. 

Interestingly, despite the trastuzumab-related benefit in terms of 

pCR rate in patients with HER2-positive breast cancer does not result in a 

higher rate of breast-conserving surgery, which is one of the theoretical 

advantages of neoadjuvant treatment. This could partially be explained by 

the fact that data from only 280 patients was available for this analysis. It 

has been suggested that the use of trastuzumab prior to surgery might be of 

great benefit by limiting the proliferation and by improving the control of 

eventually sub-clinical not-detectable residual tumor. Residual HER2-

positive breast carcinomas show a significant increase in proliferation within 

48 days after surgery [317]. Indeed, wound drainage fluid and postsurgical 

serum samples from patients after breast cancer surgery stimulate the in-

vitro growth of HER2-overexpressing breast carcinoma cells. It seems, 

therefore, that surgery promotes the production of factors which can 

potentially stimulate the growth of HER2-positive breast cancer cells. The 

in-vitro proliferative activity is inhibited by the treatment of HER2 positive 

tumor cells with trastuzumab before adding drainage fluid [317]. 

Unfortunately, early available clinical data from our review are not enough 

to confirm whether the observed preclinical benefits for the use of 

trastuzumab in neoadjuvant setting might be translated into better long-term 

tumor control by reducing the proportion of local and distant recurrences and 

prolonging overall survival. Larger trials and longer follow up are needed to 

confirm the promising data that have emerged from the lab with breast 

cancer cell lines. 

Concerning toxicity, the addition of trastuzumab to neoadjuvant 

therapy does not appear to compromise the safety profile of neoadjuvant 

therapy. The use of trastuzumab, especially in conjunction with 

anthracyclines has raised concerns about increased cardiotoxicity. In this 

meta-analysis, less than 1% of the patients with neoadjuvant trastuzumab 

presented with CHF despite the fact that in most of the eligible studies a 

combination of trastuzumab and anthracyclines was used. This finding is in 

accordance with the results of 2 recently published studies which evaluated 

the cardiotoxicity of trastuzumab in adjuvant setting with a longer follow up. 
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Both studies concluded that the incidence of symptomatic cardiac failure is 

less than 2% and in the majority of cases reversible [318,319]. 

Our meta-analysis has certain limitations which should be discussed. 

First, the number of studies and the number of patients included are 

relatively small and, thus, could affect the power of the meta-analysis to 

reveal statistically significant results. Nonetheless, we have systematically 

identified all the available randomized studies, either published in peer-

reviewed journals or presented in major international cancer congresses, so 

as to include in our analysis all the available randomized evidence on this 

topic. Second, the definitions of pCR used by each study are not the same 

and the pathological methods and criteria of assessment are not standardized. 

In order to minimize the risk for heterogeneity regarding pCR definition, in 

studies which reported separate pCR in breast tissue and in breast tissue plus 

axilla, we included the pCR rate from the combination of breast tissue plus 

axilla because this definition is more appropriate and is proposed by current 

recommendations [320]. Furthermore, due to the limited number of the 

patients included in the analyses and the fact that primary studies did not 

present adequate data regarding patient (age, menopausal status) or tumor 

(ER status, node involvement) characteristics, we did not proceed to 

subgroup analysis in order to investigate the role of trastuzumab in different 

subgroups. Finally, the follow up of the included studies is relatively short 

with a median follow up no more than 3.5 years. The limited follow up does 

not allow a reliable evaluation of the potential benefit of neoadjuvant 

trastuzumab on overall survival or disease-free survival. The only studies 

with survival data available were NOAH trial [262] and Buzdar et al [260]. 

The NOAH trial revealed significantly better event-free survival in favor of 

trastuzumab and non-significant differences on overall survival [262]. 

However, according to study protocol, the non-trastuzumab arm received no 

trastuzumab as adjuvant therapy despite the fact that patients were HER2- 

positive. As a result, since adjuvant trastuzumab is of recognized beneficial 

effects in HER positive breast cancer, the NOAH study is unable to evaluate 

the additional effects of neoadjuvant trastuzumab use on survival outcomes. 

Buzdar et al. presented survival data in an update of their previous 

publication but the number of events was limited (1 death and 3 recurrences) 

and the follow up short so the interpretation of the results is questionable 

[267]. Despite survival outcomes are the most important endpoint when 

assessing the benefit of any therapy, the tumor response assessment in 
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neoadjuvant therapy is considered also crucial. Indeed, patients achieving a 

pCR may have a highly favorable long-term outcome 
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8. Conclusions 

8.1 Paper I 

This meta-analysis showed that currently available randomized 

evidence does not support the hypothesis that using bisphosphonates in 

adjuvant treatment of early breast cancer alters the natural course of the 

disease, because it does not affect overall survival or disease relapse and 

does not prevent bone metastases. Nonetheless, patients undergoing 

bisphosphonate treatment seem to show a nonsignificant trend toward better 

outcomes. Until further evidence from new clinical trials becomes available, 

adjuvant bisphosphonates should not be routinely recommended as agents 

that may potentially alter the course of breast cancer when administered in 

the adjuvant setting. 

8.2 Paper II 

 Our meta-analysis provides substantial evidence suggesting that the 

use of bisphosphonates in early breast cancer patients does not prevent bone 

fracture. Probably, only breast cancer patients at a higher risk for 

osteoporotic fractures may derive benefit from prophylactic bisphosphonate 

use; however, this should be demonstrated in future trials. 

8.3 Paper III 

Our study provides substantial evidence suggesting that 

osteonecrosis of the jaw is a rare event in breast cancer patients treated with 

adjuvant use of bisphosphonates. Despite the fact that the use of zoledronic 

acid is associated with a higher number of events compared with the non-

use, the overall incidence of this phenomenon continues to be low. 

Thereafter, at current dosage, adjuvant use of bisphosphonates is relatively 

safe in adjuvant treatment of breast cancer, even if the risks are not entirely 

negligible. 

8.4 Paper IV 

Our study suggests that fulvestrant 250 mg is similar to other 

hormonal agents with respect to efficacy measures with equal or even better 

tolerability profile compared with other hormonal agents.  As a result, 

fulvestrant provides a useful additional option for the treatment of hormone-

sensitive advanced breast cancer. Considering the current promising 



104 

 

evidence about the efficacy of fulvestrant at 500 mg, further randomized 

trials would be important to define the correct positioning of fulvestrant 500 

mg in relation to aromatase inhibitors and tamoxifen in the sequencing of 

drugs for endocrine-responsive disease in the metastatic setting. 

8.5 Paper V 

 APBI is a new technology that offers potential advantages compared 

with WBRT. The most valid concern regarding APBI, as a new treatment 

modality in radiation oncology, is its oncological safety. Our meta-analysis, 

despite the fact that it is based on limited randomized evidence, suggests that 

partial breast RT is a safe treatment modality as it does not seem to 

jeopardize survival compared with standard WBRT. Nevertheless, the issue 

of locoregional recurrence needs to be further addressed. This radiation-

delivering technique is unlikely to replace WBRT as the ‘gold standard’ 

treatment for all early breast cancer patients. Ongoing large phase III 

randomized trials [321,322] will further clarify whether APBI offers high 

efficacy with better cosmetic outcomes and will identify the subgroups of 

patients who will benefit from APBI. Until then, APBI methods remain 

investigational and should be performed only in patients enrolled in 

controlled clinical trials. 

8.6 Paper VI 

 The results of this meta-analysis show that the addition of 

bevacizumab to chemotherapy offers a statistically significant improvement 

in PFS and ORR in patients with metastatic breast cancer but does not 

benefit overall survival. In addition clinical significance of this improvement 

is questionable. Bevacizumab treatment cannot be suggested for treatment of 

1st line metastatic breast cancer, but more data are needed until statistical 

overall survival differences will be documented and firm guideline 

recommendation could be given. 

8.7 Paper VII 

This meta-analysis summarizes all available randomized evidence 

for the use of trastuzumab in the neoadjuvant setting versus no use. Our 

results underscore the beneficial effects of trastuzumab treatment in 

neoadjuvant regimens among HER2-positive breast cancer patients in terms 

of pCR. Of interest, no additional cardiotoxicity was documented in the 
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trastuzumab arms. However, although the data are still limited, based on the 

present evidence the combination of trastuzumab to neoadjuvant 

chemotherapy improves pCR in HER2-positive breast cancer patients 

without adding clear survival benefit which remains unknown. 
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